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The Journal of Global Health is a peer-reviewed journal pub-
lished by the Edinburgh University Global Health Society, 
a not-for-profit organization registered in the UK. The Jour-
nal publishes editorials, news, viewpoints, original research 
and review articles in two issues per year. 

The Journal’s mission is to serve the community of research-
ers, funding agencies, international organizations, policy-
makers and other stakeholders in the field of international 
health by: 
•  presenting important news from all world regions, key 

organizations and resources for global health and devel-
opment;

•  providing an independent assessment of the key issues 
that dominated the previous semester in the field of glob-
al health and development;

•  publishing high-quality peer-reviewed original research 
and providing objective reviews of global health and de-
velopment issues;

•  allowing independent authors and stakeholders to voice 
their personal opinions on issues in global health.

Each issue is dedicated to a specific theme, which is intro-
duced in the editorial and in one or more viewpoints and 
related articles. The news section brings up to five news 
items, selected by the Journal’s editorial team, relevant to 
seven regions of the world, seven international agencies 
and seven key resources important to human population 
health and development.

We particularly welcome submissions addressing persist-
ing inequities in human health and development globally 
and within regions. We encourage content that could assist 
international organizations to align their investments in 
health research and development with objective measure-
ments or estimates the disease burden or health problems 
that they aim to address. Finally, we promote submissions 
that highlight or analyse particularly successful or harmful 
practices in management of the key resources important 
for human population health and development.

All editors and editorial board members of the Journal are 
independent health professionals based at academic institu-
tions or international public organisations and so are well 
placed to provide objective professional evaluation of key 
topics and ongoing activities and programs. We aim to stay 
true to principles of not-for-profit work, open knowledge 
and free publishing, and independence of academic thought 
from commercial or political constraints and influences. 
Join us in this publishing effort to provide evidence base for 
global health!

March 7, 2011 The Editors, Journal of Global Health

Journal of  
Global Health: The 
Mission Statement

Human population growth and six important 
pathogens that interfered with the growth (from the 
National Museum of Natural History, Washington, 
DC, USA). Photo by Igor Rudan.
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In the early 1990s there was growing recognition that 

low– and middle–income countries (LMIC) continued 

to have longstanding threats from infectious diseases, 

malnutrition and maternal and perinatal conditions, but 

were also increasingly facing non–communicable diseases 

and injuries. Research was considered essential to address 

these diverse problems, but given limited resources and 

capacity it was thought that priorities must be set. In 1994 

the World Health Organization named an Ad Hoc Com-

mittee on Health Research Relating to Future Investment 

Options. The report [1] issued by this Committee provid-

ed cogent arguments for better aligning research priorities 

with the global disease burden and building capacity for 

research, especially in LMIC. The report proposed a five 

step process to inform research and development resource 

allocation: 1) How big is the health problem?; 2)Why does 

the disease burden persist?; 3) Is enough known about the 

problem now to consider possible interventions?; 4) How 

cost-effective will these interventions be?; and 5) how 

The legacy of the Child 
Health and Nutrition 
Research Initiative (CHNRI)
Robert E Black

Under the Global Forum for Health Research, the Child Health and Nutrition Research Initiative (CHNRI) 
began its operations in 1999 and became a Swiss foundation in 2006. The vision of CHNRI was to improve 
child health and nutrition of all children in low– and middle–income countries (LMIC) through research 
that informs health policy and practice. Specific objectives included expanding global knowledge on 
childhood disease burden and cost-effectiveness of interventions, promoting priority setting in research, 
ensuring inclusion of institutions and scientists in LMIC in setting priorities, promoting capacity develop-
ment in LMIC and stimulating donors and countries to increase resources for research. CHNRI created a 
knowledge network, funded research through multiple rounds of a global competitive process and pub-
lished research papers and policy briefs. A signature effort was to develop a systematic methodology for 
prioritizing health and nutrition research investments. The “CHNRI method” has been extensively applied 
to global health problems and is now the most commonly used method for prioritizing health research 
questions.

much is already being done about the problem? These 
questions were usually asked broadly about a disease such 
as malaria or problem area such as emerging microbial 
threats. Others built upon that for research topics within 
these broad areas, but methods were not proposed to more 
systematically prioritize specific research questions. The 
call in this report for a focus on operational research to 
make existing interventions more efficient and responsive 
to the needs of households was largely unheard, possibly 
in part because the report itself named as “best buys” the 
development of new drugs, vaccines, tests and other tech-
nologies, rather than studies of how to enable health sys-
tems to deliver existing services more effectively and equi-
tably.

As a follow–up to the Investing in Health Research and De-
velopment Report, The Global Forum for Health Research 
began as an international foundation headquartered in Ge-
neva, Switzerland in 1997. Its aim was to increase the 
amount of research on global health issues. In its advocacy 

Institute for International Programs, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA

June 2016  •  Vol. 6 No. 1 •  010101	 2	 www.jogh.org •  10.7189/jogh.06.010101
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it pointed to the “10/90 gap”, identifying that only 10% of 
the world’s health research spending is targeted at 90% of 
global health problems. The Forum continued to promote 
the five step process to advocate for research and held in-
ternational meetings on research. As part of its mandate, 
the Forum facilitated the creation of more specific research 
initiatives, one of which was the Child Health and Nutri-
tion Research Initiative (CNHRI). Begun under the Forum 
in 1999, CHNRI became a Swiss foundation in 2006. The 
vision of CHNRI was to improve child health and nutrition 
of all children in LMIC through research that informs 
health policy and practice. Specific objectives included ex-
panding global knowledge on childhood disease burden 
and cost-effectiveness of interventions, promoting priority 
setting in research, ensuring inclusion of institutions and 
scientists in LMIC in setting priorities, promoting capacity 
development in LMIC and stimulating donors and coun-
tries to increase resources for research. With an interna-
tional foundation Board and a Secretariat, based sequen-
tially in Geneva, Dhaka and New Delhi, CHNRI played an 
active role in Global Forum annual conferences, created a 
knowledge network, funded research through multiple 
rounds of a global competitive process and published re-
search papers and policy briefs.

A signature effort of CHNRI was to develop a systematic 
methodology for prioritizing health and nutrition research 
investments. This method included asking a wide selection 
of stakeholders and experts for specific research questions 
addressing a topic area. These questions were then curated 
and scored for priority using criteria such as the question’s 
answerability and the resulting intervention’s effectiveness, 
impact on disease, contribution to equity and deliverability. 
The “CHNRI method” has been extensively applied to glob-
al health problems and is now the most commonly used 
method for prioritizing health research questions [2,3]

In the 15 years that CHNRI operated before the foundation 
was dissolved in 2015, there have been substantial increas-
es in child health and nutrition research and more reliance 
on sound evidence for policy and programs. The capacity 
for research in LMIC has improved; much more capacity 
building is needed, especially because research funding for 
global problems has improved. There has been much great-
er use of systematic and transparent methods involving 
multiple stakeholders in prioritizing and focusing research 
funding. The CHNRI method may be a lasting legacy of the 
foundation and the efforts of its Board, Secretariat and 
many contributors.

www.jogh.org •  10.7189/jogh.06.010101	 3	 June 2016  •  Vol. 6 No. 1 •  010101

R
E

FE
R

E
N

C
E

S

1  World Health Organization. Investing in health, research and development. Report of the Ad Hoc Committee 
on Health Research Relating to Future Intervention Options. TDR/Gen/96.1. Geneva: WHO, 1996.

2  Rudan I. Setting health research priorities using the CHNRI method: IV. Revised guidelines for implementation. 
J Glob Health. 2016;6:010501. doi:10.7189/jogh.06.010501.

3  Yoshida S. Approaches, tools and methods used for setting priorities in health research in the 21st century. J 
Glob Health. 2016;6:010507. Medline:26401271 doi:10.7189/jogh.06.010101.

Correspondence to: 
rblack1@jhu.edu

http://dx.doi.org/10.17189/jogh.06.010501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26401271&dopt=Abstract
http://dx.doi.org/10.17189/jogh.06.010101


Regions
N

E
W

S

 In the wake of Ebola and the resultant 11 300 deaths, 
world leaders are reflecting on its lessons that could pre-
vent, or at least lessen the impact of, the next epidemic. To 
date, the focus has been on treatment and vaccines, with 
an announcement at the World Economic Forum on an 
experimental Ebola vaccine. However, experts warn that 
this policy – albeit vital, and in line with trends towards 
supporting targeted health initiatives –risks undermining 
more crucial, and less funded, efforts to improve basic 
health infrastructure. Whilst it is easy to demonstrate the 
impact of targeted initiatives on specific diseases, it is hard-
er to measure the impact of systematic and more low–key 
initiatives on basic health care, eg, more clinics, better sup-
plies of basic equipment, improved training and diagnosis 
– and donors like impact. Moreover, more people died of 
other causes during the Ebola outbreak, but the frighten-
ing nature of Ebola gives it a higher profile than more in-
sidious diseases like malaria and diarrhoea. (International 
Business Times, 23 Jan 2016)

 Mr Jakaya Kitwete, Africa United Global Ambassador 
and former president of Tanzania, has called on all African 
governments to prioritise access to vaccination across the 
continent. Africa United is an African–wide innovation led 
by GAVI, the Confederation of African Football, the African 
Union, the World Bank and the CDC Foundation, and will 
use sport as a catalyst on critical health issues facing Africa. 
Mr Kikwete spoke at his formal acceptance as Champion 
for Immunisation and Global Ambassador, and ahead of 
the launch of Africa United’s universal immunisation initia-
tive in Kigali, Rwanda. “In Kigali, my esteemed partner in 
this fight, CAF, will remind everyone that ‘every shot 
counts’ as we look to achieve our goal of universal immun-
isation,” he said. (allafrica.com, 2 Feb 2016)

 15% of Zimbabwe’s population is HIV–positive, giving 
it one of the world’s highest prevalence rates, and more 
than 1.3 million people are living with the virus. In 2013, 
the Global Fund gave a US$ 555 million grant to enable 
antiretroviral treatment for Zimbabweans, and currently 
700 000 people access treatment. However, these efforts are 
being seriously undermined by Zimbabwe’s drought, which 
has reduced its maize harvest from the required 1.2 million 
tonnes to 200 000 tonnes, and up to 2.4 million people are 
suffering from food insecurity. Nutrition and HIV are close-
ly linked, as poor nutrition can damage the immune system 
and accelerate the development of full–blown AIDS. Anti-
retroviral drugs should be taken on a full stomach, so if 
people forego meals they could be forced to stop drug ther-
apy – risking the virus mutating into a drug–resistant ver-
sion. Poor nutrition also renders people more vulnerable 

to opportunistic infections like tuberculosis. The UN’s 
Food and Agricultural Organization calls for “vigorous ef-
forts to achieve and maintain good nutrition among HIV–
infected people.” Zimbabwe’s National AIDS Council is not 
tasked with providing additional nutrition to HIV–positive 
people; and in an attempt to avert catastrophe, the govern-
ment has acquired 650 000 tonnes of maize for national 
consumption. (IPS, 1 Mar 2016)

 In March 2016, South Africa became the first middle–
income country to fund social impact bonds (SIBs) for ma-
ternal and early childhood development. SIBs are a funding 
mechanism that draws on upfront capital from investors 
for services, and a government agency repays the investors, 
based on outcome performance. These impact bonds were 
also a first for Africa. Studies of SIBs in other countries have 
found that they are suited for interventions that have high 
potential returns (but learning, adaptability and service 
combinations are needed to realise them), and for interven-
tions that are not core government–funded. Linking pay-
ment to outcomes can encourage more government invest-
ment in early childhood development; it supports 
performance management and adaptability; and helps de-
velop the knowledge base of the most effective early child-
hood development interventions. More countries will 
launch SIBs in the coming years, and it is important to 
share lessons to improve the efficiency and quality of their 
implementation. (Brookings, 6 Apr 2016)

  In a blog published in the Financial Times, Tom Kariu-
ki of the African Academy of Sciences argues that although 
most African countries face similar health and developmen-
tal challenges, their researchers work separately, thus wast-
ing limited human resources and infrastructure. He con-
demns this lack of collaboration, which meant that eg, 
lessons from earlier Ebola outbreaks in Uganda and the DR 
of the Congo could not be shared with Guinea, Liberia and 
Sierra Leone, as well as competing for a small pool of fund-
ing. He calls for the pooling of human resources and more 
career opportunities for researchers, to halt Africa’s loss of 
20 000 scientists each year to developed countries. Funders 
should promote pan–African collaboration, such as the De-
veloping Excellence in Leadership, Training and Science 
Africa Initiative (DELTAS). DELTAS supports large net-
works and consortiums, which address emerging, infec-
tious and non–communicable diseases. The African Union 
should lobby for more government funding and improve 
Africa’s R&D expenditure – currently 1.3% of the global 
total. This should provide the resources for Africa to deal 
with its problems before they spiral out of control or spread 
globally. (Financial Times, 9 May 2016)

  Africa
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  Asia
 Michael Gideon Marmot, the President of the World 

Medical Association, highlighted how Thailand’s universal 

health programme is a model for other emerging econo-

mies in Asia in its provision for low–income workers. The 

programme was introduced in 2002, and was rapidly ex-

tended to 18 million uninsured people, with an additional 

29 million people covered by less comprehensive schemes. 

In Thailand, 11% of health care is met by out–of–pocket 

payments, compared to 63% in India – depriving Indian 

people of access to health care. However, there are cost 

constraints within Thailand’s health system, resulting in the 

government facing pressure to abolish the US$ 0.80 co–

payment programme, although there is a great deal of pop-

ular support for Thailand’s health system. (Voice of America, 

9 Feb 2016)

 Increasing rates of HIV infection in the Philippines are 

going against the global trend of decline, with rates of new 

infection increasing by more than 25% from 2001 to 2011. 

In 2015, there were 30 356 recorded cases, with more than 

80% occurring since 2010, leading to an estimated num-

ber of 133 000 recorded cases by 2022. Higher infections 

amongst injecting drug users (partially due to banning the 

provision of clean needles without a prescription), coupled 

with low condom use and high fertility rates have raised 

fears of “downstream” HIV infections to groups who are 

not generally at risk, such as children being infected 

through mother–to–child transmission. Women are often 

infected through drug–using partners, and are deterred 

from seeking follow–up exams or ART – which could pre-

vent mother–to–child transmission – due to the stigma sur-

rounding an HIV diagnosis. To offset this, the Sotto Treat-

ment Hub has a designated nurse who tracks women from 

when they test positive to when they give birth and their 

babies are tested for HIV. (Thomson Reuters Foundation, 15 

Feb 2016)

 In 2014, an unlicensed doctor in a remote area of Cam-

bodia infected 300 people with HIV, due to contaminated 

needles. So far, 14 people have died, and others remain 

weakened from the infection. Cambodia has one of the 

world’s lowest doctor/patients ratios – 1 doctor per 5000 

people – so unlicensed doctors are common. They are par-

ticularly common in remote areas with poor health infra-

structure, and where it can be very expensive and difficult 

to travel to the nearest hospital. However, it can be argued 

that unlicensed doctors can help fill a yawning gap in pro-

vision, as they are on hand, can offer immediate help and 

are much more affordable – an important consideration 

when people may have to choose between food and med-

ical care. Since the HIV outbreak, there has been a govern-

ment clampdown on unlicensed doctors, many of whom 

do have medical training. Some NGOs are stepping in, by 

providing mobile clinics, training for unregistered mid-

wives, and using local volunteers to share knowledge on 

health and nutrition. However, this does not resolve the 

fundamental problems of Cambodia’s health system being 

under–funded and under–resourced, which was highlight-

ed by the HIV outbreak. (Al Jazeera, 11 Mar 2016)

  In March, Myanmar swore in its first civilian president 

for more than 50 years, and his party, Aung San Suu Kyi’s 

National League for Democracy won large majorities in 

both houses of parliament in November. Mr Thein Sein, 

the outgoing president, handed over power peacefully, and 

Mr Min Aung Hlaing, head of the army, openly supported 

Myanmar’s democratic transition. Whilst an apparent tri-

umph for democracy, the situation is more complex, as 

Miss Suu Kyi (the people’s preferred choice for president) 

was barred from office by the constitution which disallows 

anyone with a foreign spouse or children from this role. 

Instead, she is in charge of the foreign ministry, and in-

tends to run the country via the nominal president – in-

stalling a puppet president is an inauspicious start. How-

ever, the larger democratic threat is the power reserved for 

the army, which still controls defence, border affairs and 

home affairs – giving it control over the country’s entire 

administrative structure. It also dominates the National 

Defence and Security Council, which can impose martial 

law and run the country, and can potentially veto any con-

stitutional changes. The country’s future success and pros-

perity depends on the civilian and army sides working to-

gether, despite controlling different parts of government. 

(The Economist, 3 Apr 2016)

 More than 57 000 Indonesian people with mental 

health conditions have been subjected to pasung – ie, be-

ing shackled or locked up in a confined space at least 

once, and currently 18 000 people are shackled. The prac-

tice was banned in 1977, but remains widespread due to 

a lack of awareness, superstition and inadequate mental 

health services (a law requiring mental health medication 

to be provided in primary health centres is not being im-

plemented). In their report Living in Hell, the campaign-

ing organisation Human Rights Watch calls on the gov-

ernment to enforce the ban on shackling and ensure 

access to mental health care. They recently met with In-

donesia’s health minister, Nila Moeloek, and were encour-
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aged by her commitment to providing mental health med-
ication in 9 500 community health centres across 
Indonesia – which could help end shackling. They now 
call on her to demonstrate her willingness to deliver by 

giving a full plan for providing community health centres 
with the necessary medication – no longer should a lack 
of medication be used as an excuse to shackle people. 
(Human Rights Watch, 11 Apr 2016)

   Australia and Western Pacific
 Tonga is the world’s most obese country, with up to 40% 

of the population estimated to have type 2 diabetes and 

other non–communicable diseases and life expectancies 

have fallen by 10 years (from the mid–70s to mid–60s). 

The traditional Tongan diet consisted of fish, root vegeta-

bles and coconuts, but gradually was replaced by cheap 

offcuts of meat from the USA and New Zealand and tinned 

produce. Tonga’s obesity problem may partly be genetic, as 

islanders had to survive long periods without food so their 

bodies are programmed to hold onto fat stores. However, 

Tongan society traditionally views overweight people as at-

tractive, and there is a culture of over–eating at celebra-

tions. There are government efforts to raise awareness of 

the risks of diabetes, but there is little evidence of chang-

ing lifestyles or diet. According to one doctor, this will take 

generations and things will worsen before they improve. 

(BBC, 18 Jan 2016)

 Australia’s annual Closing the Gap report shows that in-

digenous Australians continue to die younger, are more 

likely to be unemployed and with lower educational levels 

than other Australians. The government has seven targets 

across health, education and employment to close this gap, 

and there are five failings in these areas. First indigenous 

people die 10 years younger than non–indigenous people, 

although recent declines in mortality rates from chronic 

and circulatory diseases may improve this in the future. 

Second, the infant mortality rate for indigenous people is 

6.4 per 1000, compared to 3.6 across all Australians. Third, 

60% of indigenous students finish Year 12 of school, com-

pared to 86.5% for other Australians. Fourthly, the employ-

ment rate amongst indigenous people is 47.5%, compared 

to 72.1% amongst non–indigenous Australians. Indige-

nous people are more vulnerable to economic shocks, and 

unlike non–indigenous Australians, their employment lev-

els have fallen from 2008 levels. Finally, an indigenous man 

is 15 times more likely to be jailed than a non–indigenous 

man – indigenous people comprise 3% of the Australian 

population, but are 25% of the prison population. (Sydney 
Morning Herald, 10 Feb 2016)

 The Marshall Islands are the latest Pacific Island coun-

try to confirm the arrival of the zika virus. Although there 

is one sole case to date, the government has declared an 

“outbreak” and a state of health emergency due to the is-

lands being extremely vulnerable to the disease. It is the 

islands’ dry season, and zika could spread further and af-

fect more pregnant women when the rains start – the state 

of emergency aims to prevent this happening. Efforts are 

currently focused on pregnant women, with volunteers dis-

tributing leaflets house–to–house on cleaning, mosquito 

control, symptom recognition and zika kits (containing 

mosquito repellent, treated bed nets and condoms). The 

government is considering importing blood supplies to 

avoid transmission by contaminated blood. With scarce 

health facilities on the outlying islands, health officials are 

emphasising zika prevention in these areas. (Radio New 
Zealand, 8 Mar 2016)

 More than 200 000 women and girls in New Zealand 

have been vaccinated against the human papilloma virus 

(HPV), which is linked to several cancers, including cancer 

of the cervix and throat. However, in contrast to Australia 

where the vaccine is available to both males and females, 

New Zealand restricts state–funded HPV vaccinations to 

females, and males aged 9–26 who identify as gay. How-

ever, the prevalence of HPV–linked oropharyngeal cancers 

is higher amongst men – 4 per 100 000 compared to 1 per 

100 000 for women – and is approaching the incidence of 

cervical cancer. This had led to campaigners to call for gov-

ernment funding for HPV vaccination to be extended to 

boys. “Men are more exposed to the virus because the route 

of exposure is understood to be oral sex and that the con-

centration of virus in the female genital tract is much high-

er than in the male tract,” says ENT surgeon Dr John Chap-

lin. (New Zealand Herald, 20 Mar 2016)

 A young woman – a refugee from Africa – was raped in 

Nauru’s refugee detention centre, and was sent to Papua 

New Guinea to terminate her pregnancy. Abortion is illegal 

in Papua New Guinea, and Australia’s Federal Court ruled 

that Australia owes her a duty of care to ensure she receives 

a safe and legal abortion – Australia’s government had pre-

viously argued that it owes no duty of care towards her. 

The woman – known only as S99 – suffers from violent 

epileptic seizures, severe mental health issues and special-

ist medical needs arising from a medical procedure she was 

subjected to as a young girl. Her barrister told the Court 
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that sending S99 to Papua New Guinea for an abortion was 
tantamount to “procuring illegal conduct,” and the court 
ruled that it was unreasonable to consider an abortion pro-
cured in Papua New Guinea as a safe or legal procedure. 

However, the court did not require her to be brought to 
Australia for the procedure, and it is expected that a third 
country will be found for her termination. (Sydney Morn-
ing Herald, 6 May 2016)

 China’s government estimates that 13% of China’s main-
land population has a “psychiatric handicap”, and the 
World Health Organization estimates it as almost 10%. De-
spite these large numbers, there are only 20 000 mental 
health specialists in the entire country, and 1.7 psychiatric 
beds per 10 000 people – the global average is 4.4 beds. 
This gap has led to Dr Guan Weili to set the Wenzhou 
Kangning Hospital, China’s largest private mental health 
facility. The hospital owns five centres, manages four oth-
ers and plans to expand into Hong Kong. Although psy-
chiatric hospitals have existed since 1949, the first mental 
health laws – including the right of patients not to be de-
tained against their wishes – were only implemented in 
2013. Mr Guan believes that the rise in psychiatric prob-
lems is linked to China’s rapid economic growth – indeed, 
some large corporations offer 24–hour helplines and sui-
cide prevention counselling – comparing it to Japan at a 
similar stage of development. (Forbes, 26 Jan 2016)

 Shares in Alibaba Health Information Technology Ltd 
fell as China suspended a drug–coding system (PIATS) de-
veloped and owned by the company. PIATS identifies coun-
terfeit medicines, and generated nearly 50% of the com-
pany’s revenue in the previous financial year. The company 
received no advance warning of the Chinese Food and 
Drug Administration’s decision, who have made draft 
amendments to existing rules to allow other methods of 
tracking drugs to their source. The company plans to con-
tinue operating PIATS, and will work closely with regula-
tors to continue such operations under their direction. 
(Bloomberg, 22 Feb 2016)

 27 people have been arrested for the illegal sale and dis-
tribution of incorrectly stored vaccines across China; and 
four hospital chiefs have been charged with buying vaccines 
from illegal sources. The vaccines are allegedly still safe, and 
people who have been vaccinated do not need to be re–vac-
cinated. However, neither the vaccines’ batch numbers, nor 
the clinics which have used them, have been disclosed, lead-
ing to parents and experts demanding more transparency. 

China’s State Council is reforming the legal framework for 
privately–produced vaccines by making provincial disease 
control centres responsible for purchasing vaccines. This 
would block the current loophole that allows vaccines to be 
sold privately. (South China Morning Post, 14 Apr 2016)

 500 school students at the Changzhou Foreign Lan-
guages School in Jiangsu suffered serious health problems, 
including cancer, after their school was relocated to a site 
near former chemical plants. 493 students developed blood 
abnormalities, leukemia, lymphoma, dermatitis, eczema 
and bronchitis. A report on China’s state broadcaster China 
Central Television showed that soil and groundwater in the 
area contained toxic compounds and heavy metals, and 
one carcinogen was 100 000 times above the safety limit. 
It appears that the environmental assessment prior to the 
school’s construction did not look for pesticides, and build-
ers used heavily–polluted groundwater during construc-
tion. China increasingly views environmental pollution as 
a destabilising social factor rather than the inevitable result 
of economic expansion, and has recently increased efforts 
to combat it. (Irish Times, 18 Apr 2016)

 Following the end of China’s one–child policy, the role 
of the country’s army of family planning officers is chang-
ing. Over the past 35 years, family planning officers cov-
ered cities, towns and villages across China, and uncovered 
families suspected of breaking China’s one–child legisla-
tion. They were widely distrusted – confiscating property 
if families couldn’t afford to pay fines levied for breaking 
the one–child rule, and pressurising women into abortions, 
even when women were six months’ pregnant. However, 
some are being retrained in child welfare, and are teaching 
parents and grandparents how to develop and stimulate 
toddlers’ minds by talking, singing and reading to them. 
Overall, China’s one–child policy has led to a shrinking la-
bour–force that could undermine economic growth and 
innovation within the workplace, and investing in young 
children’s development could be essential for the country’s 
future. (BBC, 4 May 2016)

  China
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 According to a report compiled by Health Consumer 
Powerhouse, waiting times for emergency treatment in 
Irish hospitals are the worst in Europe, and frequently ex-
ceed 3 hours. Overcrowding in emergency departments 
places the health system under strain, with a snapshot of 
391 patients on trolleys showing that 210 had waited more 
than nine hours. In addition, waiting times for minor op-
erations and CT scans also rank amongst Europe’s longest. 
Ireland also ranks poorly for direct access to a specialist and 
physical activity in schools, and worst for binge drinking. 
However, Ireland’s smoking rates are amongst Europe’s 
lowest, and is rated highly for access to essential drugs. 
Other problems include the high percentage of people pur-
chasing duplicate health insurance, although the report 
praised Ireland’s “dedicated efforts” in halving the rate of 
MRSA infection between 2008 and 2015. (Irish Times, 26 
Jan 2016)

 NGOs warn that HIV infections are rising in eastern 
Ukraine, where treatment and prevention programmes, 
condom distribution to high–risk groups, and needle ex-
change programmes have been affected by two years of 
conflict between pro–Russian separatists and government 
forces. Even before the conflict, Ukraine had one of the 
highest rates of HIV infection in Europe – 1.2% of Ukrai-
nians aged between 15–49 years were HIV–positive, and 
this may have doubled. 30% of new infections are in the 
partially rebel–controlled areas of Donetsk and Luhansk, 
and HIV–related tuberculosis infections are also common. 
There are shortages of antiretroviral treatment – although 
this is slowly improving – and diagnostic and treatment 
equipment. Mikhail, an HIV–positive man, says “it’s hard 
to live in such conditions. Half of the pharmacies are closed 
[and those that are open] don’t even have the most basic 
medication.” (IRIN, 23 Feb 2016)

 Despite high overall spending on welfare, Finland’s 
health system is under–resourced, with long waiting times 
– a 2012 report found that 80% of people had to wait 2 
weeks to see a family doctor – and severe cost pressures. 
Finland spends 7% of its GDP on health, compared to 8% 

in the UK, and has a high proportion of private primary 
care doctors. Some Finnish people use private doctors in 
nearby Estonia to save time and money. The health service 
is locally funded, so that poorer areas have corresponding-
ly lower–quality health care. Users of the public health sys-
tem face high charges for drugs and consultations, and 
many people are forced to use private health care. How-
ever, reforms are planned, with 301 municipalities being 
merged into 19 larger, more efficient, organisations. (The 
Guardian, 23 Feb 2016)

 In the country’s 2016 Budget, the UK’s Chancellor, Mr 
George Osbourne, announced a sugar tax on soft drinks. 
The tax, aimed at reducing the rise in childhood obesity, 
will begin in 2018 and money raised will fund sports ac-
tivities in primary schools. It will be levied on drinks com-
panies, and assessed on the volume of sugar–sweetened 
drinks they produce or export. The tax will be graduated, 
with one level for drinks with sugar above 5 g per 100 ml, 
and a second level for drinks with more than 8 g per 100ml, 
leading to price increases of  GBP 0.08 (US$ 0.11) per 
drink. Mr Osbourne noted that a can of cola typically con-
tains 9 teaspoons of sugar, and others have up to 13 tea-
spoons – more than double a child’s recommended added 
sugar intake. A 2015 report by Public Health England rec-
ommended a 10–20% tax on high–sugar products. The 
move was welcomed by the British Medical Association, 
the Labour Party and Jamie Oliver, the celebrity chef and 
healthy eating campaigner, although the political party 
UKIP opposed it. (Huffington Post, 16 Mar 2016)

 Romania’s health minister Patriciu Achimas–Cardariu 
has resigned following public protests over the use of sub–
standard disinfectant in dozens of Romanian hospitals. Au-
thorities conducted searches at hospitals and at the drug 
company, Hexi, which reportedly supplied the disinfectant 
for use on surfaces and hands. Police also took away docu-
ments and samples from 25 hospitals. This is the latest 
problem to hit Romania’s underfunded health system, 
which faces an outflow of staff and systemic bribery and 
informal payments. (Washington Post, 9 May 2016)

  Europe

  India 

 A 2010 World Bank estimate showed that premature 
mortality, lost productivity, health care provision and other 
losses due to inadequate sanitation costs India US$ 53.8 

billion each year. However, Shamika Ravi and Rahul Ahlu-
walia argue that large gains in India’s public health, espe-
cially the health of its poorest people, can be made if the 
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government prioritises the expansion and effective delivery 
of “public goods”, such as vaccination, health education, 
sanitation, public health, primary care and screening, and 
reproductive and child health. These gains could be made 
economically, as neighbouring Sri Lanka and Bangladesh 
spend less on health as a percentage of GDP, yet have better 
outcomes. India should therefore focus on setting appropri-
ate goals, and reforming the public health sector’s gover-
nance and management systems so it can deliver these goals. 
There are also severe shortages of qualified health profession-
als, especially in rural areas, and the government must be 
creative in addressing this. Health financing requires reform, 
and Shamika Ravi and Rahul Ahluwalia also urge the adop-
tion of Medical Savings Accounts with tax deductions for 
medical expenses, and direct payments for those who can-
not pay themselves. (Brookings, 26 Jan 2016)

 New Delhi’s pollution levels exceeded Beijing and Shang-
hai on 24 Dec 2015, when they reached levels of 295mg/m3 
for PM 2.5 and 470 mg/m3 for PM 10 (against recommend-
ed upper limit of 60 and 100 respectively). The city’s pollu-
tion crisis has led to a sharp rise in respiratory illnesses, skin 
and eye allergies, cardiac arrest, memory loss, depression and 
lung damage, and 4–in–10 children suffer from severe lung 
problems. Pollution is responsible for 10 000–30 000 deaths 
in New Delhi each year, and is the 5th largest cause of death 
in India. New Delhi’s massive population growth is fuelled 
by polluting industries, sharp rises in the number of vehicles, 
and spiralling energy consumption supplied by polluting 
power stations. Thanks to public pressure, the Delhi govern-
ment has introduced a number of measures, including road 
rationing to reduce vehicle pollution. Environmentalists state 
that this ignores the role of industry, and calls on Delhi to 
copy China’s lead in issuing pollution–related alerts. (The 
Diplomat, 8 Jan 2016)

 India is conducting its first survey of the prevalence of 
drug–resistant tuberculosis (TB), and plans to release the 
results by December 2016. With an estimated 2.1 million 
cases, India has the world’s highest number of TB patients, 
and is believed to have the largest number of drug–resis-
tant TB cases after China. The World Health Organization 
describes drug–resistant TB as a global threat to TB treat-
ment. The survey would improve the detection of drug–re-

sistant TB by highlighting high–prevalence areas, and in-
form India’s future TB–control strategy – and improved 
detection is vital to prevent transmission of the disease. 
(Reuters, 7 Mar 2016)

 Diabetes is rapidly increasing in India, with 70 million 
cases amongst the adult population in 2015, and preva-
lence has risen by 80% amongst women between 1980 and 
2014. According to research published in the Lancet, India 
has the second–highest prevalence of diabetes worldwide, 
and until it was recently overtaken by China its prevalence 
rate was the highest. To help alleviate the problem, India’s 
National Programme for Prevention and Control of Cancer, 
Diabetes, Cardiovascular Diseases and Stroke is focusing 
on awareness raising, behaviour and lifestyle changes, 
screening, and early diagnosis and referral for at–risk peo-
ple. (Times of India, 27 Apr 2016)

 In 2015, India inaugurated its Mission Indrahanush, 
which aims to immunise every child against 7 vaccine–
preventable diseases by 2020, and achieve above 90% 
coverage – compared to the current 65%. This target is 
additionally ambitious, in light of India’s Universal Im-
munisation Programme (UIP) introduction of four new 
vaccines (polio, rotavirus, rubella and Japanese encepha-
litis). However, there are 25 vaccine–preventable diseases, 
which will require the expansion of the UIP over time, 
raising the issue of funding. This is particularly complex 
given India’s large population, and it will be ineligible for 
GAVI support by 2021. A recent report published by the 
IKP Trust and Global Health Strategies outlined the pos-
sible costs and finance options for expanded immunisa-
tion coverage. Amongst other options, it considered a 
“National Trust Fund for Health and Immunisation.” Self–
financing trust funds can potentially protect against vola-
tility in drug prices and donor support. The report au-
thors also call for all expenditure on maternal and child 
health and preventative health care to be re–classified as 
capital expenditure rather than revenue expenditure; and 
for the US$ 471 million needed for India to meet its im-
munisation targets to be allocated additionally and sepa-
rately from the health ministry budget and ring–fenced 
as an annual recurring outlay, indexed for inflation. (Asian 
Age, 6 May 2016)

  The Americas
 Barbados was one of seven countries to take part in the 
first WHO/UN Development Programme global project on 
adapting public health systems to climate change. In Bar-
bados, one of the key aims was to improve water storage 

facilities to eliminate mosquitoes, give technical advice on 
building and maintaining water tanks, and raise awareness 
about safe ways to harvest rainwater. This is especially cru-
cial for Barbados, which has a high rate of dengue fever and 
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some recently–detected cases of zika. As zika spreads, there 
is more pressure to analyse the health impacts of climate 
change and extreme weather, and to understand how cli-
mate stresses can shape health risks. Although any link be-
tween climate change, powerful El Niño weather phenom-
enon and the rise of zika is unproven, it is certainly 
plausible that unusual weather conditions make it easier to 
transmit the virus. Understanding these linkable could lead 
to targeted preventative public health measures in areas at 
high risk of an outbreak. (Thomson Reuters Foundation, 29 
Feb 2016)

 According to a report from Amnesty International, ac-
cess to contraception and abortion can be a lottery in Latin 
America, and is often dependent on the woman’s ability to 
pay or the personal and religious views of health workers. 
In most countries in the region, abortion is only allowed in 
cases of rape, incest or if the mother’s life is in danger, giv-
ing the region some of the world’s strictest abortion laws. 
When combined with the low availability of contraception 
– according to the UN Population Fund, 1–in–3 women of 
child–bearing age who would like to use birth control has 
no access – women can be forced to undergo dangerous 
backstreet abortions, which causes at least 10% of mater-
nal deaths in Latin America. Each year, around 760 000 
women in Latin America receive hospital treatment for 
complications related to unsafe abortions. This spread of 
zika has led to some countries recommending that women 
delay pregnancy. However, Amnesty states “this recom-
mendation is not just absurd, it is insulting in a region 
where more than half of pregnancies are unwanted or un-
planned, where there are extremely high rates of sexual 
violence, where the demand for contraception far outstrips 
availability.” (Thomson Reuters Foundation, 7 Mar 2016)

 Almost 10% – US$ 619 billion – of the US government’s 
health spending is on Medicare, the country’s health insur-
ance scheme for elderly people. Medicare covers the aver-
age market price for a drug, plus a 6% premium and sepa-
rate compensation for administering the drug. This 
incentivises doctors to prescribe expensive drugs over 
cheaper, similar, drugs. To reduce costs, the federal govern-
ment has proposed reducing the 6% premium to 2.5%, 
plus a flat fee for treatment. There are concerns that this 
proposal will stifle innovation from smaller providers, as 
lower margins could mean that treatment could only be 

provided at scale, eg, within hospitals. Doctors and drugs 
companies, the main beneficiaries of the current arrange-
ments, are also strongly opposed to the proposal, but it is 
difficult to disentangle justifiable concerns from scaremon-
gering. (The Economist, 16 Apr 2016)

 Following the 7.8 magnitude earthquake which struck 
Ecuador in May, killing more than 600 people, causing bil-
lions of dollars’ worth of damage and leaving 720 000 peo-
ple in need of humanitarian assistance, the government and 
the UN have launched an urgent appeal for US$ 72.7 mil-
lion from the international community. However, response 
has been slow with donors only raising US$8.6 million, 
with an additional US$ 6.5 million pledged outwith this 
appeal. This brings the total to US$ 15.1 million – far short 
of what is required. Homes, roads and public infrastructure 
have been razed by the earthquake, and Ecuador’s already–
struggling economy will slip back into recession as GDP 
will fall by an estimated 2–3%. Lenders such as the World 
Bank have opened US$ 600 million of credit to help the 
Ecuador response, and the government announced emer-
gency finance measures (one–off taxes, asset sales etc.) to 
fund reconstruction. “We thank those countries who have 
responded to our appeal and call on others to do the same,” 
said Mr Jens Laerke, a UN spokesperson. (Public Finance 
International, 9 May 2016)

 Undocumented immigrants in Canada often avoid main-
stream health services because they fear being reported to the 
country’s border services – some patients have said they could 
rather die than be deported – and the US$ 695 hospital con-
sultation fee acts as a further deterrent. Bryon Cruz, an out-
reach worker with the migrants’ rights group Sanctuary City, 
works to connect undocumented immigrants with the health 
care they need, and notes that people have been deported for 
accessing medical services. He receives 25 calls a week from 
undocumented immigrants too afraid to access mainstream 
services, and he has a network of social and health care work-
ers who will treat these people without reporting them. Ex-
amples of this work include an off–duty doctor replacing a 
patient’s dislocated shoulder behind a café, and a veterinarian 
was on the brink of stitching another patient’s wound until a 
nurse came forward. Mr Cruz has seen progress from Vancou-
ver Coastal Health and Fraser Health on not reporting immi-
grants, and calls for the children of undocumented immigrants 
to get free health care. (CBC news, 5 May 2016)
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   The Bill and Melinda Gates Foundation
 Bill Gates and George Osbourne, the UK Chancellor of 
the Exchequer, announced funding of US$ 4.3 billion over 
the next five years in efforts to eliminate malaria. The fund 
comprises US$ 345 million from the UK’s overseas budget 
for the next five years, with US$ 200 million in 2016 from 
the BMGF, with more donations to follow. In a joint letter 
to The Times newspaper, Mr Gates and Mr Osbourne high-
light the global scale of malaria – 200 million cases each 
year, and the economic cost – mainly borne by Africa and 
running into billions of dollars – of lost productivity and 
public health expenditure. According to the World Health 
Organization, there were 438 000 malaria deaths in 2015, 
mostly in children aged under 5, and mostly in Africa. 
Progress is controlling malaria is being undermined in the 
spread of resistance to antimalarial drugs and to insecticide. 
(The Guardian, 25 Jan 2016)

 In November 2015, the BMGF announced an addition-
al US$ 120 million investment in family planning over the 
next three years. This is a 25% increase on its current fund-
ing level, and aims to meet the Family Planning 2020 goal 
of giving a further 120 million girls and women voluntary 
access to birth control. The BMGF will continue to invest 
in new forms of birth control to expand the range available 
to women, eg, injectable methods than can be easily deliv-
ered by community health workers, or self–administered 
at home. (Devex, 11 Feb 2016)

 In an interview ahead of the publication of the BMGF’s 
annual letter, Bill and Melinda Gates highlighted how, in 
the wake of the Ebola tragedy, the zika virus has spurred 
brought a faster and more united response. Bill Gates not-
ed that the BMGF has invested in modifying mosquitoes 
not to carry viruses, and in reducing their numbers, and 
that the same breed of mosquitoes carries dengue and zika 
pathogens. This year’s letter calls for young people’s in-
volvement in tackling inequity, focusing on energy and 
time. It highlights the need for cheap carbon–free energy 
that would benefit people in developing countries, and the 
gap in the amount of time spent on unpaid work between 

men and women. This gap hampers people rising out of 
poverty; bringing labour–saving devices to developing 
countries would help free women to earn money for their 
families and improve health care and nutrition. (Reuters, 
23 Feb 2016)

 PATH, the non–profit global health organisation, is 
opening a Center for Vaccine Innovation and Access, with 
initial funding of US$ 11 million from the BMGF. PATH 
will use the funding to accelerate the development and 
distribution of vaccines to halt deaths from preventable 
diseases. Currently, PATH has more than 20 vaccines at 
different stages of development and use, which target the 
world’s leading causes of child mortality – pneumonia, 
diarrhoea, malaria, plus diseases like polio and meningi-
tis. PATH also plans to use the new Center to address the 
new threats from diseases like ebola and zika. “The new 
Center will bring together PATH’s expertise across the en-
tire vaccine development and introduction process, from 
pre–clinical trials on novel vaccine concepts to regulatory 
approval and policy review, from design and conduct of 
field trials to innovative approaches for new vaccine de-
velopment,” says Mr David Kaslow, the Center’s head. 
(GeekWire, 16 Mar 2016)

 The BMGF has made a US$ 5 million equity investment 
in Amyris Inc., a US–based bioscience company. The in-
vestment will fund work on further reducing the cost of a 
leading malaria treatment, focusing on the continued pro-
duction of high–quality and secure supplies of artemisinic 
acid and amorphadiene for use in artemisinin combination 
therapies (ACTs), which are recommended by the WHO 
as the primary first–line treatment for malaria. Amyris 
made its artemisinic acid–producing strains available to 
Sanofi in 2008 on a royalty–free basis. Sanofi scaled–up 
this technology to produce artemisinin for ACT treatments, 
intending to produce enough semi–synthetic artemisinin 
for up to 150 million treatments by 2014, and ensure dis-
tribution on a “no profit, no loss” principle. (Business Stan-
dard, 12 Apr 2016)

   The GAVI Alliance 
 GAVI has signed a US$ 5 million deal with the pharma-
ceutical company Merck to keep 300 000 Ebola vaccine 
doses ready for emergency use or further clinical trials. 
Merck will submit a licensing application by the end of 
2017, which would help GAVI prepare a global stockpile. 

Early trials of the VSB–EBOV vaccine – which combines a 
fragment of the Ebola virus with another safer virus – sug-
gest it may give 100% protection, although this is still pre-
liminary. The deal was announced at the World Economic 
Forum at Davos, Switzerland. Isolated flare–ups of Ebola 
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are still anticipated, and the vaccine could be important 
with dealing with these, as well as heading off any future 
epidemics. (BBC, 20 Jan 2016)

 Médecins Sans Frontières (MSF) expressed grave con-
cern that the high cost of vaccines is not being given high-
er priority at the Ministerial Conference on Immunization 
in Africa. MSF say that the high cost of vaccines affects its 
ability to provide health care in developing countries, and 
call for pharmaceutical companies to reduce the cost of 
three–dose pneumonia vaccinations to US$ 5 per child, 
amongst others. MSF argue that lack of immunisation prog-
ress in some countries since 2013 is due to high prices – 
eg, vaccinations for pneumonia, diarrhoea and HPV have 
increased 68 times between 2001 and 2014. MSF are con-
cerned that countries that are not poor enough to qualify 
for GAVI support have to negotiate prices on their own, 
risking their coverage rates. They call for GAVI to negotiate 
better deals with pharmaceutical companies. “From 2001–
2014, the US has given GAVI US$ 1.2 billion in direct 
funding, and has pledged US$ 1 billion for 2015–18. This 
money can go much further if the vaccines, like Pfizer’s 
pneumonia vaccine, are cheaper.” (Humanosphere, 26 Feb 
2016)

 Nepal passed the country’s immunisation bill in Janu-
ary, which aims to improve oversight of immunisation ser-
vices, set higher standards for vaccine testing and usage, 
and change how Nepal finances its immunisation pro-
gramme. Nepal currently relies on financial support from 
GAVI to fund 60–70% of its purchases. However, Nepal 
will no longer be eligible for GAVI support when it transi-
tions from low– to middle–income status – expected by 
2022, thus giving a few years to establish its own domestic 
financing arrangements. The new law sets out two meth-
ods for financing immunisation. First, the law commits the 
government to allocating funds to the National Immuniza-
tion Fund, levied through general taxation. Second, health 
partners can contribute to a separate Sustainable Immuni-
zation Support Fund – although this will probably requires 
incentives such as tax exemptions to be effective. The law 
highlights Nepal’s commitment to immunisation, and the 
Chairperson of the Parliamentary Committee on Women, 

Children, Senior Citizens and Social Welfare, Hon. Ranju 
Kumari Jha, calls it “a milestone to protect child rights of 
getting quality immunisation service, increase country 
ownership and sustain the national immunisation pro-
gramme by securing adequate funding.” (healthaffairs.org, 
7 Mar 2016)

 Seth Berkley, GAVI’s CEO, believes that Ebola and zika 
have removed attention from measles. He argues that mea-
sles should be prioritised, partly because it is highly infec-
tious and kills 115 000 people each year, and also because 
measles outbreaks act as an early warning system against 
other threats to global health security. Measles’ highly in-
fectious nature means that outbreaks are a useful measure 
for gauging a health system’s ability to cope with potential 
global epidemics, as 90% immunisation coverage is need-
ed to reach herd immunity, compared to 80–85% for oth-
er common diseases. If populations are under–immunised, 
it is likely that other vital health interventions are lacking, 
rendering people even more vulnerable to disease out-
breaks. Mr Berkeley calls for more resources on routine im-
munisation, supplemented with catch–up campaigns as 
required. (Devex, 27 Apr 2016)

 GAVI is backing a new national drone delivery network 
to distribute blood supplies in Rwanda. There will be fur-
ther tests planned of its suitability for a wider range of 
drugs, including vaccines, HIV treatments and treatments 
for malaria and tuberculosis. This phase will see the drones 
making up to 150 deliveries of blood to 21 transfusion fa-
cilities in western Rwanda – crucial for Africa, which has 
the world’s highest rate of maternal deaths from postpar-
tum haemorrhaging. If successful, Rwanda’s drone network 
could save thousands of lives and be a model for other 
countries to duplicate. The project uses drones from the 
Californian robotics company Zipline, and the “global cit-
izenship” art of the delivery and logistics giant UPS. “It is 
a totally different way of delivering vaccines to remote com-
munities and we are extremely interested to learn if UAVs 
[unmanned aerial vehicles] can provide a safe, effective way 
to make vaccines available for some of the hardest–to–
reach children,” says Seth Berkley, CEO of GAVI. (Pharma 
Market Live, 9 May 2016)

  The World Bank 
 Ahead of a World Bank conference on how improved 
land management can reduce poverty and foster develop-
ment, Mr Klaus Deininger, the conference organiser, argues 
that women’s right to land creates other benefits. These in-
clude improved health and education for children, in-

creased household resources, and fewer child marriages as 
daughters are less likely to be married for financial reasons. 
Women with land rights tend to have bank accounts, and 
their financial resources can render them less vulnerable to 
domestic violence. In sub–Saharan Africa, women com-
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prise more than 50% of the agricultural labour force, but 
fewer than 20% own farms. According to the UN World 
Food Programme, if women farmers had the same access 
to land as men farmers, global hunger could be substan-
tially reduced. The conference will focus on women and 
property, with particular emphasis on gender equality and 
land rights – key to achieving the Sustainable Development 
Goals. (Thomson Reuters Foundation, 13 Mar 2016)

 Costa Rica, already considered to have one of the best 
health care systems in Latin America, has been granted a 
US$ 420 million loan to further strengthen the financial 
sustainability of its universal health insurance system, and 
the management, organisation and delivery of its services. 
This is in line with Costa Rica’s strategic health agenda, 
which was developed by the Costa Rican Social Security 
Administration to modernise primary health care net-
works. It will include the expansion of e–health and a 40% 
increase in screening in areas with high incidence of colon 
cancer. The programme will include a 25% advance to en-
sure progress. (Public Finance International, 21 Mar 2016)

 The World Bank announced a US$ 5 billion loan to Tu-
nisia to support its democratic transition and economic 
development. Tunisia has been hit with falling tourist rev-
enues – which account for 7% of GPD – after the Islamic 
militant attacks in 2015, unrest over unemployment and 
limited economic reforms despite wider political advances 
following its 2011 uprising. Economic growth was 0.8% 
in 2015, and is forecast to increase to 2.5% in 2016, but 
unemployment is 15.1% and is much higher amongst the 
country’s youngsters – who comprise more than 50% of 
the population. The loans will be used to stimulate invest-
ment and job creation, and to intensify development in 
disadvantaged areas. The World Bank agreed that Tunisia’s 
economic reforms to date are headed in the right direction, 
but more reforms are needed in the financial sector and to 
increase transparency. The International Monetary Fund 
and Tunisia are also in talks over a US$ 2.8 billion credit to 
support economic reform. (Al Arabiya, 25 Mar 2016)

 Following on from the annual spring meeting of the 
World Bank and IMF, 5 key themes have emerged. First, 
the World Bank’s track record of involuntary resettlement 
– which has faced severe criticism from human rights 
groups – was put under the spotlight, as the bank’s Inspec-
tion Panel made recommendations for better practice. Sec-
ond, there were moves towards closer collaboration with 
other development banks, which could help close the US$ 
60–70 billion infrastructure gap in Africa, amongst others. 
Third, in the wake of the “Panama papers”, World Bank 
President Jim Yong Kim emphasised how tax avoidance 
hinders ending poverty, and that world leaders wish to 
work with the Bank to track down illicit revenue flows. 
Fourthly, the President of the African Development Bank, 
Akinwumi Adesina, wants Africa’s leaders to focus more on 
nutrition. And finally, UN Secretary General Ban Ki–moon 
called for more work on addressing the root causes of con-
flict behind the global refugee crisis, and for the world to 
mobilise to ensure the safety and well–being of those cross-
ing borders. (Devex, 20 Apr 2016)

 According to a World Bank study, South Asia could 
create millions of new jobs in the clothing industry by 
taking advantage of rising manufacturing costs in China, 
boosting both economic growth and job opportunities for 
women. With low labour costs and a growing young, 
working–class population, South Asia is strongly posi-
tioned to increase its share of this labour–intensive indus-
try. Women’s participation in South Asia’s labour market 
is low, and increasing job opportunities for women is vi-
tal for raising marriage ages, reducing birth rates, improv-
ing nutrition and school enrollments, and stronger eco-
nomic growth. However, the industry has a track record 
of poor working conditions – highlighted by the collapse 
of the Rana Plaza building in Bangladesh in 2013 – and 
growth opportunities will not be fully realised without 
closer attention to safety and improved conditions, due 
in part to increased scrutiny from global brands and re-
tailers. (Voice of America, 29 Apr 2016) 

  United Nations (UN)

 The World Food Programme (WFP), a UN agency, is 
leading a project to boost incomes and improve food secu-
rity in developing countries. It will help 1.5 million small–
scale farmers across Africa, Asia and Latin America with 
contracts to buy their crops, signed before they are planted, 
to a value of US$ 750 million. It aims to enable margin-
alised farmers to access reliable markets – 50% of the 
world’s 795 million people are farmers, and in some Afri-

can countries up to 90% of the population are smallholder 
farmers – so that farmers could move from subsistence to 
market–oriented production. However, critics warn that 
the project could fail if it does not prioritise helping poor 
farmers to adapt to climate change, by promoting crops 
which are more resilient to drought. In addition, there are 
concerns that farmers will be encouraged to buy hybrid 
seeds which require chemical fertilisers which deplete soil, 
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and rely on regular rainfall. The WFP responded by noting 
that participating farmers can buy seeds from any supplier, 
but will receive recommendations on which seeds are best 
for their soil and water conditions. (Thomson Reuters Foun-
dation, 10 Feb 2016)

 175 world leaders gathered in New York to ratify the 
Paris climate deal on the world Earth Day, marking the first 
steps towards binding the countries to the promises they 
made to cut greenhouse gases. It will come into effect when 
the 55 countries responsible for 55% of greenhouse gases 
have ratified the accord, and is set to begin in 2020. China 
and the USA have agreed to ratify in 2016, and the EU’s 28 
member countries are expected to ratify within 18 months. 
The agreement comes as the 2016 El Niño is believed to 
have caused droughts, floods, severe storms and other ex-
treme weather patterns, and 2016 is set to break global 
temperature records. In welcoming the agreement, the UN 
Secretary–General Ban Ki–moon said “the era of consump-
tion without consequence is over. We must intensify efforts 
to decarbonise our economies. And we must support de-
veloping countries in making this transition.” (Al Jazeera, 
22 Apr 2016)

 April’s UN General Assembly Special Session on the 
World Drug Problem (UNGASS) did not lead to any radi-
cal shifts in drug policy. The central goal of the UN global 
drug policy is the elimination in the sale and use of illegal 
narcotics. The hard–line interpretation of this policy – used 
by most countries – does not lead to harm reduction, which 
underpins the UN conventions on drugs. Countries such 
as Mexico, Guatemala and Colombia have agreed that this 
approach has failed, and benefits criminals. Whilst UN-
GASS has not shifted from this policy, there are changes in 
the language around drug use, which reflects a greater fo-
cus on prevention and treatment – albeit falling short of 
what is required to address the estimated 400 000 drugs–
related deaths each year. In moves widely seen as signifi-
cant, countries such as Mexico and Canada quietly an-
nounced at the session that they are moving away from 
UNGASS policy by introducing their own reforms (eg, on 
cannabis use and legalisation). Many campaigners call for 
full decriminalisation of drug use, although this would not 
ensure the elimination of violence and corruption around 

black markets. In summary, whilst there was no radical 
changes, the session heralds some important first steps in 
the evolution of global drugs policies. (Huffington Post Aus-
tralia, 2 May 2016)

 The UN has convened the first World Humanitarian 
Summit (WHS), to take place on 23–24 May, in response 
to the worst humanitarian crisis since World War II. One 
UN report found that the average length of displacement 
is 17 years, and another UN/World Bank report found that 
90% of Syrian refugees in Jordan and Lebanon live below 
the national poverty line, and many are unable to legally 
earn money, and many children cannot access education. 
However, commentators have noted it is unclear what out-
comes or actions the summit will produce. Médecins Sans 
Frontières (MSF) have pulled out of the summit, express-
ing concerns that the summit will not improve emergency 
response and reinforce impartial humanitarian aid; and nor 
will it make states accountable or responsible. This deci-
sion has added to the debate over creating “better aid”, and 
Care International emphasises the importance of address-
ing the demand side, as well as reactive humanitarian aid. 
Mr Gareth Price–Jones of Care International notes the nex-
us between humanitarian aid and development aid, and 
addressing them together could more effectively address 
complex, long–term crises. (IPS, 9 May 2016)

 Turkish security forces have been accused by the UN 
and the group Human Rights Watch of committing serious 
human rights violations against Turkish civilians and Syr-
ian refugees. Turkish security forces may have deliberately 
shot civilians, destroyed infrastructure, carried out arbi-
trary arrests, and caused displacements in an ongoing mil-
itary campaign against ethnic Kurdish separatists in the 
country’s southeast. A separate report from Human Rights 
Watch claim that Turkish border guards have shot and 
beaten Syrian asylum seekers. The UN said that many 
Kurdish–majority towns in the southeast have been sealed 
off “for weeks” and are almost impossible to access, and 
that there are reports of ambulances and medical staff be-
ing prevented from reaching the wounded. This is in the 
wake of a deal between the EU and Turkey to halt the flow 
of migrants to Europe, in exchange for aid and visa–free 
travel for Turkish citizens. (Washington Post, 10 May 2016)

UN AIDS and The Global Fund
 Cambodia’s dispute with the Global Fund over travel 
expenses is now resolved, allowing the country to access 
millions of dollars in aid money to fight malaria – amidst 
fears over the rise of drug–resistant malaria. The dispute 

appears to have arisen over receipts for travel payments – 
these are difficult to obtain in rural Cambodia and are 
therefore not a requirement for government officials – and 
the Global Fund has agreed not to ask for these. However, 
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travel plans must be submitted in advance, spot checks can 
be carried out to verify travellers’ locations, and staff will 
have to reimburse any “irregular” funds. The agreement 
means that Cambodia’s National Malaria Centre (CNM) can 
now access a new US$ 12 million grant, plus another (al-
most untouched) grant of US$ 9 million. Although wel-
coming the resolution, CNM’s director Dr Huy Rekol noted 
that Village Malaria Workers were not paid during the dis-
pute and stopped alerting the authorities on local malaria 
cases, and this may be linked to some deaths from malaria. 
(Phnom Penh Post, 28 Jan 2016)

 The Global Fund plans to send an advance supply of 
antiretroviral drugs to Uganda, after the country ran out of 
supplies at the end of 2015. In Uganda, 1.5 million people 
– 1.5% of the population – are HIV positive. The shortages, 
which began in September 2015, affected 240 000 patients 
on publicly–funded treatment programmes, forcing them 
to modify treatment or stop outright. Private–sector clinics 
were unaffected. The government claimed that a weak cur-
rency and insufficient foreign exchange hindered its ability 
to finance drug imports. However, critics blame high elec-
tion spending for the financial shortfall. The Global Fund 
acknowledged that the advance supply is a “short–term so-
lution” and called for the government to mobilise resourc-
es to fill the gaps and find a long–term solution. (Yahoo, 25 
Jan 2016)

 UNAIDS and Xinhua News Agency have signed an 
agreement to enhance global co–operation towards ending 
HIV–AIDS by 2030. The deal builds on an existing agree-
ment from 2011, and new measures include strengthening 
collaboration in areas such as social media. The two sides 
will work towards this goal through in–depth co–opera-
tion, consultation and information exchange. Mr Michel 
Sidibé, the Executive Director of UNAIDS, said “combined 
with the power of media and communication, we could 
work together to build a legacy in promoting ending AIDS.” 
Xinhua President Cai Mingzhao also stated that “to end 
AIDS requires the joint efforts from the international com-
munity.” (Xinhua, 18 Mar 2016)

 Ahead of the UN General Assembly Special Session on 
the World Drug Problem, UNAIDS has released a report 
which shows that countries which do not adopt health– 
and rights–based approaches for drug–users experience no 
falls in HIV infections in people who inject drugs. Coun-
tries have implemented health– and rights–based ap-
proaches to drugs have reduced new HIV infections in 
these groups. Examples of successful programmes include 
the free voluntary methadone programme in China, Iran’s 
integrated services for the treatment of sexually–transmit-
ted infections, injecting drug users and HIV, and a peer–
to–peer outreach programme in Kenya on using sterile 
equipment. A key part of ending the HIV epidemic by 2020 
is reaching 90% of injecting drug–users with HIV preven-
tion and harm reduction services. This would require an 
annual investment of US$ 1.5 billion in outreach, needle–
syringe distribution and opioid–substitution therapy in 
low– and middle–income countries. However, these pro-
grammes are cost–effective and deliver wider benefits, such 
as lower crime rates and reduced pressure on health ser-
vices. (Merh, 17 Apr 2016)

 Médecins Sans Frontières (MSF) has called for govern-
ments, UN and European agencies, PEPFAR and the Glob-
al Fund to develop and implement a fast–track plan to 
scale–up antiretroviral treatment (ART) for countries where 
coverage reaches less than 33% of the population, particu-
larly in West and Central Africa. MSF warn that globally–
agreed goals to halt the HIV epidemic by 2020 will not be 
met without this plan. In West and Central Africa–a region 
of 25 countries, 75% of people who require them cannot 
access HIV care–equivalent to 5 million people. “The con-
verging trend of international agencies to focus on high–
burden countries and HIV ‘hotspots’ in sub–Saharan Africa 
risks overlooking the importance of closing the treatment 
gap in regions with low antiretroviral coverage. The con-
tinuous neglect of the region is a tragic, strategic mistake: 
leaving the virus unchecked to do its deadly work in West 
and Central Africa jeopardises the goal of curbing HIV/
AIDS worldwide”, says Dr Eric Goermaere, MSF’s HIV ref-
erent. (Health24.com, 20 Apr 2016)

  UNICEF
 UNICEF has warned that 25 000 children are suffering 
from acute severe malnutrition in North Korea, and are in 
need to urgent treatment. It calls for US$ 18 million to sup-
port this, as part of a wider US$ 2.8 billion appeal to help 
43 million children in humanitarian emergencies. In the 
wake of severe droughts that causes a 20% reduction in 
North Korea’s crop production, UNICEF needs US $8.5 

million for nutrition, US$ 5 million for water and sanita-
tion, and US$ 4.5 million for health care to help these chil-
dren. There are often shortfalls in humanitarian funding 
for North Korea – 70% of North Koreans suffer from food 
insecurity, funding fell from US$ 300 million in 2004 to 
under US$ 50 million in 2014 – due to its restrictions on 
humanitarian workers and concerns over its nuclear capa-
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   World Health Organization (WHO)

 A WHO report published ahead of the first Ministerial 
Conference on Immunisation in Africa shows that Rwanda’s 
immunisation coverage is 99%. This success is attributed 
to improving routine immunisation and the introduction 
of new vaccines. Dr Matshidiso Moeti, the WHO regional 
director for Africa, noted that Africa has increased vaccina-
tion coverage from 64% in 2004 to 79% in 2014. Howev-
er, she urged further action from governments at the con-
ference, because only 9 countries have immunisation 

coverage of 80% or higher, and 1–in–5 children in Africa 
do not receive basic vaccinations. “We have the tools, we 
need to save children’s lives, and all we need is the political 
will and financial support to deliver,” she said. Currently, 
GAVI funds immunisation in 70% of African countries, but 
as more African countries move from low– to middle–in-
come status they will be ineligible for GAVI support, so 
must prepare to meet immunisation costs from their own 
budgets. (allafrica.com, 26 Feb 2016)

bilities. According to Ghulam Isaczai, the UN’s resident co–
ordinator for North Korea, “[North] Korea is both a silent 
and underfunded humanitarian situation. Protracted and 
serious needs for millions of people are persistent and re-
quire sustained funding.” (International Business Times, 26 
Jan 2016)

 On the eve of the International Day for Zero Tolerance 
of Female Genital Mutilation (FGM), UNICEF warned that 
growing populations in high–prevalence countries are un-
dermining efforts to tackle the practice, which is widely 
regarded as a serious abuse of human rights. 50% of girls 
and women subjected to FGM live in Egypt, Ethiopia and 
Indonesia, and if current trends continue, the number of 
cases will increase over the next 15 years. Previously Indo-
nesia has been excluded from UNICEF’s FGM statistics due 
to a lack of reliable data – its recent inclusion has led to a 
sharp upwards revision in the number of global FGM vic-
tims – and other countries were FGM is reported are also 
omitted, such as India, Oman and the United Arab Emir-
ates. However, countries such as Liberia, Burkina Faso and 
Kenya have experienced steep falls in FGM cases and con-
demnation is growing, and UNICEF calls for accelerated 
efforts to eliminate the practice. (Thomson Reuters Founda-
tion, 5 Feb 2016)

 UNICEF estimates that one–third of combatants in Ye-
meni’s civil war are children, on both the rebel side and 
troops fighting for President Abdullah Mansour Hadi. UNI-
CEF believes that children as young as 14 are front–line 
fighters, despite pledges from both sides to end the prac-
tice. The massive destruction of schools and infrastructure 
encourages children to fight, and the rise of terrorist groups 
such as Isis and al–Shabaab makes negotiations over child 
combatants impossible. The situation in South Sudan is 
graver still, with 16 000 children being recruited into both 
sides in the country’s civil war. Anthony Nolan, one of UNI-
CEF’s child protection specialists, says many children are 

driven to join by a lack of resources or a desire to seek re-
venge for their families, and that their recruitment threat-
ens to prolong the conflict for future generations. (The In-
dependent, 8 Feb 2016)

 On the 5th anniversary of the Syrian civil war, a UNICEF 
report shows the resultant refugee crisis, with over 2.4 mil-
lion Syrian children living as refugees outside their country, 
200 000 live as refugees within Syria – and a further 
306 000 children were born as refugees. Over 250 000 peo-
ple have died in the conflict – at least 400 children were 
killed in 2014. And now, twice as many people live in ar-
eas under siege or otherwise hard–to–reach compared to 
2013, and 2 million of those cut off from help are children, 
with UNICEF reporting children suffering from extreme 
malnutrition or death from starvation. There are concerns 
over the increases in recruitment of child soldiers – both 
boys and girls, and children have reported being beaten, 
indoctrinated and forced to commit violence. The psycho-
logical effects of living under siege are also devastating. 
“Children living under siege almost have to re–learn what 
it’s like to be a human being,” says Mr David Nott, a trauma 
surgeon who has worked in Syria. (Business Insider, 14 Mar 
2016)

 According to UNICEF, more than 700 million women 
were married before their 18th birthday, and Bangladesh has 
the world’s second highest rate of marriage of girls aged 
under 15, after Niger. However, a study by the New York–
based Population Council shows that child marriage fell by 
31% when girls are educated or took classes in critical 
thinking and decision–making, with further falls when girls 
received job skills training. In Bangladesh, 75% of girls 
marry before they are 18 years old. “In Bangladesh, limited 
evidence exists on what works to delay child marriage. 
These results are a major leap forward,” said Ann Blanc, 
Vice President of the Population Council. (Thomson Reuters 
Foundation, 23 Mar 2016)
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 The WHO, in its role as pharmaceutical watchdog in 
markets with inadequate regulation, has suspended its ap-
proval of tuberculosis drugs made by India’s Svizera Labora-
tories. The company is a major supplier to developing coun-
tries, and the move follows concerns over its manufacturing 
and quality standards. The WHO also recommended that 
batches of medicine already on the market should be retest-
ed by independent experts, and that supplies may need to 
be recalled. The company disagreed with the WHO’s deci-
sion (which follows earlier warnings on standards in Svizera 
Laboratories, including dirty surfaces, black mould in a 
cleaning area, poor hygiene and inadequate record keeping), 
claiming the WHO had ignored evidence that Svizera’s op-
erations were up to standard. India’s pharmaceuticals indus-
try supplies cheap copies of generic drugs, but in recent 
years it has been beset by problems over the quality of its 
products. (medicaldaily.com, 19 Mar 2016)

 The WHO’s zika response differs markedly from its 
2014 response to the Ebola outbreak. The WHO quickly 
flagged zika as a public health emergency – despite signif-
icantly fewer deaths – it took 5 months and nearly 1000 
deaths before it declared Ebola a “public health emergency 
of international concern.” Although the faster response – 
intended to jump–start scientific research, vaccine and 
treatment development, and mosquito control, may partly 
be caused by a wish to act quickly after criticisms over Eb-
ola – the overall picture is more nuanced. For example, the 
WHO’s regional office for the Americas (PAHO) had more 
expertise on zika compared to the Ebola expertise within 
the WHO’s regional office in Africa, and PAHO came under 
pressure from the USA – which is more likely to be affect-
ed by zika than Ebola – to act decisively. Finally, the impact 
of zika can be presented in distressing images of newborn 
babies with microcephaly, whereas Ebola affected wider 
swathes of society, thus making it harder to press for action 
for a single group. (Chicago Tribune, 5 Apr 2016)

 A WHO–led analysis published in The Lancet Psychiatry 
shows how the global failure to tackle depression and anx-
iety costs US$ 1 trillion each year in lost productivity and 
causes “an enormous amount of human misery.” It found 
that without scaled–up treatment, 12 billion working days 
– 50 million years of work – will be lost to depression and 
anxiety disorders each year up to 2030. Scaling–up treat-
ment would cost US$ 147 billion, meaning that every US$ 
1 invested in treatment would lead to a US$ 4 return in 
better health and ability to work, and the authors argue that 
both developing and developed countries should improve 
mental health care. The study notes that common mental 
health conditions are increasing – the number of people 
suffering with depression and/or anxiety rose from 416 mil-
lion in 1990 to 615 million in 2013. 10% of the world’s 
population is affected, and mental disorders account for 
30% of the global burden of non–fatal diseases. Treating 
these disorders would help the world meet the SDG of re-
ducing premature deaths from non–communicable diseas-
es by 33% by 2030. War and humanitarian crises increase 
this urgency, as the WHO estimates that up to 20% of peo-
ple suffer from depression and anxiety during emergencies. 
(The Guardian, 12 Apr 2016)

 In April, the WHO launched its global strategy to com-
bat leprosy, with the overall aim of reducing to zero the 
number of children diagnosed with leprosy. Although the 
disease prevalence rates for leprosy fell to below 1 per 
10 000 population in 2000, worldwide there are still 
213 899 new cases a year – and India, Brazil and Indone-
sia account for 81% of these cases. Key interventions to 
combat leprosy include targeting detection amongst high-
er–risk groups via campaigns in highly endemic areas, 
and improving health care coverage for marginalised 
groups. Early detection, especially amongst children, is 
essential for reducing disabilities and transmission. (live-
mint.com, 21 Apr 2016)
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  Demography
 In 2003, China relaxed its restriction on divorce, and di-
vorce rates have risen rapidly–a remarkable transformation 
in a country where marriage was universal and permanent. 
This reflects the underlying transformation of Chinese soci-
ety, with mass urban migration dividing couples, the improv-
ing status of women, and increased prosperity making it 
more feasible to live alone. Divorce is easier and cheaper in 
China compared to most other countries, and divorce rates 
are approaching levels in the USA. Often, falling divorce rates 
are a reflection of falling marriage rates and rising births out-
side wedlock, but neither hold true in China where marriage 
rates, including remarriage, remain high. Marital tensions 
can be worsened by the pressure on young Chinese people 
to marry early – and they often lack opportunities to meet 
suitable potential partners, and cohabitation before marriage 
is still rare (although increasing). Moreover, although wom-
en initiate over 50% of divorces, settlements still tend to fa-
vour men. (The Economist, 23 Jan 2016)

 According to the UN Population Fund, 25% of the world’s 
population is youthful (aged 10–24 years), with the vast ma-
jority living in the developing world. In India, home to the 
world’s largest number of young, working–age people, 1 mil-
lion people reach 18 years every month–and at 422 million, 
the number of people aged 15–34 years is equivalent to the 
combined populations of the USA, Canada and the UK. This 
is partly due to global successes in reducing child mortality, 
and more children being enrolled in school. This generation 
of young people is more likely to be educated, connected 
and ambitious – leading them to more mobile. Globally, the 
youth bulge is felt unevenly – in Germany, the median age 
is over 46 years, compared to 18 years in Nigeria. Govern-
ments face the staggering challenge of job creation to absorb 
these new workers – 40% of whom are either unemployed 
or working in insecure jobs at poverty pay. Youth unemploy-
ment is a strong predictor for social unrest, and to combat 
the uneven generation gap, countries with older populations 
need more migration from younger countries, alongside job 
creation in the global south. (New York Times, 5 Mar 2016)

 The transformation of Medellin, Colombia’s capital city, 
has been recognized by its winning the Lee Kuan Yew World 
City Prize, which is awarded by the Singapore government. 
This award honors outstanding urban achievements and so-
lutions, and the Nominating Committee praised Medellin’s 
transformation from uncontrolled urban expansion and vio-
lence, to its status as model for urban innovation. The com-
mittee made special mention of the political will, leadership, 
and long–term plans shown by the city’s past three mayors, 
which have tackled security problems, aided economic de-

velopment and improved its citizens’ quality of life and em-
ployability. Medellin’s current mayor, Federico Guitierez Zu-
luaga said, “this is an important recognition that we feel 
proud of for our city. We thank you for the encouragement 
to continue working for our city, a spectacular city that has 
come a long way but also has a long way to go.” (Cities To-
day, 18 Mar 2016)

 Japan’s extreme demographic challenges follow on from 
20 difficult years for the country, which has been beset with 
deflation, budget deficits and high public debt. The first 
challenge is Japan’s rapidly shrinking and aging population, 
with the share of people aged over 65 years rising from 5 in 
1950 to 25% in 2012 – the highest figure in the world, and 
its median age is 45.9 years, compared to the global median 
of 29 years, and 38.7 years for other OECD countries. This 
trend is set to continue, while the country’s population is ex-
pected to decrease by 22–23%. This is compounded by Ja-
pan’s low fertility rates, partly as long working hours and 
high population density in urban areas discourage women 
from having children. However, Japan’s overseas–born pop-
ulation was 1.7%, significantly below other OECD countries, 
so migration is an untapped potential for population growth. 
Also, carefully managing longevity gains (eg, healthier aging, 
longer careers, efficient health care) can help offset the eco-
nomic impacts of aging. (OECD, 11 Apr 2016)

 Life expectancy continues to increase in the UK, and 
men’s life expectancy is slowly catching up with women’s. 
However, underlying these very welcome developments is a 
new, and worrying trend – for the first time since the 19th 
century, the narrowing of the gap in life expectancy between 
rich and poor people has reversed. Increases in life expec-
tancy before 1940 were due to clean water, improved sani-
tation, affordable housing and cleaner air, among other 
things–and this benefitted poorer people as wealthier people 
could afford healthier environments and lifestyles. Post–
1950, advances in health care tended to benefit all sections 
of society equally, so the life–expectancy gap remained con-
stant. However, this began to change in the 1990s, mainly 
due to lifestyle factors (eg, diet, exercise, alcohol and tobac-
co use) which increase the risk of non–communicable dis-
eases. For example, previously smoking was evenly spread 
throughout all social groups, and 82% of UK men smoked 
in 1948. This has now fallen to 21%, and poorer men are 
more likely to smoke. The rich–poor divide in unhealthy 
lifestyles is widening the life – expectancy gap, but tackling 
individual lifestyles may be more difficult than wider public 
health measures like cleaning up water supplies. (New Sci-
entist, 3 May 2016)
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  Economy
 Small states such as Botswana, the Seychelles and Mau-
ritius rank the highest among African states in most human 
development indices. This is highly beneficial to their own 
citizens in terms of health, prosperity, safety and good gov-
ernance, but has little impact beyond their own borders. 
States which have larger impact – eg, Nigeria, Kenya and 
South Africa – do not fare so well. If Kenya’s economic dy-
namism translated into GDP levels equivalent to Mauritius, 
oil–rich Nigeria’s governance matched Botswana’s, and South 
Africa’s post–apartheid moral stature continued to endure, 
this could have profound impact on their neighbors and Af-
rica in terms of development, peace and security. Although 
each country falls short of its own potential, some indicators 
(eg, Nigeria’s free elections in 2014, Kenya’s entrepreneurism 
and South Africa’s international standing) hint at their po-
tential to lift the entire continent. Improving linkages be-
tween these countries and their neighbors – politically, eco-
nomically and culturally–is vital to ensuring the success of 
the pan–African Union, and the East African Community 
(Africa’s most integrated regional bloc) showcases the ben-
efits of integration. (dailymaverick.co.za, 22 Jan 2016)

 Underneath the public health concerns raised over the 
zika virus as it spreads among 26 countries in the Ameri-
cas, lies a quieter question of economic loss and hardship 
caused by the virus. While it is too early to give a definitive 
answer on the potential financial havoc wrecked by the ill-
ness, estimates can be gleaned from the impact of another 
illness spread by the Aedes mosquito–dengue fever. Don-
ald Shepard of Brandeis University estimates that the 2013 
outbreak of dengue fever cost the global economy US$ 8.9 
billion, with the largest burden shouldered by developing 
countries. This does not include the impact on tourism, 
and already shares in travel companies are falling as preg-
nant women and those planning pregnancies are advised 
against visiting affected countries. This will hit Brazil espe-
cially hard, as it hosts its annual Carnival festivities and an-
ticipates 500 000 tourists for the August 2016 Olympic 
Games. (Bloomberg View, 5 Feb 2016)

 The International Monetary Fund (IMF) has signaled that 
it will downgrade its outlook for the global economy in April. 
This follows recent warnings from the OECD that global eco-

nomic growth will slow within the next few months. How-
ever, there are few signs that governments are heeding these 
warnings – indeed, a senior US Treasury official commented 
that it is not reasonable to expect a crisis response over eco-
nomic uncertainty. The IMF is concerned that any announce-
ment of joint action by the G20 group of leading economies 
could risk the global economic expansion. Part of the prob-
lem is a shortage of tools to deal with the next economic cri-
sis, and the IMF wants the G20 to boost spending, delay in-
terest rate rises and for the European Central Bank to boost 
stimulus efforts. (Wall Street Journal, 8 Mar 2016)

 Mr John Mangudya, the governor of Zimbabwe’s central 
bank, confirmed that the country expects its first Interna-
tional Monetary Fund (IMF) loan since 1999 later in 2016, 
after paying off foreign lenders. The exact amount has yet 
to be agreed, but the IMF has agreed to double the amount 
available to Zimbabwe to US$ 984 million. Zimbabwe is 
trying to emerge from international isolation, which are 
largely blamed on its government’s policies. Its worst 
drought since 1994 has left 4 million Zimbabweans facing 
hunger, and forced the government to lower its economic 
growth forecast from 2.7% to below 2% – the IMF and 
World Bank forecast growth of 1.4% and 1.5% respective-
ly. As part of the loan agreement, the government agreed 
to major reforms, including compensation for evicted farm-
ers and a reduction in public sector wages. Once Zimba-
bwe’s arrears are cleared, it will be ready for rating by in-
ternational ratings agencies with the aim of issuing bonds. 
(Reuters, 16 Mar 2016)

 China’s foreign capital reserves fell by US$ 28.57 billion 
in February, marking the fourth consecutive monthly de-
cline, albeit at a decelerating rate. The government is ex-
amining a range of measures to curb speculative foreign 
transactions. These measures include a levy designed to 
penalise short–term currency speculation (the so–called 
“Tobin tax”), and imposing fees on the sales of forward po-
sitions. “We are considering policies to increase the costs 
of short–term speculation as long as they don’t affect nor-
mal capital flows,” says Mr Wang Yungui, the head of reg-
ulation at China’s State Administration of Foreign Ex-
change. (WSJ, 22 Mar 2016)

  Energy
 1.1 billion people – mainly in southern Asia and sub–
Saharan Africa – lack electricity, and electrification is bare-

ly keeping pace with population growth in the latter. 
Some entrepreneurs are using technology to provide ac-
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cess to clean, cheap systems which are metered and paid 
for by mobile technology. The user by–passes electricity 
grids, instead harvesting solar energy from rooftop panels 
that are connected to batteries that store energy until 
nightfall. This is more suitable for rural dwellers with low 
energy needs and high grid connection costs. Urban areas 
could benefit from pre–paid meters topped up by mobile 
phone – and higher revenues would encourage more in-
vestment. There is tension between countries electrifying 
using cheaper fossil fuels and risking severe pollution 
problems akin to Beijing and New Delhi, against clean 
energy that may be more expensive and intermittent. 
However, regional transmission networks that share pow-
er, alongside “baseload” energy systems (geothermal, hy-
dro, natural gas) that operate constantly can support busi-
ness needs, while smaller–scale solar power to cover 
households’ energy needs could form part of the solution. 
(The Economist, 27 Feb 2016)

 According to the news agency, Xinhua, China’s gas con-
sumption rose by 3.5% in 2015–the smallest increase in a 
decade, and lower than the official 5.7% forecast. Gas for 
domestic usage was the largest component (69%, or 131.8 
billion m3) of overall consumption. This is the second year 
of sluggish growth in gas consumption (partly caused by 
weaker economic growth), despite government efforts to 
promote gas over coal as a cleaner energy source. These 
figures bring China’s gas market to below the International 
Energy Agency’s long–range growth forecast of 4.7%. The 
downturn is adding to a glut of gas supplies, with current 
prices lower than contract prices, and firms are attempting 
to postpone gas shipments. Australia, which has invested 
heavily in gas projects in China, has been badly affected by 
the downturn, leading to Western Australia’s credit rating 
being downgraded by Moody’s. The Chinese government 
has attempted to raise demand by slashing prices, but this 
has deterred domestic production and led to even lower 
output. (Radio Free Asia, 29 Feb 2016)

 Since industrialisation 250 years ago, humans have re-
leased 500 billion tonnes of CO

2
 into the atmosphere from 

fossil fuels and deforestation–and is set to release another 
500 billion tonnes over the next 40 years. 50% of a CO

2
 

increase is removed from the atmosphere within 30 years, 
30% is removed within a few centuries, and the remaining 

20% may remain for millennia. Carbon capture and stor-
age (CCS)–a technology which captures CO

2
 at emission 

and stores it underground, eg, in depleted oil and gas res-
ervoirs–could be a solution. The International Energy 
Agency (IEA) estimate that CCS is the most effective way 
of reducing CO

2
 emissions by 13% by 2050, but note that 

progress in CCS implementation is slower than hoped. 
There is a current wave of 22 CCS projects worldwide, and 
they will collectively capture 48 million tonnes of CO

2
 each 

year from coal–fired power stations, gas processing and 
other industrial processes. However, there are few further 
CCS projects in the pipeline, and the world risks losing 
momentum without policy intervention. The IEA believes 
that the world has more than enough CO

2
 storage resourc-

es, but more investment in exploration and development 
is required. (OECD, 20 Apr 2016)

 Venezuela has been forced to cut its national power sup-
ply for 4 hours daily, to last over the next 40 days – due to 
reduced rainfall that drives electricity–generating turbines 
in hydroelectric dams. The cuts will affect 10 out of 23 
states, including major cities. This is an additional blow to 
the country’s citizens, who already face shortages of food 
and medicine. However, the oil sector is unlikely to be in-
cluded in the cuts thanks to its importance to the Venezu-
elan economy. The economy is already struggling with fall-
ing oil prices, and is set to shrink by 8% in 2016, and the 
power shortages will cause further economic damage. 
(Newsweek, 22 Apr 2016)

 In an interview shortly before his death, Prof Sir David 
MacKay–the UK’s former chief scientific adviser–called the 
idea of renewable energy powering the UK “an appalling 
delusion.” He believes that solar, wind and biomass energy 
would require too much land, huge battery back–ups and 
cost too much to be viable options for the UK, although he 
believes that solar power has great potential in hot, sun-
nier countries. He notes that renewable energy – which 
produces 1% of the UK’s electricity–cannot sufficiently be 
scaled up. Instead, he calls for the UK to focus on nuclear 
energy and carbon capture storage technology to reach zero 
carbon emissions. He believes that carbon capture and stor-
age is essential in tackling climate change, and is disap-
pointed by the UK’s lack of progress with the technology. 
(The Guardian, 3 May 2016)

 As President Obama’s last term draws to a close, the US 
Supreme Court put on hold his administration’s Clean Air 
Act. This Act – seen as a key legacy of Obama’s administra-

tion – is designed to reduce emissions from power plants 
by 32% by 2030, and is the main tool for the USA to meet 
its emissions targets agreed at December’s UN climate talks. 
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Various business groups and 27 states (led by West Virginia 
and Texas) launched the bid to block the Act, arguing that 
it would devastate their economies. The decision means that 
the regulations will not take effect while court battles con-
tinue over their legality, and raises doubts over the long–term 
future of the Environmental Protection Agency. “We are 
thrilled that the Supreme Court realised the rule’s immediate 
impact and froze its implementation, protecting workers and 
saving countless dollars as our fight against it continues,” 
said Mr Patrick Morrisey, the Attorney General for West Vir-
ginia. (Scientific American, 9 Feb 2016)

 Mongolia is currently experiencing a dzud – a natural 
disaster which occurs when a summer drought is followed 
by heavy winter snowfall that makes already scarce pas-
tures inaccessible to livestock. Previously, dzuds occurred 
once a decade, but they have recently been occurring every 
few years. It is believed that the increasing frequency could 
be due to a combination of climate change – the average 
temperature in Mongolia has risen by 2.1 °C since 1940 
and Mongolia is ranked the 8th most vulnerable country to 
the impact of climate change – and human activity. In a 
country where 50% of people rely on livestock production, 
oversupply of animal products has led to falling prices – 
and increased animal numbers to maintain incomes. When 
combined with climate change, this has had a devastating 
effect on Mongolia’s pastoral land, with over 70% being de-
graded, and increasing forest fires has reduced forest area 
by 0.46% each year – and threatening Mongolia’s ancient 
way of life. The Ministry of Foreign Affairs has asked for 
international help to deal with the dzud – an estimated US$ 
4.4 million is needed for emergency vehicles, medicine, 
food and livestock supplies – but the government has 
stopped short of declaring a state of emergency. (IRIN, 7 
Mar 2016)

 A study by the Frankfurt School of Finance and Man-
agement for the UN Environment Programme shows that 
a record US$ 286 billion was invested in renewable energy 
in 2015 – more than double the investment in fossil fuels. 
In another milestone, developing countries’ investment in 
renewable energy – US$ 156 billion – outstripped the US$ 
130 billion investment by developed countries for the first 

time. China and India have led the way in developing 
countries’ investment in renewables, and the USA increased 
its investment by 19%. However, Europe’s investment in 
renewables fell by 21% in 2015, despite being a previous 
trailblazer. These investments are beginning to have an im-
pact on climate change, and the International Energy Agen-
cy has pinpointed their growth as the main reason why 
global CO

2
 emissions have been stable for 2 years, despite 

6% economic growth. Without them, annual CO
2
 emis-

sions would be 5% – or 1.5 billion tonnes – higher. There 
are concerns that in the short–term, low prices for fossil 
fuels could spark a surge in their use, although pledges 
made at December’s climate summit in Paris should limit 
this, and it is not expected to have a lasting impact. (New 
Scientist, 24 Mar 2016)

 Hokeng Metal Processing Co.’s industrial plant, located 
in Nonthong Village in Lao, appears to be pumping polluted 
waste water into the neighboring area. The plant extracts 
valuable copper, lead and other valuable minerals from dis-
carded electronics, and re–sells them worldwide. Water con-
tamination is 16 times higher than normal levels. Although 
Lao’s Ministry for Natural Resources claim they are working 
on the plant’s pollution management, no formal action has 
yet been taken against the company. The company may also 
have failed to comply with international regulations on trans-
ferring hazardous materials from developed to less devel-
oped countries. (Radio Free Asia, 7 Apr 2016)

 Cycling and walking are normally healthy activities, but 
a study published in Preventative Medicine found that air 
pollution in heavily polluted cities – such as Delhi in India, 
Karachi in Pakistan and Doha in Qatar – means that the 
harms can outweigh the benefits. In Delhi, cycling is only 
beneficial if people cycle for less than 5 hours a week, so if 
people’s daily commute is longer than 30 minutes each way, 
cycling will damage their health. People who cycle for lon-
ger each day, eg, bike couriers, will experience even more 
harm. Air pollution is strongly linked to heart disease and 
lung cancer, and causes thousands of death a year – and 
exercise can intensify its harmful effects as heavy breathing 
causes more dirty air to be drawn into the lungs. (New Sci-
entist, 5 May 2016)

 Following floods in 2015, the northern state of Arakan 
in Myanmar has seen a sharp rise in the number of severe-
ly and moderately malnourished children. The flooding – 
caused by heavy rain and Cyclone Komen – has destroyed 
crops and rice paddies and has contaminated water sourc-

es. The numbers of malnourished children aged under 5 
years seen by a European Commission food program in 
Maungdaw district rose to 1500 in October, compared to 
500 in July. The children are eating fewer and less diverse 
foodstuffs, sometimes relying on rice and water only. The 
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real number is likely to be much higher, as the food pro-
grammes only see the minority of affected children. 90% 
of Arakan’s population belong to the Muslim minority Ro-
hingya, who face violence and discrimination with no legal 
recognition of their citizenship, and in 2015, 14 000 of 
the state’s children were admitted to this program, includ-
ing 10 900 children aged under 5 years. (Irrawaddy, 28 Jan 
2016)

 In 2015, Papua New Guinea experienced a severe 
drought, arising from the El Niño weather system, followed 
by floods and mudslides after heavy rains in February 
2016. According to the UN Office for the Co–ordination 
of Humanitarian Affairs, 480 000 people are facing critical 
food shortages and are in need of food aid. The extreme 
weather conditions has also caused health care facilities to 
close, or operate at lower capacity due to water shortages 
or problems with storage. Aid agencies are working with 
the government to distribute food and monitor dengue 
outbreaks in Daru, and possible cases in Kiunga. (Reuters, 
4 Mar 2016)

 About 60% of Africa’s farms are less than one hectare, 
and agriculture employs more than 50% of people in sub–
Saharan Africa. Therefore, improving agricultural produc-
tivity is one of the best ways to raise Africa’s living standards 
– and its farms are less productive than Latin American and 
Asian farms. The value of Africa’s agriculture has increased 
by 400% since 1961, albeit by bringing more land into cul-
tivation rather than improving yields, so output per person 
actually fell. There are inherent difficulties in increasing 
yields due to infertile soils, and varying climate patterns 
make crops more heterogeneous and less amenable to a 
“green revolution” – unlike Asia’s staple crops of rice and 
wheat. Inadequate roads, price controls and corruption 
over subsidies to poor farmers also hinder agricultural de-
velopment. However, hybrid seeds are improving yields, 
the gradual lowering of tariffs encourage exports, and land 
reforms give more control to women farmers. This gradual 
brightening is underpinned by better governance and few-
er conflicts across the continent. Improved roads, informa-

tion on market prices, better storage and food processing 
to aid diversification and job creation, better husbandry to 
boost livestock production would all further support Af-
rica’s agricultural evolution. (The Economist, 12 Mar 2016)

 According to the charity Water Aid, India has the world’s 
highest number of people without access to clean water, 
with 75.8 billion people – or 5% of India’s population – be-
ing forced to buy expensive water or use contaminated sup-
plies. Buying water costs up to US$ 0.72 a day – nearly 
20% of a poor person’s income – and diarrhea kills 140 000 
children in India each year. India’s water problems are set 
to worsen, as rivers become more polluted, groundwater 
reserves diminish, and global warming causes more erratic 
rainfall. It is predicted that India can only meet 50% of its 
water needs within 15 years. Indian states are experiment-
ing with measures to improve water supply and manage-
ment, including privatization, water filtration units and wa-
ter kiosks in drought–prone areas. Water shortages could 
cause tensions, and Satya Tripathia, an advocate in India’s 
Supreme Court says “the government really has to pay at-
tention. Water is the one thing that can tear this country 
apart.” (Yahoo, 22 Mar 2016)

 On the first anniversary of the earthquake which struck 
Nepal on 25 April 2015, thousands of people across the 
country still face problems of water, sanitation and hygiene. 
Swift action by the government, community health work-
ers and aid organisations immediately after the earthquake 
prevented disease outbreak, but more aid and delivery is 
urgently required to ensure that rebuilding happens as 
quickly as possible. Basic infrastructure was badly damaged 
by the earthquake, and natural springs – a major source of 
water for rural Nepalese people – produce less water, or 
have dried up completely. Some communities that previ-
ously had continuous access to water only have access for 
1–2 hours a day, and many people are having to wash in 
rivers or queue for hours at taps. The aid organization, Wa-
terAid, is working with local partners and communities to 
find new spring sources and build water supply infrastruc-
ture. (The Himalayan, 26 Apr 2016)

 Crime rates in Japan are exceptionally low by interna-
tional standards, and those arrested for minor crimes are 
treated with leniency – less than 5% of those found guilty 
of a penal offense are sent to prison. Japan emphasizes re-
habilitation, and has extremely low rates of re–offending. 
However, 99.8% of prosecutions end in a guilty verdict, 
and the system relies heavily on confessions – ie, 90% of 

criminal prosecutions. There are few safeguards for sus-
pects being questioned, as they can be held for 23 days 
without charge, often with little contact with a lawyer. Few 
interrogations are recorded, and although physical torture 
is rare other methods such as sleep deprivation are not. 
Moral blackmail (eg, citing shame brought on family), and 
fabricating confessions and pressurising the suspect to sign 
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them can happen. Once in court, the non–adversarial na-
ture of the trial system means that judges seldom question 
whether confessions are voluntary. According to one esti-
mate, 10% of all convictions leading to a prison sentence 
are based on false confession. There have been recent mis-
carriages of justice – a mother convicted of murdering her 
daughter was released after her innocence was proved by 
a crime reconstruction; and Iwao Hakamada was freed af-
ter 46 years on death row after his conviction was declared 
unsafe – he appears to have been tortured when arrested. 
(The Economist, 5 Dec 2015)

 Latin America has consistently been home to 86% of 
the world’s most violent cities, according to data published 
since 2011 by the Mexican Citizens’ Council for Public Se-
curity – an NGO whose annual survey assesses the world’s 
50 most violent cities. It found that not only does Latin 
America have the highest number of violent cities, but vio-
lence is much more widespread. Of the 43 Latin American 
cities on the 2014 list, 40% have homicide rates greater 
than 50 per 100 000 people, and 46% have rates of 30 per 
100 000 people, or more – the global average is 7 per 
100 000 people. Some cities such as Juarez (Mexico), San 
Juan (Puerto Rico) and Medellin (Columbia) have seen 
sharp falls in violence, and the number of Mexican cities 
in the list has fallen from 25 to 2. However, the number of 
Brazilian cities has increased from 14 to 19, and violence 
has been resurgent in El Salvador after the gang truce broke 
down. (insightcrime.org, 22 Jan 2016)

 There are reports that Egypt’s government is increas-
ingly using the tactic of “enforced disappearance” to crack 
down on real and imagined opponents. The “disappeared” 
are not held in the formal legal system – which had already 
detained thousands of people – but are moved into a net-
work of secretive detention centers, run by the security 
forces. They are held without charge or access to a lawyer, 
where their isolation and lack of legal protection enables 
them to be interrogated harshly – many say they have been 
tortured – and forced to identify friends and relatives. De-
tainees are usually released without charge within months, 
or charged with membership of the outlawed Muslim 
Brotherhood. But some are missing for much longer, and 
the dead bodies of others are dumped in morgues. The dis-
appeared include members of the Muslim Brotherhood, 
but also civil society activists, journalists and members of 
the public unwittingly caught up in the state’s security 
dragnet. “The goal seems to be to terrorise society, to show 
that anyone who dares criticise the government will face a 
similar fate,” said Mohamed Elmissiry, a researcher with 
Amnesty International. Public disquiet has grown over this 
crackdown, leading to an investigation of the cases of 101 

missing people. However, lawyers and human rights 
groups believe that the investigation will be a whitewash, 
as the government has already declared that detainees were 
legally arrested, joined militant groups or had fled Egypt. 
(Irish Times, 27 Jan 2016)

 In a landmark ruling, the International Criminal Court 
(ICC) at The Hague has found a warlord guilty for perpe-
trating rape as an act of war. It also secured a conviction for 
“command responsibility”, which means that a command-
er can be found guilty of crimes if he or she orders them, 
even without directly taking part. This verdict was deliv-
ered against Jean–Pierre Bemba, head of the Movement for 
the Liberation of the Congo, who sent his militia into the 
Central African Republic (CAR) to rampage during a pe-
riod of turmoil. More than 5200 victims testified that they 
had been sexually assaulted or their property stolen. Al-
though the court has faced accusations of bias against Af-
rica, it was an African government – the former CAR gov-
ernment – which referred Mr Bemba to the ICC. “The facts 
have shown that rape was systematic, as was pillage, and 
was perpetrated in a humiliating way, anywhere, anytime 
by multiple rapists,” said Ms Marie–Edith Douzima–Law-
son, the victims’ legal representative. Sentencing has yet to 
be carried out. (The Economist, 22 Mar 2016)

 There is a lack of reliable data on gender violence in 
Cambodia, but a UN report from 2013 found that 22% of 
women had experienced violence from a male partner, al-
though only 16% of men admitted violence toward a wom-
an. In addition, 96.2% of men and 98.5% of women be-
lieve that a woman should obey her husband, and 67% of 
women believe they should tolerate violence to maintain 
the family. This attitude reflects the teachings of the Chbab 
Srey, a poem on women’s role which teaches submission, 
and which was part of the Cambodian school curriculum 
until 2007. It is also a legacy of the Khmer Rouge, where 
an unknown number of women were forced into sex work 
for survival, into marriage, or were victims of sexual vio-
lence. Most cases of domestic violence go unreported, part-
ly due to Cambodia’s skeletal judicial system and lack of 
victim support, although tradition – which emphasizes vir-
ginity as a marriage pre–requisite – also causes victims’ si-
lence. Rape is also prevalent in Cambodia, with 20% of 
men admitting to at least one rape – and 38.4% of these 
men were unpunished. However, the Asia Foundation has 
funded the development of mobile solutions by women’s 
networks, such as apps to explain the causes and risk fac-
tors behind domestic violence, give the names of support 
organisations, and to file reports anonymously. This is a 
small step toward making Cambodia safer for women. (The 
Diplomat, 18 Apr 2016)
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 At an expert panel moderated by the US Vice President 
Joe Biden at the World Economic Forum in Davos, the dis-
cussion focused on the need to collect, harness and analyze 
Big Data to finally find a cure for cancer. There has been a 
huge increase in the volume of oncological data, but re-
searchers’ ability to use it has not kept pace. The panelists 
highlighted the following obstacles to fully realizing the 
potential of Big Data. First, medical data are not stan-
dardised across platforms, and standardising it would in-
crease the volume of data available to scientists working on 
specific problems. Second, patients’ concerns over privacy 
must be overcome. Third, few cancer patients – only 5% 
– volunteer for clinical trials (despite such trials offering 
hope to those who are have otherwise no options left) and 
most of those who do are not given access to their data. Mr 
Biden said he is dedicating his last year of office to a “can-
cer moonshot”, and believes that scientists are on the cusp 
of a breakthrough in cancer treatment. However, he ac-
knowledges that the Big Data challenge is a fundamental 
challenge, and solving it will require unprecedented co–
operation between professionals across many disciplines. 
(Forbes, 26 Jan 2016)

 According to a study published in The Lancet Infectious 
Diseases, more than 50% of HIV–positive people who are 
not responding to treatment have an HIV strain which is 
resistant to tenofovir, a key antiretroviral drug. 60% of 
HIV–positive people in Africa have become tenofovir–re-
sistant, compared to 20% in Europe. Second–line drugs are 
available, but these are generally more expensive and have 
more side effects. Resistance to tenofovir can be caused by 
the drug regime being incorrectly followed, or the HIV–
positive person becoming infected with another, tenofovir–
resistant, strain of HIV. Surveillance, treatment and moni-
toring of HIV patients must be improved in the wake of 
this development, and studies are under way to determine 
how HIV developed tenofovir resistance. (Tech Times, 29 
Jan 2016)

 The Global Trachoma Mapping Project has recently 
completed a global survey of trachoma – a painful [prevent-
able], neglected tropical disease which can cause blindness 
– and the scale and quality of the survey means that it could 
be eliminated by 2020. Ethiopia highlights the advantages 
of disease mapping – prior to the survey in 2012, only one 
district had support for tackling trachoma, but now the en-

tire country has been mapped and there is funding and 
support to deliver the required interventions for the entire 
country. Following the survey, many areas have been en-
rolled to receive free antibiotics donated by Pfizer via the 
International Trachoma Initiative. The software app devel-
oped for the survey is also being trialed for other diseases, 
including schistosomiasis and guinea worm disease. (Thom-
son Reuters Foundation, 10 Feb 2016)

 The pharmaceutical company Sanofi has assembled a 
team of more than 80 experts to start pre–clinical tests of 
a potential zika vaccine in animals, with the first human 
trials likely in 2017. Other companies such as Bharat Bio-
tech, Inovio and the US National Institutes of Health are 
also working on vaccines, but Sanofi has the advantage of 
being a major vaccine producer, and the first company to 
develop a vaccine for the related dengue virus. This could 
speed up development by several years and simplify safety, 
as the “backbone” of the virus is already in use. Developing 
a zika vaccine is potentially simpler compared to diseases 
like HIV, as the virus’s genetic code is more than 95% the 
same across samples. However, designing clinical trials 
could be complicated as pregnant women are often exclud-
ed until the drug’s safety is well–established, and ultimate-
ly the vaccine may be given to different age groups. (For-
tune, 4 Mar 2016)

 Wei Zexi, a 21–year old student suffering from synovial 
sarcoma – a rare form of cancer – died after using an exper-
imental cancer therapy he found online. He sought the 
treatment from a hospital that came top of his Baidu rank-
ings. Baidu is China’s largest internet search engine, with 
70% market share and more than 660 million people use 
its mobile search each month. Baidu has already faced crit-
icism for selling listings to bidders without thoroughly 
checking their claims. Baidu marks its paid–for listings with 
“promote” in small text, but many argue that this does not 
adequately identify paid–for listings. Before he died, Wei 
accused the hospital of misleading him and his family over 
the treatment’s effectiveness, and criticized Baidu for selling 
medical search listings to the highest bidder. Baidu denies 
ranking hospitals in paid–for search results based on pay-
ment, although investigations have been launched into the 
hospital. The Chinese government will carry out an official 
inquiry into Baidu’s “search results for sale” business model, 
and will make the findings public. (BBC, 3 May 2016)
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Council of Science Editors’ award for JoGH’s Editor–in–Chief Ana Marušić

Our Editor–in–Chief Prof. Ana 
Marušić won the prestigious 
Meritorious Award from the 
Council of Science Editors. 
Prof. Marušić received the Mer-
itorious Award from the Coun-
cil of Science Editors (CSE) at 
its 2016 Annual Meeting in 
Denver, Colorado, USA. The 
CSE is an international mem-
bership organization for edito-
rial professionals publishing in 

the sciences, serving the scientific, scientific publishing, 
and information science communities. The Meritorious 
Award is the CSE’s highest award, recognising those who 
embrace the purpose of the CSE: improving scientific com-
munication through the pursuit of high standards in all ac-
tivities connected with editing. CSE also aims to foster net-
working, education, discussion, and exchange, and acts as 
a resource on current and emerging issues in the commu-
nication of scientific information.

Photo: Prof. Ana Marušić

Ana Marušić joins such previous recipients as ORCID, 
COPE, CrossRef, and her fellow EQUATOR Network steer-
ing group member Doug Altman. Prof. Marušić has been 
active in the publishing and editing world throughout her 
career. She was the Editor–in–Chief of the Croatian Medi-
cal Journal for 20 years and is the Founder and Co–editor–
in–Chief of the Journal of Global Health (JoGH). She is a past 
president of both the World Association of Medical Editors 
and the CSE, and is vice president of the European Asso-
ciation of Science Editors.

Ana Marušić is Professor of Anatomy and Chair of the De-
partment of Research in Biomedicine and Health at the 
University of Split, School of Medicine in Croatia. She is 
also a Visiting Professor at the Centre for Global Health Re-
search at the University of Edinburgh. She has been in-
volved with the EQUATOR Network since 2010. Whilst 
her biomedical research focuses on the interactions be-
tween the immune and bone systems, her research interests 
also include peer review and research integrity, and she is 
committed to research quality, integrity, and transparency. 
To this end, she founded the Croatian branch of the Co-
chrane Collaboration and created the first Croatian public 
registry of clinical trials.

Thomson Reuters lists our Editors–in–Chief Harry Campbell and Igor Rudan among  
“The World’s Most Influential Scientific Minds in 2015”

In their annual publication that tries to identify the scien-
tists amongst the estimated 9 million researchers in the 
world whose work has earned distinction in the eyes of the 
scientific community, Thomson Reuters – the large inter-
national publishing company behind the most respected 
scientific citation index, Web of Science – identifies a tiny 
fraction of the authors whose work has consistently result-
ed in an outsized influence in the form of citations from 
fellow scientists. Each year the company produces a list of 
the leading such hundred authors in 21 different areas of 
science, who are officially designated as “Highly Cited Re-
searchers”. Inclusion to this global rank of researchers is 
based on the number of papers that have been among the 
1% most cited in their respective fields in the previous 10 
years. This year, this highly prestigious list has included 
two of JoGH’s Editors–in–Chief: Prof. Harry Campbell and 
Prof. Igor Rudan, who have both been selected based on 
their research in the field of Molecular Biology and Genet-
ics in the previous decade. Photo: Prof. Harry Campbell (left) and Prof. Igor Rudan (right)
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The Royal Society of Edinburgh elected the JoGH’s Editor–in–Chief Igor Rudan  
as a Fellow

Established by Royal Charter in 1783 by key proponents 
of the Scottish Enlightenment, the Royal Society of Edin-
burgh (RSE) serves as Scottish National Academy that ad-
mits Fellows from a wide range of disciplines. The work of 
the RSE includes awarding research funding, leading on 
major inquiries, informing public policy and delivering 
events across Scotland to inspire knowledge and learning. 
This year, RSE admitted the JoGH’s co–Editor–in–Chief, 
Prof. Igor Rudan, as a Fellow of the Royal Society of Edin-
burgh (FRSE).

Prof. Igor Rudan is particularly credited for his contribu-
tions to reduction in global child mortality in the 21st cen-
tury through generating critical evidence that was required 
for developing successful health policies, and for develop-
ing novel methods for prioritizing investments in global 
health and development that have been widely used by in-
ternational organizations. In his efforts to reduce global 
child mortality, he served as a consultant of the World 
Health Organization, UNICEF, The Bill and Melinda Gates 
Foundation, The World Bank, Save the Children and oth-
ers. He also founded the biobank in isolated populations 
of Croatian islands, which contributed to the discovery of 
biomedical role for more than 1000 human genes to date. 
He joined the University of Edinburgh in 2001. He has 
published 400 research papers and 7 books focused on 
global maternal and child health and genetic basis of hu-
man disease. He has been awarded 20 national and inter-
national research awards and professional recognitions. Photo: Prof. Igor Rudan's Fellowship of the Royal Society of Edinburgh
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RSV is a major cause of morbidity and mortality world-
wide. Although no treatment or vaccine currently ex-
ists, RSV therapeutics and preventative strategies are 

being evaluated in clinical trials, including phase 3 trials. De-
spite great prospects, the regulatory pathways of novel RSV 
therapeutics have been defined insufficiently. Here we report 
the results from the ReSViNET 2nd High–level expert meet-
ing 2016 on RSV therapeutics, which was held in Zeist, the 

Meeting Report: Harmonization of 
RSV therapeutics – from design to 
performance
Harish Nair1, Octavio Ramilo2, Irmgard Eichler3, Eric Pelfrene3, Asuncion Mejias2, 
Fernando P Polack4,5, Koen B. Pouwels6,7, Joanne M. Langley8, Marta Nunes9, Nicoline 
van der Maas10, Leyla Kragten–Tabatabaie11, Eugenio Baraldi12, Terho Heikkinen13, 
Brigitte Fauroux14, Mike Sharland15, Cyrus Park11, Paolo Manzoni16, Nikolaos G. 
Papadopoulos17,18, Federico Martinón–Torres19, Renato Stein20, Louis Bont21, in 
collaboration with Respiratory Syncytial Virus Network (ReSViNET)

  1  Centre for Global Health Research, Usher Institute of Population Health Sciences and Informatics, University of Edinburgh Medical 
School, Edinburgh, UK

  2  Paediatric Infectious Diseases, Nationwide Children’s Hospital, and The Ohio State University, Columbus, Ohio, United States of 
America

  3 European Medicines Agency, London, UK
  4 Fundacion INFANT, Buenos Aires, Argentina
  5 Department of Pediatrics, Vanderbilt University Medical Center, Nashville, Tennessee, USA
  6 Modelling & Economics Unit, Public Health England, London, UK
  7 Unit of PharmacoEpidemiology & PharmacoEconomics, University of Groningen, the Netherlands
  8  Canadian Center for Vaccinology, Dalhousie University, IWK Health Centre and Nova Scotia Health Authority, Halifax, Canada
  9  Department of Science and Technology/National Research Foundation: Vaccine Preventable Diseases & Medical Research Council: 

Respiratory and Meningeal Pathogens Research Unit, University of the Witwatersrand, Johannesburg, South Africa
10  Department Epidemiology and Surveillance of the National Immunisation Programme, CIb–RIVM, the Netherlands
11 Julius Clinical, Zeist, the Netherlands
12 Women’s and Children’s Health Department, Unit of Respiratory Medicine and Allergy, Padova, Italy
13 Department of Pediatrics, University of Turku and Turku University Hospital, Turku, Finland
14 Noninvasive ventilation and Sleep Unit, Necker Pediatric University Hospital, Paris Descartes University, Paris, France
15 Paediatric Infectious Diseases Research Group, St George’s University London, UK
16 Neonatology and Neonatal Intensive Care Unit, S Anna Hospital, Torino, Italy
17 University of Manchester, Manchester, UK
18 Allergy Dept 2nd Pediatric Clinic, University of Athens, Athens, Greece
19  Translational Pediatrics and Infectious Diseases, Pediatrics Department, Hóspital Clínico Universitario de Santiago de Compostela, 

University of Santiago, La Coruña
20 Pediatric Pulmonology Unit, Pontifícia Universidade Católica RS, Porto Alegre, Brazil
21 Wilhelmina Children’s Hospital, University Medical Center Utrecht, Utrecht, Netherlands

Netherlands on March 2nd and 3rd. This meeting was orga-
nized to advance discussion on regulatory pathways, clinical 
development, clinical trials, and health technology models 
in the RSV therapeutics field. During this meeting regulators, 
public health specialists, academia, non–governmental or-
ganizations and pharmaceutical companies openly discussed 
and addressed the needs for the successful development of 
RSV therapeutics and prophylaxis.
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THE NEED AND THE OPPORTUNITY

RSV infection is one of the leading causes of acute lower 
respiratory infection (ALRI) related hospitalization and 
mortality during early childhood [1]. The current burden 
estimates are based on limited data. To overcome this data 
gap and to inform policy for introduction of RSV vaccine 
(which appears likely in the next 5–7 years), the Bill and 
Melinda Gates Foundation (BMGF) funded the RSV Glob-
al Epidemiology Network (RSV GEN), a platform to bring 
together RSV researchers from low and middle income 
countries to share unpublished data from ongoing / recent-
ly completed studies. This network has contributed data 
from more than 75 sites for the revised RSV burden esti-
mates for 2015 which were presented at the meeting by Dr 
Nair. It is anticipated that these results which are of huge 
interest to clinicians, donor agencies and policy makers will 
be published soon.

The 2016 ReSViNET meeting aimed to discuss the devel-
opment of different RSV therapeutics, the existing hurdles 
and strategies to overcome these barriers. Dr Ramilo pro-
vided an overview of the different target populations for 
therapy against RSV–infection. Current therapies are lim-
ited to specific populations. Prophylaxis with anti–RSV 
monoclonal antibodies is directed to high–risk populations 
only including preterm infants, children with bronchopul-
monary dysplasia and those with congenital heart disease 
(CHD), as well as selected children with cystic fibrosis (CF) 
and immunocompromised conditions. However, the great 
majority of patients with RSV infection including children 
hospitalized with severe lower tract infection, and those 
with mild disease managed as outpatients are treated symp-
tomatically. Not much is known yet about the burden of 
RSV disease among the elderly and in individuals with 
Chronic Obstructive Pulmonary Disease (COPD) and there 
are no RSV–specific therapies for these individuals. Ramilo 
gave a review of vaccines in development, mentioning the 
pros and cons of the different vaccines strategies and he 
also introduced antivirals and monoclonal antibodies 
(Mabs) in clinical development [2]. In the presentation, the 
need to optimize the design of clinical studies aimed at de-
veloping both treatment and preventive strategies against 
RSV was discussed. He reviewed how to best select the pa-
tient populations and the clinical context to evaluate the 
different interventions, to define clinical endpoints, and 
how to put into practice the lessons that can be learned 
from the development of antiviral therapy for HIV or from 
the vaccines against pneumococcus. For defining and 
adapting clinical endpoints, Ramilo outlined challenges as 
well as opportunities and emphasized the importance of 
obtaining robust and comprehensive clinical data, because 
society wants the interventions to be cost–effective. Finally, 

Ramilo showed the importance of selecting laboratory 
markers, virologic as well as immune markers and encour-
aged the participants to incorporate collection of clinical 
samples in their clinical trials to facilitate laboratory analy-
ses that permit a better understanding of how interventions 
work (or not) against RSV infection.

REGULATORY CONSIDERATIONS IN 
INITIATING PAEDIATRIC CLINICAL 
TRIALS FOR RSV THERAPEUTICS

Overview of pediatric development plans 
evaluated by Paediatric Committee PDCO: 
regulatory considerations for initiating 
pediatric trials

Dr Eichler gave an overview of Paediatric Investigation Plans 
(PIPs) for RSV–antivirals and monoclonal antibodies for 
which the information is available in the public domain. 
Main challenges for the PDCO of the European Medicines 
Agency (EMA), responsible for assessing the content of Pae-
diatric investigation plans, are the current lack of generally 
agreed recommendations by the scientific community re-
garding when to best initiate antiviral treatment, and the lack 
of validated and agreed clinically meaningful outcome mea-
sures for evaluating the effect of RSV antivirals.

Upper respiratory tract infections caused by RSV are not 
considered a major clinical problem, necessitating antiviral 
treatment. However, in children at high risk for severe low-
er respiratory disease (LRD) caused by RSV, the initiation 
of antiviral treatment early in course of RSV infection, ie, 
before major tissue injury in the lower airways has oc-
curred, could benefit them to prevent severe LRD. At pres-
ent, clear definitions for bronchiolitis and/or severe LRD 
are lacking.

The highest disease burden is considered in the first 2 years 
of life; consequently, this age cohort should be included in 
clinical trials [3]. It would be desirable to also evaluate the 
efficacy and safety of antivirals in older children at high risk 
to develop serious RSV LRD, ie, children with chronic un-
derlying conditions, such as immunodeficiency or neuro-
muscular disease. As these populations are very heteroge-
neous and small, the conduct of dedicated clinical studies 
in these populations is most likely not feasible. At present, 
it is unknown to what extent extrapolation of efficacy is 
possible from young children in whom severe RSV infec-
tion manifests clinically as bronchiolitis to older children 
with underlying chronic diseases, in whom RSV infections 
manifest as RSV pneumonia. Therefore, the generation of 
limited clinical data in older children with chronic under-
lying conditions needs to be discussed.
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In the absence of validated endpoints, a consensus defini-
tion of a set of core outcome measures which should be 
measured and reported in all clinical trials is highly war-
ranted to allow comparability of trial results and to validate 
candidate endpoints.

Regulatory aspects related to development 
of vaccines for RSV

Dr Pelfrene outlined the main regulatory considerations for 
maternal immunization and subsequent determination of 
protective efficacy in the offspring, the primary vaccination 
in infants as well as the desired safety database and duration 
of safety follow–up for both strategies. Foremost was stressed 
that the trial sponsor should define the intended aim of vac-
cination, since ultimately this will inform the labeling claim, 
ie, prevention of a specific clinical presentation. The case 
definition for RSV disease will require subjects to meet both 
clinical and laboratory criteria [4]. In this regard, it was em-
phasized that specific and sensitive assay methods for detec-
tion of RSV breakthrough cases should be employed in a 
standardized manner across participating study centers. The 
need and feasibility of a central laboratory confirmation 
should also be determined. Study protocols will need to de-
fine and justify the method of specimen collection (eg, na-
sopharyngeal aspirate or nasal swab) and provide details on 
sample storage and shipping conditions.

With respect to vaccination during pregnancy, it was stated 
that background rates of fetal demise, prematurity and con-
genital aberrations need to be available. Prior to conducting 
clinical trials in pregnant women, demonstration of safety 
and immunogenicity data in healthy adults (including non–
pregnant women) will be necessary, as well as favorable pre-
clinical data to be obtained on immunology and toxicology, 
including experiments performed in late stage pregnant an-
imals. Exploratory trials may provide sufficient data on 
trans–placental transfer and persistence of maternal anti-
bodies in the infant. In this sense, it is recognized that du-
ration of protection may be trial setting dependent and a 
function of antibody titer at birth and rate of decline in the 
infant. Efficacy trials are expected to be broadly inclusive 
but there will likely be a need to stratify or to exclude sub–
groups with recognized poor trans–placental transfer, such 
as HIV infected subjects. For the confirmatory trials, due 
consideration should be given to seasonality: immunization 
in 3rd trimester pregnancy will need to be scheduled with-
in an appropriate time–window so that ensuing delivery 
coincides with the early part of the RSV season. With regard 
to infant immunization, it was stressed that the aim would 
be to elicit a strong neutralizing antibody response with a 
non–T helper type 2 (Th2) biased cellular immune re-
sponse. Vaccine development strategy will most probably 
be featuring an age–de–escalation approach, and thus first 

be administered to RSV seropositive adults and children be-
fore progressing to RSV–naïve infants. The question of op-
timal timing of immunization was raised, with primary se-
ries to start as early as feasible in infancy, taking into account 
the inhibitory effect of maternal antibodies. In the case of 
vaccinating infants born to vaccinated mothers, the estimate 
of duration of passive protection should be known before 
deciding when to start active immunization. Further on, it 
was conveyed that the current EU general expectation re-
garding a pre–licensure safety database for a novel vaccine 
is a minimum of 3000 exposed persons to the final dose 
regimen of the vaccine. Though, for the vaccination of in-
fants, it needs to be discussed what the breadth of evidence 
should be, to support negligible risk of disease enhance-
ment in the RSV–naïve population.

During the discussion, it was acknowledged that the major 
RSV burden and mortality occurs in low–income countries. 
As such, it was asserted that ideally, vaccine– and therapeu-
tic development programs need to consider a global per-
spective. Hence, it would be desirable that case definitions 
include clinical features which are easily standardized and 
generalizable across the different settings. EMA urged the 
use of the same scoring systems or scales in the trials and 
meeting participants were encouraged to consider scien-
tific qualification advice for potential candidate biomark-
ers/outcome measures.

MEASURING SAFETY

Assessing the impact of anti–RSV 
interventions: clinical endpoints and 
biomarkers

It is possible to combine clinical endpoints to evaluate anti–
RSV interventions with viral factors, host immune profiles 
and antibody responses for the diagnosis, pathogenesis and 
assessment of RSV disease severity [5]. Dr Mejias discussed 
that as age goes up, a decrease of antibodies against RSV 
are seen in the infant, acutely infected with RSV, reflecting 
maternal antibody transfer. Having measured neutralizing 
activity, they didn’t find a perfect correlation between con-
centration and neutralization, which needs to be under-
stood. In fact, standardizing antibody assays and identify-
ing a consistent antibody threshold indicative of protection 
still needs to be defined. However, Mejias made clear that 
other biomarkers such as genomics markers have a great 
value as predictive tools and to objectively assess disease 
severity. The team formed by Mejias and Ramilo found in 
infants hospitalized with RSV bronchiolitis significant cor-
relations between a molecular genomic score and (1) the 
clinical disease severity score, (2) duration of hospitaliza-
tion and (3) duration of supplemental oxygen. They are 
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now using these tools to understand responses to thera-
peutic interventions, to monitor disease progression as well 
as to study the normal maturation of the immune system 
in infants. Furthermore, in collaboration with Dr Bogaert, 
Mejias studied the role of bacterial colonization on RSV 
disease severity, and noticed that nasopharyngeal bacterial 
colonization with specific pathogens did not appear to be 
a passive phenomenon. Specifically, infants with RSV infec-
tion and colonized with S. pneumoniae or non–typable H. 
influenzae displayed a more severe clinical phenotype and 
different host transcriptional profiles. Understanding the 
RSV–bacterial interactions in these children is of key im-
portance when evaluating the benefit of RSV therapeutics. 
The challenge consists of developing composite endpoints 
that include clinical, virologic and laboratory parameters 
to monitor responses to clinical interventions.

Enhanced RSV disease and vaccines

There are a number of new strategies for RSV vaccines, 
mentioning that each formulation may present individual 
characteristics that theoretically decrease or increase the 
risk for enhanced RSV disease (ERD) [6]. Dr Polack dis-
cussed ERD, which has been seen only in sero–negative 
infants and young children who were previously immu-
nized with a formalin inactivated RSV vaccine. For many 
years, the consensus was that nothing but live attenuated 
RSV vaccines would ever be used to immunize infants. 
Therefore, the characterization of ERD phenotypes was of 
academic interest but had limited regulatory implications. 
Based on the outcome in mice studies and limited human 
data, it may be assumed that it is worthwhile to look for 
Th2 endpoints. However, there is a need for a consensus 
definition of Th2 bias and/or a consensus set of control 
groups for studies. ERD does not impact sero–positive chil-
dren, because better antibodies precede immunization. Po-
lack told the audience not to rely on older subjects in phase 
1 studies, since there is no ERD in patients that had RSV 
infection before, so that would prove to be futile.

Polack concluded that the monoclonal antibodies and ma-
ternal immunization strategies are safe. For other vaccines, 
awareness of steric hindrance is needed and he suggested 
waiting between immunization and challenge, because of 
the danger of misunderstanding the read out. In summary, 
Polack said that RSV vaccines should elicit a long–lived 
protective antibody of high avidity for RSV protective an-
tigens and specific cytotoxic T lymphocytes, and, neither 
elicit lung eosinophils, nor bias the response to Th2.

During the discussion, the participants discussed how to 
measure low affinity antibodies in the clinical setting, and 
how to assess the risk for developing ERD. How to use the 
information for vaccine studies was food for thought, since 

a perfect model of ERD is lacking. Dr Polack stressed that 
if ERD occurs, it probably will manifest in many individu-
als, as early trials had disease rates above 50%.

RSV COST EFFECTIVENESS AND 
EPIDEMIOLOGY

RSV vaccine in development: assessing the 
potential cost–effectiveness in high risk 
adult populations

The potential cost–effectiveness of RSV vaccination in high 
risk adults was discussed, with a main focus on the elderly 
population. Dr Pouwels noted the importance of thinking 
about the target population, when evaluating vaccines. The 
most obvious choice would be infants, given the well–es-
tablished burden among infants. However, there is accu-
mulating evidence that RSV causes a substantial burden in 
high–risk adults and elderly [7]. To date, two health eco-
nomic studies that evaluated vaccination of the elderly 
against RSV have been published [8,9]. Both studies indi-
cated that vaccination of the elderly has the potential to be 
cost–effective, especially among high–risk elderly. Howev-
er, both studies were performed with limited data about 
the burden of RSV among the elderly. Moreover, one of the 
main drivers of the successes of several vaccination cam-
paigns–indirect protection by reducing transmission–was 
not taken into account. Hence, there is a need for an up-
dated transmission dynamic cost–effectiveness model to 
evaluate which vaccination strategy is most cost–effective. 
A recent transmission dynamic model from Kenya, which 
did not focus on the elderly population, concluded that 
vulnerable infants could be indirectly protected by annual 
vaccination of all school–age children [10]. Another study 
from the same region, estimated that it may be sufficient to 
vaccinate children aged 5–10 months [11]. It is clear that 
more models, also incorporating direct and indirect protec-
tion of the elderly, are needed. Pouwels concluded that to 
assess the impact and cost–effectiveness of the different 
strategies using transmission dynamic models, better age–
group specific virological surveillance and more data on 
the age– and risk–group specific burden are needed.

Collaboration to conduct research on 
vaccine preventable diseases in Canada–
what we are learning

The Canadian Immunization Research Network (CIRN; 
http://cirnetwork.ca/) includes a hospital–based surveil-
lance network (Serious Outcomes Network) which evalu-
ates morbidity associated with vaccine–preventable infec-
tions (eg, influenza) and vaccine efficacy in adults. CIRN 
collaborates with the Immunization Monitoring Program 
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ACTive (IMPACT) which conducts similar research as well 
monitoring adverse events following immunization, in pe-
diatric health centers [12]. Dr Langley noted that these net-
works could be of interest to the RSV field for determining 
the burden of disease. The supportive networks within 
CIRN, Social Sciences and Humanities Network, Reference 
Laboratory Network, and Modeling and Economic Re-
search Network actively take part in study design the stud-
ies [13]. The focus of CIRN’s work is vaccine safety, immu-
nogenicity and effectiveness, vaccine coverage, vaccine 
hesitancy, and program implementation and evaluation. 
IMPACT started a working group on RSV in 2015, looking 
at what is available on Canadian epidemiology and plan-
ning for a surveillance project on severe outcomes in hos-
pitalized children. These networks have found that trans-
parent, open processes, standard operating procedures for 
study processes, project review and funding of have been 
essential in conducting research in multiple provinces 
across a large country.

The discussion was based on the influenza surveillance 
data generated by these networks, including the studies 
controlling for frailty in older persons. The need for sig-
nificantly more data to make the right cost–effective mod-
els impressed the audience, but the overall expectation was 
that in a year, based on CIRN and other studies of RSV ill-
ness in the community, there will be more sophisticated 
models available to accurately assess this burden.

During the discussion it was emphasized what we can learn 
from a recent transmission dynamic cost–effectiveness 
model that led to the decision to extend influenza vaccina-
tion to children in the UK. A lot more data are needed to 
build a similar model for RSV vaccination, both in terms 
of better age–specific RSV virological surveillance, short– 
and long–term consequences of RSV infection among dif-
ferent age–groups, and the effect of vaccination on trans-
missibility of RSV. Meanwhile, cost–effectiveness models 
should be updated when clinical trial data and improved 
burden of disease estimates become available in the near 
future.

DEVELOPMENT OF RSV VACCINES FOR 
USE IN PREGNANCY

Clinical endpoints in trials of RSV vaccines 
in pregnant women: study design issues, 
assessment of safety and effectiveness

Maternal influenza studies were discussed as a comparator 
for vaccination of pregnant women against RSV. Dr Nunes 
discussed the challenges for maternal immunization espe-
cially in low– and middle–income countries (LMIC), and 

identified assessing the accurate gestational age as a main 
problem. The best method would be early ultra sound, 
which is not always available. Nunes emphasized the im-
portance to know the study population for designing such 
a trial and gave examples of risk–factors which are more 
prevalent in LMIC such as co–morbidities like anemia and 
concomitant illnesses (HIV, malaria) that may affect the pla-
cental function. For experimental vaccines a randomized, 
placebo–controlled trial would be the desired study design, 
with a primary objective of evaluating the efficacy of RSV 
vaccination of pregnant women against laboratory–con-
firmed RSV LRTI in their infants up to 3 months of age. A 
major concern in maternal immunization trials is safety 
endpoints; in this regard the WHO requested the Brighton 
Collaboration (BC) to develop a guidance document har-
monizing safety assessments during maternal and neonatal 
vaccine trials in all resource settings ie, in LIC and high IC. 
Although promising, maternal vaccination might be limited 
by transplacental antibody transfer, antibody decay rates in 
the infants and safety in pregnant women. Information on 
RSV–associated disease burden in pregnant women is lack-
ing and will be obtained from virological analyses from the 
recent large maternal influenza vaccine trials.

Lessons learned from non–RSV maternal 
immunization – safety, immunogenicity 
and effectiveness

Safety of maternal vaccination was discussed by Dr Van der 
Maas. She mentioned that based on the monitoring in a 
Norwegian influenza immunization study after the influ-
enza A (H1N1) pandemic in 2009, no increased risk was 
found for fetal death in vaccinated women compared to 
non–vaccinated women, but women who contracted influ-
enza during pregnancy did have a significantly greater risk 
of fetal death compared with pregnant women who did not 
suffer from influenza [14]. It was concluded that vaccina-
tion works and is safe, backed by other papers and a Dutch 
study. Follow up of the infants up to 1 year showed no dif-
ference for growth, development and GP infection–related 
contact rates, in infants of vaccinated and non–vaccinated 
mothers [15–17]. Furthermore, Van der Maas referred to 
the re–emergence of pertussis in the world, and empha-
sized the importance of monitoring the maternal pertussis 
vaccination for effectiveness, immunogenicity and safety. 
Regarding immunogenicity and the transplacental IgG 
transport, the timing of the vaccination is crucial. One of 
the lessons learned from non–RSV maternal vaccination is 
the essential monitoring of safety, effectiveness and immu-
nogenicity, in order to maintain the public trust, the occur-
rence of disease in infants (“vaccine failure” vs “failure to 
vaccinate”), and to optimize the infant and maternal vac-
cination schedule.
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It was discussed that the most common cause of non–ob-
stetrical fatal illness in pregnant women is in fact respira-
tory disease. Another point was what would be the best 
settings for conducting trials of such a vaccine, since the 
burden is highest in populations that cannot afford private 
health care and high cost interventions. The participants 
agreed that the trials should be conducted both in devel-
oped countries and in LMIC. Besides, the BMGF has part-
nered with industry with the aim of making these vaccines 
available at a lower cost in developing countries.

Disclaimer: The views expressed in this paper are the personal views of the authors and 
must not be understood or quoted as being made on behalf of or representing the posi-
tion of the EMA or one of its committees or working parties.
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CONCLUDING REMARKS

The 2016 ReSViNET meeting was organized with partici-
pation of pharmaceutical companies, public health advo-
cates, academia, WHO, FDA, EMA and the BMGF. There 
was a focus on regulatory requirements for upcoming RSV 
therapeutics. The meeting integrated information from 
many of the stakeholders, including views of the regulators 
and public health. Alignment of the regulatory require-
ments with the developments in the pharmaceutical field 
was identified as a major challenge. Integrating the views 
of all stakeholders, including the patient’s perspective, will 
optimize the development of novel therapeutics against a 
respiratory virus which continues to cause so much disease 
to so many people worldwide.
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In 2007 and 2008, the World Health Organization's 
Department for Child and Adolescent Health and De-
velopment (later renamed as WHO MNCAH – Ma-

ternal, Newborn, Child and Adolescent Health) commis-
sioned five large exercises to define research priorities 
related to the five major causes of child deaths for the pe-
riod up to the year 2015. The exercises were based on the 
CHNRI (Child Health and Nutrition Research Initiative) 
method, which was just being introduced at the time 
[1,2]. The selected causes were childhood pneumonia, 
diarrhoea, birth asphyxia, neonatal infections and pre-
term birth/low birth weight [3–7]. The context for those 
exercises was clearly defined: to identify research that 
could help reduce mortality in children under 5 years of 
age in low and middle income countries by the year 2015. 
The criteria used in all five exercises were the “standard” 
CHNRI criteria: (i) answerability of the research question; 
(ii) likelihood of the effectiveness of the resulting inter-
vention; (iii) deliverability (with affordability and sustain-
ability); (iv) potential to reduce disease burden; and (v) 
effect on equity [3–7].

The five criteria used by the scorers were intuitive as they 
followed the path from generating new knowledge to hav-
ing an impact on the cause of death. They were chosen with 
a view to identifying research questions that were most 
likely to contribute to finding effective solutions to the 

Setting health research priorities 
using the CHNRI method: 
I. Involving funders
Igor Rudan1, Sachiyo Yoshida2, Kit Yee Chan1, Simon Cousens3, Devi Sridhar1, 
Rajiv Bahl2, Jose Martines2

1  Centre for Global Health Research, The Usher Institute for Population Health Sciences and Informatics, The University of Edinburgh, 
Scotland, UK

2 Department of Maternal, Newborn, Child and Adolescent Health, World Health Organization, Geneva, Switzerland
3 London School of Hygiene and Tropical Medicine, London, UK

problems. However, after the five exercises – all of which 
were published in respected international journals [3–7] 
– the WHO officers were left with an additional question: 
how “fundable” were the identified priorities, ie, how at-
tractive were they to research funders? More specifically, 
should another criterion be added to the CHNRI exercises, 
which would evaluate the likelihood of obtaining funding 
support for specific research questions?

To answer these questions, coordinators of the CHNRI ex-
ercises at the WHO agreed that it would be useful to invite 
a number of representatives from large funding organiza-
tions interested in child health research to take part in a 
consultation process at the WHO. The process aimed to 
explore funders' perspective in prioritization of health re-
search. The funders would be presented with the leading 
research priorities identified through the CHNRI exercises 
and asked to discuss any potential variation in their likeli-
hood of being funding. If all the leading priorities were 
equally attractive to funders and likely to attract funding 
support, this would indicate that the “standard” CHNRI 
criteria were sufficient for the process of prioritization. 
However, if there were large differences in attractiveness of 
the identified research priorities to funders, then adding 
another criterion to the exercise – “likelihood of obtaining 
funding support”, or simply “fundability” – would be a use-
ful addition to the standard CHNRI framework.
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THE MEETING WITH THE FUNDERS 
(GENEVA, 27–29 MARCH 2009)

In March 2009, MNCAH invited 40 representatives from 
funding organizations, including the Bill and Melinda 
Gates Foundation, the Wellcome Trust, National Institutes 
of Health USA, Department for International Development 
UK, Save the Children, INCLEN, EPICENTRE, UNICEF, 
USAID, PATH, Ministry of Science and Technology of In-
dia, Ministries of Health of Zambia, Pakistan and Brazil, 
Global Forum for Health Research, Trinity Global Support 
Foundation, Children's Investment Fund Foundation, Osa-
ka Research Institute for Maternal and Child Health. Even-
tually, 16 representatives of funding agencies agreed to take 
part in the exercise under the condition of anonymity. 
Moreover, it was understood that their input would not 
necessarily be the official position of their respective fund-
ing agencies, nor would it create any form of funding ob-
ligation.

Having explained the aims of the consultation meeting to 
the representatives of funding agencies, the 16 participants 
were presented with a list of the top 10 research priorities 
for each of the five major causes of child deaths: pneumo-
nia, diarrhea, birth asphyxia, neonatal infections and pre-
term birth/low birth weight [3–7]. This set of 50 research 
priorities represented roughly the top 5% of all the research 
ideas submitted for scoring during the CHNRI exercises. 

The WHO coordinators (RB and JM) explained each of the 
50 leading research priorities to the 16 donor representa-
tives. Then, the 16 donor representatives were provided 
with the list of research priorities and asked to individu-
ally identify those that were most likely to receive funding 
support from their respective organizations.

Funding attractiveness was measured in two ways. First, 
funder representatives were asked to rank the identified 
research priorities according to their likelihood to receive 
funding support under an organization’s current invest-
ment policies and practices. Second, funding attractiveness 
was measured by asking funder representatives to distrib-
ute a theoretical US$ 100 among the research priorities that 
seem most fundable. Results were used to facilitate discus-
sion on what makes a research question attractive (or un-
attractive) for funding support. The scoring sheet that was 
given to meeting participants is shown in Figure 1. While 
they did not need to provide their name or organization, 
they were asked to assign ranks 1–10 to the ten research 
priorities identified for each of the five causes of death (col-
umn 1), and also to distribute a hypothetical US$ 100 to 
different research priorities in concordance to the likely 
funding support that they may obtain.

Sixteen participants scored the identified research priori-
ties according to the instructions (Figure 1). The average 
ranks across the 16 participants (1 = most likely to be fund-
ed; 10 = least likely to be funded) assigned to the 50 re-
search priorities ranged from 3.7 to 7.2. The average US$ 
amount assigned to research priorities ranged from US$ 
20.1 to US$ 2.5. There was general consistency between 
ranks and the US$ assigned to research priorities.

In 2007 and 2008, the World Health Organiza-

tion's Department for Child and Adolescent 

Health and Development commissioned five 

large research priority setting exercises using 

the CHNRI (Child Health and Nutrition Re-

search Initiative) method. The aim was to de-

fine research priorities related to the five ma-

jor causes of child deaths for the period up to 

the year 2015. The selected causes were child-

hood pneumonia, diarrhoea, birth asphyxia, 

neonatal infections and preterm birth/low 

birth weight. The criteria used for prioritiza-

tion in all five exercises were the “standard” 

CHNRI criteria: answerability, effectiveness, 

deliverability, potential for mortality burden 

reduction and the effect on equity. Having 

completed the exercises, the WHO officers 

were left with another question: how “fund-

able” were the identified priorities, i.e. how 

attractive were they to research funders?

Figure 1. A questionnaire that was given to 16 funder represen-
tatives at the meeting to obtain information useful to under-
standing funding attractiveness of different research priorities.
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Importantly, the analysis of the collective input based on the 
2nd column (ie, assigned US$), presented in Figure 2, 
clearly shows that there was a rather substantial departure 
of the assigned funds from that expected at random: if all 
research priorities were equally likely to obtain support 
from the funders, then all the bars would be extending only 
to the line that represents an investment of US$ 10.0. Fur-
thermore, 4 research priorities (8%) clearly stood out from 
the rest [8]. It was agreed that they might provide a starting 
point from which MNCAH Department could concentrate 
its efforts. These 4 research priorities are shown in Table 1.

Table 1. The 4 research priorities (8%) that were identified as 
positive outliers in terms of their likelihood to obtain funding 
support

 Evaluate the quality of community workers to adequately assess, recog-

nize danger signs, refer and treat acute respiratory infections (ARI) in 
different contexts and settings.

What are the barriers against appropriate use of oral rehydration therapy?

What are the feasibility, effectiveness and cost of different approaches to 

promote the following home care practices (breastfeeding, cord/skin, 
care seeking, handwashing)?

What are the feasibility, effectiveness and cost of a scheme of routine 

home visits for initiation of supportive practices, detection of illness and 
newborn survival?

Figure 2. The results of the collective input from 16 funder representatives, showing large differences in funding attractiveness 
between 50 research priorities. No substantial differences in funding attractiveness would be indicated by equality of the scores on 
the horizontal axis at the US$ 10.0 line.
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AN ANALYSIS OF THE EXERCISE WITH 
FUNDER REPRESENTATIVES

The results were analysed after the first day of the meeting 
and presented to donor representatives at the beginning of 
the second day of the meeting. An open discussion was 
held with participants to understand and interpret the re-
sults of their collective input. Participants agreed that the 
most important criteria for research prioritisation differed 
between researchers and funders. Researchers tended to 
value answerability, effectiveness, deliverability, impact on 
the burden and equity. Funders were also interested in the 
clarity and specificity of research ideas, value for money, 
novelty, international competitiveness of the groups pro-
posing the research, linkages to broader societal issues, and 
complementarity with other long–term strategic invest-
ments that were already made. An important point in the 
discussion was that researchers and research funders, es-
pecially those in the private sector, often speak quite dif-
ferent languages. Researchers need to be clear on what their 
goals are and communicate these in more readily under-
stood terms. This point is particularly important because 
it implies that the CHNRI exercises' research priorities that 
were identified as most likely to generate useful new knowl-
edge may not be considered equally relevant by the funders. 

This should certainly be taken into account when present-
ing and discussing the results of the CHNRI exercises.

Moreover, there seem to be important differences between 
the categories of funders in the criteria that they use to de-
cide on research priorities. Generally, all investors in health 
research are concerned with answerability of the proposed 
research ideas in an ethical way, feasibility and value for 
money. However, some may be particularly interested in 
potential for forming partnerships between researchers and 
industry to increase the translation of findings and their 
application. Ministries and international organizations ap-
peared more interested in deliverability, affordability and 
sustainability of the resulting interventions, local and na-
tional research capacities to carry out the proposed research 
ideas, and whether a research question is linked to an on-
going public debate or an important societal issue. Indus-
trial donors may be primarily motivated to generate patents 
and translate research results into commercial products. 
Finally, society as a whole may be more concerned with is-
sues of safety and equity issues and ask whether implemen-
tation of research results would widen the existing socio–
economic gaps..

Transparency of research priority setting processes must, 
therefore, begin with those who invest. Perceived returns 
on investments in health research should be clearly stated 
at the beginning of the process. They may be defined as re-
duction in disease burden wherever public money is being 
invested. Investors from industries may see patentable 
products as their preferred returns. Non–profit organiza-
tions may be primarily interested in increased media atten-
tion for their agenda. The context in which investment pri-
oritization takes place is thus primarily defined by 
expected returns of the funders. Moreover, their investment 
styles may be balanced and responsible (suggested for 
those investing public funds), risk–averting (which may be 
preferred among some industrial partners) or risk–seeking 
and biased towards high risk – high profit avenues of health 
research (which may be typical for some industry and not–
for–profit organizations).

Apart from funders’ perceived returns and their investment 
styles, the population, geographic area and disease burden 
of interest, the time frame in which returns are expected is 
an important defining component of the overall context. 
Priorities can differ substantially if the overall context is one 
of great urgency to tackle a problem, or whether decisions 
are made on very long–term, strategic investments.

CONCLUSIONS

The meeting with research funders organized by the WHO 

MNCAH department in March 2009 was exceptionally use-

ful in understanding that funders certainly have their own 

views on what represents an attractive funding option. 

In March 2009, WHO officers invited 40 repre-

sentatives from organizations that provide 

substantial funding support for global child 

health research to take part in a consultation 

process at the WHO. The process aimed to ex-

plore funder's perspective in prioritization of 

health research. Eventually, 16 funders' repre-

sentatives agreed to take part in the exercise 

under the condition of anonymity. Participants 

agreed that the most relevant criteria for pri-

oritisation differed between researchers and 

funders. Funders are interested in clarity and 

specificity of research ideas, value for money, 

novelty, international competitiveness of the 

groups proposing the research, links to broad-

er societal issues, and complementarity with 

other long–term strategic investments that 

they have already made. Some may be partic-

ularly interested in the potential for forming 

partnerships between researchers and indus-

try to improve the translation of findings and 

their application
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Those views are not generalizable and may differ between 
categories of funders. Moreover, funders' perspectives are 
often quite different from those of researchers, or wider 
stakeholder groups. It is important to involve funders ear-
ly in the process of setting research priorities, such as the 
CHNRI process, to encourage their ownership of the re-
sults. Funder–supported criteria must be taken into ac-
count, in addition to those preferred by the researchers and 
wider stakeholders. Otherwise, the outcomes of research 
prioritization exercises may have very limited impact on 
funders' decision making.

The key value of the CHNRI method to funders lies in its 
ability to transparently lay out the potential risks and ben-
efits associated with investing in many competing research 
ideas, drawing on collective knowledge of the broad re-
search community. Results of the CHNRI process represent 
an attempt on the part of researchers to communicate their 

views and opinions to funders in a way that is easily un-

derstood, transparent, replicable and intuitive. It provides 

useful additional information that funders may, or may not 

take into account when deciding on their own research 

agenda. From a methodological perspective, finding ap-

propriate and effective ways of involving funders in future 

CHNRI exercises, communicating the outcomes clearly, 

and securing their commitment to acknowledge the results 

of the CHNRI process remain considerable challenges. An 

even greater challenge in future years will be to develop 

tools that can detect and evaluate the impact of CHNRI ex-

ercises on funder decision making and any change in fund-

ing priorities as a direct result of the CHNRI process. This 

should be particularly relevant to those who make decisions 

about investing public funds, whose primary agenda should 

be improving public health in the most cost–effective way – 

a target that CHNRI exercises should serve quite well.
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Large groups of researchers who agree to offer their 

research ideas and then score them against pre–de-

fined criteria are at the heart of each CHNRI prior-

ity–setting exercise. Although the roles of funders and oth-

er stakeholders are also very important, much of the 

exercise is focused on selecting and engaging a large group 

of researchers, obtaining their input and analysing it to de-

rive the initial results of the process. In a sense, a CHNRI 

exercise serves to “visualise” the collective knowledge and 

opinions of many leading researchers on the status of their 

own research field. Through a simple “crowdsourcing” pro-

cess conducted within the relevant research community, 

the CHNRI approach is able to collate a wide spectrum of 

research ideas and options, and come to a judgement on 

their strengths and weaknesses, based on the collective 

knowledge and opinions of many members of the research 

community. In doing so, it provides valuable information 

to funders, stakeholders and researchers themselves, which 

is obtained at low cost and with little time necessary to con-

duct the exercise.

Success in involving researchers within each research com-

munity, and ensuring their voluntary participation and en-

gagement, is therefore essential to the successful comple-

tion of a CHNRI exercise. Over the past few years, we have 

been involved in assembling groups of researchers to par-

ticipate in several CHNRI research priority–setting exer-

Setting health research priorities 
using the CHNRI method: 
II. Involving researchers
Sachiyo Yoshida1, Simon Cousens2, Kerri Wazny3, Kit Yee Chan3,4

1 Department for Maternal, Newborn, Child and Adolescent Health, World Health Organization, Geneva, Switzerland
2 Department of Infectious Disease Epidemiology, London School of Hygiene and Tropical Medicine, London, UK
3  Centre for Global Health Research, the Usher Institute for Population Health Sciences and Informatics, the University of Edinburgh, 

Edinburgh, Scotland, UK
4 Nossal Institute for Global Health, University of Melbourne, Melbourne, Australia

cises. In this paper, we share our experience of what works 
well and what works less well and try to answer the most 
frequently asked questions when it comes to engaging re-
searchers in the CHNRI exercises.

Figure 1 shows where within the CHNRI process research-
ers should be involved –which is after the funders have 
provided their input, and before other stakeholders are ap-
proached and asked to contribute.

Figure 1. The role of researchers shown within the broader 
CHNRI process.
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WHY DO RESEARCHERS NEED TO BE 
INVOLVED IN THE CHNRI EXERCISE?

Following input from funders, as described in a previous 

paper of this series [1], the managers of the CHNRI process 

then need to involve a sufficiently large sample of research-

ers. We discuss the considerations relevant to the optimal 

size of this sample of researchers in another paper of this 

series [2]. Researchers have two important roles in the 

CHNRI process: (i) providing the managers with a broad 

spectrum of research ideas, which usually span the spec-

trum of “description”, “delivery”, “development” and “dis-

covery” research; and (ii) providing their own judgement 

on the likelihood that each submitted research idea will 

meet a set of pre–defined criteria. These judgements allow 

the ranking of a large number of submitted research ideas.

At this point, we should explain why CHNRI uses only re-

searchers to provide research ideas, and not other groups of 

people–eg, funders, programme leaders and managers, oth-

er stakeholders, or simply members of the public. This is 

typically justified on the grounds that researchers are ex-

pected to possess far more knowledge and understanding 

of the state of their research field and the questions that have 

real potential to generate new knowledge. Importantly, their 

judgement of each research idea against the priority–setting 

criteria will also be based on an understanding of the reali-

ties of the research process and the success rate in their field. 

Including participants without this prior knowledge would 

likely introduce “random noise” into the exercise, resulting 

in most or all of the ideas receiving similar scores. Thus, re-

stricting participation in these steps to researchers is expect-

ed to improve discrimination between the competing re-

search ideas by using the collective knowledge and opinion 

of a small group of very knowledgeable people.

There is also a practical reason for this: by selecting the 

most productive, or highly cited researchers over the sev-

eral preceding years, we are targeting the very group of 

people who will be most competitive for the research grant 

calls and likely be awarded the majority of the grants in the 

immediate future. We should also stress that this is, poten-

tially, a “double edged sword”, because researchers may not 

be entirely objective in their scoring and may tend to score 

highly their own preferred areas. This is why the chosen 

group always needs to be large enough, to prevent anyone's 

individual input having a substantial effect on the overall 

scores. Therefore, the leading researchers are given power 

through this method to influence the priorities and shape 

the topics for the future grants, ie, influence the subjects 

of the calls that are advertised by the funders, rather than 

simply responding to them. This could also be helpful to 

the funders, who do not have an easy access to a collective 

opinion of their research field.

It is worth bearing in mind that an important characteristic 
of the CHNRI method is its flexibility. Suggestions provid-
ed in the guidelines are not prescriptive, and each exercise 
can be tailored to meet the specific needs of the exercise. 
For example, some exercises may be mainly focused on 
implementation (“delivery”) or fundamental (“discovery”) 
research, particularly if the exercise is related to a specific 
intervention or geographic context. There have been sev-
eral examples of such exercises, eg, the implementation of 
zinc interventions [3], implementation research for mater-
nal and newborn health [4], emerging (discovery–based) 
interventions for childhood pneumonia and diarrhoea [5,6] 
and others. In such cases, there is scope for involving fur-
ther groups of people whose knowledge and experience 
can provide informative input, particularly if this input is 
limited to the priority–setting criteria where the research-
ers would be unlikely to possess any first–hand knowledge. 
For example, many programme managers contributed to 
the scoring of questions on the newborn research agenda 
in relation to its deliverability, affordability and sustainabil-
ity [7]. Our analyses of previous exercises have shown that 
the researchers tend to be less optimistic than programme 
managers on the criterion of answerability, while they tend 
to be more optimistic on the criterion of deliverability, af-
fordability, sustainability and maximum potential for bur-
den of disease reduction; similarly, programme managers 
tend to prioritise implementation research questions, 
whereas researchers prioritised technology–driven research 
[2,8]. Clearly, a good understanding of the complexities 
and challenges involved tends to make the experts–who-
ever they are–more cautious about the prospects of the sug-
gested research ideas.

HOW TO INVOLVE RESEARCHERS IN 
THE CHNRI EXERCISE?

In planning the involvement of the group of researchers, 
the minimum target sample size needs to be decided early 
in the process. The optimal number will be derived based 
on the analyses conducted by Yoshida et al. [2], as men-
tioned previously. Yoshida's analyses suggest that the rank-
ing of proposed research ideas, relative to each other, sta-
bilises at surprisingly small sample sizes–ie, once that 
30–50 people with private knowledge on the topic are in-
volved, it is unlikely that the ranking of proposed research 
ideas will change markedly with the addition of further re-
searchers and their opinions. Given this finding, targeting 
sample sizes of 50 or greater should result in a replicable 
CHNRI priority–setting exercise [2].

However, in planning the number of scorers needed, an 
important issue needs to be considered, which can reduce 
not only the actually achieved sample size quite substan-
tially, but also introduce potential bias that can invalidate 
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the entire exercise. This is the issue of (self–)selection bias. 
The nature of CHNRI process means that researchers are 
usually invited (using e–mail or other means) by the man-
agement team to take part in the exercise. Their participa-
tion is needed in two consecutive steps of the process: (i) 
providing research ideas that they think would stand a 
good chance against all other ideas, given the pre–defined 
priority–setting criteria; and (ii) scoring a long list of re-
search ideas against the pre–defined criteria. While the first 
step, providing research ideas, is not very time–consuming 
for researchers, the second step is a lot more time consum-
ing and it may require several hours of input.

In an analysis of the first 50 CHNRI exercises, in which more 
than 5000 scorers were approached, Rudan et al. reported 
that the initial response rate (ie, submitting research ideas) 
was about 60%, with each expert submitting an average of 
about 3 research ideas. However, when all the initially in-
vited experts were approached again to score the “consoli-
dated” list of research ideas, the response rate dropped to 
only about 35%. Thus 40% of potential scorers are lost at 
the first stage, and further 25% of the total number are lost 
at the second stage (Rudan I, personal communication). The 
reason for re–contacting everyone who was initially invited 
to participate, even if they didn't offer any research ideas, is 
that there may be experts who are not keen giving away their 
ideas, but would be prepared to score ideas generated by 
others. This may help to preserve the initial sample that was 
contacted to the maximum extent possible.

Non–response has two important implications for an exer-
cise. First, it reduces the actual sample size. This can be ac-
counted for–eg, if the desired sample is 100 scorers, then 
about 300 probably need to be invited to participate in the 
exercise. Second, and more worrying, is the potential for 
bias in the results if responders and non–responders differ 
in their opinions. Results based on inputs from only about 
one third of the initial pool of researchers contacted may 
suffer from self–selection bias. For example, if individuals 
are more likely to respond to an invitation from the man-
agement group if they know the members of that group 
well, they may also be more likely to share similar views 
with the management group members. Others, who may 
disagree with those views and may, in fact, be in a majority 
in that particular research community, would not have their 
opinions recorded, or would be underrepresented. The 
high proportion of non–responders in many CHNRI exer-
cise is therefore an important issue and we plan to conduct 
further work to explore non–response in previous exercis-
es by comparing the characteristics of responders vs non–
responders. The important thing to realise in relation to this 
self–selection bias is that it cannot be attenuated or con-
trolled by further increasing sample size with new invitees 
because, no matter how large the sample size, they may still 
be based on the opinions of an unrepresentative subset of 

research community. In summary, increasing the achieved 
sample size can be done by inviting more people to partici-
pate, or by improving the response rate. The former ap-
proach will not attenuate possible self–selection bias, while 
the latter would tend to reduce the scope for bias and should 
be preferred. Several reminders are, therefore, usually sent 
to all invited participants to maximise the response rate.

SELECTING AND APPROACHING THE 
RESEARCHERS

The approach to identifying whom to invite to participate 
in the exercise can be very flexible, but must be credible to 
both the reviewers of the resulting publication, and also to 
any researchers who are left out of the exercise (ie, don't 
get an invitation). We present three examples of previous 
CHNRI exercises to examine how different strategies may 
work in different specific situations.

EXAMPLE OF THE CHNRI EXERCISE  
ON RESEARCH PRIORITIES FOR 
CHILDHOOD PNEUMONIA MORTALITY 
REDUCTION

This exercise [9], published in 2011, involved a small com-
munity of researchers working on childhood pneumonia 
in the low– and middle–income (LMIC) settings. A search 
for publications on childhood pneumonia in low–resource 
settings over the previous 5 years listed by the Web of Sci-
ence identified only a few hundred publications in total. 
Ranking the authors of these publications ranked by the 
number of those papers that they had co–authored, re-
vealed that the 100 most productive names were associ-
ated with a large majority of papers, and that those authors 
who were not among the most productive 100 had each 
contributed 3 papers or fewer over the previous 5 years. 
The decision was therefore taken to invite the most pro-
ductive 200 researchers on the basis that this would cover 
almost the entire research community on this topic, regard-
less of the nature or importance of their discoveries.

It was agreed that an official approach through the World 
Health Organization (WHO), that agreed to serve as the 
hosting hub for the management group, would be most like-
ly to persuade invited researchers to participate in the exer-
cise. Moreover, mentioning that they were selected based on 
their placement among the 200 most productive researchers 
in this field would help to make them feel appreciated and 
that their work is valued. Nevertheless, even with these mea-
sures taken, the final response rate in terms of scoring in this 
small research community was 45/200 (22.5%).

Initially, the researchers were contacted through individu-
al e–mails sent from the WHO, which explained the aim 
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of the exercise, acknowledged the contribution of each re-
searcher to the field, and explained the type of the research 
idea that was sought – ie, neither too broad, nor too spe-
cific (this was further explained in the guidelines for imple-
mentation of the CHNRI method) [10]. They were also 
asked to consider different instruments of health research, 
ie, “description”, “delivery”, “development” and “discovery” 
and they were given an example of a “valid” research idea 
from each of those four types of research. They were ini-
tially given up to one month to submit as many research 
ideas as they wished, and two further reminders were sent 
at two weekly intervals following the initial deadline before 
the total number of submitted ideas reached 500. At that 
point, reminders were stopped and the management group 
studied the potential bias introduced because some re-
searchers submitted many more ideas than others. At that 
point, a “consolidation” of the list of research ideas was 
conducted to ensure that the retained questions were even-
ly distributed across different research instruments and 
main research avenues and cover them all reasonably well. 
In this phase, all duplicate ideas were removed, while sim-
ilar ideas were compressed into a single research question. 
This resulted in the reduction of the number of research 
ideas considered for scoring from 500 to 158, thus also 
making the scoring process more manageable.

Depending on the number of research ideas and the an-
ticipated time required for scoring, one option is to offer 
the scorers the option of only scoring the criteria that they 
feel most comfortable with scoring – another flexibility in 
the CHNRI method. It is important that each scorer scores 
all research ideas on the same criterion, rather than scoring 
some but not all ideas for all criteria. This ensures that each 

research idea is scored by the same set of scorers, avoiding 
any personal preferences towards some ideas and keeping 
the process transparent and fair.

Given that scoring is time consuming, it was considered 
reasonable to allow the scorers about a month to reply, with 
two further reminders sent at monthly intervals after the 
deadline. After 3 months, the scoring process should typi-
cally be considered completed, the drop–out rate recorded, 
and the analyses can begin. The process of analysis of the 
scores is described in great detail in another paper [10].

EXAMPLE FROM THE CHNRI EXERCISE 
ON RESEARCH PRIORITIES FOR 
NEWBORN HEALTH

This study has been published in its extended form in this 
theme issue [7]. Although the field of newborn health in 
low–income settings is very recent and the research com-
munity is still quite small, and although the process of in-
volving researchers followed many steps that were in com-
mon to the exercise on pneumonia 5 years earlier, several 
important innovations were introduced.

Similarly to the pneumonia exercise, the management 

group selected the 200 most productive researchers, based 

on the number of co–authored publications in peer–re-

viewed journals in the previous 5 years. However, the com-

position of those 200 researchers was more targeted in this 

case: in addition to inviting the 100 most productive re-

searchers on newborn health globally, the 50 most produc-

tive researchers affiliated to institutions in low and middle–

income countries (LMIC) were also invited. The final 50 

invitations were reserved for the most 
productive researchers in the area of 
stillbirth research globally. The pur-
pose of this approach to sampling was 
to avoid under–representation of re-
searchers from LMIC and the small 
number of researchers who worked on 
the increasingly important issue of still-
births. This was a carefully thought–
through approach and is another exam-
ple of the flexibility allowed in the 
CHNRI process. It is important to “de-
sign” the sampling process in a way that 
captures researchers who could be most 
informative for the specific exercise, 
which is likely to be more important for 
exercises that are very broad in scope 
and less important for those which are 
very narrow.

Another innovation in this newborn 
health exercise was the inclusion of Photo: Researchers in Bangladesh working in their laboratory (Courtesy of Dr Ozren Polašek, personal 

collection)
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programme managers, identified through the Healthy New-
born Network database. This was a suggestion made by sev-
eral members of the management board in light of broad 
agreement that “description” research was no longer a pri-
ority and that the new focus should be on implementation. 
Therefore, the group recognised the need to include experts 
with first–hand understanding of the challenges with deliv-
ery, cost and sustainability of newborn health and stillbirth 
prevention programmes in LMIC settings. This resulted in 
about 600 potential scorers being invited to participate in 
the exercise, of which the majority (400) were program 
managers familiar with the challenges in low–resource set-
tings. Eventually, 132 persons participated in the generation 
of ideas and 91 in scoring, bringing the final response rate 
to about 15%.

Another innovation in this exercise was the use of “Survey 
Monkey”, which allowed the management group to keep 
track of the age, gender, geographic area, background and 
affiliation of each participating researcher/programme man-
ager in real time. This innovation was seen as very useful, 
because it allowed more intense reminders that were being 
sent to specific groups of invitees who were falling behind 
and becoming under–represented.

To improve the response rate, the management team sent 
four and five reminders to the invitees for both submitting 
the ideas and the scores. The team met in Geneva for a 
week to consolidate the initial list of research ideas they 
had received from about 400 down to about 200 that were 
eventually scored. In summary, this exercise stands out in 
three ways: (i) the targeted sampling of researchers; (ii) the 
inclusion of programme managers as the majority of invit-
ed scorers, to better reflect the community with useful 
knowledge on the criteria, which is not necessarily reflect-
ed in academic articles; and (iii) the tracking of score re-
sponses in real time using survey monkey [7].

EXAMPLE FROM THE CHNRI EXERCISE 
ON RESEARCH PRIORITIES FOR 
DEMENTIA

The examples on childhood pneumonia and newborn 
health are both relevant to research fields with relatively 
small research communities. In both exercises, the CHNRI 
method was used primarily as a way to galvanise the com-
munity and define the strategy for the development of the 
field. The small number of productive researchers in both 
fields meant that nearly everyone who had contributed to 
the research field over the previous 5 years was invited to 
participate in the exercise. However, how should we select 
researchers when the research field is very large and has 
tens of thousands of actively participating researchers? One 
such recent example is the CHNRI exercise on dementia 
and Alzheimer disease, a field in which tens of thousands 

of researchers are active. This exercise represents a good 
example of the strategies that can be used to solicit input 
from researchers in such circumstances.

The management group numbered 15–20 members at var-
ious stages of the process and included representatives of 
the World Health Organization, several international soci-
eties and funders interested in this topic (eg, Alzheimer 
Disease International, USA–based Alzheimer Association, 
UK's National Institute for Health Research, Canadian In-
stitute for Health Research and USA–based National Insti-
tute of Aging), together with leading researchers and opin-
ion–leaders in the field who were based in academic 
institutions (Rudan I, personal communication). This di-
verse group needed to devise a plan for recruiting a large 
number of researchers to provide research ideas and scores 
for the vast multi–disciplinary field of dementia and Al-
zheimer disease research. They held several meetings and 
teleconferences during which they discussed the best strat-
egy to address this difficult task.

Their discussions soon focused on finding the proper jus-
tification for inviting some researchers, while leaving many 
thousands of others outside of the exercise. The group 
started to look for an appropriate response to a likely post–
hoc question “Why wasn't I invited to participate, and other 
colleagues were?” that would eventually be acceptable to all 
those who might ask this question. The group eventually 
agreed that a justification that was likely to be accepted by 
researchers in this area should have the following format: 
“You were not invited because: (i) you were not among the most 
productive 500 researchers (in terms of the number of publica-
tions) in this field in the past 5 years; (ii) you were neither the 
lead, nor the senior author on any of the 50 most cited papers 
in each of the past 5 years; and (iii) you don't belong to any of 
the groups of researchers specifically targeted for inclusion (even 
if they do not fall into the first two categories); this mainly re-
lates to the few researchers from low– and middle–income coun-
tries (LMICs)”.

Given that the line of whom to invite needs to be drawn 
somewhere, the CHNRI management group agreed that the 
justification provided above would have a good chance for 
being accepted by the entire research community. Indeed, 
if a researcher isn't among the 500 most productive in the 
field in the previous 5 years, they cannot easily take an is-
sue over those 500 more productive researchers being in-
vited. Moreover, if a researcher hasn’t led the research on a 
paper that was later ranked among the 50 most cited pa-
pers on the topic in each of the 5 previous years, then they 
cannot easily take an issue over the invitation of those 500 
further authors who were in this position (5 years ´ 50 
papers ́  (1 lead +1 corresponding author) = 500 authors). 
This rule implied that up to 1000 researchers would be in-
vited to participate – some based mainly on their produc-
tivity in this field, and others mainly on high impact of their 
work, with some overlap expected between the two groups. 

June 2016  •  Vol. 6 No. 1 •  010302	 44	 www.jogh.org •  doi: 10.7189/jogh.06.010302



V
IE

W
PO

IN
TS

www.jogh.org •  doi: 10.7189/jogh.06.010302	 45	 June 2016  •  Vol. 6 No. 1 •  010302

Finally, given that the exercise was global in terms of geo-
graphical scope, and that the vast majority of the most pro-
ductive and/or cited authors were based in wealthy coun-
tries, the group concluded that every effort should be 
invested to identify the third group to invite – composed 
of an unrestricted, but likely quite small number of prom-
inent published researchers based in low– and middle–in-
come countries, which would be sought for through a sep-
arate effort.

The productive authors for the first group were identified 
through a search of Web of Sciences' “Core Collection”, 
which ranked all researchers in the world in the field of 
dementia or Alzheimer disease by the number of publica-
tions, limited to the output in the preceding 5 years (2009–
2013). This allowed the CHNRI management group to 
identify the 500 most productive researchers. The group 
also needed to check and merge results for the same author 
who published with different initials (ie, interchangeably 
using only one or both initials in their papers). The contact 
details were then successfully obtained from their publica-
tions for a sizeable subset, although not for all. This poten-
tially introduced a bias related to dropping those who 
couldn't be contacted from further stages of the process.

The group then used Web of Science’s “Core Collection” to 
rank the papers published in each of the years 2009–2013 
by the number of citations that each paper received by the 
end of 2014. For the 50 most cited papers in each year, the 
group identified the lead and the corresponding author (ie, 
the first and last listed). After removing duplicate entries – 
because some authors would be found on several such pa-
pers, and then also on the previous list of the most produc-
tive authors – the identified authors would be invited to 
participate in the exercise wherever their contact details 
could be found. All duplicates were removed, but the “new 
free places” were not filled with further scientists, because 
the justifications for inclusions were pre–set and it was not 
clear whether to keep filling the places based on produc-
tivity, citations, or some other criterion. This meant that the 
final number of invited researchers would decrease from 
1000 to a smaller number. Due to the overlap, the de-
scribed process yielded 672 researchers to be contacted.

In addition, Chinese databases were systematically searched. 
The papers published in those databases didn't have many 
citations (as checked through Google Scholar), so the rank-
ing of papers by citations received could not have been 
used as a selection criterion in a truly meaningful way. The 
group therefore invited the most productive 50 authors 
from the Chinese literature over the preceding 5–year pe-
riod (2009–2013). To identify the few researchers from 
other low– and middle–income countries, the Alzheimer 
Association, Alzheimer Disease International (ADI, which 
is the global umbrella organization of all national Alzheim-

er associations) and 10/66 dementia research group (broad 
network of researchers from low and middle income coun-
tries) were actively involved in identifying and contacting 
the experts in LMIC. In the end, about 800 researchers 
were identified for contact, and the contact details were 
successfully obtained for 69% of them, each of whom was 
asked to submit 3–5 research ideas. Then, a total of 201 
experts responded and submitted 863 research ideas. 
Those ideas pertained to prevention, diagnosis, treatment 
or care for dementia and represented “basic”, “clinical–
translational” or “implementation” research, as categorized 
by the management group. The management group then 
decided that this number was too large to score, so they 
convened a meeting to review all received research ideas. 
They consolidated the list to 59 representative “research 
avenues/themes”, which were broader than specific re-
search ideas/questions. These broader avenues/themes 
were then scored using a slightly modified set of the 5 stan-
dard CHNRI criteria. Thus, this exercise developed not 
only an approach to the sampling of experts when a very 
large number of experts exists in the world, but also devel-
oped an approach to deal with an unmanageable number 
of specific research ideas/questions received from such a 
large expert group. It is possible that, in the final version 
of the published paper (which is now still under review), 
some minor practical modifications from this protocol will 
be observed (Rudan I, personal communication).

ETHICAL AND OTHER 
CONSIDERATIONS

Given that the CHNRI method essentially relies on input 
from human subjects (who are researchers in this case), we 
consider here the ethical aspects of conducting CHNRI ex-
ercises. The CHNRI exercises are a form of research that 
uses various measures of collective opinion as an output – 
eg, the level of collective support for a particular research 
idea, the extent of agreement within the collective, the vari-
ance in all expressed opinions, the average level of support 
across several criteria, and possibly others. Nevertheless, 
the input is based on individual opinions received from in-
dividual participants.

The method itself, as initially proposed [10], underwent 
ethical scrutiny at the institution where it was conceived – 
at the Croatian Centre for Global Health at the Faculty of 
Medicine of the University of Split, Croatia. The following 
recommendations were made:

(i) It is important to let all participants know, at the stage 
of inviting them to participate in the CHNRI exercise, that 
by responding to the invitation through submitting their 
ideas, and then their numerical scores, they acknowledge 
their voluntary participation in the exercise; this will deal 
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with the ethical concern over whether their participation 
is voluntary, and they would not need to sign a special in-
formed consent;

(ii) Although the input received from the participants is 
encoded as a sequence of numbers (the scores), if it is pre-
sented in the supplementary material of the resulting pa-
pers under the scorers' personal names or surnames, and 
aligned against the research ideas that were scored, this can 
still be used to reconstruct their personal opinions on a 
wide range of research topics; this may make the partici-
pants (ie, scorers) uncomfortable. Therefore, unless spe-
cific approval is obtained at the individual or a group level 
to disclose all individual scores in the interest of transpar-
ency of the CHNRI exercise (which is a motivation that can 
be seen as being in conflict with ethics concerns in this 
case), we recommend that all scores disclosed in the public 
domain through publications should be anonymized. If the 
scores received from the scorers are anonymized in a prop-
er way, and only the opinion of the entire collective is stud-
ied and interpreted, there should not be any ethical con-
cerns related to the CHNRI exercise.

(iii) We see another theoretical ethical concern that should 
potentially be carefully managed; namely, if all participants 
and their scores are disclosed in the public domain, and 
the participants haven't been anonymised at their own re-
quest (ie, in the interest of transparency and legitimacy of 
the CHNRI exercise), then the participants should still be 
warned that further statistical analyses could potentially be 
performed on the data set that involves their names. Those 
analyses could focus on participants themselves as subjects, 
and “ranking” and comparisons among the participants, 
rather than research ideas. Therefore, everyone's input 
could be statistically compared to that of one or more oth-
er participants. Although this is never the intention or a 
focus of the CHNRI exercise, it is a theoretical possibility 
and it could identify some scorers as “outliers” in terms of 
scoring with respect to their colleagues, which may cause 
them an unforeseen concern.

If these theoretical concerns are appropriately addressed 
and managed, which can most easily be achieved through 
informing the participants of the scope of the exercise, ex-
plaining that by self–selecting themselves for the exercise 
they are acknowledging their voluntary participation, and 
anonymising their scores once they are received, the 
CHNRI method should be considered free from ethics con-
cerns.

The managers of CHNRI exercises often ask whether the 
results of the exercise should be returned to all participants. 
We endorse this practice, because we can see no reason 
why this should not happen. It is in everyone's interest to 
inform them of the collective optimism/pessimism towards 
various research ideas within each research community, es-

pecially when the participants have freely offered their 
ideas and time for scoring.

This brings us to another frequent question, which is how 
to thank the participants for their contributions in terms of 
suggesting research ideas and dedicating their time to scor-
ing? In the vast majority of the previously conducted 
CHNRI exercises, this was done through involving the par-
ticipants in the resulting publication. This involvement 
could either take the form of equal co–authorship, or list-
ing under the group co–authorship, or simply acknowledg-
ing their contribution in the acknowledgement at the end 
of the paper. The decision as to which of these three op-
tions to employ typically depends on the number of par-
ticipants, the realistic prospects in involving them in other 
stages of writing of a resulting CHNRI publication (beyond 
purely providing the scores), and the preferences, restric-
tions, or authorship criteria of the journals to which the 
papers have been submitted. It is also possible to motivate 
the participants to participate in the CHNRI exercise by or-
ganising a meeting in a convenient location and supporting 
participants’ travel and accommodation expenses, and then 
conduct the entire exercise over a few days in a location of 
preference or convenience. In some cases, this has been 
done to expedite the scoring process when speed is impor-
tant as exercises can take quite a long time when conduct-
ed via e–mail [4–8].

CONCLUSIONS

To date, we have gained considerable experience with in-
volving researchers as participants who provide research 
ideas and scores for the CHNRI exercises. We have tried 
to summarise some informative examples in this paper, 
irrespective of whether the chosen examples were neces-
sarily the most successfully conducted CHNRI exercises. 
Indeed, it is difficult to judge whether the CHNRI exer-
cise has been “successful”, and what criteria should be 
used to do so. Clearly, a high participation rate should 
limit the scope for response bias (through self–selection), 
which is a major concern with CHNRI exercises. Then, a 
large and broadly inclusive spectrum of research ideas 
provided by participants and made available for scoring 
would certainly signal a success in conducting the exer-
cise, although it is difficult to quantify this inclusiveness. 
Moreover, it would reflect researchers' willingness to 
share their ideas freely and take part in the process. Large 
differences in the final research priority scores (RPSs) re-
ceived by various research ideas indicate that the criteria 
used are able to discriminate between ideas. If an exercise 
results in only small differences in RPSs then any ranking 
of research ideas based on the scores is unlikely to be very 
robust, and the exercise will have largely failed to meet its 
own objectives.
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Finally, if the exercise is conducted reasonably quickly (typi-
cal time is about 3–6 months) and at low cost (typical direct 
financial costs are up to US$ 15 000, unless the costs of or-
ganizing one or more meetings are envisaged), and all par-
ticipants accept the results and co–author a resulting publi-
cation, then the exercise has served its purpose. This will be 
even more so whenever there is a vision of a follow–up to the 
exercise, in which a workshop is organised to arrange re-
search proposal writing, or a special meeting with the funders 

is agreed to ensure that the priorities have been properly com-
municated. Dissemination of the results and an appropriate 
follow–up at national, regional and global levels are impor-
tant parts of the CHNRI process, to increase the likelihood 
that the research on identified priorities is conducted in the 
near future. Evaluating whether CHNRI exercises have had 
an impact on those who invest in health research and influ-
enced investment decisions is challenging and is will be ad-
dressed in future papers on the CHNRI method.
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Setting health research priorities is a complex and val-

ue–driven process. The introduction of the Child 

Health and Nutrition Research Initiative (CHNRI) 

method has made the process of setting research priorities 

more transparent and inclusive, but much of the process 

remains in the hands of funders and researchers, as de-

scribed in the previous two papers in this series [1,2]. How-

ever, the value systems of numerous other important stake-

holders, particularly those on the receiving end of health 

research products, are very rarely addressed in any process 

of priority setting. Inclusion of a larger and more diverse 

group of stakeholders in the process would result in a bet-

ter reflection of the system of values of the broader com-

munity, resulting in recommendations that are more legit-

imate and acceptable.

The CHNRI method, as originally proposed, took into ac-

count the importance of stakeholders and made provisions 

for their participation in the process. Although the involve-

ment of a large and diverse group of stakeholders is desir-

able, they were not expected to propose research ideas, or 

score them against the set of pre–defined criteria. Because 

of this, the original CHNRI method proposed that stake-

holders should be allowed to “weigh” pre–defined criteria 

and set “thresholds” for a minimum acceptable score 

against each criterion that would be required for a research 

idea to be considered a “research priority”. In choosing the 
stakeholders, the context of each exercise will be very im-
portant and the goals of the specific exercise should be de-
fined before choosing an appropriate “stakeholder group”. 
Among stakeholders, we would expect to see those affect-
ed by the disease of interest and their family members, their 
carers and health workers, members of general public, me-
dia representatives interested in the topic, community lead-
ers, representatives of the consumer groups and industry, 
but also potentially researchers and funders themselves. 
Although the latter two groups – researchers and funders 
– already have a different role assigned in the CHNRI pro-
cess, this does not exclude them from also being stakehold-
ers in the process [1,2]. In this paper, we aim to review and 
analyse the experiences in stakeholder involvement across 
the 50 CHNRI exercises published in the 10–year period 
between 2007 and 2016, the proposed approaches to in-
volving stakeholders and their effects on the outcome of 
the prioritization process.

One paper in the original CHNRI method series focused 
on involving stakeholders [3]. That paper presented prac-
tical experiences from three separate attempts to involve 
stakeholders that took place in 2006. The three groups ap-
proached were: (i) members of the global research priority 
setting network; (ii) a diverse group of national–level stake-
holders from South Africa; and (iii) participants at a con-
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ference related to international child health held in Wash-
ington, DC, USA. Each group was asked to complete a 
short questionnaire to assess the relative importance of the 
five original CHNRI criteria. Different versions of the ques-
tionnaire were used with each group [3]. The results of this 
exercise indicated that groups of stakeholders vary in the 
weights they assigned to the 5 criteria, reflecting divergence 
in the “value” placed on each criterion by each stakeholder 
group.

The diverse group of respondents within the priority–set-
ting network placed the greatest weight on the criterion of 
“maximum potential for disease burden reduction” and the 
most stringent threshold on “answerability in an ethical 
way”. Among the attendees at the international conference 
on child health, the criterion of “deliverability, answerabil-
ity and sustainability” was identified as the most important. 
Finally, in South Africa, where inequity has been a nation-
al problem historically, the greatest weight was placed on 
the “predicted impact on equity” criterion.

This comparative analysis by Kapiriri et al. [3] effectively 
demonstrated that involving a wide range of stakeholders 
is an important goal for any research priority setting exer-
cise. The criteria that may be of importance to funders, sci-
entists and other technical experts involved in the process 
of planning and conducting the exercise may not be well 
aligned with the values of those who should eventually 
benefit from health research, or with the sentiments of wid-
er society as a whole [3]. This is an important observation, 
because if the CHNRI process is conducted without regard 
for the broader social value or research then it is unrealistic 

to expect it to fulfil its purpose of being accepted as a fair, 
transparent and legitimate process for setting investment 
priorities for health research.

THE CONCEPTS OF THRESHOLDS AND 
WEIGHTS IN THE CHNRI METHOD

These concepts were introduced as a part of the initial 
CHNRI method description [4,5]. The multi–disciplinary 
working group that developed the CHNRI method recog-
nised the need to find a practical way to involve a much 
larger group of stakeholders in the priority–setting process. 
An agreement was reached that, at least in principle, most 
members of the public would not be expected to generate 
research ideas or score them, because they do not possess 
the knowledge that would enable them to discriminate 
among the proposed research ideas. Instead, it was agreed 
that their contribution to the process and the final results 
of the exercise would be in the assignment of “weights” to 
the criteria that reflect their collective preferences and be-
liefs. Over the years of CHNRI implementation, it has been 
shown that stakeholders originating from funding institu-
tions or political organizations prefer the criterion of max-
imum potential for disease burden reduction, because their 
targets are usually set around this criterion; programme 
managers are typically more focused on the deliverability 
and sustainability criterion; stakeholders from the industry 
tend to prefer knowing the likelihood of effectiveness of 
resulting interventions; while members of the general pub-
lic often emphasize equity and ethics as their preferred cri-
teria [6].

In addition to placing more “weight” on some criteria than 
others, which could affect the final rankings of all research 
ideas as a result of stakeholders' input into the CHNRI pro-
cess, the stakeholders can also disqualify some research 
ideas using the system of “thresholds”. This means they 
may agree a priori that a research idea will not be consid-
ered a priority unless it reaches a certain minimum score 
against a particular priority–setting criterion. This can be 
important in a specific context; eg, in the aforementioned 
example of South Africa, where equity was a very impor-
tant concern for all stakeholders, they could have insisted 
that a research idea must have a minimum score of 80% 
on the “equity” criterion to qualify as a priority. In practice, 
this means that a research idea with scores 50–70% on all 
other criteria, but 90% on “equity”, could be considered a 
research priority. However, another idea with scores of 80–
90% on all other criteria, but 60% on “equity” would be 
disqualified from the exercise – or at least delayed, until it 
addresses the recognized issues with equity. Common ex-
amples of the latter are the new, high technology–based 
interventions that would likely first be utilised by the 
wealthy. In this way, research ideas with lower overall 

Setting health research priorities is a complex 

and value–driven process. The introduction 

of the CHNRI method has made the process 

of setting research priorities more transparent 

and inclusive, but much of the process still 

remains in the hands of funders and research-

ers. However, the value systems of numerous 

other important stakeholders, particularly 

those on the receiving end of health research 

products, are very rarely addressed in any 

process of priority setting. Including a larger 

group of stakeholders in the process would 

result in a better reflection of the system of 

values of the broader community, resulting in 

recommendations that are more legitimate 

and acceptable.
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scores could be seen as greater priorities if they pass all the 
pre–defined “thresholds” [3,4].

Although the interdisciplinary group that developed the 
CHNRI method considered this approach as practical and 
inclusive, the question remained of how best to select the 
stakeholders and ensure their representativeness to the en-
tire community of interest. Possibly the best solution to this 
problem to date has been achieved by Kapiriri et al. [3] who 
aimed to develop a “global” group of stakeholders by con-
ducting an internet–based survey of the affiliates to the 
“Global research priority setting network”, which had been 
assembled in the years prior to the development of the 
CHNRI method by the staff from the University of Toronto, 
Canada. Between March and May 2006 a large number of 
affiliates to the “Global research priority setting network” 
agreed to participate in a pilot on the condition of anonym-
ity. They agreed to provide stakeholder input to five forth-
coming exercises that aimed to set research priorities to ad-
dress the five major causes of global child mortality. 
Respondents included a very diverse mix of researchers, 
policymakers and health practitioners with an interest in 
priority setting in health care from high–, middle– and 
low–income countries. Participants were given a simple 
version of the questionnaire, and were asked to rank the 
five “standard” CHNRI criteria from 1st to 5th in the order 
of their perceived importance of the criteria. They were also 
asked to set a threshold for each of the five criteria. The re-
spondents placed the greatest weight (1.75) on potential 
for disease burden reduction, while the weights for the re-
maining four criteria were similar to each other, and ranged 
between 0.86 to 0.96. The highest threshold was placed on 
the criterion of answerability in an ethical way (0.54), while 
the lowest was placed on potential for disease burden re-
duction (0.39).

CASE STUDIES OF STAKEHOLDER 
INVOLVEMENT IN CHNRI EXERCISES

We identified 50 research prioritization exercises using the 

CHNRI method that were published between 2007 and 

2016. Of the 50 exercises, 38 (76%) did not seek inputs 

from stakeholders and 12 (24%) involved stakeholders as 

their larger reference group. This already shows how it may 

be remarkably difficult in most cases to identify and involve 

an appropriate group of stakeholders that would be repre-

sentative of the wider community of interest – whether this 

is a global, regional, national or local population. It seems 

that, in the absence of simple solutions, most authors who 

conducted the CHNRI exercises preferred not to include 

stakeholders in the process, rather than including an ill–

defined and non–representative group and then having to 

adjust the final ranks based on their input. By not includ-

ing input from stakeholders, the CHNRI exercises simply 

remained “unfinished” to an extent, though weights and 

thresholds could still be applied post–hoc should an appro-

priate group of stakeholders be identified at some later 

stage – unless the context changes substantially in the 

meanwhile.

Among the 12 CHNRI exercises that involved stakeholders 

and took their input into account, 5 were papers that be-

longed to the series of exercises related to addressing re-

search priorities for the five major causes of child mortal-

ity globally – eg, pneumonia, diarrhoea, neonatal infections, 

preterm birth/low birth weight, and birth asphyxia [7–11]. 

All of these papers were co–ordinated by the World Health 

Organization (WHO) and they used the weights and 

thresholds defined above by Kapiriri et al. [3]. However, 

the remaining seven exercises made their own individual 

attempts, using guidelines for implementation of the 

CHNRI method, to identify appropriate stakeholders with-

in their own contexts and involve them in the process. This 

section explores the experiences and results from these sev-

en studies. Table 1 summarizes the approaches to involv-

ing stakeholders in these seven exercises.

Two exercises were carried out at the global level. They 

were focused on mental health research and acute malnu-

trition in infants less than six months, respectively [12,13]. 

The remaining five exercises were conducted at the nation-

al level and focused on research in child health in South 

Africa [14], zoonotic disease in India [15], health policy 

and maternal and child health in China [16,17], and Pre-

vention of Mother–to–Child Transmission of HIV (PMTCT) 

in Malawi, Nigeria and Zimbabwe [18]. Given that the large 

majority (over 80%) of the 50 CHNRI exercises were fo-

cused on either the global context, or on all low– and mid-

dle–income countries (LMIC), the high representation of 

national–level exercises among those CHNRI studies that 

The original CHNRI method proposed that 

large and diverse groups of stakeholders 

should “weigh” different criteria according to 

their perceived value and importance for so-

ciety as a whole. They were asked to set 

“thresholds” for minimum acceptable scores 

for each of the pre–defined criteria. In this 

paper, we aim to review and analyse the ex-

periences with stakeholder involvement 

across the 50 CHNRI exercises published in 

the 10–year period between 2007 and 2016, 

the proposed approaches to involving stake-

holders and their effects on the outcome of 

the prioritization process.
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Table 1. Summary tables on the involvement of stakeholders

RefeRence PRofiles and mode of identification numbeR of 
stakeholdeRs

ResPonsibility cRiteRia Weights and thResholds aPPlied 
to the cRiteRia

imPact of stakeholdeRs' 
involvement on the final scoRes

[12] Psychiatrists (9), psychologists 
(4), social workers (2), 
government employees (3), 
non–governmental organization 
representatives (6), researchers 
(6), users of mental health 
services (6) and members of the 
public service (7), including 
those from low–and middle–in-
come countries; No indication 
as to how they were identified 
and selected

43 They were asked 
to rank the five 
pre–defined 
criteria with range 
of 1 to 5 (1–high-
est rank to 5–low-
est rank)

5 standard 
CHNRI criteria 
used [4]

Weights were assigned 
based on ranking: 
effectiveness (+21%), 
maximum potential for 
burden reduction 
(+17%), deliverability 
(+0%),

equity (–9%), answer-
ability (–19%); 
Thresholds not applied

There was no description 
whether the ranks 
significantly differed 
between non–weighted 
and weighted scores

[13] Mostly researchers and policy 
makers; also included technical 
experts, senior practitioners in 
the area of nutrition and child 
health (including 9 members of 
“MAMI” groups: Management of 
Acute Malnutrition for Infant 
less than six month reference 
group). Above profiles included 
all the participants and there 
was no clear description of the 
profile of stakeholders. 
Identified from the participants 
at meetings, symposia related to 
the technical area of concern

64 They were asked 
to score the 
research questions 
against the pre–
defined criteria, 
rather than place 
weights on the 
criteria

5 standard 
CHNRI criteria 
(two composite 
criteria split 
into two – 7 in 
total) [4]

Weights and thresholds 
not applied

See main text: the 
stakeholder group was 
used for scoring, rather 
than weighting

[14] Researchers, academics, 
clinicians, government officials, 
clinical psychologists, and 
member of the public. 
Identified based on their 
availability and accessibility 
with an attempt to ensure 
diversity of the group

30 Same as reference 
[12]

5 standard 
CHNRI criteria 
used [4]

Weights were defined 
using the rank given to 
the 5 pre–defined 
criteria: equity (+30%), 
efficacy and effectiveness 
(+9%), deliverability, 
affordability and 
sustainability (+2%), 
maximum potential for 
disease burden reduction 
(–9%), answerability and 
ethics (–19%); Thresh-
olds not applied

The paper presented 
both the weighted and 
non–weighted scores. 
The stakeholders' inputs 
changed the ranking of 
the research options 
somewhat, but the top 
20 research options 
remained the same in 
both cases

[15] Scientists, students and lay 
people. Identified from staff 
members of the Public Health 
Foundation of India (PHFI) and 
those identified through 
personal networks of authors

Not 
mentioned

They are asked to 
rank the pre–de-
fined five criteria 
from most 
important (ranked 
1) to least 
important (ranked 
5) within the 
national context

5 standard 
CHNRI criteria 
used [4]

Weights were defined 
using the rank given to 
five pre–defined criteria: 
deliverability, affordabil-
ity (+18%), maximum 
potential for disease 
burden reduction 
(+18%), efficacy and 
effectiveness (+13%),

equity (–17%) and 
answerability and ethics 
(–18%); thresholds not 
applied

The final outcome was 
not affected by the 
stakeholders' inputs on 
the criteria in that the top 
15 research options 
remained the same across 
weighted and non–
weighted scores

[16] Managers from medical 
institutions, doctors, patients, 
and representatives of public (5 
representatives of each group). 
Method of identification not 
mentioned

20 They were asked 
to rank the and 
also provide the 
thresholds on the 
pre–defined five 
criteria. However 
it was unclear 
whether or not 
other participants 
also provided the 
ranking to the 
criteria

5 criteria used: 
potential to 
affect change, 
maximum 
potential for 
disease burden 
reduction, 
deliverability, 
economic 
feasibility and 
equity

Weights: Potential to 
affect change (0.1925), 
maximum potential for 
disease burden reduction 
(0.1925), deliverability 
(0.2160), economic feasi-
bility (0.1890) and 
equity (0.2050); 
Thresholds: Potential to 
affect change (33.5%), 
maximum potential for 
disease burden reduction 
(29.7%), deliverability 
(27.0%), economic 
feasibility (28.0%) and 
equity (27.8%).

It was unclear whether 
any major differences in 
the ranks were observed 
after applying the 
weights and thresholds
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used stakeholders input (5/12) is likely a reflection of the 
fact that it is much easier to involve stakeholders at the na-
tional or sub–national level than it is on a regional or glob-
al level.

In all exercises, the stakeholders involved were first given 
an induction course about the CHNRI process. Then, an 
opportunity for asking and sharing questions and concerns 
with respect to the CHNRI process was provided. In five 
of the seven exercises, stakeholders were asked to rank the 
relative importance of the pre–defined criteria from most 
important one (“1”) to the least important (“5”), while con-
sidering the context of the research prioritization. The av-
erage score was calculated for each criterion and was then 
used to calculate the relative weights by dividing the aver-
age expected score of 3.0 (ie, the average expected rank if 
all criteria were valued the same) by the mean assigned 
rank. For example, a mean assigned rank for “answerabil-

ity” criterion of 2.47 translates a relative weight of 1.21 (ie, 
3.00/2.47 = 1.21). In this way, “answerability” will receive 
21% greater weight than if all the criteria were weighted 
equally.

The concept of thresholds was very rarely used. Even when 
it was applied, it was clear that it wasn't properly explained 
to participating stakeholders. This is not surprising, be-
cause the thresholds really refer to a measure of “collective 
optimism” of the scorers, rather than a real computation of 
likelihood or probability that is rooted in any real–world 
parameters. It is very difficult to estimate what this measure 
of “collective optimism” could amount to for different cri-
teria. This is why such attempts to set thresholds typically 
resulted in them being set at 25%–30%, much too low to 
have any discriminatory power and disqualify many re-
search ideas, so that almost all research ideas passed all the 
thresholds.

RefeRence PRofiles and mode of identification numbeR of 
stakeholdeRs

ResPonsibility cRiteRia Weights and thResholds aPPlied 
to the cRiteRia

imPact of stakeholdeRs' 
involvement on the final scoRes

[17] Obstetricians, gynaecologists, 
paediatricians, representatives of 
patients group, industry and 
international organizations; 
mode of identification was not 
mentioned

19 They were asked 
to rank the and 
also provide the 
thresholds on the 
pre–defined ten 
criteria

10 criteria 
used: 
answerability 
and ethics, 
efficacy and 
effectiveness, 
deliverability, 
maximum 
potential for 
disease burden 
reduction, 
equity, 
acceptability, 
sustainability, 
translation to 
policy, and 
economic 
feasibility and 
equity

Weights: answerability 
(0.11), efficacy and 
effectiveness (0.09), 
deliverability (0.10), 
maximum potential for 
disease burden reduction 
(0.14), equity (0.11) 
acceptability (0.07), 
sustainability (0.11), 
translation to policy 
(0.10), economic 
feasibility (0.10) and 
equity (0.07). Thresh-
olds: answerability 
(33%), efficacy and 
effectiveness (38%), 
deliverability (28%), 
maximum potential for 
disease burden reduction 
(29%), equity (29%), 
acceptability (41%), 
sustainability (33%), 
translation to policy 
(33%), economic 
feasibility (40%) and 
equity (38%)

It was unclear whether 
any major differences in 
the ranks were observed 
after applying the 
weights and thresholds

[18] The article addressed three 
country–led research prioritiza-
tion exercises. In each country, 
stakeholders were researchers, 
academics, policy makers, 
district health workers, frontline 
health workers, implementing 
partners, people living with 
HIV/AIDS; mode of identifica-
tion was not mentioned

40 to 70 
partici-

pants each 
in Malawi, 

Nigeria 
and 

Zimbabwe

Stakeholders 
participated in the 
entire process ie, 
generation of 
research ideas and 
the scoring of 
research ideas. The 
weighting of 
scores was not 
applied in the 
exercise, because 
all stakeholders 
participated in the 
entire process.

6 criteria were 
used: 
answerability 
and ethics; 
potential 
maximum 
disease burden 
reduction on 
paediatric HIV 
infections; 
addresses main 
barriers to 
scaling–up; 
innovation and 
originality; 
equity; and 
likely value to 
policy makers

Weights and thresholds 
not applied

This exercise included 
diverse group of 
stakeholders. In this 
regard the relevance of 
the research ideas 
identified in the 
respective exercise to the 
national context was 
high.

Table 1. Continued
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In the remaining two exercises, the nature of stakeholder 

involvement was modified radically from that which was 

originally envisaged in the CHNRI exercises with reason-

able justification [13,18]. Instead of using the group of 

stakeholders only to adjust the ranks that were derived 

from an expert–driven scoring process, the authors in-

volved a broad range of stakeholders in the generation of 

research ideas [18] and/or scoring the research ideas 

[13,18]. We will now reflect on these experiences in a crit-

ical way, identify some lessons learnt and make recommen-

dations for future exercises.

CRITICAL ASSESSMENT OF 
STAKEHOLDER INVOLVEMENT IN 
CHNRI EXERCISES

In the 7 studies that tried to develop a larger reference 

group of stakeholders that would be appropriate to their 

respective contexts, the number of stakeholders involved 

was disappointingly small: it ranged from 20 to 70. Al-

though attempts were clearly made to ensure diversity of 

the stakeholders involved, such small sample sizes can 

hardly be considered sufficiently inclusive of many differ-

ent groups of stakeholders and their representativeness. 

Although good representativeness of stakeholders can be 

ensured without necessarily requiring a very large number 

of participants – such as, eg, in many examples of national 

parliaments in democratic societies, who represent all the 

people of the nation through a relatively small number of 

their elected members – we still feel that bigger numbers 

would ensure more legitimacy to the process, or more rel-

evance of the outcomes to the context of 

the exercise.

It would be difficult to consider the ex-
amples in the reviewed exercises as truly 
representative of the wider communities, 
let alone the nation or the world. This 
shows that despite the authors’ best inten-
tions to fully adhere to the guidelines and 
complete the CHNRI process, they didn't 
really manage to find a satisfactory solu-
tion to involving large and diverse group 
of stakeholders. In these papers, the pro-
file of stakeholders often included re-
searchers, who would have been better 
reserved for the scoring process. Other 
stakeholders included clinicians, govern-
ment officials, and representatives of aca-
demia and professional organizations, 
which again are rare in the society and 
hardly representative of the wider com-
munity. The examples of the profiles of 

persons who we would expect included in the larger refer-
ence group are also laypersons, frontline health workers 
and direct beneficiaries of health services, such as patients 
who contracted disease of concern. We encourage the au-
thors of the future CHNRI exercises to try to get as much 
feedback as possible from those groups, because they have 
their own specialised knowledge (including lived experi-
ence), which would not be captured by other participating 
groups in the process. They also have “stake”, or interest, 
in the outcome of the exercise.

The small sample sizes and differences in approaches to 
ensure diversity and representativeness of the stakeholders 
led to large variations in stakeholders' input [12–18]. In 
the global exercise, the greatest relative importance was as-
signed to effectiveness, and the lowest to answerability, 
though these results should not be generalized. Stakehold-
ers at the national level varied in their preferences, alter-
nately supporting the criteria equity, deliverability (with 
affordability and sustainability), or the maximum potential 
for disease burden reduction (Table 1). Clearly, small sam-
ple sizes used in these exercises limit the generalizability of 
such preferences even within their local context, let alone 
more broadly.

It is also important to note that in all exercises that applied 
the “weights”, this procedure didn't really have dramatic 
effects on the final rankings of the research ideas. Although 
a research idea might move a few places up or down the 
list following the weighting procedure, these shifts did not 
profoundly affect the non–weighted ranking order that was 
determined by the researchers and experts. Perhaps this is 
one of the additional reasons why so many groups conduct-

Photo: Meeting with a group of stakeholders at the maternity health clinic in Ghana  
(Courtesy of Dr Alice Graham, personal collection)
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ing the CHNRI exercise did not place sufficient importance 

on involving stakeholders. From the exercises that involved 

stakeholders, one might conclude that the process of expert 

scoring is sufficient and the outcome of the exercise will 

not be greatly altered by the involvement of stakeholders. 

We believe that such a view is premature and would like 

to see more examples of the involvement of the stakehold-

ers in the CHNRI process before such judgements could 

be made.

In two exercises that actively involved stakeholders, their in-

volvement wasn't limited to weights or thresholds, but rath-

er they were also involved in research idea generation and 

scoring [13,18]. In the exercise on PMTCT in three African 

countries [18], about 40–70 people took part in respective 

countries, and all participants contributed to all stages of the 

CHNRI process. This included academics/researchers, dis-

trict health workers and implementing partners such as UN 

agencies, people living with HIV/AIDS, frontline health 

workers and policy makers. The authors’ justification for in-

cluding these diverse groups in all stages of the CHNRI pro-

cess was to avoid discriminating within this diverse range of 

groups, but to truly engage the groups according to their 

technical expertise and to enhance inclusiveness and par-

ticipation in similar priority–setting exercises across the na-

tion. Eventually, the stakeholders' weighting of the scores 

was not even applied, possibly due to an assumption that it 

was no longer needed. This example represented a rather 

interesting deviation from the original CHNRI conceptual 

framework, but we can see a rationale for this modification, 

which makes it an illuminating exception.

The other exercise, on the management of acute malnutri-

tion in infants in low– and middle–income countries, in-

volved stakeholders only in the scoring process [13]. The 

stakeholder group included participants at meetings and 

symposia related to the topic area (Table 1). In this exer-

cise, the core group of researchers (“management team”) 

developed the list of research questions based on the review 

of the literature in this field that preceded the CHNRI ex-

ercise as the preparatory step. The final list of questions was 

then circulated for scoring to both researchers invited to 

the CHNRI process and also the conference participants, 

who were considered stakeholders. Equal weighting was 

given to all criteria. The management team justified this on 

the grounds that malnutrition was a new area of research 

in infants younger than 6 months and they therefore be-

lieved that unweighted estimates would be more suitable 

and interpretable by their intended policy–maker audi-

ence. However, the authors stated that the lack of weight-

ing of criteria might have resulted in limited reflection of 

the values in the broader community. In this case, we can 

conclude that the borderline between the invited research-

ers and the “stakeholders” (who were likely to include un-

related researchers and any other people of similar profile 
who could be expected to attend an international confer-
ence in this topic), was blurred and not really clear. It is 
likely that this deviation from the suggested approach 
didn't really invalidate the conceptual framework, because 
all the scorers would still be expected to possess knowledge 
on the topic of interest. It would perhaps be more appro-
priate not to call the second group “stakeholders”, but rath-
er an additional, “convenience” sample of scorers that in-
creased the number of scorers considerably.

PROPOSED SOLUTIONS AND WAY 
FORWARD

So far, there hasn't really been a good example of stake-
holder involvement as originally envisaged by the CHNRI 
across the first 50 implementations, apart from perhaps the 
Kapiriri's priority–setting network involvement that was 
used in 5 child mortality papers [3,7–11]. This is certainly 
a shortcoming of all the previously conducted processes. 
This finding may also reinforce the initial concern that in-
volving stakeholders in research priority setting processes 
is very challenging and that the solutions proposed in the 
original CHNRI method were quite difficult to implement 
as envisaged.

This is not to suggest that the results of previous CHNRI 
exercises are not useful, and the thresholds and weights can 
be applied later, if a good solution to obtain them can be 
found within the time scale during which the context de-
scribed to scorers would still remain largely unchanged. 
The efforts conducted to date to perform the CHNRI exer-
cises were not wasted and their results can be used. How-
ever, it must be acknowledged that most CHNRI exercises 
to date are, in fact, incomplete at least with respect to the 
original vision for them. To bridge this gap better definition 
is needed of who are the stakeholders at different levels (ie, 
global, regional, national and local) and how best to repre-
sent them.

For global exercises, we'll inevitably need a very large and 
inclusive crowd–sourcing exercise of many stakeholder 
representatives, who would place weights and thresholds 
on all 25 priority–setting criteria that were used to date 
across all 50 CHNRI exercises (5 “standard” and 20 new). 
The sample of stakeholders will need to be truly large, 
because we may later need several sub–samples that could 
provide us with region–specific stakeholders, or allow se-
lecting specific groups of stakeholders and leaving others 
out of the exercise. In this way, the large “global” sample 
of stakeholders would also serve as a base for the region-
al samples of stakeholders. A major concern relating to 
this suggested approach would be how to avoid a strong 
urban bias in low–income settings and be inclusive of un-
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developed and/or rural areas. In terms of national–level 
or local–level exercises, it is likely that highly targeted 
samples that aimed to include 500–1000 stakeholders 
would already be sufficient and representative of nation-
al or local context. The “targeting” component of the sam-
pling strategy would define the profile of the stakeholders 
that would be most appropriate to the exercise, and then 
a person could be found in the community to fit each 
such profile.

How could these large sample sizes be achieved technical-
ly? How could we engage thousands of people globally, or 
hundreds nationally? With further attention to the devel-
opment of the area of “crowd–sourcing” in the age of the 
internet and social networks (such as Facebook, Twitter, 
etc.), we should be able to do lot more in the future with 
respect to truly engaging the stakeholders in the process of 
setting priorities in health research investments at different 
levels of the human population.
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In recent decades, low– and middle–income countries 
(LMICs) have achieved decreased morbidity and mor-
tality associated with infectious diseases and poor ma-

ternal– and child–health (MCH). However, despite these 
advances, LMICs now face an additional burden with the 
inexorable rise of non–communicable diseases (NCDs).

Deaths due to NCDs in LMICs are expected to increase 
from 30.8 million in 2015 to 41.8 million by 2030 [1]. 
While improvements in life expectancy, lifestyle and ur-
banisation go some way to explaining why more people in 
LMICs are affected by NCDs, it is less clear why these pop-
ulations are contracting NCDs at a younger age and with 
worse outcomes than in high–income countries (HICs) [2]. 
Despite having a lower cardiovascular disease risk factor 
burden, LMIC populations have a four–fold higher mortal-
ity rate from cardiovascular events than HIC populations 
[3] in part due to a lack of access to quality, integrated 
health services and the poor availability of early interven-
tions and effective NCD prevention programmes. The HIV/
AIDS epidemic was the last time the world confronted a 
global health challenge that so disproportionately caused 
premature adult deaths in LMICs.

The conclusion is unavoidable: the time to act is now. Pre-
vention of NCDs at a population and an individual level is 
key and requires policy and structural changes. We have a 

Peter Piot1, Aya Caldwell2, Peter Lamptey3, Moffat Nyrirenda4, Sunil Mehra5, 
Kathy Cahill6, Ann Aerts7

unique opportunity to learn from the successes of infec-
tious disease control programmes in LMICs and leverage 
these to address the growing NCD burden. Translatable 
learnings include: 1) emphasizing primary prevention, par-
ticularly in those at highest risk; 2) targeting service deliv-
ery to high–risk populations; 3) enabling access to ade-
quate, affordable care at community level; 4) engendering 
patient empowerment and involving people affected by 
chronic conditions; 5) enabling access to quality drugs and 
adherence programmes; 6) regularly measuring the effec-
tiveness and impact of programmes to ensure their appro-
priateness and improvement; and 7) creating an environ-
ment of health financing for universal coverage.

Innovations to counter the emerging NCD epidemic 
must encompass both prevention and the delivery of 

1 London School of Hygiene and Tropical Medicine, London, UK
2 Innovative Healthcare Delivery Solutions, Novartis Foundation, Basel, Switzerland
3 Family Health International 360, Accra, Ghana
4 Malawi Epidemiology and Intervention Research Unit, Malawi
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7 Novartis Foundation, Basel, Switzerland

Addressing the growing burden 
of non–communicable disease 
by leveraging lessons from 
infectious disease management

Despite advances in decreasing morbidity and 

mortality associated with infectious diseases 

and poor maternal– and child–health low– and 

middle–income countries now face an addi-

tional burden with the inexorable rise of non–

communicable diseases.
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care. Infectious disease programmes have used task–shift-
ing, where less skilled health workers and community 
members are involved in delivery of health services. In In-
dia, we have seen this used for NCDs in the Arogya Kiran 
model where the existing health workforce was over-
stretched. Volunteers and teachers successfully delivered 
diabetes and hypertension screening and management to 
over 600 000 people [4]. Patient empowerment, and com-
munity involvement in health care delivery and gover-
nance, will be critical in tackling NCDs, since most are 
chronic conditions, which initially present silently and re-
quire long–term management [5].

In Malawi, recognizing the close relationship of HIV infec-
tion and cardiovascular diseases has led to screening for 
hypertension being integrated into HIV care [6]. In Ghana, 
decentralised community–based hypertension care, using 
digital technology, is helping to empower patients to man-
age their own disease: a model that is again adapted from 
HIV management [7]. We are also starting to see examples 
in India of MCH care coupled with life–long NCD screen-
ing and awareness programmes [8].

While these examples of managing the dual burden of in-
fectious diseases and NCDs are encouraging, more needs 
to be done. The largest gap is in NCD prevention. Tack-
ling the obesity epidemic and wrestling with the issues 
around curbing tobacco sales and smoking are rightly 
high on the NCD prevention agenda. The greatest oppor-
tunity is preventing a tobacco–related epidemic in sub–
Saharan Africa where smoking levels are still low. Health 
budgets and development assistance for health must al-
locate resources commensurate with the dual disease bur-

den. Health spending of governments in LMICs has tri-
pled over the past 20 years, but remains low [9]. In 
addition, more health care models should consider diver-
sified revenue streams or hybrid financing (eg, tiered pay-
ment schemes) to ensure sustainability. If equity is to be 
improved, patients need access to quality health care, 
through sustainable health–financing systems for univer-
sal health coverage, while reducing out–of–pocket expen-
diture for the under–served population.

Implementing such models will require strong government 
leadership and interventions, and partnerships across the 
public and private sectors. Some public–private partner-
ships (PPPs) in infectious diseases have demonstrated their 
potential to catalyze the delivery of, and access to, preven-

tion and care through providing 
complementary strengths [10]. 
The private sector draws on its 
business and scientific expertise, 
focusing on strong results–based 
operations, whereas the public sec-
tor brings a wealth of expertise in 
implementation with equity, man-
agement and documentation.

The end–users of the services, in-
cluding patients and health care 
providers, also need to be includ-
ed from the outset to ensure that 
the models are people–centered, 
co–created, adapted to prevailing 
contextual nuances, and sustain-
able. If we build on what we have 
learnt from infectious disease 
management, we could have a 
transformational impact on the 
growing NCD burden.

We have a unique opportunity to learn from 

the successes of infectious disease control 

programmes and leverage these to address the 

growing non–communicable disease burden: 

1) emphasizing primary prevention; 2) target-

ing service delivery to high–risk populations; 

3) enabling access to adequate, affordable 

care; 4) engendering patient empowerment; 

5) enabling access to quality drugs and adher-

ence programmes; 6) regularly measuring the 

effectiveness and impact of; and 7) creating an 

environment of health financing for universal 

coverage.
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Protection from care–related catastrophic expendi-

tures through equitable access to affordable health 

services is the hallmark of a pro–poor health policy 

[1]. Over the past two decades, the Government of Ethio-

pia has implemented policies with a clear intent of reduc-

ing poverty and improving the daily lives of its citizens, 

especially the poor [2]. Guided by these cross cutting pro–

poor government policies and spurred by the United Na-

tions Millennium Development Goals (MDGs), the health 

sector has implemented multi–pronged initiatives towards 

ensuring every citizen an access to affordable health ser-

vices without catastrophic expenditures (Table 1). The 

health sector initiatives have been guided by evolution of 

the innovative health programs nationally introduced as 

well as the needs of the community in each village across 

the country [3,4]. Primary focus on the poor and owner-

Pro–poor pathway towards 
universal health coverage: 
lessons from Ethiopia  
Kesetebirhan Admasu1, Taye Balcha1, Tedros Adhanom Ghebreyesus2

1 Ministry of Health, Addis Ababa, Ethiopia
2 Ministry of Foreign Affairs, Addis Ababa, Ethiopia

ship of new health initiatives by the community have been 
the linchpin for investment at scale.

All–inclusive, community–led primary health care is the 
bedrock of the health services in Ethiopia. Notwithstand-
ing its low–income status, the country has gradually but 
radically expanded access to a spectrum of health services 
and essential medicines. More than 38 000 all-female 
Health Extension Workers (HEWs) have been deployed to 
more than 16 500 community health posts across the coun-
try to lead a novel primary health care– Health Extension 
Program (HEP). Launched in 2003, the HEP has brought 
simple, cost–effective and locally–desired health interven-
tions [4] close to where the country’s majority, rural citizens 
live. The service package includes maternal and child 
health (family planning, antenatal services, immunization, 
nutrition services, treatment of infectious childhood con-
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Table 1. Major pro–poor policies and initiatives in Ethiopia

PRo–PooR initiatives yeaR imPlemented objective key outcomes

Introduction of Health 
Extension Program

2003 To achieve universal primary health care coverage 
which mainly benefits low–income households

More than 38 000 health extension workers have 
been deployed in 16 500 villages of the country; and 
universal primary health care coverage has been 
achieved.

Establishment of Pharmaceu-
ticals Fund and Supply 
Agency

2006 To ensure accessibility and affordability of essen-
tial medicines and laboratory investigations

Medicines and laboratory investigations for key 
health conditions have been provided free of charge; 
out–of–pocket expenditures have reduced; health 
services utilization has improved; and health MDG 
targets have been met.

Health Development Army 
Program with community 
soolidarity fuding

2012 To disseminate health information and facilitate 
uptake of critical health services and finance pri-
ority challenges identified by the community

Procured more than 200 ambulance vehicles for 
medical referral; constructed health posts and ma-
ternity waiting homes at rural health centers; and 
Health Development Armies have actively involved 
in health facility governance to improve the quality 
of health services.

Scaling up Community–based 
Health Insurance scheme

2015 To provide quality health care without financial 
hardship to the poor in informal sector

By the end of 2016, 50% of citizens in informal sec-
tor are expected to be covered.

Implementation of Social 
Health Insurance scheme

2016 To deliver quality health care and ensure financial 
protection to citizens employed in formal sector 
and achieve universal health coverage

All employees of formal sector are expected to be 
covered by the end of 2016.
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Protection from care–related catastrophic ex-

penditures through equitable access to afford-

able health services is the hallmark of a pro–

poor health policy.

achieve the right balance between public health and clinical 
interventions, the country trained innovative cadres like 
public health officers and integrated emergency surgical of-
ficers. Integrated emergency surgical officers perform major 
surgeries for emergency obstetric and surgical conditions, 
close to where the rural poor live [7].

In 2006, Ethiopia established Pharmaceutical Fund and 
Supply Agency (PFSA) with the primary mission of ex-
panding access to medicines, vaccines and laboratory ser-
vices. Following its launch, PFSA has steered a comprehen-
sive health supply chain management in the country. The 
agency has used pooled procurement strategy as a vantage 
to gain economies of scale. It has procured refrigerated 
trucks, constructed 17 cold room–installed hubs, at least 
one within 180 km radius of each health facility across the 
country to maximize the efficiency gains in pharmaceuti-
cals distribution. These gains in efficiency have led to a 
huge decline in retail prices of medicines with consequen-
tial drop in the out–of–pocket expenditure [8], benefiting 
particularly the poor. Further, the total value of PFSA’s 
products has sharply grown from US$ 100 million in 2008 
to US$ 1.3 billion in 2015; it is projected to be more than 
US$ 2 billion by 2017.

A complete set of care for priority maternal and child health 
interventions (family planning, abortion care, labour and 
delivery, immunization and nutrition services), infectious 
diseases (tuberculosis, malaria and HIV) and diseases of pov-
erty (onchocerciasis, podoconiosis and trachoma) are pro-
vided free of charge at all public service delivery points. 
Community needs, the ability to pay and potential popula-
tion level impacts were factored in defining program servic-
es and medicines. The strategic removal of financial barrier 
to care for maternal and child conditions and major infec-
tious diseases has significantly contributed to Ethiopia’s re-
cent achievements including meeting all health MDG targets.

Improved access to affordable health care embraces the bud-
ding non–communicable diseases including diabetes mel-
litus and cardio–vascular diseases. For instance, mark–up 
has been removed from insulin and medicines used for 
common malignant conditions. To address the growing de-
mand and expectations of the public and the limited outlets 
for medicines and supplies for non–prioritised interven-

ditions), prevention, and sometimes treatment of commu-
nicable diseases (tuberculosis, HIV and malaria) and envi-
ronmental sanitation. All health services provided by 
HEWs at health post level are free of charge. The govern-
ment carries the brunt of the financial costs for these ser-
vices but it is commonly supplemented by innovative com-
munity financing. For example, while the government has 
assigned trained and salaried HEWs as civil servants in 
each village and provided ambulance vehicles at district 
level, the community has constructed health posts and ma-
ternity waiting homes at health centers, and has procured 
additional ambulance vehicles for medical referral through 
Health Development Army [3]. The new government–
community partnership has improved service uptake and 
health outcomes. A study in Northern Ethiopia attributed 
a substantial reduction in pregnancy–related mortalities to 
a wide availability of ambulance services for obstetric refer-
ral [5].

Eyeing Universal Health Coverage (UHC), Ethiopia has in-
tensified its implementation of pro–poor initiatives. It is 
currently rolling out the second generation HEP to meet 
the growing needs of the community. The second genera-
tion program adds more interventions targeted on emerg-
ing infectious diseases, common non–communicable dis-
eases and, mental health. It also includes deepening the 
partnership with the community even beyond primary care 
level. The government has put a mechanism to stimulate 
innovations improving access to and utilization of health 
services by the poor [6].

Whereas the HEP remains country’s priority, considerable 
efforts have been made to improve the higher levels of 
health care. For example the number of health centers and 
hospitals in the country has sharply increased by 350% and 
150%, respectively between 2004 and 2015. Correspond-
ingly, an enormous development has been made in human 
resources for health through increasing the number of med-
ical universities. Tuition fees and lodging expenses have 
been covered by the government in all public medical uni-
versities and colleges; and a pay–by–service strategy has 
been implemented whereby health professionals eventually 
return the cost by rendering health services at public health 
facilities. As a consequence, the number of medical doctors 
graduated annually in the country greatly increased, from 
about 150 in 2004 to 3000 in 2016. Similarly, unprecedent-
ed increase has been seen in the number of other critical 
cadres including mid–wives and specialized nurses. To 

All–inclusive, community–led primary health 
care is the bedrock of the health services in 
Ethiopia. Notwithstanding its low–income sta-
tus, the country has gradually but radically ex-
panded access to a spectrum of health servic-
es and essential medicines.
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tions, Ethiopia is currently rolling out community pharma-
cies in cities and big towns across the country. Similar to 
health facility–embedded pharmacies, community pharma-
cies provide medicines at substantially reduced prices.

Ethiopia has established a stringent regulatory system to 
guard the poor against low standard and counterfeit med-
icines. Evidence shows that the comprehensive supply 
management and robust regulation has effectively blocked 
entry of counterfeit medicines into the market and signifi-
cantly reduced stock–outs and wastage of medicines [9]. 
Furthermore, it has improved the affordability of medicines 
with consequential upsurge in health care utilization. In 
2013, the availability of essential medicines at public health 
facilities in Ethiopia was 76%. The average price of gener-
ic medicines significantly reduced between 2004 and 
2013, positively impacting the poor. During the same pe-
riod, a considerable drop in price of medicines at private 
for–profit outlets was reported [10], implying the strategy’s 
proxy impact on price regulation in the country’s health 
care market, further contributing to the mitigation of cata-
strophic expenditures on the poor.

Although access to health care has been expanded, signifi-
cant geographic disparities persist in regards to health care 

utilization and health outcomes. The inequity in health care 
is largely attributed to the lifestyles of communities. Pasto-
ralist communities in Ethiopia are generally lagging behind 
in major health indicators. Further, differences in service 
uptake exist within communities, slowing Ethiopia’s pro–
poor, pro–equity route towards UHC.

The health sector is currently providing differentiated sup-
port to communities and regions left behind. More broad-
ly, to ensure the universality of health coverage and prevent 
financial impoverishment, it is scaling up the successful 
Community–Based Health Insurance pilot for citizens in 
informal sector, where the poor predominate. Also, the 
country is introducing Social Health Insurance targeted at 
employees of formal sector for full coverage. Both schemes 
offer a package of clinical services without cost ceiling upon 
services provided at any domestic health facility. The two 
schemes are expected to cover 80% of the population with-
in the next 5 years and will be consolidated as a single pay-
er system within the next 10 years.

In conclusion, Ethiopia advances locally–tailored, multi–
faceted pro–poor approaches to ensure UHC building on 
its successful transformation of the health sector in the 
last two decades and the achievement of key health MDG 
targets. Broader plan for inclusive economic develop-
ment, effective implementation of primary health care, 
expansion of access to medicines and introduction of 
health insurance is the pathway towards UHC for all cit-
izens. Concurrently, quality improvement initiatives and 
pushing non–communicable diseases to the forefront of 
the agenda are under way. More importantly, levelled part-
nership of the government with the community across the 
spectrum of health care ensures sustainability and com-
munity ownership of the system. We believe that these 
approaches to health care could propel Ethiopia to expe-
dite its efforts to achieve the sustainable development 
goals including UHC within a short time.
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BURDEN OF ANTIBIOTIC RESISTANCE

Antimicrobial resistance is widely regarded as one of the ma-

jor public health concerns of the 21st century [1,2], but there 

are no good estimates of the net global health burden due to 

resistance of bacteria to antibiotics. Although numerous 

studies have provided estimates of the burden of resistance 

of specific combinations of clinical disease, bacterial agent, 

antibiotic and health care setting (primarily hospitals in de-

veloped countries), metrics vary, coverage is patchy and 

methodologies are inconsistent. Such data have been used 

to obtain partial estimates of resistance–related mortality and 

other outcomes for Europe [3], the USA [4] and the world 

[5], but because of huge information gaps and the need to 

extrapolate from small–scale studies these estimates, though 

helpful, should be regarded as tentative at best.

Multiple metrics are used to quantify the “burden” of infec-

tious diseases, including mortality, morbidity, disability ad-

justed life years, length of stay in hospital, or cost of care. 

Here we focus on mortality, although similar considerations 

apply to other metrics. An essential first step is to provide a 

clear definition of the burden of antibiotic resistance. We 

consider the most appropriate definition to be: the number of 
deaths attributable to the failure of antibiotic therapy due to anti-
biotic resistance. Importantly, this is not equivalent to the total 

number of deaths among patients with antibiotic resistant 

infections and may be much less than this for two main rea-

sons: not all patients who may have resistant infections are 

treated with clinically indicated antibiotics and, for those that 

are, the measurable difference in outcome for patients with 

resistant vs susceptible infections may be relatively small.

Mark Woolhouse1,2, Catriona Waugh1, Meghan Rose Perry1,3, Harish Nair2

More formally, this definition of burden can be expressed 
as a population attributable fraction (PAF, also referred to 
as the aetiological fraction), ie, the number of deaths that 
would not occur if antibiotic resistance were eliminated. As 
set out in the Box, to calculate PAF for mortality due to an-
tibiotic resistance requires data not only on the number of 
patients with resistant infections and the number that die 
but also enumeration of the population of interest, which 
includes patients who survived and/or had susceptible in-
fections. Enumeration of the population of interest in turn 
requires information on the incidence of the relevant clin-
ical condition, its aetiology, and coverage of the antibiotic 
therapy of choice. Because such information is rarely avail-
able, PAF is rarely used to estimate the global burden of 
resistance; one recent example considered neonatal sepsis 
[2], but had to extrapolate key parameters from estimates 
obtained from a single hospital.

INCIDENCE AND AETIOLOGY

The main clinical conditions where antibiotic therapy can 
reduce mortality (Table 1) fall into three groups: commu-

1Centre for Immunity, Infection and Evolution, University of Edinburgh, Edinburgh, UK
2Usher Institute of Population Health Sciences and Informatics, University of Edinburgh, Edinburgh, UK
3Regional Infectious Diseases Unit, Western General Hospital, Edinburgh, UK

Global disease burden due to 
antibiotic resistance – state of 
the evidence

The absence of comprehensive and reliable 

estimates of the global health burden due to 

antibiotic resistance makes it difficult to assess 

trends and harder to justify the allocation of 

adequate resources to deal with the problem.
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Quantification of the burden of resistance re-

quires data on the incidence of clinical condi-

tions appropriately treated with antibiotics, 

the frequency of treatment failures due to re-

sistance and their impact on clinical outcome. 

Treatment failures in turn depend on the level 

of resistance in the aetiological agent to the 

antibiotic used. These data are not easily ob-

tained. One obstacle is that global health sta-

tistics as currently collected do not provide 

the necessary information.

Possible ways forward include making some 

categories of resistance notifiable, modifying 

the International Classification of Diseases, use 

of sentinel sites, and structured polling of cli-

nicians.

nicable diseases, endogenous infections and prophylaxis to 
prevent endogenous infections in high risk patients. The 
number of patients in these categories defines the popula-
tion potentially at risk of mortality attributable to antibi-
otic resistance. Relatively good incidence estimates are 
available for only some of these categories, notably tuber-
culosis and health care associated infections [4].

Of the clinical conditions listed in the Table only tubercu-
losis has a specific aetiology. The remainder are associated 
with multiple kinds of bacteria and several, such as sexu-
ally transmitted infections, diarrhoea and respiratory infec-
tions, may also be caused by viral and/or fungal agents.

A restricted set of both gram negative and gram positive 
bacterial agents, plus Mycobacterium tuberculosis, are com-
monly highlighted in the context of antibiotic resistance 
(eg, [4]). Some of these are of particular concern in hospi-
tal settings, such as Acinetobacter spp, Enterobacteriaceae 
spp, Enterococcus spp, Pseudomonas aeruginosa, Staphylococ-
cus aureus and Streptococcus spp. Others are associated with 

communicable diseases typically acquired outside hospi-
tals, such as Campylobacter spp, Neisseria gonorrhoeae, Sal-
monella typhi, non–typhoidal Salmonella spp, Shigella spp, 
and Streptococcus pneumoniae. Several of these contribute 
to multiple clinical conditions of interest.

ANTIBIOTIC USAGE

Global consumption of antibiotics has recently been esti-
mated at more than 70 billion doses per annum [6]. By 
volume, antibiotic usage in 2010 was dominated by peni-
cillins, cephalosporins, macrolides, fluoroquinolones, tri-
methoprim and tetracyclines.

These data refer to sales by pharmacies; they do not link 
antibiotic consumption to the treatment of patients with 
specific clinical conditions. The WHO last published ge-
neric guidelines for the therapeutic use of antibiotics in 
2001 [7] but these and more current national and interna-
tional guidelines tend not to be prescriptive, emphasizing 
the need to account for local circumstances, not least local 
patterns of antibiotic resistance. Usage profiles can thus 
vary considerably between locations. For some countries 
antibiotic usage data are available at hospital level; again 
however, these data are not routinely linked to information 
on the conditions that were being treated [8].

Current antibiotic usage profiles are, of course, influenced 
by current patterns of antibiotic resistance. Resistance pat-
terns mean that, for example, aminopenicillins alone may 
not be used to treat serious gram negative bacterial infec-
tions, alternative drugs would be used additionally where 
available. In this scenario, aminopenicillin resistance does 
not contribute to the population attributable fraction as 
defined above, although it is arguably an element of the 
overall burden of antibiotic resistance.

ANTIBIOTIC RESISTANCE

The most comprehensive data on global levels of antibiot-
ic resistance come from a recent WHO survey [9]. Even so, 
for most combinations of bacterial species and antibiotic 
the countries providing the minimum data required (test-
ing of 30 isolates) accounted for less than half the world’s 
population. A major contribution of this exercise was to 

Table 1. Common clinical conditions for which antibiotic 
therapy reduces the risk of mortality

categoRy of condition condition

Communicable 
diseases

Tuberculosis
Sexually transmitted bacterial infections
Respiratory bacterial infections (especially of the 
lower respiratory tract)
Diarrhoea caused by bacteria*
Healthcare associated bacterial infections

Endogenous 
infections

Urinary tract infections
Skin and soft tissue infections
Infective endocarditis
Sepsis

Prevention of 
infection

Burns, wounds
Caesarean sections
Joint replacements
Cancer therapy
Organ transplants

*Antibiotics are not necessarily indicated for diarrhoeal cases.
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highlight significant variations in the kinds of isolates test-
ed and in resistance testing protocols.

Moreover, bacteria–antibiotic combinations were not ex-
plicitly linked to clinical condition, so it is unclear when 
the resistances tested were clinically relevant and when 
they were not. This, together with the lack of data relating 
antibiotic usage to clinical condition, makes it difficult to 
estimate the relevant component of the PAF calculation, the 
fraction of patients with bacterial infections that are resis-
tant to the antibiotic used to treat them (Box 1).

TREATMENT FAILURE AND CLINICAL 
OUTCOME

Two key quantities for estimating the burden of antibiotic 
resistance are the frequency and clinical impact of failures of 
antibiotic therapy. Treatment failure is a complex phenom-
enon that may well be attributable to factors other than an-
tibiotic resistance, including misdiagnosis. Treatment failure 
can also occur in patients with antibiotic–susceptible infec-
tions. Central to the calculation of burden is the distinction 
between the death of a patient who has an antibiotic resis-
tant infection and the death of a patient that is attributable to 
having an antibiotic resistant infection (see Box).

Data on treatment failures are not routinely recorded. One 
source of data on mortality is the ICD–10 (International 
Classification of Disease, version 10) codes used by the 
WHO [10]. ICD–10 covers many, though not all, of the 
clinical conditions listed in Table 1. However, ICD–10 
submissions do not usually include treatment failures as-
sociated with antibiotic resistant infections (reference to 
which is confined to the rarely used “Codes for Special Pur-
poses”). Nor does the Institute for Health Metrics and Eval-
uation’s Global Burden of Disease cause list have categories 
linked to antibiotic resistance [11].

RECOMMENDATIONS

Information currently collected at global or multi–national 
scales is not sufficient to generate estimates of the disease 
burden attributable to antibiotic resistance. As a result, cur-
rent knowledge of the burden of antibiotic resistance is still 
based largely on the collation of one–off, small–scale, indi-
vidual studies that vary greatly in setting, scope, sampling 
frame and methodology, and often requires bold extrapo-
lations to be made from very limited data sets. For estima-
tion of the global burden of antibiotic resistance and, even 
more, for monitoring changes in burden over time more 
systematic approaches would be helpful. There are several 
possibilities.

ICD–10 is due to be replaced by ICD–11 in 2017 [10]. This 
provides an opportunity to create routinely used categories 
that record treatment failures, or at least linking treatments 
with outcomes, the most direct ways to estimate the bur-
den of antibiotic resistance. Specific concerns, such as XDR–
TB or carbapenem–resistant Enterobacteriaceae, might be pri-
oritised for inclusion.

ICD facilitates passive reporting. An alternative is active re-
porting by recruiting sentinel sites. For example, 660 hos-
pitals from 67 countries responded to an internet survey 
on antimicrobial stewardship in 2012 [8]. Monitoring treat-
ment failures due to antibiotic resistance in these hospitals 
using standardised protocols would generate valuable data. 

Box 1. Population attributable fraction (PAF) of mortality due to 
antibiotic resistance.

PAF calculations are a standard method of quantifying dis-
ease burden associated with a specified risk exposure [2], in 
this case bacterial infections resistant to the antibiotic used 
to treat them. The first step is to enumerate the population 
of interest. For current purposes, this would be the incidence 
(number per unit time) of patients with one of the clinical 
conditions of concern (see Table 1) and for whom antibi-
otic therapy is clinically indicated and is provided. The inci-
dence of such patients is denoted I.

PAF calculation is routinely expressed in terms of the pro-
portion of population exposed to the risk factor (here, pa-
tients with antibiotic–resistant infections) and the risk ratio 
for mortality standardised to the unexposed group (patients 
with antibiotic–susceptible infections) [2]. An equivalent, 
easily understood version is: PAF = (IF−DR)/(ID−DR), where 
I is the overall incidence (number of patients per unit time); 
F is the number of patients with resistant infections that die; 
D is the number of patients that die; R is the number of pa-
tients with resistant infections. If all deaths are associated 
with resistance (F = D) then PAF = 1; if deaths are not dispro-
portionately associated with resistance (corresponding to 
F = DR/I) then PAF = 0. Importantly, PAF = 0 does not equate 
F = 0.

Intuitively, it seems natural to equate F with treatment “fail-
ures”. However, some care is required because, given PAF<1, 
it is implicit that some of these patients (estimated as DR/I) 
would have died anyway, even if they had not had a resistant 
infection (this number reflecting the ‘background’ level of 
mortality observed in patients who were appropriately treat-
ed and had a susceptible infection). Similarly, of patients with 
susceptible infections who survive, some would have sur-
vived anyway, even had they had a resistant infection; that 
is, not all positive outcomes can be attributed to successful 
antibiotic therapy.

As detailed in the main text, although there is sometimes in-
formation available on F, D and/or R, there is often insuffi-
cient information to determine I. To do so requires addition-
al data on one or more of the following: i) the total number 
of patients of interest that survive; ii) the number with sus-
ceptible infections; or iii) the number with susceptible infec-
tions that survive.

Obtaining a single global estimate of mortality attributable 
to antibiotic resistance presents the additional challenges of 
combining and extrapolating estimates of PAF for given com-
binations of clinical condition, antibiotic, aetiological agent 
and location.
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Making selected, high priority antibiotic resistant infections 
‘notifiable’ at national level could further improve data cap-
ture, extending existing mandatory reporting for specific 
conditions (for example in the UK for scarlet fever or inva-
sive streptococcal group A disease). Another possibility is 
a more qualitative approach of recruiting a global panel of 
individual clinicians who are polled to determine trends in 
the impact of antibiotic resistance on their patients. Polling 
has been used successfully in other clinical contexts [12].

As well as estimating the global burden of antibiotic resis-
tance another useful exercise would be to estimate the glob-
al burden due to lack of access to suitable antibiotics. For 
some clinical conditions, this may be a substantially great-
er burden at the present time [13]. The two issues poten-
tially overlap where there is a lack of knowledge of local 
resistance profiles (perhaps due to lack of testing facilities) 
and alternative drugs would have been effective.

CONCLUSIONS

Estimation of the global burden of antibiotic resistance is 
extremely challenging and arguably not an attainable objec-
tive with currently available health data. We stress that this 
conclusion does not contradict the generally accepted view 
that antibiotic resistance is a major public health problem 
of global significance. There is a large number of studies 
documenting levels of resistance and its clinical impact, and 
well–founded concerns that both will rise, perhaps dramat-
ically, in the foreseeable future. However, as reviewed here, 

the valuable insights provided by such studies do not sum 
to a comprehensive, coherent picture of the global antibi-
otic resistance burden and how it is changing. Improving 
this situation will require changes to the ways in which 
global health statistics are collected; existing approaches are 
not up to the task. The primary benefit will be more accu-
rate assessment of the global disease burden due to antibi-
otic resistance and its forward trajectory, helping make the 
case for investment in combating the problem, and allow-
ing assessment of future trends.
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Effectiveness of mHealth interventions for 
maternal, newborn and child health in low– 
and middle–income countries: Systematic 
review and meta–analysis

Objective To assess the effectiveness of mHealth interventions for 
maternal, newborn and child health (MNCH) in low– and middle–
income countries (LMIC).

Methods 16 online international databases were searched to identify 
studies evaluating the impact of mHealth interventions on MNCH 
outcomes in LMIC, between January 1990 and May 2014. Compa-
rable studies were included in a random–effects meta–analysis.

Findings Of 8593 unique references screened after de–duplication, 
15 research articles and two conference abstracts met inclusion cri-
teria, including 12 intervention and three observational studies. Only 
two studies were graded at low risk of bias. Only one study demon-
strated an improvement in morbidity or mortality, specifically de-
creased risk of perinatal death in children of mothers who received 
SMS support during pregnancy, compared with routine prenatal care. 
Meta–analysis of three studies on infant feeding showed that prenatal 
interventions using SMS/cell phone (vs routine care) improved rates 
of breastfeeding (BF) within one hour after birth (odds ratio (OR) 
2.01, 95% confidence interval (CI) 1.27–2.75, I2 = 80.9%) and exclu-
sive BF for three/four months (OR 1.88, 95% CI 1.26–2.50, I2 = 52.8%) 
and for six months (OR 2.57, 95% CI 1.46–3.68, I2 = 0.0%). Includ-
ed studies encompassed interventions designed for health informa-
tion delivery (n = 6); reminders (n = 3); communication (n = 2); data 
collection (n = 2); test result turnaround (n = 2); peer group support 
(n = 2) and psychological intervention (n = 1).

Conclusions Most studies of mHealth for MNCH in LMIC are of poor 
methodological quality and few have evaluated impacts on patient 
outcomes. Improvements in intermediate outcomes have neverthe-
less been reported in many studies and there is modest evidence that 
interventions delivered via SMS messaging can improve infant feed-
ing. Ambiguous descriptions of interventions and their mechanisms 
of impact present difficulties for interpretation and replication. Rig-
orous studies with potential to offer clearer evidence are underway.
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Mortality in children under the age of five has fallen from an average rate 
of 90 per 1000 live births in 1990 to 43 in 2015, while maternal mortal-
ity has declined by 45% [1]. Despite these improvements, progress in 
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achieving Millennium Development Goals 4 and 5 fell 
short of expectations, and low– and middle–income coun-
tries (LMIC) still account for nearly all cases of maternal 
and neonatal mortality worldwide [2,3]. The availability 
and quality of maternal health care varies widely in differ-
ent parts of the world and in LMIC women continue to die 
each year from preventable causes [4–6]. This is further 
compounded by limited resources and poor information 
infrastructures, which act as barriers to care coordination 
and quality, and hinder the effective management and gov-
ernance of health systems [7–11].

mHealth, or mobile health, refers to the use of wireless, 
portable Information and Communication Technologies 
(ICT) to support health and health care [12]. There are nu-
merous examples of mHealth interventions being used to 
support mothers through safe pregnancy and childbirth 
and to facilitate neonatal and infant health. Although scaled 
programmes do exist, the majority of mHealth projects in 
LMIC have tended to be small–scale donor–funded initia-
tives, which have taken place without the benefit of an ad-
equate evidence–base [13].

A number of efforts have attempted to map the state of the 
evidence relating to mHealth for maternal, newborn and 
child health (MNCH) in LMIC, but no rigorous systematic 
reviews exist on this specific topic [14–16]. Philbrick’s ‘gap 
analysis’, for the mHealth Alliance, combined literature re-
view and stakeholder interviews [17], whilst literature re-
views by Noordam et al. and Tamrat and Kachowski ad-
dressed the topic using simple search terms and a subset of 
available databases [18,19]. Free et al. reported two broad-
er systematic reviews of interventions for patient behavior 
change and for health care service delivery processes and, 
while studies from LMIC were not excluded, the focus was 
higher income country settings [20,21]. In another mHealth 
report, Labrique et al. reviewed existing research for the 
purposes of developing a taxonomy of interventions [22]. 
While all of these provided valuable insights and recom-
mendations, the World Health Organization (WHO) recog-
nised the need for a rigorous systematic review when com-
missioning the current study. As we move on from the 
Millennium Development Goals and plan forward strategies 
for improving MNCH, mHealth is likely to play an increas-
ing important role in light of continuing health needs and 
the growing global penetration of mobile technologies.

This study synthesized the evidence on the effect of 
mHealth interventions on MNCH in LMIC, with a particu-
lar focus on studies reporting impacts on patient outcomes.

METHODS

A detailed protocol was registered with the International 
Prospective Register for Systematic Reviews (PROSPERO) 
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CRD42014008939 (http:///www.crd.yourk.ac.uk/prospe-
ro) and has been published [23]. The review is reported 
according to the requirements of the Preferred Reporting 
Items for Systematic Reviews and Meta–Analyses (PRISMA) 
[24]. We assessed studies that have investigated the effec-
tiveness of mHealth interventions for improving MNCH in 
LMIC. LMIC were identified in accordance with World 
Bank country classifications [25]. The target groups were 
women in the antenatal, intranatal, and postnatal periods; 
newborns; children aged 0–5 years; and health workers 
through which interventions aimed at these groups are me-
diated. Men, non–pregnant women or those not recently 
having given birth, and children over the age of 5 years 
were excluded. We included studies evaluating interven-
tions delivered through mobile ICT and considered the 
various delivery modes through which this might be 
achieved (Box 1). We excluded related ICT–based inter-
ventions delivered via fixed line internet or standard tele-
phone line, interventions labeled ‘mobile’ which did not 
involve cellphones, such as Mobile Maternal Health Clin-
ics which are touring buses staffed by health care profes-
sionals.

The primary outcomes were estimates of maternal, new-
born and child mortality and morbidity. Secondary out-
comes included number of planned antenatal and postna-
tal visits; number of unscheduled care visits and 
emergency care; quality of life; quality of care (delivery by 
skilled birth attendants, appropriate use of evidence–based 
medical and obstetric interventions); self–efficacy; cost–ef-
fectiveness; immunisation cover; child developmental 
milestones; and other process indicators.

Search strategy and study selection

16 international electronic databases were interrogated 
(Box 2) using highly sensitive search strategies implement-
ed in OVID MEDLINE and then adapted to other databas-
es (see Tables s1 and s2 in Online Supplementary Docu-
ment). Searches were limited to articles published between 

Box 1. Mobile ICT and delivery modes

Mobile ICT includes: cell–phones, smart–phones, satellite 
phones, personal digital assistants, enterprise digital assis-
tants, tablet computers, laptops, portable media players and 
gaming consoles, Radio Frequency Identification Device 
(RFID) tags, Global Positioning System (GPS) trackers and 
digital diagnostic devices.

Mobile delivery modes includes: voice calling, Voice over 
Internet Protocol (VoIP), text messaging via Short Message 
Service (SMS), transfer of still or moving images via Multi-
media Message Service (MMS), multimedia downloads, and 
live video.
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January 1990 and May 2014, acknowledging the emer-
gence of digital cellular networks in the early 1990s [14]. 
The search strategies were piloted in order to optimise sen-
sitivity and specificity. The decision was taken to dispense 
with country restrictions after finding that limiting search-
es to the LMIC countries specified in the World Bank’s clas-
sification scheme had resulted in the omission of a highly 
relevant study from Zanzibar. (Although Zanzibar is part 
of Tanzania, which is listed, the word Tanzania did not ap-
pear in the title or abstract, hence the article was ignored.) 
There were no restrictions on language of publication. We 
included randomised controlled trials (RCTs), variations of 
RCTs, controlled before and after studies, interrupted time 
series studies and observational studies (cohort, case–con-
trol). We excluded cross–sectional and qualitative studies, 
expert opinions, reports, discussion papers, case reports, 
and studies from developed countries. Authors were con-
tacted for access to unpublished research.

At least two reviewers independently screened the titles and 
abstracts of identified studies, assessed the full text of po-
tentially eligible studies against the inclusion and exclusion 

criteria, and abstracted relevant study data onto a custom-
ised data extraction sheet. Country classification was un-
dertaken by hand. Due to the large number of articles, and 
annual fluctuations in the World Bank index, a pragmatic 
decision was taken to include countries classed as LMIC at 
any time during the search period, or otherwise described 
using a phrase such as “developing country” (as described 
in the protocol).

Assessment of risk of bias

The methodological quality of intervention studies was as-
sessed independently by at least two reviewers, following 
the recommendations of the Cochrane Effective Practice 
and Organization of Care Group [26]. Observational stud-
ies were assessed using the Effective Public Health Practice 
Project quality assessment tool [27]. Discrepancies were 
resolved by team consensus.

Meta–analysis

There was substantial heterogeneity between studies with 
regards to the mHealth interventions and study outcomes, 
except for the studies on breastfeeding (BF) and infant feed-
ing [28–44]. Consequently, we performed a random–effects 
meta–analysis using the inverse variance method for three 
comparable studies, which had all used SMS/cell phone as 
the intervention vs routine prenatal care and had assessed 
breastfeeding as the primary outcome [30,33,42]. The study 
by Sellen et al. compared cell phone–based peer support, 
monthly peer support group and standard existing routine 
care for BF [42]. However in the meta–analysis we com-
pared only the cell phone group with the routine care group 
as the relevant intervention for the review. The estimates of 
effect in the study by Sellen et al. were given as percentages 
[42], but we recalculated these into odds ratios with their 
95% confidence intervals (95% CI) before the pooled anal-
ysis. Given the small number of studies in each meta–anal-
ysis, we did not explore reasons for the observed heteroge-
neity. For the same reason, we did not investigate the 
influence of publication bias or undertake possible sensitiv-
ity analyses. Meta–analyses were undertaken using STATA 
11 (Stata Corp, College Station, Tx) [45].

RESULTS

Study selection and characteristics

Initial searches identified 12078 titles. After removing du-
plicates, 8593 papers were included for initial screening. 
Of these, 8401 papers were excluded after screening by 
title and abstract, leaving 192 papers, which were consid-
ered in more detail. A further 168 papers were subsequent-
ly excluded for not meeting the relevant criteria. 24 papers 
remained, and one additional paper was identified through 
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Box 2. Sources of literature included in this systematic review 
and meta–analyses

Databases:

•  Cochrane Library (Cochrane Database of Systematic Re-
views, Cochrane Central Register of Controlled Trials 
(CENTRAL), Cochrane Methodology Register),

• MEDLINE

• EMBASE

• CINAHL

• PsycINFO

• AMED

• Global Health

• TRIP

• ISI Web of Science (Science and Social Science Index)

• WHO Global Health Library

• IndMed

• PakMediNet

• KoreaMed

• NHS Health Technology Assessment Database

•  African Index Medicus (encompassed in the WHO Global 
Health Library)

• POPLINE

Clinical trials registry for on–going studies and trial 
protocols:

• WHO International Clinical Trials Registry platform

• Clinical trials.gov

• Controlled–trials.com

• Australian New Zealand Clinical Trials Registry

Reference tracking:

• References list of all included studies
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searching the reference lists of these papers. Of the 25 full–
text papers, 17 met the inclusion criteria and were includ-
ed in the final review (Figure 1). These were based on 15 
primary studies [28-34,36–41,43,44], of which two were 
only available as conference abstracts [35,42].

Twelve of the eligible studies were intervention studies, com-
prising eight RCTs [28,30,32,34,36,37–39,42,43], two qua-
si–RCTs [33,44], one controlled clinical trial (CCT) [29], and 
one uncontrolled before and after study [41]. Two studies 
were cohort studies [31,35] and one was a case–control 
study (Table 1) [40]. Seven studies were undertaken in Sub–
Saharan Africa (Kenya [31,42], Mali [44], Nigeria [30,40], 
Tanzania [37–39], and Zambia [41]), five in East Asia (Chi-
na [33,36], Taiwan [28,29], and Thailand [32]), two in 

South Asia (Bangladesh and India) [35,43] and one in the 
Middle East (Iran) [34]. All the studies were published be-
tween 2008 and 2014. The study population comprised 
pregnant women in ten studies [28,29,30,32,33,34,35,37–
39,40, 42], children in five studies [31,36,41,43,44], and 
village elders in one (Table 1) [31].

Assessment of risk of bias

Risk of bias grading for the different components of each 

study is shown in Tables s3 and s4 in the Online Supple-

mentary Document. Only two of the intervention studies 

were graded as being at low risk of bias [36,42], seven as 

moderate [29,30,32,34,37–39] and four at high 

[28,33,43,44] risk of bias (see Table s3 in Online Supple-

mentary Document). One cohort study was 

graded high risk of bias [31], while a case–

control and a before–and–after study were 

graded moderate risk of bias (see Table s4 in 

Online Supplementary Document) [40,41]. 

Two of the studies included in our review 

were available only as conference abstracts 

[35,42]. Both sets of authors were contacted 

for further information and one replied, pro-

viding additional data that enabled us to bet-

ter assess that study [42].

Mobile delivery media

The delivery modes used were mobile phones 

with SMS (n = 11) [28,32–34,36–39,41–43], 

SMS and voice messaging (n = 1) [30] and 

voice calls (n = 2) [35,40]. Two studies used 

mobile applications to collect data [31,44] 

and one study used MP3 players to deliver 

audio recordings [29].

Types of interventions

We classified the interventions according to 
our interpretation of their aims, based on the 
descriptions provided in the study reports, 
having first assessed existing taxonomies and 
found them to be not ideally suited to our 
purposes [20–22]. Studies were included in 
more than one category if the intervention 
was multi–faceted. The categories were health 
information delivery (n = 6) [30,32,33,34,37–
39,43], reminders (n = 3) [34,36,37–39], 
communication platform (n = 2) [35,40], 
data collection platform (n = 2) [31,44], test 
result turnaround (n = 2) [28,41], peer/group 
support (n = 2) [30,42], and psychological 
intervention (n = 1) [29]. The results of this 
classification exercise are shown in Figure 2.

Lee et al.
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Figure 1. PRISMA flow diagram for database search of studies on mHealth 
interventions for maternal, newborn and child health in low– and middle–in-
come countries, 1990–2014.
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Types of outcomes examined

Eight studies examined indicators of maternal, newborn and 
child morbidity and mortality [28,29,31,32,34,37,40,44]. 
These covered maternal death [37], indicators of anaemia 
[34], duration of gestation at birth or preterm delivery 
[29,32], perinatal death and stillbirth [29,37], birth weight 
[30,31], Apgar score [28], hospitalization [29], route of de-
livery [29,31], infectious diseases [40,44], and oral health 
[43]. Other outcomes included indicators of infant feeding 
and breastfeeding [30,33,42], utilisation of antenatal, intra-
partum, and postnatal care [31,35,37–40,44], quality of care 
[36,38], recording and collection of study data [31,40], in-
dicators of self–efficacy [28,33], and compliance with rec-
ommended practices, such as micronutrient intake and up-
take of immunization [34,36-38]. We did not find any study 
evaluating the cost–effectiveness of mHealth. The results are 
organised below according to the types of outcomes exam-
ined in each study.

Effects on maternal, newborn and child 
morbidity and mortality

A Taiwanese CCT compared pregnancy outcomes in wom-
en at risk of pre–term labour who had received daily 13–
minute relaxation therapy sessions delivered via mp3 play-
er, as compared with routine prenatal care (Table 1) [29]. 
Women in the intervention group had longer pregnancies, 

but there was no difference in the rate of pre–term birth, 
birth weight, perinatal mortality or Apgar score.

In a RCT from Thailand [32], the duration of gestation, 
birth weight, preterm delivery and caesarean section were 
comparable in pregnant women receiving SMS prenatal 
support via mobile phone to those who received routine 
prenatal care (Table 1). Similar results were seen in a prag-
matic cluster RCT from Zanzibar, Tanzania [37–39], in 
which women receiving SMS prenatal support were com-
parable to those who received routine prenatal care, how-
ever, the risk of perinatal death decreased by half in the 
SMS group compared to the routine care group (odds ratio 
(OR) 0.50, 95% confidence interval (CI) 0.27–0.93) (Table 
1). An Iranian RCT evaluated a 12–week programme of SMS 
reminders encouraging compliance with iron supplementa-
tion. While self–reported compliance was greater in the in-
tervention group than in a control group not receiving the 
SMS reminders, there was no difference between the groups 
in objective measures of serum iron [34] (Table 1).

A Nigerian case–control study [40] compared rates of facil-
ity utilization and maternal morbidity in health care facili-
ties where pregnant women had received mobiles as a com-
munication platform. No measurable differences were 
observed between the two samples (Table 1).

A quasi–experimental study from Mali of children aged 
0–72 months [44] did not reveal differences in the inci-
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Figure 2. Classification of mHealth interventions of included studies. Categories are as interpreted by the reviewers, based on study 
descriptions. The authors may label studies somewhat differently. For example, the word ‘support’ may be used to describe informa-
tional messages, such as where it is theorized that these may confer psychological support in addition to knowledge support (eg, 
knowing that it is normal to experience morning sickness), although rarely do the authors elaborate on this. Studies are included in 
more than one category if the intervention is multi–faceted.
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Table 1. Characteristics and results of studies investigating the effectiveness of mHealth interventions for maternal, newborn and child 
health in low– and middle– income countries during January 1990 – May 2014

study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Cheng et 
al. (2008), 
Taiwan 
[28]

Randomised 
controlled 
trial (RCT),
Hospital

Pregnant 
women at
14–18 weeks of 
gestation.
Total N = 2782
Intervention 
group = 1422
Control 
Group = 1360

Report of 
results of 
Down 
Syndrome 
via SMS vs 
report at the 
time of 
routine clinic 
appointment

Primary outcomes:
Anxiety levels of 
women as 
measured by 
Trait–and Stat–
anxiety scores

Negative results for Down Syndrome:
Trait–anxiety score (P = 0.69): SMS 
group mean 39.8 ± 11.2; Control 
group mean 38.4 ± 10.9
State–anxiety score
Before screening (P = 0.51): SMS 
group mean 38.9 ± 9.9; Control 
group mean 37.8 ± 11.3
After screening (P = 0.02): SMS 
group mean 33.8 ± 7.9; Control 
group mean 39.1 + 10.1
Positive results for Down Syndrome:
Trait–anxiety score (P = 0.57): SMS 
group mean 38.7 ± 8.8; Control 
group mean 40.1 ± 13.2
State–anxiety score
Before screening (P = 0.66): SMS 
group mean 39.2 ± 11.4; Control 
group mean 39.9 ± 9.4
After screening (P = 0.21): SMS 
group mean 44.1 ± 13.4; Control 
group mean 42.9 ± 11.5

High Test result 
turnaround

Chuang et 
al. (2012), 
Taiwan 
[29]

Controlled 
Clinical 
Trial, 
Hospital

Women 
diagnosed with 
preterm labour 
at 20–34 weeks 
of gestation
Total N = 129.
Intervention 
group = 68
Control 
group = 61

13–minute 
relaxation 
audio 
program via 
mp3 player 
vs no mp3 
player 
(routine 
prenatal care)

Primary outcomes:
Gestation at birth; 
new–born birth 
weight; Apgar 
score; perinatal 
mortality; 
admission to 
neonatal intensive 
care unit; number 
of days of 
prolongation of 
pregnancy

Gestational weeks at birth 
(P = 0.217):
Mp3 player group mean 35.2 ± 4.4;
Control group mean 34.2 ± 4.5
Birth weight in grams (P = 0.296):
Mp3 player group mean 
2389.2 ± 828
Control group mean 2266.6 ± 898
Apgar score at 1 min (P = 0.782):
Mp3 player group mean 7.9 ± 2.0
Control group mean 7.8 ± 2.0
Apgar score at 5 min (P = 0.732):
Mp3 player group mean 9.2 ± 1.9
Control group mean 9.0 ± 1.9
Route of delivery (P = 0.918):
Normal: mp3 player group 52.9%; 
control group 54.2%
Caesarean section: mp3 player 
group 47.1% control group 45.8%
Perinatal mortality (P = 0.337):
Mp3 player group 1.5%; control 
group 5.1%

Moderate Psychological 
(therapeutic) 
intervention
– Tailored 
exercises (audio 
recordings)

Flax et al. 
(2014), 
Nigeria 
[30]

Cluster RCT, 
General 
population

Pregnant 
women aged 
between 15–45 
y.
Total N = 461
Intervention 
group = 229
Control 
group = 232

Breastfeeding 
(BF) learning 
sessions and 
SMS and 
songs/dramas 
vs none of 
these 
(routine care)

Primary outcomes:
–Exclusive BF to 
1, 3, and 6 
months
–Initiation of BF 
within 1 h of 
delivery
–Use of 
colostrum or 
breast milk 
within the first 3 
d of life.

Exclusive BF at 1 months:
Intervention group 73%; Control 
group 61%; OR 1.6 (95% CI 
0.6–1.8)
Exclusive BF at 3 months:
Intervention group 71%; Control 
group 58%; OR 1.8 (95% CI 
1.1–3.0)
Exclusive BF at 6 months:
Intervention group 64%; Control 
group 43%; OR 2.4 (95% CI 
1.4–4.0)
Initiated BF within 1 h of delivery:
Intervention group 70%; Control 
group 48%; OR 2.6 (95% CI 
1.6–4.1)
Gave only colostrum/breast milk 
during the first 3 d:
Intervention group 86%, Control 
group 71%; OR 2.6 (95% CI 
1.4–5.0)

Moderate Health Information 
delivery
– Education 
messages sent to 
group leaders as 
part of complex 
change intervention 
(SMS+Voice 
messaging)
– Group–mediated 
socio–cultural 
intervention 
(SMS±Voice 
Messaging)
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study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Gisore et 
al. (2012), 
Kenya [31]

Cohort study
General 
population

Village elders
Total N = 474

Use of 
mobiles  
by village 
elders for 
pregnancy 
case finding 
and reporting 
birth weights

Primary outcomes:
–% change in 
birth weights 
reported by 
mobile phones 
compared to 
previous national 
estimates
–% of women 
enrolled after 
delivery

Recorded birth weights increased 
from 43 ± 5.7% to 97 ± 1.1%
% of women enrolled after delivery 
decreased from 30.4% to 25%, 
P < 0.0001

High Data collection 
(health 
monitoring or 
case finding by 
Community 
Health Workers)

Jareethum 
et al. 
(2008), 
Thailand 
[32]

RCT
Hospital

Pregnant 
women at <28 
weeks gestation
Total N = 61
Intervention 
group = 32
Control 
group = 29

SMS via 
mobile 
phone for 
prenatal 
support vs 
no SMS 
(routine 
prenatal care)

Primary outcome:
Mothers’ level of 
satisfaction with 
antenatal care
Secondary 
outcomes:
–Mothers’ 
confidence level 
at prenatal care
–Mothers’ anxiety 
level at prenatal 
care
–Gestational 
weeks at delivery
–Foetal birth 
weight
–Route of 
delivery
–Preterm delivery

Mothers’ level of satisfaction with 
prenatal care (P = <0.001):
SMS group mean 9.3 ± 0.7; Control 
group mean 8.0 ± 1.1
Mothers’ confidence level at prenatal 
care (P = 0.001):
SMS group mean 8.9 ± 0.9; Control 
group mean 7.8 ± 1.5
Mothers’ anxiety level at prenatal 
care (P = 0.002):
SMS group mean 2.8 ± 2.1; Control 
group mean 4.9 ± 2.9
Gestational weeks at delivery 
(P = 0.340):
SMS group mean 38.7 ± 1.1; 
Control group mean 38.6 ± 1.1
Foetal birth weight in grams 
(P = 0.350):
SMS group mean 3051 ± 636; 
Control group mean 3188 ± 456
Preterm delivery (P = 0.220):
SMS group 0%; Control group 
6.9%
Route of delivery (P = 1.00):
Normal vaginal delivery: SMS 
group 81.3%; Control group82.8%
Caesarean section: SMS 
group18.7%; Control group17.2%

Moderate Health 
Information 
Delivery
– Tailored 
information (also 
labelled ‘advice’ 
and ‘support’) 
(SMS)

Jiang et al. 
(2014), 
China [33]

Quasi–RCT
Community 
Health 
Centres

Pregnant 
women at <13 
weeks gestation
Total N = 582
Intervention 
group = 281
Control 
group = 301

Text via SMS 
vs no SMS 
(routine 
prenatal care)

Primary outcome:
Duration of 
exclusive BF
Secondary 
outcomes:
–Rate of exclusive 
BF at 6 months
–Duration of any 
BF
–Timing of intro. 
solid foods
–Rate of BF at 12 
months
–Rates of other 
infant feeding 
behaviours

Exclusive BF at 4 months:
SMS group 46.4%; Control group 
39.9%; OR 1.4 (95% CI 1.0–2.0)
Exclusive BF at 6 months:
SMS group 15.1%; Control group 
6.3%; OR 2.7 (95% CI 1.5–4.9)
BF at 12 months:
SMS group 20.2%; Control group 
19.2%; OR 1.0 (95% CI 0.7–1.6)
Introduction of solid foods before 4 
months:
SMS group 1.5%; Control group 
3.8%; OR 0.3 (95% CI 0.1–0.9)
Introduction of solid foods before 6 
months:
SMS group 67.5%; Control group 
61.3%; OR 1.3 (95% CI 0.9–1.8)
Drinking from a cup at 12 months:
SMS group 53.6%; Control group 
46.5%; OR 1.3 (95% CI 0.9–2.0)
Receiving food as a reward:
SMS group 45.5%; Control group 
33.6%; OR 1.5 (95% CI 1.0–2.3)
Taking a bottle to bed:
SMS group 51.9%; Control group 
49.8%; OR 1.1 (95% CI 0.7–1.6)

High Health 
Information 
Delivery
– Tailored 
information/
promotion (also 
labelled 
‘education’ and 
‘support’) (SMS)

Table 1. Continued
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study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Khorshid et 
al. (2014), 
Iran [34]

RCT
Public 
Health 
Centres

Pregnant 
women at 
gestational 
14–16 weeks
Total N = 116
Intervention 
group = 58
Control 
group = 58

A 12–week 
SMS 
reminders in 
addition to 
usual care vs 
no SMS 
reminders 
(only usual 
care) on 
compliance 
with intake 
of iron 
supplements

Primary outcome:
Compliance with 
intake of iron 
supplements
Secondary 
outcomes:
Measures of 
blood indices for 
anaemia 
(haemoglobin, 
haematocrit, 
ferritin)

Compliance with intake of iron 
supplements (P = 0.003):
High compliance: SMS group 94%; 
Control group 66%
Moderate compliance: SMS group 
4%; Control group 18%
Low compliance: SMS group 2%; 
Control group 16%
Measures of blood indices for 
anaemia:
Haemoglobin in g/dL (P = 0.960): 
SMS group mean 11.2 ± 0.5; 
control group mean 11.2 ± 0.9
Haematocrit, % (P = 0.670): SMS 
group mean 33.9 ± 1.7; control 
group mean 34.0 ± 2.6
Ferritin in ng/dL (P = 0.630): SMS 
group mean 24.4 ± 35.0; control 
group mean 22.5 ± 19.7

Moderate Health 
Information 
Delivery
– Health 
‘education’ (SMS)

Labrique et 
al. (2011), 
Bangladesh 
[35]*

Follow–up 
analysis of 
RCT
General 
population

Pregnant 
women 
interviewed at 
1 month 
postpartum to 
collect 
information on 
complications 
of labour and 
delivery
Total 
N>100 000)

Use of 
mobile 
phones to 
report 
obstetric 
emergencies

Primary outcomes:
–Reported use of 
mobile phones 
during 
intrapartum

55.2% of women reported using a 
mobile phone for obstetric 
emergencies. Of these:
57.0% to receive medical advice
71.7% to call a health care 
provider
32.6% to arrange for 
transportation
20.9% to ask for financial support.

N/A Communication 
Platform (one way 
or two way 
interpersonal 
communication)
– Patient with 
Health Care 
Providers (Voice)

Lin et al. 
(2012), 
China [36]

RCT
Hospital

Parents of 
children with 
diagnosis of 
cataract aged 
<18 years
Total N = 258.
Intervention 
group = 135
Control 
group = 123

Text 
messaging 
via SMS vs 
standard 
follow–up 
appointments

Primary outcome:
Rate of attendance 
at scheduled 
study 
appointments
Secondary 
outcomes:
–Additional 
procedures 
(surgeries, laser 
treatments for 
posterior capsular 
opacification, or 
changes in 
eyeglass 
prescription)
–Occurrence of 
secondary ocular 
hypertension

Attendance rates (P = 0.003):
SMS group 91.3%; Control group 
62.0%; RR: 1.47 (95% CI 
1.16–1.78)
Secondary outcomes:
Surgeries (P = 0.03): SMS group 
43.0% ; Control group 27.6%) ; 
RR 1.55 (95% CI 1.10–2.20)
Laser for capsular opacification 
(P = 0.008): SMS group 46.0%; 
Control group 18.7%; RR 2.46 
(95% CI 1.63–3.71)
Prescription of new glasses 
(P = <0.001): SMS group 71.1%; 
Control group 52.8%; RR 1.35 
(95% CI 1.10–1.64)
Treatment for ocular hypertension 
(P = 0.04): SMS group 23.0%; 
Control group 9.8%; RR 2.35 
(95% CI 1.27–4.38)

Low Reminders 
(Cognitive)
– Personalised, 
appointment 
(SMS)

Table 1. Continued
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study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Lund et al. 
2012, 
2014a, 
2014b, 
Zanzibar, 
Tanzania 
[37–39]

Pragmatic 
Cluster–RCT
General 
population

Pregnant 
women at first 
prenatal care 
attendance
Total N = 2637
Intervention 
group = 1351
Control 
group = 1286

Mobile 
phone 
vouchers and 
SMS vs no 
mobile 
phones 
(routine care)

Primary outcomes:
–Skilled delivery 
attendance
–Number of 
women receiving 
four or more 
antenatal care 
visits
Secondary 
outcomes:
–Home delivery 
assisted by skilled 
birth attendants
–Quality of care 
in terms of 
content and 
timing of 
antenatal care
–Stillbirth
–Perinatal death
–Death of a child 
within 42 d of life

Skilled delivery attendance:
SMS group 60%; Control group 
47%
Four or more antenatal visits:
SMS group 44%; Control group 
31%; a OR 2.39 (95% CI 
1.03–5.55)
Secondary outcomes:
–Tetanus toxoid vaccination at first 
antenatal care visit: SMS group 
96%; Control group 94%; aOR 
1.58 (95% CI 0.41–6.01)
–Tetanus toxoid vaccination at 
least 4 weeks after first antenatal 
care visit: SMS group 72%; Control 
group 56%; aOR 1.62 (95% CI 
0.81–3.26)
–Intermittent preventive treatment 
in pregnancy at first prenatal visit: 
SMS group 91%; Control group 
86%; aOR 1.10 (95% CI 
0.35–3.43 )
–Intermittent preventive treatment 
in pregnancy at least 4 weeks after 
first prenatal visit: SMS group 
65%; Control group 52%; aOR 
1.97 (95% CI 0.98–39.4)
–Gestational age 36 or more at last 
antenatal care visit: SMS group 
28%; Control group 20%; aOR 
1.48 (95% CI 0.89–2.45)
–Antepartum referral: SMS group 
10%; Control group 5%; aOR 1.66 
(95% CI 0.68–4.06)
–Stillbirth: SMS group 17 per 1000 
births; Control group 26 per 1000 
births; aOR 0.65 (95% CI 
0.34–1.24)
–Perinatal mortality: SMS group 19 
per 1000 births; Control group 36 
per 1000 births; aOR 0.50 (95% 
CI 0.27–0.93)
–Death of child <42 d after birth: 
SMS group 14 per 1000 births; 
Control group 15 per 1000 births; 
aOR 0.79 (95% CI 0.36–1.74)

Moderate Health 
Information 
Delivery
– Tailored 
education (SMS)
– Reminders 
(Cognitive)
– Personalised, 
appointment 
(SMS)

Oyeyemi 
and Wynn 
(2014), 
Nigeria 
[40]

Case–control 
study
General 
Population

Pregnant 
women
Cases = 1429
Controls = 1801

Giving 
mobile 
phones to 
pregnant 
women to 
increase 
primary 
health facility 
utilisation 
(cases) vs no 
mobile 
phones 
(controls)

Primary outcome:
Facility utilisation 
rate
Secondary 
outcome:
Frequency of 
occurrence of 5 
major causes of 
maternal deaths 
(severe bleeding, 
hypertensive 
disorder of 
pregnancy with 
fits, infection, 
obstructed 
labour, unsafe 
abortion)

Facility utilisation:
Cases 43.4%; Controls 36.6; OR 
1.32 (95% CI 1.15–1.53
Number of illness cases:
Cases 1.6%; Controls 1.6%; OR 
1.00 (95% CI 0.58–1.74)

Moderate Communication 
Platform
– One– or two–
way interpersonal 
communication 
(Voice)

Table 1. Continued
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study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Seidenberg 
et al. 
(2012), 
Zambia 
[41]

Before and 
after study
General 
population

All infants who 
came for 
antenatal care
Before 
program = 1009
After 
program = 406

Notification 
of blood 
results of 
infant 
diagnosis of 
HIV infection 
through SMS 
vs postal 
notification

Primary outcomes:
–Mean 
turnaround time 
(time from sample 
collection to 
delivery of test 
result to either the 
relevant 
point–of–care 
health facility or a 
caregiver of the 
tested infant)
–Result error rate 
(per cent 
discordance 
between the 
results recorded 
on paper and the 
corresponding 
results sent by 
SMS)

Turnaround (days) at relevant health 
facility:
Before program: mean 44.2 ± 28.0
After program: mean 26.7 ± 31.8
Difference in mean days: –17.5 
(95% CI –14.1 to –20.9)
Turnaround (days) to a caregiver:
Before program: mean 68.8 ± 38.8
After program: 35.0 ± 31.2
Difference in mean: –33.8 (95% CI 
–28.7 to –38.9)
Per cent discordance:
Number of samples agreed by 
paper and SMS = 336
Number of discrepancies = 2
Error rate 0.5%

Moderate Test result 
turnaround
– To facility

Sellen et al. 
(2013), 
Kenya, 
[42]*

RCT
Hospital

Pregnant 
women from 
late pregnancy 
–3rd trimester 
(32–36 weeks) 
to 3 months 
postpartum
n = 530
CPS = 223
PSG = 267
SOC = 263

Pregnant 
women were 
randomised 
to 3 groups
A. 
Continuous 
cell phone 
based peer 
support 
(CPS)
B. Monthly 
peer support 
group (PSG)
C. Standard 
of care (SOC)

Primary outcome:
Exclusive BF at 3 
months

BF initiated within 1 h:
CPS 73.0%, PSG 70.2%, SOC 
67.2%, P = 0.519; OR for CPS vs 
SOC 1.32 (95% CI 0.82–2.12)
Onset of lactation >3days:
CPS 10.3%, PSG 8.9%, SOC 
11.2%, P = 0.764; OR for CPS vs 
SOC 1.09 (95% CI 0.55–2.19)
Exclusive BF at 3 months:
CPS vs SOC: 90.9%vs 78.2% 
(Chi–square 9.8201, P = 0.0017)
CPS vs PSG: 90.9% vs 82.8% 
(P = 0.032)
OR for CPS vs SOC 2.77 (95% CI 
1.44–5.32)

Low Peer or group 
support 
(socially–
mediated)
– Continuous peer 
support (Cell 
phone)

Sharma et 
al. (2011), 
India [43]

RCT Preschool 
children and 
their mothers
Total N = 143
Intervention 
group = 71
Control 
group = 72

Oral health 
education via 
SMS vs 
pamphlet

Primary outcomes:
Mothers’ 
knowledge, 
attitude, and 
practice of child’s 
oral health; 
Visible Plaque 
Index (VPI)

Mean KAP scores for knowledge:
Pre–intervention: SMS group 
8.2 ± 1.2; pamphlet group 7.8 ± 1.5
Post–intervention: SMS group 
9.4 ± 0.8; pamphlet group 8.8 ± 1.1
Differences between groups: –0.43 
(95% CI –0.33 to 0.51)
Mean KAP scores for attitude:
Pre–intervention: SMS group 
8.8 ± 1.3; pamphlet group 7.8 ± 1.8
Post–intervention: SMS group 
9.4 ± 0.7; pamphlet group 8.8 ± 1.3
Differences between groups: –0.37 
(95% CI –0.61 to –0.13)
Mean KAP scores for practices:
Pre–intervention: SMS group 
11.3 ± 1.8; pamphlet group 
11.1 ± 1.8
Post–intervention: SMS group 
12.1 ± 1.3; pamphlet group 
11.5 ± 1.7
Differences between groups: –0.44 
(95% CI –0.77 to –0.12)
Mean KAP scores for VPI:
Pre–intervention: SMS group 
45.0 ± 21.2; pamphlet group 
45.4 ± 20.5
Post–intervention: SMS group 
33.5 ± 17.0; pamphlet group 
35.6 ± 16.2
Differences between groups: 1.81 
(95% CI –1.39 to 5.01)

High Health 
Information 
Delivery
– Health 
‘education’/
promotion (SMS)

Table 1. Continued
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study and
countRy

study design 
and setting

study PoPulation inteRvention/
exPosuRe

outcomes Results oveRall 
Risk of bias 
gRading

classification of 
inteRventions

Simonyan 
et al. 
(2013), 
Mali [44]

Quasi–
experimental 
study,
General 
population

0–72 months 
old with no 
diagnosed 
chronic 
diseases
Total N = 188
Intervention 
group = 99
Control 
group = 89

Diagnosis, 
collection 
and transfer 
of health care 
data using 
mobile 
phone via a 
JAVA applet 
to a central 
server vs 
usual care

Primary outcome:
Healthcare 
utilisation
Secondary 
outcomes:
Child morbidity 
indicated by 
number of 
episodes of cold, 
cough, diarrhoea, 
fever, infection, 
pain, teething, 
vomiting, 
wounds, and 
others

Healthcare utilisation:
Mobile phone group 93.4%; 
control group 31.5%; OR 2.2 
(95% CI 1.3–3.9)
Total number of disease episodes:
Mobile phone group 236; Control 
group 168
Episodes for specific disease are 
given in the paper. These were not 
statistically significantly different 
from the two groups.

High Data collection 
(health 
monitoring or 
case finding by 
Community 
Health Workers)

ASR – adjusted standardized residuals, CPS – continuous cell phone based peer support, DS – Down Syndrome, EBF – effective breastfeeding, ICC – 
interclass correlation coefficient, IYCF – infant and young child feeding, NICU – Neonatal Intensive Care Unit, OR – odds ratio, aOR – adjusted odds 
ratio, PSG – peer support group, RCT – randomized controlled trial, RR – relative risk, SD – standard deviation, SES – socio–economic status, SMS – 
short message service, SOC – standard of care

* Only abstract available.

Table 1. Continued

dence of childhood diseases between those whose health 
care data and diagnosis were recorded and transferred us-
ing mobile phone compared to children whose data were 
not recorded using mobile phone (Table 1).

Effects on infant feeding

Flax et al. [30], Jiang et al. [33], and Sellen et al. [42], com-
pared the effect of SMS/cell phone vs no SMS (routine pre-
natal care) on breastfeeding in Nigeria, China and Kenya, 
respectively. The results of each trial showed that the rate of 
exclusive breastfeeding (EBF) for three or four months was 
higher in the SMS/cell phone group than in the non–SMS/
cell phone group (Table 1). We undertook meta–analyses of 
the effect of SMS/cell phone vs routine prenatal care on the 
initiation of breastfeeding within one hour after birth [30,42], 

Figure 3. Meta–analysis of 
the effect of SMS/cell phone 
intervention vs routine 
prenatal care on initiation of 
breastfeeding within one 
hour after birth based on 
two RCT undertaken in 
Nigeria and Kenya: OR 
represents the odds ratio of 
effect.

giving colostrum or breast milk within three days after birth 
[30,42], and EBF at three/four months [30,33,42], and at six 
months [30,33]. The pooled estimates showed that the rates 
of initiating breastfeeding within one hour after birth (OR 
2.01, 95% CI 1.27–2.75, I2 = 80.9%, Figure 3) were higher 
in the groups given a SMS/cell phone prenatal intervention 
than in groups not given the SMS/cell phone intervention. 
The evidence for giving colostrum or breast milk within 
three days after birth was not strong (OR 1.90, 95% CI 0.86–
2.94, I2 = 77.0%, Figure 4). The rates of EBF for three/four 
months (OR 1.88, 95% CI 1.26–2.50, I2 = 52.8%, Figure 5) 
and EBF for six months (OR 2.58, 95% CI 1.44–3.71, 
I2 = 0.0%, Figure 6) were also higher in the groups given a 
SMS/cell phone prenatal intervention than in groups not 
given the SMS/cell phone intervention.
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Figure 4. Meta–analysis of the effect 
of SMS/cell phone intervention vs 
routine prenatal care on onset of 
lactation within three days after birth 
based on two RCT undertaken in 
Nigeria and Kenya: OR represents 
the odds ratio of effect.

Figure 5. Meta–analysis of the effect 
of SMS/cell phone intervention vs 
routine prenatal care on exclusive 
breastfeeding for three or four 
months based on three RCT 
undertaken in Nigeria, China, and 
Kenya: OR represents the odds ratio 
of effect.

Effect on health care utilisation and quality 
of care

In a follow–up study of a RCT in Bangladesh, Labrique et 
al. assessed the level of use of mobile phones by pregnant 
women in reporting obstetric emergencies [35]. 55% of 
pregnant women reported having used the mobile phones 
to obtain medical advice, call a health care provider, ar-
range for transportation or ask for financial support.

A Chinese RCT evaluated the effects of SMS–based ap-
pointment reminders for parents with children 0–18–years 
diagnosed with cataract and attending the paediatric clinic 
of a specialist eye hospital [36]. Attendance at follow–up 
clinics was higher in the group receiving SMS reminders 
than in those with standard appointments (91% vs 62%). 
This was associated with more surgeries, laser treatment for 
capsular opacification, prescription of new glasses and 
treatment for ocular hypertension in the intervention 
group, compared with those not receiving these reminders 
(Table 1). No subgroup analysis was reported for the un-
der 5s.

Among pregnant Tanzanian (Zanzibar) women [37–39], 
those given mobile phones in order to receive SMS infor-
mation about antenatal care were more likely to attend four 

or more antenatal care clinics (OR 2.39, 95% CI 1.03–

5.55) and have skilled attendance at delivery (OR 5.73, 

95% CI 1.51–21.81) than those who received routine pre-

natal care. No strong evidence of differences regarding tet-

anus vaccination, intermittent preventive treatment during 

pregnancy and antepartum referral were found (Table 1).

Healthcare utilisation was higher in pregnant Nigerian 

women from health facilities receiving mobile phones com-

pared to women from health facilities without mobile 

phones (OR 1.32, 95% CI 1.15–1.53) [39].

Finally, Simonyan et al. found that health care utilisation 

was higher in Malian children whose health care data and 

diagnosis were collected and transferred using mobile 

phones compared with children whose data were collected 

and transferred using standard methods (OR 2.20, 95% CI 

1.3–3.9) [44].

Ongoing studies

Seven ongoing studies assessing the influence of mHealth 

interventions on maternal and child health outcomes in 

LMIC were identified in the course of the review. Three of 

these are being undertaken in Kenya, one each in Camer-

oon, Ethiopia, India and Mozambique. Six studies involve 
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Figure 6. Meta–analysis of the effect 
of SMS/cell phone intervention vs 
routine prenatal care on exclusive 
breastfeeding for six months based 
on three RCT undertaken in Nigeria 
and China: OR represents the odds 
ratio of effect.

which it would deliver the intended outcomes, and overall 

the studies lacked a common taxonomy for describing the 

type and purpose of the intervention. For example, the term 

‘support’ was sometimes identified with health information 

delivery whereas elsewhere with a more psychosocial inter-

vention. To aid interpretation and comparison we developed 

a framework for classifying the interventions according to 

their purpose, as previously described (see Figure 2). Based 

on our interpretation, the most common use of mHealth was 

for health information delivery, such as nutritional advice [30, 

32, 33,34,37–39,43]. This was followed by reminders, chief-

ly for clinic attendance [34,36,37–39]. The other observed 

categories were mHealth as a communication platform, main-

ly to access support from care providers [35,40]; as a data 
collection platform, to enable birth registration or reporting of 

health indicators [31,44]; for accelerating test result turn-
around times through by–passing the need for physical trans-

portation [28,41]; part of peer–support [30,42]; and as a 

means by which to deliver psychological (therapeutic) inter-

ventions [29].

This systematic review draws on a comprehensive, inclu-

sive and highly sensitive literature search strategy, analyses 

both health and health care utilization indicators; includes 

all legitimate mHealth technologies, covers the full spec-

trum of maternal and infant health and was not restricted 

by language. It has successfully captured the body of quan-

titative comparative studies on mHealth for MNCH through 

analysing a very large initial corpus of studies, and not sim-

ply those specified by the World Bank list of LMIC which, 

our pilot searches revealed, would have excluded key trials 

that we were aware of.

Comparable reviews have lacked such a robust search strat-

egy [18], or have focused on the operational functions of 

mobile technologies rather than their outcomes [19,46]. In 

addition to those described in our introduction, new reviews 

arising after the publication of our protocol have similar lim-

itations: Aranda–Jan and colleagues reviewed a range of 

mHealth studies carried out in Africa using only two data-

pregnant women and one involves children as participants. 
The mHealth interventions in all studies involve SMS or 
voice calls via mobile phones. (see Table s5 in Online Sup-
plementary Document)

DISCUSSION

The current evidence base contains many studies describ-
ing the use of mHealth for supporting MNCH in LMIC but 
comparatively few have robustly evaluated the impacts of 
these interventions on health outcomes in these groups.

The majority of included studies took place in Sub–Saha-
ran Africa and East Asia, while a few were undertaken in 
South Asia and the Middle East. Most studies were at mod-
erate risk of bias. Although heterogeneity between studies 
precluded the calculation of a pooled estimate, mHealth 
interventions did not improve indicators of maternal, new-
born, and child morbidity and mortality, except in one 
study from Tanzania that reported a decreased risk of peri-
natal death with use of SMS for prenatal support during 
pregnancy. However, a meta–analyses of three studies 
judged to be sufficiently homogenous showed that deliver-
ing prenatal breastfeeding interventions using SMS/cell 
phone (vs routine prenatal care) improved rates of initia-
tion of BF within one hour after birth and increased the 
likelihood of EBF for up to six months, although there was 
no strong evidence regarding the giving of colostrum or 
breast milk within three days after birth.

mHealth technologies are increasingly being used to enhance 
health care utilisation, improve the quality of pre– and post–
pregnancy care, and as a means of collecting pregnancy and 
child health data. Some studies showed that mHealth inter-
ventions, particularly those delivered using SMS, were asso-
ciated with increased utilisation of health care, including 
uptake of recommended prenatal and postnatal care consul-
tation, skilled birth attendance, and vaccination.

Most authors did not fully explain the basis of their interven-
tion, in terms of its components or the mechanisms through 
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bases [47], while Hall et al.’s review assessing ‘what interven-
tions work’ for a range of conditions, was limited to two da-
tabases and grey literature [48]. As already noted, although 
Free et al.’s review covered a broad range of mHealth inter-
ventions, the majority of the trials revealed were from high 
income countries [20,21], whilst a systematic review on 
mHealth for LMIC, mentioned in Philbrick’s broader scop-
ing review, is not available for comparison [17].

As with many systematic reviews in the field of eHealth, 
this analysis is limited by the difficulty of interpreting and 
synthesizing complex intervention studies and the variable 
description of interventions across studies. Although 
Labrique et al. developed a taxonomy for categorising dif-
ferent types of eHealth interventions [22], which we con-
sidered at the protocol stage, it did not fit our specific re-
quirement to describe the interventions in terms of their 
purposes, for which the framework in Figure 2 was devel-
oped. Further work is needed to refine and test this with a 
larger body of interventions and to establish how best to 
integrate it with the various other published frameworks 
that exist. Due to the heterogeneity of the interventions and 
study outcomes we were unable to undertake meta–analy-
ses, except in the case of the studies on infant feeding in-
terventions, although this should be interpreted with cau-
tion due to the small number of studies analysed.

Our inclusion of studies from Taiwan is debatable, given 
its relatively high GDP but official status as part of China, 
which, although classified as ‘upper middle’ since 2012, is 
still a developing country. This, and our need to drop coun-
try restrictions from the search strategy due to labeling ef-
fects (eg, Zanzibar vs Tanzania), indicates taxonomic and 
socio–political challenges for systematic reviews of global 
research that warrant further methodological study.

Overall, the quality of studies included in the review was 
moderate, highlighting the importance of improving the 
methodological rigor of future research. For randomised 
trials, there is need for allocation concealment and ade-
quate blinding of outcomes, while the quality of observa-
tional studies will be improved through prospective–de-
signs and adjustment for confounding variables.

Departure from protocol

World Bank Country Classification [25] was used instead 
of United Nations Human Development Index, due to our 

focus on income level rather than other aspects of develop-
ment. The outcomes remain unchanged.

CONCLUSIONS

There is a growing body of research indicating the poten-
tial of mHealth interventions for improving MNCH in 
LMIC, but overall the available evidence is weak and the 
results, in most cases, are too inconsistent to enable robust 
conclusions to be drawn about impacts on patient health 
outcomes. However supportive evidence exists with re-
spect to the use of SMS/cell phones for improving infant 
feeding. Further research, using rigorous methodologies, 
is needed to better establish the effectiveness of mHealth 
interventions in MNCH initiatives in LMIC. In particular, 
trials with quantifiable economic, clinical and long–term 
patient–centred health outcomes are warranted. A number 
of in–progress trials are set to supplement this literature, 
while new research investments hold great promise for the 
development and evaluation of mHealth innovations for 
MNCH and other health priorities [49]. As low–cost smart-
phones begin to penetrate in these regions, a new genera-
tion of mobile Apps is now emerging, which will also re-
quire evidence–based methods to establish their safety, 
efficacy and societal impacts [15,50]. Innovative methods 
of integrating real–time evaluation into these deployments 
will also be essential if the potential evidence to be gained 
from them is to be effectively captured.

Our experience of engaging with this literature during the 
review also supports the common assertion that mHealth 
research projects are typically under–theorised, poorly 
specified and vaguely described. This creates challenges for 
effective evidence synthesis, risks unintended consequenc-
es that cannot be explained, makes replication and scaling 
difficult and hinders the effective translation of research to 
practice. We recommend that mHealth researchers, spon-
sors, and publishers prioritise the transparent reporting of 
interventions in terms of their aims, contexts, modes of de-
livery and presumed mechanisms of impact. Although an-
ecdotal evidence of the benefits of mHealth for MNCH in 
LMIC is compelling, without this level of specification it 
will be difficult to develop robust evidence–based recom-
mendations for policymakers and planners wishing to 
make informed choices about mHealth investments in 
these regions.
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Management of childhood diarrhea among 
private providers in Uttar Pradesh, India

Background In Uttar Pradesh (UP), India, a new initiative to intro-
duce zinc and reinvigorate ORS for diarrhea treatment in the public 
and private sectors was rolled out in selected districts. We conducted 
an external evaluation of the program that included assessing the 
knowledge and practices of private sector providers 6 months after 
the initial program rollout.

Methods We conducted interviews and direct observations among a 
randomly selected group of formal and informal private sector pro-
viders in 12 districts of UP. We calculated summary statistics for re-
ported provider characteristics, diarrhea treatment knowledge and 
preferred treatments, as well as the treatments advised during con-
sultation with a child with diarrhea.

Results We interviewed 232 providers, of whom 67% reported re-
ceiving a diarrhea treatment training/drug detailing visit. In the inter-
view, 14% of providers reported prescribing zinc to all children with 
diarrhea and 36% reported prescribing zinc to more than half of di-
arrhea cases. During direct observation, ORS and zinc were pre-
scribed by 77.3% and 29.9% of providers, respectively. Treatments 
other than zinc and ORS were also commonly prescribed, including 
antibiotics (61.9%) and antidiarrheals (17.5%).

Conclusion Adequate treatment of childhood diarrhea with zinc and 
ORS remains a challenge among private sector providers in rural UP, 
India. Additional training and knowledge transfer activities are need-
ed to curb the overprescription of antibiotics and antidiarrheals and 
to increase the confidence of private providers in advising zinc and 
ORS. In addition, policymakers and program implementers must en-
sure collaborative efforts to target and meaningfully engage informal 
private providers who play a major role in childhood diarrhea treat-
ment in hard–to–reach areas.

Diarrhea is a leading cause of morbidity and mortality among children less 
than 5 years of age in low– and middle–income countries [1]. Most diar-
rheal deaths can be prevented by the simple and effective treatment regi-
men currently recommended by the World Health Organization, which 
includes Oral Rehydration Salts (ORS) to prevent and treat dehydration, 
zinc supplementation for 10–14 days, and continued feeding [2]. The 
availability of ORS has been widespread in India since the 1980s, and yet 
it is only used to treat one quarter of diarrheal episodes [3]. Similarly, de-
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of the project activities in both the public and private sec-

tors.

The overall goal of the private sector activities, which were 

led by FHI360, was to increase ORS and zinc prescribing 

by both formal and informal private sector providers. For-

mal providers included those who had completed govern-

ment–recognized medical degrees (MD/MBBS). Informal 

providers included those with no medical training or cer-

tificates in traditional Ayush (Ayurveda, Yoga & Naturopa-

thy, Unani, Siddha and Homeopathy) medicine. To target 

both groups, FHI360 used a two prong “push – pull” strat-

egy. The “push” focused on changing diarrhea prescription 

practices among key opinion leaders through routine drug 

detailing for informal sector providers and formal training 

sessions for practicing physicians. To execute the “pull” 

component of the strategy, FHI360 recruited and trained 

staff from non–governmental organizations (NGOs) and 

private pharmaceutical companies in adequate childhood 

diarrhea treatment with ORS and zinc. The trained staff 

visited the practices of rural informal private sector provid-

ers to promote and sell ORS and zinc. By providing face–

to–face meetings that included a short information video 

and information materials, FHI360 created demand for ap-

propriate diarrhea treatment.

DAZT evaluation

The external evaluation of the DAZT program aimed to as-

sess the coverage, quality and cost–effectiveness of imple-

mentation efforts through population–based household 

surveys and provider assessments. Additional details of the 

program and the results of the household coverage surveys 

have been published previously [10]. The provider assess-

ment was timed to provide critical information on provid-

er knowledge and behavior early enough to inform and 

enable programmatic adjustments.

Sample size

We generated a probability proportional to size (PPS) ran-

dom sample of 29 tehsils ( ~ 50% of all tehsils) across the 

12 districts in UP. By PPS sampling, the proportion of teh-

sils sampled from each district was equal to the proportion 

of the private provider population operating in that district 

relative to the total informal provider population across the 

12 districts. Using a sampling frame of providers identified 

by FHI360 during implementation of the “push – pull” 

strategy, we randomly selected 8 private providers per teh-

sil to achieve the required sample size of 232. The sample 

size requirement was calculated assuming zinc prescribing 

of 20% at the time of the survey and accounting for 10% 

margin of error, a design effect of 1.365 (personal commu-

nication, S. Taneja) and 15% refusal. Formal and informal 

providers were sampled as one unit.

spite the endorsement of zinc by the Indian Academy of 

Pediatrics (IAP) in 2004 and 2006 and adoption by the In-

dian government [4,5], it was not widely available in the 

public or private sectors in UP prior to implementation of 

the Diarrhea Alleviation through Zinc and ORS Therapy 

(DAZT) program in 2011.

In UP, caregivers of children with diarrhea more common-

ly seek care from private as opposed to public sector pro-

viders [6]. The private sector is comprised of providers 

with formal medical degrees and those practicing in the in-

formal sector, many of whom do not have a license to prac-

tice and thus are not recognized by government. Evalua-

tions of private sector providers in India have found that 

even informal providers are capable of delivering services 

of relatively high quality for basic medical care if knowl-

edge and competency are high [7]. However, a recent pro-

vider assessment using surveys and patient vignettes in Bi-

har, India found a considerable gap between knowledge 

and practice with regard to the treatment of pediatric diar-

rhea [8]. Compared to ORS, zinc is a relatively new addi-

tion to the advised childhood diarrhea treatment protocol, 

and there is a dearth of available evidence on the accept-

ability of zinc among practitioners in rural areas, many of 

whom are removed from formal training resources and the 

influences of pediatric associations promoting national 

guidelines. In rural India, where up to 80% of children are 

brought to the private sector for care [9] and informal pro-

viders may outnumber qualified physicians 10 to 1, it is 

difficult to access high quality and consistent care without 

addressing the importance of the private sector in scaling–

up adequate diarrhea treatment [7].

We present the results of a private sector provider assess-

ment conducted in Uttar Pradesh after the rollout of the 

DAZT program, which aimed to improve diarrhea treat-

ment for children under 5 years of age. The aim of this as-

sessment was to characterize the childhood diarrhea treat-

ment knowledge and practices of both formal and informal 

private sector providers approximately one year after proj-

ect roll–out.

METHODS

DAZT program description

DAZT was a 4–year project (2011 – 2014) supported by 

the Bill and Melinda Gates Foundation, which aimed to 

enhance the uptake of zinc and ORS in rural UP, India. The 

DAZT project aimed to increase the coverage of ORS and 

zinc for treatment of diarrhea among children <5 years of 

age in 12 selected districts. The Johns Hopkins School of 

Public Health (JHSPH), in collaboration with the Society 

for Applied Studies, conducted an independent evaluation 

Diarrhea treatment among private providers in India
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Data collection

We conducted the provider assessment from June –July, 
2012, one year after roll–out of the program in June 2011. 
The survey instruments were developed based on previous 
surveys conducted by the investigators in similar popula-
tions. The survey was carried out by Mindfield Research, 
an experienced research firm based in New Delhi. The team 
was comprised of interviewers with previous interview ex-
perience who were fluent in both English and Hindi and 
comfortable interviewing providers. We conducted train-
ing of the survey team in New Delhi over the course of 3 
days. Training included a thorough review of the survey 
protocol and survey tools, as well as pilot testing of the in-
terview and observation forms using mock interviews and 
mock observations.

The trained survey teams visited the selected tehsils (ad-
ministrative regions denoting sub–districts) according to a 
preset schedule. Interviewers identified the location of se-
lected providers’ shops/clinics and visited multiple times 
on the given day in an effort to find the provider. In the 
case where a provider was not located, the interviewer 
asked at least 3 other providers and/or community leaders 
about the whereabouts of the specified provider. If the in-
terviewer was unable to locate the provider by the end of 
the day, the identified provider was dropped and replaced 
by the next randomly selected provider on the list who was 
from the same tehsil but not the same village; this method-
ology was employed to avoid biasing the sample towards 
easily accessible providers at the village–level.

Interviewers informed selected providers that the purpose 
of the visit was to observe the provider treating a child with 
diarrhea and to subsequently interview the provider about 
the diarrhea treatment practices typically provided. Inter-
viewers obtained informed written consent and then wait-
ed for a caregiver of a child 2–59 months of age to seek care 
for diarrhea. Standard practice was to conduct the obser-
vation before the interview so questions asked during the 
interview would not bias the treatment provided during 
the observation. Prior to the observation, the interviewer 
also obtained verbal consent from the caregiver of the sick 
child. The interviewer remained a silent observer during 
the provider’s interaction with the caregiver and child and 
used a standardized form to log questions on the history of 
the episode and treatments recommended and/or treatment 
referrals. The observation lasted approximately 30 minutes.

The interview portion of the assessment lasted approxi-
mately one hour and included short vignettes describing 
children with a range of diarrheal episode symptoms in-
dicative of varying degrees of severity and comorbidities. 
For each vignette, the provider was asked whether he 
would refer or treat the child and, if he would treat, he was 
asked to describe the advised treatment regimen in detail. 

The survey form was designed to collect categorical re-
sponses, including the option of “other,” in which case the 
interview recorded the exact detailed response given by the 
provider. The interview also consisted of questions on di-
arrhea treatment knowledge and practices and access to 
routinely available ORS and zinc supplies. To ensure con-
fidentiality, all interviews and observed treatment exercises 
took place in private locations in the presence of survey 
team member(s) and the provider alone.

After each day of fieldwork, the survey forms were double 
checked by the supervisor and incomplete entries or logi-
cal errors were corrected by contacting the provider imme-
diately. This process ensured that all final forms were com-
plete and free of logical errors prior to photocopying and 
data entry. The completed surveys were photocopied, with 
one copy sent via a secure courier to the data entry team at 
the Society for Applied Studies in New Delhi and one copy 
remaining with the survey team in the field. If inconsisten-
cies were identified during the data entry process, the sur-
vey team attempted to clarify the issue by revisiting the 
provider if possible.

We received ethical approval from the Johns Hopkins Uni-
versity Bloomberg School of Public Health Institutional Re-
view Board (IRB) and the Society for Applied Studies Eth-
ics Review Committee. All providers signed a full informed 
consent document. All caregivers of observed children gave 
verbal consent.

Statistical methods

We included private sector providers from both the formal 
and informal sectors, representing the breadth of the pri-
vate sector DAZT program in UP. The survey was not de-
signed to detect differences between informal and formal 
sector providers. However, we conducted t tests and χ2 tests 
to determine if there were differences in the sociodemo-
graphic characteristics of the two groups. We also com-
pared exposure to drug seller informational visits about 
diarrhea and recall of having seen a video on diarrhea treat-
ment and/or posters promoting zinc and ORS in the last 6 
months.

Although interviews were conducted for all participating 
providers, observations were not available for those who 
were not visited by a child with diarrhea on the day of the 
assessment. To assess the generalizability of providers who 
completed both observations and interviews to those who 
only completed interviews, we conducted t tests and χ2 
tests of basic sociodemographic characteristics and pro-
gram exposure and found no differences (data not shown). 
We therefore combined both sets of providers for all sub-
sequent analyses on interview data. We generated summa-
ry statistics for providers’ responses to the clinical vignettes 
during the interview and adherence to the current WHO 
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and IAP guidelines for childhood diarrhea treatment dur-
ing the observed consultation [2,5]. All statistical analyses 
were conducted using Stata 12.0 software [11].

RESULTS

Of the 295 private sector providers included in the sample, 
232 (78.6%) agreed to participate in the assessment. Of 
these, 97 were included in both the interview and the ob-
servation and 135 provided information in the interview 
alone (Figure 1). In Table 1, we present an overview of 
the demographics and training of the providers included 
in our assessment stratified by the informal and formal sec-
tor. We also present an overview of the demographics and 
training of the providers included in our assessment strat-
ified by informal vs formal sector. Among all interviewed 
providers, 30.6% had a formal medical degree (including 
MBBS/MD, pharmacy, and nursing) and 69.4% were prac-
ticing as part of the informal sector with either Ayurvedic/
homeopathic training (21.1%) or no recognized degree or 
training program (48.3%).

Ninety–five percent of providers reported prescribing 
drugs/medications but only 89% reported providing diag-
nosis or patient consultation; the remaining 11% only sold 
drugs/medications. In the previous 6 months, 155 provid-
ers (67%) reported they had been visited by someone who 
provided training/information about diarrhea treatment. In 
addition, 84% of private providers reported seeing posters 
advertising zinc for diarrhea treatment. There were no dif-
ferences between formal and informal sector providers with 
regard to having been visited by a drug seller or having seen 
a video about diarrhea treatment in the last 6 months, nor 

were there any difference between the two groups in the 
proportion who had seen a billboard advertising zinc and 
ORS. Because the survey was not designed to compare pro-
vider types and given there were no differences in these 
programmatic indicators, we did not stratify by formal/in-
formal in subsequent analyses.

In Table 2, we summarize provider responses on the diar-
rhea treatments typically recommended during five case vi-
gnettes. For simple acute diarrhea (5 loose, watery stools/d 
for 3 days), providers reported recommending ORS (68.1%) 
and antibiotics (65.9%) most often. However, the propor-
tion reportedly prescribing ORS decreased for the remaining 
four scenarios, each of which represented more severe diar-
rhea. For simple acute diarrhea, 35.8% of providers report-
ed prescribing zinc. In all five scenarios, providers reported 
advising antibiotics more frequently than zinc. As the sever-
ity of the case vignette increased with either signs of dehy-
dration, duration of illness, or accompanying signs and 
symptoms, providers more frequently reported referral in 
lieu of any type of treatment, including life–saving ORS.

When providers were asked specifically about willingness 
and frequency of prescribing zinc and ORS, a small per-
centage reported prescribing zinc to all patients (14%), and 
an additional 36% reported prescribing zinc to at least 50% 
of cases [data not shown]. When asked what circumstance 
would lead a provider to NOT recommend zinc, the most 
common responses were not fully understanding zinc treat-
ment (57.9%) and not having zinc in stock (30.8%). Pro-
viders were asked to recall the duration of zinc treatment; 
15.6% reported duration of at least 10 days, in adherence 
to the current WHO guidelines [2]. Eighty–six percent of 
private providers reported routinely recommending ORS 

Figure 1. Study sample. Asterisk indicates that the information collected from village administra-
tive heads, other providers, and local shops.
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as part of their practice; yet 42.7% of those could not cor-

rectly describe how to prepare ORS. Zinc and ORS were 

in–stock (ie, providers able to show the stocked products) 

for 38% and 69% of providers at the time of the interview, 

respectively.

A direct observation of the provider treating a child 2–59 

months of age with diarrhea was conducted for 97 (42%) 

private providers (Table 3). Of the children treated during 

the observation session, 71% were male children and the 

median age was 24 months. Among the 97 providers who 

participated in the observations, 98% asked at least one 

question with regard to the history of the diarrheal episode. 

Zinc was sold in 16.5% of cases and caregivers were rec-

ommended to go elsewhere for zinc in an additional 13.4% 

of cases. Among the 28 providers who recommended zinc, 

50% gave no reason as to why zinc would benefit the child 

and only three administered the first dose during the treat-

ment session. Providers prescribing zinc gave variable in-

structions on the duration of zinc treatment; 50% recom-

mended zinc for 10–14 days; 18% for 7 days, and 32% 

either recommended zinc for <7 days or did not mention 

duration of treatment. ORS was sold as a treatment in 

56.7% of cases with an additional 20.6% instructed to pur-

chase ORS elsewhere. Of the providers who recommended 

ORS, 50% gave correct preparation instructions. Providers 

commonly prescribed treatments other than zinc and ORS, 

including antibiotics (61.9%) and antidiarrheals (17.5%). 

Twenty–six providers (26.8%) were in compliance with 

current WHO/IAP guidelines and either sold or prescribed 

both zinc and ORS. Only 2 providers sold or prescribed 

zinc without ORS.

DISCUSSION

We conducted a provider assessment of 232 providers from 

both the formal and informal private sectors in UP, India. 

Private providers are the mostly widely sought sources of 

careseeking for pediatric diarrhea in UP; yet there is a 

dearth of information on private, especially informal, pro-

viders and thus it is critical to understand their knowledge 

and willingness to provide appropriate diarrhea treatment, 

including zinc and ORS. We carried out this study using 

short vignettes and direct observations one–year after roll–

out of program implementation, by which time a pharma-

Table 1. Comparison of the characteristics of informal and formal providers

chaRacteRistics infoRmal PRovideRs, 
n=161 (%)

foRmal PRovideRs, 
n= 71 (%)

P–value

Proportion male 161 (100.0) 71 (100.0) –

Mean age in years (SD) 43.6 (12.2) 38.9 (11.4) 0.006

Mean years of education (range) 13.1 (3.0) 15.6 (1.4) <0.001

Proportion who sell drugs/ medicines 150 (93.2) 71 (100.0) 0.024

Proportion who consult and provide a diagnosis for patients 146 (90.7) 60 (84.5) 0.169

Mean years working as a private provider 14.5 (10.6) 11.7 (10.4) 0.059

Mean number of days worked in the last week (SD) 6.4 (1.4) 6.5 (1.1) 0.597

Proportion who recalled an informational visit in past 6 months by any source who spoke about 
pediatric diarrhea treatment

111 (68.9) 44 (62.0) 0.299

Proportion who recalled seeing a video about diarrhea treatment in last 6 months 56 (34.8) 21 (29.6) 0.438

Proportion who have seen posters advertising the use of zinc for the treatment of diarrhea in last 6 

months

136 (84.5) 58 (81.7) 0.598

SD – standard deviation

Table 2. Treatment practices reported by private providers in interview (n = 232)

descRiPtion of a child bRought to you With: tReatments tyPically PRescRibed (no, %)* only RefeR 
(not tReat)

ORS
Sugar – salt 

solution
Increased 

fluids
Zinc Antibiotics Antidiarrheals IV

5 loose/watery stools per day for 3 days 
with no signs of dehydration

158 (68.1) 14 (6.0) 16 (6.9) 83 (35.8) 153 (65.9) 50 (21.6) 1 (0.4) 43 (18.5)

5 loose/watery stools per day for 3 days 
with sunken eyes and lethargic

107 (46.1) 7 (3.0) 9 (3.9) 64 (27.6) 103 (44.4) 24 (10.3) 54 (23.3) 106 (45.7)

4 loose/watery stools per day for 15 days 97 (41.8) 9 (3.9) 7 (3.0) 61 (26.3) 82 (35.3) 25 (10.8) 17 (7.3) 122 (52.6)

The presence of blood in the stools 98 (42.2) 5 (2.2) 10 (4.3) 59 (25.4) 130 (56.0) 40 (17.2) 11 (4.7) 91 (39.2)

Fever, fast breathing, and 3 loose, watery 
stools per day for 3 days

79 (34.1) 5 (2.2) 11 (4.7) 49 (21.1) 93 (40.1) 21 (9.1) 5 (2.2) 128 (55.2)

ORS – Oral rehydration salts

*Multiple responses accepted.
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providers, and none were found to treat diarrhea correctly 
when tested by an unannounced standard patient [8].

Despite IAP Guidelines that do not recommend antibiotics 
for the treatment of acute diarrhea, antibiotics remain the 
first line treatment for most private providers [5]. We ob-
served consistently higher rates of antibiotic prescribing 
compared to zinc. In previous effectiveness studies, zinc 
has been shown to displace the unnecessary overuse of an-
tibiotics [6,12], but this was not observed in our evalua-
tions. The pharmaceutical training provided, as part of the 
DAZT program did not address the unnecessary use of an-
tibiotics nor suggest that zinc could and should replace an-
tibiotics for simple acute diarrhea. Pharmaceutical repre-
sentatives may have been promoting other treatments for 
diarrhea in addition to zinc and ORS, such as antibiotics 
and antidiarrheals. Providers who prescribed zinc typically 
did so in addition to antibiotics and ORS. Only two pro-
viders recommended zinc in the absence of ORS, lessening 
concerns that NGO and pharmaceutical representatives 
might place more attention on zinc than life–saving ORS 
during drug detailing visits. Program planners employed 
the drug detailing approach to build rapport with provid-
ers before challenging their current practices. The visits 
were designed to increase confidence among informal pro-
viders, the majority of whom do not receive routine or for-
mal training. Our results illustrate that the tendency to 
overprescribe antibiotics will not be changed quickly, even 
with the introduction of zinc. More research is warranted 
to determine how to best influence lasting change in pre-
scribing practices; tactics might include group training ses-
sions, incentives, and/or community promotion.

There were several limitations to our study, including the 
failure to conduct observations of all providers. It is pos-
sible that the prescribing knowledge and practices of ob-
served providers are not representative of providers for 
whom an observation was not possible due to logistical 
constraints. We conducted the provider assessment during 
the dry season to facilitate the logistics of data collection, 
but as a consequence of this timing, diarrhea prevalence 
was low in some villages, resulting in less diarrhea care-
seeking. Our data collectors waited at each provider’s prac-
tice for one day but proceeded with the interview alone if 
no child eligible for observation sought care during that 
time frame. We also recognize that there is no gold stan-
dard method for observing providers in practice. Direct 
observation may bias providers to give higher quality 
care—a phenomenon known as the Hawthorne effect. As 
such, we expect the observation results to represent the 
best–case scenario, such that the care given to a child dur-
ing an observed treatment interaction is the highest qual-
ity care the provider is able to give [10]. Lastly, our assess-
ment is also limited by its cross–sectional nature and the 
failure to draw upon repeated measurements across the du-

Table 3. Treatment behaviors of private providers observed 
during the treatment of a child 2–59 months of age with 
diarrhea (n = 97)

PRovideR behavioR no. (%)
Proportion who asked at least 1 question about the 
diarrhea episode:

95 (97.9)

Frequency of diarrhea 53 (55.8)

Character of stool 62 (65.3)

Duration of diarrhea 76 (80.0)

Blood in stool 10 (10.5)

Vomiting 10 (10.5)

Proportion of children given zinc 16 (16.5)

Proportion of caregivers recommended to obtain zinc 
elsewhere

13 (13.4)

Place from where caregiver told to get zinc:

Chemist 12 (92.3)

Did not specify a particular place to go 1 (7.7)

Among providers who advised zinc (gave or referred, 
n = 28)

At least 1 benefit of zinc told to caregiver* 14 (50)

Reduces duration of diarrhea 1 (3.6)

Reduces frequency of stool 6 (21.4)

Reduces stool volume 2 (7.1)

Good for diarrhea 8 (28.6)

Zinc acts a tonic after diarrhea 3 (10.7)

Proportion who demonstrated administering 1st zinc dose 3 (10.7)

Advised to give zinc for:

2–5 days 3 (10.7)

7 days 5 (17.9)

10 days 2 (7.1)

14 days 12 (42.9)

Did not advise duration 6 (21.4)

Proportion who sold ORS during the observation 55 (56.7)

Number of packets sold (n = 55):

1 49 (89.1)

2 6 (10.9)

Proportion who advised caregivers to purchase ORS 20 (20.6)

Benefits of ORS as told by providers to caregivers among 
those advised ORS (n = 71)*

Good for rehydration/prevention of dehydration 36 (50.7)

Good for diarrhea 12 (16.9)

Benefits not told 26 (26.8)

Correct method of preparation advised to caregivers 47 (66.2)

Providers who sold or prescribed zinc and ORS 26 (26.8)

Number of children given any feeding advice 40 (41.2)

Proportion advised medications other than zinc and ORS 87 (89.7)

ORS – oral rehydration salts

*Multiple responses.

ceutical or NGO representative promoting and selling zinc 
and ORS should have visited all providers [12].

It is not surprising that we found providers were more like-
ly to report their intention to prescribe ORS and zinc in the 
short vignette portion of the interview than in the observa-
tion portion of the study. This same discrepancy has been 
observed in Bihar, India in an evaluation of a similar program 
promoting zinc and ORS. Mohanan et al. found poor overall 
knowledge of diarrhea treatment among the 340 included 
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ration of implementation. The evaluation was originally 

designed to assess the knowledge and practices of provid-

ers early in the intervention and then again at the end of 

the program, but the plan was changed mid–course by the 

broader project steering committee. We maintain, however, 

that the results of this one–time assessment are critical be-

cause they shed light on the challenges of changing the be-

havior of rural providers even early in the program imple-

mentation period when training is fresh and stocks are 

largely in place.

The DAZT private sector model mimics the reality of how 

drug information is currently delivered to private provid-

ers through drug detailing visits. The expansion of drug 

detailing to include zinc and ORS thus represents a sustain-

able method, especially for reaching the informal sector 

with critical information and products for adequately treat-

ing childhood diarrhea. The DAZT model has also high-

lighted the challenges in identifying and working with in-

formal private providers who often operate underground 

to avoid government penalties for practicing medicine 

without recognized credentials. However, despite these 

challenges, informal private providers are often the first 

choice of caregivers and thus a worthwhile target of diarrhea 

management programming. If substantive improvements in 

diarrhea treatment are to be made in rural India, improve-
ments in the treatment practices of the informal private sec-
tor will need to be addressed by increasing access to current 
guidelines and providing formal and informal training op-
portunities. Policymakers often resist developing programs 
targeting the informal sector, but denying the role of infor-
mal private providers in treating the rural poor is detrimen-
tal to the overall goal of improved diarrhea treatment for 
young children. Programs like DAZT aim to demonstrate 
that informal providers, including those with little–to–no 
education, can be taught to adequately treat childhood di-
arrheal episodes with ORS and zinc and to recognize the 
signs and symptoms requiring referral. The low–level train-
ing provided to public sector community health workers in 
many countries could be expanded to cover the private sec-
tor in areas where the latter is already providing the major-
ity of care and treatment, such as rural UP. Diarrhea remains 
an important cause of morbidity and mortality among 
young children, especially the poorest and least–served, in 
low– and middle–income countries. Policymakers and pro-
gram planners may not be able to influence the source 
through which children receive care, but collaborative and 
targeted efforts can improve the quality of care children re-
ceive through the most frequently utilized sources, in turn 
improving outcomes for all young children with diarrhea.
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Integration of antenatal care services with 
health programmes in low– and middle–
income countries: systematic review 

Background Antenatal care (ANC) presents a potentially valuable 
platform for integrated delivery of additional health services for preg-
nant women–services that are vital to reduce the persistently high 
rates of maternal and neonatal mortality in low– and middle–income 
countries (LMICs). However, there is limited evidence on the impact 
of integrating health services with ANC to guide policy. This review 
assesses the impact of integration of postnatal and other health ser-
vices with ANC on health services uptake and utilisation, health out-
comes and user experience of care in LMICs.

Methods Cochrane Library, MEDLINE, Embase, CINAHL Plus, 
POPLINE and Global Health were searched for studies that compared 
integrated models for delivery of postnatal and other health services 
with ANC to non–integrated models. Risk of bias of included studies 
was assessed using the Cochrane Effective Practice and Organisation 
of Care (EPOC) criteria and the Newcastle–Ottawa Scale, depending 
on the study design. Due to high heterogeneity no meta–analysis 
could be conducted. Results are presented narratively.

Findings 12 studies were included in the review. Limited evidence, 
with moderate– to high–risk of bias, suggests that integrated service 
delivery results in improved uptake of essential health services for 
women, earlier initiation of treatment, and better health outcomes. 
Women also reported improved satisfaction with integrated services.

Conclusions The reported evidence is largely based on non–ran-
domised studies with poor generalizability, and therefore offers very 
limited policy guidance. More rigorously conducted and geographi-
cally diverse studies are needed to better ascertain and quantify the 
health and economic benefits of integrating health services with ANC.

Electronic supplementary material:  
The online version of this article contains supplementary material.

Since 2005, antenatal care (ANC) coverage has risen considerably world-
wide [1]. The World Health Organization (WHO) estimates suggest that 
during 2005–2012 approximately 80.5% of pregnant women globally, 
including 71.8% of women in low–income countries, had at least one 
ANC visit during pregnancy [1]. ANC provides an opportunity for wom-
en to access effective interventions that reduce risks associated with preg-
nancy and improve their health and well–being, as well as that of their 
progeny. However, while there was considerable progress towards the 
Millennium Development Goals 4 (to reduce child mortality) and 5 (to 
improve maternal health), maternal and neonatal mortality from prevent-
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able pregnancy– and birth–related complications remain 

high, particularly in low– and middle–income countries 

(LMICs) [2]. In 2013, around 289 000 women died during 

and following pregnancy and childbirth–the vast majority 

in low–resource settings [3]. Between one–third and one–

half of these pregnancy–related deaths are due to prevent-

able complications, such as eclampsia and haemorrhage, 

directly related to inadequate care [4]. Additionally, nearly 

three million newborns died during their first month of 

life, in large part due to insufficient provision of postnatal 

care (PNC) [2,5–8]. Lack of PNC not only affects neonatal 

mortality, but also has long–term negative impacts on the 

development of children who survive, as opportunities for 

promoting healthy home behaviours are missed. The un-

acceptably high maternal and neonatal mortality rates in 

LMICs suggest new approaches are needed to expand ac-

cess to ANC, improve the quality of services provided dur-

ing ANC contact, and strengthen continuity and quality of 

care through to the postnatal period.

In most LMICs pregnancy often marks a woman’s first en-

counter with formal health services, and ANC can serve as 

an effective platform for a broad range of health interven-

tions [9], including for the provision of services for condi-

tions that increase the risk of complications during preg-

nancy (eg, malaria, sexually transmitted infections (STIs), 

HIV/AIDS, tuberculosis (TB), tetanus, and malnutrition). 

Integrating ANC with malaria, STIs, HIV/AIDS and TB ser-

vices can also expand the reach of these programmes to a 

broader population [10]. In settings where the prevalence 

of such conditions is high, integrating ANC with cost–ef-

fective services like prevention of mother to child transmis-

sion (PMTCT) of HIV [11], intermittent preventative treat-

ment in pregnancy for malaria, and provision of insecticide 

treated nets [9] would likely improve maternal and child 

health outcomes. The WHO has identified integration of 

ANC with other health services, including PNC, as a key 

strategy for reducing missed opportunities for patient con-

tact and for effectively and comprehensively addressing the 

health and social needs of pregnant women and their chil-

dren, thereby improving maternal and child health [5,8,9].

Integration in health systems is variously defined [12–15], 

referring to establishing joint systems for organisation, fi-

nancing, management, planning and evaluation of health 

programmes at different levels of the health system (from 

health facilities to ministry of health level) to improve the 

efficiency and effectiveness of health systems [16]. Inte-

grated care has also been defined by WHO as “bringing 

together inputs, delivery, management and organization of 

services related to diagnosis, treatment, care, rehabilitation 

and health promotion” in order to “improve services in re-

lation to access, quality, user satisfaction and efficiency” 

[17,18]. The rationale for integrating health services is to 

improve user access to health services across the care con-
tinuum to meet users’ health needs over time [19,20] and 
to create positive synergies among investments in health 
programmes [21].

However, ‘injudicious integration’ may also have harmful 
consequences for already constrained health systems [22]. 
For example, provision of multiple services during a single 
point of contact requires that health care providers be suf-
ficiently trained in all aspects of the services concerned to 
ensure high quality care. But, in resource constrained sys-
tems training can take away health staff from frontline ser-
vices [23]. Furthermore, provision of multiple services 
could stretch the already limited capacity, thus leading to 
long waiting times and hindering access for women who 
have to travel far to reach health facilities. In an attempt to 
reduce workload providers may reduce the time spent on 
consultations, thus compromising service quality.

To date few studies have systematically examined how in-
tegration of ANC with other services could influence 
health outcomes, service access, efficiency, or patient sat-
isfaction [19,24–26]. Evidence to guide policy on the best 
ways to integrate ANC with PNC and other health ser-
vices for pregnant women and integration impact is lim-
ited. This review examines the evidence on how integra-
tion of ANC services with PNC or other health services in 
LMICs affects health outcomes for women and children, 
health care provision (including processes, outputs, ser-
vice quality) and costs. The review analyses ways in which 
the quality of ANC can be improved through integration 
with PNC and other health services. Specifically, the re-
view focuses on the impact of integrated provision of 
ANC services, which can take different forms, such as co–
location of ANC and PNC or other health services with a 
single point of access, through a well–connected referral 
system [27,28], or by merger of services within or across 
a domain of care [29].

METHODS

Criteria for considering studies for this 
review

We followed Cochrane guidelines for systematic reviews 
[30] and included both randomised controlled trials (RCT), 
where randomisation could be at individual or cluster lev-
el, and non–randomised studies (NRS). Non–randomised 
studies are defined in the Cochrane Handbook as quanti-
tative studies that do not use randomisation to allocate 
units to comparison groups, but where allocation occurs 
in the course of usual treatment decisions or peoples’ choic-
es [30]. The NRS that were eligible for inclusion in this re-
view were non–randomised controlled trials (NRCT), con-
trolled before and after studies (CBA), interrupted time 
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We checked the reference lists of all included studies and 
examined the bibliographies of relevant systematic reviews 
and meta–analyses identified during the search.

Data collection and analysis

We performed the selection of potentially eligible studies 
through a staged process. At every stage of the process, two 
authors independently assessed publications for their rele-
vance and adherence to inclusion criteria. TdJ, EA and IGU 
first piloted and refined the selection process in a random 
sample of 100 studies to ensure high inter–rater agreement. 
In the first stage, the authors (TdJ, EA) evaluated publica-
tions for their potential relevance based on titles. Any title 
judged as potentially relevant by either of the authors was 
next assessed for eligibility on the basis of the abstract. All 
abstracts considered potentially eligible by both authors 
were retained for further scrutiny. Due to the large number 
of abstracts, those on which the authors disagreed were in-
dependently reviewed by a third author (IGU) who decided 
on its inclusion into the final round of screening. When no 
abstract was available, the publication was also retained in 
the selection until the full text was acquired and screened. 
In the final stage of screening, two authors (TdJ, EA) re-
viewed the full text of each retained publication to deter-
mine relevance and whether the publication met our inclu-
sion criteria. If a study was published only as an abstract 
(eg, conference abstracts where full manuscript was not yet 
available), we only included the study if there was sufficient 
information presented in the abstract to demonstrate that it 
met the review's inclusion criteria and was of an acceptable 
methodological standard. In the case of disagreement be-
tween the authors, a third author (IGU) acted as an arbiter 
to decide upon the final inclusion.

Data extraction and management

For studies that were deemed eligible for inclusion, we ex-
tracted the data to a standardised form including key infor-
mation such as administrative data (title, author, year of 
publication, country, setting, funding etc.); methods (stated 
study design, data relevant for risk of bias assessment, du-
ration and completeness of follow–up); and information on 
participants, interventions and comparisons. Quantitative 
results for each study were separately extracted to an Ex-
celTM spreadsheet for further analysis; and grouped by out-
come measures as defined in the included studies. Two sep-
arate authors (EA, NZ) extracted the quantitative results, 
with independent verification by a third author (IGU).

Assessment of risk of bias in included 
studies

To assess the risk of bias in the included studies, we used 
standardised tools appropriate to different study designs. 
For RCT/NRCT/cRCT/CBA we used the criteria formulated 

series analyses (ITS), historically controlled studies, cohort 
and case–control studies.

Type of participants

We included studies focusing on pregnant women of all 
ages utilizing ANC services in LMICs.

Type of interventions

We considered any study that described a change from 
‘routine practice’ with the intention to integrate provision 
of ANC services with i) PNC or ii) other health services. 
Integrated service provision models included:

• Co–location of services, using a single point of access;

•  Collaboration between different service providers in-
volved in a woman’s care (eg, in integrated care teams);

•  A well–organised referral system, with follow–up and 
feedback among different service providers.

We considered strategies promoting horizontal integration 
(ie, linking services at the same level of care domain), as 
well as vertical integration (ie, linking services across dif-
ferent levels of care) [29]. For inclusion, however, studies 
had to compare outcomes of the intervention against a con-
trol situation in which a similar set of services was delivered 
in a non–integrated way (ie, additional services were avail-
able to pregnant women, but were not routinely integrated 
into ANC).

Type of outcome measures

We explored the impact of ANC integration on health out-
comes (including health behaviour and health status for 
mother and child, and user experience, such as user satis-
faction) as well as health care outputs (including utilisation 
of services, access, coverage, quality, efficiency and cost) 
for all relevant users and providers, and including any ad-
verse outcomes.

Search methods for identification of 
studies

We searched the Cochrane Central Register of Controlled 
Trials (CENTRAL), Cochrane Database of Systematic Re-
views (Cochrane Reviews), Cochrane Database of Abstracts 
of Reviews of Effects (Other Reviews), MEDLINE (Ovid), 
Embase (Ovid), CINAHL Plus (EBSCO), Global Health 
(Ovid) and POPLINE on January 21, 2014. We used a 
comprehensive search strategy with no language or publi-
cation date restrictions. The search string for MEDLINE, 
which was tailored to each of the databases, is provided in 
Online Supplementary Document. The “integration” 
block was adapted from the search strings used in the Co-
chrane EPOC review of integration of PHC services [31] 
and the “LMIC” block was adapted and expanded from the 
Medline LMIC filter.
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by the Cochrane Effective Practice and Organisation of 
Care (EPOC) Group, which rate each study on nine dimen-
sions, namely: sequence generation; allocation conceal-
ment; baseline outcome measurement; baseline character-
istics of participants; blinding of participants, personnel 
and outcome assessors; contamination; selective outcome 
reporting; and other sources of bias [32]. Each category 
was rated as low–risk, high–risk or unclear.

For cohort designs, case–control studies and historically 
controlled trials, we assessed risk of bias using the New-
castle–Ottawa scale, which contains only eight items and 
is simpler to apply than other checklists for NRS [33]. The 
scale uses a ‘star’ rating system with a maximum of nine 
stars, with ratings assigned in three categories: the selection 
of the study groups (four stars), the comparability of the 
groups (two stars) and the ascertainment of outcome of in-
terest (three stars) (Box 1).

We used odds ratios (OR) as measures of effect for dichot-
omous outcomes. We had planned to use standardised 
mean differences (SMD) for continuous outcomes and 
where the study reported medians, to convert the medians 
to means using the methods proposed in Hozo and others 
[34]. However, for the three studies that reported continu-
ous outcomes, either the standard deviation for the means 
or the ranges for medians were missing, therefore we pres-
ent continuous outcomes as reported in original studies. 
The analysis only used data published in the studies.

RESULTS

In database searches, we identified 6 416 unique citations. 
Of these, 922 titles were considered potentially relevant to 
this review. Of these citations, 842 included abstracts that 
were subsequently reviewed. Among the abstracts, 120 
were considered potentially relevant. For an additional 80 
citations no abstracts were available. These citations were 
all carried forward to the next stage of the screening pro-
cess, in which the full text of the potentially eligible studies 
was reviewed. We retrieved the full text for 177 out of 200 
citations. After screening against the inclusion criteria, we 
identified 14 citations, presenting data for 12 separate stud-
ies, that met all conditions and that were included in this 
review. One article that did not meet the inclusion criteria 
on its own was subsequently added, as it provided addi-
tional information on an already included study. The pro-
cess of screening and selection is presented in Figure 1.

In the study group category one star could be awarded for 
each of the following 4 criteria: a) if the exposed group was 
representative of the average woman seeking antenatal care 
services and, where applicable, additional health services; b) 
if the control group was selected from the same community 
as the integrated services group, c) if the delivery of individ-
ual health services was ascertained from secure records or 
structured interviews, and d) if there was sufficient evidence 
that the outcome of interest was not present at the start of 
the study. In the group comparability category, one star was 
awarded if the study reported no significant differences in 
baseline characteristics. Two stars were awarded if there was 
statistical evidence of no baseline differences across groups 
or if the results were risk–adjusted (by minimum of mater-
nal age). In the outcome category, three stars could be award-
ed if: a) the assessment of outcome was done by independent 
blind assessment or determined from secure records, b) fol-
low–up was sufficiently long; and c) either loss to follow up 
was small (<5%) or if it could be sufficiently demonstrated 
that loss to follow–up was unlikely to have affected findings.

Box 1. The Newcastle Ottawa Scale

Figure 1. Flowchart showing process of screening and selection 
of studies for inclusion.

Assessment of heterogeneity and data 
synthesis

We considered whether it was appropriate to combine the 
studies in a meta–analysis by investigating heterogeneity in 
the methodologies (eg, type of service integration, study 
design setting and outcomes) and results of the included 
studies. As there was significant heterogeneity in the in-
cluded studies and the study results were not expressed 
using consistent effect measures, we narratively summarise 
the findings. We also present the results of included stud-
ies in a Forest plot, but suppressed the pooled estimate, as 
recommended by the Cochrane Handbook [30]. We used 
the Forest plot to facilitate visualisation of the results, par-
ticularly to highlight the varied quality of the evidence and 
heterogeneity of results.
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Description of included studies

Of the 12 studies included in this review, 10 were set in 
Sub–Saharan Africa: three in Kenya [35–39], three in South 
Africa [40–43], two in Mozambique [44,45], one in Zambia 
[46], and one in Malawi [47]. The other two studies were 
set in Asia, namely in Bangladesh [48] and Mongolia [49] 
(Table 1 provides a summary of the included studies). All 

included studies had pregnant women, either with or with-
out their newborns, as the principal study participants. Ad-
ditionally, one article described the impact of integrated ser-
vices from the point of view of health care providers [37]. 
Excluding the latter and one other study in which the num-
ber of participants was not specified [45], the included stud-
ies represented a total of 87 755 participants, with study 
sizes ranging from 164 [40] to 31 526 [46] participants.

Table 1. Summary of included studies

study seRvices 
integRated

setting 
(PaRticiPants)

study design inteRvention descRiPtion contRol descRiPtion outcome measuRes

HIV

Geelhoed 
2013 [44]

ART, 
PMTCT

Mozam-
bique (376)

Controlled 
before–and–
after study

MCH nurses provided all rec-
ommended health interven-
tions applicable to both moth-
er and child, including 
follow–up of HIV–exposed in-
fants and early infant diagno-
sis of HIV, during the antena-
tal, postnatal, family planning, 
growth monitoring, high–risk 
child and vaccination consul-
tations.

In the health care facilities of the 
control group, the same services 
were provided separately, one 
type of services after another, as 
is routine in the Mozambican 
public health care system.

Follow–up of HIV–exposed 
infants (registration, fol-
low–up visits, serological 
testing); MCH attendance; 
Acceptability of integrated 
services to health care pro-
viders.

van’t Hoog 
2005 [39]

PMTCT Kenya 
(8231)

Historically 
controlled trial

HIV pre– and post–test coun-
selling from an ANC nurse–
counsellor; HIV testing at an 
on–site facility. The same 
counsellor also provided rou-
tine ANC preventive interven-
tions like tetanus toxoid and 
sulfadoxine–pyrimethamine.

Opt–in HIV counselling was 
provided in a separate location 
within the hospital complex. 
HIV testing was conducted in an 
off–site laboratory.

Uptake of HIV counselling, 
testing and uptake of NVP.

Kasenga 
2009 [47]

PMTCT Malawi 
(1259)

Historically 
controlled trial

HIV testing and counselling 
services, and later on also 
management of sexually trans-
mitted infections, were inte-
grated within ANC.

Voluntary counselling and test-
ing services were offered 
through a separate VCT unit at 
the outpatient department, 
through an opt–in approach.

Uptake of HIV testing

Killam 
2010 [46]

ART Zambia 
(31 536)

Stepped–
wedge cluster 
non–ran-
domised trial

Eligible women received ART 
in ANC until 6 weeks postpar-
tum and then were referred to 
the general ART clinic.

Women found to be seropositive 
through ANC testing and eligi-
ble for ART were referred to the 
ART clinic, located on the same 
premises as ANC, but physically 
separated and separately staffed.

Proportion of treatment eli-
gible pregnant women en-
rolling into HIV care within 
60 d of HIV diagnosis; Pro-
portion of women initiating 
ART during pregnancy.

Van der 
Merwe 
[40]

ART South 
Africa (164)

Historically 
controlled trial

HIV testing, ART adherence 
counselling and treatment 
preparation took place within 
ANC. Thereafter, women were 
referred to hospital for initia-
tion and follow–up of ARV 
treatment, which, whenever 
possible, was provided by the 
same staff members who be-
gan treatment preparation.

Pregnant women with indica-
tions for ARV treatment were re-
ferred to a hospital located ap-
proximately 1 km away, for 
preparation and initiation of 
treatment and long–term fol-
low–up. These women were 
“fast–tracked” into treatment.

Pregnancy outcomes; Time–
to–treatment initiation; Ges-
tational age at ARV treat-
ment initiation; Time from 
ARV treatment initiation to 
childbirth; Time between 
HIV diagnosis and receiving 
CD4 cell count results.

Ong’ech 
2012 [38]

PMTCT Kenya 
(363)

Prospective 
cohort study

Early infant HIV testing and 
prophylaxis were provided in 
the Maternal and Child Health 
clinic.

Infants were escorted to the 
Comprehensive Care Clinic, 
within the same health facility, 
for all HIV–related services.

Rates of attendance at each 
study visit (9 and 12 mo) and 
receipt of services for: infant 
HIV testing and prophylaxis 
at 6–8 weeks, receipt of im-
munizations at 14 weeks, 
continuation of prophylaxis 
at 6 mo, measles immuniza-
tion at 9 mo, and HIV anti-
body testing at 12 mo.
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study seRvices 
integRated

setting 
(PaRticiPants)

study design inteRvention descRiPtion contRol descRiPtion outcome measuRes

Pfeiffer 
2010 [45]

ART Mozam-
bique 
(unknown)

Retrospective 
cohort study

At integrated sites, HIV–posi-
tive women were referred to the 
ART clinic from ANC services 
within the same health unit.

At vertical sites, HIV–positive 
women were referred to the ART 
clinic from ANC services at oth-
er health units.

Loss to follow–up from re-
ferrals of HIV–positive 
women from PMTCT ser-
vices to ART services.

Stitson 
2010 [42]

ART South 
Africa 
(14 987)

Retrospective 
cohort study

Site 1: ART initiated within the 
antenatal clinic when obstetri-
cians with an HIV specialisa-
tion were on site. Site 2: wom-
en were referred by letter to a 
separate ART service located 
within 100 m of the maternity 
unit on the same premises.

Eligible women at the ANC clin-
ic were referred to another site 
for HIV counselling and opt–in 
testing. ART was delivered at a 
separate primary health care fa-
cility approximately three kilo-
metres from the antenatal ser-
vice, using a referral letter.

Proportion of women who 
received more than 8 weeks 
of HAART; initiation of 
HAART in pregnancy.

Stinson 
2013 [41]

ART South 
Africa 
(14 617)

Retrospective 
cohort study.

See Stinson 2010. See Stinson 2010. Proportion of women who 
initiated ART before deliv-
ery; Time to treatment ini-
tiation.

Turan 
2012 [36]

ART, 
PMTCT

Kenya 
(1123)

Cluster–RCT At the fully integrated sites, 
HIV positive women were 
provided all ANC, PMTCT, 
and HIV services in the ANC 
clinic, including HAART for 
women who were eligible.

In the control (non–integrated) 
clinics ANC and basic PMTCT 
services were provided in one 
visit, with referral to a separate 
clinic in the same health facility 
for HIV care and treatment (in-
cluding HAART if indicated, op-
portunistic infection prophylax-
is, education, and adherence 
counselling).

Baseline data only (aims to 
report HIV–free infant sur-
vival at 6 mo; rates of mater-
nal enrolment in HIV care 
and treatment; infant HIV 
testing uptake at 3 mo).

Vo 2012 
[35] 
(substudy 
of Turan 
2012 [36])

ART Kenya 
(326)

Nested 
cross–sectional 
study

See Turan 2012 See Turan 2012 Satisfaction; Preferred ser-
vice model; average wait 
times.

Winestone 
2012 [37] 
(substudy 
to Turan 
2012 [36]

ART, 
PMTCT

Kenya (36 
providers)

Qualitative 
study

See Turan 2012 See Turan 2012 Provider perceptions of 
quality of care.

Munkhuu 
2009 [39]

Congenital 
syphilis 
testing

Mongolia 
(7700)

Cluster–RCT The one–stop service includ-
ed: (i) on–site screening for 
syphilis using rapid syphilis 
tests at the first antenatal visit 
and at the third trimester of 
gestation; (ii) immediate on–
site treatment for seropositive 
women and their sexual part-
ners; and (iii) pre– and post–
test counselling.

After being admitted to the an-
tenatal clinic, a pregnant wom-
an could visit any District Gen-
eral Hospital or the National 
Center of Infectious Diseases for 
free initial and confirmatory 
syphilis testing. Women testing 
positive would be sent to a ve-
nereologist for appropriate case 
management and follow–up 
control, including contact trac-
ing and counselling.

Uptake of syphilis testing at 
the first visit and third tri-
mester; Receipt of adequate 
treatment (ie, completion of 
3 doses of treatment before 
delivery); Treatment rates 
for sexual partners.

Bronzan 
2007 [43]

Congenital 
syphilis 
testing

South 
Africa 
(1250)

Non–ran-
domised 
controlled trial

On–site antenatal syphilis 
screening

Off–site syphilis screening Percentage of eligible wom-
en who received 1, 2, or 3 
appropriately timed weekly 
doses of penicillin; Accept-
ability of onsite testing to 
nurse clinicians.

Rahman 
2011 [48]

Various Bangladesh 
(20 766)

Controlled 
before–and–
after study

Set of maternal and neonatal 
interventions, following the 
continuum of care approach 
from pregnancy to delivery to 
the postnatal period, with im-
proved links between commu-
nity– and facility–based ser-
vice delivery modes.

In the control areas, women re-
ceive pregnancy, delivery, and 
post–natal care from various 
government health facilities.

Perinatal mortality; Rates of 
facility deliveries and cae-
sarean section.

ANC – Antenatal care; ART – Antiretroviral therapy; ARV – Antiretroviral; HAART – Highly active antiretroviral therapy; PMTCT – Prevention of moth-

er–to–child transmission

Table 1. Continued
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performed at a separate facility. In the comparison groups, 
similar services were usually provided as stand–alone ser-
vices either within the same facility as the ANC clinic or at 
a nearby health facility. These services could be accessed 
by referral from the ANC clinic.

Quality assessment and risk of bias

Of the included studies, only two met the ‘gold standard’ 
of evidence offered by the RCT design. All other studies 
used designs that are generally considered more prone to 
bias and confounding. The risk of bias for six studies (in-
cluding the two RCTs, two CBA studies, one NRCT and 
one stepped–wedge trial) was assessed using the EPOC cri-
teria. Only one of the RCTs described a random method of 
allocation and reported blinding of the study investigators 
[36]. The other RCT provided scant methodological detail 
and the study protocol was not available [49]. Similarly, the 
two CBA studies [44,48], as well as the NRCT [43] also did 
not report sufficient methodological information to assess 
risk of bias. Table 2 provides a summary of the risk of bias 
assessment (using EPOC criteria) of included RCTs, SWTs, 
CBAs and NRCTs.

For the remaining six studies, the risk of bias was rated 
against the three categories of the Newcastle–Ottawa scale. 
Table 3 shows the risk of bias assessment for included NRS 
based on the Newcastle–Ottawa Scale. For the study group 
category, one cohort study [35] and two historically con-
trolled trials [40,47] scored the maximum of four stars; two 
studies (presented in three papers) received three stars 
[39,41,42] and one study failed to provide information on 
all but one of these criteria, receiving 1 star [45]. For the 
group comparability category, no studies received two stars. 
For the outcome category, five studies [35–39,44] reported 
the use of routine clinic and programme records to collect 
data, which may be assumed secure; one study did not re-
port its data source at all [45]. As all included NRS used up-
take and utilisation of services during pregnancy as their pri-
mary outcome, the period of follow–up until delivery was 
considered sufficient for all seven studies. This also meant 

Only two of the included studies involved randomised con-
trolled trials, in both cases with cluster randomisation at the 
level of the health care facility [36,49]. We furthermore in-
cluded one non–randomised controlled trial [43], one 
stepped–wedge cluster non–randomised trial [46], two con-
trolled before–and–after studies [44,48], one prospective 
[38] (1) and two retrospective [41,42,45] cohort studies, 
and three historically controlled trials [39,40,47]. For one 
of the included cluster–RCTs only baseline data were avail-
able at the time of the review [36], however, additional data 
on patient satisfaction with and provider’s perception of the 
intervention were published separately in a cross–sectional 
study [35] and as a purely qualitative study [37].

Description of interventions

Nine of the 12 included studies focused on integration of 
HIV–related services with ANC. Of these, four studies fo-
cused exclusively on integration of antiretroviral therapy 
(ART) for HIV–infected pregnant women with ANC ser-
vices [40,41,45,46], four on measures for PMTCT of HIV 
infection [38,39,44,49], and one on HIV care and treat-
ment services for both mother and child [35–37]. Addi-
tionally, two studies discussed the integration of syphilis 
screening and treatment services with ANC [43,49]. Only 
one study described the integration of services during the 
postnatal care period with ANC services [48]. All of the in-
cluded studies described integration primarily from the 
perspective of delivery of services. While the necessity for 
integration of other health system functions was briefly 
touched upon in the study by Pfeiffer and others [45], this 
was not described as part of the intervention.

In the included studies, integrated delivery of services gen-
erally entailed delivery of multiple services by the same 
health care provider or by an integrated care team, with all 
services provided either within the ANC clinic or otherwise 
within the same premises as the ANC clinic. However, in 
one study [40], only HIV testing and counselling were ful-
ly integrated within the ANC service, whereas initiation 
and follow–up of treatment for HIV–infected women were 

Table 2. Risk of bias assessment (EPOC criteria) of included RCTs, SWTs, CBAs and NRCTs

munkhuu 2009 
[49] (cRct)

tuRan 2012 
[36] (cRct)

killam 2010 
[46] (sWt)

geelhoed 2013 
[44] (cba)

Rahman 2011 
[48] (cba)

bRonzan 2007 
[43] (nRct)

Sequence generation U L H L N/A N/A

Allocation concealment U U H U N/A N/A

Blinding U L L U U U

Complete outcome data L L L N/A N/A N/A

No selective outcome reporting U N/A U U U U

Group comparability L L L U L U

Protection against contamination U L U U U H

Free from other sources of bias L U L U L H

cRCT – cluster–randomized controlled trial, CBA – controlled before–and–after trial, NRCT – non–randomised controlled trial, SWT – stepped wedge 

trial, H – High risk, L – Low risk, U – Unclear, N/A – Not applicable

June 2016  •  Vol. 6 No. 1 •  010403	 100	 www.jogh.org •  doi: 10.7189/jogh.06.010403



V
IE

W
PO

IN
TS

PA
PE

RS

Antenatal care services integration with health programmes

www.jogh.org •  doi: 10.7189/jogh.06.010403	 101	 June 2016  •  Vol. 6 No. 1 •  010403

that “loss to follow–up” was not applicable in most cases, as 
no follow–up beyond the point of recorded uptake of ser-
vices was required. Hence, we did not award any stars in this 
category. Overall, one cohort study [35] and one HCT [40] 
scored seven or eight stars; three studies scored five or six 
stars [39,41,42,47] and one scored just two stars [45].

Uptake and utilisation of health services

Utilisation outcomes for studies that examined integration 
of HIV services were grouped into four main themes: up-
take of counselling & testing, enrolment, treatment initia-
tion and follow–up & attendance. Figure 2 shows a Forest 
plot of uptake and utilisation of HIV services (integrated 
care vs controls) for the included studies.

Three studies reported outcomes related to uptake of testing 
and counselling [38,39,47], suggesting higher uptake of HIV 
testing in integrated clinics [39,47]. Treatment initiation was 
higher in integrated clinics: one of the studies which did not 
find an effect had a very small sample size [47], and more 
recent outcomes from the same study as Stinson 2010 re-
ported positive effects [41]. Effect on uptake of services and 
treatment initiation could not be estimated in Ong’ech and 
others, as all PCR testing and co–trimaxazole initiation was 
complete in both intervention and control groups. In the 
CBA study [44,48], there was an improvement in follow–up 
of HIV–exposed infants (registration, follow–up visits, sero-
logical testing) in both groups, but the progress could not be 
attributed to integrated MCH services and difference–in–dif-
ference estimates were not provided. Only one study report-
ed on uptake of other services (immunisations for HIV in-
fected infants) and follow–up care (attendance at PNC 
appointments, and continuation with prophylaxis), and sug-
gested that integrated HIV services improved continuity of 
care for HIV infected infants [38].

For HIV–services, three studies reported on timeliness of 
treatment initiation or treatment duration at delivery 

[40,41,46]. Time to receiving test results and time to treat-
ment initiation were shorter in integrated delivery models 
than in control groups in all three studies. Duration of ART 
before delivery and gestational age at ART initiation were 
comparable across integrated and control service delivery 
models. Table 4 summarises the findings from the includ-
ed studies on the timeliness of treatment initiation.

Two studies reported uptake and utilisation of services af-
ter integration of syphilis screening to ANC services 
[43,49]. Syphilis screening coverage was universal in the 
integrated model at the first antenatal visit, and was still 
significantly higher during the third trimester as compared 
with the control group; therefore, case detection was also 
higher in the intervention group. Appropriate treatment for 
patients with syphilis and their partners also improved in 
the integrated care delivery models. Figure 3 shows a For-
est plot of the results of uptake and utilization of syphilis 
screening services (integrated care vs controls) for the in-
cluded studies.

Only one study reported outcomes relevant to integrating 
ANC to PNC; however, the study examined a multifaceted 
service delivery intervention involving strengthening both 
community and facility based care, as well as implement-
ing evidence–based care [48]. While ANC coverage, facil-
ity delivery, and caesarean section rates were significantly 
higher in the post intervention period, the progress may 
not be attributable to the intervention.

Health outcomes

Three studies reported health outcomes (Figure 4 shows 
a Forest plot of health outcomes, as measured by odds of 
adverse health outcomes in integrated care vs controls) 
[40,48,49]. The results were not pooled due to heteroge-
neity in type of service integration. One study found that 
both stillbirths and neonatal deaths were lower in regions 
where an integrated package of strengthened ANC and 

Table 3. Risk of bias assessment for included NRS based on the Newcastle–Ottawa scale

ong’ech 2012 
[38]

PfeiffeR 2010 
[45]

stinson 2010, 
2013 [41,42]

kasenga 2009 [47] 
(hct)

van deR meRWe 
2006 [40] (hct)

van’t hoog 2005 
[39] (hct)

Study group:

Representativeness  –    

Selection of control   –   

Exposure  –    –

Baseline  –    

Cohort comparability:  –  –  –

Outcome:

Assessment methods  –    

Follow–up      

Loss–to–follow–up* – – – – – –

Total 7 stars 2 stars 6 stars 6 stars 7 stars 5 stars

*As all included NRS used uptake and utilisation of services during pregnancy as their primary outcome, no follow–up beyond the point of recorded 

uptake of services was reported. We therefore did not award any stars in this category.
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Figure 2. Uptake and utilisation of HIV services (integrated care vs controls). (1) HIV testing within ANC; (2) Infant DBS–PCR testing 
at 6–8 weeks; (3) Pre–test counselling; (4) Post–test counselling; (5) HIV testing within ANC; (6) Enrollment to HIV–care within 60 
days of diagnosis; (7) Women registered for HIV care <30 days post–test (missing data, contact); (8) Nevirapine at delivery; (9) ART 
initiation during pregnancy; (10) Infant CTX initiation at 6–8 weeks (100% success in intervention group); (11) ART; (12) HAART; 
(13) Nevirapine uptake; (14) Measles immunization at 9 months; (15) Oral polio vaccine at 14 weeks nths; (16) Complete vaccina-
tion by 12 months; (17) DPT vaccine at 14 weeks; (18) 90–day retention among patients initiating ART; (19) 9–month postnatal 
visit; (20) 6–month postnatal visit; (21) Continuation of CTX prophylaxis at 6 months; (22) 14–week postnatal visit, (23) 12–month 
postnatal visit; (24) HIV antibody test at 12 months.

PNC services was delivered by community health workers, 

as compared with usual government care, and the adjusted 

odds ratio (OR) for perinatal deaths in intervention settings 

was 0.74 (95% confidence interval (CI) 0.62–0.88) [48]. 

The numbers of HIV–infected infants born to HIV+ moth-

ers and those with congenital syphilis also were lower 

where testing and counselling were integrated to ANC ser-

vices [40,49].

User experience

Data on user experience with and preferences regarding 
integrated care were collected in one sub–study of a cluster 
randomised trial of HIV–integrated services [35,36]. In ad-
justed models, overall user satisfaction with care was asso-
ciated with a preference for integrated services (odds ratio, 
OR = 2.03, 95% CI 1.07–3.85), and attending an integrat-
ed clinic (OR 10.34, 95% CI 2.08–51.3). Interactions be-

tween HIV status and integration suggest that integration 

improved HIV–infected women’s satisfaction with their 

overall clinic experience, while it did not have an effect on 

HIV–uninfected women [35]. One study reported on the 

satisfaction of caretakers for HIV–infected infants in inter-

vention and control groups, but did not provide any data 

[38]. At the end of one year of follow–up, there was no dif-

ference in satisfaction with the integrated vs usual care 

models.

Two studies reported on user satisfaction for the interven-

tion groups only [44,49]. For one–stop integrated MCH 

services for HIV–infected infants, health care providers re-

ported high satisfaction and “a subjective feeling of in-

creased effectiveness” [44]. Over 86% of women attending 

two antenatal clinics in Ulaanbaatar, Mongolia, strongly 

agreed or agreed that they preferred receiving syphilis test-

ing in the same place as ANC, allowing them to get same–
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day results and receive counselling and treatment from 

ANC providers. 80% were satisfied with the one–stop ser-

vice, but 38% found the rapid testing stressful and less con-

fidential. Most providers were also satisfied with integrated 

services, not reporting any significant problems or that 

syphilis counselling and treatment interfered with routine 

antenatal care [49]. Providers report, however, that inte-

grated services lead to high staff workloads [44,49].

DISCUSSION

We found 12 studies that compared delivery of health ser-

vices integrated into ANC with other, non–integrated, 

models of delivery of the same set of services. Our review 

finds some, albeit limited, evidence that integrated delivery 

results in improved uptake and utilisation of these services. 

Increased uptake of testing (HIV and syphilis) and PMTCT 
services, and earlier initiation of ART for HIV–infected 
mothers were, in turn, associated with lower rates of con-
genital infection with HIV and syphilis. In general, women 
also reported improved satisfaction with integrated servic-
es. These findings support the view that integrating addi-
tional health services into ANC can result in improved ac-
cess to and uptake of essential health services for pregnant 
women. However, the reported evidence is largely based 
on non–randomised studies with moderate– to high–risk 
of bias, and therefore should be interpreted with caution.

Overall completeness and applicability of 
evidence

This review adds to a growing body of literature on inte-
gration of specific services into antenatal care settings, such 

Figure 4. Health outcomes (odds of adverse health outcomes in integrated care vs controls). (1) Perinatal mortality, adjusted; 

(2) Number of HIV infections among infants born to HIV+ mothers; (3) Number of congenital syphilis cases.

Figure 3. Uptake and utilization of syphilis screening services (integrated care vs controls). (1) Coverage at 1st antenatal visit; 
(2) Coverage at 3rd trimester; (3) Cases at 1st antenatal visit; (4) Cases at 3rd trimester; (5) At least one appropriately timed penicillin 
dose/week; (6) One appropriately timed penicillin dose/week; (7) Two appropriately timed penicillin doses/week; (8) Three appropri-
ately timed penicillin doses/week; (9) Adequate treatment; (10) Partner treatment.
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Table 4. Timeliness of treatment initiation

measuRe integRated contRol P–value

Duration of ART before delivery (weeks):

Killam 2010 [46] Mean (SD) 10 (N/A) 11 (N/A) NS

van der Merwe 2006 [40] Median (IQR) 7 (3.9–11.2) 5 (2–10) NS

Gestational age at ART initiation (weeks):

Killam 2010 [46] Mean (SD) 22 (N/A) 22 (N/A) NS

van der Merwe 2006 [40] Median (IQR) 32 (28–35) 33.5 (31–36) 0.042

Stinson 2013 [41] Median (IQR) 31 (28–34) 30 (27–34) NS

Time to receiving CD4 cell count (days):

van der Merwe 2006 [40] Median (IQR) 29 (11.5–45) 50 (22–92) 0.047

Time to treatment initiation (days):

Stinson 2013 [41] Median (IQR) 36 (N/A) 59 (N/A) <0.001

van der Merwe 2006 [40] Median (IQR) 37 (22–63) 56 (30–103) 0.041

SD – standard deviation, IQR – interquartile range, N/A – not applicable, NS – not significant

as PMTCT [11,19,26] and HIV services [25]. Of special in-
terest is the review by Tudor Car [24], which looks at the 
effect of integration of perinatal PMTCT interventions 
aimed at reducing MTCT of HIV. It bases its findings on 
five studies, of which four were included in this review. It 
found that “there is very limited, non–generalisable evi-
dence of improved PMTCT intervention uptake in inte-
grated PMTCT programmes.” A separate review by Linde-
gren and others looked at the impact of integrating HIV 
services with Maternal, Neonatal and Child Health 
(MNCH) services [25]. The focus of the review by Lindgren 
and others different from ours in that it looked at integra-
tion of HIV services into ANC, but also considered the re-
verse (ie, integration of ANC services into HIV services), or 
integration of both types of services into a pre–existing set 
of services. Across these different forms of integration, Lin-
degren and others found that for most studies integration 
had an apparent positive impact on reported outcomes. 
Several studies included in the review by Lindegren and 
others reported mixed or no effects, and one study report-
ed negative outcomes due to providing integrated services 
[25]. These findings are generally consistent with those re-
ported in our review.

Strikingly, the large majority of studies (nine out of 12) we 
retrieved concerned the integration of HIV–related servic-
es, in particular PMTCT and ART, into ANC. Two other 
studies dealt with integration of syphilis screening into 
ANC. However, we found no studies on integration of, for 
example, screening and treatment for other STIs, tubercu-
losis, malaria, non–communicable diseases or mental 
health issues into ANC that met the inclusion criteria. 
Whilst this emphasis on HIV is perhaps understandable in 
the context of countries with a high burden of HIV, this re-
view reveals that there are few studies that have explored 
the potential of using ANC contacts as an entry point for 
health care services for women. This apparent deficiency 
was previously also addressed by Kerber and others, who 

noted that even in countries with good coverage of ANC 
services, coverage of effective interventions such as PMTCT 
remains low [5]. Since ANC often represents the most im-
portant, if not the only, point of contact a woman in LMIC 
has with formal health care services, our findings demon-
strate lost opportunities for providing essential preventive 
and curative services.

Furthermore, the almost complete absence of studies look-
ing at the potential benefits of integrating PNC services 
with ANC underscores the insufficient attention given to 
PNC in general, and suggests continued fragmentation of 
the continuum of maternal and child health care, particu-
larly in the crucial post–partum period. As Kerber and oth-
ers remarked, this fragmentation of the continuum suggests 
a “consensus has not been reached on a minimum package 
of postnatal interventions, with the strategies and mix of 
skills that are necessary for delivery.” [5] This is a critical 
shortcoming that urgently needs to be addressed.

Only two of the included studies explicitly addressed the 
potential drawbacks of service integration and its impact 
on service quality, noting that integrated delivery of servic-
es could theoretically lead to inadvertent disclosure of HIV 
status as HIV–infected women would require longer ap-
pointments than non–infected women [37], and could re-
sult in unnecessary treatment if the new service model re-
quires easier–to–use but less accurate testing techniques 
[49]. One study found that nurses considered the impact 
of integration on their workload acceptable [44]; no other 
impacts on the health system or other health services were 
discussed. This limited attention to the impact of integra-
tion on service quality and on the wider health system is 
cause for some concern. Decisions on whether or not to 
integrate specific services should be based on system–wide 
consideration of all potential costs and consequences, in-
cluding unintended ones. However, the studies included 
in the review did not estimate costs and economic conse-
quences of integration.
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Potential biases and limitations

This review has four main limitations. First, although we 

used a robust and tested search strategy, it is nonetheless 

possible that we missed relevant studies. However, com-

parison with other reviews with a similar scope (ie, integra-

tion of services into maternal and child health care) 

[11,24,25,50], validates our strategy as we retrieved all rel-

evant titles cited there.

Second, we were unable to retrieve the full text for 23 pub-

lications that we considered potentially eligible based on 

their titles and, where available, abstracts. Many of these 

were published in national or regional journals, often in 

languages other than English. Whilst this may have skewed 

our findings towards studies set in Anglophone countries 

and those published by European and North American re-

searchers, it should be noted that out of the 23 missing 

studies only three were published from 2000 onwards. By 

comparison, all included studies were published in 2005 

or later. We therefore consider it unlikely that many of the 

missing studies would have been eligible for inclusion, or 

that this could have had a significant effect on our overall 

findings.

Third, a potentially more important source of information 

not reported here is formed by programme evaluations that 

have not been published in the peer–reviewed literature, but 

have been prepared by funding institutions and implement-

ing organisations. These additional data are included in a 

separate publication [51], which more generally discusses 

barriers and enablers to integration of services into ANC.

Fourth, as our review focused specifically on the impact of 

a service delivery model in which services were integrated 

into ANC, we required studies to compare findings to a 

service model in which the same, or a similar, set of ser-

vices was provided in a non–integrated fashion. Without 

such a comparison it would not have been possible to dis-

tinguish between outcomes due to the availability of the 

services themselves, and those related to their mode of de-

livery. As a result, we excluded studies in which services 

that had not been previously available were directly intro-

duced into the ANC setting. This applied in particular to 
PMTCT services. Also studies that did not clearly describe 
whether services had been previously available or, if so, 
how these were delivered, had to be excluded. This limited 
our evidence base to studies that very explicitly compared 
service delivery models, despite the fact that others also 
discussed similar integrated services.

CONCLUSIONS

Implications for policy and practice

This review highlights the potential for improving maternal 
and child health care by integrating additional services with 
antenatal care, capitalising on the opportunities presented 
by relatively high rates of ANC coverage in many LMICs to 
develop integrated, evidence–based and cost–effective in-
terventions with common delivery strategies for target pop-
ulations [5]. The content and complexity of such a service 
package should be informed by the local health system ca-
pacity and epidemiological context and can evolve over 
time. However, care should also be taken to minimise the 
risks involved, such as potential deterioration of service 
quality and patient satisfaction, or overburdening frontline 
health workers.

Implications for research

There is a large evidence gap on the possible impacts for 
uptake and utilisation of essential services and health out-
comes from integration of services with ANC. What little 
evidence is available is of insufficient quality to allow for-
mulation of policy recommendations for other LMICs that 
may benefit from integration of health services. There is a 
clear need for more rigorously conducted studies, ideally 
involving comparison between different service delivery 
models with random allocation. However, additional qua-
si–experimental studies, and demonstration projects com-
plemented by modelling studies, could also provide valu-
able insights in this area and in particular should help in 
understanding the role of contextual factors in achieving 
specific outcomes.
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Patterns and determinants of antenatal care 
utilization: analysis of national survey data in 
seven countdown countries 

Background Antenatal care (ANC) is critical for improving maternal and newborn 
health. WHO recommends that pregnant women complete at least four ANC vis-
its. Countdown and other global monitoring efforts track the proportions of wom-
en who receive one or more visits by a skilled provider (ANC1+) and four or more 
visits by any provider (ANC4+). This study investigates patterns of drop–off in use 
between ANC1+ and ANC4+, and explores inequalities in women’s use of ANC 
services. It also identifies determinants of utilization and describes countries’ ANC–
related policies, and programs.

Methods We performed secondary analyses using Demographic Health Survey 
(DHS) data from seven Countdown countries: Bangladesh, Cambodia, Cameroon, 
Nepal, Peru, Senegal and Uganda. The descriptive analysis illustrates country varia-
tions in the frequency of visits by provider type, content, and by household wealth, 
women’s education and type of residence. We conducted a multivariable analysis 
using a conceptual framework to identify determinants of ANC utilization. We col-
lected contextual information from countries through a standard questionnaire com-
pleted by country–based informants.

Results Each country had a unique pattern of ANC utilization in terms of cover-
age, inequality and the extent to which predictors affected the frequency of visits. 
Nevertheless, common patterns arise. Women having four or more visits usually 
saw a skilled provider at least once, and received more evidence–based content 
interventions than women reporting fewer than four visits. A considerable propor-
tion of women reporting four or more visits did not report receiving the essential 
interventions. Large disparities exist in ANC use by household wealth, women’s 
education and residence area; and are wider for a larger number of visits. The mul-
tivariable analyses of two models in each country showed that determinants had 
different effects on the dependent variable in each model. Overall, strong predic-
tors of ANC initiation and having a higher frequency (4+) of visits were woman’s 
education and household wealth. Gestational age at first visit, birth rank and pre-
ceding birth interval were generally negatively associated with initiating visits and 
with having four or more visits. Information on country policies and programs 
were somewhat informative in understanding the utilization patterns across the 
countries, although timing of adoption and actual implementation make direct 
linkages impossible to verify.

Conclusion Secondary analyses provided a more detailed picture of ANC utiliza-
tion patterns in the seven countries. While coverage levels differ by country and 
sub–groups, all countries can benefit from specific in–country assessments to prop-
erly identify the underserved women and the reasons behind low coverage and 
missed interventions. Overall, emphasis needs to be put on assessing the quality 
of care offered and identifying women’s perception to the care as well as the bar-
riers hindering utilization. Country policies and programs need to be reviewed, 
evaluated and/or implemented properly to ensure that women receive the recom-
mended number of ANC visits with appropriate content, especially, poor and less 
educated women residing in rural areas.
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Antenatal care (ANC), defined as the care provided to a 
woman during her pregnancy, is an essential component 
of reproductive health care. ANC can serve as a platform 
for the delivery of highly–effective health interventions that 
can reduce preventable maternal and newborn deaths 
[1,2]. ANC services offer pregnant women an entry point 
to the health care system, providing appropriate screening, 
intervention and treatment throughout pregnancy, and en-
couraging women to seek a skilled birth attendant for their 
delivery [3]. Furthermore, using ANC allows women to re-
ceive information about improving maternal health through 
proper nutrition and self–care during pregnancy; and 
throughout the postpartum period, such as the benefits of 
exclusive breastfeeding and counseling on family planning 
methods [4].

The current World Health Organization (WHO) recommen-
dation is that each woman receives a minimum of four goal–
oriented or focused ANC visits for low–risk deliveries, to be 
supervised or attended by a skilled ANC attendant [4]. The 
timing of the first visit should be before 16 weeks of preg-
nancy, the second visit should be between 24 and 26 weeks, 
the third visit between 30 and 32 weeks, and the fourth vis-
it between 36 and 38 weeks [5]. WHO defines a thorough 
set of essential elements for each visit (Box 1).

Coverage of ANC has been used globally as one of the in-
dicators to track progress towards Target 5.B (achieving 
universal access to reproductive health by 2015) under 
Millennium Development Goal 5 (MDG 5) to improve ma-
ternal health [12]. The official ANC indicators for global 
tracking are: (1) the proportion of women with a recent live 
birth who report at least one ANC visit with skilled health 
personnel (ANC 1+); and (2) the proportion of women 
with a recent live birth who report at least four ANC visits 
with any provider (ANC 4+) [12].The Countdown to 2015 
for Maternal, Newborn and Child Survival, a global move-
ment that tracks coverage for evidence–based interventions 
in 75 countries that account for more than 95% of mater-
nal and child deaths [13], also reports on the ANC 1+ and 
ANC 4+ indicators.

There have been numerous studies of the determinants of 
ANC use in low– and middle–income countries. Fewer 
studies have examined the determinants of use by frequen-
cy of antenatal care visits, comparatively, and through in-
ferential analyses [14-21]. There have also been several 
analyses of equity in utilization of ANC services. Relevant 
articles stratify utilization by urban/rural place of residence 
[16,22–24], and less frequently, by mother’s education 
[15,25], wealth [15,26], income [25], and ethnicity [25]. 
However, little is known about the frequency of ANC visits 
in general, especially as a comparative presentation across 
countries. No previous study, to our knowledge, has exam-
ined utilization in terms of what the globally measured 

ANC indicators might be missing with respect to associa-
tions between women’s characteristics and their patterns of 
visits. Moreover, qualitative studies, or studies that use both 
qualitative and quantitative methods, are fewer in number 
[27]. These studies focus on contextual aspects such as the 
presence of health care workers in the community, avail-
ability of affordable care, household characteristics and per-

Box 1. The evolution of World Health Organization guidelines 
for antenatal care visits

The concept of antenatal care originated in Europe in the 
early decades of the 20th century. It is believed that the ANC 
model and the recommendations set at that time formed 
the foundation for ANC programs worldwide. The model 
indicated that visits should begin around 16 weeks of ges-
tation, followed by visits at 24 and 28 weeks, then fort-
nightly visits until 36 weeks, and finally, weekly visits until 
delivery [6].

This ‘Western model’ was implemented for developing coun-
tries without taking into consideration contextual factors, 
which are especially important in low–resource settings [7]. 
WHO therefore developed a new model of ANC, consisting 
of a reduced number of visits and specifying the evidence–
based interventions to be provided at each visit, including: 
assessment of the pregnant woman; screening for pre–ec-
lampsia, anemia, syphilis, and HIV; provision of preventive 
measures such as checking of iron and folate dosage, tetanus 
toxoid immunization, anti–malarial precautions, and advice 
on labor or danger signs; advise on proper self–care, nutri-
tion, and substance abuse; and counseling on the importance 
of family planning [5]. These recommendations are referred 
to as “focused” or “goal–oriented” ANC. Clinical evidence at 
the time the recommendations were released indicated that 
health outcomes were similar for women who received the 
four focused visits and women who received standard ANC 
with more visits [7,8].

Dowswell and colleagues [6] in an updated Cochrane sys-
tematic review using new methods of assessment, showed 
a statistically significant increase in perinatal mortality in 
low– and middle–income settings among women who re-
ceived focused ANC compared to women who received 
standard ANC. In a 2011 statement, WHO acknowledged 
this and planned to provide updated guidelines for ANC 
based on their findings to be generated from additional sec-
ondary analyses [9]. The results of a secondary analysis 
looking at the WHO ANC trial were published in 2013, 
again showing a substantial increase in perinatal mortality 
among women receiving the focused ANC compared to 
those receiving the standard package, especially between 
32 and 36 weeks of gestation. However, the findings also 
showed high levels of heterogeneity between the popula-
tions in the trials, and suggested that differences in perina-
tal mortality between the control and intervention groups 
could be attributed to different settings, populations or 
even quality of care received [10]. The WHO is re–evaluat-
ing its ANC guidelines, an exercise which is expected to be 
completed by the end of 2015 [11].
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ceived distance from the health care facility, waiting time 

at the facility [27], women’s perceptions about ANC, and 

their experiences, attitudes, beliefs and perceived need for 

services [27,28].

For this paper, we purposely selected a limited number of 

Countdown countries to examine and understand the un-

derlying patterns of ANC utilization that are not revealed 

when relying solely on the globally measured ANC indica-

tors. We identify whether a significant drop–off in utiliza-

tion occurs after a certain number of visits. We also de-

scribe the number of ANC visits by the type of provider, 

and the content received overall during ANC. We examine 

the coverage of ANC by three measures of inequality. Fi-

nally, we use several environmental, population and indi-

vidual characteristics to analyze utilization patterns in the 

selected countries. In addition, contextual information on 

policy and program structure was collected from the se-

lected countries for the purpose of improving understand-

ing of ANC coverage levels and drop off.

DATA AND METHODOLOGY

Data

The selection of countries was based on several criteria with 

the desire to have six to seven Countdown countries from 

different world regions, each with a Demographic Health 

Survey (DHS) in 2010 or later. We chose countries with ex-

treme coverage levels (high or low) of ANC 4+, ANC 1+ and 

skilled birth attendance. We also selected a couple of coun-

tries identified as priority countries for eliminating mother–

to–child transmission of HIV (list of the Countdown coun-

tries in Table S1 in Online Supplementary Document). The 

seven selected Countdown countries are Bangladesh, Cam-

bodia, Cameroon, Nepal, Peru, Senegal and Uganda.

Data for our analyses were obtained from nationally–rep-

resentative household surveys conducted under the DHS 

program [29]. Information on the number of ANC visits 

for the most recent live birth in the five years preceding the 

survey for each woman in the sample was found in the 

women’s individual questionnaire. Women who responded 

“don’t know” or had a missing response were excluded 

from the analysis. Missing variables found in responses to 

the other variables we chose for our descriptive and infer-

ential statistics were handled similarly and observations 

were dropped from the analysis (proportions of missing 

varied between variables in each country and across coun-

tries but never exceed a proportion of 0.7% of the total 

sample size per country). The following DHS surveys were 

used for the analyses presented in this work: Bangladesh 

2011, Cambodia 2010, Cameroon 2011, Nepal 2011, Peru 

2012, Senegal 2010, Uganda 2011.

Methodology

The bulk of this study consisted of a thorough descriptive 

analysis to unpack the ANC indicators. We analyzed ANC 

visit frequency by type of provider reported and by content 

interventions received. In each survey, women were asked 

to list the providers they saw during any ANC visit. We cat-

egorized women who reported having ANC into those who 

saw a skilled provider for at least one visit and those who 

saw unskilled providers only (the list of providers in Table 

S2 in Online Supplementary Document). We selected a 

limited number of evidence–based content interventions 

that should be routinely administered during ANC visits 

and data usually available through DHS: blood sample tak-

en, blood pressure taken, urine sample taken and being 

told about pregnancy problems. In Bangladesh, only being 

told about pregnancy problems was available, as the other 

questions were not asked. We examined differences in con-

tent received among women who saw a skilled provider vs 

those who saw only an unskilled provider, and the pattern 

of content received by wealth quintile. We charted the fre-

quency of visits by gestational age at first ANC visit (by tri-

mester). In Bangladesh, no data were collected on this vari-

able. We also investigated inequalities in utilization of ANC 

visits by three dimensions of inequality, specifically, wom-

en’s education (none, primary, secondary, and higher), 

household wealth quintile (five wealth quintiles from poor-

est to richest as defined by DHS) and the area of residence 

(rural or urban). We described the differences in propor-

tions of women’s reported frequency of visits by each of the 

three dimensions.

To identify the determinants that affected women’s choices 

in initiating ANC and the seeking patterns among women 

who reported receiving ANC, we adopted Anderson’s Be-

havioral Model for Healthcare Use [30], specifically four 

components of the model and a selection of 15 determi-

nants (Figure 1). Anderson’s Behavioral Model has been 

used extensively to understand utilization in different 

health care settings [32]. Numerous studies have made use 

of this conceptual model to study the determinants of an-

tenatal care utilization [17,19,32,33]. We assessed the fac-

tors that influence the frequency of ANC visits for two com-

parisons: those reporting no visits vs those reporting one 

or more visits; and those reporting one to three visits vs 

those reporting four or more visits. After examining the bi-

variate relationships between each determinant and the de-

pendent outcomes, we performed multivariable logistic re-

gression analyses. Using the strategy of hierarchical entry 

of variables [34], we first included the external environ-

ment factors into the models to assess their association with 

the outcome variable. Using backward elimination we ex-

clude factors not significant (P < 0.05) at the level being en-

tered, one at a time, starting with the variable with the 
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highest P–value. We re–ran the models until all the vari-
ables at the level being entered were significant. After look-
ing at the model with environmental variables only, we 
added the predisposing characteristics to the models fol-
lowed by a reapplication of the backward elimination pro-
cedure. The enabling factors and the need factors were then 
added to the models using similar procedures.

We analyzed the data with Stata (StataCorp. 2013. Stata 
Statistical Software: Release 13; College Station, TX: Stata-
Corp LP) using the ‘svy’ prefix to take into account the 
complex sample design, including sampling weights and 
clustering.

Collection of information on ANC–related 
national policies and programs

We collected information on policy and programming for 
ANC in each of the seven countries by identifying a gov-
ernment official, researcher and/or non–governmental or-
ganization (NGO) staff knowledgeable about current and 
past ANC policy and programs and willing to assist. Each 
key informant was encouraged to contact additional re-
source persons as necessary and to provide the research 
team with copies of relevant documents. We developed and 

provided informants with a self–administered standard. 

Topics covered in the questionnaire included information 

on country policies and guidelines, with details on recom-

mended timing, number and content of ANC visits. Addi-

tional information requested included the locations of ANC 

service provision in each country, the types of providers, 

incentives for women to seek care, user fees, incentives for 

providers, communication or social marketing around 

ANC, and how the ANC service is organized. Most ques-

tions were open–ended, and a final question asked for any 

additional comments from the informant on how uptake 

of ANC services might be improved. To assist the informant 

in filling out the questionnaire and for verification purpos-

es, each country questionnaire included pre–completed de-

scriptive information from the latest country DHS or other 

publication, when available.

One member of the research team reviewed global policies 

relevant to ANC, compiled results from the country ques-

tionnaires, reviewed documents provided by key infor-

mants and others found through online searches. Follow–

up with key informants was made to provide missing 

information or to resolve discrepancies. Descriptive sum-

maries and tables were completed for each country along 

Figure 1. The conceptual framework based on Anderson’s Behavioral Model of Healthcare Use and the corresponding determinants 
used in our secondary analysis [31]. Source: Anderson 1995 [31]. i Age at woman’s most recent birth was calculated by subtracting 
the last child’s date of birth from the woman’s date of birth divided by 12. iiReligion was categorized as dominant religion and other 
religions. iiiHousehold wealth quintile is made up of five wealth quintiles from poorest to richest as constructed by DHS where each 
quintile represents 20% of the households in the study sample. ivThe variable ‘who decides about woman’s health care’ is categorized 
as: woman alone, woman & partner, partner alone, someone else.vGestational age at first ANC visit was grouped into trimesters. 
viBirth rank was categorized as: 1st – 2nd birth, 3rd – 4th birth, 5th birth or more. viiPreceding birth interval was grouped into: first birth 
(no interval), less than 2 years interval, 2–3 years interval, more than 3 years interval.
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Figure 2. Percentage of women who had a live birth in the five years preceding the DHS surveys reporting zero to more than nine 
ANC visits for their most recent live birth, and mean of ANC visits among all these women (95% confidence intervals), in seven 
Countdown countries.
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with an overall summary of findings. Results were shared 

with the research team and used in analyzing the country 

results.

RESULTS

The seven countries we selected for this secondary analysis 

are Bangladesh, Cambodia, Cameroon, Nepal, Peru, Sen-

egal and Uganda. The un–weighted sample sizes of women 

aged 15–49 years in each country were: 7319 (ever–mar-

ried women only) in Bangladesh; 6421 women in Cambo-

dia; 7576 women in Cameroon; 4079 women in Nepal; 

7991 women in Peru; 8008 women in Senegal and 4818 

women in Uganda.

Descriptive analysis

Table 1 describes the proportions of women reporting one 

or more and four or more ANC visits with a skilled pro-

vider or any provider. With the exception of Bangladesh 

and Nepal, 85–96% of the women reported at least one 

ANC visit with a skilled provider. In Bangladesh, around 

one–third of the women reported not receiving any ANC. 

The proportion of women who reported four or more vis-

its ranged from 48% to 63% in five of the seven countries. 

Bangladesh was at the low end, with 24% and Peru stood 

out with 94%. Despite the fact that the globally measured 

ANC indicators are not fully comparable, because the ANC 

1+ indicator refers to visits with a skilled provider and ANC 

4+ refers to visits with any provider, it is important to note 

that in five out of the seven countries, over 90% of the 

women who reported receiving four or more visits with any 

provider also reported receiving at least one visit with a 

skilled provider (Table 1).

The distribution of number of ANC visits varies from coun-

try to country, as shown in Figure 2. Peru has the highest 

mean (7.6); Cameroon and Cambodia have a mean of just 

over four reported ANC visits. The distributions in Bangla-

desh and Peru represent two extremes, with a right skewed 
distribution in Bangladesh (35% of women with no visits) 
and a left skewed distribution in Peru (nearly no women 
reporting zero ANC visits). Most women who reported no 
ANC visits reside in rural areas, are in the two poorest quin-
tiles of their national populations, and have less than a pri-
mary school education (data not shown).

We present the cumulative distribution of ANC visits by 
provider type and the relative decline in proportions of 
women across the visits in Figure 3. In Bangladesh, Cam-
bodia, Cameroon and Peru, the proportions of women who 
reported receiving ANC appears to gradually decrease as 
the number of visits increases. In Senegal and Uganda, 
there seems to be a pronounced drop off between three and 
four or more visits; in Nepal this noticeable drop off occurs 
between four and five visits. Similar to the results in Table 

1, most women reported receiving care from a skilled pro-
vider during one or more ANC visits. The relative decline 
in the proportion of women who reported receiving care 
from unskilled providers decreased faster than the relative 
decline of the proportion of women who reported receiv-
ing care from skilled providers, as the reported number of 
visits increased.

We show the percentage of women receiving selected con-
tent interventions during any ANC visit among women re-
porting one to three or four or more visits in Figure 4. 
Women who reported four or more visits reported receiv-
ing at least one content intervention more than women re-
porting one to three visits, even though the increase in pro-
portions varied across countries and among interventions; 
this pattern is also visible after stratifying the percentage of 
women receiving content by type of provider reported (Ta-
ble S3 in Online Supplementary Document) However, a 
considerable proportion of women who reported the rec-
ommended four or more ANC visits did not receive any of 
the essential interventions at least once. Women who re-
ported receiving ANC services and seeing a skilled provid-
er at least once, seemed to report receiving more content 

Table 1. Percentage of women who had a live birth in the five years preceding the DHS surveys who reported one ANC visit with a 
skilled provider and four or more visits with any provider or skilled provider for their most recent live birth, in seven Countdown 
countries

one oR moRe anc 
visits With any 
PRovideR (%)

anc 1+ (With a 
skilled PRovideR) (%)

anc 4+ (With 
any PRovideR) (%)

fouR oR moRe anc visits 
With a skilled PRovideR* (%)

Women RePoRting anc 4+ With any PRovideR 
and PResent as a subset among Women RePoRting  
anc 1+ With a skilled PRovideR (%)

Bangladesh 2011 64.6 51.7 23.9 19.9 83.4

Cambodia 2010 89.6 89.1 59.6 59.4 99.7

Cameroon 2011 85.4 84.9 62.9 62.7 99.7

Nepal 2011 84.9 58.2 50.1 40.0 79.8

Peru 2012 98.4 96.0 94.4 92.2 97.6

Senegal 2010 95.8 93.2 51.2 50.2 98.1

Uganda 2011 95.7 94.8 48.5 48.1 99.3

DHS – Demographic Health survey, ANC – antenatal care

*At least one visit of the four or more visits is with a skilled provider.

Saad–Haddad et al.
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Figure 3. Cumulative percentage of women who had a birth in the five years preceding the DHS surveys by number of ANC visits and 
type of provider for their most recent live birth, in seven Countdown countries.
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Figure 4. Percentage of women receiving content interventions during any ANC visit among women reporting one to three ANC visits 
or four or more ANC visits for their last live birth in the five years preceding the DHS survey, in seven Countdown countries.
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interventions than women who received care from un-
skilled providers (Table S3 in Online Supplementary Doc-
ument). Stratification of women’s reported content by 

household wealth quintile (Table S4 in Online Supple-

mentary Document), showed that as women’s wealth sta-

tus increased, so did their proportions of reporting receipt 

of content interventions at least once during any visit.

We looked at gestational age at first ANC visit among wom-

en who reported receiving ANC visit for their most recent 

birth in the five years preceding the DHS survey. The re-

sults show that women who had their first ANC visit dur-

ing the first trimester reported a higher number of visits 

overall (Figure S5 in Online Supplementary Document). 

In Cameroon and Uganda, the proportion of women who 

made their ANC debut during the second trimester is high 

relative to other countries. Nearly 40% of women in Cam-

eroon and around half of the women in Uganda started 

ANC during their second trimester. In all seven countries, 

the proportion of women who report starting ANC in the 

third trimester is around 5% with the exception of Uganda, 

where 13% of the women report receiving ANC for the first 

time in the third trimester; these women generally report 

three or less visits.

We present the distribution of women who reported re-

ceiving ANC visits by household wealth quintile in Fig-

ure 5. Wide disparities in the proportions of women re-

porting utilization exist across the wealth quintiles, except 

in Peru and Uganda. Top inequality exists where women 

in the richest wealth quintile are much better off than the 

rest; bottom inequality exists where women in the poor-

est wealth quintile are worse off than the rest of the wom-

en [35]. Inequality patterns differ by country. In Bangla-

desh, ANC utilization patterns clearly show top 

inequality, whereas in Cambodia and Nepal a pattern of 

top inequality begins to emerge only as the number of 

visits increases. The greatest disparities among countries 

are found in the proportions of women’s reported visits 

by educational level (Figure S6.A in Online Supplemen-

tary Document). Women with the highest level of edu-

cation report the highest proportions of visits. A pattern 

of top inequality emerges as the number of visits increas-

es in all countries except Peru, where the inequality by 

woman’s education is minimal and linear. Inequalities also 

exist in ANC utilization by place of residence (Figure S6.B 

in Online Supplementary Document). In all seven 

countries, women living in urban areas reported higher 

proportions of visits compared to their counterparts re-

siding in rural areas. As a result of the drop off in utiliza-

tion in Senegal and Uganda (Figure 2), the proportions 

of women who reported four or more visits show a con-

siderable decline across all the wealth quintiles, educa-

tional levels and by urban–rural residence, in addition to 

a noticeable widening of the gap across categories of the 
three stratifiers as the number of visits reaches four or 
more ANC visits.

Model–based results

In the multivariable analysis, we sought to identify deter-
minants of ANC initiation in Model A (zero visits vs one or 
more visits), and of frequency of visits in Model B (one to 
three visits vs four or more visits). Within each country, 
determinants predicting initiation of care and frequency of 
visits differed somewhat, except in Bangladesh where sim-
ilar determinants predicted the outcome measures in both 
models at relatively similar odds ratios (OR). We present 
the results of Model B for the seven countries in Table 2; 
the results of model A and B for each country are found in 
in Tables S7A–G in Online Supplementary Document. 
When we entered the external environment factors, initial-
ly, place of residence had a significant effect on ANC in both 
models in all countries, except Uganda; however, as the 
subsequent levels were added to the models place of resi-
dence became insignificant. The exceptions are Bangladesh 
and Senegal where women residing in rural areas were less 
likely to report at least one visit, in Model A (OR: 0.67 and 
0.62, respectively) and less likely to report four or more 
visits in Model B (OR: 0.52 and 0.74, respectively), com-
pared to women residing in urban areas. Generally, among 
women’s predisposing characteristics, educational level was 
the strongest predictor of the outcome measures. In Peru, 
Senegal and Uganda, educational level was significantly 
positively associated with initiation of care (in Model A) 
only. In Bangladesh, Cambodia, Cameroon and Nepal, hav-
ing any level of education significantly increased the odds 
of initiating ANC and having a higher frequency of visits, 
compared to having no level of education. Woman’s age at 
last birth became less significant as the determinants from 
other levels were added into the Models. The only age 
group which recorded a significant effect on the outcome 
measures was the 20–34 years age group, where women in 
this age group in Cambodia, Nepal and Uganda were more 
likely to report having at least one ANC visit compared to 
women who were less than 20 years old (odds ratios ORs: 
1.58, 1.54 & 1.62, respectively). While in Cambodia, 
Cameroon and Peru, women aged 20–34 were more likely 
to have four or more visits compared to women who were 
less than 20 years old (ORs: 1.43, 1.57 & 2.48, respective-
ly). The effect of the other ‘predisposing’ characteristics 
(woman’s occupational status, religion and marital status) 
were generally not significantly related to women’s report-
ed frequency of visits. Within the enabling resources, cur-
rent partners’ education affected the outcome measures 
positively in several countries. In Bangladesh, having a sec-
ondary or higher education and in Cambodia and Nepal 
having a secondary education increased the odds of initiat-
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Figure 5. Percentage of women who had a live birth in the five years preceding the DHS surveys by number of ANC visits 
and household wealth quintiles, in seven Countdown countries.



V
IE

W
PO

IN
TS

PA
PE

RS
Saad–Haddad et al.

ing care (Model A) and the odds of having four or more 
visits compared to women whose current husbands have 
no education. Household wealth was the strongest predic-
tor of the outcome measures in this level. Household 
wealth was positively associated with reporting four or 
more visits in all countries. The richest quintiles presented 
odds ratios of 2.4 to 6.1 and 1.7 to 3.1 compared to the 
poorest in Models A and B, respectively; with Senegal hav-
ing the highest effect–odds ratio of 7.7 in Model A and Ban-
gladesh having the highest effect–an odds ratio of 4.1 in 
Model B. Decision regarding the woman’s health care was 
only significant in Cameroon (Model A), Nepal (both mod-
els) and Peru (Model B) and had a negative effect on the 
outcome measure. In the fourth and final hierarchical lev-
el, the “need” factors, women whose gestational age at ini-
tial visit was in the second or third trimester were signifi-
cantly less likely to have four or more visits compared to 
women who had their initial visit in the first trimester. Birth 
rank had a significant negative association with initiation 
of ANC in Cambodia and Nepal; in Bangladesh, Peru and 
Senegal the negative effect of birth rank is significant at the 
5th birth or higher. Birth rank is also negatively associated 
with the frequency of ANC visits among women’s 5th birth 
or more in Bangladesh, Cambodia, Nepal, Peru and Sen-
egal. Preceding birth interval was a strong predictor of the 
outcome measure in both models in Bangladesh, Cambo-
dia, Cameroon and Nepal showing a negative association.

Descriptive review of ANC–related national 
policies and programs

Each of these seven countries has its own set of national 
policies, strategies and guidelines around health–related is-
sues and ANC, specifically. Tables 3 and 4 summarize the 
information obtained through the questionnaire. Countries 
vary widely in terms of their ANC–related policies, pro-
grams, standards, and guidelines. Here we use selected ex-
amples to explore how these variations may have affected 
the ANC utilization patterns presented in the descriptive 
and multivariable analysis above. We describe this link 
with caution, because our data sets are not sufficiently com-
plete or quantitative to determine directional causality.

Bangladesh and Peru, at the two extremes of ANC 1+ and 
ANC 4+ coverages among these seven countries, have com-
prehensive guidelines and policies related to ANC. Al-
though, ANC utilization is relatively low in Bangladesh, 
trends in coverage of ANC 1+ and ANC 4+ have been in-
creasing steadily since the early 1990s [13]. Unlike Bangla-
desh and the other five countries, the Peruvian government 
goes beyond the WHO guidelines of four ANC visits and 
recommends a minimum of six scheduled visits.

Both Senegal and Uganda show a distinct drop–off in ANC 
utilization between the third and fourth visits. In Senegal, 

several reproductive health–related policies were either up-
dated or developed between 2002 and 2005, and one of 
the changes included moving from a standard of three to 
four ANC visits. In Uganda, the government has adopted 
a four–visit, focused ANC approach, and recently intro-
duced guidelines addressing HIV/AIDS and prevention of 
mother–to–child transmission that refers to ANC as a plat-
form for care and treatment. However, the reported num-
ber of visits by gestational age during the first ANC visit 
(Table S5 in Online Supplementary Document) showed 
that 66% and 13% of Ugandan women report initiating 
care during their second and third trimester, respectively, 
which inevitably means there is less time to complete the 
recommended number of visits prior to childbirth. The re-
sults of Uganda’s multivariable analysis also show that as 
the gestational age at first ANC visit increases, women are 
significantly less likely to report receiving four or more 
ANC visits compared to three or fewer.

In Nepal, the proportion of women receiving care only 
from an unskilled provider was the highest among the sev-
en countries, followed by Bangladesh. Our contextual in-
formation showed that both these countries had clear 
guidelines permitting unskilled providers to offer certain 
ANC services. The National Medical Standards for Reproduc-
tive Health guideline, adopted by the Nepali government in 
2009, states that in the absence of a skilled birth attendant 
in the facilities serving rural areas, a maternal and child 
health worker or a health assistant (categorized as unskilled 
providers in our study) can provide ANC services [36]. 
With 90% of our sample of Nepali women residing in rural 
areas, high proportions of women may have only had ac-
cess to unskilled providers offering ANC services. Further-
more, some reports from Nepal refer to unskilled providers 
such as health assistants, auxiliary health workers, mater-
nal and child health workers, and village health workers as 
trained professionals [37]. In Bangladesh, similar to Nepal, 
the majority of women reside in rural areas (around 75% 
of our sample), which are served by a complex network of 
public health facilities offering ANC services by skilled and 
unskilled providers. At community level, providers now 
considered unskilled for ANC, historically provided ser-
vices at primary facilities and household level through both 
government and non–government agencies [38].

DISCUSSION

The globally–measured ANC indicators, ANC 1+ and ANC 

4+, need to be accompanied by more detailed analysis of 

ANC utilization patterns in each country in order to un-

pack the underlying factors and inequalities that play a role 

in women’s uptake of ANC services.

We intentionally selected countries for analysis from differ-

ent world regions and with varying levels of ANC 1+, ANC 
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Table 3. Summary of policies and programs related to ANC, in seven Countdown countries

selection of national Policies and theiR RefeRence to anc Policies & effoRts to tackle 
inequities

anc–Related camPaigns oR 
communication effoRts

Bangladesh National Maternal Health Strategy–2001:
•   Specifies the supply of equipment for ANC, the delivery of care and a 

monitoring checklist.
•  Outlines interaction with pregnant women and their families to ensure 

ANC uptake and popularization of service delivery mechanisms as well 
as the use of ANC for birth preparedness.

Health, Population and Nutrition Sector Development Plan (HPNSDP), 2011–
2016:
•  ANC mentioned as a key service in emergency obstetric care needs and 

management.
•  Specifically mentions distribution of folic acid/and iron supplementa-

tion.
National Plan of Action for Adolescent Sexual and Reproductive Health, 2013:
•  Specifically published to tackle the major concern of teenage pregnan-

cies which make up around 30% of adolescents aged 15–19 y old.

The HPNSDP–2011–2016 pri-
oritizes the improvement of 
ANC by:
•  Emphasizing maternal, new-

born, child and adolescent 
health interventions/services 
in urban slums, hard to 
reach and low performing 
areas.

•  Prioritizing areas of high ma-
ternal mortalities and geo-
graphically & socially disad-
vantaged population.

Available through various 
types:
•  Television and radio pro-

grams.
•  Mass communication dur-

ing the Safe Motherhood 
days when ANC is promot-
ed along with other servic-
es.

•  Posters and pamphlets 
available at health facilities.

Cambodia Health Sector Strategic Plan for 2008–2015:
•  Plans to scale up access to and coverage of health services, especially 

comprehensive reproductive, maternal, newborn and child health ser-
vices.

Safe Motherhood Clinical Management Protocols for Referral Hospital–June 
1013 & Safe Motherhood Clinical Management Protocols for Health Centre–
July 2010:
•  Provide technical updates regarding frequency of ANC visits (from 2+ 

to 4+), timing (as early as knowing the missing period), and additional 
services (screening).

The Health Sector Strategic Plan 
– 2008–2015 has pro–poor 
policies including:
•  Pro–poor health financing 

systems
•  Exemptions for the poor
•  Expansion of the health eq-

uity funds
•  Health insurance

To promote early ANC visits 
an ANC campaign took place 
in 2009 using both mass me-
dia and interpersonal com-
munication in selected geo-
graphical areas.

Cameroon Prenatal care centres (Soins Prenataux Recentres)–2006
•  Includes change from the focus on the number of visits to the quality 

of the visit.
Prevention of Mother to Child Transmission of HIV–November 2008

A project initiated by the 
World Bank in 14 districts to 
test performance–based fi-
nancing addresses some as-
pects of inequity.

No specific efforts noted

Nepal National Health Policy – 1991:
•  Adopted the safe motherhood approach with the Safe Motherhood Pro-

gram being a priority.
Safe Motherhood Policy–1996:
•  Focuses on improving maternal health in a holistic way
National Policy on Skilled Birth Attendants NPSBA)–2006
National Medical Standard for Reproductive Health–2009:
•  An updated version of the National Maternity Care Guidelines (NMCG) 

which was released in 2006.
•  A standard reference document for essential clinical materials and tools 

in support of patient care using the latest evidence in maternal and neo-
natal care.

•  Uses the concepts of focused antenatal care.
•  Emphasis is on every pregnant woman being at risk, birth preparedness 

and complication readiness, providing quality rather than quantity of 
antenatal care.

No specific efforts noted. •  The Government imple-
mented a communication 
strategy.

•  ANC–related messages are 
broadcast through radio.

Peru Comprehensive Health Insurance (The Seguro Integral de Salud (SIS)) – 2001:
•  Aims to protect the health of Peruvians who do not have health insur-

ance, prioritizing those vulnerable populations who are in poverty or 
extreme poverty.

Budgeting for results (Presupuesto por Resultados) – 2008:
•  It proposes action based on critical problem solving and includes Stra-

tegic Programs such as the one for Mother and Newborn (which was 
established for women in extreme poverty & no health insurance).

Technical document: National Strategic Plan for Reduction of Maternal and 
Neonatal Mortality (RN No. 207–2009)
Technical Guides: Intervention Model to improve Access, Quality and Use of 
facilities that provide obstetric and neonatal functions (RM No. 223–2009/
MINSA)
•  provides strategies to improve availability, accessibility and use of fa-

cilities.
Technical Standard for the comprehensive care of maternal health (RM No. 
827–2013/MINSA)
•  Establishes the technical requirements and administrative procedures, 

based on scientific evidence, that allow to deliver quality care in prepa-
ration for pregnancy, refocused prenatal care, institutional and skilled 
delivery care and postpartum care.

•  The Seguro Integral de Salud 
(SIS)–2001

•  The Mother and Newborn 
Strategic Program

•  The Technical Standard for 
Vertical Delivery with Atten-
tion to Intercultural Adaption: 
intended to improve access 
for Andean and Amazonian 
women of childbearing age.

•  The establishment of Mater-
nal Waiting homes to in-
crease access to delivery care 
in health facilities.

Different media used to com-
municate importance of ANC
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selection of national Policies and theiR RefeRence to anc Policies & effoRts to tackle 
inequities

anc–Related camPaigns oR 
communication effoRts

Senegal National Program for the Prevention of Maternal Mortality (Programme Na-
cional de Prevention de la Mortalite Maternelle)–1990
Politique de Santé et d’Action Sociale (Health Policy and Social Action)–1995
•  Placed reproductive health as one of the cornerstones.
Population Policy Statement (Déclaration de Politique de Population)
•  Established in 1998 & updated in 2002 to be consistent with the ICPD.
National Program of Reproductive Health (Programme Nacional de santé de 
la Reproduction)–2002
A multi–sectoral roadmap
•  Developed to accelerate the reduction of maternal and neonatal mortal-

ity in order to achieve MDGs 4 & 5.

The national strategy for all 
women of reproductive age has 
elements for making services 
available to all–geographically, 
financially, socio–culturally, 
and to all religious groups 
through:
•  Increasing points of service 

delivery.
•  Provision of minimum pack-

age of reproductive health 
services at health facilities.

•  Adjusting the fees/costs ac-
cording to people’s abilities 
to pay.

•  Government conducted 
nationwide scale up cam-
paign with radio and televi-
sion spots on malaria pre-
vention with SP and use of 
ITNs.

•  NGOs support this cam-
paign by broadcast general 
messages on antenatal care 
through local–community 
radio.

Uganda The National Policy Guidelines and Service Standards for Sexual and Repro-
ductive Health and Rights–2012 (3rd update)
•  Sets rules and regulations governing reproductive health services in-

cluding antenatal services
•  Outlines tasks that guide service provision and describe aspects of ANC 

services
•  Emphasizes integration of services such as access to services for sexu-

ally transmitted infections and HIV/AIDS services at the ANC clinic
Integrated National Guidelines on Antiretroviral Therapy, Prevention of Moth-
er to Child Transmission and on Infant & young Child feeding–2011
•  Facilitates integration of services and to promote a family–centered ap-

proach for HIV and AIDS care and treatment.
•  ANC is recognized as a platform for this care and treatment.

A voucher scheme for preg-
nant women is being piloted in 
a few areas.

•  Radio messaging on partic-
ular aspects of ANC, eg, 
malaria prevention and 
prevention of mother to 
child transmission of HIV

•  Some projects in limited 
geographic areas have used 
phone text messages to 
ANC clients

ANC – antenatal care, SP – sulfadoxine–pyrimethamine, ITN – Insecticide–treated bednet, NGO – non–governmental organization, ICPD – Interna-

tional Conference on Population and Development, MDG – Millennium Development Goals, HIV – human immunodeficiency virus, AIDS – Acquired 

Immune Deficiency Syndrome.

Table 3. Continued

4+ and skilled birth attendance coverage. Skilled birth at-

tendance is lowest, at 32% and 36%, in Bangladesh and 

Nepal, respectively [13]; in addition to having the lowest 

proportions of one or more and four or more ANC visits, 

our results also showed that these two Asian countries re-

ported the highest prevalence of ANC provision by an un-

skilled provider. However, local definitions of what consti-

tutes a skilled provider seem to vary in these two countries 

as described in the descriptive review of national policies 

and programs.

Nevertheless, the majority of women in the seven Count-

down countries reported receiving care from a skilled pro-

vider at least once. The reported content interventions, on 

the other hand, require more attention. Even in Peru, 

where over 90% of women reported receiving four or more 

visits, evidence–based content was highest relative to oth-

er countries yet not universal. Regardless of countries’ di-

verse settings, women who reported four or more ANC 

visits, who received care from a skilled provider at least 

once and were better off in terms of household wealth, re-

ported receiving a higher proportion of each of the four 

content interventions. Similar results were also presented 

by Hodgins et al (2014), who looked at DHS data on con-

tent interventions of ANC visits from countries [31]. In 

their analysis, the proportion of content interventions (out 

of eight) among women who reported four or more visits 

ranged from 32% to 85% in the 41 countries and the over-

all average was 60% [31]. These relationships need to be 

explored further at the country level to understand wheth-

er content interventions are not being provided during 

ANC visits or are being postponed to later during the preg-

nancy, resulting in missed opportunities for women who 

report a low number of visits. Or, on the contrary, the per-

ceived usefulness and quality of the interventions offered 

at health care facilities may play a role in women’s decisions 

about whether to return for subsequent visits. We did not 

consider the health care facilities providing the ANC ser-

vices in our quantitative analysis, yet this may play an im-

portant role in women’s ANC utilization patterns especial-

ly if the quality of care is perceived as poor. Powell–Jackson 

and colleagues looked at the quality of ANC services in the 

private commercial sector, private not–for–profit sector, 

public sector and home from DHS data in 46 low– and 

middle–income countries [39]. The content of care score 

was worst in home–based care, where women received the 

least number of ANC services, followed by both the public 

and private commercial sectors with similar scores and the 

private not–for–profit had the highest ANC content score. 

The researchers conclude that the private commercial and 
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Table 4. Summary of national standards and guidelines for ANC, in seven Countdown countries

Recommended numbeR of anc 
visits

PRes-
ence of 
guidelines 
foR visit 
content

WheRe anc seRvices aRe 
PRovided

Who PRovides the anc seRvices PResence of useR fees incentives foR Women’s 
utilization

Bangladesh Follows the WHO 
recommendation:
•  1st visit: before 16 

weeks.
•  2nd visit: 24–28 weeks.
•  3rd visit: 30–32 weeks.
•  4th visit: 36–38 weeks.

Present Provided at both 
private sector and 
public sector (primary, 
secondary and tertiary 
facilities) and through 
NGOs. Home–based 
ANC may be provided 
in rural areas.

In urban areas and the 
private sector, doctors 
usually provide ANC. In 
rural areas there is a wider 
array of skilled and 
unskilled providers who 
offer ANC services.

No public sector 
fees. Private 
facilities charge 
fees for service.

In some Upazila 
Health Centers 
(public facilities) 
patients receive 
transportation cost.

Cambodia Follows the WHO 
recommendation:
•   1st visit: before 16 

weeks (or as soon as 
possible after a missed 
menstrual period).

•  2nd visit: 24–28 weeks.
•  3rd visit: 30–32 weeks.
•  4th visit: 36–38 weeks.

Present Provided at health 
centers (primary 
facilities) or hospitals 
(tertiary level).

Types of providers & 
services are the same in 
urban and rural public 
facilities. Services in private 
facilities depend on ability 
to pay. ANC services are 
generally provided by 
midwives.

Public facilities 
have user fee 
schemes. Private 
sector facilities 
have a fee–for–ser-
vice.

Some schemes offer 
indirect incentives 
through:
•  Health equity 

fund
•  Voucher scheme 

linking ANC 
services to other 
MCH services.

Cameroon Recommends four visits:
•  1st visit at 1–16 weeks 

amenorrhea.
•  2nd visit at 28 weeks.
•  3rd visit at 32 weeks.
•  4th visit at 36 weeks.

None  
provided

Present at all health 
facilities.

Providers do not vary 
according to public/private 
sector or to rural/urban 
areas.
ANC services are provided 
by various skilled & 
unskilled providers and at 
various workstations in one 
facility.

Both the public 
and private sector 
charge fees at 
different rates.

No incentives 
available

Nepal Recommends four visits:
•  1st visit at 4 months
•  2nd visit at 6 months
•  3rd visit at 8 months
•  4th visit at 9 months

Present In rural areas, ANC is 
provided at sub–health 
posts, health posts and 
district hospitals. In 
urban areas, ANC is 
provided at private 
clinics and maternity 
hospitals.

All service providers 
should be skilled birth 
attendants (these include 
nurses and doctors). If 
these skilled providers are 
not available at Sub–health 
posts and out–reach 
clinics, then MCH Workers 
can provide ANC services.

No public sector 
fees. Private sector 
charges vary.

Incentives provided 
to women who 
complete 4 ANC 
visits and have an 
institutional 
delivery.

Peru Recommends a minimum 
of 6 visits:
•  1st visit: at less than 14 

weeks
•  2nd visit: 14–21 weeks
•  3rd visit: 22–24 weeks
•  4th visit: 25–32 weeks
•  5th visit: 33–36 weeks
•  6th visit: 37–40 weeks

Present Most ANC services are 
provided through the 
network of 8000 public 
facilities. Home visits 
are made when women 
miss their scheduled 
visit.

Service providers are 
mainly skilled. Unskilled 
providers are usually 
involved in the health team 
particularly at the first level 
of the health system.

Fees depend on 
different funding 
sources.

Specific program 
created in 2005, 
provides program 
grants for direct 
transfers to benefit 
the poorest 
families, rural and 
urban.

Senegal Recommends at least 4 
visits:
•  1st  visit at 3 months
•  2nd visit at 6 months
•  3rd visit at 8 months
•  4th visit at 9 months

Present Provided through 
health huts, health 
posts, maternity centers 
or hospitals and private 
clinics.

Standards and protocols 
stipulate that only skilled 
providers can provide ANC 
services at both public and 
private facilities

Both public and 
private sector facil-
ities charge fees 
but at different 
rates.

Insecticide–treated 
bednets are 
provided to 
pregnant women.

Uganda Recommends four 
focused ANC visits:
•  1st visit: 0– 16 weeks 

(after two missed 
periods).

•  2nd visit: 16–28 weeks.
•  3rd visit: 28–36 weeks.
•  4th visit: after 36 weeks.
•  4th visit: after 36 weeks.

Present Provided at hospitals, 
health centers, and 
sometimes at outreach 
clinics.

Skilled providers provide 
ANC services in all 
facilities. Unskilled 
providers such as 
community health workers 
& village health team 
members can provide 
information. Nursing 
assistants & nurse aids are 
being phased out.

No public sector 
fees. In Private 
not–for–profit 
facilities fees are 
subsidized. Private 
for profit sector 
generally does not 
subsidize ANC 
except for 
immunization.

Mama Kit of 
essential supplies to 
use during delivery 
(gloves, protective 
sheets, baby 
receiving sheet, 
soap) are provided 
to pregnant 
women.

ANC – antenatal care, WHO – World Health Organization, NGO – non–governmental organization, MCH – maternal and child health.
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public sectors are both very diverse and show lots of varia-
tion in quality of care, possibly depending on the econom-
ic status of women seeking ANC care [39].

In order to ensure high coverage of accessible and equitable 

ANC services, programs and policies need to focus on 

women with low levels of education, living in poor and ru-

ral households. Our findings indicate that household 

wealth is an important determinant of ANC initiation in all 

seven countries, and of the overall frequency of visits in all 

countries except Peru. This is consistent with a systematic 

review of the relevant literature [27]. Our multivariable 

analysis results showed that women who come from poor-

er households are less likely than richer women to initiate 

care, and among those who do seek ANC, less likely to 

have four or more visits. These multivariable results com-

plement the results of the equity analysis, and highlight the 

need to address financial barriers to accessing ANC servic-

es. ANC services are offered by the public sector free of 

charge in Bangladesh, Nepal and Uganda, and yet utiliza-

tion is relatively low. Unexpected fees for prescribed med-

ications or tests, and indirect costs related to transportation 

to the facility, have been associated with women’s choices 

of health care services, and need to be considered [28]. The 

exceptional case of Peru may reflect its unique combina-

tion of political will, economic growth, broad societal par-

ticipation, pro–poor strategies and increased spending in 

health and related sectors in the last two decades, which 

led to reduction in socioeconomic inequalities in health 

and significant progress in coverage of RMNCH interven-

tions especially among the most deprived groups and areas 

of the country [40].

Education allows women to be more autonomous, more 

knowledgeable about health care services, and therefore to 

exert greater control over health–related decisions. We 

would therefore expect women’s education to have a positive 

influence on the initiation and frequency of ANC visits 

[19,20,27], and this is supported by our results. The wide 

disparities in ANC utilization by levels of women’s education 

may also be due to the uneven distribution of women with-

in each category; women who have attained higher levels of 

education are fewer in number and generally better off than 

those who report having low or no education. The results of 

the multivariable analysis showed that education was a sig-

nificant determinant for initiating ANC, and to a lesser ex-

tent, for reporting four or more ANC visits. Similar to the 

results of Guliani and colleagues [19], who looked at the use 

of ANC services and their frequency across 32 low income 

countries, the association of women’s education was stronger 

with the initiation of ANC visits than with the overall num-

ber of visits. This may be because women with no education 

are not included in the second model, which looks at the 

frequency pattern of utilization [19].

The equity analysis showed that women residing in rural 

areas have lower proportions of ANC utilization than wom-

en residing in urban areas, and our policy data suggested 

important differences in services and providers in urban 

and rural areas in most country settings. We were therefore 

surprised that urban–rural residence emerged as a signifi-

cant determinant of ANC visits only in Bangladesh and 

Senegal. A systematic review looking at early use of ANC 

services and type of residence concluded that the associa-

tion was not consistent [41], hence further country analy-

sis is required to identify the contextual factors that affect 

ANC use. A study looking at contextual influences of 13 

sub–regions in Nepal on women’s ANC patterns identified 

important sub–regional variations in ANC use, which need 

to be taken into consideration at the policy–making level 

[42]. Our findings reinforce the importance of regional dif-

ferences in ANC utilization within countries, and suggest 

that further analysis of this relationship is likely to gener-

ate information useful for ANC program planning.

We collected some information on barriers to ANC utiliza-

tion from national surveys or ethnographic studies through 

our key informant interviews, but were often unable to ob-

tain full and relevant information. Qualitative studies ex-

ploring barriers to antenatal care are available in the litera-

ture, and can contribute to the interpretation of our 

findings. In Bangladesh, despite multiple maternal health 

policies and an extensive array of public sector ANC facil-

ities, women are not utilizing ANC services as recommend-

ed. This has been attributed by some to women’s percep-

tion that pregnancy is a normal event that does not need 

medical care and interventions [43]. In Cambodia, five 

types of barriers to maternal health care use have been 

identified as needing to be addressed to increase ANC uti-

lization: financial, physical, cognitive, organizational and 

psychological/socio–cultural [44]. One study reported that 

the use of ANC services by pregnant women in Nepal was 

greatly influenced by mothers–in–law [45]; this is corrob-

orated by our multivariable results showing a negative as-

sociation between women’s reports that they are not re-

sponsible for health care decisions and the frequency of 

visits. Another study reports that mothers in Uganda 

viewed ANC services as deficient, and are dissatisfied with 

the perceived quality of the interventions offered during 

visits [46]. WHO has identified several barriers to the pro-

vision of quality ANC, including perceptions of poor qual-

ity of care, distance, cost, stigma, social and traditional in-

fluences, perceptions that pregnancy is a healthy state that 

does not need specific care, and disrespect for and abuse 

of women in health service settings [47]. Furthermore, a 

systematic scoping review performed to understand what 

women seek during pregnancy, found that across diverse 

settings, having a positive pregnancy experience was what 
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mattered to pregnant women and this was characterized 

by four themes: preserving physical and sociocultural nor-

mality; maintaining a healthy pregnancy for mother and 

baby; effective transition to progressive labour and birth; 

and ensuring positive motherhood [48].

Our study has some limitations that need to be kept in 

mind when interpreting the results. DHS data are collected 

on ANC–related questions, only, for women’s most recent 

live birth in the five years preceding the survey. Hence, 

pregnancies resulting in a miscarriage or a stillbirth are ex-

cluded and no data on the ANC utilization patterns of these 

pregnancies is collected; data which may provide impor-

tant insights to the patterns and quality of care in these 

cases specifically. Furthermore, the DHS data we use is 

from interviews with women and their responses to the fre-

quency of ANC visits, types of providers seen, and content 

interventions received for their most recent live birth. As a 

result, there may be potential recall bias, an issue which is 

receiving increased awareness in mothers’ reports of ser-

vices received [49]. Women may also be biased in their re-

ports of the type of provider from whom they received care, 

especially in settings where several types of providers offer 

ANC care. Other limitations related to the type of provider 

are the fact that the DHS data cannot tell us the type of pro-

vider visited during each of the woman’s ANC visit and that 

the choice of providers may be restricted to who is avail-

able at the health care facility in the community. We report 

on content received during any ANC visit, and while it does 

imply a minimum level of quality of care, we are unable to 

confirm it, because the DHS does not assess whether the 

content interventions were offered in a proper and timely 

way. Women are also asked to report on their own and their 

partner’s employment status at the time of the survey in-

terview, and this may have changed since the time of their 

most recent pregnancy. The DHS does not include ques-

tions that are directly related to the barriers to seeking ANC 

or accessing ANC facilities. However, we used the question 

about who makes decisions about the woman’s health care 

as a measure of one potential barrier to access of services. 

Our findings do not reflect other potential barriers such as 

distance to a facility or associated financial costs. Another 

limitation is that the data we were able to obtain on poli-

cies and programs in each country varied greatly, and be-

cause most of our key informants volunteered their time, 

it was not always possible to confirm all details or to seek 

additional information and clarification within the time 

frame of this study.

Nevertheless, this analysis has several strengths. We exam-

ine ANC utilization from a new perspective, focusing spe-

cifically on information missed by global tracking of only 

two indicators. The study brings together several types of 

analysis–descriptive, equity, and inferential analysis–to 

generate new and detailed results of specific characteristics 

of women and their households that are associated with 

ANC utilization patterns in seven diverse countries.

CONCLUSION

The results of this study indicate that reporting the glob-

ally measured ANC indicators, ANC 1+ and ANC 4+, is 

useful to provide an overall idea of the proportions of ANC 

utilization in countries. However, descriptive and multi-

variable analyses generated a much better understanding 

of each country’s unique pattern of ANC utilization, as well 

as the characteristics of women not currently receiving ad-

equate care. The presence of variations across countries 

suggests the need for specific in–country assessments, na-

tional panels, or advisory groups to look more closely at 

national data, commission specific studies and perhaps try 

different models of ANC to find ways to achieve universal 

ANC coverage.

A number of predominant aspects of ANC utilization pat-

terns emerged across the seven Countdown countries. Our 

results highlight the need to focus on evidence–based con-

tent interventions offered to women during their ANC vis-

its. Further quantitative assessments of the frequency and 

timeliness of content interventions by different types of pro-

viders and in different settings are needed to ensure proper 

administration of the WHO–recommended interventions. 

Moreover, qualitative studies looking into the barriers of 

ANC use and women’s perceptions of ANC services in each 

country are essential. There is a growing body of literature 

that focuses on women’s perceptions of pregnancy and qual-

ity of ANC services and how important this aspect is on 

ANC uptake. The current DHS protocol asks about barriers 

to seeking health care in general; it may provide important 

insights to include a question specifically about the numer-

ous barriers that may affect women’s initiation of ANC and 

completion of the four recommended visits.

Inequality in ANC utilization patterns among women of 

different wealth statuses, educational backgrounds and 

places of residence need to be considered at the policy–

making level across most of the countries we studied. These 

dimensions of inequality were strong predictors of ANC 

utilization and higher frequency of visits, except for place 

of residence. The influence of place of residence on ANC 

utilization in Bangladesh and Senegal suggests the need to 

assess the health care services offered in rural areas. And 

the lack of significance of this factor in the five other coun-

tries suggests that there are variations within each place of 

residence that need to be identified and used to provide ef-

fective interventions. While we found that policies and 

guidelines related to ANC as well as ‘Safe Motherhood’ 

strategies were incorporated into the national policies, 
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across the seven countries, yet, there is a need to ensure 
evaluation and proper implementation of these policies and 
strategies. Peru is an example of successful implementation 
of political and structural reform, which took place in the 
1990s, and led to the enhancement of health systems and 
infrastructure, reduction in poverty, and the introduction 
of insurance schemes, one of which is for pregnant moth-
ers, among other groups [50].

With the end of the MDG era, few countries have achieved 
the MDG5 goal of reducing maternal mortality by three 
quarters, and most have a long way to go before achieving 
universal access to reproductive health services [13]. Most 

maternal deaths are preventable, and the causes of these 

deaths are known [2,47,51]. By increasing attention and 

investment to providing quality maternity, antenatal, and 

post–partum care, life–saving interventions may be admin-

istered properly and in a timely manner by skilled health 

providers to help improve maternal and neonatal health 

and their survival [2]. In the post–2015 agenda, as the Sus-

tainable Development Goals and their measurable indica-

tors are being set, it is essential to include targets for ending 

preventable maternal deaths and to ensure that the mo-

mentum focusing on maternal and reproductive health–

with ANC as a vital component–continues [51].
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Background The measurement of progress in maternal and newborn 
health often relies on data provided by women in surveys on the qual-
ity of care they received. The majority of these indicators, however, 
including the widely tracked “skilled attendance at birth” indicator, 
have not been validated. We assess the validity of a large set of ma-
ternal and newborn health indicators that are included or have the 
potential to be included in population–based surveys.

Methods We compare women’s reports of care received during labor 
and delivery in two Kenyan hospitals prior to discharge against a ref-
erence standard of direct observations by a trained third party 
(n = 662). We assessed individual–level reporting accuracy by quan-
tifying the area under the receiver operating curve (AUC) and esti-
mated population–level accuracy using the inflation factor (IF) for 
each indicator with sufficient numbers for analysis.

Findings Four of 41 indicators performed well on both validation 
criteria (AUC>0.70 and 0.75<IF<1.25). These were: main provider 
during delivery was a nurse/midwife, a support companion was pres-
ent at birth, cesarean operation, and low birthweight infant (<2500 
g). Twenty–one indicators met acceptable levels for one criterion only 
(11 for AUC; 9 for IF). The skilled birth attendance indicator met the 
IF criterion only.

Interpretation Few indicators met both validation criteria, partly be-
cause many routine care interventions almost always occurred, and 
there was insufficient variation for robust analysis. Validity is influ-
enced by whether the woman had a cesarean section, and by ques-
tion wording. Low validity is associated with indicators related to the 
timing or sequence of events. The validity of maternal and newborn 
quality of care indicators should be assessed in a range of settings to 
refine these findings.

Nearly 275 000 maternal deaths occurred globally in 2011, nearly all of 
which took place in low– and middle–income countries (LMIC) [1]. Most 
of these countries did not reduce maternal mortality to levels targeted in 
the Millennium Development Goals (MDG5) [1]. Progress has been hin-
dered, in part, by a lack of reliable maternal health data, especially on ma-
ternal deaths [2]. Measurement challenges are particularly significant in 
LMIC with irregular and incomplete health system reporting.
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To measure progress in maternal health, monitoring agen-
cies have relied on tracking indicators proposed as mea-
sures of quality of care, such as the proportion of births at-
tended by a skilled birth attendant, that are assumed to be 
strongly correlated with maternal mortality [3]. Such indi-
cators are routinely assessed in population––based house-
hold survey programs, such as the Demographic and 
Health Surveys (DHS) and Multiple Indicator Cluster Sur-
veys (MICS), in which female respondents report on events 
surrounding recent births [4]. Despite their widespread 
use, the majority of proposed quality of care indicators, in-
cluding skilled birth attendance, have not been validated 
[1,5,6]. In fact, numerous researchers have noted the lack 
of correlation between these indicators and maternal mor-
tality levels [5,7–9]. These researchers argue that informa-
tion on the category of provider at birth is deficient as a 
measure of quality of care as it relies on assumptions about 
provider training and competence as well as access to es-
sential supplies and equipment. It is important therefore to 
identify alternate indicators that describe the actual content 
of care, can be reported with accuracy, and have the poten-
tial to be included in routine data collection programs.

A growing, but still limited, body of research has examined 
the validity of indicators of the quality of care in the intra-
partum and early postpartum period. To our knowledge, 
however, no study has yet reported on how accurately wom-
en can recall the skill level of their provider at birth, although 
there have been some attempts to look at data quality issues 
[10]. Furthermore, the few validation studies that have tak-
en place have generally compared maternal self–reports with 
hospital records, which may be incomplete or inaccurate, or 
have been conducted in high–income settings, where ma-
ternal mortality rates are generally low [11–15].

To address this gap, this study assessed women’s ability to 
report on a set of quality of maternal and newborn health 
care indicators that are either currently in use or have the 
potential to be included in routine survey–based data col-
lection. In spite of its limitations, it seems likely that the 
“skilled birth attendance” indicator will continue to be used 
and so we assess how accurately women report on the skill 
level of their provider during delivery. We compare wom-
en’s self–reports of maternal and newborn care received 
against third party observations during labor and delivery. 
Finally, we provide suggestions for modifications to data 
collection procedures that could improve the measurement 
of maternal and newborn health care.

METHODS

Study sites

Validation exercises were conducted in two high volume 
public hospitals located in Kisumu District and Kiambu 

District in western and central Kenya, respectively. Accord-
ing to the 2014 Kenya DHS, nationally, 61% of births in 
the five years preceding the survey were delivered in a 
health facility; in Kisumu and Kiambu districts the preva-
lence was 70% and 93%, respectively [16]. Facility–based 
delivery is less likely among older women, those who have 
lower education, are poorer, or reside in rural areas [16]. 
Fertility levels among women in the two districts are lower 
than the national rate, with the total fertility rate in Kisumu 
at 3.6 births per woman and in Kiambu at 2.7, compared 
with 3.9 nationally [16].

Data collection

Data collection took place from July to September 2013. 
All pregnant women aged 15 to 44 who were admitted to 
a study facility maternity unit and in early labor were in-
vited to participate. Participants included eligible women 
who underwent labor and delivery and were able to pro-
vide consent.

Our reference standard for validity analysis is data collect-
ed by trained researchers who observed providers in the 
maternity admission room and labor and delivery rooms 
using a structured checklist–type form. Observers were 
registered Kenyan nurse/midwives with at least three years 
of experience in a maternal and newborn health unit and 
previous research experience. Observations were used as 
the reference standard as they reflected all facets of caregiv-
ing including events related to the birth itself as well as in-
teractions between the women and provider, before, during 
and up to one hour after delivery. In the few cases in which 
clarification was needed (eg, in the event the mother and 
infant were taken into separate rooms, the observer re-
mained with the mother) observations were supplemented 
by checking facility records and by asking providers.

Exit interviews with women took place prior to hospital 
discharge. Data collectors who were degree holders in a so-
cial science interviewed women using a structured ques-
tionnaire. Interview questionnaires were translated into 
Kiswahili, Dholuo and Kikuyu and were administered in 
the woman’s language of preference.

All data collectors received four days of intensive training 
on the study procedures, the rationale behind each element 
of the client questionnaire and observation checklist to en-
sure full understanding of the instrument components, and 
how to record responses and observations.

Ethical review

Written informed consent was obtained from all partici-
pants and their attending providers prior to participation. 
All women and providers were provided with a description 
of the study and procedures, including their right to refuse 
participation at any time. In Kenya, pregnant adolescents 
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between ages 15–17 years are considered “emancipated 
minors” and their written informed consent was also ob-
tained [17–19]. Staff who provide labor and delivery care 
were identified by the hospitals’ obstetrics and gynaecol-
ogy director, and approached for recruitment and consent. 
No providers refused participation.

Prior to participant enrollment, the study protocol was ap-
proved by the ethical review committees of the Population 
Council and the Kenya Medical Research Institute (KEMRI).

Indicator selection

To identify indicators to be validated, a landscaping scan 
of published and grey literature was conducted from April 
to July 2012. The scan focused on indicators of the quality 
and content of care received during labor and delivery and 
the health outcomes related to this period [20]. Indicators 
were included if they were currently in use or proposed for 
use in household survey programs such as the DHS and 
MICS or reflected standard practices of maternal and new-
born labor and delivery care. The scan yielded a list of 285 
indicators. This list was assessed by a group of public 
health experts specializing in maternal health to select a set 
of 80 indicators for validity testing. Indicators were select-
ed on the basis of their wide use and/or potential to assess 
the critical elements of maternal and newborn care during 
the initial assessment of the woman, the first, second and 
third stages of labor, and immediate postnatal period.

Analysis

Sample size was calculated assuming 50% prevalence for 
all indicators, given that some harmful practices would 
rarely occur, and some beneficial practices would almost 
always occur, at 60% sensitivity ±6% precision, 70% spec-
ificity ±6% precision, with type 1 error set at α = 0.05 as-
suming a normal approximation to a binomial distribution. 
These specifications imply a minimal sample size of 500, 
which was increased to 600 women to allow for 20% attri-
tion in a separate study to re–interview women approxi-
mately one year following delivery.

Statistical analysis was performed using Stata Version 12 
[21] to assess indicator accuracy at the individual and pop-
ulation level. For individual–level reporting accuracy, we 
calculated the sensitivity (ie, true positive rate) and speci-
ficity (ie, true negative rate) of indicators by constructing 
two–by–two tables for each indicator that had at least five 
counts per cell [22].

Missing pairwise data were excluded. To summarize the 
accuracy of each indicator, we quantified the area under 
the receiver operating curve (AUC), which plots the sensi-
tivity (ie, true positive rate) of each indicator against its false 
positive rate (1–specificity). To measure uncertainty asso-
ciated with validity, we estimated 95% confidence intervals 

(CI), assuming a binomial distribution. In practice, the 
AUC represents the “average accuracy of a diagnostic test” 
[23,24]. AUC values range from 1.0 (perfect classification 
accuracy) to 0 (zero accuracy). An AUC value of 0.5 is the 
equivalent of a random guess.

To assess the population–based validity of indicators, we 
estimated the inflation factor (IF), also known as the Test 
to Actual Positives (TAP) ratio [25]. The IF reflects the 
prevalence of the indicator as it would be reported by wom-
en in a survey after accounting for sensitivity and specific-
ity (Pr) divided by the true prevalence (ie, observer report) 
(P). By comparing the ratio of the estimated survey–based 
prevalence to its true prevalence, we calculated the degree 
to which each indicator would be over or under–estimated 
by women’s self–report (IF = Pr/P) [25,26].

The prevalence of women’s self–report in a survey (Pr) is 
calculated by applying each indicator’s estimated sensitiv-
ity (SE) and specificity (SP) to its true prevalence (P), using 
the following equation: Pr = P × (SE+SP-1)+(1-SP) [26]. We 
caution that the estimated survey–based prevalence is de-
pendent on the observed prevalence of the indicator. 
Therefore, IF estimates reflect the magnitude of over or un-
der–estimation in the study setting. To illustrate the impli-
cations of the IF estimates for other contexts in which the 
true prevalence is different from our study setting (eg, out-
side of a hospital facility), we model the estimated survey 
prevalence for select indicators across all possible coverage 
levels (ie, true prevalence ranging from 0 to 100%) using 
the above equation [27].

We categorized individual–level reporting accuracy as high 
(AUC>0.70), moderate (0.60<AUC<0.70), and low 
(AUC<0.60) [22] and the degree of bias reflected by the IF 
as low (0.75<IF<1.25), moderate (0.50<IF<1.5) and large 
(IF<0.50 or IF>1.5) [11]. In order to summarize indicator 
validity in terms of both individual and population–level 
accuracy, we considered indicators with high AUC and low 
IF to have high overall performance [22].

Role of the funding source

The funders of the study had no role in data collection, 
analysis, interpretation or writing of the study results, or 
decision to submit for publication.

RESULTS

Sample description

1039 women admitted to the maternity unit at participat-
ing study facilities were recruited to participate. Of those, 
676 women were observed (Kiambu = 395, Kisumu = 281). 
Approximately one–third of women were not observed be-
cause they were not in labor but required monitoring on 
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the antenatal ward, did not progress into labor, or they pro-

gressed rapidly into labor and full observation was not pos-

sible (Figure 1). Fourteen women who were observed did 

not participate in the exit interview.

Participants’ background characteristics and differences by 

facility location are presented in Table 1. The majority of 

women were under age 25 with fewer than two prior births, 

married, and with no or primary education. A greater per-

centage of Kisumu participants were never married, while 

fewer were married/living together or separated/widowed.

Validation results

The full list of indicators selected for validity testing is pre-

sented in Table 2. The table provides the prevalence for each 

indicator as reported by women and observers, which, for 

some indicators, varied substantially. For example, 73% of 

women reported that the provider(s) washed his or her 

hands or used antiseptic before any initial examination, 

while 27% of observers recorded that this took place. “Don’t 

know” responses were minimal for most indicators. How-

ever, four indicators for which the proportion of women who 

responded “Don’t know” exceeded 5% are reported in Table 

3. Two of these indicators refer to the immediate postnatal 

period: whether the newborn was immediately dried after 

birth and whether the newborn was immediately wrapped 

in a towel. Having a cesarean section as opposed to a vaginal 

delivery was significantly associated with responding “Don’t 

Figure 1. Participant response rates.

Table 1. Sample background characteristics by facility location

% total samPle 
(n = 662)

% kiambu 
(n = 388)

% kisumu 
(n = 274)

P–
value*

Age in years: 0.504

15–19 14.7 12.4 17.9

20–24 40.8 41.8 39.4

25–29 29.9 30.2 29.6

30–34 8.6 9.3 7.7

35–39 5.6 5.9 5.1

40–44 0.5 0.5 0.4

Prior parity (total number of live births): 0.435

0 50.2 49.7 51.3

1 26.5 28.8 22.9

2 14.0 13.2 14.9

3 6.0 5.2 7.3

4 or more 3.3 3.1 3.6

Educational attainment: 0.001

None 10.3 10.3 10.2

Primary 44.0 45.9 41.2

Secondary 29.5 33.2† 24.1†

Higher 16.3 10.6† 24.5†

Marital status: 0.001

Single, never married 14.7 9.8† 21.5†

Married/living together 83.4 87.6† 77.4†

Separated/widowed 2.0 2.6† 1.1†

Type of delivery: 0.679

Vaginal 86.6 87.0 85.9

Cesarean section 13.4 13.0 14.1

*Based on χ2 test comparing facility locations, statistically significant at 

P < 0.05.

†Statistically significant pairwise comparisons using the Holm–Bonfer-
roni correction to adjust for multiple comparisons.
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Table 2. List of indicators assessed and reported prevalence*

indicatoR n Women’s 
self–RePoRt, 

PRevalence 
(%)

obseRveR 
RePoRt, 

PRevalence 
(%)

at 
least 5 
counts/

cell

Initial client assessment:

Type of facility where gave birth (public hospital) 651 98.0 100.0 No

Referred to facility because of a problem 655 8.2 7.9 Yes

HIV status checked 659 25.2 94.7 No

Offered HIV test 660 8.3 1.7 No

Receives HIV test 654 8.6 9.3 No

Provider washes hands with soap and water or uses antiseptic before any initial examination 467 73.1 26.6 Yes

Takes blood pressure 654 93.4 87.0 Yes

Takes urine sample 654 5.7 1.4 No

Checks fetal heart rate with fetoscope/ultrasound 659 95.8 99.7 No

Wears high–level disinfected or sterile gloves for vaginal examination 658 99.9 99.9 No

Provider respectful care:

Woman allowed to drink liquids/eat 624 66.8 42.0 Yes

Encourages/assists woman to ambulate during labor 644 87.0 77.5 Yes

Encourages/assists woman to assume different positions in labor 649 14.3 58.2 Yes

Woman allowed to have a support person present during labor and delivery 648 8.8 9.1 Yes

A support person is present at birth 644 3.7 4.8 Yes

First stage of labor:

Induces labor by uterotonic (IV, IM, tablet) 630 10.8 4.6 Yes

Augments labor with uterotonic (by IV line, IM injection, or tablet) 625 39.2 22.4 Yes

Uterotonic received (to induce or augment labor) 619 43.8 27.1 Yes

Membranes ruptured (to induce or augment labor) 650 3.1 42.3 Yes

Skilled birth attendance–main provider:

Main provider labor

Skilled main provider labor† 649 89.9 92.6 Yes

Main provider labor–doctor or medical resident 649 9.6 0.5 No

Main provider labor–doctor (ob–gyn) 649 9.6 0.3 No

Main provider labor–medical resident 649 0.0 0.2 No

Main provider labor–medical intern 649 0.2 1.9 No

Main provider labor–nurse/midwife 649 80.2 92.1 Yes

Main provider labor–clinical officer 649 2.2 0.6 No

Main provider labor–facility support/ staff aide 649 0.2 0.3 No

Main provider labor–student nurse 649 2.3 2.8 No

Main provider labor–support companion 649 0.6 1.7 No

Main provider labor–no one or other 649 4.6 0.0 No

Main provider delivery

Skilled main provider delivery† 644 94.3 92.9 Yes

Main provider delivery– doctor (ob–gyn) or medical resident 644 19.3 11.8 Yes

Main provider delivery– doctor (ob–gyn) 644 19.1 3.0 No

Main provider delivery–medical resident 644 0.2 8.9 No

Main provider delivery–medical intern 644 0.3 1.1 No

Main provider delivery–nurse/midwife 644 75.0 81.1 Yes

Main provider delivery–clinical officer 644 2.2 0.8 No

Main provider delivery–student nurse 644 2.2 4.8 Yes

Main provider delivery–no one or other 644 0.9 0.5 No

Second and third stage of labor:

Episiotomy performed 545 22.9 18.2 Yes

Uterotonic administered within few minutes of delivery (via injection, IV medication, or oral/rectal tablets) 562 96.8 98.8 No

Uterotonic received 1–3 min after birth 552 96.9 81.5 No

Uterotonic received after delivery of placenta 552 59.1 2.4 Yes

Applies controlled cord traction 561 97.5 98.9 No

Performs uterine massage after delivery of placenta 558 88.4 98.6 No

Position of mother at birth–on back 645 94.7 99.8 No

Health provider wore gloves during delivery of baby 563 100.0 99.8 No

Immediate postnatal newborn care:‡

Newborn given to mother immediately after birth 611 59.9 57.6 Yes
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Know” to both of these questions (OR = 15.3, 95% CI = 8.2–
28.3, P < 0.001; OR = 2.7, 95% CI = 1.2–5.9, P = 0.016, re-
spectively).

Of the 41 indicators with at least five cases in each cell of 
the two–by–two table, four had both high individual re-
porting accuracy and low population–level bias (Table 4). 
These were: the main provider during delivery was a nurse/
midwife, a support companion was present during the 
birth, cesarean operation, and low birthweight infant 

indicatoR n Women’s 
self–RePoRt, 

PRevalence 
(%)

obseRveR 
RePoRt, 

PRevalence 
(%)

at 
least 5 
counts/

cell

Newborn immediately dried with towel/cloth 594 96.1 99.5 No

Newborn placed immediately skin to skin on mother's chest§ 602 78.9 16.3 Yes

Newborn immediately skin to skin on mother (2 item indicator)# 596 29.2 16.2 Yes

(Of newborns not on skin) Newborn wrapped with towel 86 90.7 91.9 No

Breastfeeding initiated within first hour of birth 551 76.4 53.0 Yes

Something other than breastmilk given to baby within first hour of delivery 572 1.9 1.1 No

Baby bathed within the first hour after birth 604 2.8 0.1 No

Baby weighed 635 99.8 100.0 No

Low birth–weight baby (<2500g) 579 6.7 7.8 Yes

High birth–weight baby (<4500g) 579 1.0 1.0 No

3 elements of newborn care (immed. · dried + on skin + breastfed in first hour) 506 71.5 9.3 Yes

3 elements of newborn care (immed. · dried, 2 item skin–to–skin#, breastfed in first hour) 501 25.1 9.2 Yes

Immediate postnatal care for mother:

Palpates uterus 15 min after delivery of placenta 557 88.3 70.2 Yes

Provider did at least one post–delivery health check 649 96.0 94.9 No

In first post–delivery exam, provider checks for bleeding 627 62.0 90.6 Yes

In first post–delivery exam, provider examines perineum 554 56.1 87.4 Yes

In first post–delivery exam, provider takes temperature 638 60.0 40.3 Yes

In first post–delivery exam, provider takes blood pressure 642 74.6 48.3 Yes

In first post–delivery exam, provider checks for involution 615 64.2 78.2 Yes

Woman asked for pain relief medication while at facility 638 32.1 10.5 Yes

Woman received pain relief medication 640 59.4 17.5 Yes

Maternal and infant outcomes:

Cesarean section (C/S) performed 651 13.5 13.4 Yes

Decision for C/S taken before labor started 76 9.2 0.0 No

(Of women who had a C/S) C/S performed after labor started 76 90.8 100.0 No

(Of women who had a C/S) Provider decided C/S would be done 80 82.5 100.0 No

(Of women who had a C/S) Reason for C/S–prolonged/obstructed labor 76 32.9 67.1 Yes

Complications–any: 654 44.8 11.0 Yes

–Eclampsia 654 10.9 0.3 No

–Hemorrhage 654 11.2 4.6 Yes

–Prolonged labor (>12 h) 654 23.7 3.7 Yes

–None 654 51.5 89.0 Yes

(Of women who had complications) Blood products given 72 15.3 18.1 No

Stillborn delivery 651 0.9 1.4 No

*Table presents descriptive results. The sample size per indicator varied by women’s responses to the question, and uses matched data, excluding ‘Don’t 
Know’ and missing responses.
†Skilled provider is doctor (obstetrician/gynecologist, ob–gyn), nurse/midwife or medical resident.
‡Asked of mothers whose babies were breathing at birth.
§Newborn was placed against mother’s chest after delivery.
#Indicator constructed from two skin–to–skin items: (1) newborn placed against mother’s chest after delivery and (2) newborn was naked on skin (not 
wrapped in a towel).

Table 2. Continued

(<2500 g). Receiving an episiotomy was close to meeting 
both criteria (AUC = 0.87, 95% CI = 0.83–0.89, IF = 1.26).

A total of 8 indicators had high individual reporting accu-
racy (AUC>0.70), 7 had moderate accuracy (AUC>0.60), 
and 26 had low accuracy (AUC<0.60). Indicators with high 
AUC results reflected events leading up to (eg, induction 
or augmentation of labor, episiotomy) and during the birth 
itself (eg, cesarean section, main provider during delivery 
was a doctor or medical resident, main provider during de-
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Table 3. Indicators with greater than 5% “Don’t know” responses

ResPondent question n “don’t knoW” 
(%)

Did the health provider(s) wash his/her hands with soap and water or use antiseptic before examining you? 662 29.5

Was your baby dried off with a towel or cloth immediately after his/her birth, within a few minutes of delivery? 660 8.3

(Of women who reported newborn was not placed against her chest immediately after delivery) Was your baby wrapped  
in a towel or cloth immediately after birth?

170 20.6

In your first physical examination after delivery, did a health provider do a perineal exam? 662 9.8

Table 4. Validation results for indicators*

indicatoR total 
numbeR

obseRveR 
PRevalence 

(%)

sensitivity 
(95% ci)

sPecificity 
(95% ci)

self–RePoRt 
suRvey 

estimate (%), 
based on 

sensitivity and 
sPecificity

auc (95% ci) if high accuRacy 
(auc>0.70) 
& loW bias (if 
0.75–1.25)

Initial client assessment:

Woman referred to facility because of a 
problem

655 7.9 25.0 (14.0–38.9) 93.2 (90.9–95.1) 8.2 0.59 (0.55–0.62) 1.04 IF

Provider washes hands with soap and water 
or uses antiseptic before initial examination

467 26.6 83.9 (76.2–89.9) 32.9 (28.0–38.2) 71.5 0.58 (0.54–0.63) 2.69

Takes blood pressure 654 87.0 87.7 (84.9–90.2) 23.3 (11.8–38.6) 86.3 0.55 (0.52–0.59) 0.99 IF

Provider respectful care:

Woman allowed to drink liquids or eat 624 42.0 72.5 (66.7–77.8) 37.3 (32.3–42.5) 66.8 0.55 (0.51–0.59) 1.59

Encourages/assists woman to ambulate 
during labor

644 77.5 90.2 (87.2–92.6) 24.1 (17.4–31.9) 87.0 0.57 (0.53–0.61) 1.12 IF

Encourages/assists woman to assume 
different positions in labor

649 58.2 19.1 (15.2–23.4) 92.3 (88.4–95.1) 14.3 0.56 (0.52–0.59) 0.25

Woman allowed to have a support person 
during labor and delivery

648 9.1 23.7 (13.6–36.6) 92.7 (90.3–94.7) 8.8 0.58 (0.54–0.62) 0.97 IF

Support companion present during birth 644 4.8 48.4 (30.2–66.9) 98.5 (97.2–99.3) 3.7 0.73 (0.70–0.77) 0.77 Both

First stage of labor:

Induces labor with uterotonic 630 4.6 69.0 (49.2–84.7) 92.0 (89.6–94.1) 10.8 0.80 (0.77–0.84) 2.35 AUC

Augments labor with uterotonic 625 22.4 72.9 (64.7–80.0) 70.5 (66.2–74.5) 39.2 0.72 (0.68–0.75) 1.75 AUC

Uterotonic received (labor induction or 
augmentation)

619 27.1 78.0 (70.9–84.0) 69.0 (64.5–73.2) 43.8 0.73 (0.70–0.77) 1.61 AUC

Membranes ruptured (labor induction or 
augmentation)

650 42.3 4.0 (2.0–7.0) 97.6 (95.5–98.9) 3.1 0.51 (0.47–0.55) 0.07

Skilled birth attendance:

Skilled main provider† labor 649 92.6 90.5 (87.9–92.7) 16.7 (7.5–30.2) 90.0 0.54 (0.50–0.58) 0.97 IF

–Main provider labor nurse/midwife 649 92.1 81.1 (77.7–84.2) 27.5 (15.9–41.7) 80.4 0.54 (0.50–0.58) 0.87 IF

Skilled main provider† delivery 644 92.9 95.0 (92.9–96.6) 15.2 (6.3–28.9) 94.3 0.55 (0.51–0.59) 1.02 IF

–Main provider delivery doctor (ob–gyn)/
medical resident

644 11.8 82.9 (72.5–90.6) 89.3 (86.4–91.7) 19.3 0.86 (0.83–0.89) 1.63 AUC

–Main provider delivery nurse/midwife 644 81.1 86.2 (82.9–89.0) 73.0 (64.2–80.6) 75.0 0.80 (0.76–0.83) 0.93 Both

Main provider delivery student nurse 644 4.8 16.1 (5.5–33.7) 98.5 (97.2–99.3) 2.2 0.57 (0.53–0.61) 0.45

Second and third stage labor:

Episiotomy performed 545 18.2 82.8 (73.9–89.7) 90.4 (87.2–92.9) 22.9 0.87 (0.83–0.89) 1.26 AUC

Uterotonic received following delivery of 
placenta

552 2.4 53.9 (25.1–80.8) 40.8 (36.6–45.1) 59.1 0.47 (0.43–0.52) 25.1

Immediate newborn postnatal care:

Baby given to mother immediately after 
birth

611 57.6 66.5 (61.3–71.4) 49.0 (42.8–55.3) 59.9 0.58 (0.54–0.62) 1.04 IF

Baby placed immediately skin to skin on 
mother

602 16.3 78.6 (69.1–86.2) 21.0 (17.6–24.9) 78.9 0.50 (0.46–0.54) 4.85

Baby placed immediately skin to skin on 
mother (2 item)†

596 16.2 26.8 (18.3–36.8) 70.3 (66.1–74.3) 29.2 0.49 (0.44–0.53) 1.80

Breastfeeding within first hour of birth 551 53.0 88.4 (84.1–91.8) 37.1 (31.2–43.3) 76.4 0.63 (0.59–0.67) 1.44

3 elements of essential newborn care 
(immediately dried, on mother’s skin, 
breastfed within first hour)

506 9.3 70.2 (55.1–82.7) 28.3 (24.2–32.7) 71.5 0.49 (0.45–0.54) 7.70
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livery was a nurse/midwife, support person present during 
birth, low birthweight infant). Indicators with low value 
AUC results tended to be related to events immediately fol-
lowing the birth (eg, uterotonic received following delivery 
of the placenta) and postnatal health checks for the moth-
er and newborn. For population–level bias, a total of 13 
indicators had low bias (0.75<IF<1.25), 7 had moderate 
bias (0.5<IF<1.5), and 21 had large bias (IF<0.5 or IF>1.5). 
Indicators with large bias varied with respect to phase of 
labor and delivery, but those with the largest bias tended 
to have a low observed prevalence and be those that may 
require medical knowledge to report accurately (eg, expe-
rience of complications).

To assess women’s ability to recall the type of provider who 
attended them, respondents were asked, “Who was the main 

provider assisting you during delivery?” There were sufficient 

cell counts to assess two provider categories with robust 

analysis: nurse/midwife and student nurse. The nurse/mid-

wife indicator met both the high AUC and low IF criteria 

while the student nurse indicator had low individual ac-

curacy (AUC = 0.57) and large bias (IF = 0.45). An indicator 

constructed in analysis that combines responses of “doc-

tor”, “medical resident” and “nurse/midwife” as “skilled at-

tendants” had low individual accuracy (AUC = 0.55), pri-

marily due to low specificity, and low population–level bias 

(IF = 1.02) [28]. Cross–tabulation results that compare 

women’s reports to observers’ reports on their main pro-

vider during delivery suggest a tendency for medical resi-

dents and nurse/midwives to be misclassified by women as 

doctors (Table 5).

indicatoR total 
numbeR

obseRveR 
PRevalence 

(%)

sensitivity 
(95% ci)

sPecificity 
(95% ci)

self–RePoRt 
suRvey 

estimate (%), 
based on 

sensitivity and 
sPecificity

auc (95% ci) if high accuRacy 
(auc>0.70) 
& loW bias (if 
0.75–1.25)

3 elements of essential newborn care 
(immediately dried, 2 item on mother’s 
skin‡, breastfed within first hour)

501 9.2 19.6 (9.4–33.9) 74.3 (70.0–78.2) 25.2 0.47 (0.42–0.51) 2.7

Low birthweight newborn (<2500g) 579 7.8 71.1 (55.7–83.6) 98.7 (97.3–99.5) 6.7 0.85 (0.82–0.88) 0.87 Both

Immediate postnatal care for mother:

Palpates uterus 15 min after delivery of 
placenta

557 70.2 88.8 (85.2–91.7) 12.7 (8.0–18.7) 88.3 0.51 (0.46–0.55) 1.26

First post–delivery exam, provider ask/
checks for bleeding

627 90.6 59.9 (55.7–63.9) 17.0 (8.4–29.0) 62.0 0.38 (0.35–0.42) 0.68

First post–delivery exam, provider 
examines perineum

554 87.4 57.9 (53.3–62.3) 55.7 (43.3–67.6) 56.1 0.57 (0.53–0.61) 0.64

First post–delivery exam, provider takes 
temperature

638 40.3 88.1 (69.3–80.3) 50.1 (45.0–55.3) 60.0 0.63 (0.59–0.66) 1.49

First post–delivery exam, provider takes 
blood pressure

642 48.3 88.1 (85.1–92.5) 38.0 (32.3–43.5) 74.6 0.63 (0.59–0.67) 1.55

First post–delivery exam, provider checks 
for involution

615 78.2 64.0 (59.6–68.3) 35.1 (27.0–43.8) 64.2 0.50 (0.46–0.54) 0.82 IF

Woman asked for pain relief medication 
during stay

638 10.5 35.8 (24.5–48.5) 68.3 (64.3–72.1) 32.1 0.52 (0.48–0.56) 3.06

Woman received pain relief medication 640 17.5 85.7 (77.8–91.6) 46.2 (41.9–50.6) 59.4 0.66 (0.62–0.70) 3.39

Maternal outcomes:

Cesarean section (C/S) performed 651 1.4 93.1 (85.6–97.4) 98.8 (97.5–99.5) 13.5 0.96 (0.94–0.97) 1.01 Both

Reason for C/S– prolonged/obstructed 
labor

76 67.1 39.2 (25.8–53.9) 80.0 (59.3–93.2) 32.9 0.60 (0.47–0.70) 0.49

Complications (any): 654 11.0 62.5 (50.3–73.6) 57.4 (53.3–61.4) 44.8 0.60 (0.56–0.64) 4.07

– Hemorrhage 654 4.6 33.3 (17.3–52.8) 89.9 (87.3–92.2) 11.2 0.62 (0.58–0.65) 2.43

– Prolonged labor 654 3.7 50.0 (29.1–70.9) 77.3 (73.8–80.5) 23.7 0.64 (0.60–0.67) 6.46

– None 654 89.0 53.8 (49.6–57.9) 66.7 (54.6–77.3) 51.5 0.60 (0.56–0.64) 0.58

CI – confidence interval; IF – inflation factor; AUC – receiver operating curve

Recommended indicators met both AUC and IF validation criteria.

*Validation analysis based on matched data, excluding ‘Don’t Know’ responses. Sensitivity and specificity analysis was not performed for indicators that 
had fewer than 5 counts per cell.

†Skilled provider includes doctor (ob–gyn), medical resident or nurse/midwife.

‡Indicator constructed from two skin–to–skin items: (1) newborn placed against mother’s chest after delivery and (2) newborn was lying naked against 
the mother’s chest.

Table 4. Continued
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Table 5. Cross–tabulation of main provider during delivery based on observer reports and women’s responses

self–RePoRt (numbeR) obseRveR RePoRt (numbeR)
Doctor (obstetri-

cian/gynecologist)
Medical 
resident

Medical 
intern

Nurse or 
midwife

Clinical 
officer

Student 
nurse

Other Total

Doctor (obstetrician/gynecologist) 16 46 6 46 2 7 0 123

Medical resident 0 1 0 0 0 0 0 1

Medical intern 0 0 0 1 0 1 0 2

Nurse/midwife 2 7 1 450 3 17 3 483

Clinical officer 1 0 0 12 0 1 0 14

Student nurse 0 1 0 8 0 5 0 14

Support person 0 0 0 1 0 0 0 1

No one 0 0 0 2 0 0 0 2

Other 0 2 0 2 0 0 0 4

Don’t know 1 3 0 0 0 0 0 4

Total 20 60 7 522 5 31 3 648

To illustrate the implications of indicator properties estab-
lished in this study for other contexts, we plot the values 
of the predicted survey prevalence (Pr) of select indicators 
across all possible levels of intervention coverage (from 0 
to 100%). Figures 2 and 3 compare the predicted preva-
lence using the sensitivity and specificity calculated in this 
study (blue line), to perfect reporting accuracy assuming 
100% sensitivity and specificity (black line) across all lev-
els of coverage. Using the example of a high sensitivity and 
low specificity indicator such as “skilled birth attendance”, 
these data demonstrate that in a high coverage setting the 
estimated survey–based prevalence from women’s self–re-

port more closely approximates the true prevalence while 
in low coverage settings, the estimated survey–based prev-
alence would greatly overestimate the true rate (Figure 2). 
For example, in a setting where the true prevalence of 
skilled attendance is 40%, rather than the 93% observed 
in this study (the red triangle), the estimated survey–based 
prevalence would exceed the true prevalence by 50 per-
centage points. In contrast, an indicator with both high 
sensitivity and high specificity, such as “cesarean opera-
tion”, would generate a survey–based estimate that closely 
approximates the true prevalence across all coverage levels 
(Figure 3).

Figure 2. Predicted prevalence of skilled birth attendance based on sensitivity and 
specificity of women’s reports by true prevalence.
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DISCUSSION

This study provides validity results for 41 indicators of the 
quality of maternal and immediate newborn health care 
that are either currently in use or have the potential to be 
included in household surveys. Across phases of labor and 
delivery, we found indicators related to concrete, observ-
able aspects of care or which reflected pain or concern were 
reported with higher accuracy. These results are consistent 
with previous studies which have found particularly mem-
orable events, such as having a cesarean operation 
[11,22,29] and having a support person present [22], have 
high overall validity.

That a small number of the initial list of 82 indicators met 
both validation criteria is partly due to the fact that many 
preventative care interventions almost always occurred, 
and there was insufficient variation (ie, not enough cases 
in each cell) for robust analysis. For many preventative care 
indicators we found that most women accurately reported 
receiving the care (ie, high indicator sensitivity). For ex-
ample, an indicator that is a proxy for receiving a utero-
tonic for the prevention of postpartum hemorrhage (ie, if 
an injection, IV medication or tablets were received in the 
first few minutes following birth), was accurately reported 
by nearly all women. Although the near universal imple-

Figure 3. Predicted prevalence of caesarean operation based on sensitivity and specificity 
of women’s reports by true prevalence.

mentation of this practice limited robust analysis, these re-
sults suggest some aspects of routine care can be accurate-
ly reported. However, given that there were few instances 
in which standard preventative interventions were not re-
ceived, unless there was almost perfect negative classifica-
tion by women, these indicators also tended to have low 
specificity. An alternate interpretation is that the observed 
pattern of high sensitivity and low specificity for many pre-
ventative practices may reflect “facility reporting bias” 
among women based on the expectation of receiving ap-
propriate care. This finding has also been described in a 
study of women’s reporting of maternal and child health 
care in China [11].

The potential for facility reporting bias may also be relevant 
for indicators on skilled birth attendance. Indicators mea-
suring the assistance of a skilled provider had high sensi-
tivity and low specificity for both labor and delivery. Wom-
en tended to underreport the presence of less skilled 
providers, such as student nurses, and over–report the 
presence of a doctor or obstetrician/gynecologist. The pos-
itive bias may also be due to differences in how women 
conceptualized who their “main” provider was. It is pos-
sible that women understood their “main” provider to be 
the attendant with the highest rank and who may have 
been deemed ‘in–charge’ of her care, while observers iden-
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tified the primary provider as the attendant who adminis-
tered the majority of the care to the woman.

Study findings also suggest the validity of some indicators 
may be dependent on context and question wording. In-
dicators that performed worse on the validity tests tend to 
be related to the timing or sequence of events, such as 
whether the newborn was placed skin–to–skin on the 
mother’s chest immediately after delivery. A two–item ques-
tion sequence that clarified the precise meaning of “skin–
to–skin” greatly reduced women’s overestimation of the 
practice compared to a one–item indicator (Table 4). These 
results are consistent with findings that women had diffi-
culty reporting whether their newborn was placed skin–
to–skin in a qualitative study of delivery and newborn care 
among women in Bangladesh and Malawi [30], but con-
trast with findings from a recent validation study in Mo-
zambique [22]. The mixed results may be attributable to a 
longer recall period in the Mozambique study.

An influential aspect of the birth context was the type of 
delivery. Women who had a cesarean operation were less 
likely to be able to report on immediate newborn care than 
women with normal deliveries. This is reflected in high 
levels of “Don’t Know” responses. This finding suggests that 
it may be worth excluding women with cesarean sections 
from questions about care immediately after birth in rou-
tine household surveys.

A number of indicators performed well on the IF test only; 
individual–level misclassification does not inherently sig-
nify that measurement at the aggregate level will be inac-
curate [25]. In studies where the goal is to estimate the ap-
proximate population–based coverage of an indicator, false 
positives and false negatives may balance out to produce a 
close approximation of population level coverage (ie, indi-
cators that meet the IF criteria alone). Knowing if an indi-
cator’s IF is large can inform when corrective methods may 
be needed to limit false positive reporting (eg, use of a two–
item indicator).

Knowledge of whether an indicator is likely to be overes-
timated can also have significant programmatic implica-
tions. For example, where skilled birth attendance is over–
reported, progress in scaling up the presence of higher 
cadre providers may not be as great as expected. It is im-

portant to recognize that the presence of a skilled provider 
is one aspect of receiving quality care, one which relies on 
the assumption that providers have received the necessary 
training to administer essential interventions and have ac-
quired the competencies to address complications during 
childbirth. Additionally, even “skilled” providers may not 
be able to deliver adequate care if they do not have access 
to necessary equipment and supplies. Information on 
skilled attendance as reported by women should be cor-
roborated with indicators on the content of care. When 
possible, we recommend that users also triangulate self–re-
ported data on quality of care with other data sources such 
as information on stock–outs of essential medicines [4].

While a strength of this study is the use of direct observation 
as the reference standard, there are some limitations. Valida-
tion results are based on women seeking delivery in a large 
public hospital, and may not be generalizable to women who 
deliver in other types of facilities or at home. The lack of 
variation in hospital practices also limited the ability to ana-
lyze all of the indicators, which may have otherwise proven 
to be valid if we had collected data in a range of health insti-
tutions. Finally, our results inform a ‘best case’ scenario in 
terms of recall accuracy because women were interviewed 
shortly following delivery. To inform how recall changes over 
time, as well as to investigate women’s understanding of con-
cepts such as who their main provider was, a follow–up 
study is under way to re–interview women one year after 
delivery.

CONCLUSION

The measurement of the quality of maternal and newborn 
health care received in LMIC settings often relies on data 
from surveys of women. Little research has examined the 
validity of these indicators. The primary indicator of inter-
est in this study–delivery by a skilled birth attendant–met 
validation criteria for reporting at the population level only 
and the results indicate that reporting accuracy may be par-
ticularly problematic where skilled birth attendance cover-
age is low. Indicator properties established here provide 
insight into contexts where indicator use is appropriate, 
and where modifications to data collection procedures or 
question construction may be warranted.
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Community perspectives on HIV, violence and 
health surveillance in rural South Africa:  
a participatory pilot study 

Background South Africa faces a complex burden of disease consist-
ing of infectious and non–communicable conditions, injury and in-
terpersonal violence, and maternal and child mortality. Inequalities 
in income and opportunity push disease burdens towards vulnerable 
populations, a situation to which the health system struggles to re-
spond. There is an urgent need for health planning to account for the 
needs of marginalized groups in this context. The study objectives 
were to develop a process to elicit the perspectives of local commu-
nities in the established Agincourt health and socio-demographic sur-
veillance site (HDSS) in rural north–east South Africa on two leading 
causes of death: HIV/AIDS and violent assault, and on health surveil-
lance as a means to generate information on health in the locality.

Methods Drawing on community–based participatory research 
(CBPR) methods, three village–based groups of eight participants 
were convened, with whom a series of discussions were held to iden-
tify and define the causes of, treatments for, and problems surround-
ing, deaths due to HIV/AIDS and violent assault. The surveillance 
system was also discussed and recommendations generated. The dis-
cussion narratives were the main data source, examined using frame-
work analysis.

Results The groups identified a range of social and health systems 
issues including risky sexual health behaviors, entrenched tradition-
al practices, alcohol and substance abuse, unstable relationships, and 
debt as causative. Participants also explained how compromised pa-
tient confidentiality in clinics, insensitive staff, and a biased judicial 
system were problematic for the treatment and reporting of both con-
ditions. Views on health surveillance were positive. Recommenda-
tions to strengthen an already well–functioning system related to 
maintaining confidentiality and sensitivity, and extending ancillary 
care obligations.

Conclusion The discussions provided information not available from 
other sources on the social and health systems processes through 
which access to good quality health care is constrained in this setting. 
On this basis, further CBPR in routine HDSS to extend partnerships 
between researchers, communities and health authorities to connect 
evidence with the means for action is underway.
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HIV, violence and health surveillance in rural South Africa

South Africa is in a state of a health transition, facing a bur-

den of infectious diseases, characterised by high levels of 

HIV/AIDS and tuberculosis, emerging epidemics of non–

communicable diseases (NCDs) including mental illness, 

extremely high rates of mortality owing to violence and in-

juries, as well as existing burdens of maternal, neonatal and 

child deaths. There are considerable pressures on the 

health system to deal with a complex and dynamic qua-

druple burden of disease and mortality [1–4]. This paper 

reports on a study concerned with two leading causes of 

death in the country: HIV/AIDS and violent assault.

HIV/AIDS has characterized South Africa’s health profile 

for four decades. Despite constituting 0.7% of the world 

population, South Africa accounts for 17% of the global 

burden [5], with an estimated 6.4 million people infected 

[6]. The distribution of the burden is highly unequal. Prev-

alence rates in black populations are 40–50 times that of 

whites, 18–20 times that of Indians and Asians and five–

to–six times that of coloreds [6,7]. And in adolescents, risks 

are eight times higher in females vs males [6]. A host of ad-

ditional social and structural drivers–mobile populations, 

over–crowded settlements and exploitative migrant labor–

contribute to HIV/AIDS remaining a critical public health 

challenge [8].

Following an initial period of denial by the Government 

over the epidemic in the early 2000s, access to antiretrovi-

ral therapy (ART) has expanded dramatically through do-

nor initiatives and progressive health policies [9,10]. Cur-

rently South Africa operates the world’s largest ART 

initiative, covering 1.8 million people [11]. Despite achieve-

ments, pronounced disconnects between policies and im-

plementation, resulting from ineffective leadership, lack of 

accountability and inadequate financing, have hampered 

impacts [12].

Violence is a major cause of death in South Africa [13,14]. 

The murder of Reeva Steenkamp by the Paralympic cham-

pion Oscar Pistorius in 2013 and the Marikana miners’ 

massacre in 2012 reflect the normalcy of violence at all lev-

els of South African society. At population level, excess ho-

micide is observed according to residence, age, sex and so-

cio–economic status [15]. Studies also suggest that known 

community members commit almost half (44%) of violent 

assaults out of jealousy and anger, and often aggravated by 

alcohol and substance abuse [16,17]. Entrenched inequal-

ities in income and opportunity clearly push disease bur-

dens towards vulnerable populations in South Africa, a 

situation to which the health system struggles to respond.

Since the first democratic elections in 1994, South Africa 

has made radical health reforms: a constitutional commit-

ment to the right to health and with stated aims for equity 

through universal health coverage [18,19]. Progress to-

wards the Millennium Development Goals (MDGs) has 

been attributed to the expansion of primary care and free 

health services for expectant mothers and children under 

five years [18], and a national health insurance system is 

currently being implemented [11]. In spite of these achieve-

ments however, the health system is deeply unequal. Co-

lonial and apartheid legacies persist in unaccountable gov-

ernmental systems, inadequate stewardship and financing, 

inefficient management and insufficient resources [20]. 

Most recently, neoliberal macroeconomic structural adjust-

ment policies that prioritize growth over redistribution 

have deepened the divide between public and private care 

[12,21].

In a context of complex disease burdens, multiple and in-

tersectional health inequities and weak health systems, civ-

il registration and vital statistics (CRVS) play a critical role 

[22]. Routine health information that is reliable and robust 

is a critical means to strategize, evaluate and monitor prog-

ress [23] as well as foster security and citizenship more 

broadly [24]. The issue requires special attention following 

estimates that over two–thirds of deaths worldwide pass 

without registration [25], with over three quarters of these 

belonging to regions in sub–Saharan Africa and South–East 

Asia [26]. Although South Africa has a vital registration sys-

tem for births, deaths and medical cause of death that is 

comprehensive in relation to other countries in the region 

[27], the system does not allow for correction of misclassi-

fications in death certificates and audits have identified er-

rors in up to 94% of records on HIV/AIDS deaths [28].

There is an urgent need for the health of marginalized 

groups to be accurately represented in this context. The 

objectives were therefore to develop a method to elicit per-

spectives of local communities in an established health and 

demographic surveillance site (HDSS) in rural north–east 

South Africa on two leading causes of death: HIV/AIDS and 

violent assault, and on HDSS as the means through which 

health information is generated in the locality. The broader 

aim was to demonstrate the utility of routinely consulting 

communities in HDSS.

METHODS

Study setting

The study setting was the Medical Research Council (MRC)/

Wits Rural Public Health and Health Transitions Research 

Unit in rural northeastern South Africa, which oversees the 

Agincourt Heath and Socio–Demographic Surveillance Site 

(HDSS). The Agincourt site was established in 1992 in re-

sponse to an absence of vital information on rural popula-

tions in South Africa, and has conducted annual censuses 

since collecting information on vital events (births, deaths 
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bind migrations) in a population of approximately 110 000 
occupying 21 000 households across 31 villages (Figure 1) 
[29,30]. Agincourt established the Learning, Information, 
dissemination and Networking with Communities (LINC) 
group in 2004 to enable community participation in re-
search and governance. LINC enhances research quality 
through the feedback of research results to community 
stakeholders [31]. Through these activities, the Agincourt 
HDSS tracks population health over time, measures the 
impact of interventions, supports community research and 
addresses gaps in population health data [32].

Participatory approach

The research adopted a community–based participatory 
research (CBPR) approach [33,34]. This was based on the 
premises that deaths identified through routine health sur-
veillance have social and health systems determinants, and 
the mechanisms through which these factors influence 
health outcomes can be reliably identified with local knowl-
edge [35]. Given the time and resources available, commu-
nities participated in identifying and defining health prob-
lems only. Other than in terms of health surveillance, the 
communities did not formulate remedial actions, and these 
were not implemented or evaluated. The research was of a 
pilot nature exploring feasibility and providing formative 

data as a basis form which to develop fuller forms of par-
ticipation in the study setting.

Participant recruitment

Three villages were selected in the surveillance area in 
which to convene the discussion groups on the bases of 
demographic variation (Table 1) and feasibility within the 
time and resources available. LINC staff then approached 
women of reproductive age (WRA), family members, tra-
ditional healers, religious leaders, community health vol-
unteers, health workers, village officials, and community 
leaders in villages to convene discussion groups that broad-
ly represented the community. To mitigate against any po-

Figure 1. Agincourt Health 
and Socio-Demographic 
Surveillance Site (HDSS) 
in Bushbuckridge Munici-
pality, Mpumalanga 
Province, South Africa.

Table 1. Characteristics of selected villages*

village

A B C

Number of households 1178 932 647

Population, total 6158 4827 3705

Population, male 3005 2305 1781

Population, female 3147 2522 1924

Population, children under 5 647 513 458

Population, children of school age 1911 1410 1167

*Source: Household data collected by the MRC/Wits Rural Public Health 

and Health Transitions Research Unit (Agincourt), June 2013 [36].
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tential bias as for result of social and power differentials in 

the groups, the group consisted of women only in one vil-

lage (Table 2).

An introductory meeting was held where the purpose, 

planned activities and outputs of the study were described. 

Those willing to participate were enrolled, written consent 

was taken and written information on the study was pro-

vided. A total of 24 participants were recruited into three 

village–based groups of eight participants, which operated 

independently in a series of weekly discussions on four se-

lected health conditions, plus the introductory meeting de-

scribed above (Table 3). The conditions were selected on 

the bases of high prevalence (HIV prevalence is 45% among 

men and 46% among women aged 35–39 in the Agincourt 

HDSS [37] and mortality from violent deaths is “outstand-

ingly high” [38]) and in terms of socio–cultural relevance 
[39–42].

Data collection

A qualitative approach to data collection and analysis was 
adopted to elicit the collective perspectives of the village–
based groups on the relationships between medical prob-
lems and their social and health systems determinants. The 
focus group discussion (FGD) method was used to encour-
age participation, to capitalize on communication between 
participants and to explore people’s knowledge to gain an 
understanding of the collective norms and attitudes sur-
rounding the two conditions [43,44]. A series of five week-
ly FGDs of 1.5–2 hours were held in each of the three vil-
lages, 15 FGDs were held in total.

A senior qualitative investigator (SN) with detailed knowl-
edge of the area facilitated the discussions. SN presented 
data gained via the annual census on the conditions to the 
groups and facilitated discussions on this basis. Topic 
guides were prepared for the meetings in which the condi-
tions, their causes, treatments, and the means through 
which information on them was generated in the locality 
(ie, HDSS) were discussed. The discussions were audio re-
corded and translated from the local language xi–Tsonga 
into English and transcribed. Two investigators took obser-
vational field notes and provided generally assistance dur-
ing the meetings (LD and KE).

Data analysis

The narratives and field notes were the main data sources. 
Towards the end of the data collection, the groups were 
presented with and discussed a preliminary analysis to de-
termine the plausibility and relevance of early interpreta-
tions of the discussions (Panel 1). Following completion 
of the data collection, a detailed analysis of the discussion 
transcripts was undertaken using framework analysis 
(NH). Framework analysis is a flexible tool to analyze qual-
itative data with the aim of creating a descriptive overview 
of an entire data set [45]. This method involved familiar-
ization and coding of the data followed by preparation of 
summaries/charts to map the range of views on the phe-
nomena of interest [46]. The steps of the framework anal-
ysis are summarized in Table 4. NVivo software (QSR In-
ternational, London, UK) was used for data management 
and coding.

Ethical considerations

Ethical considerations related to the research process and 
outcomes were integrated into the study design [47]. All 
participants gave informed consent that guaranteed ano-
nymization of all identifiable data in study reports, and as-
sured participants that they were free to leave the study at 

Table 2. Composition of discussion groups

discussion gRouP

Participants* A B C†

Women of reproductive age 1 1 2

Family members‡ 2 2 2

Traditional healers 1 1 2

Religious leaders / elders 1 1 2

Community health volunteers 1 1

Community officials 1 1

Community health providers 1 1

TOTAL 8 8 8

24

*All participants recruited were 18 y or older. Although participants typ-
ically had >1 role in the community, one primary role per individual was 
adopted for the purposes of convening the focus groups. Primary roles 
were also confirmed with participants.It was acknowledged that people 
with working arrangements, particularly village health workers and vil-
lage officials’ availability for five consecutive weekly meetings could be 
compromised. We also acknowledged the ethical imperative of engaging 
participants who would otherwise be involved in earning income and/or 
in the provision of public services. Participant recruitment was based on 
the compositions above with a degree of pragmatism and flexibility to-
wards those committing to the process, and with careful consideration of 
minimising disruption to local public services.

†Group C was a women–only group to mitigate against the power differ-
entials arising from the heterogeneous constituency of the groups.

‡Close relative: parents, grandparents, siblings, children, in–laws, nieces, 

nephews and cousins.

Table 3. Schedule of focus group discussions

Week/toPic 1 2 3 4 5
Focus 
Group

Recruit-
ment/
Intro-
duction

Stroke HIV/AIDS Vio-
lent 
assault

Epilepsy 
and 
feedback

Total 
meetings, 
per 
group

A A, 1 A, 2 A, 3 A, 4 B, 5 5

B B, 1 B, 2 B, 3 B, 4 B, 5 5

C C, 1 C, 2 C, 3 C, 4 C, 5 5

Total number of focus group discussions 15
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identified as a route of transmission in communities.

“…they don’t know the health status of [persons involved 

in the ceremony] and it might happen that he infect[s] my 

mother … because he does it [with] several people who 

needs the ceremony.” [Group A; WRA]

Treatments for HIV/AIDS related mortality

The use of traditional medicine for HIV/AIDS was de-

scribed in detail. Traditional healers were often portrayed 

negatively in these discussions, as money–minded and mis-

guiding. Participants reported instances in which healers, 

after identifying symptoms of HIV/AIDS, advised patients 

to undertake training to become a traditional healer them-

selves. Participants expressed suspicions that this was a 

strategy to gain revenue, and one that discouraged indi-

viduals from seeking and receiving medical treatment.

“…They were taken to the traditional healers and some …

say it’s a call from the ancestors to become a Sangoma [tra-

ditional healer]. She will go there and start to be a healer 

but at the end the traditional healer will chase her when he 

saw that she is not getting better (participants laugh).” 

[Group B; WRA]

Participants also reported that HIV patients would often be 

diagnosed and treated for Tindzaka, a disease believed to 

develop due to unprotected sex (as with HIV/AIDS) when 

mourning a death. Participants described treatments for 

Tindzaka involving cutting the skin of the patient, putting 

a mixture of herbs in the cut, and making the patient in-

hale the smoke of the burnt herbs. The participants also 

described medical treatments and self–help actions known 

to help patients to cope with, and prevent worsening of, 

the condition. The latter included acceptance of the situa-

tion, familial support, positive changes in diet and lifestyle, 

reductions in alcohol consumption, and a complete stop 

on sexual activity.

“…As a family we need to give moral support to the person 

and show love to him, ensure that he eats and drinks the 

medication.” [Group A; Village Official]

any time and for any reason. The study protocols were peer 

reviewed to determine local, methodological and substan-

tive relevance. The Human Research Ethics Committee at 

the University of the Witwatersrand (clearance #M121039) 

and the Mpumalanga Province health authority also re-

viewed and approved the study protocol.

RESULTS

This section presents the results of the analysis illustrated 

with verbatim quotes from the transcripts of the FGDs.

Causes of HIV/AIDS related mortality

Participants reported that widespread financial insecurity, 

often coupled with material desires, encourages young peo-

ple to trade sex for immediate financial gain, often at the 

expense of their long–term health. The participants also 

described how gendered roles and expectations in relation-

ships, combined with the need to maintain social and fi-

nancial security, constrain safe sex practices. The introduc-

tion of condoms was specifically reported to induce doubts 

among men about the fidelity of their partners, which 

threatened the relationships that are sources of social and 

financial support for many women.

“Poverty is one of the main issues when it comes to this 

disease. People still take risks because they want money to 

make a living.” [Group A; Village Official]

“…Most men … don’t believe that they should use a con-

dom with a woman that they have a baby with or a wife.” 

[Group A; Village Official]

Traditional practices were also reported as causative. A prac-

tice called Milo was noted in this regard. Milo is a traditional 

cleansing ceremony performed following the death of a hus-

band. The ceremony involves widows having unprotected 

sex with a mentally ill man for 7–14 days to prepare for fu-

ture sexual relationships. Due to the presence of few such 

individuals in communities, the same people were rotated 

among widows in villages for Milo. Due to the likelihood that 

women were widowed as a result of HIV/AIDS, Milo was 

Table 4. An adapted framework analysis approach [45,46]

stage descRiPtion

1. Immersion and organisation An initial organisation of data according to pre–determined (deductive) categories, as well as to prelimi-
nary emergent (inductive) themes.

2. Development of coding frameworks The development of thematic, or coding frameworks that resulted from Stage 1.

3. Application of coding frameworks The thematic frameworks are applied to the data to code or index it. This is done iteratively, until no new 
themes emerge (“thematic saturation”).

4. Preparation of thematic summary grids Thematic summaries prepared: grids of dominant and recurrent themes prepared with related themes and 
sub–themes in columns and respondents (or groups of respondents) as rows. This allows large volumes 
of narrative data to be distilled, and allows for the identification of patterns within and between narratives.

5. Interpretation Establishing associations between themes to construct descriptive and explanatory accounts of the phe-
nomena of interest.
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In terms of medical treatments, participants reported that 
ART had proved beneficial for the health of people living 
with HIV/AIDS. Many people however were reported to 
experience pain, nightmares and excessive hunger with 
ARTs, which constrained compliance in some cases.

“... ARTs are very painful when you are using them. That 
is why some are defaulting.” [Group B; Village Official]

Problems with patient confidentiality were reported in all 
groups as a major issue with medical treatment for HIV/
AIDS. Although some clinics counselled patients before 
disclosing test results, elsewhere providers reportedly dis-
closed patients’ status using non–verbal gestures (Figure 
2). Casual and stigmatising attitudes among nurses when 
dealing with the personal details of patients were also de-
scribed. Participants appeared uninformed of the pathways 
through which disciplinary actions for such breaches of 
confidentiality could be initiated.

“…HIV/AIDS [is] associated with prostitution, then when 
at the clinic say those with files [indicating those who are 
HIV/AIDS positive] come to this side then we look at them 
and say these are the ones who are not behaving well.” 
[Group B; Village Official]

“…our people don’t know about the channels to be used 
when they want to lay a complaint.” [Group A; Village Of-
ficial]

The insensitive handling of patient information had pro-
nounced consequences reported to create fear and discom-
fort among individuals and often resulted in delayed or no 
testing. Individuals in communities reportedly sought care 
long distances from their local facilities to avoid regular 
breaches in patient confidentiality. Delayed care and trans-
portation costs were recounted as key factors in care seek-
ing decisions in these circumstances.

“… Many people are dying in their houses without consult-
ing the clinic because they don’t have faith in the clinic.” 
[Group A; Traditional Healer]

Participants also described how fears over loss of financial 
security, social and emotional support delayed people seek-
ing testing and treatment. The reported behaviours of pro-
viders and patients underscored pronounced stigmatisation 
of people living with HIV/AIDS.

“... if he can find that he is HIV/AIDS he will think that he 
is dead, [participants laugh] he will live in fear you see.” 
[Group B; Village Official]

The participants also described unintended consequences 
of social welfare schemes that make support payments to 
patients with CD4 counts below a certain threshold. Par-
ticipants described how patients deliberately discontinue 
ART to continue to qualify for the welfare grant to safe-
guard a predictable income, but at the expense of continu-
ing treatment.

“…Some when they realize that his CD4 count is getting 
better and he realize that they are going to take away the 
grant and he will struggle … he stops taking his treatment 
and he will remain sick.” [Group B; Village Official]

Causes of mortality owing to violent 
assault

Poverty was also a recurring theme in the discussions on the 
causes of violent deaths. Participants explained how situa-
tions of poverty force individuals to take loans and incur 
debt and how the needs for financial and social security en-
courage women to have multiple partners. Non–repayment 
of credit and disloyalty in relationships were described to 
give rise to violent conflict with fatal consequences.

“… some people have a lot of credit and… he is not pay-
ing, like the loan sharks if you don’t pay them they can beat 
you until you die.” [Group A; WRA]

Participants also recounted excessive drinking and drug 
abuse as precursors to fatal assaults. These were reported 
to involve sexual assaults, robberies and criminal gangs re-
sulting in general increase in violence in the community. 
The narratives also revealed how conflict between couples 
can result from wives publicly disrespecting their hus-
bands. Alcohol and drug abuse were again reported to ex-
acerbate conflicts.

Figure 2. Focus group discussion (FGD) participant showing 
hand gestures used by medical staff to disclose HIV/AIDS 
status. Permissions were secured from participants for the 
reproduction of this image.
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“… drunk people will fight for something minor; they will 
even fight just because the other person stepped on his 
toe.” [Group B; Village Official]

The women only group portrayed men as the cause of fa-
milial violence. Specific issues reported in this group were 
the discovery of dishonesty and affairs. The heterogeneous 
groups, by contrast, reflected on the social acceptability of 
male violence as a means by which men establish control 
and dominance within the household and wider commu-
nity.

“… according to our tradition, a women is always a wom-
en and the man has the upper hand at home.” [Group A; 
Village Official]

Conflicts over property ownership, asset distribution, food, 
money, lack of discipline and guidance between siblings who 
had lost parents were also reported. Additionally, favoritism 
of siblings by parents who were present was reported as a 
source of tension, especially in second marriages.

Treatments for mortality owing to violence

The groups described several traditional and religious prac-
tices employed to reduce conflict and violence in families. 
These included husbands drinking traditional herbs to in-
duce calm. In one village, an instance where the pastor took 
the name of the Lord, holding the t–shirt of the violent hus-
band to reduce his anger was recounted. The participants 
expressed confidence in the effectiveness of traditional and 
religious practices.

Non–disclosure of violence due to stigma and the need to 
maintain socio–economic security were also recounted. 
Many participants reported how assaults are hidden from 
the police with women using home–based therapies to treat 
wounds so as not to compromise household stability and 
income. These actions protected violent spouses, again of-
ten with fatal consequences.

“…They are scared that they will arrest their husband be-
cause they are the ones providing food on the table for the 
family. That is why some they keep it to themselves until 
they are beaten to death.” [Village B; Village Official]

Views on hospital treatment for assault were generally pos-
itive. Participants reported that hospitals provided timely 
care and engaged with the authorities to report crimes and 
protect victims. Despite this however, poor quality services 
in public health facilities were also described. Participants 
reported insensitive behaviours of nurses, unskilled medi-
cal staff and rigid shifts often leading to long waiting hours, 
sometimes with fatal outcomes.

“… hospital staff will even put a policeman to guard him, 

this shows that they not only want to heal people but also 

want the law to take its course.” [Group B; Pastor]

“… nurses at the hospital are very cruel and rude… they 
never cared, they said I must pick the person and lay him 
in bed and the person died.” [Group C; Community Health 
Provider]

Ambulances were frequently reported as lacking, as were 
the high transportation costs and poor access to emergen-
cy services. Unwillingness to take injured persons to hos-
pitals in private vehicles was expressed in some villages. 
The participants also reported that at the police station, 
men who report their wives face disrespectful behaviour 
from officers.

“…many people are scared of blood … when you call people 
with cars when they see that the person is heavily bleeding 
they won’t take that person to hospital because they think 
he might die in their car.” [Group C; Traditional Healer]

“…when they arrest a man they will always come to his 
house while he is in jail to get a police statement and they 
use that as an excuse to get your wife while you are away 
[participants laugh].” [Group B; Village Official]

Health surveillance

The discussions also sought views on the procedures and 
outcomes of longitudinal health surveillance in the com-
munities. The participants acknowledged the benefits of 
health surveillance in terms of understanding and aware-
ness of health issues in communities.

“Health surveillance staff can help us in understanding 
more about HIV/AIDS issues and also help those who are 
left behind in being able to understand more about the dis-
ease and if needs be they take the treatment in a correct 
manner.” [Group A; Community Health Provider]

The participants developed recommendations for the sur-
veillance system. These included educational, financial and 
employment support to families whose needs were identi-
fied through routine surveillance. Other suggestions re-
ferred to HDSS partnering with community social workers 
to provide guidance and improve awareness on health and 
disease in the community.

“…I think if you investigate the cause of death it will be 
much better if you can come back and offer assistance to the 
family in a sense of checking their health status.” [Group C; 
WRA]

Participants also stated that field–workers should show 
sensitivity and patience during household surveys. Addi-
tionally, participants reported higher levels of acceptability 
with field–workers who were not known in their commu-
nity. As well as for impartiality and confidentiality, this was 
reported to improve the validity of information provided.

“... you are from [an]other village and come to investigate 

about death I will tell you the truth because I don’t know 
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you. It will be between you and me.” [Group B; Family 

Member]

The participants stated that the feeding back results of rou-

tine surveillance should incorporate an individual ap-

proach to personally inform families of the outcomes of 

cause of death conclusions gained through elements such 

as Verbal Autopsy (VA). Participants also stated that one–

to–one feedback should maintain strictly confidentiality, 

protecting families from potentially harmful consequences 

related to the disclosure of stigmatised conditions.

“…if you tell the whole community that so [individual] was 

killed by so [cause of death] it will be a disaster.” [Group 

A; Pastor]

DISCUSSION

The community views on HIV/AIDS and violence were 

broadly consistent and common issues were identified 

across the groups. The discussions on HIV/AIDS revealed 

serious problems with respectful care, confidentiality and 

patient dignity, while the discussions on violence reflected 

a patriarchal society with pervasive use of violence as a 

means of establishing control, social power and position 

within households and the wider society. The discussions 

on both conditions revealed the extent to which economic 

and social insecurities and traditional beliefs influence 

health and health behaviours. Specific issues included: 

norms of unsafe sex, widespread prostitution, debt, accep-

tance of domestic violence, and stigma around disclosure.

These issues did not exist in isolation. The discussions re-

vealed how, in a context of pervasive vulnerabilities, actions 

to maintain social support and position in the immediate 

term (eg, by not practising safe sex or not seeking of HIV 

testing or treatment) were often necessary to prioritise over 

actions to safeguard health in the longer term. These ac-

tions and norms were further reinforced by the lack of ef-

fective health system responses such as the denial of con-

fidentiality of health status and lack of emergency transport. 

The results can therefore be considered in terms of conver-

gent forms of disadvantage and exclusion that exert strong 

influences over people’s ability to protect their health.

More generally, poverty was repeatedly reported as a root 

cause for the emergence, transmission and exponentiation 

of mortality owing to HIV/AIDS and violent assault. Liter-

ature on the social diagnosis approach [48,49] and funda-

mental cause approach [50] assert that poorer households 

face problems in the availability, accessibility, acceptability 

and affordability of health care. These issues were clearly 

observed in the problems reported including unavailable 

emergency transportation, far–away clinics, expensive 

transport rental services, poor quality of care reflected 

through long waiting hours, limited hospital resources and 
staff, and poor confidentiality and insensitive behaviours 
on the part of health providers.

The South African health system is deeply divided as a re-
sult of historical colonialism, apartheid and, more recently, 
macroeconomic policies imposing neoliberal structural ad-
justment [51,52]. A recent assessment of equity in the 
health system in South Africa concludes that despite pro-
gressive financing, the distribution of health benefits re-
mains distinctly pro–rich [53]. Entrenched poverty and 
social inequality, divisions between public and private care, 
and disconnects between policy and ineffective implemen-
tation, have deteriorated public sector personnel and fa-
cilities. The implications of poverty as a root cause of mor-
tality in an unequal health system, in which deep social 
norms of eligibility for care linked to ability to pay, are im-
portant and should be a focus of future research.

The discussions provided information not available from 
other sources on the social and health systems mechanisms 
through which access to good quality health care is con-
strained in this setting. The routine engagement of margin-
alised group in the development of health information, 
coupled with HDSS for measuring and attributing progress 
to interventions developed and implemented is a clear av-
enue for further research [54]. It is encouraging that South 
Africa has a constitutional commitment to the right to 
health that centralises community participation in primary 
health care [55] that has been institutionalised, albeit with 
variable success, in Community Health Committees in the 
Western Cape [55]. Further CBPR in the Agincourt HDSS 
is currently underway to extend the partnerships initiated 
in this study between communities, researchers and health 
authorities. The intention is to develop co-constructed 
practical knowledge built from multiple perspectives, 
which can be readily embedded in local policy context 
[56,57].

The community views on health surveillance were largely 
positive reflecting established public engagement in Agin-
court. Suggestions for modifications to an already well–
functioning system related to ensuring that surveillance is 
respectful of loss, grieving and mourning, and for confi-
dentiality and sensitivity when discussing deaths of rela-
tives at the individual level. Extending ancillary care obli-
gations with the provision of support to families in 
situations of bereavement and impoverishment were also 
suggested. A recent study on the cultural acceptability of 
health surveillance supports this finding, recommending 
that HDSS sites prioritize community sentiments and tra-
ditions in data collection and dissemination [58]. Further 
work on the balance between collective utilities and the 
protection of individuals in routine surveillance will further 
strengthen the activities [59,60]
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Strengths and limitations

The degree to which participatory principles were adopted 
in the study was limited. Given the time and resources 
available, communities participated in identifying and de-
fining health problems only. Research questions and study 
designs were largely determined prior to contact with com-
munities, as were the conditions that were discussed. Oth-
er than identifying modifications to the health surveillance 
system, the groups did not discuss remedial actions for ser-
vices and neither implemented nor evaluated strategies to 
respond to the issues identified.

Despite limitations in the nature and extent of participa-
tion, the study demonstrated that consulting communities 
offers unique perspectives on the social and health systems 
components of mortality. Acknowledging principles of 
CBPR related to developing sustained and authentic part-
nerships and mutual agendas between communities and 
researchers [61], the study has served as a basis upon 
which to design and implement a larger participatory ac-
tion research (PAR) process in Agincourt. This work will 
develop a methodology suitable for application in other lo-
cations that promotes empowerment and social inclusion 
in health systems, with capacity building and evidence–
based advocacy [62].

Otherwise, the study was conducted in a defined area using 
qualitative methods and the findings may not necessarily be 
relevant to different contexts and settings. It is maintained 
however that qualitative enquiry seeks to provide authentic 
representations rather than generalizable findings [63,64], 
and that in terms of the process, CBPR is concerned with 

changing academic research paradigms through more inclu-
sive collaboration [61], and building partnerships though 
formative, feasibility and pilot data [65], to which progress 
has been achieved.

The study also explored perceptions on sensitive issues that 
were discussed in groups. This may have been subject to 
limited disclosure and so risk of bias. The differences in 
perspectives between the discussion groups convened to 
represent the community vs those that consisted of women 
only were noteworthy however, and suggest that the en-
gagements may have been to a sufficient degree, authentic 
and representative of collective viewpoints.

The combined inductive/deductive approach to data collec-
tion and allowed flexibility to reveal unanticipated aspects 
of the community’s perspectives on HIV/AIDS, violence and 
health surveillance, as well as considering issues identified a 
priori. A notable result in this sense relates to the unantici-
pated consequences of the welfare grant awarded on the ba-
sis of CD4 counts and how this acts as a disincentive to treat-
ment compliance. Finally, the presentation and discussion/
confirmation of the preliminary analysis served as a validity/
integrity check with the participants to ensure rigor while 

reflecting on the phenomena of interest (Figure 3).

CONCLUSIONS

Eliciting community views on the long–standing challenges 

of HIV and violence in South Africa provided information 

not available from other sources on the mechanisms through 

which social, economic and health systems factors influence 

Figure 3. Preliminary analysis presented to discussion groups in the final meeting.
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the accessibility and acceptability of heath care. The discus-
sions also revealed how these factors combine and converge 
to seriously and negatively constrain the extent to which 
people can engage in behaviours that safeguard long–term 
health. Health planning must take account of the social as-
pects of mortality in service organisation and delivery in fu-
ture. The results also indicate the need to address pervasive 
disenfranchisement of rural and poor communities.

In the context of HDSS, systematic documentation of pop-
ulation health and demographic data coupled with valida-
tion and co–production of health knowledge in a process 
connected to the health system at different levels may pro-

vide a means to improve evidence–based public health care 
services and address existing knowledge gaps. As stated by 
Scott–Samuel on Health Impact Assessments (HIA): “The 
identification and production of evidence that includes the 
interests of less powerful groups is a priority for HIA and 
would be furthered if a human rights–based method of HIA 
were developed.” [66]. Further participatory work in the 
Agincourt HDSS is underway to explore the potential to 
enhance survey data, and to provide a basis from which to 
develop partnerships between researchers, communities 
and health authorities in order to connect robust evidence 
with the means for remedial action.
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Innovative financing for HIV response  
in sub–Saharan Africa 

Background In 2015 around 15 million people living with HIV were 
receiving antiretroviral treatment (ART) in sub–Saharan Africa. Sus-
tained provision of ART, though both prudent and necessary, creates 
substantial long–term fiscal obligations for countries affected by HIV/
AIDS. As donor assistance for health remains constrained, novel fi-
nancing mechanisms are needed to augment funding domestic sourc-
es. We explore how Innovative Financing has been used to co–finance 
domestic HIV/AIDS responses. Based on analysis of non–health sec-
tors, we identify innovative financing instruments that could be used 
in the HIV response.

Methods We undertook a systematic review to identify innovative 
financing instruments used for (1) domestic HIV/AIDS financing in 
sub–Saharan Africa (2) international health financing and (3) financ-
ing in non–health sectors. We analyzed peer–reviewed and grey lit-
erature published between 2002 and 2014. We examined the nature 
and volume of funds mobilized with innovative financing, then in 
consultation with leading experts, identified instruments that held 
potential for financing the HIV response.

Results Our analysis revealed three innovative financing instruments 
in use: Zimbabwe’s AIDS Trust Fund (a tax/levy–based instrument), 
Botswana’s National HIV/AIDS Prevention Support (BNAPS) Interna-
tional Bank for Reconstruction and Development (IBRD) Buy–Down 
(a debt conversion instrument), and Côte d'Ivoire's Debt2Health Debt 
Swap Agreement (a debt conversion instrument). Zimbabwe’s AIDS 
Trust Fund generated US$ 52.7 million between 2008 and 2011, Bo-
tswana’s IBRD Buy–Down generated US$ 20 million, and Côte 
d’Ivoire’s Debt2Health Debt Swap Agreement generated US$ 27 mil-
lion, at least half of which was to be invested in HIV/AIDS programs. 
Four additional categories of innovative financing instruments met 
our criteria for future use: (1) remittances and diaspora bonds (2) so-
cial and development impact bonds (3) sovereign wealth funds (4) 
risk and credit guarantees.

Conclusion A limited number of innovative financing instruments 
contributed a very modest share of funding toward domestic HIV/
AIDS programs. Several innovative financing instruments success-
fully applied in other sectors could be used to augment domestic fi-
nancing toward HIV/AIDS programmes.

Electronic supplementary material:  
The online version of this article contains supplementary material.

By 2015, around 15 million individuals were accessing life–saving anti-

retroviral treatment (ART) [1]. Yet, the “AIDS transition” [2] is not in 

sight–in 2014, there were 36.9 million people living with HIV, 2 million 

new HIV infections and 1.2 million AIDS–related deaths [3].
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Innovative financing for HIV response

The continuing HIV epidemic requires sustained investment 
to prevent new infections and to provide treatment to those 
who need ART now and in the future. However, as more in-
dividuals access ART, domestic obligations for financing HIV 
will increase, reaching an estimated US$ 190 billion between 
2015 and 2050 and account for as high as 47% of the GDP 
in high prevalence sub–Saharan African countries such as 
Malawi [4], creating long term commitments that have to be 
met. The financial obligations have major implications for 
the affected countries and donors–not just in economic 
terms, but also in the way they manage financing of the HIV 
response, which requires empowering countries to take 
greater responsibility for managing funds from all sources.

The return of investment in HIV response as measured by 
benefit to cost ratio has been estimated at 280% [5], with 
substantial economic, social and health benefits reported 
by other studies [6], comparable to benefit to cost ratios 
reported for maternal and child health investments [7]. 
However, donor financing, which accounts for a large share 
of the HIV/AIDS funding in sub–Saharan Africa, is con-
strained due to the global economic crisis [8]. Domestic 
financing remains equally challenging, especially in high–
prevalence low–income countries that are fiscally con-
strained. Compounding the financing challenges are inef-
ficiencies in channeling and use of available funds, and the 
harmful asymmetry between the long–term financing 
needs for HIV and short–term replenishment cycles of do-
nor institutions [9].

There are opportunities for increasing HIV financing, how-
ever. African economies are enjoying economic growth 
[10]. There are also untapped natural resources that could 
generate upwards of US$ 4 billion each year [11]. Addi-
tional fiscal space could be created in domestic budgets by 
improving efficiency in allocation both to and within HIV 
programmes and by co–financing HIV services with fund-
ing from other economic sectors [12]. Innovative financing 
could offer new sources of funding. Conceived as a fund-
ing source to meet the Millennium Development Goals 
(MDGs), innovative financing, which provided around US$ 
6 billion in total in 2002–2012 [13], is increasingly an im-
portant source of funding for global health [14].

We explore how innovative financing could be used to co–
finance the long–term HIV obligations by augmenting do-
mestic contributions in sub–Saharan Africa. We analyze 
how different innovative financing instruments can be op-
erationalised and the institutional arrangements needed for 
their effective use.

METHODS

We undertook a systematic review to identify domestic in-
novative financing used to augment funding for HIV pro-

grammes in sub–Saharan African countries. We then ex-
tended the search to identify innovative financing used in 
global health and non–health sectors.

We searched peer–reviewed literature and grey literature 
published between 2002 and 2014, the period when in-
novative financing gained prominence following the Unit-
ed Nations International Conference on Financing for De-
velopment [15], and the publication of the High Level 
Taskforce on Innovative International Financing for Health 
Systems [16]. We also searched web sites of development 
agencies, and international financing institutions for pub-
lished reports and to gather data. We provide the frame-
work for the search, a listing of the data sources and the 
search strings (Figure S1 in Online Supplementary Docu-
ment). In qualifying a financing scheme as innovative, we 
that took into account the nature of the financing, institu-
tional arrangements and the mode of financing (pooling, 
channeling and allocation of funds) [13].

We used predetermined criteria (Figure S2 in Online Sup-
plementary Document) to systematically examine the na-
ture and magnitude of funding that could be mobilised, the 
characteristics of the innovative financing and their suit-
ability for long–term funding of HIV obligations. We 
sought views of leading experts involved in innovative fi-
nancing and development finance (from the World Bank, 
International Monetary Fund, The African Development 
Fund, the Global to Fight AIDS, Tuberculosis and Malaria, 
and the Bill and Melinda Gates Foundation) and in domes-
tic funding of HIV programmes in sub–Saharan countries 
(such as from Kenya, South Africa, and Ethiopia). We then 
categorised the innovative financing instruments with the 
most potential for raising new funds.

We did not consider funding generated from borrowing, 
funding from health insurance, reprioritisation of existing 
budgets and efficiency gains from improvements in health 
systems [17,18], as these approaches are used routinely in 
funding and managing health budgets.

We analyzed all search results using the Preferred Items for 
Systematic Reviews and Meta–Analysis (PRISMA) guide-
lines [19]. We present all monetary amounts in 2010 US 
Dollar (US$) equivalents based on World Bank official ex-
change rates [20] and the GDP deflator indices from the 
US Department of Commerce, Bureau of Economic Analy-
sis, National Income Product Accounts Tables [21]. We re-
port our findings by calendar year.

RESULTS

Innovative financing from taxes, levies and 
debt conversion instruments

The systematic review revealed three innovative financing 
instruments using national taxes and levies and debt con-
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version for countries including debt buy–down currently 
in use for HIV/AIDS, namely: Zimbabwe’s AIDS Trust Fund 
[22], Botswana’s National HIV/AIDS Prevention Support 
(BNAPS) International Bank for Reconstruction and Devel-
opment (IBRD) Buy–Down [23], and Côte d'Ivoire's Debt-
2Health Debt Swap Agreement [24].

We briefly mention three other innovative financing instru-
ments which were intended but were not established as 
functioning entities, were established and then terminated, 
or had failed to generate meaningful revenues.

Taxes and levies

Established in 2000, Zimbabwe’s AIDS Trust Fund received 
proceeds from a 3% tax levied on formal sector employers 
and employees. Of the total funds collected, 50% was ear-
marked for ART programmes, 10% for prevention pro-
grammes, and the remainder toward program administra-
tion and support. The funding generated in 2000–2008 
was not available as the estimated figures were distorted 
due to hyperinflation. In 2008–2011, the levy generated 
US$ 52.7 million (89.8% of the US$ 58.7 million in total 
domestic public HIV spending [25]), with US$ 5.7 million 
generated in 2009, US$ 20.5 million in 2010 and US$ 26.5 
million in 2011 [26].

We identified other tax/levy–based instruments, which 
have been proposed, but not fully scaled up or implement-
ed. For example, starting in fiscal year 2015/16, Kenya is 
establishing an HIV investment unit that will develop a 
model for resourcing a new HIV Trust Fund which will be 
created within the National AIDS Control Council, and will 
seek to mobilise resources from domestic and internation-
al sources, including matching funds, corporate social in-
vestments, debt swaps, infrastructure bonds and the infor-
mal sector [27], but the scheme is not yet operational.

The government of Uganda has proposed to establish a HIV 
Trust Fund (based on the Zimbabwe model) to provide 
sustainable financing for HIV programmes. The HIV Pre-
vention and Control Act, 2014 has stipulated the source of 
income for the Fund from levies (2% of the total tax reve-
nues) on beers, spirits, soft drinks and bottled water, in ad-
dition to income from international sources [28].

Tanzania has also established an AIDS Trust Fund in 2015 
through the Tanzania Commission for Aids (Amendment) 
Act 2014 enacted by the Parliament in early 2015 to reduce 
donor dependence [29].

Trust Funds are a new and a promising new approach that 
pools funds revenues from multiple sources [30]. Here the 
innovation is less about the source of financing but more 
about the pooling and application of funds [13].

Tax and levy–based instruments have the potential increase 
in revenues in sub–Saharan Africa, (where trade taxes have 

declined since 1990s and income taxes have stagnated 
since 2000 [31]) and where revenue streams from extrac-
tive industries that could be taxed [11]. Revenues from 
taxes and levies can be earmarked or ring–fenced for HIV 
programs within public finance budget (as with Zimba-
bwe’s AIDS Levy). However, ring–fencing or earmarking 
reduces fungibility of public funds [32] and may limit a 
government’s ability to respond to unexpected shocks and 
to adjust allocations for short–term priorities [33].

Debt conversion

Buy–downs convert credits to grants, often with conditions 
[34]. Debt conversion instruments can be operationalised 
using a combination of schemes. With bilateral conversion, 
where the lender simply cancels all or a portion of the loan 
or credit, operationalisation means ensuring that the con-
ditions for cancellation/forgiveness are met. In most in-
stances, program monitoring is mediated via the respective 
ministries and debt cancellation occurs ex–post [34]. With 
trilateral conversion, if the lender cancels or forgives all or 
part of a loan with the expectation that the debtor invest 
that portion in a multilateral institution, a modified debt 
arrangement maybe required. If on the other hand, a third 
party donor purchases all or part of a loan either condition-
ally or unconditionally, the execution of the debt arrange-
ment must occur ex–ante due to the inclusion of addition-
al institutions [34].

Botswana’s National HIV/AIDS Prevention Support IBRD 
Buy–Down of US$ 50 million was used to address imple-
mentation gaps in the domestic HIV response. The pro-
gram also supported the implementation of a new nation-
al operational plan for scaling up prevention as a national 
“survival strategy”. A buy–down of US$ 20 million, sup-
ported by the European Commission was later introduced 
in Botswana to reduce HIV prevalence in young adults with 
conversion predicated on the HIV program meeting per-
formance objectives [35].

A similar but more recent buy–down under Debt2Health, 
a novel debt conversion instrument managed by the Glob-
al Fund [36], provided US$ 27 million to the domestic HIV 
response in Côte d'Ivoire. In exchange for the creditor 
(Germany) forgoing the US$ 27 million debt, Côte d'Ivoire 
was required to invest at least half of the proceeds on na-
tional HIV treatment and prevention programmes [37]. 
While Debt2Health has financed several HIV/AIDS pro-
grammes worldwide, Côte d'Ivoire is the only African 
country to benefit from the instrument.

Between 2001 and 2011, sub–Saharan Africa received ap-
proximately US$ 2 billion in concessional aid for HIV/AIDS 
programmes [38], which offers potential for the use of 
Debt2Health. Between 2011 and 2013, debt conversion 
programmes totaling US $45.7 million were signed using 
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Debt2Health [39], including US$ 27 million for Côte 
d'Ivoire.

We summarize in Table 1 the key features of the innova-
tive financing instruments discussed.

Airline levy and contributions from retail 
sales

In addition to innovative financing from taxes and levies 
and debt conversion international innovative financing 
such as Airline Solidarity Levy (Airline Levy) [40] and 
PRODUCT(RED)TM [41] have been used to generate fi-
nancing for HIV/AIDS programmes. Airline Solidarity 
Levy is domestically implemented with revenues pooled 
and channeled via UNITAID. In Africa, distinct from the 
Airline Solidarity Levy, several countries have introduced 
their own versions of airline levies, including Cameroon, 
Congo, Madagascar, Mali, Mauritius and Niger, and is un-
der consideration in Benin, Burkina Faso, Central African 
Republic, Gabon, Guinea, Kenya, Liberia, Namibia, Sen-
egal, São Tomé and Principe, and Togo [40]. Product(RED) 
generates revenue through direct contributions via retail 
sales in Western countries the proceeds of which are then 
channelled to the Global Fund to Fight AIDS, Tuberculo-
sis and Malaria [42].

Innovative financing for other services with 
potential future use for HIV/AIDS

Our analysis of global health and non–health sectors re-
vealed four additional categories of innovative financing 
with the potential to expand fiscal space and provide ad-
ditional funding for HIV/AIDS, namely: remittances and 
diaspora bonds; social and development impact bonds; 
sovereign wealth funds; and guarantees (See Panel in On-

line Supplementary Document for a summary of these 
categories).

Remittances and diaspora bonds

In 2014, remittances accounted for US$ 67.1 billion of the 
US$ 206.6 billion in external flows to sub–Saharan Africa. 
Nigeria was the largest recipient with US$ 21 billion in 
2013 [31]. Remittances are additional and particularly at-
tractive given their stability in comparison to direct foreign 
investment or private financing flows.

Remittances can be mobilised via issuance of diaspora 
bonds, which have been successfully used in India (since 
1991), in Israel (since 1951) and in Sri Lanka (since 2001). 
A diaspora bond can be developed either directly by a gov-
ernment or a state–owned bank. The bond can be setup to 
raise revenues on a continuous basis (annual issuance) or 
on an on–demand basis (opportunistic issuance), and can 
be established as non–negotiable fixed rate or as floating 
rate bonds or notes in different denominations. Fixed rate 
bonds, which are inherently less volatile, provide increased 
predictability to financing [43].

Diaspora bonds offer several benefits to issuers. Due to in-
vestors’ “patriotic motivations”, the issuer could conceivably 
offer a lower rate of return, thereby gaining a “patriotic dis-
count”. The bonds also offer the issuer an opportunity to 
improve sovereign credit rating by creating a new funding 
source. For the investor, aside from meeting personal moti-
vations, the bonds offer the flexibility to receive interest and 
principal in issuer currency, which can be routed to meet li-
abilities in the issuing country [43].

While revenues from India’s diaspora bonds were used to 
offset the country’s balance of payment crisis in 1991 [44], 

Table 1. Innovative financing instruments in use in sub–Saharan Africa, those planned, and their features

instRument name oPeRational status yeaR established instRument tyPe souRce of Revenue financing agent Revenues geneRated/foRecast

Botswana’s National HIV/
AIDS Prevention Support 
(BNAPS) IBRD Buy–Down

Operational 2009 Debt 
buy–down

Concessional or 
non–concessional 
debt

European Commission 
(up to US$ 20 million)

US$ 50 million  
(over five years)

Côte d'Ivoire's 
Debt2Health Debt Swap 
Agreement

Operational 2010 Debt swap Concessional or 
non–concessional 
debt

Government of 
Germany

US$ 27 million

Zimbabwe’s AIDS Trust 
Fund

Operational 2000 Levy Formal sector 
employee and 
employer income

Domestic government US$ 85.2 million 
(through 2012)

Kenya's National Aids 
Control Council (NACC) 
Tax

Not yet 
operational

Not yet established Multiple 
sources

Multiple sources Domestic government, 
augmented with funds 
from external sources

Unknown

Uganda's HIV Trust Fund Not yet 
operational

Established by HIV 
and AIDS 
Prevention and 
Control Act, 2014

Tax Tax revenue from 
alcohol, soft 
drinks and 
bottled water

Domestic government 
and international 
sources

Unknown

Tanzania's AIDS Trust 
Fund

Not yet 
operational

Established in 2015 Not 
specified

Not specified Domestic government Unknown
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the Israeli diaspora bonds have financed public works such 
as seawater desalination, housing construction and commu-
nication infrastructure [43]. Though we did not uncover 
evidence of the use in health programs, the characteristics of 
these instruments suggest that it could be a viable source.

Social Impact Bonds and Development 
Impact Bonds

Impact bonds have gained prominence as a means to at-
tract and “crowd in” additional private capital to address 
social challenges. Social Impact Bonds and Development 
Impact Bonds allow private investors to invest in social 
causes and generate suitable financial returns, contingent 
on the quality of the outcomes achieved [45]. In a Social 
Impact Bond the outcome payer is the government, while 
in a Development Impact Bond the outcome payer is a do-
nor, development agency or a philanthropic foundation 
[42]. In incentivising payment based on the quality of the 
outcomes achieved, the Development Impact Bonds offer 
the potential to maximise impact underpinned by rigorous 
monitoring and evaluation. For the sponsoring govern-
ment or agency (the bond issuer), Development Impact 
Bonds offer risk protection and potential overall cost sav-
ings in implementing programmes.

When implementing a social or a development impact 
bond however, governments typically focus on social pro-
grammes with proven interventions, which fall within in-
vestor risk thresholds, can generate cost savings, have well–
defined target populations and have quantifiable impacts/
outcomes. Thus in the health sector, social or development 
impact bonds are most appropriate for preventative rather 
than treatment interventions, as the cost of the latter should 
be met from operational budgets, and borrowing through 
bonds should be used to invest and not fund operational 
expenditures. The ethics of targeting interventions with 
easy to measure outcomes rather than those with the po-
tential to meet most need is debatable, however.

While social impact bonds have proven successful in non–
health sectors, including recidivism reduction in the Unit-
ed Kingdom [46], education and housing in the United 
States [47], they are yet to be implemented in for HIV pre-
vention and control. Several case studies indicate the po-
tential for the health sector however, including in imple-
menting Treatment as Prevention programmes and 
tuberculosis control programmes in Swaziland [48] and 
malaria control programmes in Mozambique [49].

Sovereign Wealth Funds

Sovereign Wealth Funds (SWFs) are special purpose invest-
ment funds owned by governments, which are established 
for creating stable returns on the funds invested for mac-
roeconomic stability, to meet contingent liabilities, and to 

withstand economic shocks [50]. In 2012, total assets of 
SWFs accounted for approximately US$ 3 trillion. Based 
on IMF and the Santiago Principles taxonomy [51], four 
types of SWFs are distinguishable, namely: stabilization 
funds, savings funds, development funds (reserve invest-
ment fund) and pension reserve funds. Stabilization funds 
absorb macroeconomic shocks due to commodity price 
volatility and other external events (eg, Chile’s Economic 
and Social Stabilization Fund). Savings funds preserve 
wealth for future generations by transforming nonrenew-
able resources into monetary assets (eg, the Abu Dhabi In-
vestment Authority). Development funds aim to finance 
social development and infrastructure (eg, Mubadala in 
United Arab Emirates) [52], whereas pension reserve funds 
aim to fund pension–related contingent–type liabilities (eg, 
Norway’s Government Pension Fund).

African Sovereign Wealth Funds accounted for US$ 114.3 
billion in 2009, approximately 3% of global sovereign 
wealth funds at the time. By 2012 there were 15 Sovereign 
Wealth Funds in Africa with the four largest sourced from 
oil and gas revenues and the fifth sourced from diamonds, 
minerals and other natural resources, but amounts used as 
development funds are unknown, due to scarcity of pub-
licly available data [53].

Guarantees

Guarantees can be used to catalyze private financing by 
mitigating risks, especially those that are political, contrac-
tual or regulatory in nature. The largest volume of guaran-
tees originated from the World Bank Group, which pro-
vided by 2013 US$ 4.5 billion as 37 guarantees across 30 
countries [54]. The guarantees were sourced from Interna-
tional Development Association (IDA), IBRD, Internation-
al Finance Corporation (IFC) [55] or the Multilateral In-
vestment and Guarantee Agency (MIGA) [56], and 
structured as Partial Risk Guarantees, Partial Credit Guar-
antees or Policy Based Guarantees.

Partial Risk Guarantees support private sector investment 
including in public–private partnerships. Partial Credit 
Guarantees support commercial borrowing in support of 
public investment projects and Policy Based Guarantees 
support commercial borrowing for budget financing or re-
form programmes. Partial Risk Guarantees are available to 
all IBRD and IDA countries, while Partial Credit Guaran-
tees and Policy Based Guarantees are only available to 
IBRD–eligible countries [54]. Aside from the World Bank 
and other multilateral development banks, private founda-
tions such as the Bill & Melinda Gates Foundation also 
provide guarantees [57].

Guarantees offer several benefits to borrowers. The reduc-
tion of default risk improves potential of the country for se-
curing loans and thereby stimulates additional investment. 
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Guarantees can also reduce the cost of capital due to lower 
interest rates afforded to the borrowing government via guar-
antor’s credit worthiness (especially in the case of the World 
Bank due to the bank’s AAA rating) [54]. Guarantees allow 
governments to share the risk of projects with the private 
sector. In the case of World Bank guarantees, capacity build-
ing is also afforded as an added benefit [58]. While guaran-
tees are beneficial to borrowers they create risks to guaran-
teeing entities, which with the prevailing global economic 
crisis may limit the potential for expanding guarantees.

Between 2005 and 2012, the IBRD mobilised US$ 1.2 bil-
lion and IDA mobilised US$ 789 million as guarantees. The 
energy sector received the highest volume of financing (US$ 
2 billion) with IFC or MIGA guarantees, with the largest pro-
portion within the African region (US$ 1.1 billion). The 
health sector however, has yet to receive guarantees from the 
World Bank Group [54]. By contrast, the Gates Foundation 
has issued credit enhancement guarantees to enhance afford-
ability of vaccines and health commodities amounting to 
around US$ 250 000, US$ 500 000 and US$ 400 000 in 
gross exposure in 2012, 2013 and 2014 respectively [56].

Borrowing increases future financial liabilities for countries, 
but by reducing the cost of borrowing, guarantees can sig-
nificantly reduce the cost of servicing the debt burden. The 
benefits of guarantees can be further augmented if coun-
tries demonstrate economic returns from HIV treatment/
prevention programmes via reduced HIV incidence and 
enhanced labour productivity that benefit the economy.

DISCUSSION

We identified limited use of innovative financing instru-
ments in domestic financing of HIV programmes in sub–
Saharan Africa. The findings suggest both an opportunity 
to augment domestic financing, but also a possible hin-
drance of innovative financing due to weak domestic po-
litical or regulatory climates – only three innovative financ-
ing instruments were in current use and operationalised to 
generate meaningful revenues.

The instruments that were successfully implemented were 
either based on debt conversion or taxes and levies, how-
ever with no new instruments that unlocked resources to 
generate additional predictable revenues from new sources 
beyond taxes/levies and debt. Innovative financing includ-
ed both new financing instruments, but also innovative 
ways of using existing instruments for HIV–for example 
debt conversion and levies.

The revenues generated through tax/levy mechanisms (US$ 
52.7 million in Zimbabwe), accounted for a relatively minor 
share of the domestic HIV budget [26]. The revenues gener-
ated from debt conversion were also modest (US$ 50 million 
in Botswana [23] and US$ 27 million in Côte d'Ivoire [24]). 

Similarly, despite the growth of bond issuance by countries 

of sub–Saharan Africa [10], there are no bond–based instru-

ments for HIV, even though bonds have been used to finance 

malaria programmes in Mozambique [59].

While the relative absence of innovative financing instru-

ments that generate new sources is a challenge, the nascent 

space for innovative innovative financing is also an oppor-

tunity as countries affected by HIV move to increase do-

mestic share of the financing obligations for HIV. The Glob-

al Fund’s country graduation and counterpart financing 

[60] and PEPFAR’s multi–year partnership framework 

agreements [61] will encourage this transition. Recent evi-

dence suggests that 12 high prevalence sub–Saharan Afri-

can countries would be able to finance as much as 64% of 

future financing needs in 2014–2018 through economic 

growth [9]. Much of the additional financing in these coun-

tries would be from the expansion of domestic fiscal space 

from traditional sources [40], which could be further aug-

mented by innovative financing, if constraints for introduc-

ing new funding instruments are overcome. In this context, 

innovative financing instruments that enable securitisation 

of future income streams offer the most immediate possi-

bility of augmenting existing funding to accelerate the HIV 

response, though the risk of exaggerating already high fu-

ture debt obligations has to be carefully considered. Secu-

ritisation is an area where guarantees could be leveraged, 

as guarantees enable the borrowing countries to substan-

tially reduce the interest payable on the debt while reduc-

ing default risk to lenders–thereby unlocking new funds 

from private sector investors by making the benefit–risk 

calculus more attractive.

Taxes and levies continue to be promising sources of new 

revenue if implemented as a modest charge on high volume 

transactions (especially on goods such as tobacco and alco-

hol with well–proven health harm) to expand the govern-

ment revenue base with revenues pooled and effectively 

committed. Diaspora bonds are hitherto untapped sources 

of funding for the HIV response, due to their long–term na-

ture, which is aligned with the long–term obligations for HIV. 

However, apart from the diaspora bonds issued in India and 

Israel, their widespread uptake is limited [43].

Sovereign wealth funds offer potential new funding sourc-

es if they could be used to leverage private sector invest-

ments, through public–private partnerships to invest in 

health system infrastructure or in new ventures to create 

additional capacity for health service provision in the 

health system, where new providers could be contracted 

by the government to provide services.

Social impact bonds offer significant potential for mobiliz-

ing new and additional external resources from private 

sources. Social impact bonds would be particularly suitable 
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for financing preventative interventions that reduce future 
burden of disease, especially for effective interventions that 
are under–utilized or inefficiently delivered (such as pre-
vention of mother to child transmission, harm reduction, 
voluntary male circumcision, condom distribution and 
use) to bring health, economic and social benefits and 
achieve returns beyond the costs. By transferring the risk of 
success to private investors that bring new funds and inno-
vative service delivery models to the sector, the government 
(or the public sector funding entity) pays for successful out-
comes. The investors, be it philanthropic foundations, high 
net worth individuals or socially conscious funders, receive 
financial return and social benefits.

To maximise the benefits of revenues generated from do-
mestic innovative financing, the “partnership” arrange-
ments between donors and HIV–affected countries must 
be reframed. In spite of the Paris Declaration on Aid Effec-
tiveness and the Accra Agenda for Action [62], country 
ownership of donor funding and health programmes has 
yet to be achieved in most settings. Instead, the partnership 
remains disproportionately weighted toward donors, espe-
cially in countries where donor financing outweighs do-
mestic finding. For example, in Uganda domestic financing 
for HIV accounted for US$ 53 million in 2013, whereas 
donor financing accounted for US$ 446 million [9]. In Ma-
lawi, the donor share of HIV funding was 98% of cumula-
tive spend [63], although the appropriate balance of do-
mestic and international financing is debated [64].

In restructuring the partnership, domestic governments’ 
view that a duty lies with the donor must be balanced with 
a view that emphasizes mutual responsibility and account-
ability to ensure sustainable and predictable financing for 

HIV response. In low income countries with high prevalence 
of HIV, as HIV financing accounts for a large portion of the 
health budget and the GDP [9], however, long term financ-
ing consideration need to rest with the ministry of finance 
and the government in general, which have the responsibil-
ity for management of debt levels and priorities in the avail-
able fiscal space. Similarly, donor perceptions that shifting 
resources among recipient countries is acceptable, as long as 
outlay commitments are met, should also be overcome.

“Commitment Technologies”, which can be utilized to en-
force binding and credible commitments, both from donors 
and recipients, can capitalise on several key features of the 
status quo arrangements. Presently, donors reap the most 
benefit from efficiency gains in development assistance. Re-
cipients on the other hand, are uncertain of benefits, as the 
returns are intangible in budgetary terms, although health 
benefits are real. If donors (or investors) make multi–year 
commitments to invest in a proportion of need, they stand 
to reap a share of efficiency improvements equal to partici-
pation. Similarly, if the incentives for domestic governments 
can be made more tangible, via the use of mechanisms such 
as social impact bonds46, results–based financing [65] or 
cash–on–delivery [66] for example, where results to be de-
livered equate to reduction in incidence, then the prospects 
for reframing the partnership become promising.

The opportunity for innovative financing to augment do-
mestic financing for HIV/AIDS is real and important given 
the magnitude of the long–term obligations in sub–Saha-
ran Africa estimated at around US$ 180 billion [4]. Sus-
taining HIV response in the era of sustainable development 
with competing priorities makes the search for funding 
from innovative financing all the more pressing.
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Cost of management of severe pneumonia in 
young children: systematic analysis 

Background Childhood pneumonia is a major cause 
of childhood illness and the second leading cause of 
child death globally. Understanding the costs associ-
ated with the management of childhood pneumonia 
is essential for resource allocation and priority setting 
for child health.

Methods We conducted a systematic review to iden-
tify studies reporting data on the cost of management 
of pneumonia in children younger than 5 years old. 
We collected unpublished cost data on non–severe, 
severe and very severe pneumonia through collabora-
tion with an international working group. We extract-
ed data on cost per episode, duration of hospital stay 
and unit cost of interventions for the management of 
pneumonia. The mean (95% confidence interval, CI) 
and median (interquartile range, IQR) treatment costs 
were estimated and reported where appropriate.

Results We identified 24 published studies eligible for 
inclusion and supplemented these with data from 10 
unpublished studies. The 34 studies included in the 
cost analysis contained data on more than 95 000 chil-
dren with pneumonia from both low– and–middle in-
come countries (LMIC) and high–income countries 
(HIC) covering all 6 WHO regions. The total cost (per 
episode) for management of severe pneumonia was 
US$ 4.3 (95% CI 1.5–8.7), US$ 51.7 (95% CI 17.4–
91.0) and US$ 242.7 (95% CI 153.6–341.4)–559.4 
(95% CI 268.9–886.3) in community, out–patient fa-
cilities and different levels of hospital in–patient set-
tings in LMIC. Direct medical cost for severe pneumo-
nia in hospital inpatient settings was estimated to be 
26.6%–115.8% of patients’ monthly household in-
come in LMIC. The mean direct non–medical cost and 
indirect cost for severe pneumonia management ac-
counted for 0.5–31% of weekly household income. 
The mean length of stay (LOS) in hospital for children 
with severe pneumonia was 5.8 (IQR 5.3–6.4) and 7.7 
(IQR 5.5–9.9) days in LMIC and HIC respectively for 
these children.

Conclusion This is the most comprehensive review to 
date of cost data from studies on the management of 
childhood pneumonia and these data should be help-
ful for health services planning and priority setting by 
national programmes and international agencies.

Electronic supplementary material:  
The online version of this article contains supplementary material.
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Cost of managing severe pneumonia in young children

Pneumonia is one of the leading causes of morbidity and 
mortality in children under–five globally, and accounted for 
about 935 000 (15%) deaths in 2013 and 120 million new 
episodes of illness in this age group in 2010 [1,2]. Appro-
priate management of childhood pneumonia can reduce 
pneumonia–specific mortality by 32–72% [3–5] and thus 
accelerate the progress toward achievement of the Millen-
nium Development Goal 4 (MDG4). Childhood pneumonia 
places a large economic burden on families and the health 
care system, especially in resource–constrained low– and 
middle–income countries (LMIC). Severe ALRI is a substan-
tial burden on health services worldwide and a major cause 
of hospital referral and admission in young children [6]. Al-
though several studies in high–income as well as low– and 
middle–income countries have reported the costs associ-
ated with an episode of pneumonia (at the individual pa-
tient level), there are no published systematic reviews sum-
marizing the evidence from different health systems and 
settings globally. Bahia et al reviewed pneumococcal disease 
costs and productivity loss in Latin America and the Carib-
bean showed variation in unit costs of pneumococcal pneu-
monia at outpatient and inpatient levels [7]. We aimed to 
conduct a systematic review of published data on the costs 
associated with management of pneumonia episodes in chil-
dren younger than 5 years and to identify unpublished data 
sets from pneumonia research groups globally. Cost esti-
mates based on these data should be useful to develop mod-
els for estimating cost of management of pneumonia in 
community as well as hospital–based settings.

METHODS

Review of published studies

We aimed to identify all published studies reporting em-
pirical cost data on the treatment of episodes of pneumonia 
in children aged below 5 years during a 15–year period 
(1998–2013). We included studies in children younger 
than 5 years with pneumonia managed as in–patients or 
out–patients (using standard treatment per local standard) 
in secondary and tertiary hospitals, first level facility or in 
community settings. Data on the cost of a single episode of 
severe pneumonia from the societal and health care per-
spectives were collected as the primary study outcome. We 
developed a review protocol at the beginning of this study 
and followed the same throughout the process.

We undertook a systematic literature review with three re-
viewers (PS, IK, SZ), and hand searched reference list of all 
included articles. We searched four databases (with online 
search tools) to offer maximum coverage of the relevant lit-
erature: Medline, EMBASE, The Centre for Review and Dis-
semination Library (incorporating the DARE, NHS EED, 
and NHS HTA databases); and The Cochrane Library (via 

the Wiley Online Library) for the period 1 January 1998 to 
October 31 2013. (for search strategy, see Appendix S1 in 
Online Supplementary Document).

Three review authors (SZ, PS, IK) independently selected 
potentially relevant studies based on their title and abstract. 
Any disagreements in study selection or data extraction 
were resolved after discussion with SZ and HC. The eligible 
studies were retrieved electronically for full–text review. We 
included studies that investigated all–cause pneumonia in 
a non–selective population sample, reported empirical cost 
data for pneumonia treatment (using any intervention in-
cluding, but not limited to, antibiotics), and included only 
children younger than 5 years or reported data separately 
for this age group. We excluded review articles, vaccine 
cost–effectiveness trials, and studies considering specially 
selected cohorts with severe co–morbidity (Appendix S2 
in Online Supplementary Document). We developed and 
piloted a comprehensive data extraction template. We col-
lected data on cost per episode, cost and unit cost of med-
ication and services, duration of hospital stay and direct 
medical and non–medical costs. Direct medical cost in-
cluded costs related to medication, diagnostic tests, medi-
cal staff time and hospital stay. Direct non–medical costs 
included those relating to food, transportation and accom-
modation charges. Any additional data on indirect costs 
such as care–givers’ time and earning loss were also record-
ed, where available. Additionally, we extracted data on 
study characteristics including country, treatment setting, 
study type and sample size. We recorded the cost study 
perspective only if explicitly stated in the text of the article 
to avoid subjective influence. For those papers that did not 
explicitly state the perspective used, we noted “–“ for “un-
stated”.

We classified countries into high income and low–and–
middle income categories based on the classification ad-
opted by the World Bank and according to 2012 Gross Na-
tional Income (GNI) per capita, calculated using the World 
Bank Atlas method. The groups are low–income per capi-
ta US$ 1035 or less; lower middle–income US$ 1036–US$ 
4085; upper middle income US$ 4086–US$ 12 615; and 
high income US $12 616 or more [8].

Quality assessment

We assessed the quality of the included studies using a 13 
point scale based on a modified Drummond checklist [9] 
for economic evaluation focusing on the methodological 
robustness and detail of reporting (Appendix S3 in Online 

Supplementary Document). Studies were considered 
high quality if more than 10 points were addressed, me-
dium quality studies covered 7–9 points and low quality 
studies addressed less than 6 points. Studies with all qual-
ity levels were included in the final analysis.
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Unpublished data collection

We collected unpublished data from 10 collaborating sites 
that were part of a Severe ALRI Working Group (SAWG) 
[6]. The study population included children under 5 years 
of age with a clinical diagnosis of pneumonia. We defined 
pneumonia using the World Health Organization’s (WHO) 
Integrated Mangement of Childhood Illness (ICMI) defini-
tion by three different severity categories: non–severe, se-
vere and very severe pneumonia based on WHO pocket 
book for hospital care for children 2005 [10]. We included 
all interventions for pneumonia management as detailed in 
the WHO pocket–book (for community/and facility–based 
management) where data were available.

We designed a costing spreadsheet with detailed descrip-
tions of case definitions and methods and used this for data 
collection. Actual cost of medications, supplies, personnel 
and average laboratory costs were collected. Methods used 
to gather primary cost data in these studies were recorded 
in the spreadsheet. Resource utilization data from patient 
records were also documented, where available, including 
length of stay in hospital, the quantity of drugs and sup-
plies utilized by each patient, and the use of diagnostic tests 
and procedures. We also attempted to collect data on out–
of–pocket spending (by patients) on transport and food 
where possible. Indirect cost of caregivers’ time and daily 
pay rate were also recorded. Primary data collection was 
conducted using the provided standardized templates and 
guidelines at individual study site. (Appendix S4 in Online 

Supplementary Document).

We used a bottom–up approach to calculate cost per epi-
sode for each level of the intervention (community, first 
level health facility and hospital). Costs were calculated and 
presented separately based on severity and service delivery 
channels: very severe pneumonia at hospital level (defined 
as pneumonia with central cyanosis, inability to breastfeed 
or drink, or vomiting everything, convulsions, lethargy or 
unconsciousness and severe respiratory distress diagnosed 
by doctor or physicians using WHO IMCI (2005) case def-
inition or pneumonia cases requires critical care); severe 
pneumonia at hospital level (defined as pneumonia with 
chest indrawing using WHO IMCI definition or pneumo-

nia need for hospital admission based on physician’s assess-

ment); severe pneumonia at community level (based on 

assessment by a trained health worker at home/first level 

facility using WHO IMCI (2005) case definition); and non–

severe pneumonia at outpatient level (defined as fast 

breathing for age in children aged 2 to 59 months). The 

costing model included direct medical cost, direct non–

medical cost and indirect costs. We calculated the cost per 

episode based on the estimates of the unit cost per contact 

(eg, unit cost of an antibiotic per day) at each management 

level multiplied by the resource utilization proportions (eg, 

80% of children took amoxicillin for 5 days), plus indirect 

costs. For the mean total cost of treatment per episode we 

summed the cost of drugs, diagnostic investigations and 

hospital stay, as well as transportation and opportunity cost 

for caregivers’ time. The formula is given in Figure 1.

We reported all cost data in 2013 US$ equivalent prices. 

We first converted all costs to US$ and then adjusted for 

inflation to 2013 values. Conversions were made using the 

Penn World Tables 8.0 (http://www.ggdc.net/pwt) and an 

online inflation–calculating tool (http://usinflation.org/cpi–

inflation–calculator) on 20th October 2013.

Statistical analysis

We have stratified the cost results by country income cate-

gory: high–income countries (HIC) and low– and middle–

income countries (LMIC). As an important input in the cost-

ing analysis for in–patient management, length of stay (LOS) 

in hospital was extracted for severe hospitalized cases. Cost 

per episode, cost by component (direct medical, direct non–

medical and indirect costs), and percentage of total cost per 

episode in each component were summarized. Cost per ep-

isode was synthesized by severity of diseases in each strata. 

The mean with 95% CI of the treatment costs and the me-

dian with interquartile range (IQR) of LOS were estimated 

and reported where appropriate. The 95% CIs were calcu-

lated based on 5000 bootstrap samples. Mean and median 

values were compared using appropriate statistical tests.

Direct medical cost in studies reported from household 

perspective were compared with monthly household in-

come in respective countries to evaluate the burden on 

Figure 1. Formula for the mean total cost of treatment per episode.
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families. Monthly household incomes were derived from 
Gallup World Poll using annual median household income 
divided by 12 months [11]. These income results were 
based on Gallup data gathered between 2006 and 2012 in 
131 populations. In two countries which annual household 
income data was missing, we used GNI per capita from 
World Bank database times the mean number of people per 
household instead. The percentages of direct non–medical 
costs and indirect cost per episode of weekly household 
income were also assessed to show the economic impact of 
pneumonia management for families when direct medical 
cost was not considered.

We conducted all data analyses using SPSS v.19 (IBM, New 
York City, NY, USA) noting that included studies showed 
marked heterogeneity of population, methodology, treat-
ment procedure reporting categories and perspectives.

RESULTS

Search results

We identified 789 studies through database searching, of 
which 60 articles were eligible for full text review on the ba-
sis of title and abstract assessment (Figure 2). Subsequently, 
only 24 papers were identified to be eligible for data extrac-

tion and analysis. The key reasons for exclusions included: 

no data for children below 5 years or no cost data on pneu-

monia management were reported. For unpublished studies, 

we contacted 16 sites, 10 of which had data that met our 

eligibility criteria and contributed to the analysis. The un-

published cost data were for the period January 2001 to Au-

gust 2012. Six of these sites provided cost data using a tem-

plate and guidelines designed for this project while the 

remainder provided unpublished data in their own formats.

Characteristics of published and 
unpublished data

We identified 24 studies from the literature review and col-

lected additional 10 data sets of unpublished studies total-

ling 34 studies from 21 countries across the 6 WHO re-

gions (Table 1). Over 60% of the studies (21 out of 34) 

were conducted in the South East Asia and Africa Regions. 

The included studies reported data from a variety of treat-

ment settings: community, out–patient and in–patient care 

settings in primary, secondary and tertiary hospitals, and 

at city, district, provincial and national levels. Twenty–sev-

en of the 34 studies were stand–alone primary cost analy-

sis and/or cost–of–illness studies. The remaining 7 studies 

were designed to collect cost data alongside clinical trials 

or epidemiological studies.
 

 

 

 

 

Records identified through database 
searching after duplicates removed  

(n = 789) 

Records titles and 
abstracts screened  

(n = 789) 

Records excluded with 
reasons  
(n = 729) 

Full-text articles assessed 
for eligibility  

(n = 60) 

Full-text articles excluded, 
due to no pneumonia specific 

cost data or no data for children 
under 5 years old  

(n = 36) 

 

Studies included in 
quantitative synthesis  

(n = 24) 

Figure 2. PRISMA flow diagram for severe pneumonia cost systematic review.
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Table 1. Characteristics of all studies included*

Who 
Region

countRy, Publication yeaR study PoPulation healthcaRe 
setting

seveRity 
of 
Pneumonia 
studied

study design souRce of case 
definition

PeRsPective samPle 
size

mean (sd) /
median age 
of Patients 
(months)

data 
souRce

High–income countries (number of studies = 8)

EUR Northern Ireland, 
1999 [39]1

Antrim 
(urban)

H2 S QES PD N/A– 45 39.60 
(16.8)

H

Spain, 2013 [17] Barcelona 
(urban)

H3 S, VS Cost analysis‡ Culture–proved 
pneumonia

Healthcare 101 39.60 H

Germany, 2005 [16] National O,H1 S, VS Cost–of–illness PD Societal 402 N/A N, IQ

AMR Chile, Uruguay, 
2007 [12]

National O,H1 S, NS Cost analysis‡ PD, ICD–10 Healthcare 366 N/A H,IQ

United States, 
2012*

Denver, 
Colorado 
(urban)

H3 S, VS, 
NS

Cost–of–illness PD by WHO 
IMCI definition

Societal 940 0–59 H, P

WPR Australia, 2008 [15] National O, H1–3 S Cost analysis‡ ICD–10 Healthcare 1348 N/A N

Australia, 2008 [14] Melbourne, 
Victoria 
(urban)

O,H1 S Cohort study/
cost–of–illness

Health 
professional’s 
diagnosis

Societal 528 N/A N,H,IQ, 
Pilot

Australia, 2011* Sydney 
(urban)

H3 S, VS Cost–of–illness PD by WHO 
IMCI definition

Societal N/A N/A P, 
Market 
price

Low– and middle–income countries (number of studies = 27)

SEAR Bangladesh, 2010 
[26]

Dhaka (urban) H3 S Cost–of–illness PD Family 90 5.00 IQ

Bangladesh, 2005† Dhaka (urban) H3 S, VS Cost–of–illness PD by WHO 
IMCI definition

Household 114 70.32 IQ

Bangladesh, 2010 
[24]

Mirpur, Dhaka 
(urban)

O, H2 S RCT/CEA PD by WHO 
IMCI definition

Societal 360 8.00 –

Bangladesh, 2010† Barishal, 
Bogra, 
Comilla, 
Kishoregonj 
(urban)

H3 S, NS Cost–of–illness PD by WHO 
IMCI definition

Societal 235 N/A IQ

Bangladesh, 2012† Mohakhali, 
Dhaka (urban)

H3 S, VS, 
NS

Cost–of–illness PD by WHO 
IMCI definition

Societal 340 N/A H

India, 2009 [30] Vellore (rural) H1, H2 S Cost–of–illness PD by WHO 
IMCI definition

Healthcare/ 
Household

56 8.8 H, IQ

India, 2002 [29] Berhampur, 
Orissa (urban 
and rural)

H3 S Epidemiologi-
cal study

PD Societal 52 N/A H, IQ

Indonesia, 2001† Lombok 
(rural)

H3 S Cost–of–illness PD by WHO 
IMCI definition

Societal N/A N/A H

Pakistan, 2003 [25] Peshawar city 
(urban)

H3 S RCT/CEA PD by WHO 
IMCI definition

– 126 N/A –

Pakistan, 2006 [20] Ghizer district 
(rural)

O, H1, 
H2

S, NS Cost analysis‡ PD Societal 502 N/A IQ

Pakistan, 2008 [19] Ghizer district 
(rural)

O, H1, 
H2

S, VS, 
NS

Cost analysis‡ PD by WHO 
IMCI definition

Healthcare 141 N/A IQ

Pakistan, 2010† Matiari (rural) C S Cost–of–illness PD by WHO 
IMCI definition

Healthcare N/A N/A Surveil-
lance

Pakistan, 2012 [23] Haripur 
district (rural)

C, H1, H2 S Cost analysis‡ WHO 
definition by 
health worker

Household 423 N/A H, IQ

Viet Nam, 2010 [18] Nha Trang city 
(urban)

H2 S, VS, 
NS

Cost–of–illness PD by WHO 
IMCI definition

Healthcare 788 12.67 N, H

Viet Nam, 2001 [28] Ba Vi district 
(rural)

C, O, H1 S Cost analysis‡ WHO 
definition, 
self–reported

Household 94 N/A IQ
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The included studies reported cost data on a total of 97 062 

children treated at facility or community levels, with a me-

dian sample size of 378 (IQR 117–741) across all studies. 

The age of the participants was reported in 12 studies and 

the median age was 12.3 months (IQR 8.20–33.20). The 

perspective of costing was explicitly stated in 30 of 34 stud-

ies. Of these, the most common perspectives were societal 

(16 out of 33, 1 study did not specify perspective), health 

care (11 out of 33) and household (5 out of 33). In most 

studies, the sources of pneumonia case definition were 

physician’s diagnosis according to WHO IMCI definition 

(29 out of 34), culture–proved pneumonia was used for 

case definition in 1 study, self–reported condition accord-

ing to WHO IMCI definition was adopted in one study, and 

two studies used health workers’ diagnosis. A number of 

different sources were used for gathering cost data, the 

most common being through hospital records and costing 

interviews/questionnaires. Interviews and questionnaires 

were commonly used in studies with a household perspec-

tive to collect data on indirect costs. Other sources includ-

ed a national database of costs, insurance databases, sur-

veillance data and pharmaceutical databases. The WHO 

CHOICE database, expert opinion and data from pilot 

studies were also used to collect data on the unit cost of 

pneumonia treatment.

The average quality score of 24 published studies was 8.21 

out of 13 on scale based on modified Drummond checklist 

(range 3–12) (Appendix S5 in Online Supplementary 

Document). The majority of the studies failed to consider 

discounting and did not perform sensitivity analyses. There 

were 6 studies considered high quality, 14 studies were me-

dium quality, and 4 low quality studies. All studies were 

included into the final analysis.

Who 
Region

countRy, Publication yeaR study PoPulation healthcaRe 
setting

seveRity 
of 
Pneumonia 
studied

study design souRce of case 
definition

PeRsPective samPle 
size

mean (sd) /
median age 
of Patients 
(months)

data 
souRce

AFR Guinea, 1998 [21] National O, H1 S, NS CEA PD – 73650 N/A H, E

South Africa, 2011 
[33]

Pretoria 
(urban)

H3 S, VS Cost analysis‡ WHO 
definition

– 3014 N/A H

South Africa, 2012 
[22]

National H3 S, VS, 
NS

RCT PD Societal/
health care

745 N/A H, IQ

South Africa, 2001† Soweto 
(urban)

H3 S, VS Cost–of–illness PD by WHO 
IMCI definition

Societal 509 14.00 H,IQ

Kenya, 2009 [32] National H3, H2, 
H1

S Cost analysis‡ PD Societal 205 12.00 H, IQ

Zambia, 2009 [31] Kanyama 
Township 
(urban)

O,H2 S Cost analysis‡ PD Healthcare 9146 N/A N,H,P,W

AMR Colombia, 2013 
[27]

National H1,H2,H3 S, VS, 
NS

Cost–of–ill-
ness§

WHO 
definition, 
radiographical-
ly diagnosed

Healthcare 1545 N/A I

Brazil, 2011† Goiânia 
(urban)

H3 S, VS Cost–of–ill-
ness§

PD by WHO 
IMCI definition

Societal 79 0–36 H, N

Argentina, 2012† Buenos Aires 
(urban)

H3 S, VS Cost–of–ill-
ness§

PD by WHO 
IMCI definition

Societal N/A N/A N

Brazil,2007 [12] National O,H1 S, NS Cost analysis‡ PD, ICD–10 Healthcare 366 N/A H,IQ

WPR Fiji, 2012 [34] Viti Levu 
(urban and 
rural)

O S Cost analysis‡ PD by WHO 
IMCI definition

Societal/
household

390 N/A N,H, IQ

EMR Jordan, 2010 [35] Amman H1 S Cohort study PD – 728 4.30 N/A

*Severity of pneumonia: NS – non severe, S – severe, VS – very severe. Data source: H – hospital records, N – national data, IQ – interviews and ques-
tionnaires, I – insurance database, P – pharmacy database, W – WHO database. Treatment settings: H3 – tertiary hospital in–patient, H2–secondary 
hospital in–patient, H1 – primary hospital inpatient, O – out–patient care, C – community ambulatory care; PD – physician’s diagnosis, CEA – cost ef-
fectiveness analysis, RCT – randomized clinical trial, QES– quasi–experimental study, N/A – not available, PD – physician’s diagnosis, IMCI – Integrated 
Management of Childhood Illness, WHO – World Health Organization, SD – standard deviation.

EUR – Europe Region, AMR – the Americas Region, WPR – Western Pacific Region, SEAR – South East Asia, AFR– The Africa Region, EMR– Eastern 
Mediterranean Region

†Unpublished data.

‡The analysis of the comparative costs of alternative treatments or health care programmes.

§The cost analysis of treatment of a disease.

Table 1. Continued
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Cost of management per episode of 
pneumonia

Cost results stratified by income category are presented in 
Table 2, Table 3 and Figure 3. In HICs, the mean cost of 
treatment for an episode of severe pneumonia at the hos-
pital out–patient level was US$ 251.1 in Germany [16]. An 
Australian study [14] reported similar cost of US$ 254.9 
for community management of severe pneumonia. Average 
costs of facility based case management for young children 
admitted in primary/sary and tertiary hospitals were US$ 
2803.5 (95% CI IQR 2000.6–3683.3), and US$ 7037.2 
(95% CI 4028.6–11 311.0) respectively, which was 11–28 
fold higher than in those managed as out–patients. The to-
tal cost per episode for the management of non–severe 
pneumonia at out–patient level was also reported for three 
countries: US$55.8 in Uruguay [12], US$ 272.7 in Chile 
[12] and US$ 334.6 in the United States [36]. The cost for 
very severe pneumonia managed in general pediatric wards 
followed by intensive care unit (ICU) care was reported to 
be US$9151.3 in a tertiary hospital in Spain [17] and US$ 
120 576.3 in the United States, which is nearly 2–17 fold 
of the cost for severe pneumonia management in hospital 

settings in HICs. The majority of studies from HIC took 
only direct medical costs into consideration. Only two 
studies included direct non–medical costs and indirect 
costs [16]. The mean proportion of the total cost for direct 
medical, direct non–medical and indirect costs were 
41.5%, 19.5% and 38.5% respectively.

In LMICs, the cost of case management for severe pneumo-
nia was reported across all treatment settings. The commu-
nity management cost was only reported in studies conduct-
ed in South–East Asia region, with a mean cost of US$ 4.3 
(95% CI 1.5–8.7) per episode. Out–patient care mean costs 
were US$ 51.7 (95% CI 17.4–91.0) per case. Costs for in–
patient care varied by regions, level of hospitals (primary/
sary/tertiary), and levels of care offered at a facility: the mean 
cost for primary/sary hospital care was 242.7 (95% CI 
153.6–341.4) and for tertiary/teaching hospital was 559.4 
(95% CI 268.9–886.3). Two groups–severe pneumonia by 
WHO IMCI definition and hospitalized pneumonia by phy-
sician’s diagnosis–showed similar costs in all levels of care. 
The in–patient care costs were 4–11 fold greater than that 
for out–patient care in the LMICs strata, which in turn was 
significantly higher than that for community management.

Table 2. Cost per episode for childhood pneumonia management in high–income countries

seveRity Who 
Region

countRy, Publication yeaR PeRsPective samPle 
size

cost PeR ePisode (2013 us$) cost comPonent, % of total 
cost PeR ePisode

Tertiary/teaching 
hospital in–patient 

care

Secondary/
primary 
hospital 

in–patient care

Out–
patient 

care

Com-
muni-
ty care

Di-
rect 
med-
ical

Direct 
non–

medical

Indi-
rect

Non–severe 
pneumonia

AMR US, 2012* Societal 940 334.6

Chile, 2007 [12] Healthcare 366 272.7

Uruguay, 2007 [12] Healthcare 366 55.8

Non–severe pneumonia mean cost (95% CI) 221.0 (55.8–334.6)

Severe 
pneumonia 
by WHO 
IMCI 
Definition

AMR Chile, 2007 [12] Healthcare 366 4316.7 100

Uruguay, 2007 [12] Healthcare 366 1421.6 100

US, 2012* Societal 940 15 029.2

EUR North Ireland, 1999 
[13]

NA 45 5733.8, 2716.8 100

WPR Australia, 2011* Societal NA 6,259.1 93.1 6.9

Hospitalised 
pneumonia

WPR Australia, 2008 [14] Societal 528 2813.1 254.9 100

Australia, 2008 [15] Healthcare 1348 2307.8 100

EUR Germany, 2005 [16] Societal 402 3158.6 251.1 41.5 19.5 38.5

Spain, 2013 [17] Healthcare 101 5447.3 100

Severe pneumonia mean cost (95% CI) 7037.2  
(40 286–11 311.0)

2803.5  
(2000.6–3683.3)

251.1 254.9

Very severe 
pneumonia 
by IMCI

AMR US, 2012* Societal 940 120 576.2

Very severe 
pneumonia 
requiring 
critical care

AMR Spain, 2013 [17] Healthcare 101 9151.3

Very severe pneumonia mean cost (95% CI) 64 863.8 (9151.3–120 576.3)

NA – Information not available, EUR – Europe Region, AMR – The Americas Region, WPR – Western Pacific Region, CI – confidence interval, IMCI – 
Integrated Management of Childhood Illness

*Unpublished data.
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Table 3. Cost per episode for childhood pneumonia management in low– and middle–income countries

seveRity Who 
Region

countRy, Publication yeaR PeRsPective samPle 
size

cost PeR ePisode (2013 us$) cost comPonent, % of 
total cost PeR ePisode

Tertiary/teaching 
hospital 

in–patient care

Secondary/
primary 
hospital 

in–patient care

Out–patient 
care

Commu-
nity care

Direct 
medi-

cal

Direct 
non–
medi-
cal

In-
di-
rect

Non–severe 
pneumonia

SEAR Viet Nam, 2010 [18] Healthcare 788 28.6

Pakistan, 2008 [19] Healthcare 141 29.4

Pakistan, 2006 [20] Societal 502 94.1–17.8

Bangladesh, 2012* Societal 340 5.7

AFR Guinea, 1998 [21] NA 73 650 3.2

South Africa, 2012 [22] Societal/
health care

745 263.1

AMR Brazil, 2007 [12] Healthcare 366 93.0

Non–severe pneumonia mean cost (95% CI) 66.9 (21.7–129.7)

Severe 
pneumonia 
by WHO 
IMCI 
Definition

SEAR Pakistan, 2010* Healthcare NA 8.7 100

Pakistan, 2012 [23] Household 423 7.9 1.5 89.1 1.3 9.6

Bangladesh, 2012* Societal 340 5.7

Bangladesh, 2010 [24] Societal 360 193.6 124.0 Y Y

Viet Nam, 2010 [18] Healthcare 788 39.5 Y Y Y

Pakistan, 2008 [19] Healthcare 141 186.0 64.1 35.9

Pakistan, 2003 [25] NA 126 20.3 100

Bangladesh, 2005* Household 114 80.6† 62.6# 70.9† 29.1†

Bangladesh, 2010 [26] Household 90 124.2 67.6 32.4

Indonesia, 2001* Societal NA 135.2 75 25

AFR Guinea, 1998 [21] NA 73650 110.6 69 30

South Africa, 2001* Societal 509 480.9§ 110.0

AMR Brazil, 2007 [12] Healthcare 366 461.0 100

Brazil, 2011* Societal 79 1474.1†,‡ 594.5# 94† 1† 5†

Colombia, 2013[27] Healthcare 1545 517.6 100

Argentina, 2012* Societal NA 1648.0 100

Hospitalised 
pneumonia

SEAR Viet Nam, 2001 [28] Household 94 2.7 56–88 Y

Pakistan, 2006 [20] Societal 502 310.8 127.6 45.3 55

India, 2009 [29] Healthcare/
household

56 145.7 44.7 45.7 5.3 47.4

India, 2002 [30] Societal 52 23.9 100

AFR Zambia, 2009 [31] Healthcare 9146 249.7 55.7 100

Kenya, 2009 [32] Societal 205 236.8 162.1, 89.5 86 14 Y

South Africa, 2011 [33] Societal 509 491.4†, 1553.2‡ 100

South Africa, 2012 [22] Societal/
health care

745 1223.1 98 2 0.2

WPR Fiji, 2012 [34] Societal/
household

390 25.7, 15.6 61.9 33.2 4.9

AMR Colombia, 2013 [27] Healthcare 1545 304.4 76.2

EMR Jordan, 2012* NA 728 563.4 100

Severe pneumonia mean cost (95% CI) 559.4  
(268.9–886.3)

242.7 
(153.6–341.4)

51.7 
(17.4–91.0)

4.3  
(1.5–8.7)

Very severe 
pneumonia 
by IMCI

SEAR Bangladesh, 2012* Societal 340 15.7

Viet Nam, 2010 [18] Healthcare 788 61.2

Pakistan, 2008 [19] Healthcare 141 81.3

Very severe 
pneumonia 
requiring 
critical care

AFR South Africa, 2011 [33] NA 3014 849.0†
14795.4‡

South Africa, 2012 [22] Societal/
health care

745 6696.2

AMR Colombia [27] Healthcare 1545 3643.4

Very severe pneumonia mean cost (95% CI) 6496.0 
(2246.2–12 007.4)

71.3 
(61.2–81.3)

15.7 
(15.7–15.7)

NA – information not available, Y – authors considered the cost component, but the proportion was unknown, EUR – Europe Region, AMR – The Amer-
icas Region, WPR – Western Pacific Region, SEAR – South East Asia, AFR – The Africa Region, EMR – Eastern Mediterranean Region
*Unpublished data.
†Public health care.
‡Private health care.
§Pediatric ward.
#Supplementary health system.
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The costs for management of non–severe pneumonia man-

aged at outpatient level were US$ 66.9 (95% CI 21.7–

129.7), which was slightly higher than for severe cases at 

outpatient level. This is because the hospital short stay for 

non–severe pneumonia in South Africa [22] was relatively 

high at US$ 263.1 per episode. The mean cost for very se-

vere cases was US$ 6496.0 (2246.2–12 007.4), which is 

nearly 10-fold of severe case management cost.

There were 6 studies reporting cost from household per-

spective, mainly from LMICs in South East Asia Region. 

Direct medical cost for severe pneumonia in hospital inpa-

tient settings were 26.6%–115.8% of the monthly house-

hold income, thus demonstrating that severe pneumonia 

management in hospital placed a significant financial bur-

den on families. On the other hand, outpatient and com-

munity management of severe pneumonia accounted for 

only 0.4%–4.1% of family’s monthly income indicating de-

creased burden in these settings. (Table 4).

Of the papers reporting cost component of severe pneumo-

nia management, direct medical cost was reported across all 

studies and accounted for 45%–100% of the total cost. The 

mean direct non–medical cost and indirect cost were US$ 

22.0 (11.8–32.7) and US$ 27.0 (4.0–54.3) respectively, 

which account for 0.5%–31.0% of weekly household in-

come (Table 5).

Length of stay in hospital

The in–patient cost was determined primarily by the length 

of stay (LOS) and the average cost per bed day. In this re-

view, we extracted length of stay for severe pneumonia for 

future costing analysis reference (Tables 6–8).

Table 4. Direct medical cost for severe pneumonia management in low– and middle–income countries reported from household 
perspective

countRy, Publication yeaR diRect medical cost (2013 $us; % of diRect medical cost to monthly household income) monthly household 
income (2013 $us)*

Tertiary/teaching 
Hospital in–patient care

Secondary/primary 
hospital in–patient care

Out–patient care Community 
ambulatory care

Bangladesh, 2010 [26] 124.2 (52.9%) – – – 234.9

Bangladesh, 2005† 80.6‡ (34.3%) 62.6§ (26.6%) – 234.9

India, 2009 [30] 305.8 (115.8%) 135.1 (64.7%) – – 264.0

Pakistan, 2012 [23] – – 7.9 (2.3%) 1.5 (0.4%) 338.3

Viet Nam, 2001 [28] – – – 2.7 (0.7%) 398.6

Fiji, 2012 [34] – – 25.7 (4.1%)/15.6 (2.5%) – 632.5‡

*Monthly household income (2913 US$) were derived from Gallup World Poll annual median household income, equals annual median household 
income divided by 12. These results were based on Gallup data gathered between 2006 and 2012 in 131 population. Source: http://www.gallup.com/
poll/166211/worldwide-median-household-income-000.aspx.

†Numbers used GNI per capita based on purchasing power parity (PPP) due to lack of monthly household income data. Source: http://data.worldbank.
org/indicator/NY.GNP.PCAP.PP.CD/countries.

‡Public health care.

§Supplementary health system.

Figure 3. Range of cost per episode for 
pneumonia management (2013 US$).
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Table 6. Length of stay of very severe pneumonia and severe 
pneumonia in hospital in high–income countries

countRy and yeaR setting los (sd) days samPle 
size

Very severe pneumonia:

Germany, 2005 [16] ICU 7.4 (6.1) 2039

Spain, 2013 [17] ICU 18.0 99

USA, 2012* ICU 18.3 (43.1) 1116

Australia, 2011* ICU 11.0 –

Median (IQR) 14.5 (10.1–18.1)

Severe pneumonia:

Ireland, 1999 [13] Control group 8.3 (7.7–9.0) 44

New treatment group 4.0 (3.5–4.6) 45

Germany, 2005 [16] Hospitalised cases 7.4 (6.1) 2039

Australia, 2008 [14] Without impact diary 8.8 202

With impact diary 13.5 523

Australia, 2011* Non–ICU 6.0 –

Spain, 2013 [17] Non–ICU 10.5 99

USA, 2012* Non–ICU 2.7 (2.3) 940

Median (IQR) 7.9 (5.5–9.2)

IQR – interquartile range, ICU – intensive care unit

*Unpublished data.

Table 5. Direct non–medical cost and indirect cost per episode for severe pneumonia management in low– and middle–income 
countries

countRy, Publication yeaR diRect non–medical cost* indiRect cost† % of non–medical cost to 
monthly household income

monthly household 
income (2013 us$)Total Transportation Food Total

Bangladesh, 2010 [24] 32.4 13.8% 234.9
India, 2002 [29] 5.3 5.3 47.5 2.0% 264.0
Pakistan, 2008 [19] 35.9 12.2 23.7 10.6% 338.3
Pakistan, 2006 [20] 55.0 16.3% 338.3
Pakistan, 2012 [23] 3.3 2.3 1.0 9.6 1.0% 338.3
Kenya, 2009 [32] 14.0 9.0% 155.8
Guinea, 1998 [21] 30.0 31.0% 96.7‡
South Africa, 2012 [22] 2.0 1.4 0.2 0.5% 434.8
Fiji, 2012 [34] 33.2 33.2 4.9 5.3% 632.5‡
Brazil, 2011* 9.7 8.41 1.31 73.1 1.6% 626.8
Mean (95% CI) 22.0 (11.8–32.7) 10.5 (3.5–22.3) 8.7 (1.0–23.7) 27.0 (4.0–54.3)
Median (IQR) 22.0 (4.6 –33.9) 6.9 (2.1–11.5) 1.3 (–) 9.6 (2.5–60.3)

CI – confidence interval, IQR – interquartile range

*Direct medical costs include medications and consultation, non–medical cost includes transportation, food and accommodation.
†Indirect cost refers to parental loss of earnings in the period of illness. Monthly household income (2013 US$) was derived from Gallup World Poll 
annual median household income, equals annual median household income divided by 12. These results were based on Gallup data gathered between 
2006 and 2012 in 131 populations. Source: http://www.gallup.com/poll/166211/worldwide-median-household-income-000.aspx.
‡Numbers used GNI per capita based on purchasing power parity (PPP) due to lack of monthly household income data. PPP GNI is gross national in-
come (GNI) converted to international dollars using purchasing power parity rates. An international dollar has the same purchasing power over GNI as 
a US dollar has in the United States. GNI is the sum of value added by all resident producers plus any product taxes (less subsidies) not included in the 
valuation of output plus net receipts of primary income (compensation of employees and property income) from abroad. Source: http://data.worldbank.
org/indicator/NY.GNP.PCAP.PP.CD/countries.

The mean LOS for severe pneumonia reported in individ-

ual studies ranged from 4–13.5 days, with a mean LOS 7.7 

(95% CI 5.5–9.9) days and median 7.9 (IQR 5.5–9.2) days 

in HIC, and mean LOS 5.8 (95% CI IQR 5.3–6.4) days and 

median 6.4 (IQR 4.1–7.1) days in LMIC. For very severe 

pneumonia management in intensive care unit (ICU), LOS 

ranged from 7.4 to 18.3 days. The mean and median LOS 

were 13.7 (95% CI IQR 9.2–18.2) and 14.5 (IQR 10.1–

18.1) days in HIC, and 9.5 (95%CI, 7.4–11.8) and 9.2 

(IQR 6.1–12.6) days in LMIC.

Unit cost of case management

Unit cost of treatment and resource uptake should be rou-

tinely reported in cost studies. However, only 13 of the 34 

included studies reported these data. Since treatment pro-

tocols (use of antibiotics, diagnostic tests, procedures and 

levels and intensity of care) varied between studies, this 

contributed to variations in costs across studies. For exam-

ple, the average cost of chest radiograph in LMIC was US$ 

8.4 (95% CI 4.3–27.0), which was significantly lower than 

US$ 185.5 (95% CI 66.3–357.7) in high income countries 

(Table 9). We attempted to abstract unit cost data but were 

unable to include it in the presented direct medical costs 

because of paucity of information.

DISCUSSION

This is the first attempt to conduct a systematic review of 

all published and available unpublished cost data on the 

management of childhood pneumonia. Costs per episodes 

in HICs were 5–13–fold higher in all delivery channels 

than those in LMICs. The review demonstrates that the 

magnitude of cost per episode increases markedly as the 

level of treatment delivery rises. Community management 

for severe pneumonia was less than 10% that of the cost of 

out–patient management among all levels of management 

in LMICs. Thus, there are strong economic reasons for con-

sidering community case management as a central strategy 

for pneumonia case management in low income countries; 

this merits further evaluation which should include con-

sideration of medical outcomes. The mean lengths of stay 

http://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD/countries
http://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD/countries
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Table 7. Length of stay of severe pneumonia in hospital in low– and middle–income countries

countRy, yeaR descRiPtion length of stay (sd) in days‡ samPle size

Viet Nam, 2010 [18] Probable pneumonia 7.2 (5.0) 40

Radiograph confirmed 6.7 (3.8) 426

Probable severe pneumonia 6.2 (3.3) 59

Radiograph confirmed severe pneumonia 6.4 (2.7) 193

Bangladesh, 2010 [24] Hospital care 6.0 (5.0–7.0) 180

Bangladesh, 2005* Public health care 7.1 73

Private health care 6.4 41

Bangladesh, 2010* Hospital stay 7.0 (3.0)† 93

Pakistan, 2003 [25] Antibiotic use duration Approx. 8 124

Kenya, 2009 [32] National hospitals 8.2 49

District hospitals 6.7 30

District hospitals 4.8 29

District hospitals 4.2 17

Provincial hospitals 6.6 31

Mission Hospitals 7.8 30

Mission Hospitals 3.4 19

Zambia, 2009 [31] Tertiary health center 4.0 221

Pakistan, 2008 [19] Time spent at health facility for severe pneumonia 3.3 65

Pakistan, 2006 [20] Secondary hospital 3.0 502

Jordan, 2010 [35] In–patient days 4.0–5.0 728

India, 2009 [30] Secondary hospital 3.5 (2.9–4.1) 31

Tertiary hospital 3.7 (3.0–4.4) 25

India, 2002 [29] Tertiary hospital 6.5 (2.5) 52

Brazil, 2011* Public health system 3.9 (2.2) 59

Supplementary health system 5.3 (4.7) 20

Colombia, 2013 [27] Primary 2.0 (1.0–2.0) 247

Secondary hospital 4.0 (1.0–5.0) 1208

Tertiary hospital 6.0 (3.0–9.0) 47

South Africa, 2011 [33] Public sector ward 8.7 86

Fee for service sector 5.6 7786

South Africa, 2012 [22] Paediatric ward 8.1 (7.4–8.8) 513

Indonesia, 2001* Non–ICU 6.7 –

Argentina, 2012* Severe pneumonia 7.5(8.5) 42

Unilateral focal pneumonia without complications 7.4 (6.0) 1994

Multifocal pneumonia without complications 8.0 (6.5) 323

Median (IQR) 6.4 (4.1–7.1)

ICU – intensive care unit

*Unpublished data.

†Combined HIV+ and HIV–, HIV+ had longer stay in ward (9.3 vs 7.0 days).

‡Length of stay (LOS) reported as mean, mean (standard deviation) or median (interquartile range). When stratified LOS available, then stratified LOS 
was reported, not average length of stay of all pneumonia.

in hospital for severe pneumonia were 1.8–4.6 days less in 
LMIC compared to HIC, and at a mean of 5.8 and median 
of 6.4 days, were close to the WHO recommendation of 5 
days in–patient treatment [10].

We demonstrated that the cost (per episode) for the man-
agement of severe pneumonia varied greatly by unit cost of 
intervention, disease severity and treatment procedures in 
different settings. The review also demonstrated that major 
factors governing the total cost per episode were length of 
stay in the hospital, countries income level and the pres-
ence or absence of community case management for pneu-
monia. Many other studies have also found GDP per cap-
ita to be the main driver of costs [37]. These findings 

demonstrate that choosing the appropriate value for these 
inputs will have a significant influence on the total cost. 
Existing studies calculated pneumonia management costs 
in many countries assuming the same treatment procedure 
and unit cost of medicine. However, the cost data we col-
lected demonstrate that this method may have limitations; 
the uncertainty in the traditional estimates can be measured 
using the cost data reported in this review.

Our results showed that direct medical costs for childhood 
pneumonia management, especially inpatients, represent a 
significant proportion of the average monthly household 
income for families in LMICs. This is often compounded 
by further direct non–medical cost and indirect cost ie, loss 

June 2016  •  Vol. 6 No. 1 •  010408	 174	 www.jogh.org •  doi: 10.7189/jogh.06.010408



V
IE

W
PO

IN
TS

PA
PE

RS

Cost of managing severe pneumonia in young children

www.jogh.org •  doi: 10.7189/jogh.06.010408	 175	 June 2016  •  Vol. 6 No. 1 •  010408

the funds: many borrow or take high–interest loans [26]. 
Furthermore, Ayieko et al found that 10% of the patients in 
district hospitals and up to 25% of children in tertiary hos-
pitals wait in hospital beds after medical discharge while 
families source the fees. The latter translates to an addition-
al cost of US$ 17.46 to the public provider and US$ 5.32 
to the family [32], resulting in a drain on both the resourc-
es of the family and the health care provider, as well as de-
nying a bed to another sick child. It is therefore important 
that national strategies for pneumonia management in 
LMIC are not only cost–effective for the national program 
but also give attention to the burden of costs on families so 
that these are maintained at a level that is affordable.

The data in this review comprise “actual” cost data measured 
in cost studies conducted in many LMIC and HIC. We be-
lieve that these represent a fair first approximation of true 
costs in these countries. It is noteworthy that the resulting 
cost estimates are higher than those currently contained in 
the WHO–CHOICE estimates [38]. Three factors could have 
contributed to this variation. First, we identified longer facil-
ity and hospital stays compared to standard treatment pro-
tocols recommended by the WHO [39]. Moreover, most ex-
isting cost studies were conducted at tertiary level hospitals 
where out–patient and in–patient treatments carry a much 
higher cost compared to the community or first level facility. 
Third, the wide variety of antibiotics (including variations in 
dosage, route of administration and duration) across the 
sites, as well as the heterogeneity in the costing methodol-
ogy and the cost components in existing studies may have 
led to higher estimates.

Table 8. Length of stay of very severe and non–severe pneumonia in hospital in low– and middle–income countries

countRy, yeaR descRiPtion length of stay (sd) days samPle size

Very severe pneumonia

Viet Nam, 2010 [18] Very severe pneumonia 6.4(2.7) 26

Confirmed very severe pneumonia 5.8 (3.0) 44

Colombia, 2013 [27] ICU 13.0 (6.0–14.0) 43

South Africa, 2011 [33] ICU 9.4 46

ICU 10.5 93

South Africa, 2012 [22] ICU 14.4(10.3–18.5) 7

Pakistan, 2008 [19] Time spent at health facility for very severe pneumonia 3.9 35

Argentina, 2012† Very severe pneumonia 8.9 –

Unilateral focal pneumonia without complications 17.2 –

Multifocal pneumonia without complications 11.5 –

Brazil, 2011* Public health system 6.9 –

Supplementary health system 6 –

Median (IQR) 9.2 (6.1–12.6)

Non severe pneumonia

Pakistan, 2008 [19] Time spent at health facility for pneumonia 0.3 41

South Africa, 2012 [22] Short stay 1.4 (1.3–1.6) 338

Median (IQR) 0.9 (0.3–1.4)

ICU – intensive care unit, IQR – interquartile range

*Unpublished data.

†Note added in proof: The data from this study are unpublished but the data on the length of stay are published in Giglio ND, Cane AD, Micone P, Gen-
tile A. Cost-effectiveness of the CRM-based 7-valent pneumococcal conjugated vaccine (PCV7) in Argentina. Vaccine. 2010;28:2302-10. Med-
line:20064478

Table 9. Chest Radiography cost per episode

countRy, yeaR cost PeR ePisode (us$, 2013)
High income 

countries

Australia, 2011* 129.8

Chile, 2007 [12] 135.1

Uruguay, 2007 [12] 43.4

United States, 2012* 433.7

Mean(SD) 185.5 (66.3–357.7)

Median(IQR) 132.5 (108.2–209.8)

Low– and 
middle–
income 

countries

Argentina, 2012* 26.7

Brazil, 2011* 10.7

6.0

Brazil, 2007 [12] 13.63

Bangladesh, 2010* 2.3

India, 2009 [30] 5.4

Pakistan, 2008 [19] 3.2

Indonesia, 2001* 4.6

Kenya, 2009 [32] 2.3

South Africa, 2001* 29.7

South Africa, 2011 [33] 59.7

137.2

South Africa, 2012 [22] 27.7

Mean (SD) 25.3 (9.8–47.3)

Median (IQR) 8.4 (4.3–27.0)

*Unpublished data.

of earnings when caring for the sick child. In countries 
where these families were uninsured, health payments for 
pneumonia management were a heavy burden on house-
hold and can have a significant impact on the family, par-
ticularly when the payments for care were out–of–pocket 
in most LMIC countries. Alamgir et al investigated the im-
pact that this strain had on families and how they source 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20064478&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20064478&dopt=Abstract


V
IE

W
PO

IN
TS

PA
PE

RS
Nair et al.

This review has several limitations. First, the primary goal 
of the systematic review was to obtain data on cost of man-
agement (per episode) of severe pneumonia. However, the 
lack of any standard management protocols (which varied 
widely across the included studies) and the general lack of 
service uptake data, may have contributed to the substantial 
uncertainty around the estimates. Second, we did not in-
clude costs of diagnostic investigations in the cost modeling 
in some study sites, because country–specific unit prices and 
utilization data were not available. Therefore, the true eco-
nomic burden resulting from the management of childhood 
pneumonia could be considerably higher. Third, costs were 
highly dependent on level of care offered at facility and LOS 
could be skewed to longer period if high level of care (such 
as intensive care unit (ICU) care) was offered to severe and 
very severe cases. In this review, severe cases were all man-
aged at non–ICU hospital settings, and very severe cases 
were managed at both non–ICU and ICU care in hospital 
settings. We were able to report LOS separately for non–ICU 
and ICU care but this stratification was not possible for total 
cost per episode. A further limitation was that the definition 
of ICU and ICU care may vary by country. Fourthly, we lim-
ited the search to English articles only, which may exclude 
some cost reported in other languages, however only 13 
studies out of 789 articles in other languages were found. 
We tried to compliment this with unpublished data from 
non–English speaking countries. Lastly, there was a wide 
range in per capita income and health care system and pay-
ment schemes within LMIC category and the existing cost 
data may only reflect the situation when and where the data 
were collected and may not be representative of the whole 
country or the current situation. Furthermore, there were 
not sufficient studies to address all possible cost scenarios to 
facilitate international and public/private comparisons.

Our results demonstrate that further research on the eco-
nomic burden due to the management of childhood pneu-
monia is needed, with clear reporting of data on unit cost 
of intervention, dosage of various drugs and information 
on health care utilization, such as length of stay in hospital. 
We recommend that standard reporting of unit cost of in-
tervention with direct medical and non–medical costs and 
indirect costs, standard treatment protocols and health re-
source utilization in conjunction with the total cost per 
episode in any cost–of–illness studies would facilitate eco-
nomic estimates of national scale–up and international 
comparisons. Further studies on the cost–effectiveness of 
standardized IMCI protocol against other treatment proto-
cols could be expected to find a cost–saving management 
strategy for high burden countries.

Identifying the most cost–effective interventions for pneu-
monia management is essential for achieving the goal of 
further reducing child mortality. Our study demonstrated 
that early treatment in the community costs less (per event) 
than late treatment in the hospital. This finding suggests 
that the public health community should explore ways for 
community outreach for early diagnosis and treatment be-
fore severe pneumonia sets in. The results from this sys-
tematic review provide important missing information on 
the cost of pneumonia treatment in children across many 
countries. These data and the cost estimates should provide 
important information useful to program managers and 
policy makers at national and regional levels, international 
agencies, and donor organisations to aid resource alloca-
tion, program planning and priority setting. The estimates 
presented in this review could enable a more detailed eco-
nomic evaluation of the revised WHO pneumonia manage-
ment guidelines [39], and help identify the most cost–ef-
fective preventive and treatment interventions for reducing 
the burden of childhood pneumonia.
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Moving global health forward in academic 
institutions 

Global health has attracted growing attention from academic institu-
tions. Its emergence corresponds to the increasing interdependence 
that characterizes our time and provides a new worldview to address 
health challenges globally. There is still a large potential to better de-
lineate the limits of the field, drawing on a wide perspective across 
sciences and geographical areas. As an implementation and integra-
tion science, academic global health aims primarily to respond to so-
cietal needs through research, education, and practice. From five ac-
ademic institutions closely engaged with international Geneva, we 
propose here a definition of global health based on six core principles: 
1) cross–border/multilevel approach, 2) inter–/trans–disciplinarity, 3) 
systems thinking, 4) innovation, 5) sustainability, and 6) human 
rights/equity. This definition aims to reduce the century–old divide 
between medicine and public health while extending our perspective 
to other highly relevant fields. Overall, this article provides an intel-
lectual framework to improve health for all in our contemporary 
world with implications for academic institutions and science policy.
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Health and well–being are major challenges for the 21st century. While 
these key areas of societal development have gained prominence world-
wide by receiving more political attention and funding than ever, the ex-
pression ‘global health’ has emerged to describe the profound shift in the 
nature of health within the context of globalization. Becoming ubiquitous, 
global health has generated increasing interest from academic institutions, 
which, as places of knowledge innovation, validation, transmission, and 
application, have a critical role to play in global health education, research, 
and practice [1,2]. In this article we use the terms ‘academic global health’ 
(AGH) to focus on the key role of academic institutions including univer-
sity hospitals in the global health system. As an integration and implemen-
tation science [3], the primary goal of AGH is to foster transformative 
knowledge, which implies both new models of thinking and new types of 
research. At the operational level, this translates into a process of mutual 
learning for change and health improvement, through sharing and com-
paring across systems and cultures, using both qualitative and quantitative 
methods, validating new evidence internally and externally, and making 
interdisciplinary and international collaborations a prerequisite. From the 
viewpoint of five academic institutions closely engaged with Geneva, a 
leading city in global health and global governance, the present article at-
tempts to reflect on the core principles, definition, and significance of AGH.

THE NEW CONTEXT FOR HEALTH

AGH integrates the three traditional areas of health care, international 
health, and public health and reflects global changes in five key dimen-
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sions. First, from a predominantly local or national issue, 
health has become more transnational as the scope and ve-
locity of the transmission of diseases and their determi-
nants have increased, thereby making broad international 
collaborations and partnerships indispensable. Second, as 
epitomized by HIV–AIDS, the distinction between curative 
individual–based medicine and preventive population–
based public health has blurred, requiring a rethink of the 
provision of public health services and health care delivery 
as a continuum rather than separate entities. Third, the 
governance of health and social systems has come to in-
clude a broad range of actors beyond governments such as 
charity, civil society, and the private sector, making a con-
tinuous assessment of roles and responsibilities of all actors 
a necessity. Fourth, the biomedical paradigm rooted dom-
inantly in reductionism and biological determinism has 
failed to provide sustainable solutions for health and well–
being, implying the need to develop broader transdisci-
plinary approaches. Fifth, the interdependence of health 
with other sectors, together with foreign policy agendas 
such as trade, security, human rights, environment, and 
development, has been increasingly recognized, requiring 
systemic approaches through which diseases and health 
problems are positioned within broader social, ecological 
and political systems. Clearly, contemporary global chang-
es have decreased the capacity of the 20th century dominant 
conceptualizations of international health, and to a lesser 
extent health care and public health, to address current 
health challenges effectively. As AGH emanates from this 
new context for health, we propose six core principles to 
guide global health research, education, and practice.

SIX CORE PRINCIPLES FOR AGH

AGH addresses cross–border and multi–
level health issues

As health issues increasingly cross national boundaries, we 
need to understand how phenomena occurring at different 
spatial and temporal scales interface. For example, multi-
level geo–ecological frameworks explore how determinants 
shape health from micro/local to macro/global levels draw-
ing on the progress of scientific knowledge in many fields. 
Globalization is not a simple process and not everything is 
global: we constantly face complex “fragmegrative” dynam-
ics where globalizing forces are counteracted by localizing 
ones [4]. Thus, continuous communication between local 
communities and academics or professionals working at 
different levels and diverse geographic areas is crucial to 
optimize the tailoring of local interventions while avoiding 
fragmentation of the strategies regionally and globally. A 
comparable relevant example is the interrelated area of cli-
mate change. As addressing the root global causes of cli-
mate change is impossible at the local/national level alone, 

an understanding of scientific evidence facilitated by the 
UN’s Intergovernmental Panel on Climate Change can di-
rect these constituencies toward well–tailored adaptation 
and mitigation policies.

AGH mobilizes all relevant academic 
disciplines

While traditional academic disciplines identify, delimit, and 
analyze phenomena, they tend to produce hyper–special-
ization, which in turn can result in fragmented understand-
ing and actions in silos. Fragmentation is amplified by the 
enormous amount of knowledge produced within and out-
side the academy. As philosopher of science Karl Popper 
put it: “we are not students of some subject matter, but stu-
dents of problems” [5], meaning that addressing complex 
societal problems such as the Ebola crisis in West Africa in 
2014 transcends the boundaries of academic disciplines. 
Consequently, AGH should not be conceptualized as a new 
discipline but rather as a “transdiscipline” that seeks to in-
tegrate knowledge from different sources. Although cur-
rently AGH is, still mostly multidisciplinary, corresponding 
to a juxtaposition of disciplinary perspectives, it should be-
come more interdisciplinary integrating insights from all 
relevant academic disciplines. Even better it should aim to 
become transdisciplinary, integrating insights from all rel-
evant disciplines and actors outside academia to address 
problems too complex for a single discipline or sector [6].

AGH studies complex systems in the real 
world

Systems science, which encompasses a broad set of theo-
ries and methods developed in life sciences, social sciences 
and engineering during the 20th century, focuses on the 
principles that govern living and social systems. From cells 
to global governance, global health refers to complex sys-
tems. These systems are constituted of multiple compo-
nents interacting through reinforcing or inhibiting feed-
back loops, they operate in constantly evolving contexts, 
and they typically exhibit properties that result not from 
specific components of the system but from their interac-
tions, such as nonlinear behavior, self–organization, and 
emergence [7]. By analyzing the roles, positions, responsi-
bilities and interdependencies of the different building 
blocks of global health systems, systems science modifies 
our mental boundaries, generates new questions and hy-
potheses, and improves our models which can in turn re-
duce policy failure. While a system perspective is critical 
to address major health problems in the real world, AGH 
does not rule out reductionist and selective approaches, as 
basic reductionist research is a major driver of scientific 
progress and as selective approaches has been highly suc-
cessful in some cases (eg, eradication of smallpox). Overall, 
AGH aims to provide an integrated intellectual framework 
for debating, experimenting, and implementing options.
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AGH seeks to provide affordable, effective, 
and integrated innovation

The exponential growth of scientific and technological 
knowledge is key to improving health and well–being both 
in high–income countries (HIC) and low– and middle–in-
come countries (LMIC). Technologies for global health in-
clude both health technologies (ie, vaccines, e–health, ge-
nomics) and technologies that “have health benefits that arise 
from use outside of health, such as the Internet or irrigation” 
considering that “most health problems are best addressed by 
a combination of technologies” [8]. In addition global health 
relies strongly on computer technologies to use and model 
the increasing amount of data (data science) for example in 
worldwide disease surveillance. Innovation in global health 
also takes place at the social and policy levels [9]. Social and 
policy innovation for health encompasses all strategies to 
improve the uptake of technological innovation, to promote 
health and well–being, and to address broader problems 
such as access to education. While in the 20th century health 
innovation used to flow exclusively from HIC to LMIC, HIC 
can also benefit from innovation in LMIC (reverse innova-
tion) including from the social innovation capacity of com-
munities, and promotes mutual learning for change.

AGH is concerned with sustainability

With rapid population growth combined with unsustain-
able modes of production and consumption, ever growing 
constraints apply on the planet. In this early 21st century, 
humanity is facing the huge challenge to learn to live with-
in planetary boundaries [10]. From anthropocentric mod-
els of socio–economic development, we need to include 
the environmental dimension into the equation and shift 
to sustainable development. Sustainability science, defined 
as the study of “the interactions between natural and social 
systems, and with how those interactions affect the challenge of 
sustainability: meeting the needs of present and future genera-
tions while substantially reducing poverty and conserving the 
planet’s life support systems” [11] is an integral part of glob-
al health. Health is a prerequisite–good health and well–
being are required for people to achieve their full poten-
tial–and an outcome of sustainable development. As the 
health and fate of humanity ultimately depends on Earth’s 
natural systems, AGH is thus essential to shape sustainable 
development goals, to measure progress toward human 
well–being, and to improve our understanding of how en-
vironmental, social, economic, and health goals can be in-
tegrated to preserve planetary health [10,12].

AGH is committed to the normative 
framework of human rights and equity

Health is an essential part of the broad normative frame-
work of human rights and social justice as affirmed by the 
World Health Organization preamble. Indeed, several in-

ternational treaties consider health a human right, which 
imposes obligations on states to respect, to protect, and to 
contribute to its progressive realization. Beyond access to 
health care, the right to health covers social determinants 
of health, since living conditions are broadly shaped by the 
distribution of resources and power [13], the rule of law, 
and levels of liberty, security, and dignity. Central to AGH 
is understanding the distribution and impact of the unfair 
and avoidable differences (inequities) in health status be-
tween population, genders, and countries, and the reduc-
tion of these inequities through action within and beyond 
the health sector. Universal Health Coverage, the provision 
of health services with adequate financial protection for all, 
should thus be enshrined within the broader right to health 
[14] and the overarching goal of reducing poverty, the main 
single obstacle to health with 896 million people living 
with less than a US$ 1.90/day and 2.1 billion below US$ 
3.1/day according to the World Bank in 2012 [15].

DEFINITION AND CHALLENGES FOR 
ACADEMIC INSTITUTIONS

Based on the six principles above, we propose the follow-
ing definition of AGH: Within the normative framework of 
human rights, global health is a system–based, ecological and 
transdisciplinary approach to research, education, and practice 
which seeks to provide innovative, integrated, and sustainable 
solutions to address complex health problems across national 
boundaries and improve health for all. This definition first 
underlines the dynamic complexity which results from our 
era of interdependence [16]. Within the progressive differ-
entiation of scientific knowledge, it aims to reconcile the 
century–old divide between medicine and public health, 
while extending our perspective to other highly relevant 
fields such as engineering and international relations. Sec-
ond, this definition corresponds to the perspective of five 
Swiss academic institutions closely engaged with interna-
tional Geneva as the main hub of global health governance. 
While we believe that it reflects the challenges associated 
with addressing health issues across the world, we consid-
er our work as a proposal to foster further debate with re-
searchers in other countries especially from the global 
South. Third, translating this definition into concrete proj-
ects regarding education, research, and partnerships is key 
to move AGH forward. Table 1 summarizes projects based 
in our five academic institutions which contribute to the 
conceptualization of global health presented here.

In education, the main challenge is to extend the topics and 
methods taught both in the curricula of global health in 
medicine, public health, and engineering, and in other pro-
grams granting global health degrees, while maintaining 
sufficient coherence and disciplinary depth. Mixing stu-
dents from diverse backgrounds is paramount to foster col-
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laboration across disciplines and to develop the reflexive and 
synthesizing mind in a competence–based education. Edu-
cational models such as interdisciplinary co–teaching and 
the introduction of existing textbooks for interdisciplinary 
teaching in the curricula can help. In addition, advances in 
e–learning and particularly massive open online courses 
(MOOCs) can effectively complement curricula. MOOCs of-
fer unprecedented opportunities to create large scale hori-
zontally and vertically integrated learning communities.

In research, this definition requires collaborative or trans-
disciplinary ‘team science’ with knowledge increasingly 
produced through teams and networks of scholars. Some 
key areas of interdisciplinary enquiry are mentioned in Ta-

ble 2 while their scope is presented within the wider con-

text of global health in Figure 1. As differences of disciplin-

ary cultures and paradigms are common obstacles for 

interdisciplinary research, dedicated support from academ-

ic institutions, funding agencies, and governments can help 

alleviate these barriers. Leading medical journals already 

play their part by publishing perspectives from non–med-

ical disciplines although the format for research submis-

sions often still remains too rigid [18]. More importantly, 

the obstacles associated with an interdisciplinary academ-

ic career pathway remain a major issue almost everywhere. 

Traditional disciplinary candidates are favored when it 

comes to promotion and tenure for faculty position [19]. 

As AGH needs to work across academic disciplines, AGH 

programs may be organized in interfaculty or interdisci-

Table 1. Examples of programs in global health based at five Swiss academic institutions

PRogRam name and institution shoRt descRiPtion

Master of Science and PhD in global health, Institute of 
Global Health and Global Studies Institute, University 
of Geneva

As innovative educational programs in global health, the PhD is an executive program based 
on blended learning (residential weeks in Switzerland, highly intensive distance learning, and 
accredited MOOCs) while the Master is a transdisciplinary two–year full time program based 
in Geneva with specialization in other training programs.

EssentialTech Initiative, Swiss Federal Institute of Tech-
nology in Lausanne (EPFL)

The aim of this cooperation and research initiative is to foster the development and implemen-
tation of essential technologies including medical equipment, water, and sanitation, which can 
contribute to improve health in LMIC.

Long term partnership with Ifakara, Tanzania, Swiss 
Tropical and Public Health Institute in Basel (SwissTPH)

The SwissTPH has a long–term collaboration with the Ifakara Health Institute (IHI) in Tanzania, 
a successful institution for basic and translational health research, education and support in pub-
lic health. While the IHI has been a Tanzanian institution since 1996, the model of building 
comparable centers has spread through SwissTPH and partners to other countries in Africa.

Research on chronic diseases, Institute of social and pre-
ventive medicine (IUMSP) in Lausanne

The IUMSP specializes in research on epidemiology and prevention of chronic diseases, par-
ticularly cancers and cardiovascular diseases as the burden of these conditions are growing in 
aging societies and requires new public health responses.

Executive Training in Global Health Diplomacy, Global 
Health Programme, Graduate Institute of International 
and Development Studies in Geneva

Since 2007, the Global Health Programme offers executive training in global health diploma-
cy around the world with the aim of bringing together diplomats and health decision–makers 
to understand their common interests in health as a goal of foreign policy.

Figure 1. Scope of selected interdisciplinary research and education approaches in academic global health.
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plinary centers with joint appointments [20] and/or work 
as network of actors across institutions and disciplines.

Currently AGH attracts more attention in HIC than in 
LMIC, reflecting a wider gap in research and education ca-
pacities. While the concept of global health originated and 
diffused widely in HIC, the long term relevance and suc-
cess of AGH depends on its use and appropriation by aca-
demic institutions in LMIC. Three components are essen-
tial in this regard. First, international collaboration is 
critical for both teaching/learning and research in global 
health but should not “be a one–way street” [21] and 
should benefit all partners in HIC and LMIC. One chal-
lenge is to depart from a long (neo–) colonialist tradition 
associated with international and tropical medicine. The 
development of ethical guidelines for educational exchange 
is a step in the right direction [22]. In addition, AGH re-
quires more South–South collaboration under the leader-
ship of countries such as China or Brazil whose size are 
critical for capacity building and outreach. Finally, there is 

Table 2. Selected interdisciplinary research and education approaches relevant to global health

aPPRoaches descRiPtion

Network medicine Part of network science, network medicine seeks to improve our understanding of disease mechanisms and pathways. It 
focuses on measuring and analyzing the structures and dynamics of complex molecular networks, which entails relation-
ships between multiple components at the cellular level. Network medicine contributes to better understanding the genet-
ic interlinkages between diseases, and provides insight for new treatments and diagnostics. It also provides a basis to place 
disease systems into the context of health and social systems.

P4 medicine Progress and cost reduction in biotechnologies are enabling a more predictive, preventive, personalized, and participatory 
medicine (P4), which takes into account the genetic background and other specificities of each patient as well as their eco-
nomic context. The ambition of P4 medicine is to offer customized treatment and improve the detection of diseases before 
symptoms appear. While medicine has been largely reactive to diseases, P4 is proactively garnering a range of data to main-
tain well–being.

Translational medicine/
Implementation science

Implementation science (IS) is firmly based on evidence from basic science and corresponds to a continuum of knowledge 
translation activities, which aims to reduce the science to policy and practice gaps. In medicine, translational medicine is 
the processes of transforming basic science and technologies from bench to bedside and population. In public health, IS 
plays a key role in validating health interventions seeking to reach all those who need them in order to improve population/
community health effectively and equitably.

Integrated care/medicine Integrated care (IC) seeks to address patient problems in holistic ways rather than only through specialized care to improve 
health care delivery (eg, quality, satisfaction, access). As a bottom–up person–centered perspective, IC responds to the frag-
mentation of health care delivery due to progressive hyper–specialization of medicine. An example of integrated care is the 
development of family medicine where the general practitioners play the role of gatekeeper.

Health and social systems 
thinking

Health systems are complex open systems with several blocks. Thus, health systems thinking focuses on understanding the 
roles, functions and positions of the systems’ building blocks as well as the complex positive or negative feedback loops 
between these blocks [22]. It provides a framework to strengthen health and social systems, for example through integrat-
ed locally tailored interventions between vertical programs and primary health care.

One Health/eco–health A “One Health” approach seeks to address, in an integrated way, health issues that result from the interplay of multiple hu-
man, animal, and environmental factors within a given socio–ecological context. This approach is timely as zoonoses are 
the main source of emerging and re–emerging infectious diseases (eg, bird flu, SARS, HIV or Ebola) due to several factors 
such as the ever increasing mobility of human population, disruptions of ecosystems, industrialization of food systems, and 
socio–political fragility.

Social/cultural and digital 
epidemiology

While social/cultural epidemiology mixes epidemiology with social theories, digital epidemiology uses a broad range of 
digital data sources and computer science. Social/cultural epidemiology establishes causal relationships between economic, 
social and political conditions in which people live as well as health status over their life–course. Digital epidemiology not 
only provides information about outbreaks and diseases dynamics but also examines and predicts how health and diseases 
are spread through social ties and networks.

Global health diplomacy Global health diplomacy (GHD) is concerned with understanding how we collectively deal with cross–border health issues 
and global challenges through bilateral or multilateral negotiations across different countries, actors, levels and systems. 
GHD sheds light on the political nature of health, the competing social norms, the evolving role of myriad actors and the 
complex scientific and political processes that surround any health issue.

a role to play for international academic bodies such as the 

World Federation of Academic Institutions for Global 

Health in promoting an inclusive vision of global health 

and in reflecting on the future of the field based on a broad 

geographic representation of academic institutions.

CONCLUSION

Within the knowledge society one of the most important 

challenges faced by academic institutions is to keep their 

societal relevance. One way forward is to create and devel-

op new intellectual spaces to pursue the production of 

knowledge across disciplines while drawing on the achieve-

ments of two centuries of disciplinary organization of sci-

ence. As an integration and implementation science, AGH 

offers such a space to advance our understanding of com-

plex problems and comply with the social responsibility of 

academic institutions to contribute to societal well–being 

and sustainable development.
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Can innovative ambulance transport avert 
pregnancy–related deaths? One–year 
operational assessment in Ethiopia 

Background To maximise the potential benefits of maternity care ser-
vices, pregnant women need to be able to physically get to health fa-
cilities in a timely manner. In most of sub–Saharan Africa, transport 
represents a major practical barrier. Here we evaluate the extent to 
which an innovative national ambulance service in Ethiopia, togeth-
er with mobile phones, may have been successful in averting preg-
nancy–related deaths.

Methods An operational assessment of pregnancy–related deaths in 
relation to utilisation of the new national ambulance service was un-
dertaken in six randomly selected Districts in northern Ethiopia. All 
183 286 households in the six randomly selected Districts were vis-
ited to identify live–births and deaths among women of reproductive 
age that occurred over a one–year period. The uptake of the new am-
bulance transport service for women’s deliveries in the same six ran-
domly selected Districts over the same period was determined retro-
spectively from ambulance log books. Pregnancy–related deaths as 
determined by the World Health Organization (WHO 2012) verbal 
autopsy tool [13] and the InterVA–4 model [14] were analysed against 
ambulance utilisation by District, month, local area, distance from 
health facility and mobile network coverage.

Findings A total of 51 pregnancy–related deaths and 19 179 live–
births were documented. Pregnancy–related mortality for Districts 
with above average ambulance utilisation was 149 per 100 000 live–
births (95% confidence interval CI 77–260), compared with 350 per 
100 000 (95% CI 249–479) for below average utilisation (P = 0.01). 
Distance to a health facility, mobile network availability and ambu-
lance utilisation were all significantly associated with pregnancy–re-
lated mortality on a bivariable basis. On a multivariable basis, ambu-
lance non–utilisation uniquely persisted as a significant determinant 
of mortality (mortality rate ratio 1.97, 95% CI 1.05–3.69; P = 0.03).

Conclusions The uptake of freely available transport in connection 
with women’s obstetric needs correlated with substantially reduced 
pregnancy–related mortality in this operational assessment, though 
the design did not allow cause and effect to be attributed. However, 
the halving of pregnancy–related mortality associated with ambulance 
uptake in the sampled Districts suggests that the provision of trans-
port to delivery facilities in Africa may be a key innovation for deliv-
ering maternal health care, which requires wider consideration.
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Despite major international concerns around maternal 
health and institutional delivery rates [1], little innovative 
thought has been given to the logistic issues of getting Af-
rican women in to appropriate institutions in a timely fash-
ion. Expecting rural women in labour to walk several kilo-
metres to a facility, possibly at night and in bad weather, is 
unrealistic. Thirty years ago a startling but small–scale find-
ing from The Gambia found that there had been no mater-
nal deaths for eight years in a group of small villages where 
resident midwifery services and immediate access to refer-
ral transport had been made freely available, when other-
wise 16 maternal deaths might have been expected [2]. 
Though that innovation was widely considered unscalable 
and unsustainable, millions of pregnant African women 
have died in the intervening decades, partly from not be-
ing able to reach maternity services [3,4].

The principle that effective transport for obstetric health 
emergencies is essential is not a matter for debate in most 
settings. However, that thinking has not translated widely 
into sub–Saharan Africa, where access to obstetric care re-
mains a major barrier, with a lack of transportation and 
other infrastructure. Only a few sub–Saharan countries 
have considered and evaluated the provision of ambulanc-
es to facilitate access to obstetric care even in emergencies, 
for example in Burundi [5], Uganda [6,7], and South Af-
rica [8].

In Ethiopia, the 2011 DHS report found 9.9% of births na-
tionally during the previous five years were delivered at a 
health facility (10.6% in Tigray Region) and 71.1% of 
women mentioned lack of transport to a facility as a major 
barrier (52.4% in Tigray Region) [9]. Just 0.1% of rural 
households owned any kind of motorised transport [9]. 
The challenges of increasing institutional delivery rates and 
access to emergency obstetric care have now been recog-
nised. The Ethiopian government health service is now 
unique in sub–Saharan Africa in providing four–wheel 
drive ambulances in every rural District (areas each cover-
ing around 150 000 people), and in making the ambulanc-
es available on a 24–hour, 7–day basis to transfer any wom-
an in labour or experiencing other obstetric difficulties to 
appropriate health facilities. Parallel innovation in mobile 
telephony, which has brought widespread network cover-
age to rural Ethiopia, completes the picture by providing a 
means to call ambulances when needed [10]. This highly 
innovative approach to improving maternity care has been 
rolled out nationally in Ethiopia since 2012.

A total of 1250 ambulances have been distributed, with at 
least one ambulance per District and nearly half of Districts 
(larger ones) getting two. The total investment to achieve 
this was about US $50 million. Before ambulances were 
deployed, the Ethiopian Federal Ministry of Health signed 
an agreement with governments of the nine regional states 

and the two autonomous city administrations (Addis Aba-

ba and Dire Dawa) to regulate use. The agreement entailed 

three important commitments. First the regional govern-

ments committed to allocate budgets to cover the running 

costs for the ambulances; second they committed to replac-

ing the ambulances after five years; and third they agreed 

to make ambulance services available free of charge. Fur-

thermore, a number of town–hall and community meetings 

were held to inform communities about these commit-

ments. Once the ambulances were delivered, frequent re-

minders about the commitments were sent out through 

local mass media. Laws to enact the ambulance service pro-

vision and ensure and safeguard the proper utilisation of 

ambulances have also been passed by the regional cabinets.

These developments in Ethiopia therefore provided a 

unique opportunity to contribute to filling the current ev-

idence gap on the provision of non–emergency obstetric 

transport in Africa. An operational assessment of the effec-

tiveness of the innovative ambulance service for transport-

ing women to facilities and averting pregnancy–related 

deaths was conducted, based on two interlinked data 

sources. Tigray Regional Health Bureau, in the north of 

Ethiopia, had previously undertaken a one–year represen-

tative randomised population survey of pregnancy–related 

mortality [11], which could be linked at the local commu-

nity (tabia) level to data on actual ambulance utilisation for 

obstetric care, as a means of assessing the extent to which 

ambulance utilisation may have averted pregnancy–related 

deaths.

METHODS

The detailed methodology for the pregnancy–related mor-

tality survey design has been presented elsewhere [12]. 

Briefly, the 34 rural Districts (woreda) in Tigray Region form 

six geographic Zones, and one District per Zone was ran-

domly selected as a stratified sample, covering a population 

of 843 115. A two–stage retrospective household mortality 

survey was carried out in mid–2013 by community health 

staff in the selected Districts, following up deaths among 

women of reproductive age (15–49 years) over a one–year 

period (from the ninth month of Ethiopian year 2004 to 

the eighth month of Ethiopian year 2005, corresponding 

to 9 May 2012 to 8 May 2013 in the international calen-

dar) using the WHO 2012 verbal autopsy tool [13], and 

deriving cause of death using the corresponding InterVA–4 

model [14]. The date, place and personal details were re-

corded for all deaths. The same survey captured the corre-

sponding number of live–births. Maternal mortality ratio 

(MMR) is defined here as pregnancy–related deaths per 

100 000 live–births, as adopted by the Demographic and 

Health Survey programme [9].
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As a separate exercise, the vehicle log books for the ambu-

lances in the six randomly selected districts underwent ret-

rospective data capture for the same one–year period. The 

data for each trip included whether it was connected with 

a delivery; from which community it originated; patient’s 

name; distance travelled; destination and date. The com-

pleteness of the vehicle logs was verified using the odom-

eter readings for the start and end of every journey in each 

vehicle, before the journeys specifically relating to women 

delivering were extracted.

Descriptive statistics were used to characterise the patterns 

of ambulance transportation in relation to pregnancy–re-

lated deaths and determinants including District, month, 

local area, distance from health facility and mobile tele-

phone coverage. Multivariable Poisson regression model-

ling was used to assess competing contributions of distance 

to facility, mobile network availability and ambulance util-

isation on pregnancy–related mortality at local area level 
(typically neighbourhoods of around 5000 people).

RESULTS

During the one–year period, 51 pregnancy–related deaths 
and 19 179 live–births were identified in the community 
survey of 183 286 households in the six study Districts, as 
previously described [11]. Corresponding data from am-
bulance log books detailed 4779 trips related to deliveries, 
covering 178 736 km. Figure 1 shows MMR in six study 
Districts within Tigray Region, also showing numbers of 
pregnancy–related deaths that occurred in each local area 
during the study period.

Table 1 summarises births, deaths and MMR across the six 
study Districts. In two Districts, Alamata and Hintalo Wa-
jirat, ambulances were not yet available at the start of the 

Table 1. Ambulance utilisation in relation to delivery care across six rural Districts in Tigray Region, Ethiopia, over a one–year period

utilisation alamata* hintalo WajiRat* laelay adiyabo saesi tsaedaemba tahtay maycheW Welkayat

Live–births 2364 (2021) 3516 (934) 2637 2990 2697 4975

Pregnancy–related deaths 8 (5) 8 (1) 7 3 1 24

MMR per 100 000 live–births 338 (247) 228 (107) 265 100 37 482

Ambulance trips for deliveries 1205 268 496 1590 914 306

% deliveries using ambulances 51.0 (59.6) 7.6 (28.7) 18.8 53.2 33.9 6.2

Ambulance km for deliveries 43 633 12 024 20 574 58 562 36 977 6966

Ambulance mean km per delivery 36.2 44.9 41.5 36.8 40.5 22.8

Ambulance mean km per live–birth 18.5 (21.6) 3.4 (12.9) 7.8 19.6 13.7 1.4

% ambulance trips to hospitals 27.8 1.1 no data 6.7 47.0 4.6

*Figures in brackets for Alamata and Hintalo Wajirat Districts reflect only the part of the year during which ambulances were available.

Figure 1. Map of Tigray 
Region,Ethiopia, showing 
the six study Districts and 
maternal mortality ratios 
(MMR) with 95% 
confidence intervals for 
each District. Shading 
indicates the numbers of 
maternal deaths in each 
local area (tabia) within 
each District.
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study, so the parameters for those Districts are shown both 
for the whole year and, in italics, for only the period dur-
ing which ambulances were available. The overall percent-
age of deliveries using ambulances was 24.9%, ranging 
across the Districts from 6% to 53%. The mean distance 
per delivery where ambulances were used was 37.4 km, 
ranging from 23 to 45 km across the Districts. The propor-
tions of ambulance trips going to a hospital rather than a 
health centre were higher in Alamata District, which con-
tains a hospital, and in Tahtay Maychew District, which is 
close to Axum hospital.

The proportion of deliveries using an ambulance was cal-
culated for each month and District as a means of tracking 
patterns in ambulance utilisation over the one–year period. 
This is shown in Figure 2 for each District, together with 
the numbers of pregnancy–related deaths that occurred in 
each month. Figure 3 shows a comparison between Dis-
tricts above and below the overall 24.9% level of ambu-
lance utilisation. Aggregated MMRs and 95% CIs for the 
two groups of Districts are shown by the red bars, 350 per 
100 000 (95% CI 249–479) and 149 per 100 000 (95% CI 
77–260) respectively; P = 0.01.

Figure 4 shows the104/131 local areas utilising ambulance 
trips in connection with deliveries during the year, togeth-
er with MMR by utilisation. Figure 5 shows the 103/131 
local areas with  mobile telephone network coverage. Preg-
nancy–related mortality was significantly lower both in the 
local areas using ambulances (MMR 202, 95%CI 135–291 

vs 468, 95%CI 293–709; P = 0.006) and in the local areas 
covered by mobile telephone networks (MMR 209, 95%CI 
141 to 299 vs 447, 95%CI 277–683; P = 0.014).

A Poisson regression model was constructed including all 
131 local areas in the survey, with the number of pregnan-
cy–related deaths as the dependent variable and the num-
ber of live–births as the exposure term for each area. Inde-
pendent variables were distance from the District Health 
Centre, availability of the mobile telephone network, and 
ambulance utilisation. Table 2 shows bivariable and mul-
tivariable results from this modelling. In the bivariable 
model, all the independent variables were significantly as-
sociated with pregnancy–related deaths. In the multivari-
able model, ambulance non–utilisation emerged as the 
overall significant factor associated with pregnancy–related 
deaths (mortality rate ratio 1.97, 95% CI 1.05–3.69; 
P = 0.03), while distance to the District Health Centre lost 
most of its effect.

By considering Figure 3, it is possible to extrapolate to pu-
tative changes in ambulance utilisation in below–average 
Districts to bring them to above–average levels. The lower 
group had 1070 utilisations out of 11 128 deliveries, com-
pared with 3709/8051 in the higher group. Thus an addi-
tional 3211 deliveries in the lower group would be needed 
to achieve the same rate of utilisation. Hypothetically as-
suming that this would have the same effect on pregnancy–
related mortality as the observed difference between the 
lower and higher utilisation groups, a reduction from an 

Figure 2. Proportions 
of deliveries using 
ambulance transport 
and numbers of 
pregnancy–related 
deaths (figures in red), 
by month and District.
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overall MMR for Tigray Region in the absence of the new 
ambulance service would have been 401 per 100 000 live–
births, rather than the 266 per 100 000 observed [11].

DISCUSSION

These results clearly show substantially lower pregnancy–re-
lated mortality in places and periods where free ambulance 
transport was used by women in connection with their de-
liveries. We entirely accept that an operational assessment of 
this kind cannot demonstrate statistically that ambulance 
utilisation caused reductions in pregnancy–related mortality. 
Nevertheless, observed variations in pregnancy–related mor-
tality were very substantial, and highly correlated with am-
bulance utilisation. Since, in most of the world, women’s 
means of transport to health care facilities for delivery are 
taken for granted as an essential component of health sys-
tems, it is reasonable to suppose that the availability of trans-
port might be just as essential in sub–Saharan Africa.

The physical obstacles to reaching health facilities, and the 
lack of available transport options, are probably most ex-
treme in Africa. The adjusted MMR estimate of 401 per 
100 000 for Tigray in the absence of the ambulance service 
was consistent with international estimates of MMR for 
Ethiopia before ambulances were deployed [3], and also 
similar to MMR survey results from the Southern Nations 
Nationalities and Peoples’ Regional State in the pre–ambu-
lance period [15]. The lower MMR observed in Tigray when 

Figure 3. Maternal mortality ratios (MMR) and proportions of 
deliveries using ambulances for each District. Red bars indicate 
aggregated MMRs and 95% confidence intervals for Districts 
achieving above and below the overall percentage (24.9%) of 
deliveries using ambulances.

Figure 4. Ambulance utilisa-
tion within the six study 
Districts in Tigray Region, 
Ethiopia, by local area (tabia) 
and associated maternal 
mortality ratios (MMR) with 
95% confidence intervals.

MMR of 350 to 149 in the group observed to have lower 
utilisation would avert 39 × (149/350) = 17 deaths. If each 
additional ambulance trip involved the mean observed dis-
tance of 37.4 km, usage per death averted would be ap-
proximately 7000 km. Conversely, therefore, the 178 736 
ambulance kilometres that were actually deployed during 
the study might have averted around 26 pregnancy–related 
deaths. If that were the case, then the internally adjusted 
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Table 2. Associations between maternal deaths and distance to District Health Centre, availability of mobile telephone network and 
utilisation of ambulance transport for deliveries in 131 local areas (tabia) in Tigray Region, Ethiopia, using a Poisson regression 
model.

factoR level numbeR of 
local aReas

numbeR of PRegnancy–
Related deaths

bivaRiable mateRnal death Rate 
Ratio (95% ci)

multivaRiable mateRnal death 
Rate Ratio (95% ci)

Distance to District Health Centre <15 km 32 8 Ref Ref

15–30 km 69 23 1.45 (0.65–3.24) 1.23 (0.54–2.79)

>30 km 30 20 2.33 (1.03–5.28)* 1.15 (0.43–3.11)

Mobile telephone network Available 103 30 Ref Ref

Not available 28 21 2.14 (1.22–3.73)* 1.78 (0.91–3.41)

Ambulance transport for deliveries Utilised 104 29 Ref Ref

Not utilised 27 22 2.31 (1.33–4.03)* 1.97 (1.05–3.69)*

CI – confidence interval

*95% confidence interval excludes unity, P < 0.05.

Figure 5. Mobile telephone 
network coverage within the six 
study Districts in Tigray Region, 
Ethiopia, by local area (tabia) 
and associated maternal 
mortality ratios (MMR) with 
95% confidence intervals.

ambulances were available probably accrued from a com-
bination of substantially increasing the proportion of insti-
tutional deliveries by transporting women and diminishing 
transport delays for a smaller proportion of women in acute 
difficulties. The remote and difficult terrain in Tigray Region 
also makes it very difficult to undergo transfer to a health 
facility once complications become evident, and so the pro-
vision of a universal service before complications arise may 
avoid potentially life–threatening transport delays at a later 
stage. The detailed individual data that would be needed to 
tease out these different factors were not available.

Ideally this study would have been designed as an inter-
vention with randomised allocation to ambulance trans-
port. However, there would be very serious ethical difficul-
ties in designing such an evaluation, given that the world 

in general implicitly assumes that availability of effective 
transportation to access obstetric services is a basic require-
ment, which may even be considered as a human rights is-
sue [16]. Given the impossibility of mounting a controlled 
trial, the only available option was to make a transparent 
operational assessment in the context of the introduction 
of the new Ethiopian national policy, designed as a retro-
spective observational study [17]. That said, serendipitous 
operational delays in ambulance deployment in two of the 
six Districts, as well as varying effectiveness and coverage 
by the ambulance service between the randomly selected 
Districts, enhanced opportunities for comparison.

This operational assessment was only carried out in one 
Region, where survey data on maternal deaths were already 
available [11]. Nevertheless it is important to note that Ti-
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gray covers some of the most mountainous and hard–to–
reach areas of Ethiopia. The ambulance programme in Ti-
gray, by taking a quarter of all delivering women to facilities, 
made a major impact on previously low institutional deliv-
ery rates [9]. Districts included in this operational assess-
ment had been randomly selected for the previous mortal-
ity survey [12], and results showed that there were 
substantial variations between Districts in many parame-
ters. Even though 95% confidence intervals around MMRs 
are fairly wide in some instances, reflecting the relative rar-
ity of maternal deaths, sufficient numbers were included 
in the survey to detect important differences. The previous 
mortality survey and the ambulance log book data capture 
were undertaken as two completely independent exercises, 
with neither making use of routine data reporting systems, 
to ensure integrity and independence. Although retrospec-
tive mortality surveys always carry some risk of under–re-
porting, there is no reason to suppose that any such bias 
would be correlated with ambulance utilisation. No direct 
national assessment of pregnancy–related mortality has 
been made since the ambulance programme was intro-
duced, but our estimates after adjusting for ambulance util-
isation reflect pre–ambulance levels as both estimated na-
tionally and as surveyed in another Region [3,15].

Previous studies of obstetric emergency transport in sub–
Saharan Africa have been very limited, and none have in-
volved non–emergency provision. A small–scale study in 
Burundi estimated that a large proportion of cases with 
complications were transferred by ambulance, but was not 
able to measure the effect on maternal mortality [5]. Simi-
larly in Ruhira, Uganda, a small study of the use of a single 
ambulance for emergencies only, with two–thirds of call–
outs being for complicated obstetric cases, concluded that 
it could be cost–effective to provide such a service, but was 
not able to evaluate changes in maternal mortality [6]. A 
larger pre– and post– intervention study in Oyam, Uganda, 
looked at the effect of introducing a single ambulance, and 
concluded that there was an increased rate of Caesarean 
sections after the ambulance became available, but also did 
not evaluate changes in maternal mortality [7]. In Free 
State, South Africa, the effect of introducing emergency ob-
stetric transport across the Province was evaluated in terms 
of institutional maternal mortality, with MMR falling from 
279 per 100 000 to 152, a risk ratio of 0.54 (95% CI 0.40–
0.74) [8], a similar reduction as observed here.

Two factors which might reasonably be supposed to influ-
ence pregnancy–related mortality in the absence of a free 
transport service were distance to District health facilities 
and the availability of mobile telephone networks. In Tan-
zania, maternal mortality and distance to hospital were 
strongly related [18]. In the United States, where availabil-
ity of transport is presumably not a major issue, distance 
from hospital has still been shown to be highly associated 

with maternal deaths [19]. In Oxfordshire, United King-
dom, the use of mobile phones in emergency situations was 
shown to reduce the risk of death at the scene, though not 
specifically for pregnancy–related deaths [20]. In the cur-
rent study, both of these factors could be evaluated on a 
local area basis, and both individually were highly associ-
ated with pregnancy–related deaths, as shown in Table 2. 
However, introducing ambulance use into a multivariable 
model with these two factors resulted in transport service 
utilisation emerging as the strongest, and only significant, 
factor associated with reductions in pregnancy–related 
deaths. Mobile phone availability retained some of its ef-
fect, not surprisingly given that mobile phones are an es-
sential component of the overall ambulance transport pol-
icy, providing the only opportunity to call ambulances to 
communities with no other means of communication. Mo-
bile telephony is a very significant development which has 
spread across rural Africa relatively recently, and which 
must be regarded as a huge public health gain. In Ethiopia, 
EthioTelecom is the sole network provider, with wide-
spread coverage other than in particularly hard–to–reach 
areas. It may be appropriate for Ministries of Health to put 
pressure on mobile communications operators to extend 
coverage into all inhabited areas.

While extrapolating from these results might be specula-
tive, our estimate that approximately 7000 ambulance–ki-
lometres averted one pregnancy–related death suggests that 
ambulances may be a practical and cost–effective means to 
substantially reduce the persistently high levels of preg-
nancy–related mortality across sub–Saharan Africa. Assum-
ing that a free ambulance service such as that now imple-
mented in Ethiopia might cost around US $1 per kilometre 
to provide (fuel, servicing, depreciation and staff), then an 
annual budget of US $1 billion for free ambulance trans-
port might avert a substantial proportion of the estimated 
180 000 maternal deaths in Africa. Of course this would 
not simply be a matter of money–resources would have to 
be translated into a committed and effective transport ser-
vice, which may not be easy, and local conditions and cir-
cumstances would have to be considered. But it seems clear 
that effective obstetric transport can make a substantial and 
cost–effective difference to pregnancy–related mortality–
possibly achieving as much as two–thirds of the 75% re-
duction called for by Millennium Development Goal 5 
(MDG5) [3].

CONCLUSIONS

Without doubt the possibility for women to be readily 
transported to health facilities, both for routine deliveries 
and in obstetric emergencies, is a critical component of 
providing effective maternal care. Our results show that 
transport and communication innovations in Ethiopia cor-
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related with appreciably reduced pregnancy–related mor-
tality. This was achieved through the provision of four–
wheel drive ambulances on a 24/7 basis, which could be 
called via the mobile telephone network. The magnitude 
of mortality differences correlated with ambulance utilisa-
tion amounted to a considerable proportion of the MDG5 
target for maternal mortality reduction. Although this as-

sessment only covered one Region in Ethiopia, the magni-
tude of the observed reduction in pregnancy–related 
deaths, plus the commonplace notion that women have a 
right to be able to physically get to maternity services, un-
derlines the urgent necessity of considering the provision 
of innovative obstetric transport across Africa.
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Setting health research priorities using the 
CHNRI method: IV. Key conceptual advances

Introduction Child Health and Nutrition Research Initiative (CHNRI) start-
ed as an initiative of the Global Forum for Health Research in Geneva, Swit-
zerland. Its aim was to develop a method that could assist priority setting 
in health research investments. The first version of the CHNRI method was 
published in 2007–2008. The aim of this paper was to summarize the his-
tory of the development of the CHNRI method and its key conceptual ad-
vances.

Methods The guiding principle of the CHNRI method is to expose the po-
tential of many competing health research ideas to reduce disease burden 
and inequities that exist in the population in a feasible and cost–effective 
way.

Results The CHNRI method introduced three key conceptual advances that 
led to its increased popularity in comparison to other priority–setting meth-
ods and processes. First, it proposed a systematic approach to listing a large 
number of possible research ideas, using the “4D” framework (description, 
delivery, development and discovery research) and a well–defined “depth” 
of proposed research ideas (research instruments, avenues, options and 
questions). Second, it proposed a systematic approach for discriminating 
between many proposed research ideas based on a well–defined context 
and criteria. The five “standard” components of the context are the popula-
tion of interest, the disease burden of interest, geographic limits, time scale 
and the preferred style of investing with respect to risk. The five “standard” 
criteria proposed for prioritization between research ideas are answerabil-
ity, effectiveness, deliverability, maximum potential for disease burden re-
duction and the effect on equity. However, both the context and the criteria 
can be flexibly changed to meet the specific needs of each priority–setting 
exercise. Third, it facilitated consensus development through measuring 
collective optimism on each component of each research idea among a larg-
er group of experts using a simple scoring system. This enabled the use of 
the knowledge of many experts in the field, “visualising” their collective 
opinion and presenting the list of many research ideas with their ranks, 
based on an intuitive score that ranges between 0 and 100.

Conclusions Two recent reviews showed that the CHNRI method, an ap-
proach essentially based on “crowdsourcing”, has become the dominant 
approach to setting health research priorities in the global biomedical lit-
erature over the past decade. With more than 50 published examples of 
implementation to date, it is now widely used in many international organ-
isations for collective decision–making on health research priorities. The 
applications have been helpful in promoting better balance between invest-
ments in fundamental research, translation research and implementation 
research.
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Child Health and Nutrition Research Initiative (CHNRI) 

started as an initiative of the Global Forum for Health Re-

search in Geneva, Switzerland [1]. Its aim was to develop 

a method that could assist priority setting in health research 

investments [2]. The first version of the CHNRI method 

was published in 2007–2008 [3–6]. The aim of this paper 

was to summarize the history of the development of the 

CHNRI method and its key conceptual advances [7].

The history of the development of the 
CHNRI method

In 2005, CHNRI was funded by the World Bank to devel-

op a method that could assist priority setting in health re-

search investments. In March 2005, Professor Robert E. 

Black, from Johns Hopkins University in Baltimore, USA, 

Dr Shams El Arifeen, Director of the CHNRI Secretariat 

from the International Centre for Diarrheal Disease Re-

search (ICCDR,B) in Dhaka, Bangladesh, and Nancy 

Hughart, Secretary of the CHNRI office met in Geneva and 

appointed me to lead the process of methodology develop-

ment for CHNRI. Professors Jennifer Bryce and Robert E. 

Black from the Child Health Epidemiology Reference 

Group (CHERG) recommended me for this role based on 

my previous work and contributions to CHERG. In May 

2005, at a meeting at Johns Hopkins University, I present-

ed the first background review on different approaches to 

research priority setting and an early conceptual framework 

for the future CHNRI method. I received feedback from 

world–renowned experts in global health, such as Profes-

sors Dean Jamison, Ok Pannenborg and Mary Ann Lan-

sang; and from priority–setting experts Jennifer Gibson, 

Lydia Kapiriri and Craig Mitton.

In June 2005, assisted by the new CHNRI secretary, Ms 

Deborah Horner, I invited a larger group of global health 

experts to Dubrovnik, Croatia, to help me develop the 

method further and plan its implementation in several 

fields of global health: newborn health (Joy E. Lawn and 

Zulfiqar A. Bhutta), childhood pneumonia and diarrhea 

(Harry Campbell and Claudio F. Lanata), child develop-

ment (Maureen Black and Julie Meeks Gardner), childhood 

accidents (Shanthi Ameratunga and Adnan A. Hyder) and 

zinc (Kenneth H. Brown and Sonja Y. Hess). In September 

2005, at the 9th Annual Meeting of the Global Forum for Health 

Research in Mumbai, India, I presented the first draft ver-

sion of the CHNRI method and an example of its applica-

tion in the field of childhood pneumonia. I did this togeth-

er with Dr Shams El Arifeen, Professor Robert E. Black and 

Professor Harry Campbell, who were mentoring and sup-

porting me throughout the process of methods develop-

ment. In December 2005, at the launch of the Child Sur-

vival: Countdown to 2015 conference in London, UK, I 

presented the key concepts of the new CHNRI method at 

the plenary session on health research agenda for child sur-
vival. Following the feedback from the audience, I revised 
and improved the method.

In April 2006, I visited Cape Town to conduct the first na-
tional–level implementation of the CHNRI exercise – to set 
research priorities for child health in South Africa. I was 
supported by Dr Mickey Chopra and Dr Mark R. Tomlin-
son, from MRC’s Health Systems Unit in Cape Town. At 
this point, the first exercises on childhood pneumonia and 
zinc were already being piloted at the global level, by Pro-
fessor Harry Campbell from the University of Edinburgh, 
UK and Professor Kenneth Brown from the University of 
California in Davis, USA. At this point, I suggested that two 
more consultants should be contracted to assist me with 
preparations for publishing a series of four papers that 
would describe the CHNRI method: Drs Jennifer L. Gibson 
and Lydia Kapiriri from the University of Toronto.

In May 2006, the CHNRI Foundation organized a meeting 
at Johns Hopkins University. The meeting had a wider par-
ticipation, aiming to include several representatives from 
donor agencies who could potentially be interested in the 
implementation of the method. The most recent version of 
the method and the examples of its implementation were 
presented and discussed in detail. In June 2006, following 
the meeting in Baltimore, Dr Jose Martines, the representa-
tive of the World Health Organization’s Child and Adoles-
cent Health Department (WHO CAH) arranged a meeting 
in Geneva, Switzerland, where he commissioned a series 
of 5 CHNRI exercises that would be co–ordinated by WHO 
CAH and focus on research priorities for five major causes 
of child deaths: childhood pneumonia, diarrhea, neonatal 
infections, preterm birth/low birth weight and birth as-
phyxia. Those exercises were going to be well aligned with 
UN’s Millennium Development Goal 4 – a political com-
mitment made by world’s nations to reduce global child 
mortality by two thirds between 1990 and 2015. This was 
the first major uptake of the CHNRI method by an inter-
national organization.

Further refinements of the CHNRI method were intro-
duced based on the feedback received following the pre-
sentations at the International Conference on Priorities in 
Health Care in Toronto, Canada, in September 2006 and at 
the 10th Annual Meeting of the Global Forum for Health Re-
search in Cairo, Egypt. A parallel session on priority setting 
in health research investments was organized by CHNRI at 
the latter conference, with outstanding secretarial support 
from Ms Carolina Cueva Schaumann, the CHNRI Secretary. 
The steering committee for the development of the CHNRI 
methodology approved the publication of the method, al-
lowing for introduction of all the feedback received to date. 
I led the writing of a series of four papers that described 
the CHNRI method. I also presented the final revision of 
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the CHNRI method at the 11th Annual Meeting of the Global 
Forum for Health Research in Beijing, China, in October 

2007. The first two papers of the series that introduced the 

CHNRI method were published in parallel with the Beijing 

meeting, in October 2007 [3,4], with the remaining two 

following in June 2008 [5] and December 2008 [6]. In pre-

paring the four papers, I received large help from Profes-

sors Robert E. Black, Shams El Arifeen and Harry Camp-

bell, and further assistance from Drs Lydia Kapiriri, 

Jennifer Gibson, Mickey Chopra, Kit Yee Chan, Mary Ann 

Lansang, Ilona Carneiro, Shanthi Ameratunga, Alexander 

C. Tsai, Mark Tomlinson and Sonja Y. Hess.

An important recognition of the CHNRI method came with 

an invitation from the World Health Organization’s Cluster 

on Information, Evidence and Research (IER), its Depart-

ment for Research Policy and Cooperation (RPC) and the 

Special Programme for Research and Training in Tropical 

Diseases (TDR). Those WHO Clusters and Departments 

convened a workshop in April 2008 to review the available 

priority setting methodologies for health research. I pre-

sented the CHNRI method, which received endorsement 

for the uptake at the national level through the meeting’s 

official report. Results of this meeting were later summa-

rized and reported by Tomlinson et al. [7]. I also gave two 

plenary presentations on the CHNRI method at the 12th An-
nual Meeting of the Global Forum for Health Research in Ha-

vana, Cuba, in November 2009 and XIX World Congress of 
Epidemiology in Edinburgh in August 2011 [8], where the 

method was presented to large international audiences and 

its uptake enhanced.

With a considerable uptake and more than 50 published 
examples of implementation to date, the CHNRI method 
is now widely used in many international organisations and 
professional societies for setting health research priorities. 
Two recent reviews showed that the CHNRI method has 
become the dominant approach to setting health research 
priorities in the global biomedical literature over the past 
decade [9,10]. Its applications have been helpful in pro-
moting better balance between investments in fundamental 
research, translation research and implementation research.

Setting health research priorities: universal 
challenges and CHNRI’s key conceptual 
advances

For anyone interested in setting health research priorities 
at any level, I recommend several comprehensive reviews 
of the principles, methods, approaches and tools [3,7–11]. 
Based on those readings, it should become apparent that 
the CHNRI method proposed its own definition of health 
research. In CHNRI method’s conceptual framework, 
“health research” should be regarded as a process that be-
gins with a research question and undertaken to generate 
new knowledge that will eventually be translated and/or 
implemented to reduce the existing disease burden (or oth-
er health–related problem) in the population [5].

Based on the above definition of health research, the group 
that developed the CHNRI method identified a consider-
able number of challenges that will be inherent to any pro-
cess of setting health research priorities (Table 1). In at-
tempts to address those challenges, the CHNRI method 

Table 1. A list of twenty “universal challenges” in setting priorities in health research investments, according to the CHNRI method's 
conceptual framework [5]

  1. Deciding who should be involved in the process of setting health research priorities

  2. Defining what constitutes a health research investment option opportunity

  3. Defining what constitutes the expected “return” on the investment

  4. Defining what constitutes a potential “risk” of the investment

  5. Defining health research, its boundaries, and its levels of “depth”

  6. Systematic listing of a very large number of competing research investment options

  7. Defining what is meant by “priority setting” in the context of health research

  8. Finding a way to address the uncertainty of health research outcomes

  9. Defining criteria relevant to priority setting in health research investments

10. Comparing different instruments of health research using the same criteria

11. Development of a simple quantitative way to rank competing research options

12. Limiting the potential of personal biases to substantially influence the outcome

13. Ensuring that priority–setting process is fully transparent

14. Ensuring that it can be repeated and validated

15. Ensuring that it is flexible and adjustable to all contexts and levels of application

16. Ensuring that it is iterative with a feedback loop, instead of a one–way process

17. Ensuring that it is perceived by the users as legitimate and fair

18. Ensuring that it is simple and intuitive, to become popular among the users

19. Linking quantitative ranks of research options with specific investment decisions

20. Involving stakeholders from the wider community into the process
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introduced three key conceptual advances that led to its 
increased popularity in comparison to other priority–set-
ting methods and processes.

First, it proposed a solution to the problem of addressing 
a potentially endless spectrum of research ideas. It pro-
posed a systematic approach to listing a large number of 
feasible research ideas. To this end, it uses the “4D frame-
work” (“description”, “delivery”, “development” and “dis-
covery” research). “Description” research includes any pro-
posed health research that would allow researchers to 
assess the burden of health problems in the population of 
interest and understand its determinants – ie, negative ef-
fects of risk factors and positive effects of delivered health 
interventions. This is typically achieved through epidemi-
ological research. “Delivery” research includes all research 
questions that allow researchers to optimise health status 
of the population using the means that are already avail-
able. This is typically achieved through implementation 
research, operations research and/or health policy and sys-
tems research. “Development” research is focused on im-
proving health interventions that already exist, but could 
be made more effective, affordable or sustainable. Finally, 
“discovery” research includes all research questions that 
would lead to innovation, ie, generation of new knowledge 
to develop entirely new health interventions.

Within each of those four main “instruments” of health re-
search – the four D’s – research questions of different “depth” 
could be posed: very broad “research avenues” (which cor-

respond to research fields), more specific “research options” 
(which correspond to a typical research program of about 
5 years in duration), and very specific “research questions” 
(which correspond to a title of a typical research paper). 
Based on this framework, a very large number of proposed 
research ideas can be systematically assembled and pre-
pared for prioritization (Table 2).

The second key conceptual advance was defining the con-
text and criteria for prioritization among many research 
ideas based on a sound framework. The five “standard” 
components of the context in which priority–setting is tak-
ing place are the population of interest, the disease burden 
of interest, geographic limits, time scale and the preferred 
style of investing with respect to risk (Table 3). Depending 
on who the funders are – government, private sector (eg, 
pharmaceutical industry and/or biotechnological industry), 
or philanthropic foundations – their choices of the target 
population and the health problem of interest, geographic 
limits, time scale and attitude to risk may be very different. 
Thus, the elements of the context need to be carefully de-
fined and transparently communicated to scorers before 
the CHNRI prioritization exercise takes place.

Once the context was carefully defined according to Table 
3, and many competing research ideas systematically cat-
egorised using the “4D framework” in Table 2, the next 
challenge was finding an optimal set of criteria that could 
distinguish and discriminate between the proposed re-
search ideas, expose their key strengths and weaknesses 

Table 2. Child Health and Nutrition Research Initiative’s (CHNRI) proposed framework for systematic listing of research ideas in 
health research, which takes into account the “instruments” of health research (rows) and the “depth” of proposed research ideas 
(columns)

ReseaRch instRument ReseaRch avenue ReseaRch oPtion ReseaRch question

“Description”: research to assess the burden of 
health problem (disease) and its determinants, 
ie, negative effects of risk factors and positive 
effects of delivered health interventions

• Measuring the burden
•  Understanding risk factors (in 

terms of their relative risks)
•  Measuring prevalence of exposure 

to risk factors
•  Evaluating the efficacy and effec-

tiveness of interventions in place
•  Measuring prevalence of coverage 

of interventions in place

Many research options within 
each of the avenues; research op-
tions should correspond to a re-
search program of up to 5 years 
in duration

Specific research questions 
within each of the research 
avenues should correspond 
to the title of individual re-
search papers

“Delivery”: research to assist in optimising of 
the health status of the population using the 
means that are already available

• Health policy analysis
• Health system structure analysis
• Financing/costs analysis
• Human resources
• Provision/infrastructure
• Operations research
• Responsiveness/recipients

“Development”: research to improve health in-
terventions that already exist, but could be im-
proved

•  Improving existing interventions 
(their affordability, deliverability, 
sustainability, acceptability, etc.)

“Discovery”: research that leads to innovation, 
ie, entirely new health interventions

•  Basic, clinical, and public health re-
search to advance existing knowl-
edge to develop new capacities

•  Basic, clinical, and public health re-
search to explore entirely novel 
ideas to develop new capacities
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and assign them an overall “value” according to which they 
could all be ranked and compared between each other. The 
chosen set of criteria should be aligned with the guiding 
principle of the CHNRI method – to expose the potential 
of many competing health research ideas to reduce disease 
burden and inequities that exist in the population in a fea-
sible and cost–effective way.

Table 4 shows a larger number of the possible criteria that 
could be used to discriminate between the values of any 
two (or more) competing research ideas. Using such a large 
number of criteria is clearly impractical, and many of them 
overlap to a degree and capture similar information about 
the proposed research idea. Based on CHNRI’s definition 
of the process of health research, as described earlier in the 
text, and the likelihood of this process to progress from one 

stage to another, the five “standard” criteria proposed by 
the CHNRI method for prioritization between research 
ideas are: (i) answerability, (ii) effectiveness, (iii) deliver-
ability, (iv) maximum potential for disease burden reduc-
tion and (v) the effect on equity.

However, an advantage of the CHNRI method is that both 
the elements of the context and the number and the com-
position of the criteria can be flexibly changed to meet the 
specific needs of each priority–setting exercise. Further el-
ements may be added to the context description, or some 
of the proposed ones can be dropped or replaced. The same 
is true for the priority–setting criteria, and I encourage the 
users of the method to take advantage of this flexibility to 
meet the goals of their specific exercise. I believe that the 
CHNRI method owes its uptake and implementation in a 

Table 3. Elements of the context in which health research prioritization takes place; they need to be clearly defined and communicat-
ed to invited technical experts prior to listing and scoring health research ideas

(i) Population of interest This element of the context defines the main groups in the society whose health problems are being addressed through 
health research priority setting.

(ii) Disease, disability, and death burden This element of the context defines what is known about the burden of disease, disability, and death that will 
be addressed by supported health research – e.g., can it be measured and quantified (in disability–adjusted life years–DALYs – or in some other way).

(iii) Geographic limits This element of the context defines boundaries in terms of space, which may be global, regional, national, sub–national, etc.

(iv) Time scale This element of the context defines the level of urgency, ie, in how many years are the first results of the proposed research expected 
(they may be defined as reaching the endpoints of the research process, or translating and implementing them, or achieving detectable disease burden 
reduction).

(v) Preferred style of investing This element of the context defines investment strategy in health research with respect to risk preferences; it defines 
whether most of the funding would support a single (or a few) expensive high–risk research ideas (eg, vaccine development), or will the risk be bal-
anced and diversified between many research options which will have different levels of risk and feasibility.

Table 4. Some of the possible priority–setting criteria (and related questions) proposed by Child Health and Nutrition Research 
Initiative (CHNRI) that can be used to discriminate between any two (or more) health research ideas to set research priorities; the 
outcomes of the application of different criteria will necessarily conflict each other

Answerability? (some health research ideas will be more likely to be answerable than the others)

Attractiveness? (some health research ideas will be more likely to lead to publications in high–impact journals)

Novelty? (some health research ideas will be more likely to generate truly novel and non–existing knowledge)

Potential for translation? (some health research ideas will be more likely to generate knowledge that will be translated into health intervention)

Effectiveness? (some health research ideas will be more likely to generate/improve truly effective health interventions)

Affordability? (the translation or implementation of knowledge generated through some health research ideas will not be affordable within the context)

Deliverability? (some health research ideas will lead to / impact health interventions that will not be deliverable within the context)

Sustainability? (some health research ideas will lead to / impact health interventions that will not be sustainable within the context)

Public opinion? (some health research ideas will seem more justified and acceptable to general public than the others)

Ethical aspects? (some health research ideas will be more likely to raise ethical concerns than the others)

Maximum potential impact on the burden? (some health research ideas will have a theoretical potential to reduce much larger portions of the exist-
ing disease burden than the others)

Equity? (some health research ideas will lead to health interventions that will only be accessible to the privileged in the society/context, thus increas-
ing inequity)

Community involvement? (some health research ideas will have more additional positive side–effects through community involvement)

Feasibility? (some health research ideas will be unlikely to lead to translation at the current stage of knowledge)

Relevance? (some health research ideas will be more relevant to the context than the others)

Fills key gap? (some health research ideas will be more likely to fill the key gap in knowledge that is required for translation and/or implementation 
than the others)

Cost? (some research ideas will require more funding than the others)

Fundability? (some research ideas will be more likely to receive funding support within the defined context than the others)

Alignment with political priorities? (some research ideas will be more likely to be aligned with contemporary political priorities than the others)

Likelihood of generating patents/lucrative products? (some research ideas will have greater likelihood of generating patents or other potentially lu-
crative products, thus promising greater financial return on investments, regardless of their impact on disease burden)
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large part to its flexibility, as it can be readily tailored to 
many different contexts and purposes.

For example, in different contexts addressing of the “an-
swerability” criterion may also require a separate assessment 
related to the ethics of the proposed research idea, an eval-
uation of the existing research capacity, or an assessment 
of the likely public acceptance of research results. The “rel-
evance” criterion may need to be further refined into crite-
ria that would separately assess effectiveness, deliverability, 
affordability, sustainability, and whether a critical gap in 
knowledge is being addressed. The “maximum potential im-
pact on the burden” will occasionally not only assess the 
quantity of potential burden reduction, but also its quality 
– ie, whether this reduction is targeting those most heavily 
affected or underprivileged in the population [5]. Table 4 
lists a number of possible criteria that can be used for set-
ting priorities between different research investment op-
tions and questions about each option that could address 
these criteria well.

The third key conceptual advance of the CHNRI method 
relates to the problem of consensus development and 
agreement on the priorities among many proposed research 
ideas. Before the introduction of the CHNRI method, a 
typical consensus development process would involve the 
so–called Delphi method [12,13]. This process would typ-
ically require background reading, followed by the first 
round of discussions among relatively small groups of ex-
perts. Expert interactions and the opportunities for the ex-
perts to influence one another defined the process of con-
sensus development. There would usually be a step where 
a feedback would be provided to experts, which would fur-
ther influence their independent opinion, followed by the 
second round of discussions. Eventually, the groups would 
reach a consensus on research priorities. The problem with 
this process was that it could not be considered transpar-
ent, replicable or democratic, because at each stage there 
was a large opportunity for the managers of the process, or 
individual participants with strong opinions, to influence 
all other participants.

At the time of the development of the CHNRI method, the 
rise of information technologies and online communication 
enabled the new approach to developing consensus among 
a larger group of people through so–called “crowdsourc-
ing”. It was proposed that simply reaching out to a large 
number of people and assessing their collective opinion (in 
this case, optimism toward a large number of research ideas 
to fulfil the specific priority–setting criteria) may result in 
surprisingly accurate predictions that would typically sur-
pass any individual’s expert judgement [14]. However, 
there were several requirements that needed to be met to 
ensure that the collective opinion would indeed be useful. 
Those included diversity of opinion (meaning that each 

participant should have his/her private information), inde-

pendence of participants (meaning that participants’ input 

wouldn’t be influenced by the opinion of other partici-

pants), decentralization (meaning that participants would 

be diverse and able to draw on any local knowledge) and 

aggregation (meaning that a mechanism would be available 

for collecting many individual opinions and turning them 

into a collective opinion). The rise of information technol-

ogies–based communication allowed to collect information 

from a large number of international experts in global 

health quickly and efficiently, with all the above require-

ments met.

Thanks to this advance, the CHNRI method proposed a 

radically different approach to consensus development 

from the Delphi process. In both methods input from ex-

perts is required, and the invited experts have the same 

background characteristics. However, the CHNRI method 

collects opinion from many international experts through 

their e–mail input, no background reading is required, and 

no discussions or interactions would occur between many 

participating experts. Feedback on their collective opinion 

could still be returned to participants, but there would not 

be a need for a step where consensus would need to be de-

veloped, because a simple quantitative analysis of the re-

ceived input would turn the information obtained from 

each expert into a “collective” result, which would belong 

to every participant, but no single participant would have 

a chance of influencing any substantial portion of it. Then, 

the areas of greater or smaller consensus could be identi-

fied through agreement statistics analysis of the input, 

without a need for a second round of discussion.

Thus, the CHNRI method innovated the process of con-

sensus development through measuring collective opti-

mism of a larger number of international experts on each 

research idea and each criterion. This was done through 

consulting a larger group of experts and using a very simple 

scoring system, where they only needed to say whether 

they thought that the research idea was likely, or not, to 

meet the priority–setting criterion within the specified con-

text. This enabled the use of the knowledge of many ex-

perts in the field, “visualising” their collective opinion and 

presenting the list of many research ideas with their ranks, 

based on an intuitive score that ranges between 0% (abso-

lutely no optimism) and 100% (where everyone is optimis-

tic). In this way, the knowledge of a larger number of in-

ternational experts is used, through “crowdsourcing”, to 

discriminate between competing research options based on 

strictly defined criteria and the collective optimism toward 

compliance of each research option with each criterion. 

Such approach limits the potential of individual personal 

biases to substantially influence the outcome, which was 

identified as a major challenge that needed to be addressed.
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The proposed conceptual advance in the CHNRI method 
ensured that the scoring experts provided their input inde-
pendently of each other, and that the final scores for each 
competing research option were obtained and computed 
in a highly structured, transparent, systematic and repli-
cable way. Through application of agreement statistics 
methods, the CHNRI method could then also identify and 
expose controversial issues (ie, responses with a large vari-
ation in scores among experts). Finally, the proposed meth-
od promised to generate a large amount of useful informa-
tion for funders of research and research communities 
alike, by “visualising” the collective opinion of many lead-
ing experts on many research ideas and their key compo-
nents.

The above characteristics of the CHNRI method also dealt 
with several other universal challenges. The flexibility in 
the choice of context and criteria ensured that the method 
would be adjustable to all contexts and areas of application 
[5]. It also envisioned a “feedback loop”, because the pro-
cess of priority setting could be repeated after certain peri-
ods of time, allowing the priorities to change with the 
changing context. Transparency and clarity of the proposed 
steps of the CHNRI method were intended to ensure that 
it is perceived as legitimate and fair by its users [15,16].

CONCLUSIONS

The CHNRI method measures collective optimism of a larg-
er number of researchers toward various components of 
many proposed research ideas, within an agreed context and 
using the agreed criteria. Because of this process, a large 
number of health research ideas would receive their inter-
mediate and overall “priority scores”, which will be in a 
quantitative form, ranging from 0 to100%. This should pro-
vide a large amount of useful information to many funders, 
researchers and stakeholders alike. Advantages and disad-
vantages of each research idea should become transparent 
through this process, which would be based on a “demo-
cratic” assessment [5].

A common misconception in the early days of the CHNRI 
method development and implementation was that the 
CHNRI process would be telling the funders where to invest 
their resources. However, this is not what the CHNRI meth-
od does to any extent. It is designed to merely present a very 
large amount of information to the funders on many research 
ideas, including their strengths and weaknesses. In a way, 
this is not much different from the information available on 
the performance of various companies that are potential in-
vestment options in the stockmarket. The CHNRI process 
should simply allow the funders of health research to choose 
from many research ideas based on a lot of information that 
the expert group provided on each idea. This should protect 
funders from risky investments and allow them to develop 
their own investment style and portfolio [5].

There are further practical advantages of the CHNRI exer-
cise, such as the ease of conducting the exercise over the 
internet, low cost of planning and conducting the exercise, 
ease of obtaining information from many experts online, 
and excellent prospects of publishing the results of each ex-
ercise. Modifications of the CHNRI method should also al-
low prioritization among investments in health care, emerg-
ing health technologies, and development assistance for 
health. The CHNRI method should be of possible use to re-
search funding bodies, international organizations and for–
profit companies in setting their own strategic priorities 
among many different ideas, based on collective knowledge 
of their most qualified employees or external experts [5].

The CHNRI method is not free from shortcomings and pos-
sible concerns over the validity of the process. I will address 
the most important among those concerns in the following 
papers of this series through a set of carefully designed ex-
periments into quantitative properties of human collective 
knowledge and opinion. Those studies should bring more 
certainty over the components of the CHNRI process that 
are critical for its validity. This will be followed by definite 
guidelines for implementation, based on a review of more 
than 50 exercised conducted to date and their impact on 
research policy.
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Setting health research priorities using the 
CHNRI method: V. Quantitative properties of 
human collective knowledge

Introduction The CHNRI method for setting health research priorities has 
crowdsourcing as the major component. It uses the collective opinion of a 
group of experts to generate, assess and prioritize between many competing 
health research ideas. It is difficult to compare the accuracy of human individ-
ual and collective opinions in predicting uncertain future outcomes before the 
outcomes are known. However, this limitation does not apply to existing 
knowledge, which is an important component underlying opinion. In this pa-
per, we report several experiments to explore the quantitative properties of hu-
man collective knowledge and discuss their relevance to the CHNRI method.

Methods We conducted a series of experiments in groups of about 160 (range: 
122–175) undergraduate Year 2 medical students to compare their collective 
knowledge to their individual knowledge. We asked them to answer 10 ques-
tions on each of the following: (i) an area in which they have a degree of exper-
tise (undergraduate Year 1 medical curriculum); (ii) an area in which they like-
ly have some knowledge (general knowledge); and (iii) an area in which they 
are not expected to have any knowledge (astronomy). We also presented them 
with 20 pairs of well–known celebrities and asked them to identify the older 
person of the pair. In all these experiments our goal was to examine how the 
collective answer compares to the distribution of students’ individual answers.

Results When answering the questions in their own area of expertise, the col-
lective answer (the median) was in the top 20.83% of the most accurate indi-
vidual responses; in general knowledge, it was in the top 11.93%; and in an 
area with no expertise, the group answer was in the top 7.02%. However, the 
collective answer based on mean values fared much worse, ranging from top 
75.60% to top 95.91%. Also, when confronted with guessing the older of the 
two celebrities, the collective response was correct in 18/20 cases (90%), while 
the 8 most successful individuals among the students had 19/20 correct an-
swers (95%). However, when the system in which the students who were not 
sure of the correct answer were allowed to either choose an award of half of 
the point in all such instances, or withdraw from responding, in order to im-
prove the score of the collective, the collective was correct in 19/20 cases (95%), 
while the 3 most successful individuals were correct in 17/20 cases (85%).

Conclusions Our experiments showed that the collective knowledge of a group 
with expertise in the subject should always be very close to the true value. In 
most cases and under most assumption, the collective knowledge will be more 
accurate than the knowledge of an “average” individual, but there always seems 
to be a small group of individuals who manage to out–perform the collective. 
The accuracy of collective prediction may be enhanced by allowing the indi-
viduals with low confidence in their answer to withdraw from answering.
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CHNRI method for health research priorities: V. Quantitative properties of human collective knowledge

In 1906, Galton suggested that a group of individuals make 
better predictions as a collective than any individual expert 
[1]. Since then, our understanding of the “Wisdom of 
Crowds” has grown: in recent years, a widely appreciated 
example of this phenomenon has been evident to the audi-
ence of the quiz show “Who Wants To Be A Millionaire?” 
In this quiz show, a contestant needs to answer a series of 
increasingly difficult questions by picking from one of four 
possible responses, only one of which is correct – so that 
the probability that a random response is correct is 25%. 
In this show, an “Ask the audience” joker is available, where-
by 100 persons in studio audience get to submit electron-
ically their opinion on what the correct answer is, and the 
distribution of their individual opinions is then shown to 
the contestant. As an alternative, a “Phone a friend” joker 
allows contestants to phone one friend whom they con-
sider the most knowledgeable, and then ask for his/her in-
dividual answer. Comparative analyses of the performance 
of the two jokers showed that the relative majority of the 
audience chose the correct answer about 91% of the time, 
while the most knowledgeable friend was right about 65% 
of the time. There are methodological concerns over the 
direct comparison between these two percentages, because 
these success rates were based on different questions, but 
the difference is still quite striking [1].

Crowdsourcing has become an increasingly popular hu-
man tool to address many problems–from government 
elections in democracies [2], formation of stock market 
prices [3], to modern online platforms such as TripAdvisor 
(to advise on the best hotels and restaurants) [4] or Inter-
net Movie Database (IMDb) (to advise on the best movies, 
TV shows, etc.), all of which are based on the personal 
opinions of many hundreds or thousands of participants 
[5]. When crowdsourcing is used for gathering informa-
tion, or in decision–making processes, there is probably a 
need to distinguish between at least three different scenar-
ios in which collective knowledge might be used. The first 
is getting the right answer to a factual question, which we 
may consider “objective knowledge” and it represents the 
simplest case. The second is predicting the outcome of 
some future event, which can subsequently be verified with 
certainty and within a reasonable time frame. An example 
is betting on an outcome, eg, of football games or horse 
races. This is different from stock market predictions, 
where those who participate in predictions (investors) can 
also influence the outcomes through their actions. Finally, 
crowdsourcing could be used to gather information on sub-
jective opinion on something that cannot be easily verified. 
This last scenario is the closest to how crowdsourcing is 
used in the CHNRI method (the acronym for: Child Health 
and Nutrition Research Initiative) [6,7], which seeks to 
gauge collective optimism with respect to different health 
research ideas and the benefits they might lead to at some 
point in the future.

The CHNRI method for setting health research priorities 
uses “crowds” of experts in global health – researchers, pol-
icy makers and programme implementers – to generate, 
assess and prioritize between many competing ideas in 
global health research. A CHNRI exercise produces a rank-
ing of many research ideas according to the collective opin-
ion of the expert group, but it is not possible to verify ob-
jectively how “valid” that ranking may be, not least because 
low ranked ideas are unlikely to be funded and therefore 
no outcomes are available for them. It is yet to be demon-
strated that the collective opinion of an expert group 
should be regarded as more useful than the opinion of in-
dividual experts in the group [1,8]. However, the difficul-
ties related to validating personal opinions do not apply to 
the validation of personal knowledge, and the accuracy of 
personal knowledge is an important component underly-
ing the individual’s opinion. Because of this, we should ex-
pect some parallels between the quantitative properties of 
human collective knowledge and human collective opin-
ion. In this paper, we report several experiments to explore 
the quantitative properties of human collective knowledge 
and discuss their possible relevance to the validity of the 
CHNRI method. The aim of this paper is to examine the 
accuracy of collective compared to individual knowledge, 
using different approaches of assessment.

METHODS

We conducted a series of experiments among a group of 
undergraduate medical students. The number of participat-
ing students ranged from 122 to 175 in each exercise. Stu-
dents who completed the second year lectures in Epidemi-
ology and Statistics, as part of a practical application of 
epidemiological and statistical concepts were asked to an-
swer 10 questions on each of the following: (i) an area in 
which they have a degree of expertise (subjects related to 
the medical curriculum for the first year undergraduate); 
(ii) an area in which they have some knowledge but do not 
have expertise (general knowledge); and (iii) an area in 
which they are not expected to have any knowledge (as-
tronomy). The content of the lecture was entirely unrelated 
to the questions that were asked from the students. The 
ethics approval was obtained from a relevant research cen-
tre (Centre for Population Health Sciences at the Univer-
sity of Edinburgh).

The questions were chosen so that the answer to each ques-
tion was numerical (an integer), and so that the answers 
ranged from a 1–digit number to a 10–digit number over 
the course of 10 questions in random order, with students 
unaware of this element of the design. This element was in-
cluded to allow us to assess whether the students’ answers 
were more accurate when the correct answer was a smaller 
or larger number (see Online Supplementary Document).
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Table 1 shows the questions that were asked in each of the 
three areas, and the correct answers. The questions were 
asked at the end of 3 consecutive lectures spanning 10 
days. Students were given 30 seconds to answer each ques-
tion. The students were asked to record an answer for ev-
ery question. For questions for which they were unsure of 
the answer they were asked to write down their best guess.

In addition, students were shown 20 pairs of well–known 
celebrities and asked them identify which was the older of 

the two. Table 2 shows the pairs of celebrities in the order 
that the questions were asked. The questions were phrased 
as: “Would you say that Celebrity X is older than Celebrity Y?”, 
and the possible answers were either “Yes” or “No”, where 
they had to choose one of those two options. However, they 
were also given an option next to each answer to choose 
their “secondary” answer as either “Not sure” (when they 
were familiar of both celebrities, but it was too difficult to 
judge), or leaving the answer “Blank” deliberately, when not 
knowing one or both celebrities. Those two options would 
indicate their low confidence in their “Yes”/”No” answer. 
By adding “Not sure” (which would be coded with half a 
point) or “Blank” (which would remove them from the sam-
ple, leaving the others with more confidence in their an-
swers), they could prevent a wrong answer and increase 
the chance of the collective answer to be close to the cor-
rect answer. This latter type of “scoring” is also used by the 
CHNRI method. In this way, the same group of students 
provided two different data sets with scores: one, where 
they all needed to provide a binary (“Yes”/”No”) answer to 
each question, regardless of their confidence in answering 
the question correctly; and the other one, where they were 
able to use the answer “Not sure”, or leave the answer blank, 
when they were not confident in their answer. Their input 
was then turned into a data sheet that was analogous to 
those produced in the CHNRI exercise, where “Yes” was 

Table 1. Questions posed to a group of undergraduate Year 2 
medical students*

Questions in an area of students’ high expertise  
(undergraduate Year 1 medical curriculum)

  1. How many valence electrons does carbon have? (4)

  2. How many pairs of cranial nerves are there? (12)

  3. How many bones in the adult human body? (206)

  4.  In which year did Freud publish  
“The interpretation of dreams”?

(1900)

  5. How many genes does a human have? (23 000)

  6. What is an average salary of a GP in the UK? (104 000)

  7. How many erythrocytes in 1 mL of blood? (5 000 000)

  8. How many refugees are there in the world? (15 400 000)

  9. How many people in the world have diabetes? (347 000 000)

10.  How many bases (A, T, C or G letters)  
are in the haploid human genome?

(3 000 000 000)

Questions in an area of students’ moderate expertise  
(general knowledge)

  1. How many marriages did Elizabeth Taylor have? (8)

  2. How old was Mozart when he died? (35)

  3.  How many minutes does the movie  
“Casablanca” last?

(102)

  4. In which year was Hamlet first published? (1603)

  5. How many diseases in ICD–10? (14 400)

  6.  What is the average house price in the UK  
(in GBP)?

(238 976)

  7. How many people live in Cape Town? (3 740 000)

  8.  How much was Van Gogh’s “sunflowers” 
painting sold for (in US$)?

(39 700 000)

  9. What is the population size of Indonesia? (246 900 000)

10.  How many views did Psy’s “Gangham Style” 
video have to date?

(1 764 039 000)

Questions in an area of student’s low expertise (astronomy)

  1. How many light years from our Sun is Sirius? (9)

  2. How many moons does Saturn have? (62)

  3. How many times is Jupiter heavier than Earth? (318)

  4. In which year was Uranus first discovered? (1781)

  5.  Distance between our Sun and the centre of 
Milky Way galaxy (in light–years)?

(27 000)

  6. How many times is the Sun heavier than Earth? (332 900)

  7. What is the speed of the solar wind (in Km/h)? (1 440 000)

  8.  How many years ago did the comet impact killed 
off dinosaurs?

(65 000 000)

  9.  Distance between the Sun and the Jupiter  
(in kilometres)?

(780 000 000)

10.  How many years ago was our Solar System 
formed?

(4 568 000 000)

*The group was about 170 (range: 167–175) undergraduate Year 2 med-
ical students from: (i) an area of their high expertise (ie, undergraduate 
Year 1 medical curriculum); (ii) an area where they have some expertise 
(general knowledge); and (iii) an area where they should have no exper-
tise (astronomy). Correct answers are shown in brackets.

Table 2. Questions posed to a group of 122 undergraduate 
medical students to guess which well–known celebrity is older 
than the other*

Pair 1: Justin Bieber vs Miley Cyrus (19 vs 20)

Pair 2: George Clooney vs Brad Pitt (52 vs 49)

Pair 3: Madonna vs Susan Boyle (55 vs 52)

Pair 4: Beyonce vs Shakira (32 vs 36)

Pair 5: Dustin Hoffman vs Robert de Niro (76 vs 70)

Pair 6: Katy Perry vs Rihanna (28 vs 25)

Pair 7: Mick Jagger vs Paul McCartney (70 vs 71)

Pair 8: Lewis Hamilton vs Tiger Woods (28 vs 37)

Pair 9: Angela Merkel vs J. K. Rowling (59 vs 48)

Pair 10: Tony Blair vs George W. Bush (60 vs 67)

Pair 11: David Cameron vs Barack Obama (47 vs 52)

Pair 12: Ashton Kutcher vs Ben Affleck (35 vs 41)

Pair 13: Tom Cruise vs Nicole Kidman (51 vs 46)

Pair 14: Paris Hilton vs Jennifer Anniston (32 vs 44)

Pair 15: Jennifer Lopez vs Britney Spears (44 vs 31)

Pair 16: Eminem vs Jay–Z (40 vs 43)

Pair 17: Kim Kardashian vs Adele (33 vs 25)

Pair 18: Roger Federer vs Andy Murray (32 vs 26)

Pair 19: David Beckham vs Prince Harry (38 vs 29)

Pair 20: Elvis Presley vs Michael Jackson (42 vs 50)

*Correct answers (expressed in years of their age at the time of this exer-
cise) are shown in brackets. The indicated age of individuals is relevant 
to October 17, 2013. For the last pair, the age at the time of death was 
being compared. The question was posed as: “Would you say that celeb-
rity X is older than celebrity Y?” and possible answers were “Yes”, “No”, 
“Not sure” or “Blank” (see details in the text).
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coded as “1”, “No” as “0”, “Not sure” as “0.5” and “Blank” 
responses were simply left as blank cells in the data sheet.

This design was carefully developed to allow us to study 
two questions: (i) how the students’ collective opinion per-
forms in comparison to that of individuals when the an-
swers are no longer in a quantitative, but rather in a cate-
gorical format; and (ii) whether the format of categorical 
answer (with or without allowing for “Not sure” when stu-
dents’ confidence in their answer is low, or “Blank” when 
they simply don’t have any knowledge on the question) al-
tered the performance of the students’ collective answer. 
Our hypothesis was that allowing students to answer “Not 
sure” or “Blank” would give better results, because it allows 
the participants within a team who are not sure of the cor-
rect answer to “withdraw” from providing their (possibly 
inaccurate) input, which would give more weight to the 
responses from students who were more confident in their 
individual knowledge.

Thus, four different experiments were conducted over the 
course of four consecutive lectures, which we label “Medi-
cal knowledge–quantitative” (MKQ), “General knowledge–
quantitative” (GKQ), “Astronomy knowledge–quantitative” 
(AKQ) and “Celebrity knowledge–categorical” (CKC). In 
the MKQ, GKQ and AKQ exercises, we conducted the anal-
yses in the following way: (i) we determined the median 
and the mean response for each of the 10 questions, based 
on all answers collected from the students (sample sizes 
were N = 167, N = 175 and N = 170, respectively); (ii) we 
also developed a parameter that we called “error size”, to 
quantify the extent to which each student deviated from 
the correct answers over a series of 10 questions, and then 
we also applied it to the collective median and mean. Giv-
en that the responses could both over– or under–estimate 
the true value, we were interested in the ratio between the 
larger and the smaller of the two (ie, the correct answer and 
the answer provided by the student). As an example, this 
means that, if the correct answer was “10”, and one student 
provided the answer “2” and the other “50”, they would be 
making errors of the “same size”: in our evaluation, it was 
equally wrong to over– or underestimate some value 5–
fold. This also means that if the correct answer was pro-
vided for each question, then all the ratios contributing to 
“error size” parameter would be “1”. Any deviation from 
the correct answer in either direction would increase the 
parameter from this theoretical minimum. (Note that this 
differs from other possible approaches, such a proportion-
ally expressed increase or decrease, because the latter sys-
tem would favour under–estimation as a smaller error than 
over–estimation, and under–estimation would be limited 
to 100% while overestimation would not be limited in any 
way). Once the individual errors, expressed as the ratio of 
the greater vs the smaller of the two values, was determined 
for each answer to each question, they were summarized 

for each individual student across all 10 questions and their 
sum was called “error size”. In this way, each student was 
assigned his/her own “error size” in each of the three exer-
cises (GKQ, MKQ and AKQ), and the students were then 
ranked by the error size parameter, from the smallest to the 
largest error made. This was then repeated for the entry of 
a collective (both using medians and means), and median 
and mean value rank within the entire student sample was 
then determined.

In the fourth exercise (CKC), which we designed as a series 
of 20 “Yes or No” questions, the task for the students was 
changed. In the first instance, the collective answer was 
taken to be the answer given by the majority of students–
either “Yes” or “No”. Then, there was an additional meth-
odological caveat. First, those who were not confident 
about their answer could change some of their answers into 
the “Not sure” option, the effect of which contributed a cer-
tain 0.5 points to a total score, and minimised the risk of 
dropping a whole point for the collective for an incorrect 
answer. Second, those who had no knowledge of the ques-
tion (eg, not recognising the names of celebrities) were al-
lowed to change some of their responses to “Blank”. This 
would have the effect of reducing the sample size of the 
collective, leaving all those with no knowledge out, and re-
ducing the overall threshold of correct answers required 
from other students that the collective would need to an-
swer correctly. Clearly, for those who are confident of their 
knowledge, this system would mean that they should an-
swer “Yes” or “No” to all questions and not use either “Not 
sure” or “Blank” options at all.

The correct answer was then coded as “1”, “not sure” as 
“0.5”, the incorrect answer as “0”, and “blanks” were exclud-
ed from the analysis, thus reducing sample size. The points 
assigned as described above were added (“1” for correct, 
“0.5” for “not sure”, and “0” for incorrect) and then divided 
by the total number of “non–blank” responses received. The 
result was expressed as “the percentage of correctness” of the 
collective answer, and any value greater than 50% was con-
sidered a correct collective answer. This produced two data 
sheets–CKC1 (where everyone was required to submit ei-
ther a Yes or a No answer) and CKC2 (with a Yes–No–Not 
sure– Don’t know scoring system). The comparison between 
the two exercises was expected to reveal if “self–removal” 
through the use of “Not sure” or “Blank” improves the score 
of the collective considerably.

RESULTS

Students’ collective answers (median and mean) to the 10 
questions in three areas: (i) an area of their expertise, ie, 
Year 1 medical curriculum; (ii) the area of general knowl-
edge; and (iii) the area outside of their expertise, ie, astron-
omy are shown in Tables 3 to 5 (a total of 167, 175 and 



V
IE

W
PO

IN
TS

PA
PE

RS
Rudan et al.

171 responses received, respectively). Table 6 shows the 
summary result of the three exercises, presenting both the 
rank and the percentile of the collective answer (based on 
either median or mode) among all individual answers pro-
vided by the students in three consecutive exercises where 
students had a decreasing level of expert knowledge. When 
answering the questions in their own area of expertise, the 
collective numerical median answer was 35/168 (21st cen-
tile) of the most accurate answers; in general knowledge, 
it was 21/176 (12th centile) most accurate answers; and in 
an area with no expertise, the group answer was the 12/171 

(7th centile). However, the mean value of the collective 
didn’t rank highly in any of the three exercises–in fact, it 
ranked near the bottom: 127/168 (76th centile) in Year 1 
medical knowledge, 164/176 (93rd centile) in general 
knowledge and 164/171 (96th centile) in astronomy.

Table 7 shows the results of the exercise in recognizing the 
older of the two celebrities, based on the sample of 122 
participating students. The age indicated in the table was 
relevant to October 17, 2013. All 20 questions were 
phrased as: “Would you say that Celebrity X is older than Ce-
lebrity Y?” The possible answers in the first round were 

Table 3. Year 2 undergraduate medical students’ collective answers to the 10 questions in the area of their knowledge*

question coRRect ansWeR students’ collective ansWeR–median students’ collective ansWeR–mean

1. Valence electrons in carbon? 4 4 6

2. Number of cranial nerve pairs? 12 12 13

3. Number of bones in human body? 206 206 210

4. Freud’s “Interpretation of dreams” published? 1900 1901 1890

5. Number of human genes? 23 000 38 000† 1 124 128 437

6. Average GP’s salary in the UK? 104 100 76 001 85 568

7. Erythrocytes in 1 mL of blood? 5 000 000 8 679 12 124 582

8. Number of refugees in the world? 15 400 000 80 000 000 394 267 469

9. Number of people with diabetes? 347 000 000 100 000 000 444 785 232

10. Number of ATCGs in human genome? 3 000 000 000 23 500 327 178 090 845 668

*Number of responses N = 167.

†Question 5 was problematic because the number of human genes was revised down from about 40 000 to 23 000 only recently, ie, after the students 
learned of the former number; therefore, the median response from students was, in fact, very close to what they were likely to have learnt earlier in the 
course of their education).

Table 4. Year 2 undergraduate medical students’ collective answers to the 10 questions in the area of general knowledge*

question coRRect ansWeR students’collective ansWeR (median) students’ collective ansWeR–mean

  1. Number of marriages of Elizabeth Taylor? 8 4 4

  2. How old was Mozart when he died? 35 38 40

  3. Minutes duration of “Casablanca”? 102 120 122

  4. Year when “Hamlet” was published? 1603 1642 1637

  5. Number of diseases in ICD–10? 14 400 48 132 76 480 054

  6. Average house price in the UK? 238 976 193 271 369 819

  7. Population size of Cape Town? 3 740 196 3 000 000 19 384 089

  8. Price of van Gogh’s “Sunflowers”? 39 700 000 15 000 000 3 875 825 789

  9. Population size of Indonesia? 246 900 000 20 000 000 682 312 629

10. Number of views of “Gangnam Style”? 1 764 039 000 278 000 000 1 610 122 583

*Number of responses N = 175.

Table 5. Year 2 undergraduate medical students’ collective answers to the 10 questions in the area outside of their expertise (astronomy)

question coRRect ansWeR students’ collective ansWeR (median) students’ collective ansWeR (mean)
  1. Distance Earth–Sirius (in light–years)? 9 6900 5 800 659 084

  2. Number of Saturn’s moons? 62 12 20

  3. How many times Jupiter heavier than Earth? 318 811 5 681 716 865

  4. When was Uranus first discovered? 1781 1807 1720

  5. Distance Sun–Milky Way Centre (in ly)? 27 000 5 000 000 22 584 267 640

  6. How much Sun heavier than Earth? 332 900 8 000 8 561 716 703

  7. Speed of Solar Wind (in km/h)? 1 440 000 43 027 7 948 573 823

  8. Years since comet killed off dinosaurs? 65 000 000 24 564 456 1 396 252 256

  9. Kilometres from Sun to Jupiter? 780 000 000 8 728 001 1 239 338 648 469

10. Years since solar system created? 4 568 000 000 7 119 851 052 721 049 090 361

*Number of responses N = 170.
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“Yes” or “No” (2–category system); and in the second round 

the students were also allowed “Not sure” (when they were 

familiar of both celebrities, but it was too difficult to judge) 

and leaving the answer “Blank” deliberately (when not 

knowing one or both celebrities), in order to increase the 

chance of the entire collective of students to answer correct-

ly. The latter type of “scoring” is used in the CHNRI method.

The results show that, when everyone needed to provide a 

“Yes” or “No” answer, regardless of their confidence in their 

own answer, the collective was correct in 18/20 cases 

(90%), with 8 students outperforming the results of the 

collective–all of them with 19/20 correct answers (95%). 

This means that the collective answer based on this type of 

response ranked in the top 7.3% of individual answers. 

However, when the students were allowed to use the sys-

tem of responses in which those who were not confident 

of their answer were allowed to ask for half a point, or with-

draw from responding entirely, in order to improve the 

scores of the collective, the results changed somewhat. 

Looking at all specific celebrity pairs, they were not clearly 

better than when everyone gave an answer regardless of 

their confidence in being correct. However, with this type 

of scoring the collective was correct in 19/20 cases (95%), 

while the 3 most successful individuals among the 122 stu-

dents now had 17/20 correct guesses (85%). This clearly 

shows that many students opted to only receive half a 

point, or withdrew, because the small group among them 

who gave best individual answers did not repeat the level 

of success from the first round of scoring in this second 

round–although they did manage to further improve the 

collective answer. A subsequent analysis showed that the 

median frequency of choosing the “Not sure” answer when 

this was possible was 44 (range: 3–59), or about one third 

of students, with very wide range–depending on the level 

Table 6. The rank and the percentile of the collective answer (based on either median or mean) among all individual answers 
provided by the students in three consecutive exercises where students had a decreasing level of expert knowledge*

collective ansWeR–median collective ansWeR–mean

Exercises on collective knowledge Rank Percentile  
(% top answers)

“Error size” 
parameter

Rank Percentile  
(% top answers)

“Error size” 
parameter

Medical (Year 1) knowledge 35/168 20.83% 725 127/168 75.60% 48 975

General knowledge 21/176 11.93% 38 164/176 93.18% 5430

Astronomy knowledge 12/171 7.02% 1132 164/171 95.91% 663 265 715

*Addition of the collective answer increased the total number of received answers by one, resulting in 168, 176 and 171 responses being ranked in each 
exercise, respectively; percentile of eg, 20.83% means that the collective response ranked among the 20.83% most accurate individual responses).

Table 7. Results of the exercise in recognizing the older of the two celebrities (N = 122)*

oldeR celebRity youngeR celebRity diffeRence (yeaRs) % coRRect (2–categoRy system: yes/no) % coRRect (4–categoRy system: yes/no/ns/b)
Roger Federer (32) Andy Murray (26) 6 97% 97%

George Clooney (52) Brad Pitt (49) 3 95% 96%

David Beckham (38) Prince Harry (29) 11 96% 96%

Tiger Woods (37) Lewis Hamilton (28) 11 93% 95%

Jennifer Aniston (44) Paris Hilton (32) 12 97% 94%

Miley Cyrus (20) Justin Bieber (19) 1 93% 92%

Ben Affleck (41) Ashton Kutcher (35) 6 85% 85%

George W. Bush (67) Tony Blair (60) 7 85% 80%

Kim Kardashian (33) Adele (25) 8 82% 79%

Jennifer Lopez (44) Britney Spears (31) 13 83% 78%

Angela Merkel (59) JK Rowling (48) 11 71% 73%

Michael Jackson (50) Elvis Presley (42) 8 75% 67%

Barack Obama (52) David Cameron (47) 5 66% 62%

Tom Cruise (51) Nicole Kidman (46) 5 64% 60%

Katy Perry (28) Rihanna (25) 3 63% 59%

Jay–Z (43) Eminem (40) 3 56% 57%

Dustin Hoffman (76) Robert de Niro (70) 6 44% 52%

Paul McCartney (71) Mick Jagger (70) 1 59% 52%

Madonna (55) Susan Boyle (52) 3 55% 51%

Shakira (36) Beyonce (32) 4 43% 43%

*The questions were phrased as: “Would you say that Celebrity X is older than Celebrity Y?”. The possible answers in the first round were “Yes” or “No” 
(2–category system); and in the second round the students were also allowed “Not sure” (when they were familiar of both celebrities, but it was too dif-
ficult to judge) and leaving the answer “Blank” deliberately (when not knowing one or both celebrities), in order to increase the chance of the entire col-
lective of students to answer correctly. The latter type of “scoring” is used in the CHNRI method.
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of difficulty of the question. The option “blank” was used 

much less frequently, with a median of 7 (range: 0–35).

The Online Supplementary Document presents several 

additional analyses. Figures S1–S3 show that the number 

of digits of the correct answer does not seem to be related 

to the likelihood that the group will identify the correct an-

swer–this only seemed to possibly be the case in the exer-

cise where students had expertise (ie, Year 1 medical cur-

riculum questions), but was not replicated in the other two 

exercises. Figure S4, related to the fourth exercise, shows 

that the proportion of those guessing correctly in the group 

was associated with the age difference between the two ce-

lebrities, as might be expected.

DISCUSSION

The analyses conducted in this study tried to provide in-

sights into quantitative properties of human collective 

knowledge, many of which are relevant to better under-

standing of the properties of the CHNRI method as origi-

nally proposed. First, the CHNRI method relies on the opin-

ion of experts that is based on their knowledge of a specific 

subject, and asks them to express their optimism about re-

search ideas through scores. Through this series of exercises 

we wanted to explore if this approach is likely to result in 

better predictions than if persons with limited knowledge of 

the subject are also invited to prioritize health research, or if 

persons with no knowledge at all are invited. In the student 

exercise in their own area of expertise (Year 1 medical cur-

riculum, Table 3), the first 5 answers given by the students 

as a collective median value were all exactly right or extreme-

ly close (taking into account that the number of genes in the 

human genome was indeed close to 40 000 in their earlier 

textbooks, and it was only revised down to about 23 000 

more recently). This level of precision was not observed in 

their responses to general knowledge questions (Table 4), 

or questions on astronomy (Table 5).

However, there are worrying signs that, when the majority 

of students don’t know the correct answer to a question 

that should be covered by their expert knowledge, the col-

lective median can be very wrong. The examples are the 

case of the number of erythrocytes in 1 mL of blood (where 

the collective median was 3 orders of magnitude smaller 

than the correct value) or the number of nucleotides in the 

human genome (where the underestimate was by 2 orders 

of magnitude) (Table 3). Because of those two questions, 

where most of the students didn’t even know the right or-

der of magnitude, the parameter “error size” of the collec-

tive median was even greater for the exercise on Year 1 

medical knowledge, than it was for the exercise in general 

knowledge (Table 6). Although this may seem surprising 

at first, it can be easily explained. The parameter “error size” 

is very sensitive to the size of the departure from each of 
the 10 correct answers. In general knowledge questions, 
collective median answers were always reasonably close to 
the correct answers in terms of students’ being able to guess 
the correct order of magnitude for the answer, as all the 
questions were related to topics in which they had at least 
some knowledge. However, a specific question in their own 
area of expertise in which they had no knowledge could 
quickly lead to very large departures from the correct an-
swer. It would be difficult, given a small sample size, to 
reach a definite conclusion that there are some experts who 
do better than the crowd–”the superforecasters” [8], al-
though this remains a possibility.

The exercise in the knowledge of astronomy (Table 5) was 
interesting because it clearly showed that humans do not 
possess a “cryptic” ability to collectively predict values on 
which they do not have any knowledge as individuals with 
any precision. This suggests that “wisdom of crowds” only 
works when the majority of participants in the group have 
at least some private knowledge of the quantity that is be-
ing predicted. As an example, the students had some intu-
ition on the possible year when Uranus could have been 
discovered, the number of Saturn’s moons, or even the 
number of years since the Solar system was created–they 
got the order of magnitude correct in those three questions. 
However, when asked about quantities of which they knew 
nothing, nor had any intuition, they were typically wrong 
by several orders of magnitude when their collective me-
dians were compared to the correct answers.

Collective medians typically performed well across all three 
exercises: the collective median was among the 20.83% of 
the most accurate responses in the medical knowledge, 
11.93% in the general knowledge, and 7.02% in the as-
tronomy knowledge. We propose that the collective me-
dian is actually not among the top 10% scores in the area 
of expertise, because there is a smaller group of students 
among the entire cohort with excellent knowledge, and 
who would be seen as the top of their class. These students 
know the correct answers and the rest of the class simply 
dilutes their accuracy and moves the collective median 
away from the perfectly accurate response. We believe that 
this explains why the collective median in the area of ex-
pertise was only at the 21st percentile of the most accurate 
answers. However, as the collective moves towards answer-
ing the questions outside of the area of their expertise, the 
collective median begins to move up the ranks. Once there 
are no longer individuals who could easily answer all 10 
questions with high accuracy, the collective median pro-
gresses to the 12th percentile (in the general knowledge ex-
ercise) and 8th percentile (in astronomy exercise).

We propose a mathematical explanation for this, which is 
relevant to the relationship between the correct answer and 
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the distribution of all responses in a series of questions. Af-

ter each question, the collective median will be exactly at 

the 50th percentile of answers. When the distribution of 

answers is compared to the correct answer, the error size 

of the median will either be at the 50th percentile of the 

group or smaller. For individual students who don’t have 

any knowledge on the subject and are simply guessing, 

they can expect to alternate between a position above and 

below the 50th percentile randomly, and occasionally mak-

ing gross mistakes. After enough time and many iterations, 

the collective median of a group who are guessing entirely 

unknown quantities will always be either at the 50th per-

centile, or above, while the rest of individual answers will 

be above or below the 50th percentile half of the time. After 

a sufficient number of questions, this should ensure that 

the collective median acquires Rank 1, because median can 

sometimes be very close to a correct answer, but never 

worse than 50th percentile of all group’s guesses. This pro-

tects it from gross errors that all other students will even-

tually experience over a large number of guesses. This may 

be a general mechanism that explains why collective me-

dian eventually outperforms individuals in a long time se-

ries of predictions of entirely unknown quantities.

All of the above is relevant to collective medians. Turning 

our attention to collective means, they did not fare well at 

all. They were at the 76th percentile of ranks in the area of 

medical knowledge, 94th in the area of general knowledge, 

and 96th in the area of astronomy. We found the explana-

tion to this poor performance in a number of extremely 

wrong predictions made by several individuals, who made 

mistakes of such magnitude that they completely domi-

nated the collective mean. Because of this, we suggest that 

– when the answers are being predicted in a quantitative 

form – medians will be more reliable than the means. One 

question that could be raised here is whether the entire co-

hort of medical students can be trusted to take this sort of 

exercise seriously, because if a small group deliberately put 

down extreme responses, this would certainly have an ef-

fect of skewing the mean.

The exercise in “guessing the older of the two celebrities” 

allowed us to establish that, in an area of “relative” exper-

tise (because it has become difficult to avoid information 

on the celebrities that were chosen). There is considerable 

accuracy in collective prediction when “Yes”/”No” answers 

are allowed and the answer given by the majority is chosen 

as the correct one. The collective was correct in 90% of 

cases, and this translated to the rank 9/123 (8th percentile 

in the ranks), with 8 individuals who recorded 95% of cor-

rect answers and out–performed the collective. This exer-

cise was analogous to a large extent to the “Ask the audi-

ence” joker that is used in the quiz show “Who wants to be 

a millionaire?”, as mentioned earlier, and the accuracy of 

90% is very similar to the one of about 91% observed in 
the quiz show.

The key question in this exercise was whether the collec-
tive response could be further improved by allowing some 
individuals, who were not confident in their answers, to 
minimise the “damage” to the collective by choosing “not 
sure” (which still gives them a guaranteed 50% of available 
points) or to drop out from the sample. When this option 
was given, the accuracy of the collective answer increased 
to 95%, while the three best individual answers only 
achieved 85%. A question–by–question comparison of 20 
individual answers between the two types of scoring doesn’t 
indicate that the collective answer with the 2nd type of scor-
ing (4 options) is consistently better than the binary 
“Yes”/”No” type of scoring, so we cannot be sure that this 
finding is generalizable, rather than a chance effect, and we 
should continue to explore this with more questions and 
using larger sample sizes to confirm it.

We will now consider how the findings of this study are 
relevant to “validation” of the CHNRI method. This study 
shows that the collective knowledge in an area of expertise 
is likely to lead to more accurate responses than the collec-
tive knowledge in an area outside of the expertise. More-
over, the exercise shows that it may be better to only invite 
a reasonably small, highly selected group of experts and 
rely on their collective prediction, rather than trying to seek 
expertise from a large group, which may lead to deviations 
from the optimal collective prediction. This justifies the 
strategy that has been used in many early CHNRI exercises, 
where as few as 10–15 leading experts in a narrow research 
field were invited to conduct the exercise on setting re-
search priorities in their field. Moreover, the type of re-
sponse used in CHNRI exercises (“Yes” – ”No” – ”Not sure” 
– ”Blank”) seems to slightly improve the collective predic-
tion in comparison to the alternative, where all scorers are 
forced to choose between only two binary options. How-
ever, the difference between the two types of scoring re-
sulted in predictions that could be considered surprisingly 
similar, so further experiments will need to resolve wheth-
er there is a real difference between the two approaches or 
not. If there is no difference, then perhaps the “Yes”/”No” 
answer could be preferred as simpler and more discrimi-
native in the process of prioritisation, because too many 
“not sure” answers lead to scores that show regression to 
the mean and the discriminatory power of the scoring pro-
cess is gradually lost. This, therefore, remains an unre-
solved question that warrants further investigation.

Applications of “crowdsourcing” are finding ways into 
many areas of human activity. In parallel, many interesting 
scientific experiments are being performed to improve our 
understanding of the principles underlying and governing 
crowdsourcing. Recent studies showed that sharing the in-
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formation on confidence in their answers between the in-
dividuals in the group can substantially improve the pre-
diction of the group, as we could see in our study (Table 
7), but if those most confident are wrong, then it can also 
lead the collective opinion to dramatically wrong decisions 
[8,9]. Independence of the provided opinion, such as in 
the CHNRI exercise, is very important because studies have 
convincingly shown that interactions between participants 
in the group and social influence may both improve and 
undermine the “wisdom of crowds” effect [10,11]. We 
should also mention that this research was conducted in 
“artificial”, well–controlled conditions, but in the real world 
every group will have its own unique dynamics. In many 
contexts, collective knowledge, opinion or intelligence may 
not be the main factor influencing the decisions, which is 
a limitation of this type of research and of its applications 
in complex real–world scenarios.

There seems to be agreement between researchers that se-
lect groups of “best–performing” experts can reach an op-
timal collective result with sample sizes as small as five, 
which cannot be easily improved by increasing sample size 
[12,13]. This observation has a potential practical applica-
tion in the field of medical diagnostics [13]. However, it 
has also been shown that a well–designed mathematical or 
statistical model would still outperform any collective hu-
man opinion [13]. Two further interesting applications of 
crowdsourcing in the fields of medicine and health research 
have been proposed recently. One study proposed that, in 
the absence of clear guidelines on indications, stabilization 
of the prevalence of use of certain drugs–such as antide-
pressants–at the level of the whole population might indi-
cate the optimal usage. This is because the stabilized fre-
quency at the population level is likely to reflect hundreds 
of thousands of decisions on continued usage, made by 
treated individuals based on their personal experiences 

[14]. Finally, it has been proposed that complex, expensive 
and bureaucratic processes of research evaluations, such as 
the Research Excellence Framework (REF) that takes place 
every 6 years in the UK, could be replaced by crowd–
sourced “prediction markets” [15]. Prediction markets en-
able individuals to trade “bets” on whether a specific out-
come would occur or not, and they have been shown to be 
successful at predicting outcomes in different areas of hu-
man activity, such as sport, entertainment and politics. Giv-
en that they are based on expert judgements, which also 
form the basis of REF in the UK, there is no reason why 
prediction market could not theoretically offer an alterna-
tive to the REF that could be updated annually, or even 
track the performance in real time [15].

CONCLUSION

Our experiments showed that the collective knowledge of 
a group with expertise in the subject should always be very 
close to the true value. In most cases and under most as-
sumptions, the collective knowledge will be more accurate 
than the knowledge of an “average” individual, but there 
always seems to be a small group of individuals who man-
age to out–perform the collective. The accuracy of collec-
tive prediction may be enhanced by allowing the individu-
als with low confidence in their answer to withdraw from 
answering. This study showed that the CHNRI method is 
based on the premises and designs that are likely to maxi-
mise the predictive value of the group: experts are being 
invited to score proposed research ideas (instead of persons 
with limited knowledge, or lay persons); experts are pro-
viding their answers independently (to protect the end re-
sult from social influences); and they are using the scoring 
system that is expected to maximise the accuracy of the 
collective answer over the individual ones.
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Setting health research priorities using the 
CHNRI method: VI. Quantitative properties of 
human collective opinion

Introduction Crowdsourcing has become an increasingly important 
tool to address many problems – from government elections in de-
mocracies, stock market prices, to modern online tools such as Tri-
pAdvisor or Internet Movie Database (IMDB). The CHNRI method 
(the acronym for the Child Health and Nutrition Research Initiative) 
for setting health research priorities has crowdsourcing as the major 
component, which it uses to generate, assess and prioritize between 
many competing health research ideas.

Methods We conducted a series of analyses using data from a group 
of 91 scorers to explore the quantitative properties of their collective 
opinion. We were interested in the stability of their collective opinion 
as the sample size increases from 15 to 90. From a pool of 91 scorers 
who took part in a previous CHNRI exercise, we used sampling with 
replacement to generate multiple random samples of different size. 
First, for each sample generated, we identified the top 20 ranked re-
search ideas, among 205 that were proposed and scored, and calcu-
lated the concordance with the ranking generated by the 91 original 
scorers. Second, we used rank correlation coefficients to compare the 
ranks assigned to all 205 proposed research ideas when samples of 
different size are used. We also analysed the original pool of 91 scor-
ers to to look for evidence of scoring variations based on scorers' char-
acteristics.

Results The sample sizes investigated ranged from 15 to 90. The con-
cordance for the top 20 scored research ideas increased with sample 
sizes up to about 55 experts. At this point, the median level of con-
cordance stabilized at 15/20 top ranked questions (75%), with the 
interquartile range also generally stable (14–16). There was little fur-
ther increase in overlap when the sample size increased from 55 to 
90. When analysing the ranking of all 205 ideas, the rank correlation 
coefficient increased as the sample size increased, with a median cor-
relation of 0.95 reached at the sample size of 45 experts (median of 
the rank correlation coefficient = 0.95; IQR 0.94–0.96).

Conclusions Our analyses suggest that the collective opinion of an 
expert group on a large number of research ideas, expressed through 
categorical variables (Yes/No/Not Sure/Don't know), stabilises rela-
tively quickly in terms of identifying the ideas that have most sup-
port. In the exercise we found a high degree of reproducibility of the 
identified research priorities was achieved with as few as 45–55 ex-
perts.
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In 1906, Galton suggested that a group of individuals tend 

to make better predictions as a collective than any individ-

ual. Since then, our understanding of collective decision–

making, termed by some as the “Wisdom of Crowds”, has 

grown considerably [1]. Crowd–sourcing has become an 

increasingly important human tool to address many prob-

lems – from government elections in democracies [2], for-

mation of stock market prices [3], to modern online plat-

forms such as TripAdvisor (to advise on the best hotels and 

restaurants) [4] or Internet Movie Database (to advise on 

the best movies, TV shows, etc.) [5], all of which are based 

on personal opinions of many hundreds or thousands of 

participants. The CHNRI method (the acronym for: Child 

Health and Nutrition Research Initiative) also uses crowd-

sourcing as the major component of the process to set pri-

orities among many competing health research ideas [6,7]. 

It relies on large groups of scientists who are invited to par-

ticipate in each exercise. Within the CHNRI process, sev-

eral dozens (or even hundreds) of scientists are typically 

invited first to generate, and then to assess many compet-

ing health research ideas using a pre–defined set of prior-

ity–setting criteria. Their collective optimism towards each 

research idea with respect to specific criteria is measured 

and the research ideas are then ranked according to the 

scores they achieve across all criteria.

However, researchers typically question several concepts 

in relation to the “validity” of the CHNRI exercises. The 

first question is fundamental to the entire process, asking 

the developers of the method to demonstrate convincingly 

that the opinion of a large expert group is more reliable and 

trustworthy than the opinion of only one, or a very small 

number of experts. This question has been addressed in a 

previous paper in this series [8], which demonstrated that 

the collective knowledge of a group (rather than opinion) 

generally outperforms the knowledge of any single indi-

vidual. While for factual knowledge there is a “gold stan-

dard” against which we can compare the response of the 

collective to that of individuals, for opinions about future 

outcomes there is no such “gold standard”. Nevertheless, 

given that individual knowledge, or lack of it, underlies a 

significant part of individual opinion, and that the same 

governing principles that make the collective knowledge 

superior to individual knowledge (described in our previ-

ous paper [8]) should also apply to opinion, we consider 

this question largely addressed. The substantial literature 

on so–called “prediction markets” provides further evi-

dence of the reliability and effectiveness of collective opin-

ion in comparison to individual opinion in predicting fu-

ture events [9,10].

The second question concerns the “optimal” sample size of 

researchers to be invited to conduct a CHNRI exercise. 

Here, “optimal” refers to a minimum number of experts 

needed from a larger, global “pool” of experts, in order to 
reduce the cost and complexity of conducting the exercise 
while obtaining a replicable collective opinion. The ques-
tion of the “sufficient” sample size can be investigated by 
exploring at which point addition of further experts from 
the larger, global “pool” of experts ceases to influence the 
outcomes of the CHNRI process. The third question is re-
lated to the composition of the sample of experts, and how 
this composition can potentially affect the final scores. Do 
the background characteristics of the experts invited to par-
ticipate affect their collective opinion in such a way that 
one subgroup of experts would provide systematically dif-
ferent scores from another subgroup?

In this article, we address the latter two questions by explor-
ing some of the quantitative properties of human collective 
opinion. We study the special case where the collective opin-
ion is based on a set of individual opinions, all of which are 
expressed in the form of simple categorical variables. These 
variables relate to the optimism expressed by each partici-
pating expert regarding the extent to which each proposed 
research idea meets the different priority–setting criteria 
[6,7]. The opinion provided by the participating experts can 
be expressed as “Yes” (equals 1), “No” (equals 0), “Not sure” 
(equals 0.5) and “I don't know” (equals blank input), which 
is the typical input required in the CHNRI method. This spe-
cial case is of particular interest, because in our previous pa-
per [8] we demonstrated the effectiveness of this method of 
expressing individual opinion in comparison to other types. 
Finally, one of the concerns about this way of collecting opin-
ion from groups of experts is the impact of low response rates 
and subsequent self–selection bias. We will mention this 
concern here because we find it potentially very important, 
although it will be difficult to study and we will not attempt 
to address it in this paper.

METHODS

In order to answer the latter two questions posed in the in-
troduction, we conducted statistical analyses of the inputs 
provided by the group of experts who took part in a previ-
ous CHNRI exercise. These analyses focused on identifying 
whether there was a point of “saturation” in collective opin-
ion. “Saturation” here refers to the idea that beyond a cer-
tain sample size of experts, adding further experts' opinions 
does not significantly change the results of the process. To 
study this, we used the data set with quantitative input 
from the experts who took part in a CHNRI exercise on 
newborn health in this series [11], which is freely available 
as a supplementary online material to the article in ques-
tion [11]. All input was provided in the form of a simple 
categorical variable (ie, optimism towards each idea ex-
pressed as “Yes” (equals 1), “No” (equals 0), “Not sure” 
(equals 0.5) and “I don't know” (equals blank input)).
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Our analysis strategy involved drawing many random sub–
samples, with replacement, from the full sample of 91 ex-
pert participants in the CHNRI exercise on newborn health. 
The experts scored a set of 205 proposed research ideas 
[11]. Our aim was to identify the minimum sample size of 
experts required to produce stable results. We used two 
metrics to assess stability. First, we compared the 20 most 
highly ranked ideas for each resampled data set with the 
20 most highly ranked ideas in the whole data set (ie, all 
91 experts) and calculated how many ideas appeared in 
both top 20 lists. If all the opinions were assigned entirely 
at random, then we would only expect about 2 research 
ideas on average (out of the total of 205) to be in common 
across two samples. Given this reasonably low expected 
agreement by chance, we arbitrarily defined results as be-
ing stable when 15 (or more) of the 20 highest ranked ideas 
were concordant with those based on the opinion of the 
full sample of 91 experts. We believe that such an occur-
rence indicates a high level of stability/replicability com-
pared with the 2 expected purely by chance.

Previous studies into the point of 
saturation in collective opinion

The question of the sample size at which the “saturation” 
of information occurs has been vigorously discussed over 
many years in relation to qualitative research, where inter-
views conducted with the participants are recorded and 
analysed to obtain insights into a wide variety of research 
topics. In qualitative research, saturation is typically de-
scribed in the context of obtaining the “appropriate” sample 
size at which no new ideas, findings, or problems are 
found. Determining the “appropriate” sample size is criti-
cal, because a sample that is larger than needed would re-
sult in inefficient use of research funds, resources and time. 
On the other hand, too small a sample size may result in 
limited validity of the research findings.

The idea of “saturation” was first introduced in the late 
1960s [12] through the notion that, though every research 
participant can have diverse ideas in principle, the majority 
of qualitative studies will inevitably reach a point of satura-
tion. Since the work by Glaser and Strauss [12], researchers 
have attempted to provide sample size guidance for various 
research disciplines. Proposed sample sizes have ranged 
from fifteen in all qualitative research disciplines [13] to 
sixty [14] in the area of ethnographic interviews. These pro-
posed sample sizes were rarely accompanied by a clear jus-
tification or description of how they were derived.

However, the idea of saturation does not necessarily trans-
late to CHNRI exercises, where opinions are submitted in 
a form of quantitative categorical variables. This gives us 
perhaps a rare opportunity to perform an assessment of the 
quantitative properties of human collective opinion by an-

alysing a data set underlying a typical CHNRI exercise. We 
found one study that attempted to analyse the stability of 
responses of the 23 health care and patient safety experts 
who participated in a Delphi survey using a categorical rat-
ing scale [15], which is the most similar case to the CHNRI 
process that we were able to find in the literature. In that 
study [15], the responses to each item were scored on a 
rating scale from 1 to 4, with “1” being unimportant to “4” 
being very important. The responses obtained in the first 
round of the survey were processed using sampling with 
replacement to produce hypothetical samples of 1000 and 
2000 participants, from the initial sample size of 23 sub-
jects. Then, means and 95% confidence intervals for the 
scores of the original 23 participants were compared with 
the hypothetical samples. Substantial similarity of inferen-
tial statistics between the actual and hypothetical samples 
was observed, from which the authors concluded that the 
“stability” of results was already achieved with only 23 ac-
tual study participants [15]. Clearly, this interpretation was 
limited by having an original sample as small as 23 indi-
viduals to generate large bootstrapping samples, and the 
result needs to be replicated using a larger initial sample of 
individuals to generate bootstrapping samples. In our 
study, the key improvement will be drawing sub–samples 
smaller than the original sample, while in the approach de-
scribed in this study samples were created that were much 
larger than the original sample – which is an approach with 
major limitations.

Defining “saturation” in our study

In our study, we defined “saturation” in two ways. First, we 
defined it as the point where we observed replicability in 
the collective rankings of top 20 research ideas (among a 
total of 205 assessed) between two randomly generated 
sub–samples of a given sample size. In other words, involv-
ing further experts would no longer be expected to make 
any important difference to the 20 most highly ranked pri-
orities. Given that randomness inherent to the process of 
sampling makes it unrealistic to expect all 20 priorities to 
always replicate at a certain sample size, and taking into 
account low “a priori” probability of replication (only 2 
among the 20 most highly ranked research ideas would be 
expected to replicate by chance alone), we needed to de-
fine “saturation” arbitrarily. We considered the specific 
sample size as “saturation–reaching” when the same 15 (or 
more) research ideas in any two randomly generated sam-
ples of a specific size were expected to be found among the 
20 most highly ranked research ideas in both samples.

Second, we used Spearman's correlation coefficient to com-
pare the ranks assigned to all 205 proposed research ideas 
by the randomly generated sub–samples with the ranks 
derived from the full sample. We considered “saturation” 
to be achieved when the median rank correlation coeffi-
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cient reached or exceeded 0.95 (which is an extremely high 

rank correlation coefficient). We believe that both defini-

tions of saturation are stringent and conservative from the 

statistical point of view.

Database used in this analysis

We used anonymised raw scores provided by the partici-

pants in the CHNRI exercise on newborn health [11]. The 

database included all individual scores from 91 participat-

ing experts that were assigned to all 205 proposed research 

ideas using 5 pre–defined criteria. The criteria used in the 

exercise are summarized in Box 1, and they were posed in 

the form of simple “yes/no” questions. The requested input 

was provided in the form of numbers: 0 (meaning “no”), 

0.5 (“informed, but undecided answer”), 1 (“yes”), and 

blank (“insufficiently informed”). “Blank” was used when-

ever the participants did not feel that they possessed 

enough technical knowledge to be able to answer, which 

is different from an “informed, but undecided” answer, 

where the expert could neither agree nor disagree although 

they felt that they had enough knowledge on the topic.

Statistical analysis

We used resampling with replacement, sometimes referred 

to as “bootstrapping”, to simulate the diversity of samples 

drawn from a larger global pool of experts. All analyses were 

performed using the statistical program STATA 13.0 (www.

stata.com). To study how the rankings assigned to proposed 

research ideas change and converge with increasing sample 

sizes of experts, we generated samples ranging in size from 

minimum 15 to a maximum of 90. For each selected sample 

size, 1000 random bootstrap samples were drawn.

Two statistical analyses were then performed to examine 

how the ranking list of research ideas changed as the num-

ber of experts contributing to the CHNRI exercise increased. 

In the first analysis, we examined the concordance in the 

top 20 research ideas between 1000 randomly generated 

subsamples of the same size that were developed using the 
bootstrap method. In the second analysis, we used Spear-
man's rank correlation coefficient to examine the concor-
dance in the ranking order of all 205 research ideas between 
1000 randomly generated subsamples of the same size that 
were developed using the bootstrap method. 

Analysis of subgroups within the full sample

Research priority scores (RPS) were recalculated for each 
research question in sub–samples of scorers that were de-
fined by participants’ self–classified background and the 
country in which they were based. Participants originally 
classified themselves as researchers, policy makers, donor 
representatives, program managers or health practitioners 
(multiple choices were not allowed), and this information 
is available in the original paper [11]. In this exercise, we 
had combined all categories other than researcher into one 
category as “non–researcher”, as the numbers of partici-
pants falling into each of the non–researcher categories 
were small. The country where the scorer was based was 
classified by the level of income as either a “high–income 
country” (HIC) or a “low– or middle–income country” 
(LMIC), using the World Bank's categorization [16]. We 
explored: (i) the differences in median scores that different 
sub–groups of scorers (ie, researchers vs non–researchers; 
and HIC–based vs LMIC–based) assigned to different cri-
teria; the median scores were determined across all 205 re-
search ideas to investigate whether subgroups of scorers 
systematically scored particular criteria differently; (ii) the 
overlap between the top 20 research ideas identified by dif-
ferent sub–groups of scorers (ie, researchers vs non–re-
searchers; and HIC–based vs LMIC–based).

RESULTS

Figure 1 shows the how concordance with respect to the 
top 20 priorities increased as the number of sampled scor-
ers increased. Note that when resampling 90 scorers with 
replacement, concordance with the top 20 priorities based 
on the original sample of 91 experts would not be expect-
ed to reach 100%. This reflects the fact scores derived from 
the original sample of 91 experts are themselves subject to 
sampling variation. The median concordance (across the 
1000 sub–samples drawn for each sample size) increases 
from 12/20 (60%) with a sample size of 15 to 15/20 (75%) 
with a sample size of 55 experts. Thereafter there is no clear 
improvement in concordance with increasing sample size. 
The interquartile range for concordance with a sample size 
of 55 is 14/20 to 16/20 (70% to 80%) and this also ap-
peared relatively stable as sample sizes were increased fur-
ther. At a sample size of 90, the median concordance was 
16/20 (85%) (IQR 15–16). Given that this gives an indica-
tion of the variability of the sample size we had available 

Box 1. The five criteria used in the exercise.

Criterion 1. Answerability: Can the research question be an-
swered ethically?

Criteria 2. Efficacy/Effectiveness: Can the new knowledge 
lead to an efficacious intervention or programme?

Criteria 3. Deliverability and acceptability: Is the proposed 
intervention or programme deliverable and acceptable?

Criteria 4. Maximum potential for disease burden reduction: 
Can the intervention or program improve newborn health 
substantially?

Criteria 5. Effect on equity: Can the interventions on pro-
gram reach the most vulnerable groups?
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to us for analysis, it appears that relatively stable results can 
be achieved with sample of 50 experts (median 14, IQR 
13.5–15). There is little further increase in achieved overlap 
by increasing the pool of experts from 50 to 90 (Figure 1).

Figure 2 shows the relationship between the sample size 
of the scorers within the CHNRI newborn health exercise 
[11] and the median, IQR and range of Spearman’s rank 
correlation for the ranks of all 205 proposed research ideas. 
As expected, the rank correlation coefficient increases as 
sample size becomes larger and a median correlation of 
0.95 was reached at a sample size of 45 experts (median of 
the rank correlation coefficient = 0.95; IQR 0.94–0.96).

Among the 91 scorers in the newborn health exercise, 61 
self–classified as “researchers” and 30 as “non–researchers”; 

53 participants were based in HIC and 38 in LMIC. Table 
1 shows the differences in median scores (with inter–quar-
tile range, IQR) that different subgroups of scorers (ie, re-
searchers vs “non–researchers”; and high–income country 
(HIC)–based vs low– or middle–income country (LMIC)–
based) assigned to different criteria. The differences be-
tween researchers and non–researchers were small, with 
non–researchers being slightly more optimistic about max-
imum potential impact, but all differences were well with-
in the limits predicted by inter–quartile ranges. Larger dif-
ferences were observed between HIC–based and 
LMIC–based researchers, with the latter tending to provide 
more optimistic scores, ranging from a 7 to a 24 point–dif-
ference on a scale from 0 to 100. The smallest difference 
was noted for answerability, followed by effectiveness and 

Figure 1. Level of overlap among the top 20 
ranked research ideas (Y–axis) by the size of the 
sample of randomly selected experts (X–axis) 
from a total pool of 91 experts using a bootstrap 
method (simulation 1000 times with replace-
ment of already selected experts, using bsam-
pling function). The size of randomly generated 
samples ranged from 15 to 90 and it was based 
on the CHNRI exercise on newborn health 
research priorities [11].

Figure 2. Spearman’s rank correlation among all 
205 ranked research ideas (Y–axis) by the size of 
the sample of randomly selected experts (X–axis) 
from a total pool of 91 experts using a bootstrap 
method (simulation 1000 times with replace-
ment of already selected experts, using bsam-
pling function). The size of randomly generated 
samples ranged from 15 to 90 and it was based 
on the CHNRI exercise on newborn health 
research priorities [11].
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deliverability, while the largest differences were noted for 
maximum potential impact and equity.

Table 2 shows the overlap between the top 20 research 
ideas (RI–) identified by different sub–groups of scorers (ie, 
researchers vs “non–researchers”; and HIC–based vs LMIC–
based). There was an overlap between researchers and 
“non–researchers” for 10 out of top 20 research ideas 
(50%). For HIC–based vs LMIC–based researchers, 8 of top 
20 research ideas (40%) overlapped. We could judge this 
level of overlap against the expectation provided by the boot-
strap analysis for comparable sample sizes. There is likely to 
be an effect of sub–stratification, which is smaller for the “re-
searchers vs. non–researchers” comparison, but more con-
siderable for the “HIC–based vs. LMIC–based” comparison.

DISCUSSION

In this paper, we addressed two important questions relat-
ing to the quantitative properties of human collective opin-
ion: (i) whether there is a point of “saturation” in the sam-
ple size, after which no significant changes in the collective 
opinion should be expected when more experts are brought 
into the exercise; and (ii) whether there is evidence that 
opinions differ between subgroups of experts defined by 
their professional background or their geographic location. 
We addressed both questions using data from a previous 
CHNRI exercise [11]. The data set based on the CHNRI 
exercise was useful in this regard, because it quantified a 
large number of expert opinions about 205 competing re-
search ideas in a systematic and structured way, based on 
five pre–defined criteria, using simple categorical respons-
es. We did not attempt to demonstrate that the collective 
would give more “useful” predictions than individual ex-
perts would, since this is examined in another paper on 
collective knowledge [8]. Perhaps the best support for the 
view that the opinion of a collective will prove more useful 
over time than that of individuals is provided in the litera-
ture on stock markets and prediction markets [3,9,10]. 
Over long periods of time, following the collective wisdom 

seems to be the most successful strategy. There are some 

important differences, though, because stock markets to a 

degree involve betting individual opinions against those of 

others, where investors are trying to identify stocks and 

shares that are undervalued by the collective opinion. To-

gether, our previous paper from this series [8] and the large 

experience with stock markets and prediction markets 

[3,9,10] make a compelling case for collective decision–

making.

Our analyses indicate that, in bootstrap samples that 

ranged in size from only 15 to 90, the level of overlap 

Table 1. The differences in median scores (with inter–quartile range, IQR) that different sub–groups of scorers (ie, researchers vs 
“non–researchers”; and high–income country (HIC)–based vs low– or middle–income country (LMIC–based) assigned to different 
criteria*

all scoReRs (median, iqR) 
(n = 91)

ReseaRcheRs (median, iqR) 
(n = 61)

“non–ReseaRcheRs” 
(n = 30)

hic–based (median, iqR) 
(n = 53)

lmic–based (median, 
iqR) (n = 38)

Total score 63 (54–71) 62(54–70) 64 (53–73) 57 (47–66) 72 (61–80)

Answerability 76 (68–83) 76 (68–84) 77 (67–85) 74 (63–81) 81 (73–89)

Effectiveness 70 (61–77) 69 (61–78) 68 (59–78) 66 (54–74) 76 (66–84)

Deliverability 69 (58–77) 69 (59–78) 67 (57–78) 65 (54–72) 77 (65–84)

Maximum impact 42 (32–52) 39 (32–50) 44 (32–55) 32 (23–41) 54 (44–66)

Equity 57 (47–70) 57 (46–66) 60 (46–75) 48 (37–61) 72 (60–81)

IQR – interquartile range, HIC – high–income, LMIC – low– and middle–income

*The median scores were determined across all 205 research ideas in order to investigate if any sub–group of scorers deviated in their scoring of any 
particular criterion.

Table 2. The overlap between the top 20 research ideas (RI–) 
identified by different sub–groups of scorers (ie, researchers vs 
“non–researchers”; and HIC–based vs LMIC–based)*

Rank all scoReRs 
(n = 91)

ReseaRcheRs 
(n = 60)

“non–ReseaRcheRs” 
(n = 31)

hic–based 
(n = 53)

lmic–based 
(n = 38)

1 RI–30 RI–30 RI–30 RI–30 RI–30

2 RI–28 RI–28 RI–28 RI–28 RI–23

3 RI–15 RI–15 RI–15 RI–29 RI–15

4 RI–23 RI–29 RI–5 RI–15 RI–47

5 RI–33 RI–23 RI–33 RI–33 RI–28

6 RI–29 RI–36 RI–79 RI–7 RI–44

7 RI–149 RI–7 RI–23 RI–13 RI–18

8 RI–37 RI–13 RI–52 RI–23 RI–12

9 RI–5 RI–33 RI–149 RI–149 RI–33

10 RI–13 RI–58 RI–46 RI–36 RI–86

11 RI–79 RI–149 RI–47 RI–5 RI–58

12 RI–78 RI–37 RI–44 RI–37 RI–46

13 RI–36 RI–67 RI–8 RI–21 RI–60

14 RI–46 RI–75 RI–78 RI–55 RI–11

15 RI–8 RI–78 RI–129 RI–79 RI–8

16 RI–55 RI–86 RI–11 RI–22 RI–35

17 RI–52 RI–55 RI–37 RI–52 RI–67

18 RI–75 RI–12 RI–55 RI–78 RI–10

19 RI–58 RI–8 RI–127 RI–75 RI–79

20 RI–67 RI–158 RI–138 RI–46 RI–78

HIC – high–income, LMIC – low– and middle–income

*The research ideas that overlap between researchers vs “non–research-
ers”, and HIC–based vs LMIC–based sub–samples, respectively, are in 
bold for easier recognition. Note: eg, RI–30 indicates research idea num-
ber 30 in the list of 205 ideas.
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among the top 20 scored research ideas increased with 
sample size up to about 50–55 experts. At this point, the 
median level of concordance stabilized at 15/20 top ranked 
questions (75%), with the interquartile range also gener-
ally stable (14–16). There was little further increase in over-
lap when the bootstrap sample of experts increased from 
55 to 90. However, it should be noted that the overlap of 
12/20 top ranked research ideas was achieved with sample 
sizes as small as 15 experts, as opposed to only 2 research 
ideas that would have been expected by chance. The con-
clusion from this analysis is that human collective opinion, 
when expressed in simple quantitative terms, tends to con-
verge towards a similar outcome and saturate quickly. A 
sample size of 15 persons already shows an appreciable 
level of reproducibility, but with 50–55 experts the level of 
replicability becomes nearly equal to to that which is 
achievable with a sample size of 90.

It is important to note that the total sample of 91 experts, 
which is the maximum that we had available, represents 
only a sub–sample of a much larger global pool of experts. 
Therefore, it also carries a certain inherent random varia-
tion relative to the “total expert population”. Sampling with 
replacement enables us to examine how variable the results 
for a given sample size will be, assuming that are full sam-
ple of 91 experts is representative of the diversity of the 
wider global pool. Thus two bootstrapped samples of size 
91 participants would not be expected to have the top 20 
research ideas fully replicated (although this is the entire 
original sample!). We used sampling with replacement to 
overcome, at least partly, the concern that the 91 experts 
are still only a reasonably small sample of the larger popu-
lation and to produce a conservative estimate of the mini-
mum sample size that produces replicable results in this 
particular CHNRI exercise.

We also tested the relationship between the sample size of 
the scorers and Spearman’s rank correlation coefficient for 
the ranks of all 205 proposed research ideas. As expected, 
the rank correlation coefficient increased as the bootstrap 
sub–samples became larger. A median correlation of 0.95 
was reached at the sample size of 45 experts (median of the 
rank correlation coefficient = 0.95; IQR 0.94–0.96), which 
again points to high reproducibility and relatively quick 
saturation.

Studying quantitative properties of human collective opin-
ion, as opposed to collective knowledge verifiable against 
accepted facts, has the limitation that no gold standard is 
available against which the “accuracy” of the opinion can 
be judged. We therefore focused on the questions of satu-
ration, reproducibility and subgroup stratification. Anoth-
er limitation of this preliminary analysis is that it was based 
on a single data set from a previous CHNRI exercise. An 
analysis of multiple data sets with large numbers of experts 

and different numbers of research ideas being scored may 
offer further interesting insights into a nature of human col-
lective opinion and results that are more generalizable than 
those based on the analysis of a single data set. Ideally, an 
analysis should involve as many experts as possible, be-
cause testing on exercises that only included reasonably 
small groups of experts will not be very useful. At this 
point, we should also declare that we can't predict the ef-
fects of low response rate and self–selection bias on the 
level of saturation achieved. The issue of missing respons-
es of the experts who do not choose to participate should 
be explored separately and it remains an unresolved uncer-
tainty related to the validity of the approach used in the 
CHNRI method.

Any future work in this area could plan to acquire more 
data sets and replicate the analyses from this study. One 
emerging question that it would be interesting to answer is 
to examine the main determinants of the observed level of 
concordance in ranking lists. Examples of possible deter-
minants are the composition and the nature of the pro-
posed research ideas, the composition and sample size of 
scorers, and the criteria used for discrimination. Answer-
ing this question would require a study into how an in-
creasing number of experts participating in the CHNRI ex-
ercise introduces variation in the data set across different 
exercises; then, how does the number of research questions 
in the data set introduce variation; how does the substance 
(ie, content, plausibility) of research ideas introduce varia-
tion; and how does the level of agreement between all ex-
perts participating in the CHNRI exercise introduce further 
variation. It would be important to understand whether the 
key determinant of variation in the data set is the number 
of experts, the diversity of experts, the number of research 
ideas, or the content and diversity of research ideas. This 
could be understood if the number of research ideas and 
the number of experts are standardized (ie, made equal) 
across several different CHNRI exercises and then the rank 
correlation analysis and a comparison of the concordance 
of the top 20 research priorities are repeated using the 

methodology in this paper.

An important question is whether by increasing the sample 
size of scorers we would obtain a wider spectrum of opin-
ions, and therefore greater variation between responses, or 
whether we would simply continue to observe the same 
level of variation. One way of addressing this would be to 
look at a CHNRI exercise where we could separate those 
who responded to the initial request and those who only 
responded after reminders, and study whether there was 
evidence that the late responders differed from the early 
responders in their opinions.

A search for the presence of sub–stratification in this study 
could only examine the two characteristics that were known 
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vincing results. We conclude that the results of our study 
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Background The past two decades have seen a large increase in invest-
ment in global public health research. There is a need for increased co-
ordination and accountability, particularly in understanding where 
funding is being allocated and who has capacity to perform research. 
In this paper, we aim to assess global, regional, national and sub–na-
tional capacity for public health research and how it is changing over 
time in different parts of the world.

Methods To allow comparisons of regions, countries and universities/
research institutes over time, we relied on Web of ScienceTM database 
and used Hirsch (h) index based on 5–year–periods (h5). We defined 
articles relevant to public health research with 98% specificity using 
the combination of search terms relevant to public health, epidemiol-
ogy or meta–analysis. Based on those selected papers, we computed h5 
for each country of the world and their main universities/research in-
stitutes for these 5–year time periods: 1996–2000, 2001–2005 and 
2006–2010. We computed h5 with a 3–year–window after each time 
period, to allow citations from more recent years to accumulate. Among 
the papers contributing to h5–core, we explored a topic/disease under 
investigation, “instrument” of health research used (eg, descriptive, dis-
covery, development or delivery research); and universities/research 
institutes contributing to h5–core.

Results Globally, the majority of public health research has been con-
ducted in North America and Europe, but other regions (particularly 
Eastern Mediterranean and South–East Asia) are showing greater im-
provement rate and are rapidly gaining capacity. Moreover, several Af-
rican nations performed particularly well when their research output 
is adjusted by their gross domestic product (GDP). In the regions gain-
ing capacity, universities are contributing more substantially to the h–
core publications than other research institutions. In all regions of the 
world, the topics of articles in h–core are shifting from communicable 
to non–communicable diseases (NCDs). There is also a trend of reduc-
tion in “discovery” research and increase in “delivery” research.

Conclusion Funding agencies and research policy makers should 
recognise nations where public health research capacity is increasing. 
These countries are worthy of increased investment in order to further 
increase the production of high quality local research and continue to 
develop their research capacity. Similarly, universities that contribute 
substantially to national research capacity should be recognised and 
supported. Biomedical journals should also take notice to ensure eq-
uity in peer–review process and provide researchers from all countries 
an equal opportunity to publish high–quality research and reduce fi-
nancial barriers to accessing these journals.
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Investment in global public health research and develop-
ment has seen a huge increase in recent years. Funding for 
health research increased from US$ 50 billion in 1993 to 
US$ 240 billion in 2009 [1], whilst financial contributions 
to international Development Assistance for Health (DAH) 
increased from US$ 5.6 billion to US$ 28.1 billion between 
1990 and 2012 [1]. These substantial increases in funding 
have coincided with a “paradigm shift” from “International 
Health” to “Global Health”, which occurred over the past 
two decades. “International Health” had its focus on national 
public health efforts to assist poorer countries [2]. However, 
“Global Health” centres its attention on “collaborative transna-
tional research and action for promoting health for all” [3]. This 
shift provoked recognition that collaborative global action 
was required to tackle new and evolving health issues, such 
as SARS, pandemic flu, Ebola, re–emergence of tuberculosis 
or increase in antibiotic resistance. Additional concerns were 
raised over the rapidly increasing burden of non–communi-
cable diseases (NCDs) and the need to address health ineq-
uities within and between countries [4].

The landscape of global health changed, too, with the 
World Health Organization and specific countries no lon-
ger being seen as the only relevant actors in global health, 
and with hundreds of organisations now funding global 
health in an increasingly complex and fragmented manner 
[5,6]. Whilst the increase in available funding opens up 
new realms of possibility within global public health re-
search, there is a demand for increased coordination. There 
were a number of attempts to track and monitor the fund-
ing for health research [1,7–10], yet their estimates are 
strikingly varied, revealing methodological challenges in 
categorising how the money is spent. To ensure that fund-
ing for global health research is being efficiently used, it is 
necessary not only to understand what is being supported, 
but also how the funding allocation relates to national and 
institutional capacity for global health research. Locations 
with improved capacity for research that are being under–
utilised should be identified. As an example, it has been 
shown that the BRICS nations (Brazil, Russia, India, China 
and South Africa) made a considerable academic progress 
in the 21st century: between 2002 and 2007, India dou-
bled the number of original health research papers they 
produced from 4494 to 9066 [11]; whilst Elsevier (2013) 
reported that these emerging nations, particularly China, 
were beginning to overpower the traditional stalwarts such 
as the UK and USA through the volume of research they 
are producing. However, it is not only the quantity but also 
the quality of research, which is improving [12]. To our 
knowledge, no comprehensive evaluation of the capacity 
for global public health research has been conducted and 
the changes in this capacity explored.

In trying to map the capacity, several tools may be utilised. 
Bibliometric tools allow an evaluation of research produc-

tivity, quality, visibility and/or impact at an individual to 
global level, and therefore can provide a measure of capac-
ity for research. They present objective evidence to describe 
current research trends and development. The most used 
bibliometric tools, their advantages and limitations are out-
lined below. The aim of this study is to assess global capac-
ity for public health research and progression of changes 
in this capacity over time. In order to achieve this aim, the 
following objectives must be met:

1.  To develop a new scientometric approach, based on 
h–index, which allows an assessment of research 
characteristics of institutions, countries and regions 
and their comparison over time;

2.  To perform a bibliometric analysis of global public 
health research based on h–index, which is calculat-
ed by the Web of ScienceTM;

3.  To identify countries and Universities that are im-
proving their capacity for public health research, and 
those that are stagnating or lagging behind;

4.  To identify the research topics of interest within glob-
al public health, and their trends over time.

METHODS

Definition of geographic regions and 
countries included in this study
The countries within each region were defined using the 
six World Health Organisation's regions [13]. Two of the 
WHO regions were further subdivided, resulting in a total 
of 8 separate regions. This was done in order to allow a 
more comprehensive representation of LMIC and the 
BRICS nations. The additional regional groupings were cre-
ated by further dividing the Americas and West Pacific 
WHO regions into Americas I and II, and West Pacific I 
and II [14]. A total of 193 countries were included in the 
analysis. The countries included are shown by region in 
Online Supplementary Document. As the country list 
was taken from the WHO, disputed countries or territories 
were not analysed, including Kosovo and Taiwan. The 
countries that had merged, separated or changed their sta-
tus or names between 1996 and 2010 were only analysed 
using their current name (in 2015). Wherever possible, 
countries with names that have different formats, spelling 
or abbreviations were identified and all formats of the name 
used in the search. Due to address restrictions on WoS, 
publication and citation data from Sudan and South Sudan 
was aggregated and presented as Sudan and considered in 
the Eastern Mediterranean Region (EMR). The UK was pre-
sented as a single statistical entity, combining England, 
Scotland, Wales and Northern Ireland.

Definition of time periods

The h–indices, calculated by the Web of ScienceTM, were 
investigated over three time periods, each of five years: 
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1996–2000, 2001–2005 and 2006–2010. Five–year peri-
ods were chosen to reduce year–to–year stochastic varia-
tion within countries. To accommodate for the expected 
lag between publications and citations, a “citation window” 
of an additional 3 years following each 5–year period was 
allowed. This means that, eg, when calculating the h–index 
for the 5–year time period spanning between 1996–2000, 
publications with dates 1996–2000 were included, but all 
citations attributed to those publications in the period 
1996–2003 were taken into account in calculation of h–
index. This also attenuated the concern related to the tem-
poral nature of the h–index, where older publications 
would have had a longer time period within which they 
would have attracted citations.

Search of the literature

After considering the information obtained through the lit-
erature review using several available databases (eg, Sco-
pus, Google Scholar and Web of Science), and examining 
the strengths and weaknesses of each database, Web of Sci-
enceTM (WoS) was chosen as the database used for this bib-
liometric analysis. The WoS “Core Collection” was used to 
ensure that only the publications in the journals with reg-
ularly assessed quality are considered.

Given that “public health” is not available as a specific cat-
egory of articles within WoS, and given that alternative pre–
defined categories available in the WoS have serious limi-
tations, it was necessary to devise a search strategy that 
would efficiently identify public health research to enable 
an assessment of global, regional, national and sub–nation-
al capacity for such research. The search strategy needed 
to allow an evaluation that would be fair to all countries 
and allow their meaningful comparison. Public health re-
search can include a multitude of topics, but we chose three 
search terms as highly specific “indicators” of public health 
research, as opposed to other types of health research. 
Those were “epidemiology”, “public health” or “meta–anal-
ysis”. The first two are clear indicators of public health re-
search, whilst meta–analyses are increasingly being per-
formed in response to a growing need to generate evidence 
for health policy. Although we could have arguably includ-
ed the term “systematic reviews”, we felt that the more rig-
orous methodology that underlies a meta–analysis process 
would be a better indicator of research capacity. The search 
was automated so that all the papers that had any of the 
words “public health OR epidemiology OR meta–analysis” 
anywhere in the article were identified by Web of Sci-
enceTM. There were no follow–up steps to this search and 
all subsequent analyses were then performed on the iden-
tified sample of studies.

We validated this approach through studying all 2654 ar-
ticles that contributed to any of the regional h–indices 

throughout any of the three time periods (and formed a 
sub–sample of about 1% of all retrieved articles). One re-
searcher (AB) read the title and the abstract to verify if the 
article was indeed related to public health. Among those, 
58 articles were not related to public health topics, and 
there were no ambiguities – most of them were meta–anal-
yses related to environmental sciences. This meant that our 
chosen approach showed about 98% specificity in finding 
the articles in h–core that are relevant to public health. 
Whereas the sensitivity of our approach would be very dif-
ficult to estimate, the high level of specificity was very en-
couraging.

Categorisation of papers by type of 
research and topics of research

To analyse the types of research and the topics of interest 
that were studied globally over the three time periods, the 
abstract of each publication contributing to the h–core was 
reviewed and the publication was categorized using a num-
ber of criteria. In terms of topics, papers were characterized 
as being mainly related to the study of non–communicable 
diseases (NCDs), infectious diseases (ID), other diseases, 
or predominantly methodological papers. According to in-
struments (domains) of the research that were used, a con-
ceptual framework proposed by Rudan et al. was used [15], 
with the 4 categories and the criteria for categorization 
shown in Table 1.

Database development

Once the search was completed, we used the citation report 
function on WoS to calculate h–indices for each time pe-
riod and each geographic region and country. To compute 
h–index as described in our methods above, it was neces-
sary to download all citation data into a Microsoft Excel 
format and extract the citation data for each individual pa-
per during the chosen time period, while adding the three–

Table 1. Research instruments (domains) in global public health 
research*

ReseaRch domain ReseaRch avenue

“Description”: 
Epidemiological 
research

Measuring the burden

Understanding risk factors

Evaluating the existing interventions

“Delivery”: Health 
policy and 
systems research

Studying capacity to reduce exposure to proven 
health risks

Studying capacity to deliver efficacious interventions

“Development”: 
Improving 
existing 
interventions

Research to improve deliverability

Research to improve affordability

Research to improve sustainability

“Discovery”: 
Developing novel 
interventions

Basic research

Clinical research

Public health research

* Source: Rudan et al. [15].
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year citation window. The sum of the number of citations 

per year would then be calculated for each publication.

These totals would then be ranked from highest to lowest 

and numbered accordingly. This allows the h–index to be 

calculated by reviewing where the highest rank number is 

greater than or equal to the corresponding number of cita-

tions. This process was repeated for each country for each 

of the three time periods and the results collated.

As WoS only allows data for 500 papers to be downloaded 

at once, this was a very time–consuming process. For coun-

tries producing more than 500 papers in the area of public 

health during the 5–year period, the citation information 

needed to be downloaded 500 papers at a time and then 

collated into a single data set. Furthermore, it was not pos-

sible to download the citation data for searches that pro-

duce more than 10 000 results. In all such cases, searches 

were split into years, and the results were further subdi-

vided using marked lists to enable the citation data to be 

accessed.

Data analysis

Once we collected the relevant citation data from WoS, we 

recorded the h–index, total number of publications and 

total number of citations for each country in a separate da-

tabase. To perform all the planned analyses, the Gross Do-

mestic Product (GDP) for each country was also recorded, 

using the World Bank's national–level estimates for the year 

2010, or as close as possible, and recorded in US$ [16]. If 

this data was not available from the World Bank, alterna-

tive sources with best estimates were used, typically na-

tional estimates generated by the countries themselves and 

reported at the websites of their national governments.

We used the databases described above to rank all coun-

tries by their absolute number of publications and h–indi-

ces in each time period, to calculate and rank the absolute 

rate of increase in h–index between the first and last time 

period (which was only computed for those countries with 

an h–index in the first time period of ≥10), to rank all coun-

tries by their absolute number of publications per GDP for 

the most recent time period (for those countries whose 

number of publications ≥30), and by their h–index per 

GDP for the most recent time period (for those with an h–

index of ≥10).

All papers that formed the h–core had the author’s address 

information reviewed and manually recorded for all con-

tributing authors. The papers with multiple contributing 

authors were counted more than once when the co–author-

ship was cross–regional and inter–institutional. This was 

done through manual data extraction. The institutions to 

which the authors of h–core papers were affiliated to were 

recorded in a separate Microsoft Excel data set. Institutions 

were only verified as universities after a Google search was 
performed to investigate the institution type. The Univer-
sities that contributed more than 2 papers to the h–core 
were considered as making a notable contribution to glob-
al public health in their specific research environment.

RESULTS

The results shall initially focus on describing the character-
istics of public health research on a global scale, before fo-
cusing on the impact, measured using h–indices, within 
the 8 geographic regions, individual countries and at spe-
cific universities. This will be followed by the analysis of 
the distribution of papers in h–core by research topics and 
types of research used.

Global level

The total number of papers that could be considered pub-
lic health research has dramatically increased over the three 
time periods, from 63 571 (in 1996–2000) to 89 992 (in 
2001–2005) and 158 938 (in 2006–2010). This is a 2.5–
fold increase (Figure 1). Note that these values will slight-
ly differ from the sum of each country’s publications be-
cause some papers were allocated to more than one 
country based on authors' affiliations.

Regional level

As the eight regions differ with regard to their productivity 
in public health research and impact of their research, they 
shall be considered separately through an in–depth analy-
sis to identify the hubs of research within those regions, as 
well as the topics of interest. Figures 2 to 9 provide sum-
mary results in the form of a “fact sheet” for each region.

In the first time–period (1996–2000), the most productive 
region was Europe with 27 688 publications, closely fol-
lowed by Americas I with 25 951 publications. This pattern 

Figure 1. Total number of public health–related publications 
worldwide over 3 time periods.
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is followed in the further two time periods, 
with Europe and Americas producing 68 260 
and 66 933 publications in 2006–2010, re-
spectively. The least productive region in 
1996–2000 is the Eastern Mediterranean with 
820 publications and the region remain low-
est–ranked in 2006–2010 with 3962 publica-
tions. However, these regions do not have sim-
ilar population sizes or number of countries. 
Therefore, the absolute rate of increase should 
also be considered in cross–regional compari-
sons. The region with the largest absolute in-
crease in productivity is West Pacific II. The 
number of publications in that region in-
creased from 1137 in 1996–2000 to 8837 in 
2006–2010, representing an absolute increase 
of 677%. Europe had the lowest increase in 
publications during the same period, of 146% 
(Table 2).

The region with the highest h–index through-
out all three time periods was Americas I. Their 
h–index increased from 174 to 300. However, 
they had the lowest absolute rate of increase in 
h–index, of 72% (Table 2). The Eastern Med-
iterranean Region (EMR) had the lowest h–in-
dex in all three periods – 23 (in 1996–2000), 
36 (in 2001–2005) and 70 (in 2006–2010). 
However, they were also the region with the 
greatest increase in h–index, by 204%. In ev-
ery region, the absolute increase in number of 
publications (productivity) was greater than 
the increase in h–index (Table 2).

National level

The countries were ranked by total number of 
publications over the three investigated five–
year periods. Figure 10 ranks the top 25 most 
productive countries over the three time peri-
ods. The complete set of results can be seen in 
Online Supplementary Document. The USA 
dominates by a wide margin, with the UK, 
Canada, Germany and France consistently 
ranking in the top five. Of note is the overall 
improvement in productivity and well as rank-
ing of some the BRICS nations, specifically 
Brazil and China, with South Africa making an 
entrance into the top 25 in 2006–2010.

Considering the h–index of individual coun-
tries, it can be noted that the overall trend is 
an increase in h–index over the three time pe-
riods. Figure 11 ranks the top 25 countries 
with the highest h–indices over the three time 

Figure 2. An assessment of capacity to conduct public health research for 
African region.
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periods. The complete set of results can be 
seen in Online Supplementary Document. 
The USA is the leading country on this list, 
but not to such a degree as in total publica-
tion number. Smaller European nations, such 
as Sweden, Finland and Switzerland, have 
risen up the ranks based on their h–index al-
though they did not feature as highly in total 
publication number. The BRICS nations con-
tinue to improve, particularly China, Brazil 
and India, with both an increase in quantity 
of papers and h–index.

To explore which nations were the most suc-
cessful throughout the entire study period in 
improving their capacity for research, the ab-
solute rate of increase for nations with an 
original h–index greater than 10 between the 
1995–2000 hours–index and the 2006–
2010 hours–index was calculated. Estonia 
and Pakistan are at the top of the rankings, 
with an absolute rate of increase of 230%. In 
comparison, the USA’s rate of increase was 
74% and the UK’s 106%. The only countries 
found to have a negative rate of change be-
tween the two time periods were Jamaica 
(with a decrease of 15%) and Guinea–Bissau 
(with a decline of 20%).

The total number of publications in relation 
to GDP was considered for the 2006–2010 
period. To avoid spurious results, only coun-
tries with more than 30 publications were 
included. The 25 countries that were most 
productive in relation to their GDP are 
ranked in Table 3, and the full results can be 
found in Online Supplementary Docu-

ment. African Nations dominate the top 25 
ranks, indicating that some of them are being 
very productive with limited resources, par-
ticularly the Gambia – whose GDP is amongst 
the lowest worldwide.

The h–index was then reviewed in relation 
to GDP and the list of top 25 countries is 
shown in Table 4. Full results are available 
in Online Supplementary Document. As 
with the absolute rate of increase, only coun-
tries with an h–index greater than 10 in 
2006–2010 were considered. The upper 
ranks are again dominated by African na-
tions, whilst the USA now ranks second to 
last. The Gambia has again performed par-
ticularly well, indicating that they are pro-
ducing high quality research with limited re-

Figure 3. An assessment of capacity to conduct public health research for 
North–American region.
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sources. This is clearly a result of the research activity of a 
well–known international research centre, supported large-
ly by the Medical Research Council in the UK, that was es-
tablished in the Gambia in the 20th century.

In the period 2006–2010, it was noted that there was a 
considerable gap between the country at the top of the 
rankings and all others from the same region in the num-
ber of publications and h–index. In the African region, 
South Africa was at the top (1579 publications and h–in-
dex of 77); in Americas I, the USA (59 416 publications 
and h–index of 294); in Americas II, Brazil (6540 publica-
tions and h–index of 78); in East Mediterranean, Iran 
(1326 publications and h–index of 42); in Europe, the UK 
(publications 18 918, h–index 223); in SE. Asia, India 
(2843 publications; h–index of 72); in West Pacific I, Aus-
tralia (8025 publications; h–index 143); and in West Pa-
cific II, China (6049 publications; h–index 100). When 
h–index is considered in relation to GDP, the only country 
that remains at the top within its own region is India – 
which has the highest h–index per GDP in SE. Asia. The 
remaining countries all moved down their regional rank-
ings, because other nations with lower total publications 
and h–indices perform better in relation to their GDP. 
Countries which are particularly successful in relation to 
their GDP are the Gambia, Malawi, Barbados, Nicaragua, 
Jordan, Lebanon, Iceland, Estonia, Thailand, Laos and 
Mongolia.

Sub–national level

In general, the percentage of papers in regional h–cores that 
were originated at a regional university increased through-
out the three time periods. The exceptions were SE. Asia 
and West Pacific II, where the percentages in the first and 
the last time period were very similar. The region with the 
greatest university contribution to the regional h–core was 
Europe, where 89% of h–core publications had authorship 
from a European university. This was similar in other re-
gions with high–income countries, such as Americas I 
(with 85%) and West Pacific I (with 82%). However, in 

Table 2. Absolute increase in number of publications and h–in-
dices for each region

Region absolute incRease in numbeR of 
Publications betWeen 1996–2000 
and 2006–2010 (%)

absolute incRease in h–
index betWeen 1996–2000 
and 2006–2010 (%)

Africa 174 95

Americas I 158 72

Americas II 334 110

East Med 383 204

Europe 146 96

South–East Asia 327 152

West Pacific I 209 108

West Pacific II 677 148

Table 3. Top 25 countries ranked by total number of publica-
tions/gross domestic product (GDP) in 2006–2010

Rank countRy gdP (2010, in 
us$ billion)

PaPeRs in 
2006–2010

PaPeRs PeR 
gdP

1 Gambia 0.78 73 93.1

2 Malawi 3.29 143 43.5

3 Uganda 13.36 326 24.4

4 Zimbabwe 5.20 122 23.5

5 Kenya 23.53 482 20.5

6 Burkina Faso 7.11 127 17.9

7 Tanzania 19.72 341 17.3

8 Iceland 16.39 259 15.8

9 Senegal 10.37 159 15.3

10 Nepal 10.10 148 14.6

11 Mongolia 3.45 47 13.6

12 Zambia 9.80 131 13.4

13 Ghana 14.80 197 13.3

14 Estonia 13.90 181 13.0

15 Lao 4.02 52 12.9

16 Benin 5.23 61 11.7

17 Ethiopia 20.40 235 11.5

18 Cambodia 8.69 100 11.5

19 New Zealand 120.04 1361 11.3

20 Croatia 45.87 506 11.0

21 Cameroon 19.21 210 10.9

22 Rwanda 3.79 41 10.8

23 Denmark 256.82 2757 10.7

24 Mozambique 9.13 96 10.5

25 Madagascar 5.76 60 10.4

Table 4. Top 25 countries ranked by h–index/ gross domestic 
product (GDP) in 2006–2010

Rank countRy gdP (2010, in 
us$ billion)

h–index foR 
2006–2010

h–index PeR 
gdP

1 Gambia 0.78 22 28.1

2 Malawi 3.29 29 8.8

3 Lao 4.02 18 4.5

4 Zimbabwe 5.20 23 4.4

5 Rwanda 3.79 15 4.0

6 Fiji 3.03 12 4.0

7 Niger 4.38 17 3.9

8 Burkina Faso 7.11 25 3.5

9 Mali 6.97 23 3.3

10 Iceland 16.39 54 3.3

11 Mongolia 3.45 11 3.2

12 Madagascar 5.76 18 3.1

13 Uganda 13.36 39 2.9

14 Benin 5.23 14 2.7

15 Cambodia 8.69 23 2.6

16 Papua New Guinea 6.55 17 2.6

17 Malta 6.65 17 2.6

18 Barbados 4.03 10 2.5

19 Mozambique 9.13 22 2.4

20 Estonia 13.90 33 2.4

21 Senegal 10.37 24 2.3

22 Nepal 10.10 23 2.3

23 Zambia 9.80 22 2.2

24 Kenya 23.53 52 2.2

25 Gabon 9.68 19 2.0
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poorer regions, the percentage of papers in 

the h–core originated from a regional univer-

sity was lower. In SE. Asia, only 49% of pa-

pers were university–based in 2006–2010, 

and in Africa they contributed to 55%. Some 

of the leading regional universities are Cape 

Town's, Harvard, Universidade de Sao Paulo, 

Oxford, Madihol and Sydney's.

Types of research

The four instruments (or “domains”) of 

health research, as described by Rudan [15], 

could be summarized as “the four D's”: “de-

scription”, “delivery”, “development” and 

“discovery”. We categorized each paper that 

contributed to the regional h–core in each 

time period into one of those four domains. 

The results for each individual region can be 

seen in Figures 2 to 9. In each region, the 

majority of papers in the h–core were “de-

scriptive” papers – ranging from 64% (in 

West Pacific I) to 79% (in South–East Asia). 

In all regions, the proportion of research in 

the h–core relating to “discovery” research 

decreased, with the exception of Eastern 

Mediterranean region (EMR) where it re-

mained stable. There was little change in the 

proportion of research that related to “devel-

opment”, but in the majority of regions, re-

search on “delivery” in public health in-

creased (the only exceptions being Americas 

I and West Pacific I).

Topics of research

Each publication that related to a disease in 

a region’s h–core throughout the three time 

periods was classified into non–communi-

cable diseases (NCDs), infectious diseases 

(ID), other diseases, or a predominantly 

methodological papers. In three regions, 

NCDs were the topic of most interest in the 

h–core throughout all three time periods: 

Americas I, Europe and West Pacific I. In two 

regions, the research interest was mainly fo-

cused on infectious diseases throughout all 

three periods: Africa and South–East Asia. In 

the remaining three regions (Americas II, 

Eastern Mediterranean and West Pacific II), 

a similar pattern can be seen – the propor-

tion of papers relating to communicable dis-

eases is decreasing, and the proportion relat-

ing to NCDs is increasing (Figures 2 to 9).
Figure 4. An assessment of capacity to conduct public health research for 
Latin–American region.
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The specific diseases under investigation by 

the publications in the h–core follow a similar 

pattern to the proportion of topics. Cardio-

vascular diseases were most frequently stud-

ied in high–income regions, and increasing in 

importance in regions with lower income. 

Moreover, in high–income regions, diabetes, 

obesity and depression are increasing in im-

portance. Overall, there is a slight increase in 

the proportion of papers relating to psychiat-

ric illnesses, with the greatest increase in the 

West Pacific I. In Europe, papers relating to 

the methodology of performing public health 

research are increasing.

DISCUSSION

Increasing investment in global public health 

research has resulted in a need to under-

stand where capacity to perform research 

lies. Currently, some areas of the world may 

not be seen as “worthy” of research invest-

ment by some funders. However, there is a 

lack of an established and effective method-

ology that can be used to identify the nations 

and institutions that are demonstrating an 

improved capacity for public health research 

globally. This study was successful in devel-

oping a new bibliometric approach to address 

this question, by adapting the h–index to al-

low research capacity in public health world-

wide to be assessed over time. The results 

clearly highlight countries that improved 

their capacity for public health research and 

the institutions that are contributing substan-

tially to public health research. In addition, 

this study has been successful in providing an 

understanding of the trends in research in-

struments (“domains”) used and topics that 

were investigated through public health re-

search.

This study has, therefore, not only estab-

lished a methodology to assess public health 

research capacity worldwide, but also pro-

vided a baseline to which future evaluations 

can be compared. In addition, the method-

ology developed here could be adapted to 

any other topic of scientific research in order 

to assess global, regional, national and sub–

national capacity for research.

On viewing the total number of publications 

and h–indices over the three time periods for 
Figure 5. An assessment of capacity to conduct public health research for 
Eastern Mediterranean region.
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each region, it can be seen that the large ma-
jority of papers come from European and 
America I regions. However, despite the 
large numbers of publications, their absolute 
increase over time in both number of publi-
cations and h–index is relatively low. Other 
regions, such as Eastern Mediterranean and 
South–East Asia, are showing a considerable 
improvement in both publication number 
and h–index. At the same time, Western Pa-
cific II region has seen a huge absolute in-
crease in publications, but the increase in 
h–index is not correspondingly high. Africa 
has a fairly low absolute increase in both 
publication number and h–index, with low 
values to start from, too.

The USA clearly dominates in terms of pro-
ductivity and h–index. However, when GDP 
is taken into account, the USA actually ranks 
rather low. In comparison to the UK, which 
consistently ranks second in terms of both 
quantity and quality, the USA is producing a 
huge amount of research, yet their h–index 
is not correspondingly high. At the same 
time, the BRICS nations have been making 
substantial improvements, all of them 
ranked in the top 25 countries for produc-
tivity and h–index in 2006–2010 period, 
with the exception of Russia. They all had 
absolute rates of increase in h–index greater 
than 140% except Russia, whose rate of in-
crease was only 44%. It is possible this could 
be explained by the frequency at which 
countries publish in the English language. 
As reported in the literature review, non–
English language journals are less frequently 
indexed in WoS. Some nations may appear 
not to be performing well, when in fact it is 
simply that their research is predominantly 
published in non–English language journals. 
This has been reported to be the case for 
Russia in stroke–related research [17]. How-
ever, this could also be the case for many 
other countries, whose research capacity is 
being under–represented in this analysis. 
Furthermore, as non–English language pa-
pers are less likely to be cited [18], they may 
incorrectly appear to be of lower quality 
whenever citations are used as a partial indi-
cator of research quality.

Despite low numbers of publications and 
low h–indices in general, African nations can 
be seen to be performing well, considering 

Figure 6. An assessment of capacity to conduct public health research for 
European region.
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the resources available (measured by GDP). 
However, similar to South–East Asia, about 
half of the papers in the h–core for the region 
have been produced by non–university in-
stitutions. It is, therefore, likely that interna-
tional research organisations are performing 
large portion of this regional research, which 
may inhibit the progress of local universities. 
For example, in Egypt, the US Navy per-
formed much of the research in the h–core. 
However, in the majority of regions, the pro-
portion of non–university authored publica-
tions in the h–core is declining, suggesting 
that university–based research is improving 
in quality almost universally.

On reviewing the research topics that occur 
in the h–core of the regions, it can be noted 
that Africa and South–East Asia are the only 
two regions where communicable diseases 
remain proportionally the most studied in 
the 2006–2010 time–period. The Eastern 
Mediterranean, America II and West Pacific 
II regions can be seen as transitioning from 
their historic focus on communicable dis-
eases to NCDs, whilst Europe and America 
I have a very similar distribution of research 
throughout. Regarding research instruments 
(“domains”), both Rudan et al. and Leroy et 
al. proposed that too much research funding 
may be allocated to the development of new 
interventions, which could not be as effec-
tive in reducing child mortality as imple-
menting the existing interventions effective-
ly [15,19]. It is, therefore, pleasing to see an 
increase in research related to delivery of in-
terventions, whilst research relating to novel 
discoveries is decreasing, thus achieving a 
more desirable balance. In Africa in particu-
lar, research on delivery of public health in-
terventions is increasing in both quality and 
quantity, demonstrating the capacity in this 
region to improve implementation of avail-
able interventions.

The key strength of our study lies in the 
methodology developed, which allowed not 
only an assessment of global public health 
research capacity, but also the trends over 
time. This was the first application of this 
novel methodology, using existing large data 
sets on WoS in a novel way, allowing the 
emerging research hubs to be identified and 
the current research trends to be visualised. 
The use of the three–year citation window 

Figure 7. An assessment of capacity to conduct public health research for 
South–East Asian region.
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following each 5–year period ensured that 

studies towards the end of the time–period 

had adequate time to be cited. Furthermore, 

in the validation of 2654 articles that con-

tributed to the regional h–indices through-

out the 3 time–periods, 2% were found to 

not be relevant to public health. This was felt 

to be an acceptable level of specificity. When 

considering the possible biases related to 

sensitivity of the proposed approach to lit-

erature search, whilst there are undoubtedly 

public health papers that remained uniden-

tified using our search strategy, we find it 

unlikely that this problem could affect the 

overall results or rankings of nations that we 

reported here, and which seem plausible to 

a large extent.

The novel use of the h–index proposed in 

this study has provided a single measure 

with which the quality and quantity of re-

search produced by regions, nations and in-

stitutions can be compared over time. Whilst 

the h–index is superior to citations per paper 

and IF, it does have its limitations. As an ex-

ample, it does not provide an understanding 

of the proportion of low quality studies pro-

duced by a country or region. In the case of 

the USA, this could be particularly interest-

ing, as their h–index is very high, yet they 

have a vast number of publications which do 

not contribute to it, which is proportionally 

much greater than other nations. There is 

also a possible concern about the phenom-

enon known as the “Matthew effect”, where 

more recognised and established researchers 

may have their work cited more, simply due 

to name recognition rather than the true 

quality of the publication [20]. This would 

falsely inflate the apparent gap between 

more established research nations and those 

that are emerging. In addition, it has been 

shown that the h–index is higher when there 

is more international collaboration between 

nations [21]. As a metric, it therefore disad-

vantages those LMIC who do not have as 

much opportunity for collaboration as North 

America and Europe. This would, again, act 

to increase apparent inequalities between es-

tablished and emerging research nations.

As with many bibliometric–type studies, this 

study has limitations that are inherent in us-

ing an online database to access citation 
Figure 8. An assessment of capacity to conduct public health research for West 
Pacific I region.
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data. These databases have language bias, 

with papers and journals not writing in Eng-

lish less likely to be indexed. The result 

would be fewer publications from emerging 

research countries, where research is more 

likely not to be published in English. Anoth-

er problem was studied by Gingras, who 

noted that some wealthy institutions from 

middle–income countries may be able to 

manipulate their citation numbers by offer-

ing highly cited researchers attractive con-

tracts for minimal work if they would agree 

to affiliate themselves with the paying uni-

versity as the secondary affiliation. Gingras 

describes these as “dummy affiliations”, with 

no real impact on teaching and research in 

universities, allow marginal institutions to 

boost their position in the rankings of uni-

versities without having to develop any real 

scientific activities [22].

There are also many academics who view the 

use of citation metrics to measure quality of 

research as “a terrible idea”. Sabaratnam and 

Kirby wrote a response to the Higher Educa-

tion Funding Council for England, who 

were considering using citation metrics 

when assessing research quality, and re-

ceived over 200 signatories objecting to the 

idea [23]. They quite rightly pointed out that 

a citation is not necessarily an endorsement 

of quality. They state that all methods cur-

rently available to assess quality are flawed. 

Whilst the h–index is certainly not a perfect 

measure of research quality or capacity, it 

seems that it may be the best currently avail-

able. The fact that there is not a perfect mea-

surement technique does not mean that no 

attempt should be made to understand pub-

lic health research capacity, and identify 

those who are improving.

Hirsch himself believed that “a single number 

can never give more than a rough approxima-

tion to an individual’s multifaceted profile, 

and many other factors should be considered 

in combination in evaluating an individual” 

[24]. It is certainly not possible that a single 

metric, such as h–index, can truly describe 

an institution or country’s contribution to 

global public health research. However, this 

study provides a bibliometric profile of re-

gions, countries and institutions which, 

when viewed together, can characterise their 
Figure 9. An assessment of capacity to conduct public health research for West 
Pacific II region.
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publication and research efforts and provide an indication 
of their capacity to perform public health research. Despite 
the limitations of bibliometric research, this study has been 
successful in identifying nations in each region which have 
capacity for public health research, which are improving 
and which are performing well despite limited resources.

Many of the nations seem to be improving both the qual-
ity and the quantity of their public health research with 
comparatively limited resources. Whilst some of these 
countries were expected to be making improvements, 
based on their rapid economic development (such as Bra-
zil, South Africa, China and India), there have also been 
other unexpected nations demonstrating great capacity for 
public health research. Some, like Estonia and Pakistan, 
have made huge strides in improving their research qual-
ity and quantity. Others, like the Gambia, Malawi and Laos 
are producing high quality research despite extremely lim-
ited domestic resources. In addition, those universities 
which are contributing substantially to national research 
capacity should be recognised and supported.

We mentioned in the introduction section that the use of a 
country’s GDP for expenditure on health research is a 
proxy, as there is no other reliable method to track such 
expenditures. In light of this knowledge, social and politi-
cal differences (such as war, conflict, or financial instabil-
ity) between countries or regions might also make it a chal-
lenge in figuring out how governments spend money on 
health research [25].

Figure 10. Top 25 countries ranked by total number of publications in each time period. Continuous blue lines 
indicate improvement in rank between the two periods or no change in rank. Dashed blue lines indicate 
decrease in rank between the two periods.

In the future, public health research shall likely become 

increasingly specialized, which may result in cutting–edge 

research becoming more expensive and based on large–

scale “biobanks”. Therefore, identifying universities that per-

form well in all regions and increasing international com-

munication and cooperation will be beneficial to the global 

public health research community. In many of the low–in-

come countries, there is also a discrepancy between their 

current disease burden and the ability to perform public 

health research. Their universities should further focus on 

studying delivery of the existing public health interventions, 

to allow evidence–based decisions to be made based on lo-

cally relevant research. Increasing collaboration between 

LMICs and forming so–called “South–South partnerships” 

to address common health problems would also be benefi-

cial, with a focus on those diseases that contribute signifi-

cantly to national disease burdens, such as diabetes and car-

diovascular disease. Ranasinghe argued that researchers in 

LMIC face additional challenges when attempting to publish 

their research, which is largely due to language and funding 

issues [26]. Therefore, medical journals should be encour-

aged to provide researchers throughout the world with equal 

opportunity to publish their research, and offer guidance 

how to improve its quality.

In the future, this study should be repeated at five–yearly 

intervals to identify new and emerging hubs of public 

health research. In order for future studies to be completed 

more efficiently, there are a number of steps that Web of 
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ScienceTM (WoS) itself could take to make the process more 
streamlined. It would be very beneficial to allow citation 
data to be collected for those searches which have >10 000 
results. As the quality of research continues to grow, there 
will soon be many countries who produce >10 000 public 
health publications in a 5–year period. In addition, remov-
ing the cap, which only allows the citation data of 500 pub-
lications to be downloaded at a time, would be helpful. As 
some countries have over 50 000 publications to be anal-
ysed, collating all these results is extremely time consum-
ing and could easily be avoiding by some simple adjust-
ments by WoS. This methodology could also be extended 
to other fields of science, allowing them to assess the de-
velopment of research capacity worldwide. However, it 
should be remembered that the evaluations of different 
fields based on h–indices are often not comparable, primar-
ily due to large differences in the number of participating 
researchers and an overall number of citations.

CONCLUSION

This is an exciting time for public health research. The 
potential funding available for research is larger than ever, 

Figure 11. Top 25 countries ranked by h–index in each time period.  Continuous blue lines indicate improvement in rank 
between the two periods or no change in rank. Dashed blue lines indicate decrease in rank between the two periods.

allowing the quantity of research to increase, and the 
quality to improve. However, there is a danger that fund-
ing will continue to be allocated mainly to established and 
traditional “hubs” of research. In recent years, many na-
tions, particularly LMIC, have been improving their re-
search quantity and quality – thereby gaining capacity for 
public health research. This study was successful in de-
veloping a methodology, based on the h–index, which 
provides an assessment of capacity for public health re-
search from 1996–2010. As expected, the USA and UK 
dominated public health research globally. However, there 
were a number of countries with limited resources, dem-
onstrating improved capacity for public health research. 
In addition, university contributions to high quality re-
search were increasing. There has been a shift in research 
domains – with more research on improving deliverabil-
ity of existing interventions. The research being per-
formed is also more representative of the burden of dis-
ease worldwide, with a shift towards NCDs. In order to 
improve the overall quality of public health research, in-
ternational collaborations should be encouraged, while 
medical journals should seek to ensure that publication 
is a fair and equitable process.
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Structure, function and five basic needs 
of the global health research system

Background Two major initiatives that were set up to support and 
co–ordinate global health research efforts have been largely discon-
tinued in recent years: the Global Forum for Health Research and 
World Health Organization's Department for Research Policy and Co-
operation. These developments provide an interesting case study into 
the factors that contribute to the sustainability of initiatives to sup-
port and co–ordinate global health research in the 21st century.

Methods We reviewed the history of attempts to govern, support or 
co–ordinate research in global health. Moreover, we studied the 
changes and shifts in funding flows attributed to global health re-
search. This allowed us to map the structure of the global health re-
search system, as it has evolved under the increased funding contri-
butions of the past decade. Bearing in mind its structure, core 
functions and dynamic nature, we proposed a framework on how to 
effectively support the system to increase its efficiency.

Results Based on our framework, which charted the structure and 
function of the global health research system and exposed places and 
roles for many stakeholders within the system, five basic needs 
emerged: (i) to co–ordinate funding among donors more effectively; 
(ii) to prioritize among many research ideas; (iii) to quickly recognize 
results of successful research; (iv) to ensure broad and rapid dissem-
ination of results and their accessibility; and (v) to evaluate return on 
investments in health research.

Conclusion The global health research system has evolved rapidly 
and spontaneously. It has not been optimally efficient, but it is pos-
sible to identify solutions that could improve this. There are already 
examples of effective responses for the need of prioritization of re-
search questions (eg, the CHNRI method), quick recognition of im-
portant research (eg, systems used by editors of the leading journals) 
and rapid and broadly accessible publication of the new knowledge 
(eg, PLoS One journal as an example). It is still necessary to develop 
tools that could assist donors to co–ordinate funding and ensure more 
equity between areas in the provided support, and to evaluate the 
value for money invested in health research.

In the past four years, two major initiatives that were set up with the aim 
to support and co–ordinate global health research efforts have been large-
ly discontinued. The first is the Global Forum for Health Research, which 
was established in Geneva in 1998 to support WHO’s focus on health re-
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search [1]. The second is WHO's Department for Research 
Policy and Cooperation (WHO RPC), which ceased its op-
erations in 2012 during the WHO's internal reform. Almost 
ironically, the annual WHO World Health Report for 2012 
announced its theme as: “No health without research” and 
was to be coordinated by the WHO RPC [2]. The journal 
PLoS Medicine agreed to publish a special series on health 
research in parallel to the release of the World Health Re-
port, as discussed in the journal's editorial to the series, 
entitled: “The World Health Report 2012 that Wasn’t” [3]. 
Eventually, the report was retitled “Research for Universal 
Health Coverage” and published in 2013 [4].

These developments provide an interesting case study into 
the factors that contribute to the sustainability of initiatives 
to govern, support and co–ordinate global health research 
in the 21st century. A timeline of key events that set the 
current context is shown Figure 1. In this viewpoint, we 
will map the structure of the global health research system 
as it has evolved under the funding increases of the past 
decade. Bearing in mind its structure, core functions and 
dynamic nature, we will propose a framework on how to 
effectively support the system to increase its efficiency.

THE EVOLVING STRUCTURE OF THE 
GLOBAL HEALTH RESEARCH SYSTEM

Over the past two decades, the funding available for health 
research has increased rather dramatically from US$ 50 bil-
lion in 1993 to US$ 240 billion in 2009 [5], but this did 
not happen in any planned or coordinated way. Those who 
tried tracking this funding – such as the Global Forum for 
Health Research in its annual reports, G–FINDER, the In-
stitute for Health Metrics and Evaluation and other aca-
demics, provided rather different figures [5–9]. This dis-
crepancy is largely due to the difficulty in distinguishing 
research funding from broader development assistance for 
health. There is also lack of consensus on whether the 
funding invested in high–income countries to study health 

challenges that may be relevant to low and middle–income 
countries should also be included. Still, under any assump-
tion, the interest in funding global health research is grow-
ing, and the structure of this system is rapidly evolving.

In Figure 2, we show the simplified representation of the 
key stakeholders and processes, based on how the funds 
flow through the system. At the beginning of the system is 
the source of the funding – with donors being either pub-
lic, private, or the emerging “class” of donors – the large 
philanthropies, such as the Bill and Melinda Gates Foun-
dation (BMGF), the Carlos Slim Foundation, and the Rock-
efeller Foundation. They all provide financial support for 
the projects of researchers employed in universities, re-
search institutes, international organizations, biotech com-
panies and small and medium enterprises (SME are a grow-
ing “class” of recipients). They also fund stakeholders with 
research capacity in low and middle–income countries that 
can help carry out the research projects as equal partners. 
Eventually, the responsibility for spending the funds is 
passed down to research teams and their international con-
sortia, which conduct research to generate new knowledge 
in several generic areas: measuring a problem; understand-
ing its cause(s); elaborating solutions; translating the solu-
tions or evidence into policy, practice and products; and/
or evaluating the effectiveness of solutions [10].

The decision over the channel of dissemination of this knowl-
edge is made by a new set of stakeholders (Figure 2), which 
may involve research committees of public institutions, jour-
nal editors, reviewers, donor representatives, company man-
agers or owners. The bulk of work will end up published by 
research journals, where editors and reviewers, and some-
times even private publishers, influence decisions on the 
shape and form of publication. The funders increasingly re-
quire researchers to publish in open–access journals. Some 
of the findings do not get published because placing the 
knowledge in the public domain would invalidate patent ap-
plications and subsequent financial profits. This new knowl-
edge can also be presented at conferences, published as a re-
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Figure 1. A timeline of several important events relevant to governance, support and co–ordination of global health research that 
determined the current context.
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port to the funder, as “grey literature”, or simply posted on 
the internet. Finally, in many cases, new knowledge does not 
get published in any way – perhaps due to insufficient rele-
vance or novelty, concerns over its quality, or simply a lack of 
a positive result. In the end, the published knowledge can be 
professionally evaluated and replicated, with a growing in-
dustry of companies offering those services. Moreover, uni-
versities have set up structures to help researchers to com-
mercialize their work and set up spin–out companies.

THE CORE FUNCTIONS OF THE GLOBAL 
HEALTH RESEARCH SYSTEM

There should not be much controversy over the main func-
tion of the global health research system: it is there to use 
donors’ funding to support experiments that address per-
tinent health research questions. In this way, through an-
swering those questions, new knowledge is continuously 

being generated. This knowledge is then translated into 
both clinical and public health practice in order to reduce 
the burden of disease in the population and improve 
health–related outcomes.

The effectiveness of the global health research system to 
perform its main function will depend on the efficiency of 
several of its sub–components (Figure 2). First, donors 
need to be motivated to continue investing; informed to un-
derstand the targets; and coordinated to avoid over– and 
under–funding certain areas. This, in turn, ensures effi-
ciency of their investments. Second, researchers need to 
prioritize research ideas well, to balance those that could 
benefit the public relatively soon with more speculative and 
downstream ones. They need to design and conduct the 
experiments carefully to ensure that their efforts are useful 
even when the result is negative. Third, managers, journal 
editors and media need to recognize important progress 
accurately to ensure efficiency in selection of work that re-

Figure 2. The structure of the global health research system and the five basic needs to ensure its efficient 
performance.
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ceives attention. Fourth, publishers need to ensure broad 
open access to all new knowledge that results from health 
research and rapid accessibility of information without ex-
ception. Fifth, the effectiveness of translation of the new 
knowledge into practice needs to be evaluated. This is im-
portant because it could help recognizing the most prom-
ising research projects and ideas earlier in the process. It 
would also allow comparisons of returns on investments 
in health research with other competing investments that 
could also improve health, such as development assistance, 
infrastructure projects, or simply increased purchase and 
coverage of existing interventions.

After the relatively stagnant nature of the global health re-
search system throughout most of the second half of the 
20th century, the system evolved rapidly over the past de-
cade and took a life of its own in all of its segments. At-
tempts to support and co–ordinate such a dynamic and 
unpredictably evolving system using a ‘top–down’ ap-
proach may have seemed a feasible and sustainable mission 
from the perspective of the post–World War II world, when 
the UN was established. However, the 21st century global 
health research system has developed in a “bottom–up”, 
“laissez–faire” manner, in which the stakeholders them-
selves are continuously inventing improved practices and 
introducing changes in the models that worked well in pre-
vious decades. This is happening at all levels – with emerg-
ing big donors, innovative finance mechanisms, creative 
organization of large international consortia of research 
teams and their collaborations on “big science”. There are 
now many web–based routes to publication, new tools and 
measures of assessment of research output (like Google 
Scholar, Scopus, Research Gate and H–index metric), and in-
creased support mechanisms for rapid translation, com-
mercialization and implementation of research results. In 
such a dynamic system, any attempt to influence the rele-
vant stakeholders and processes from the “outside” by a 
group of experts who drive their legitimacy exclusively 
from a fact that they are employees or affiliates of the UN 
is largely unrealistic and outdated.

FIVE BASIC NEEDS OF THE GLOBAL 
HEALTH RESEARCH SYSTEM AND 
PROPOSED SOLUTIONS TO IMPROVE 
ITS EFFICIENCY

We now propose an alternative route to improved efficien-
cy of the global health research system that would be pri-
marily needs–based, and therefore likely welcomed by the 
stakeholders in the system. At the top of Figure 2, it is clear 
that the emergence of new donors is certainly a positive 
development, but it requires their sustained motivation and 
also carries a large risk of becoming un–coordinated and 
unbalanced, with high preference towards certain topics 

and neglect of others. This is a real risk that has already 

been exposed in even the most basic analysis of funding 

flows [7]. To help the system develop and grow in an eq-

uitable way at this level, there is a need to continuously 

track funding using an internationally agreed methodology, 

preferably by more than one agency/institute. Beyond sim-

ply tracking funding, a tool is needed to ensure that no ar-

eas are neglected in comparison to areas of strong donor 

preference, thus assisting policy–makers and donor repre-

sentatives. As a possible solution, we are working to pro-

pose a “Stock Market for Global Health Research Invest-

ment Options” – a tool that would use analogy to real–time 

stock markets to compare the burden of different health 

problems with the investments being committed to those 

problems, using the most recent available information.

The main need at the level of the recipients in the system – 

the communities of researchers (Figure 2) – is to find ways 

to communicate and agree on their own field's research pri-

orities, so that a more balanced and unified case on funding 

priorities could be presented to donors from the “cutting 

edge” of research. As a possible solution, “the CHNRI meth-
od” developed by the Child Health and Nutrition Research 

Initiative (CHNRI) of the Global Forum for Health Research 

seems to be an example of this need being met rather effec-

tively [11]. This “crowd–sourcing” approach to generating 

and managing research ideas, while balancing short–term 

and long–term vision and different instruments of health 

research, has been validated through many applications 

[12–15]. The results from 50 conducted research prioritiza-

tion exercises have been published by mid–2015, and many 

further exercises are being conducted presently [15]. A re-

cent independent review showed that 18% of prioritization 

exercises in global health research in recent years used the 

CHNRI methodology, which made it the most frequently 

used specific priority–setting method [16].

Then, at the level of stakeholders who govern dissemina-

tion of research results (Figure 2), there is a need for a tool, 

process or a system that would recognize important re-

search, promote and reward it appropriately [17]. Interest-

ingly, journal editors operate such systems already while 

reaching their decisions on which papers to publish. Given 

that many of them select less than 10% of submissions for 

publication, the journals that manage to maintain high 

quality and substantial impact over time have clearly de-

veloped well–performing systems. We propose to learn 

more of their decision–making systems and processes and 

review the results of their work – both at the level of jour-

nal's impact, and of individual papers – over long periods 

of time. This should allow development of a system that 

would be highly sensitive to important research and ensure 

its publication, but also quite specific, reducing the amount 

of published work that is not relevant.
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Clearly, it is difficult to predict the impact that research ar-

ticles may have in the future at the point at which they are 

being evaluated. However, in the new world of “big data”, 

it is possible to conduct massive exercises in available da-

tabases of research papers and their received citations to 

search for common patterns that are shared among those 

papers that have most impact. Recently, the journal Nature 

devoted a special news feature to analysis of the 100 most 

cited papers of all time [18]. In a related feature, titled “Is 

your most cited work your best?”, Ioannidis et al. tried to 

capture the key dimensions that need to be addressed to 

make any biomedical research “exceptional”. They asked 

about 400 most cited biomedical scientists in the world 

(123 of whom responded) to score their 10 most cited pa-

pers from 0–100 for each of the six criteria that they hy-

pothesized may be inherent to truly exceptional work. 

They termed these six criteria “Continuous Progress, Broad-

er Interest, Greater Synthesis, Disruptive Innovativeness, 

Surprise and Publication Difficulty” [19]. Their exercise 

made some of the first steps towards a more systematic and 

transparent framework that could allow capturing the ex-

ceptional nature of biomedical research articles at the time 

they are evaluated, rather than having to wait for many 

years to determine their importance through impact they 

generated and citations they received [19].

At the next level – dissemination of new knowledge (Fig-

ure 2) – the need for broad and rapid access to new knowl-

edge is presently being addressed through the “open ac-

cess” movement, world wide web development, IT–based 

solutions for publication, dissemination and search en-

gines, social networks and internet–based media [20]. The 

success of PLoS One journal can be used as an excellent ex-

ample. We believe that the journal succeeded in a very 

short time, and well beyond expectations, precisely be-

cause it provided an effective solution to this particular 

need of the global health research system. It is enough to 

state that in the year of its inception, in 2006, it published 

137 papers; in 2007 it already published 1230 papers, and 

in 2013 a staggering 31 498 papers, with the number per 

year still growing strongly. At the same time, given an un-

precedentedly large denominator, it still manages to keep 

a very decent impact factor of around 4.0 in the past sev-

eral years. Clearly, many participants in the global health 

research system have recognized PLoS One as a solution 

that addresses one of the system's major needs.

Finally, at the level of research outputs, a tool is needed that 

could evaluate returns on investments in global health re-

search, and what is seen as the value for money gained 

through those investments [21]. The tool should also mon-

itor success rates in translation and implementation of the 

outcomes into products and programmes, all the way to 

measurable benefits for global public health. Such a tool 

would allow a proper understanding of the actual value of 

investing in health research, in comparison to alternative 

forms of investments that can also benefit health – eg, com-

munity infrastructure projects, improved education, safety, 

social welfare, and transportation. It is perhaps time to get 

some understanding on whether the many trillions invest-

ed in health research have been a reasonable investment – 

especially in the wake of Big Pharma largely closing down 

their R&D departments, which may provide an indication 

that they are concerned about the feasibility of those invest-

ments in comparison to alternatives. This need will be the 

most difficult to address, but we aim to propose a draft so-

lution and keep improving it over time.

CONCLUSION

The global health research system has evolved rapidly and 

spontaneously. It has not been optimally efficient, but it is 

possible to identify solutions that could improve this. There 

are already examples of effective responses for the need of 

prioritization of research questions (eg, the CHNRI method), 

rapid recognition of important research (eg, systems used by 

editors of the leading journals) and quick and broadly acces-

sible publication of the new knowledge (eg, PLoS One jour-

nal as an example). It is still necessary to develop tools that 

could assist donors to co–ordinate funding and ensure more 

equity between areas in the provided support, and to evalu-

ate the value for money invested in health research.
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Improved measurement for mothers, 
newborns and children in the era of the 
Sustainable Development Goals

Background An urgent priority in maternal, newborn and child 
health is to accelerate the scale–up of cost–effective essential inter-
ventions, especially during labor, the immediate postnatal period and 
for the treatment of serious infectious diseases and acute malnutri-
tion.  Tracking intervention coverage is a key activity to support scale–
up and in this paper we examine priorities in coverage measurement, 
distinguishing between essential interventions that can be measured 
now and those that require methodological development.

Methods We conceptualized a typology of indicators related to inter-
vention coverage that distinguishes access to care from receipt of an 
intervention by the population in need. We then built on documented 
evidence on coverage measurement to determine the status of indica-
tors for essential interventions and to identify areas for development.

Results Contact indicators from pregnancy to childhood were iden-
tified as current indicators for immediate use, but indicators reflect-
ing the quality of care provided during these contacts need develop-
ment. At each contact point, some essential interventions can be 
measured now, but the need for development of indicators predom-
inates around interventions at the time of birth and interventions to 
treat infections. Addressing this need requires improvements in rou-
tine facility based data capture, methods for linking provider and 
community–based data, and improved guidance for effective cover-
age measurement that reflects the provision of high–quality care.

Conclusion Coverage indicators for some essential interventions can 
be measured accurately through household surveys and be used to 
track progress in maternal, newborn and child health.  Other essen-
tial interventions currently rely on contact indicators as proxies for 
coverage but urgent attention is needed to identify new measurement 
approaches that directly and reliably measure their effective coverage.

Within the 17 Sustainable Development Goals (SDGs) a total of 169 tar-
gets and over 230 indicators have been defined [1]. In alignment with the 
SDGs, the Global Strategy for Women’s, Children’s and Adolescents’ 
Health (the Global Strategy) has described an ambitious action and mea-
surement agenda around the three pillars “Survive, Thrive and Transform” 
[2]. In the immediate future many countries have an unfinished agenda 
to accelerate the scale–up of cost–effective essential maternal, newborn 
and child health (MNCH) interventions that save lives as well as help 
families to thrive [3]. Tracking intervention coverage is a top priority to 
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assist this scale–up so that countries know the extent to 
which populations in need are benefiting, and delivery 
strategies are refined as a result [4]. In this paper we exam-
ine priorities in coverage measurement of essential MNCH 
interventions, distinguishing between those that can be 
measured now and those that require methodological de-
velopment.

Of particular importance is to explicitly acknowledge 
known measurement challenges across the continuum 
from pregnancy to childhood [5–7], and categorise indica-
tors that can be measured now using existing methods and 
tools (“indicators for immediate use”), and those that are high 
priority in the context of life–saving, quality care but re-
quire further methodological development and validation 
(“priority indicators for development”). Once validated using 
feasible methods, these priority indicators for development 
can be further described in global guidance and integrated 
within existing data collection systems.

The remainder of this paper proposes a transparent set of 
evidence–based considerations for the global MNCH mea-
surement improvement agenda. We draw on evidence sup-
porting cost–effective investments in MNCH [3], recom-
mendations by the Global Strategy [8], and the priorities 
identified by other initiatives including the Global Refer-
ence List of 100 core indicators [9], the World Health Or-
ganization’s consultation on quality MNCH [10], the Every 
Newborn Action Plan (ENAP) [11], and Ending Prevent-
able Maternal Mortality (EPMM) [12].

METHODS AND CONSIDERATIONS IN 
SELECTING INDICATORS FOR 
IMMEDIATE USE

Figure 1 presents a typology of indicators related to inter-
vention coverage. Level A encompasses all women and 
children who can benefit from receiving care, including 
preventive and curative services.  From this group, only 
some will access care and have the opportunity to benefit 
from the services they need (level B). But making contact 
with services does not ensure receipt of a specific interven-
tion (level C), irrespective of whether the population mak-
ing contact needs a preventive or curative intervention. 
Currently, coverage measurement for any given interven-
tion is defined as C/A, or the proportion of women and 
children who need an intervention who actually receive it. 
The innermost element of the framework (level D) high-
lights the importance of incorporating dimensions of qual-
ity within coverage, often referred to as “effective coverage”, 
for example including measures of appropriate diagnosis, 
drug dosage, or counselling.  The need for development of 
globally standardised measures of effective coverage is de-
scribed in more detail below.

Our considerations for determining the measurement sta-
tus of indicators builds on the experience and evidence 

base generated by others, including household survey pro-
grams such as Demographic and Health Surveys (DHS) 
[13] and the Multiple Indicator Cluster Surveys (MICS) 
[14], the Countdown to 2015 for Maternal, Newborn and 
Child Survival (Countdown) initiative [15], and the invest-
ment and visibility promoted by the Commission on Infor-
mation and Accountability for Women’s and Children’s 
Health (CoIA) and its independent Expert Review Group 
(iERG) [16].

We took five characteristics into account in selecting prior-
ity indicators.

1)  Public health importance. Priority indicators should 
measure progress in coverage for an intervention that has 
the potential to save a large number of women’s and chil-
dren’s lives, because it is linked through known channels 
to changes in health status. We estimate this potential us-
ing the Lives Saved Tool (LiST) [17], calculating the 
number of maternal, newborn and child lives that could 
be saved by 2030 based on the underlying assumptions 
within the model, and if universal coverage was achieved 
for the intervention in the 75 countries that accounted 
for 99% of deaths among those groups in 2014, assum-
ing coverage trajectories for all other interventions re-
main the same (Table 1). We have included indicators 
for malaria and HIV because of their importance in some 
high burden countries, even though they do not account 
for large numbers of deaths in all countries.

2)  Feasibility and affordability. Indicators for immediate 
use must be affordable and feasible for accurate mea-
surement in the majority of high–MNCH mortality 
countries to inform immediate actions.  But high–impact 
interventions for which feasible and cost–effective mea-
surement strategies are not currently available must not 
be lost and are the target of an urgent developmental re-
search agenda, described below under priority indicators 
for development.

3)  Accuracy. Measurement approaches that do not pro-
duce valid results are a waste of scarce resources, and 

Figure 1. Typology of indicators for maternal, newborn and 
child health.
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Table 1. LiST analysis of lives saved by labor and delivery management, and life–saving interventions for mothers, newborns and 
children*

estimated numbeR of deaths aveRted

Intervention Stillbirths Neonatal Child Maternal Total Rank

Labor & delivery management 689 758 549 031 76 850 1 315 639 1

Full supportive care for prematurity 544 458 544 458 2

Full supportive care for sepsis/pneumonia 409 877 409 877 3

Oral Rehydration Solution 12 653 369 423 382 076 4

Water connection in the home 368 313 368 313 5

Treatment with antimalarials 303 653 303 653 6

Oral antibiotics for pneumonia 300 682 300 682 7

Promotion of breastfeeding 74 699 191 976 266 675 8

Hand washing with soap 235 898 235 898 9

Neonatal resuscitation 212 439 212 439 10

Therapeutic feeding for severe wasting 209 442 209 442 11

Injectable antibiotics for neonatal sepsis/pneumonia 181 512 181 512 12

Kangaroo Mother Care 158 853 158 853 13

Syphilis detection and treatment 149 597 7 060 156 657 14

Pneumococcal vaccine 139 779 139 779 15

Improved sanitation 136 256 136 256 16

Clean postnatal practices 131 782 131 782 17

Clean birth practices 101 266 20 148 121 414 18

Treatment for moderate acute nutrition of children 110 671 110 671 19

Immediate assessment and stimulation of newborns 109 585 109 585 20

Hib vaccination 106 998 106 998 21

Zinc–for treatment of diarrhea 106 481 106 481 22

Zinc supplementation 104 426 104 426 23

Magnesium sulphate for pre–eclampsia 64 939 23 681 88 620 24

Homes protected from malaria by ownership of insecticide  
treated nets or indoor residual spraying

87 733 87 733 25

Chlorhexidine for cord care 82 283 82 283 26

Appropriate complementary feeding 80 081 80 081 27

Intermittent presumptive treatment for malaria in pregnancy 59 942 16 111 1 539 1 404 78 996 28

Oral antibiotics for neonatal sepsis or pneumonia 74 462 74 462 29

Thermal care for newborns 72 391 72 391 30

Hygienic disposal of stools 64 653 64 653 31

Periconceptual Folic Acid / Ferrous Sulfate 17 711 43 296 61 007 32

Antibiotics for premature preterm rupture of membranes 49 257 7 903 57 160 33

Rotavirus vaccine 56 788 56 788 34

Induction of labor for pregnancies beyond 42 weeks 47 230 47 230 35

Balanced energy protein supplementation for pregnant women 41 268 3309 44 577 36

Multiple micronutrients for pregnant women 39 615 2788 42 403 37

Active management of third stage of labor 33 782 33 782 38

Case management of maternal sepsis 23 528 23 528 39

Iron supplementation for pregnant women 21 964 1555 23 519 40

Diabetes case management for pregnant women 22 585 22 585 41

Magnesium sulphate for treatment of eclampsia 22 572 22 572 42

Improved water 21 470 21 470 43

Case management of hypertensive disorders in pregnant women 20 025 20 025 44

Safe abortion services 15 529 15 529 45

DPT3 vaccination 15 428 15 428 46

Tetanus toxoid vaccination 14 940 161 15 101 47

Vitamin A supplementation 14 967 14 967 48

Vitamin A–for treatment of measles 14 574 14 574 49

Post abortion case management 13 391 13 391 50

Calcium supplementation 8124 8124 51

Ectopic pregnancy case management 2980 2980 52

Case management of malaria in pregnant women 2347 2347 53

Antibiotics for dysentery 1017 1017 54

Hib – Haemophilus influenzae type B, DPT3 – diphtheria–tetanus–pertussis

*The potential number of lives saved by 54 evidence based interventions by 2030, estimated using the Lives Saved Tool if universal coverage was achieved 
for each intervention in the 75 countries that accounted for 99% of maternal, newborn and child deaths in 2014, assuming coverage trajectories for all 
other interventions remain the same.
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can misdirect policy and program decisions. There is a 
growing body of research demonstrating that mothers 
interviewed during household surveys (as in DHS or 
MICS) can report accurately on whether they and their 
children received some interventions, but not oth-
ers.  Particularly problematic are high impact interven-
tions around the time of birth and curative interventions 
for episodes of illness such as antibiotics for pneumonia 
[18–20]. New and innovative approaches for measuring 
coverage for these interventions are needed urgently, 
while maintaining support for household surveys able 
to produce highly–accurate estimates of coverage for 
most MNCH interventions. Surveys are also essential for 
assessing equity through disaggregated analyses, as re-
quired by SDG target 17.18 on the measurement of in-
equalities.

4)  Production of timely results with clear action impli-
cations. Indicator levels should change in response to 
increases or decreases in program inputs and outputs 
and improvements in program processes, within a time 
frame of one to three years, to provide information use-
ful to program managers. Experience has demonstrated 
that monitoring systems work best and are more likely 
to be sustained if the data they contain are used first at 
the level at which they are collected, and also at each 
higher level throughout the reporting system. Of impor-
tance is to encourage reporting and use of individual 
indicator components from the point of data collection 
through national level, but combining the components 
for global monitoring.

5)  Consistency with historical indicators, to permit 
tracking of trends. Lists of indicators evolve over time. 
New interventions are scaled up that require new indi-
cators, but also the validity of existing indicators may be 
challenged by new evidence. For example, the indicator 
for diarrhea management used in most surveys since the 
1990s was oral rehydration therapy (ORT), but more 
recently there has been a shift towards reporting on oral 
rehydration salts (ORS) plus zinc [21]. For the purpose 
of assessing time trends as we transition from the Mil-
lennium Development Goals (MDGs) to the SDGs it is 
useful to continue to report on ORT as well as ORS for 
a period of time, while also designing measurement 
methods so that adjustments to indicator definition can 
be made.

GETTING STARTED: INDICATORS FOR 
IMMEDIATE USE

In Figure 2 we present the contacts and interventions 
prioritized by different global groups in MNCH (for ex-
ample ENAP, EPMM, the Global Strategy), and include 
those supported by evidence of impact from LiST analysis 
(Table 1). After consideration of the five characteristics 

above these have been categorized as “current” or “prior-
ity for development”.

Contacts are included in order to measure the proportion 
of individuals accessing care, and thus potential to receive 
interventions, corresponding to level B in Figure 1. In ad-
dition to the contacts for antenatal care, skilled attendant at 
birth, and postnatal care, we also include care seeking for 
sick children (specifically fever and symptoms of childhood 
pneumonia), consistent with the typology that distinguish-
es accessing care from actual receipt of a life–saving inter-
vention. Correct treatment of these two conditions are 
among the highest–impact interventions, but cannot be 
measured accurately through household surveys. We also 
indicate the need to develop, agree on and validate indica-
tors that reflect quality care at these contact points to enable 
tracking of effective coverage measures [22]. The remainder 
of Figure 2 presents intervention indicators. High impact 
interventions are represented across the continuum from 
pregnancy to childhood and measurement development 
needs are identified at each stage. Addressing these needs 
requires immediate action, as described in the next section.

DOING BETTER: AN ACTION AGENDA 
FOR IMPROVED MEASUREMENT
Priority indicators for development predominate around in-
terventions at the time of birth, interventions to treat infec-
tions, and quality of care. Some of these represent relatively 
rare events (for example antibiotics for preterm premature 
rupture of membranes) and may never be suitable for pop-
ulation level tracking at national level, but nonetheless re-
quire advances in measurement in order to report accurate-
ly to country programs. For many, service contact indicators 
have been used to represent imperfect proxy measures of 
care but the need for measures of quality care means that 
we have to do better. For example, the service contact indi-
cator “skilled attendant at birth” is the most widely used 
proxy indicator for care at birth, but the evidence linking 
increases in skilled attendant coverage with reductions in 
mortality has not been consistent [23–25], probably reflect-
ing the fact that only a subset of locally–defined skilled at-
tendants actually have the skills, commodities and facilities 
needed to deliver essential interventions at birth.

We propose that four specific types of measurement inno-
vations are required.

First, a measurement improvement agenda is needed for 
routine data capture, so that the accuracy of reporting clin-
ical interventions for women, newborns and children is 
improved at different levels of the health system. This will 
allow delivery of high impact interventions to be tracked 
at local, national and global levels. It will require improved 
routine data systems, review and consolidation of facility 
assessment tools and methods, and engagement with 
health system strengthening efforts more broadly.
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Figure 2. Measurement status of priority contacts and evidence based interventions across the continuum from pregnancy to childhood.

Second, to realize the potential of these improved data sourc-
es, methods for linking population and provider–based data 
sources are needed [5,17]. Household survey methods pro-
vide population level data and permit equity analysis but can 
be limited by poor recall and infrequent reporting. Facility 
data can be continuous and timely, has potential to improve 
reporting on clinical events, and can be stratified by level and 
type. However, present reporting tools cannot provide ac-
curate equity breakdowns or population level estimates. 
Combining these two data streams has the potential to be 
transformative for monitoring the delivery of essential inter-
ventions that cannot currently be measured reliably, and for 
measuring effective coverage so that coverage indicators are 
defined as level D/A in Figure 1.

Third, further advances in implementation science are 
needed in order to place indicator development in the con-
text of research on the design, implementation and impact 
of large scale programs.

And fourth, as new measures and approaches are tested 
and proven ready for wider adoption, global resources and 
guidance should be developed. Resources would include 
access to questionnaires, forms, and protocols; perhaps in 
one accessible system. Global guidance would include def-
initions, strengths and limitations of potential data sources, 
and interpretation notes.

TAKING THE AGENDA FORWARD

This paper adds to other recent calls for improved mea-
surement that can enhance accountability and refine strat-
egies to save lives [26]. At this time of transition from the 
MDGs to the SDGs it is essential that baselines are estab-
lished, ambition is maintained, guidance and resources 
are shared, and momentum is not lost. Clarity about 
which essential interventions can be measured directly, 
reliably and feasibly using existing methods is an integral 
part of that plan. But here we also identify the need for 
focused, intensive commitment to advance the coverage 
measurement agenda for all essential interventions–espe-
cially those that save lives during and immediately after 
childbirth, and for sick children–so that we progress from 
reliance on measuring contacts with health care providers 
to measuring the effective coverage of clinical high–im-
pact interventions.

As we enter the SDG era, several key partners are stepping 
forward to join this global measurement agenda for mater-
nal, newborn and child health to agree on priorities, to co-
ordinate actions and learning, and to work together with 
countries so that ownership of and capacity for an im-
proved measurement agenda sits where the ability to act 
on evidence is greatest.
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Approaches, tools and methods used for 
setting priorities in health research  
in the 21st century

Background Health research is difficult to prioritize, because the 
number of possible competing ideas for research is large, the outcome 
of research is inherently uncertain, and the impact of research is dif-
ficult to predict and measure. A systematic and transparent process 
to assist policy makers and research funding agencies in making in-
vestment decisions is a permanent need.

Methods To obtain a better understanding of the landscape of ap-
proaches, tools and methods used to prioritize health research, I con-
ducted a methodical review using the PubMed database for the pe-
riod 2001–2014.

Results A total of 165 relevant studies were identified, in which 
health research prioritization was conducted. They most frequently 
used the CHNRI method (26%), followed by the Delphi method 
(24%), James Lind Alliance method (8%), the Combined Approach 
Matrix (CAM) method (2%) and the Essential National Health Re-
search method (<1%). About 3% of studies reported no clear process 
and provided very little information on how priorities were set. A fur-
ther 19% used a combination of expert panel interview and focus 
group discussion (“consultation process”) but provided few details, 
while a further 2% used approaches that were clearly described, but 
not established as a replicable method. Online surveys that were not 
accompanied by face–to–face meetings were used in 8% of studies, 
while 9% used a combination of literature review and questionnaire 
to scrutinise the research options for prioritization among the par-
ticipating experts.

Conclusion The number of priority setting exercises in health re-
search published in PubMed–indexed journals is increasing, espe-
cially since 2010. These exercises are being conducted at a variety of 
levels, ranging from the global level to the level of an individual hos-
pital. With the development of new tools and methods which have a 
well–defined structure – such as the CHNRI method, James Lind Al-
liance Method and Combined Approach Matrix – it is likely that the 
Delphi method and non–replicable consultation processes will grad-
ually be replaced by these emerging tools, which offer more transpar-
ency and replicability. It is too early to say whether any single meth-
od can address the needs of most exercises conducted at different 
levels, or if better results may perhaps be achieved through combina-
tion of components of several methods.
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RESULTS

Approximately 12 exercises were initiated each year be-
tween 2001 and the end of 2014. Since 2012, there has 
been a steady increase in the number of exercises published 
with the peak in 2014 with 34 exercises published (Figure 
2). Of the 165 publications identified, the most frequently 
used was the CHNRI method (26%), followed by the Del-
phi method (24%), James Lind Alliance method (8%), the 
Combined Approach Matrix (CAM) method (2%) and the 
Essential National Health Research method (<1%). 
COHRED method, although frequently mentioned and 
clearly described in the historic context of national–level 
research priority setting, was not underlying any specific 
priority–setting process in the time period which I studied. 
Online surveys that were not accompanied by face–to–face 
meetings were used in 8% of studies, while 9% used a com-
bination of literature review and questionnaire to scrutinise 
the research options for prioritization among the partici-
pating experts. About 3% of studies reported no clear pro-
cess and provided very little information on how priorities 
were set. A further 19% used a combination of expert pan-
el interview and focus group discussion (“consultation pro-
cess”) but provided few details, while a further 2% used 
approaches that were clearly described, but not established 
as a replicable method (Figure 3). At this point, I would 
like to clarify that “replicable” refers to the method's de-
scription in sufficient detail, so that all other users could 
apply it in the same way. It does not refer to method's prop-
erty to yield the same results when repeated, which is a dif-
ferent meaning of the term “replicable” when assigned to a 
method.

Tables 1 to 6 provide a brief description of the approach-
es and processes used by the specific methods mentioned 
in Figure 3. The methods range from those that are not 
described at all, through vaguely described processes of 

Apart from the continuing need to prioritize investments 
in health systems and health interventions, there is also a 
need to prioritize health research. Health research is diffi-
cult to prioritize, because the number of possible compet-
ing ideas for research is large, the outcome of research is 
inherently uncertain, and the impact of research is difficult 
to predict and measure [1]. A systematic and transparent 
process to assist policy makers and research funding agen-
cies in making investment decisions is a permanent need.

At national level several methods have been tried: some of 
the best examples are the Council on Health Research for 
Development’s approach (COHRED) in Brazil, Cameroon, 
Peru and Philippines; the Essential National Health Re-
search (ENHR) approach in Cameroon and South Africa; 
and the Combined Approach Matrix (CAM) in Malaysia, 
Pakistan and Argentina [2,3]. COHRED, ENHR and CAM 
were all developed by committees set up by international 
agencies, such as the World Health Organization (WHO) 
or the Global Forum for Health Research (GFHR). These 
methods are useful for organizing the available information 
so that the research prioritization can take place.

To obtain a better understanding of the landscape of ap-
proaches, tools and methods used to prioritize health re-
search I conducted a methodical review of the PubMed da-
tabase covering the period 2001–2014. My primary aim 
was not to perform an exhaustive review of the field, which 
would include searching all available scientific databases 
and grey literature. Instead, I was interested in identifying 
the methods and tools that are being commonly used in 
the papers that are most readily accessible through data-
bases in the public domain such as PubMed, and to assess 
their relative importance and applicability. The review of 
PubMed for the period between 2001 and 2014 achieves 
this aim, because this limits the search of priority–setting 
tools to health topics only, which is the main interest of this 
analysis, while drawing on a very large database which is 
publically available and which should contain the vast ma-
jority of relevant studies.

METHODS

My search terms included “research priorit* OR priorit* 
research”. These terms were chosen as the most informa-
tive combination of search terms after experimenting with 
several versions of search terms. The search terms identi-
fied 343 publications, 138 of which were excluded from 
the analysis because their contents were irrelevant to health 
research priority setting. A further 40 studies were exclud-
ed because they were review articles which did not attempt 
to set priorities. In total, 165 relevant studies were identi-
fied and retained for the analysis. Figure 1 shows a flow-
chart of the review on all research priority setting exercises 
conducted between 2001 and 2014.

Figure 1. Flowchart of the review on all priority–setting 
exercises for health research conducted between 2001 to 2014.
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Figure 2. Total number of publication by year (source: PubMed, 2001 to 2014).

Figure 3. Methods, tools and approaches used for setting health research priorities (source: PubMed, 2001 to 2014).

group decision making, to those that follow a certain struc-

ture/process and use transparent criteria. Their output is 

typically quite general, ie, pointing to broad research areas 

in which more research activity is needed. As described 

above, COHRED, ENHR and CAM are used in assembling 

the evidence that can be used for the consultation but not 

for the ranking of priorities. Nevertheless, the use of any 
method, regardless of its limitations, is preferable to the al-
ternative of having no clearly defined approach at all [3].

Among the 165 identified studies that set health research 
priorities, 21% were conducted at global level, 50% of the 
exercises were focused on High Income Countries (HICs) 
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Table 1. Brief explanation of the Essential National Health Research (ENHR) [4–6]

Overall process ENHR was developed by Commission on Health Research for Development in 1990. It is a step by step guide for national 

research priority setting, focused on equity in health and development. Strategy focused on inclusiveness in participation, 

broad–based consultations at different levels, both quantitative and qualitative information used, and stewardship by small 

working group.

How are participants 

identified?

Participants are involved through a small representative working group which can facilitate the process, through various 

consultations. These stakeholders have a major stake in the goal of equity in health and development. The four major cat-

egories of participants include: researchers, decision makers, health service providers and communities.

How are research ideas 

identified

Stakeholders suggest priority areas, via evidence based situation analysis (such as looking at health status, health care sys-

tem, health research system). Research ideas are gathered from a nomination process from different stakeholders. Consen-

sus building using methods such as brainstorming, multi–voting, nominal group technique, round–table is then used to 

select research ideas.

Scoring criteria Criteria is selected as to be:

– Appropriate to the level of the action of the priority setting i.e. global, national, district;

– Detailed in definition;

– Independent of each other;

– Contain information base;

– Reflect equity promotion and development;

– Manageable number;

– Expressed in a common language.

Criteria are agreed on by brainstorming of large collection of possible criteria, eliminating duplicates and clearly defining 

the meaning of each criterion from stakeholders. Criteria will then be put into representative categories and finally selected 

depending on purpose and level of action of priority–setting exercise.

Scoring options Each criteria is scored: Point score to each criteria OR Number of score choices to each criteria

Advantages – Broad based inclusion and participation of different stakeholders.

– Multidisciplinary and cross–sectoral approach

– Partnership development

– Transparent process

– Systematic analyses of health needs

Disadvantages – Vague criteria and lack of transparency in individual process used by countries

– Few countries had guidelines on how to develop nor apply criteria

– Needs stronger representation of groups such as private sector, parliamentarians, donors, international agencies– Does 

not provide methodology for identifying participants

Table 2. Brief explanation of the Combined Approach Matrix (CAM) [7,8]

Overall process Developed by the Global Forum for Health Research, CAM was to bring together economic and institutional dimensions 

into an analytical tool with the actors and factors that play a key role in health status of a population. It also aims to organ-

ise and present a large body of information that enters the priority setting process. This will help decision makers make ra-

tional choices in investment to produce greatest reduction in burden of disease.

How are participants 

identified?

Institutional approach involving: individual, household and community; health ministry and other health institutions; oth-

er sectors apart from health; and macroeconomic level actors.

How are research ideas 

identified

Five step process including measuring the disease burden, analysing determinants, getting present level of knowledge, eval-

uating cost and effectiveness, and present resource flows. For each main disease and risk factor, institutions and stakehold-

ers with particular knowledge are brought together to provide information via workshops and brainstorming.

Each institution will feed into matrix the information at disposal, regarding a specific disease or factor; the matrix will re-

veal how little information is available in some areas which can then be candidates for research. Each participant determined 

the priority research topics based on CAM evidence, then grouping the topics and cutting down to establish the top pri-

orities.

Scoring criteria Criteria based on questions of what is a research priority in the context, and what is not known but should be.

Scoring options N/A

Advantages – Creates framework of information

– Identifies gaps in knowledge

– Facilitates comparisons between sectors

– Broad inclusion of actors

– 3D–CAM includes equity

Disadvantages – Difficult and time–consuming as involves multi–stage discussion

– Does not provide algorithm to establish and score research priorities therefore is not repeatable nor systematic

– Does not provide methodology for identifying participants
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and 28% were focused on Low and Middle Income Coun-
tries (LMIC). At the national level, the countries where re-
search priority exercises were most frequently initiated 
were the UK (27%), USA (16%), Australia (15%), and Can-
ada (11%) (Table 7).

Topic areas for which research priorities were identified in-
cluded non–communicable diseases (18%), followed by 
child and adolescent health (17%), mental health (10%), 
nursing/midwifery (8%) and infectious disease (8%). The 
remaining exercises (39%) covered a wide variety of top-
ics, including policy and health system, occupational 
health /therapy, reproductive health/women’s health, emer-
gency care, environmental health, occupational health, fo-
rensic science and injury prevention (Table 7).

DISCUSSION

The number of priority setting exercises in health research 
published in PubMed–indexed journals is increasing, es-
pecially since 2010. These exercises are being conducted 
at a variety of different levels, ranging from the global level 
to the level of an individual hospital. With the development 
of new tools and methods which have a well–defined struc-
ture – such as the CHNRI method, James Lind Alliance 
Method and Combined Approach Matrix – it is likely that 
the Delphi method and non–replicable consultation pro-
cesses (see the definition of “replicable” earlier in the text) 
will gradually be replaced by these emerging tools, which 
offer more transparency and replicability. This is a process 
that should be endorsed, as a natural progression of the 

Table 3. Brief explanation of the James Lind Alliance Method [9]

Overall process Focuses on bringing patients, carers and health professionals in order to identify treatment uncertainties which will become 

research questions. The method uses a mixture of data gathering, quantitative and qualitative analysis to create research 

priorities in areas of treatment uncertainty.

How are participants 

identified?

Participants are identified through Priority Setting Partnerships which brings patients, carers and clinicians equally togeth-

er and agree through consensus priorities.

How are research ideas 

identified

Treatment uncertainties are defined as no up to date, reliable systematic reviews addressing treatment uncertainty, or sys-

tematic review that shows such uncertainty exists.

Step 1: Recommendations by PSPs, or through looking at existing literature, creates a list of uncertainties. Step 2: These are 

then verified through systematic reviews of databases to verify they are research gaps using Cochrane, DARE, NICE, Sign. 

An uncertainty is deemed genuine when a reported confidence interval in a systematic review does not cross the line of ef-

fect or line of unity.

A virtual interim priority ranking, and a final priority setting workshop takes place to agree upon 10 prioritised uncertain-

ties through consensus building.

Scoring criteria No clear criteria are identified with which to use.

Scoring options Ranked AND

Qualitative consensus

Advantages – Takes into account underrepresented groups

– Applicable to small scale prioritisation (eg, hospital)

– Mixture of methods

Disadvantages – Time consuming to identify and verify treatment uncertainties

– Selection of criteria not clear

– Not suitable for global level, nor specific disease domains

– Very clinically orientated

– Disproportionate mix of participants may skew information base

Table 4. Brief explanation of the Council on Health Research for Development (COHRED) [10]

Overall process COHRED uses a management process for national level exercises to show important steps for priority setting processes.

How are participants 

identified?

Participants are identified through the chosen methods outlined in the steps of the COHRED guide.

How are research ideas 

identified

Identification of priority issues much choose method best suited to local context and needs either through compound ap-

proaches (ENHR, CAM, Burden of Disease) or foresighting techniques (Visioning, Delphi). Consider using more than one 

method to optimize usefulness of results.

Scoring criteria COHRED presents ranking techniques that can be used to rank priority issues including direct and indirect valuation tech-

niques.

Scoring options Ranked

Advantages – Overview approach providing steps

– Discusses wide range of options

– Flexible to contexts and needs

Disadvantages – Too general and unspecific

– Lack of criteria transparency
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Table 5. Brief explanation of the Delphi Process [11]

Overall process Delphi, mainly developed in the 1950s, is a systematic, interactive forecasting method which relies on a panel of experts 

and questionnaires.

How are participants 

identified?

Participants are eligible to be invited if they have related backgrounds and experiences concerning the target issue, are ca-

pable of contributing, and are willing to revise their initial judgements in order to reach consensus. Participants are consid-

ered and selected through investigators, ideally through a nomination process, or selection from potential leaders or authors 

through publication.

It is suggested that the three groups are used: top management decision makers who will utilise outcomes of Delphi study; 

professional staff members and their support team; respondents to the Delphi questionnaire.

It is recommended to use the minimally sufficient number to generate representative pooling of judgements – however no 

consensus yet as to optimal number of subjects.

How are research ideas 

identified

In the first round an open–ended questionnaire is sent to solicit information about a content area from Delphi participants. 
Investigators will then turn the responses into a well–structured questionnaire to be used as survey for data collection.

Through four rounds experts answer questionnaires; the facilitator summarises anonymously the forecast after the first round 
and the experts are then asked to revise their earlier answer thereby decreasing the range of answers and converging towards 
the correct answer. Up to four iterations can be used.

Scoring criteria N/A

Scoring options Rate or ranking AND

Consensus building

Advantages – Multiple iterations and feedback process

– Flexible to change

– Anonymity of respondents

Disadvantages – Does not provide methodology for identifying participants

– Lack of criteria transparency

– Potential for low response rate due to multiple iterations

– Time–consuming

– Potential for investigators and facilitators to bias opinions

Table 6. Brief explanation of the CHNRI process [12–15]

CHNRI method

Child Health Nutrition Research Initiative

Overall process The CHNRI methodology was introduced in 2007 by the Child Health and Nutrition Research Initiative of the Global Fo-
rum for Health research. The methodology was developed to address gaps in the existing research priority methods. The 
CHNRI method is developed to assist decision making and consensus development. The method include soliciting ideas 
from different carder of participants on the given health topic and use independent ranking system against the pre–defined 
criteria to prioritise the research ideas.

How are participants 

identified?

Participants are identified by management team based on their expertise (eg, number of publications, experience in imple-

mentation research and programmes etc). Participants includes stakeholders who might not have the technical expertise 

but have view on the health topic of concern.

How are research ideas 

identified?

Research ideas are generated by participants or by management team based on the current evidence. If former, usually each 

participant is asked to provide maximum of three research questions against the predefined domain of health research (eg, 

descriptive research, development research, discovery research and delivery research). The ideas are usually submitted via 

online survey and consolidated by the management team.

Scoring criteria Five standard criteria are usually used:
– Answerability
– Equity
– Impact on burden
– Deliverability
– Effectiveness.
Though the five standard criteria are used in more than 70% of the research priority setting exercises, the method offers 
optional criteria to be used to replace the standard criteria depending on the needs and context of the exercises. For exam-
ple, criteria such as low cost, sustainability, acceptability, feasibility, innovation and originality are used to replace or in ad-
dition to the standard criteria.

Scoring options Each criteria is scored: Point score to each criteria in the scale of 0, 0.5 and 1 or in the scale of 0 to 100.

Advantages – Simple, inclusive and replicable and thus systematic and transparent process.
–  Independent ranking of experts (avoid having the situation where one strongly minded individual affecting the group 

decision)
– Less costly

– Potentially represent collective opinion of the limited group of people who were included in the process.

– Scoring affected by currently on–going research
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Table 7. Distribution of identified studies by geographic context and countries where the research priority setting exercises have been 
initiated and research priority areas addressed

geogRaPhical aRea numbeR % technical aReas numbeR %
Global 35 21 Non–communicable disease 29 18

High income countries 82 50 Child and adolescent health 28 17

Low middle income countries 47 28 Mental health 16 10

Humanitarian settings 1 <1 Infectious disease 14 8

TOTAL 165 100 Nursing/Midwifery 13 8

National level Public health in general 10 6

Australia 15 15 Policy and health system 8 5

Brazil 1 1 Occupational health/therapy 6 4

Canada 11 11 Reproductive health/women's health 6 4

Colombia 1 1 Skin disease 5 3

Chile 1 1 Emergency care 3 2

Cuba 1 1 Environmental health 3 2

Hong Kong 2 2 Disability 3 2

India 1 1 Child development potential 2 1

Iran 2 2 Injury prevention 2 1

Ireland 3 3 Maternal and perinatal health 2 1

Italy 1 1 Pharmaceuticals 2 1

Malaysia 1 1 Microbial Forensics 2 1

Nepal 1 1 Behavioural science 1 1

The Netherlands 1 1 Diagnostic accuracy 1 1

Nigeria 1 1 Tuberculosis 1 1

Peru 1 1 Medical science 1 1

Portugal 2 2 Neurological 1 1

South Africa 3 3 Nutrition 1 1

Saudi Arabia 1 1 Surgical 1 1

Spain 3 3 Surveillance system 1 1

United Republic of Tanzania 2 2 Water and sanitation 1 1

United Kingdom 26 27 Primary health care–related disease 1 1

United States of America 16 16 Others 1 1

TOTAL 97 100 TOTAL 165 100

priority–setting field from the period in which hardly any 
structured processes existed to fill a need, to the new era 
which will be increasingly dominated by structured and 
well–defined tools.

This review is not the first attempt to assess approaches, 
tools and methods to set health research priorities. Search-
ing the literature, I identified five earlier attempts to review 
and discuss priority–setting processes. The first review was 
published by Rudan and colleagues in 2007 in an attempt 
to develop an evidence base for the development of con-
ceptual framework and guidelines for implementation of 
the CHNRI methodology [1]. This paper identified ambi-
tious attempts by several large organizations at the interna-
tional level to define health research priorities for either the 
whole developing world, large world regions or nationally. 
These attempts date back to the year 1990, with the “...
Commission on Health Research for Development usually 
being referred to as the first truly significant international 
initiative aimed toward systematic approach to setting pri-
orities in global health research.” Other initiatives that fol-
lowed were the “Ad Hoc Committee (AHC) on Health Re-

search Relating to Future Intervention Options” (in 1994), 
the “Global Forum for Health Research” (in 1998), the 
“Council on Health Research and Development (COHRED)” 
(in 2000), “The Grand Challenges” proposed at the World 
Economic Forum in Davos, Switzerland (in 2003) and the 
“Combined Approach Matrix” as the first specific priority–
setting tool for health research (in 2004). The paper con-
cluded that the processes, initiatives and tools fell short of 
being informative on what the specific research priorities 
should be and how exactly are they derived [1].

In 2010, Viergever et al. [16] reviewed the articles that set 
health research priorities and they specifically reviewed ex-
ercises coordinated by World Health Organization Head-
quarters since 2005. This resulted in the total of 230 docu-
ments or reports, many of them unpublished (hence, not 
included in my review). The authors concluded that, at that 
point in time, there was no “gold standard” approach for 
health research prioritisation. This was not surprising, giv-
en the heterogeneity in the context of research prioritiza-
tion exercises and different levels at which they were being 
conducted. Nevertheless, the authors observed several 
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common themes of “good practice” and proposed a gener-
ic framework – in the form of “checklist”, like a form of 
“guidelines” – which also suggested various options for 
each step of the process. Nine themes were identified 
through a review of the previously conducted priority–set-
ting processes. They were categorized as the “themes dur-
ing the preparatory work” (defining context, use of com-
prehensive approach, ensure inclusiveness of participants, 
information gathering, planning for implementation), fol-
lowed by the steps in the process of deciding on the pri-
orities (defining the criteria, methods for deciding on pri-
orities), and two steps in the last phase after the priorities 
have been set (plan the timing of evaluation in terms of 
how the research priorities are being used, and write the 
clear report of the methodology used to ensure the trans-
parency in the process). The authors proposed that the pro-
vision of the framework should be of assistance to policy 
makers and researchers. It could have a dual role: it could 
not only assist priority–setting process, but also planning 
the follow up and implementation of the priorities [16].

In the same year, in 2010, the World Health Organization's 
Department for Research Policy and Cooperation held a 
consultation between methodology–developing experts to 
identify optimal characteristics of priority–setting methods 
that could be applicable at the national level. The aim was 
to empower low and middle–income countries to take 
more ownership of their own health research agenda. Tom-
linson reviewed the progress made at this meeting and pub-
lished the main conclusions in 2011 [2]. Three methods 
emerged as applicable at the national level: the Combined 
Approach Matrix (CAM), the Council on Health Research 
and Development (COHRED) and the Child Health and 
Nutrition Research Initiative (CHNRI). The authors pre-
sented and discussed strengths and weaknesses of each 
method [2]. They also noted that, across the countries sur-
veyed, genuine engagement of stakeholders was difficult to 
achieve and was typically missing. Countries also varied in 
the extent to which they would document priority–setting 
processes, with not a single country having an appeal pro-
cess for outlined priorities. Another problem was that the 
identified priorities usually outlined broad disease catego-
ries, rather than more specific research questions [2]. The 
authors concluded that priority–setting processes should 
aim to include mechanisms for publicizing results, effective 
procedures to translate and implement decisions and pro-
cesses to ensure that the revision of priorities eventually 
does occur.

In a more recent report, an independent team from the 
Kirby Institute in Sydney, Australia, systematically reviewed 
all studies undertaken in low– and middle–income coun-
try (LMIC) settings that attempted to set research priorities 
over the period from 1966 to 2014. The studies included 
were not reported but they found 91 studies, including 16 

which used the CHNRI method [17]. The authors con-
cluded that almost half of these processes took place at the 
global level (46%). For regional or national initiatives, a 
half focused on Sub Saharan Africa (49%), followed by East 
Asia and the Pacific (20%) and Latin America and the Ca-
ribbean (18%). Most commonly, studies were initiated by 
an international organization or collaboration (46%). Re-
searchers and governments were the most commonly rep-
resented stakeholders. The most frequently used process 
was a conference or workshop to determine priorities 
(24%), followed by the CHNRI method (18%) [17]. The 
review revealed inconsistent use of existing methods and 
approaches in health research prioritization processes. It 
also showed that while there was strong involvement of 
government and researchers, participation of other key 
stakeholders was limited. The authors argued that many 
processes, regardless of the method used, lacked an imple-
mentation strategy to translate the result of the process into 
implementation of research projects. Finally, the authors 
concluded that research prioritization exercises would of-
ten remain “one–time exercises”, given the lack of follow 
up and implementation strategies involving the funders, 
researchers and government officials.

Finally, in 2014, as a part of the Lancet series on increasing 
value and reducing waste in health research generally, one 
paper of the series (by Chalmers et al. [18]) explored how 
to increase value and reduce waste when research priorities 
are set. The group of authors argued that many basic re-
search endeavours do not lead to knowledge that is useful 
to the end user of the research results. By using various ex-
amples, the authors reiterate the same argument: if research 
does not meet the needs of the users of research, evidence 
will have little impact on public health and clinical prac-
tice. The authors argue that many research studies that fall 
in the area of basic (fundamental) research were duplica-
tive. Although a replication of positive findings is a wel-
come process, an excessive repetition of conducting similar 
research can be prevented by either: (i) conducting system-
atic reviews and also involving the end user of the research 
as well as clinicians in the process (where they used the ex-
ample of hospital based research priority setting exercise 
using the James Lind Alliance method); and (ii) mapping 
research portfolios of major agencies, that could help to 
prevent duplication in the nature of supported research. 
The main message of the article is, therefore, a need for bet-
ter co–ordination among the researchers and the funders 
over the research that is being conducted and increased fo-
cus on the translational value of the information that is be-
ing generated through research [18].

It is evident from my own methodical review, and from the 
systematic review undertaken by the researchers from the 
Kirby Institute, that there is a need for a transparent, rep-
licable, systematic and structured approach to research pri-
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ority setting, because the large majority of the previous ex-
ercises were not based on processes meeting all of these 
criteria. The review by McGregor et al. [17] shows how, al-
though a very recent addition to the set of tools, the CHNRI 
method is set to become the most widely used approach.

The results of my review broadly confirmed the observa-
tions of all previous reviews, with an additional insight into 
time trend – showing an increase in the number of exer-

cises conducted over time, and gradual replacement of 
poorly defined processes with those that use particular 
methods and tools, as shown in Figure 2. The next step in 
the field of health research priority setting should therefore 
involve monitoring whether any single method may ad-
dress the need for most exercises conducted at different 
levels, or if better results may perhaps be achieved through 
combination of strengths of several methods.
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Background In 2013, an estimated 2.8 million newborns died 
and 2.7 million were stillborn. A much greater number suffer 
from long term impairment associated with preterm birth, in-
trauterine growth restriction, congenital anomalies, and peri-
natal or infectious causes. With the approaching deadline for 
the achievement of the Millennium Development Goals (MDGs) 
in 2015, there was a need to set the new research priorities on 
newborns and stillbirth with a focus not only on survival but 
also on health, growth and development. We therefore carried 
out a systematic exercise to set newborn health research pri-
orities for 2013–2025.

Methods We used adapted Child Health and Nutrition Re-
search Initiative (CHNRI) methods for this prioritization exer-
cise. We identified and approached the 200 most productive 
researchers and 400 program experts, and 132 of them submit-
ted research questions online. These were collated into a set of 
205 research questions, sent for scoring to the 600 identified 
experts, and were assessed and scored by 91 experts.

Results Nine out of top ten identified priorities were in the do-
main of research on improving delivery of known interven-
tions, with simplified neonatal resuscitation program and clin-
ical algorithms and improved skills of community health 
workers leading the list. The top 10 priorities in the domain of 
development were led by ideas on improved Kangaroo Mother 
Care at community level, how to improve the accuracy of di-
agnosis by community health workers, and perinatal audits. 
The 10 leading priorities for discovery research focused on sta-
ble surfactant with novel modes of administration for preterm 
babies, ability to diagnose fetal distress and novel tocolytic 
agents to delay or stop preterm labour.

Conclusion These findings will assist both donors and re-
searchers in supporting and conducting research to close the 
knowledge gaps for reducing neonatal mortality, morbidity 
and long term impairment. WHO, SNL and other partners 
will work to generate interest among key national stakehold-
ers, governments, NGOs, and research institutes in these pri-
orities, while encouraging research funders to support them. 
We will track research funding, relevant requests for propos-
als and trial registers to monitor if the priorities identified by 
this exercise are being addressed
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About 2.9 million newborns died in 2011, accounting for 
44% of the world’s under-5 child deaths [1]. The propor-
tion of neonatal mortality continues to increase because the 
neonatal mortality rate is declining at a slower rate than the 
mortality rates for older children [1]. Moreover, 2.7 million 
stillbirths occur each year, at least 40% of which occur dur-
ing labour [2]. The leading killers of newborns are preterm 
birth complications, intrapartum–related events and neo-
natal infections such as pneumonia, sepsis or meningitis 
[3]. A high proportion of stillbirths, neonatal and also ma-
ternal deaths happen at birth and during the first days after 
birth – a total of over 3 million deaths [4]. This is also a 
critical time window to address acute morbidity and long–
term impairment associated with preterm birth, intrauter-
ine growth restriction (IUGR), congenital abnormalities, 
and perinatal or infectious insults [5,6].

With the approaching deadline for the achievement of the 
Millennium Development Goals (MDGs) in 2015, and the 
creation of new framework for development goals [7], there 
is an increasing need to guide the limited research capacity 
and funding to obtain the maximum impact on maternal 
and child health. Hence the World Health Organization 
(WHO) has initiated a set of global research priority–set-
ting exercises in 2007–2008 for improving health of moth-
ers, newborns, children and adolescents [8–12]. The five–
year evaluation of that exercise from the perspective of 
donors, policy–makers and researchers is currently under 
way and it is showing an increased focus on identified re-
search priorities from all three groups of stakeholders – in 
terms of investments by the donors [13,14], initiatives 
launched by policy–makers [15–19] and publication out-
put from researchers [2,20–23], respectively. As part of this 
initiative, the Department of Maternal, Newborn, Child 
and Adolescent Health undertook this exercise for setting 
research priorities in newborn health and stillbirth, in col-
laboration with Saving Newborn Lives (SNL), a program 
of Save The Children. The time frame for the expected im-
pact of the research extends to 2025 to allow for medium 
term and long–term research investments to also be con-
sidered. Alongside the persisting urgency of reducing mor-
tality and the findings from previous research priority ex-
ercises the group believed that the research should also 
address morbidity, development, and long–term sequelae 
of preterm birth, small for gestational age as well as other 
hypoxic or infectious insults in the neonatal period (Box 
1). In the exercise, we focused on intrapartum stillbirth as 
a high proportion of stillbirths occurs during the labour. 

METHODS

A working group that managed the agenda–setting process 
consisted of staff responsible for newborn health in WHO 
and Saving Newborn Lives. The group defined the scope 
of the priority setting exercise (Box 1). Methodology de-

veloped by the Child Health and Nutrition Research Initia-
tive (CHNRI) was adapted and used for this priority setting 
exercise, to enable systematic listing and transparent scor-
ing of many competing research questions [24–26]. This 
methodology had been used in the previous priority setting 
exercises by the WHO on five major causes of child deaths: 
pneumonia, diarrhea, preterm birth and low birth weight, 
neonatal infections, and birth asphyxia [8–12]. The previ-
ous exercise coordinated by the WHO was sharply focused 
on short–term gains, ie, within the MDG4 target of the year 
2015. In addition, the CHNRI methodology has been used 
by many other subject groups and multiple organizations 
[27–33]. Box 2 shows the steps we followed during this 
priority setting process.

A large group of researchers and program experts were 
identified and asked to submit three ideas for improving 
newborn health outcomes by 2025 (Box 2). Two hundred 
of the most productive researchers, representing a broad 
range of technical expertise and regional diversity, identi-
fied through Web of Science® ranking tools, were invited 
by email to propose research questions on newborn health 
and birth outcomes. A further 400 program experts in new-
born health programmes were also invited to propose re-
search questions.

The proposed research questions and scoring criteria were 
refined by a small group of 14 experts who were invited by 
the WHO to participate in a two–day workshop. Each 
question was assigned to a domain and a technical area. 
The first of the three domains was “discovery”, which in-
cluded research aimed at finding new solutions such as 
new medicines, vaccines or other preventive interventions, 
or new diagnostics. The second domain was “develop-
ment”, which included research questions aimed at im-
proving existing interventions, reducing their costs or mak-
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Box 1 The purpose and remit of this research priority setting 
exercise

Population of interest:
Newborns and stillbirths, survival and health, preterm birth, 
growth and impairment–free development

Time frame:
2013–2025, reaching beyond the timeframe of the Millen-
nium Development Goals

Research domains:
DISCOVERY (new interventions)
DEVELOPMENT (improved interventions)
DELIVERY (implementation of existing interventions)
(note: not including description eg, epidemiology)

Audience (stakeholders):
Governments, researchers in low and middle–income coun-
tries, international donors
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Box 2. Adapted Child Health and Nutrition Research Initiative's 
(CHNRI) methodology applied to set newborn research priorities

1. Selection of individuals to submit ideas and to score ques-
tions:

Individuals representing a wide range of technical expertise 
in the area of newborn health and birth outcomes were se-
lected by including

•  Top 100 most productive researchers in the previous 5 
years (2008–2012), according to the Web of Science®, in 
any research that involved neonates anywhere in the 
world, including (but not limited to) fundamental re-
search, obstetrics and gynaecology, social science, and oth-
er fields;

•  Top 50 most productive researchers in the previous 5 years 
(see above) in research specifically involving neonates in 
low and middle income countries (LMICs);

•  Top 50 most productive researchers in the previous 5 years 
(see above) in any research involving stillbirths;

•  400 program experts in newborn health, who were con-
tacted through the Healthy Newborn Network Database, 
representing mainly national–level health programme 
managers in LMICs.

2. Identification of questions to be scored:

All the identified individuals were approached and asked to 
submit their three most promising ideas for improving new-
born health outcomes by 2025. An expert group meeting was 
convened to review the 396 questions received from 132 ex-
perts. After removing or merging seemingly duplicate ideas, 
the submissions were consolidated into a set of 205 research 
questions and clarity of the questions was improved.

3. Scoring of research questions:

A set of 5 criteria to assess the proposed 205 research ques-
tions was agreed on.

The scoring criteria were based on CHNRI methodology 
[8–12]
i. Likelihood of answering the question in an ethical way
ii. Likelihood of efficacy
iii. Likelihood of deliverability and acceptability
iv. Likelihood for an important disease burden reduction
v. Predicted effect on equity

During the preliminary meeting, 14 experts invited from the 
larger pool of responders completed their scoring to test the 
methodology. The remaining experts were asked indepen-
dently to answer a set of questions via an online survey on 
all the chosen criteria for all listed research options. Scores 
from a total of 91 experts were received.

4.  Computation of scores for competing research options 
and ranking:

The intermediate scores were computed for each of the five 
criteria and they could potentially range between 0–100%. 
Those scores indicate the “collective optimism” of the group 
of scorers that a given research question would fulfil each 
given criterion. The overall research priority score for each 
research question was then computed as the mean of the in-
termediate scores. The average expert agreement scores were 
also calculated (Online Supplementary Document).

ing them simpler to deliver. The third domain was 
“delivery”, which included research questions that would 
help deliver existing interventions to more mothers and 
newborns with high quality. The five separate technical ar-
eas included: (i) preterm birth; (ii) intrapartum–related 
events including intrapartum stillbirths; (iii) newborn in-
fections; (iv) congenital malformations and other specific 
conditions; and (v) integrated care including the care for 
mothers and neonates;

The final list of research questions and scoring criteria were 
sent to the original group of 600 experts with an invitation 
to score them. Each research question was assessed by the 
expert and received a score of 1.0, 0.5 or 0 for five preset 
criteria, with the option of not assigning any score in case 
the expert did not feel confident to decide on that criterion. 
Scoring took place over eight weeks and was conducted and 
returned to the coordinators at the WHO by 91 experts.

Intermediate scores for each research question against the 5 
criteria were computed as the sum of the scores for that par-
ticular criterion divided by the total number of scorers. This 
resulted in a number between 0–100% that captured the “col-
lective optimism” of the group of 91 scorers that a given re-
search question would fulfill each given criterion. The overall 
research priority score (RPS) for each research question was 
then computed as the mean of the intermediate scores calcu-
lated for each of the five criteria: RPS = [(Criterion 1 score %) 
+(Criterion 2 score %)+(Criterion 3 score %)+(Criterion 4 
score %)+(Criterion 5 score %)]/5. The confidence interval 
was calculated using the bootstrapping methods in STATA 
version 11.2.

RESULTS

In total, 132 of the 600 invited experts proposed a total of 
396 research questions, which were then checked for simi-
larity and consolidated in a final list of 205 questions to be 
scored. The characteristics of respondents are summarized 
in Figure 1. The 205 research questions were then scored 
by 91 experts. About 40% of the scorers were based in low 
and middle income countries (LMICs) in Africa, Asia, and 
South America. About two–thirds (65%) worked in academ-
ic or research institutions and the remainder was divided 
between program managers (16%), clinicians (7%), donor 
representatives (7%) and policy makers (5%) (Figure 1).

The overall research priority scores given to the 205 pro-
posed questions ranged from 90% (high) to 47% (low; full 
list of scored questions is presented in the Online Supple-
mentary Document). The level of agreement between the 
91 experts ranged from 77% (high) to 34% (low), suggest-
ing that on average, for each research question of interest, 
between three–quarters and one–third of the scorers were 
in agreement in their responses to each criterion.
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born infections, two on preventing intrauterine growth re-
striction and one each on intrapartum–related events and 
antepartum stillbirths.

There was a remarkable similarity in the scoring pattern 
between experts from a research background and those 
from a program background for the top 10 ranked priori-
ties (Table 4). The programme experts had a tendency to 
assign somewhat higher overall scores to “delivery” ques-
tions, which was mediated through their higher scoring of 
maximum potential impact and equity criteria. Among “de-
velopment” questions, the scorers with a background in 
research gave higher scores for efficacy and deliverability, 
while programme experts gave higher scores for impact 
and equity criteria. Surprisingly, the scoring pattern of both 
groups of experts for “discovery” questions was very simi-
lar, both for overall score and for each of the 5 criteria.

DISCUSSION

In this paper, we present global research priorities that have 
the potential to impact mortality, morbidity, child develop-
ment, and long–term health outcomes among neonates in 
the period between 2013–2025. Despite the broad focus 
on these outcomes and a 12–year timeline, “delivery” ques-
tions received highest scores, followed by “development” 
and “discovery” questions, as was the case in previous ex-
ercises with shorter time lines focusing only on reducing 
mortality [8–12].

The overall scores for the highest priority questions ranged 
from 79% to 90% (Table 1). Agreement scores indicated that 
more than two thirds of the experts had a common view to-
wards the list of research priorities. Nine of the ten top pri-
orities were in the domain of “delivery”, with simplified neo-
natal resuscitation programs and clinical algorithms and 
improved skills of community health workers leading the 
list. Among the 11 priorities shown in this table, three ad-
dressed preterm birth, four addressed intrapartum–related 
events and four addressed newborn infections.

In the domain of “development”, the top 10 priorities (Ta-
ble 2) were ranked between 8th and 50th on the list of all 
research questions (displayed in full in Online Supple-
mentary Document). They were led by ideas on improved 
Kangaroo Mother Care, improve accuracy of diagnosis by 
community health workers, and perinatal audits. Two pri-
orities among the leading ten in this domain were identi-
fied in each of the areas of preterm birth, intrapartum re-
lated events and newborn infections, while the remaining 
4 priorities related to integrated care.

The 10 leading priorities for discovery research (Table 3) 
ranked between 55th and 129th on the list of all research 
questions (see Online Supplementary Document) and 
they focused on stable surfactant with novel modes of ad-
ministration, ability to diagnose fetal distress and novel to-
colytic agents. Agreement scores for the ten leading ques-
tions ranged from 42% to 49%. Three priorities were 
identified in each of the areas of preterm birth and new-

Figure 1. Background characteristics of 132 experts who provided questions and 91 experts who scored the questions.
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Table 1. Top ten research priorities for improving newborn health and birth outcomes by 2025 as ranked by 91 experts

Rank ReseaRch questions domain total scoRe 
(confidence 
inteRval)

agReement 
betWeen 
scoReRs

ansWeRable? efficacy? deliveRability? imPact? equity?

1 Can simplified neonatal resuscitation program deliv-
ered by trained health workers reduce neonatal 
deaths due to perinatal asphyxia?

Delivery 90 (85–91) 77 96 91 94 77 92

2 How can the health worker's skills in preventing and 
managing asphyxia be scaled up?

Delivery 88 (83–89) 74 96 91 89 75 86

3 Can simple clinical algorithms used by CHW iden-
tify and refer neonates with signs of infection and 
consequently reduce newborn mortality?

Delivery 86 (83–89) 72 92 92 92 66 88

4 How can exclusive breastfeeding in low–resource 
contexts be promoted to reduce neonatal infections 
and mortality?

Delivery 85 (79–89) 72 94 89 86 69 86

5 Can the training of CHWs in basic newborn resusci-
tation reduce morbidity and mortality due to perina-
tal asphyxia?

Delivery 83 (78–86) 67 94 84 84 64 88

6 How can the administration of injectable antibiotics 
at home and first level facilities to newborn with 
signs of sepsis be scaled up to reduce neonatal mor-
tality?

Delivery 82 (78–86) 64 89 88 88 59 84

7 Can community–based initiation of Kangaroo Moth-
er Care reduce neonatal mortality of clinically stable 
preterm and low birth weight babies?

Development 80 (74–84) 66 86 87 81 69 77

8 How can facility based initiation of Kangaroo Mother 
Care or continuous skin–to–skin contact be scaled up?

Delivery 80 (71–84) 62 90 82 84 62 81

9 How can chlorhexidine application to the cord be 
scaled up in facility births and in low NMR setting to 
reduce neonatal infections and neonatal mortality?

Delivery 80 (70–83) 67 91 85 89 52 81

10 How can quality of care during labour and birth be 
improved to reduce intrapartum stillbirths, neonatal 
mortality and disability?

Delivery 79 (71–82) 65 83 84 82 72 75

11* Can community based “extra care” for preterm/LBW 
babies delivered by CHWs reduce neonatal morbid-
ity and mortality in settings with poor accessibility 
to facility care?

Delivery 79 (70–82) 63 87 87 81 62 81

*The overall and criterion specific scores ranged from 0% to 100%.The 11th question added to complete the list of top 10 priorities in the domain of 
“delivery”. The question originally ranked 5th was omitted from this table because it was a variant of question that already received a higher overall score.

Table 2. Top ten development research priorities for improving newborn health and birth outcomes by 2025 as ranked by 91 experts

Rank ReseaRch questions total scoRe
(confidence inteRval)

agReement 
betWeen scoReRs

8* Can community–based initiation of Kangaroo Mother Care reduce neonatal mortality of clinically stable pre-
term and low birth weight babies?

82 (78–86) 64

26 How can the accuracy of community health workers in detecting key most important high risk conditions or 
danger signs in pregnant women be improved?

77 (70–80) 61

35 Can perinatal audits improve quality of care in health facilities and improve fetal and neonatal outcomes? 74 (67–79) 58

37 Can intrapartum monitoring to enhance timely referral improve fetal and neonatal outcomes? 74 (67–79) 57

38 Can training community health workers to recognize and treat neonatal sepsis at home with oral antibiotics 
when referral is not possible reduce neonatal mortality?

74 (62–78) 57

40 Can oral amoxicillin at home for treatment of neonatal pneumonia reduce neonatal mortality? 73 (64–78) 58

43 Can models for strengthening capacity of health Professionals in caring for neonates in peripheral hospitals 
improve neonatal outcomes?

73 (63–77) 54

44 Can intervention package for CHWs to prevent and manage perinatal asphyxia be delivered by community 
health workers?

72 (64–77) 55

47 Can low–cost devices for facility care of newborns be developed and tested for the effectiveness at various 
levels of the health system (eg, CPAP devices, syringe drivers, IV giving sets, phototherapy units, oxygen con-
centrators, oxygen saturation monitors incubators, ventilators, therapeutic hypothermia technology) ?

72 (65–76) 53

50 Can surfactant reduce preterm morbidity and mortality in low and middle income countries? 72 (65–78) 56

*Also in the overall top 10 priorities.
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The major emerging themes in the domain of “delivery” 
included simplifying intervention delivery to implementa-
tion at lower levels of the health system, evaluating delivery 
of interventions by community health workers, developing 
strategies to improve quality of care during labour and 
childbirth, and addressing barriers in the scaling up of high 
impact interventions. It is interesting to note that 5 of the 
questions were related to neonatal resuscitation. This could 
be related to neonatal resuscitation being the most dramat-
ic intervention in newborn care. The major themes in the 
domain of “development” were adapting known interven-
tions to make them deliverable at the community level, 
adapting effective interventions to increase deliverability in 
health facilities in low and middle income countries, and 
approaches such as perinatal audits to improve quality of 
care to mothers and newborns. The themes in the domain 
of “discovery” included new, more effective and less expen-
sive medicines for preventing preterm birth and treating 
sepsis, point of care diagnostics for infections, maternal 
vaccines to prevent newborn infections, and basic science 
work on causal pathways for identifying intervention tar-
gets and biomarkers for preterm birth, IUGR, and antepar-
tum stillbirths. It is noteworthy that preterm prevention 
was not ranked highly, even though it may have the largest 
impact. This appears to be the result of these questions be-
ing scored low in answerability.

The relatively lower scores for the “development” and “dis-
covery” groups of research questions may have several pos-
sible explanations. First, more than 95% of the neonatal 
deaths occur in low and middle–income countries (LMICs). 
Therefore, research addressing neonatal health issues that 
are relatively more important in wealthy countries may be 

Table 3. Top ten discovery research priorities in discovery for improving newborn health and birth outcomes by 2025 as ranked by 
91 experts

Rank ReseaRch questions total scoRe 
(confidence 
inteRval)

agReement 
betWeen 
scoReRs

55 Can stable surfactant with simpler novel modes of administration increase the use and availability of surfactant for 
preterm babies at risk of respiratory distress syndrome?

71 (62–73) 49

71 Can the method to diagnose fetal distress in labour be more accurate and affordable? 66 (57–71) 49

97 Can strategies for prevention and treatment of intrauterine growth restriction be developed? 64 (51–68) 46

105 Can novel tocolytic agents to delay or stop preterm labour be developed in order to reduce neonatal mortality and 
morbidity?

63 (54–68) 42

116 Can major causal pathways and risk factors for antepartum stillbirth be identified? 61 (52–66) 43

118 Can novel point of care diagnostics for congenital syphilis be identified in low resource setting to improve manage-
ment?

60 (53–64) 49

120 Can novel antibiotic or other biological agents be identified? 60 (51–65) 40

121 Can the new method identify intrauterine growth restriction at the early stage (including biomarkers) and predict 
abnormal postnatal growth and body composition?

60 (52–63) 43

125 Can novel vaccines for maternal immunization be developed and evaluated to prevent newborn infections (eg, GBS, 
Klebsiella, E coli, Staph)?

60 (51–64) 41

129 Can preterm birth be delayed or averted with antioxidant and/or nutrient supplementation (eg, Vitamin D, ome-
ga–3 fatty acids)?

58 (48–63) 42

GBS – group B streptococcus, Staph – staphylococcus

Table 4. Overall scoring pattern by profile of experts

median (iqR)
all scoReRs 
(n = 91)

ReseaRcheRs 
(n = 61)

PRogRamme 
exPeRts (n = 30)

TOTAL SCORE

Delivery 82 (80–86) 83 (78–86) 86 (81–87)

Development 74 (72–74) 75 (71–76) 75 (68–79)

Discovery 61 (59–64) 62 (60–62) 63 (58–65)

AGREEMENT

Delivery 67 (65–72) 68 (64–73) 70 (65–75)

Development 57 (55–58) 58 (56–60) 55 (54–62)

Discovery 43 (42–49) 45 (42–47) 44 (39–49)

ANSWERABLE?

Delivery 92 (87–94) 92 (88–95) 91 (90–94)

Development 84 (82–89) 87 (81–90) 84 (78–89)

Discovery 76 (73–78) 76 (74–79) 76 (70–79)

EFFICACY?

Delivery 87 (84–91) 87 (83–91) 88 (84–90)

Development 81 (77–83) 84 (79–84) 78 (76–81)

Discovery 68 (64–70) 68 (65–72) 69 (59–72)

DELIVERABILITY?

Delivery 85 (82–89) 86 (82–91) 87 (82–89)

Development 77 (75–80) 79 (77–81) 74 (70–84)

Discovery 68 (66–72) 69 (64–72) 70 (64–72)

IMPACT?

Delivery 68 (62–72) 65 (58–70) 73 (69–80)

Development 56 (53–57) 53 (52–58) 62 (52–65)

Discovery 46 (39–50) 46 (38–48) 44 (36–54)

EQUITY?

Delivery 84 (81–88) 84 (76–89) 87 (79–88)

Development 74 (66–77) 71 (65–76) 76 (75–80)

Discovery 54 (50–59) 52 (50–58) 53 (50–65)
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perceived to contribute less to global reduction in mortality 
and morbidity, explaining some of the lower scores received 
by potentially promising research on novel interventions 
based on high technologies. Second, “discovery” research 
often takes longer to be translated into measurable benefits 
in terms of mortality burden reduction, and by definition 
the link to reduction in mortality and inequity is less direct. 
One specific example is research on prevention of preterm 
birth – while it was likely to have high impact, it was ranked 
only 129th among the 205 questions. Thereby, respondents 
sent a message that this research question would likely be 
difficult to answer given the current stage of knowledge. 
Third, the process of delivery of novel interventions usu-
ally requires specific funding mechanisms, such as PEPFAR 
or Advance Market Commitment (AMC), which require 
time for a political agreement [34,35].

The CHNRI process we followed for setting priorities has 
several strengths. The methodology is transparent, replica-
ble, and feasible to apply via e–mail [8–12, 27–33]. The out-
put is intuitive and easily understood, and it has been refined 
and improved through many exercises over the past several 
years [36]. In this particular exercise, further improvements 
have been introduced to the process. We chose a large num-
ber of experts based on their productivity in the previous five 
years using Web of Science®, thus transparently identifying 
the group that was most likely to understand the field and 
its present research challenges and gaps. A very wide global 
network of programme experts in the Saving Newborn Lives’ 
Network was also invited. Moreover, we used online data 
collection tools, such as Survey Monkey® and Google Ana-
lytics®, which allowed monitoring of the progress of the ex-
ercise in real time, ensured adequate representation of ex-
perts by their background and region, and increased the 
efficiency of data management. Finally, 132 experts proposed 
research questions and 91 scored all the questions in this 
exercise; this is considerably more than in previous priority 
setting exercises using CHNRI methodology, where we typ-
ically involved fewer scorers, research ideas, and criteria 
scored by each expert.

There may be concern that the results derived from the 
CHNRI approach might represent only the collective opin-
ion of the limited group of people who were included in the 
process. However, we were able to obtain questions and 
scores from a large number of experts worldwide, who were 
selected in a transparent and replicable manner, based on 
their research productivity in the field. The large number of 
participants and the protection against potential bias pro-
vided by the CHNRI approach make our results more cred-
ible, although it remains apparent that the highest scored 
questions may still be biased towards those that researchers 
are most familiar with and so may bias reflect research al-
ready in progress. This issue may be particularly relevant in 
view that only about a quarter of originally invited research-
ers, policy makers and programme experts eventually con-

tributed to generating research questions, and only about 
one in six completed the scoring process, making response 
bias an important potential concern. Second, even though 
the list of proposed questions was reviewed and refined be-
fore sending for scoring, there were still overlaps in some 
research questions, possibly creating confusion in scoring 
such questions. Those and other possible strengths and lim-
itations of CHNRI methodology are described and discussed 
in greater detail in Online Supplementary Document.

A recent analysis of funding committed globally to improv-
ing neonatal health and birth outcomes has shown that do-
nor mention of the “newborn” has increased quite sharply 
since 2005. However, given a total of only 10% of all do-
nor aid to RMNCH mentioning the word “newborn”, and 
only 0.01% referring to interventions expected to reduce 
newborn deaths, it still seems unlikely that donor aid is 
commensurate with the large burden of 3.0 million new-
born deaths each year, or with the burden of morbidity, 
developmental and long–term health outcomes [37]. The 
word “stillbirth” occurred only twice in the OECD database 
between 2002 and 2010, suggesting even lower attention 
for the world’s 2.7 million stillbirths.

Large inequities in current research funding support exist 
not only in the amounts invested in newborn health in 
comparison to other diseases globally, but also between dif-
ferent neonatal conditions themselves. Conditions that af-
fect newborns in high–income countries receive more 
funding and attention than conditions that largely affect 
newborns in low–income countries. For instance, the re-
search on care of preterm babies in neonatal intensive care 
units has received considerably more funding over the past 
several years in comparison to intrapartum–related birth 
outcomes or newborn sepsis [38].

The results presented in this paper will assist both the do-
nors and the researchers in setting evidence based priori-
ties to address the key gaps in knowledge, that could make 
the most difference in saving newborn lives and preventing 
stillbirth. In addition, attention to many of these questions 
could also improve maternal and child health outcomes. 
Likewise, research priorities to address other related areas 
such as maternal, child and adolescent health and health 
system issues may have substantial effect on newborn 
health. Complementary exercises are under way to iden-
tify research priorities in these areas. Using the identified 
research priorities, WHO, SNL and other partners, that are 
linked to the Every Newborn action plan launched in 2014 
[39], will work to generate research interests among key 
national stakeholders, governments, NGOs, and research 

institutes, while encouraging research funders to support 

these priorities. We will track research funding, relevant 

request for proposals and trial registers to monitor if the 

priorities identified by this exercise are being addressed, 

and highlight those that are not being addressed.
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Validating hierarchical verbal autopsy expert 
algorithms in a large data set with known 
causes of death

Background Physician assessment historically has been the most 
common method of analyzing verbal autopsy (VA) data. Recently, 
the World Health Organization endorsed two automated methods, 
Tariff 2.0 and InterVA–4, which promise greater objectivity and low-
er cost. A disadvantage of the Tariff method is that it requires a train-
ing data set from a prior validation study, while InterVA relies on 
clinically specified conditional probabilities. We undertook to vali-
date the hierarchical expert algorithm analysis of VA data, an auto-
mated, intuitive, deterministic method that does not require a train-
ing data set.

Methods Using Population Health Metrics Research Consortium 
study hospital source data, we compared the primary causes of 1629 
neonatal and 1456 1–59 month–old child deaths from VA expert al-
gorithms arranged in a hierarchy to their reference standard causes. 
The expert algorithms were held constant, while five prior and one 
new “compromise” neonatal hierarchy, and three former child hier-
archies were tested. For each comparison, the reference standard data 
were resampled 1000 times within the range of cause–specific mor-
tality fractions (CSMF) for one of three approximated community 
scenarios in the 2013 WHO global causes of death, plus one random 
mortality cause proportions scenario. We utilized CSMF accuracy to 
assess overall population–level validity, and the absolute difference 
between VA and reference standard CSMFs to examine particular 
causes. Chance–corrected concordance (CCC) and Cohen’s kappa 
were used to evaluate individual–level cause assignment.

Results Overall CSMF accuracy for the best–performing expert al-
gorithm hierarchy was 0.80 (range 0.57–0.96) for neonatal deaths 
and 0.76 (0.50–0.97) for child deaths. Performance for particular 
causes of death varied, with fairly flat estimated CSMF over a range 
of reference values for several causes. Performance at the individual 
diagnosis level was also less favorable than that for overall CSMF 
(neonatal: best CCC = 0.23, range 0.16–0.33; best kappa = 0.29, 
0.23–0.35; child: best CCC = 0.40, 0.19–0.45; best kappa = 0.29, 
0.07–0.35).

Conclusions Expert algorithms in a hierarchy offer an accessible, 
automated method for assigning VA causes of death. Overall popu-
lation–level accuracy is similar to that of more complex machine 
learning methods, but without need for a training data set from a 
prior validation study.
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For decades, health officials and program managers in low 
and middle income countries (LMIC) without well–func-
tioning vital registration systems have used information on 
causes of death from verbal autopsy (VA) to allocate scarce 
resources to target the most common causes of child death. 
Simultaneously, the World Health Organization (WHO) 
and UNICEF, through their Child Health Epidemiology 
Reference Group (CHERG), have used VA data from the 
world’s public health literature to model and track the 
causes of neonatal and child death in LMIC countries [1–
4]. However, VA data collection and analysis methods, in-
cluding those of studies that have contributed input data 
to the CHERG models, have suffered from a lack of stan-
dardization and uncertainty as to the accuracy of their 
cause of death findings [5].

Until lately most studies have relied on physician analysis 
of VA findings, which has raised questions regarding the 
potential introduction of subjectivity and cultural biases 
into the VA diagnoses, as well as the monetary and health 
system costs of diverting physicians from patient care to 
the task of VA analysis [6]. Expert algorithms also have 
been used for VA analysis, with validation studies demon-
strating fair to good accuracy for the diagnosis of several 
causes of neonatal and child death [7–10]; but this method 
has more often been used in research settings, with pro-
gram environments being more comfortable with physician 
analysis. More recently, several machine learning and prob-
abilistic VA analysis methods have been developed that 
show promise for providing more accurate diagnoses, as 
well as the objectivity that comes with automated methods 
and the efficiency and cost savings of not requiring physi-
cians to conduct the analysis [11]. WHO recently modified 
its standardized VA questionnaire for use with two of these 
automated methods, Tariff 2.0 [12] and InterVA–4 [13], 
and is encouraging the use of these methods instead of the 
traditional physician review method [14].

However, questions remain as to which method or meth-
ods is most accurate, with a recent assessment emphasizing 
that different methods may work best for different age 
groups and causes of death [15]. Lastly, none of these stud-
ies examined the use of expert algorithms arranged in a hi-
erarchy to select the primary cause of death, which offers 
the same advantages as other automated methods plus the 
additional benefit, unlike the Tariff method, of not requir-
ing a training data set from a prior VA validation study, 
preferably conducted in the same geographic region or dis-
ease setting intended for the use of verbal autopsy, and dis-
tinct from all other automated methods, is based on clinical 
algorithms that can be easily explained to non–medical 
professionals. A later study did examine the performance 
of hierarchical algorithms, but in a small data set against 
physician–determined reference standard diagnoses using 
algorithms refined by physicians at the same sites, and 

missing some key neonatal causes of death [16]. Therefore, 
we undertook to validate the hierarchical expert algorithm 
VA analysis method in a large data set with objective refer-
ence standard criteria for a full range of important neonatal 
and child causes of death, and report the findings of our 
analyses in this paper.

METHODS

We used source data from the Population Health Metrics 
Research Consortium (PHMRC) study to validate causes of 
under–five year–old deaths from verbal autopsy expert al-
gorithms arranged in a hierarchy compared to reference 
standard causes of death. The design and primary results 
of the PHMRC study have been described in detail [17]. In 
brief, the study identified hospital deaths of all ages, includ-
ing 1629 neonatal deaths and 1456 1–59 months old child 
deaths, at six study sites in five countries on three conti-
nents, determined the main or underlying reference stan-
dard cause for each death from available clinical, labora-
tory and imaging data, and later visited the household of 
each decedent to conduct a verbal autopsy interview. A 
large portion of these data are publicly available [18], al-
though some questions about its contents have risen from 
the verbal autopsy research community [19]. For this rea-
son, we conducted extensive cleaning of the PHMRC data 
to make it more suitable for our expert algorithm analysis, 
and have provided the cleaned data, documentation and 
cleaning information online [20]). We excluded stillbirths 
and deaths of persons older than five years from our anal-
ysis, restricting our interest to deaths of live born children 
who died before age five, analyzed separately for neonates 
0 to 27 days and children 1 to 59 months old.

Verbal autopsy cause of death assignment

Verbal autopsy (VA) expert algorithms are combinations of 
illness signs and symptoms judged by verbal autopsy re-
searchers to be predictive of particular causes of death. The 
algorithms validated in the current study were based on 
those developed by researchers for prior VA validation 
studies, further consultation with additional verbal autop-
sy experts, and a literature review to identify illness signs 
and symptoms commonly associated with particular neo-
natal and child illnesses. The sources and algorithms them-
selves are provided in a recent publication [21]. We used 
the expert algorithms to estimate cause of death given each 
individual’s PHMRC VA questionnaire responses. While the 
PHMRC questionnaire includes close–ended questions on 
illness signs and symptoms, an open–ended narrative re-
sponse and recording of data from medical records and 
death certificates available in the home, the expert algo-
rithms are based only on the responses to close–ended 
questions on illness signs and symptoms.
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Hierarchical expert algorithms for verbal autopsy

Because the algorithms determine all contributing causes, 
in the event that more than one cause was identified the 
primary cause was chosen according to a pre–specified hi-
erarchy. We determined the primary causes of neonatal 
death utilizing the same algorithms across five hierarchies 
for neonatal deaths that are currently in use: Arifeen et al. 
[22], Baqui et al. [23], Kalter et al. [21], Lawn et al. [24], 
and Liu et al. [25]; and the primary causes of child death 
(1–59 months of age) utilizing the hierarchies for this age 
group described by Arifeen et al. [22], Kalter et al. [21], 
and Liu et al. [25]. Other things being equal, estimating 

more causes at once will yield lower accuracy than estimat-
ing fewer causes [26]. Therefore, for neonatal deaths, we 
also examined a compromise hierarchy that included four 
cause categories in common across all five neonatal hierar-
chies (Table 1).

Reference standard cause of death

We used the reference standard causes of death from the 
PHMRC study to approximate the cause of death distribu-
tion in community settings, where verbal autopsy is most 
relevant. Because the PHMRC study was hospital– as op-

Table 1. Cause assignment hierarchies for determining the main cause of death among co–morbid causes in neonates 0–27 days and 
1–59 month–old children

aRifeen et al. 2004 [22] baqui et al. 2006 [23] kalteR et al. 2015 [21] laWn et al. 2006 [24] liu et al. 2015 [25] comPRomise

Neonates 0–27 days:

Neonatal tetanus Neonatal tetanus, 
Congenital abnormality

Neonatal tetanus Congenital 
abnormality

Neonatal tetanus Congenital 
abnormality

Congenital abnormality Preterm delivery Congenital abnormality Neonatal tetanus Congenital abnormality Birth asphyxia

Birth asphyxia Birth asphyxia Birth asphyxia, birth 
injury

Preterm birth Birth asphyxia, birth 
injury

Prematurity

Birth injury Birth injury Meningitis Birth asphyxia Diarrhea, ARI Sepsis, pneumonia, 
meningitis

ARI, diarrhea Sepsis or pneumonia Diarrhea Sepsis, pneumonia, 
meningitis

Meningitis

Possible diarrhea, 
possible ARI, sepsis

Diarrhea Pneumonia Diarrhea Possible pneumonia, 
possible diarrhea

Premature birth/LBW Unspecified Possible diarrhea Other Prematurity/LBW

Other causes Possible pneumonia Sepsis, other possible 
serious infections

Unspecified Sepsis Unspecified

Jaundice

Hemorrhagic disease of 
the newborn

Sudden unexplained death

Preterm delivery

Unspecified

Children 1–59 months:

Injury Injury Injury

ARI, diarrhea, measles AIDS Measles, diarrhea, ARI

Possible serious 
infections

Malnutrition (underlying) Meningitis

Malnutrition Measles Malaria

Other causes Meningitis AIDS

Unspecified Dysentery Possible diarrhea/ARI

Undetermined Diarrhea Other possible serious 
infections

Pertussis Unspecified

Pneumonia

Malaria

Possible dysentery

Possible diarrhea

Possible pneumonia

Hemorrhagic fever

Other infection

Residual infection

Malnutrition

Unspecified

LBW – low birth weight, ARI – acute respiratory infection
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posed to community based, and the cause distribution in the 
community and hospital may differ, we resampled from the 
study deaths to represent a variety of cause distributions.

We approximated three specific mortality settings with the 
PHMRC data: (1) communities with high under five mor-
tality where malaria is endemic, (2) communities with high 
under five mortality where malaria is not endemic, and (3) 
communities with moderate under five mortality. We used 
the Child Health Epidemiology Reference Group (CHERG) 
definition of high under–five mortality (more than 35 
deaths per 1000 live births) [4], took moderate mortality 
as 20 to 35 deaths per 1000, and defined malaria endemic-
ity as greater than 5 percent of under–five deaths due to 
malaria. In addition to these three specific scenarios of in-
terest, we also considered a fourth general scenario, where 
all cause-specific mortality fractions were randomly varied 
between 5% and 40%.

Estimated cause proportions of death for all countries in the 
world, including those where most deaths occur outside the 
formal health sector, are available from the WHO [4]. We 
used these estimated causes of neonatal and child mortality 
as a guide in choosing cause distributions in our scenarios 
of interest. To generate a possible set of verbal autopsies to 
represent a given death distribution in a particular mortal-
ity scenario, we selected one country at random among all 
those appropriate, and resampled the PHMRC question-
naire data to correspond approximately to that cause of 
death distribution. For neonates, we included deaths due 
to prematurity, birth asphyxia, congenital malformations, 
meningitis, pneumonia and sepsis; and for children we used 
deaths from HIV, diarrhea, measles, meningitis/encephalitis, 
malaria, pneumonia, injuries, other infectious causes, and 
non–infectious causes. Some causes of interest for Liu et al. 
[4] do not occur in the PHMRC study data, requiring that 
we use relative proportions of causes reported by the PHM-
RC, while unreported causes were not considered. For ex-
ample, the tetanus mortality fraction for neonatal deaths as 
reported by WHO is as high as 8%, but there are no neo-
natal deaths due to tetanus in the PHMRC data.

The PHMRC data include neonatal deaths due to co–morbid 
preterm delivery, birth asphyxia and/or sepsis; and child 
deaths due to co–morbid pneumonia and diarrhea. For 
deaths with co–morbid reference standard causes of death, 
we used the ICD–10 rules to assign a single underlying cause 
of death [27]. In accordance with the rule that the mode of 
perinatal death, including prematurity, should not be classi-
fied as the main disease or condition unless it was the only 
condition known, we assigned deaths due to co–morbid pre-
term/birth asphyxia to birth asphyxia, preterm/sepsis to sep-
sis, and preterm/sepsis/birth asphyxia proportionately to 
sepsis and birth asphyxia. Deaths from conditions directly 
due to prematurity, such as Respiratory Distress Syndrome, 
were classified as being due to preterm delivery. For child 
deaths, we proportionately reallocated co–morbid pneumo-

nia/diarrhea deaths to pneumonia or diarrhea. Using these 
verbal autopsies for harmonized causes of death, we repeat-
ed our selection of cause of death distribution and resam-
pling 1000 times for each of the four scenarios. Table 2 sum-
marizes our harmonization of the verbal autopsy algorithms 
and reference standard causes of death.

Accuracy of VA cause of death 
determination

After resampling the reference standard cause of death data 
for neonates and children according to the four mortality 
scenarios as described above, we then, separately for neo-
natal and child deaths and for each hierarchy in each sce-
nario, used the expert algorithms to estimate cause of death 
in the resampled reference standard cause of death data 
given each individual’s VA questionnaire responses. We 
used four metrics to examine the validity of the VA cause 
of death estimates, two at the population level and two at 
the level of individual cause assignment. Cause-specific 
mortality fraction (CSMF) accuracy, as defined by Murray 
et al. [28], is an overall summary of the estimated and ref-
erence standard cause distributions with larger values in-
dicating VA CSMF measurements closer to the reference 
standard. CSMF accuracy is the sum of absolute errors by 
cause, scaled by the extent of possible error given the small-
est cause fraction, and subtracted from one. It is generally 
interpretable as percent accuracy. To assess the validity of 
VA estimates of particular causes of death we examined the 
absolute difference between VA and reference standard 
CSMFs for these causes.

The last two metrics estimate the accuracy of VA cause of 
death assignment at the level of individual deaths. Cohen’s 
kappa is a general measure of agreement between estimat-
ed and reference standard causes [29]. Large values of kap-
pa indicate more agreement, where in general values less 
than zero indicate no agreement, values between 0 and 0.2 
are rated as minimal agreement, 0.2 to 0.4 as fair, 0.4 to 
0.6 as moderate, 0.6 to 0.8 as substantial, and 0.8 to 1 ap-
proach exact agreement [30]. Chance corrected concor-
dance (CCC) is another measure of agreement between VA 
and reference standard causes at the individual level. This 
statistic is closely related to Cohen’s kappa and average sen-
sitivity across causes or categories [28]. Similar to kappa, 
large values indicate more agreement. The CCC scale is 
from 1/(1–N) to 1, for the number of causes N, while the 
scale for Cohen’s kappa is from –1 to 1. We used these two 
metrics only to generate overall summaries of VA accuracy 
for all causes together.

Ethics statement

The study data are publically accessible and include no 
personal identifiers. Therefore, no ethical review of the 
study protocol or informed consent was necessary.
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RESULTS

Neonates

Table 3 shows summary results for the expert algorithm 

cause of death assignments for all causes together from four 

mortality scenarios and three measures of accuracy. By the 

CSMF measure, the Baqui and Lawn hierarchies performed 

best in the moderate and general mortality scenarios, and 

the compromise hierarchy did best in both high mortality 

scenarios. These three hierarchies all did their best in the 

high mortality scenarios, whereas the Kalter and Liu hier-

archies did their best in the general scenario, in which their 

performance nearly equaled that of the Lawn hierarchy. All 

the hierarchies did their worst, or nearly so, in the moder-

ate mortality scenario. Figure 1 also summarizes CSMF 

accuracy for neonatal deaths in these scenarios.

The Baqui and Lawn hierarchies performed best by the Co-

hen’s kappa measure, followed closely by the compromise 

Table 2. Correspondence of verbal autopsy and reference standard diagnoses in the hierarchies

veRbal autoPsy algoRithm(s) PhmRc RefeRence standaRd gRouP(s) Placement in hieRaRchy

Neonates 0–27 days:

Neonatal tetanus No PHMRC neonatal tetanus cases –

Congenital malformation Congenital malformation Malformation

Birth injury No PHMRC birth injury cases –

Birth asphyxia Birth asphyxia, preterm delivery (without RDS) and birth as-
phyxia, preterm delivery (without RDS) and sepsis and birth 
asphyxia (allocated to birth asphyxia according to the distri-
bution of other deaths due to sepsis and birth asphyxia)

Birth asphyxia

Meningitis Meningitis (serious infection) Meningitis

Diarrhea No PHMRC neonatal diarrhea cases –

Pneumonia; ARI Pneumonia (serious infection) Pneumonia

Possible diarrhea No PHMRC neonatal diarrhea cases –

Possible pneumonia, possible ARI Pneumonia (serious infection) Possible pneumonia (later to combine with 
pneumonia)

Sepsis Sepsis (serious infection), sepsis with local bacterial infection, 
preterm delivery (with or without RDS) and sepsis, preterm 
delivery (without RDS) and sepsis and birth asphyxia (allo-
cated to sepsis according to the distribution of other deaths 
due to sepsis and birth asphyxia)

Sepsis

Jaundice No PHMRC jaundice cases –

Hemorrhagic disease of the newborn No PHMRC hemorrhagic disease of the newborn cases –

Sudden unexplained death No PHMRC sudden unexplained death cases –

Preterm delivery, Preterm delivery with 
complication specific to prematurity (RDS)

Preterm delivery (<33 weeks gestational age [GA]) with or 
without RDS, preterm delivery (33–36 weeks GA) with RDS

Preterm delivery

Children 1–59 months:

Injury Bite of a venomous animal, burn, drowning, fall, poisoning, 
road traffic injury, violent death

Injury

AIDS AIDS AIDS

Malnutrition (underlying) No PHMRC malnutrition cases –

Measles Measles Measles

Meningitis Encephalitis, meningitis Meningitis

Diarrhea or dysentery Diarrhea/dysentery Diarrhea/dysentery

Pneumonia or diarrhea Pneumonia and diarrhea Allocated to pneumonia and diarrhea/dysen-
tery according to the distribution of other 
deaths due to pneumonia and diarrhea/dys-
entery

Pneumonia Pneumonia Pneumonia

Malaria Malaria Malaria

Possible diarrhea or dysentery Diarrhea/dysentery Possible diarrhea or dysentery (later to com-
bine with diarrhea/dysentery)

Possible pneumonia Pneumonia Possible pneumonia (later to combine with 
pneumonia)

Pertussis, hemorrhagic fever, other 
infection

Hemorrhagic fever, sepsis, tuberculosis, other infectious 
diseases

Other infectious causes

Residual infection (possible malaria) Malaria Possible malaria (later to combine with ma-
laria)

PHMRC – Population Health Metric Research Consortium, RDS – respiratory distress syndrome, ARI – acute respiratory infection

www.jogh.org •  doi: 10.7189/jogh.06.010601	 275	 June 2016  •  Vol. 6 No. 1 •  010601



V
IE

W
PO

IN
TS

PA
PE

RS
Kalter et al.

hierarchy. Generally, for all algorithms, the Cohen’s kappa 

was between 0.1 and 0.4, indicating minimal to fair agree-

ment between VA estimated and reference standard causes. 

The CCC statistic also indicates that expert algorithms in 

the Baqui and Lawn hierarchies provide estimates that are 

closer to the reference standard causes than either the Kal-

ter or Liu hierarchies, but overall the CCC statistics for all 

the hierarchies are between 0 and 0.45, indicating small to 

moderate agreement with the reference standard causes.

The median and range of absolute differences between es-

timated and reference standard CSMFs are shown in Table 

4 for each neonatal cause of death, along with the propor-

tion of deaths that were not classified by each hierarchy. 

Figure 2 shows the simulated reference standard and esti-

mated CSMF in the general mortality scenario. This differ-

ence is identical across all hierarchies for the percent of 

deaths due to congenital malformations, because this cause 

is the first in each hierarchy. The Baqui and Lawn hierar-

chies perform best for birth asphyxia, and Baqui is best for 

sepsis/pneumonia. The compromise hierarchy is best for 

prematurity, and the Lawn and compromise hierarchies are 

jointly best for sepsis/meningitis/pneumonia.

Figure 1. Cause-specific mortality fraction accuracy for six 
neonatal expert algorithm hierarchies in the resampled 
Population Health Metrics Research Consortium data, for 
1000 simulated cause distributions from four neonatal 
mortality scenarios, and four neonatal causes (birth 
asphyxia, congenital malformation, prematurity, sepsis/
pneumonia or sepsis/pneumonia/meningitis). Boxes 
represent interquartile ranges, with a line at the median. 
Whiskers represent 95% confidence intervals for the 
median values, and outliers are shown by dots.

Table 3. Agreement* of reference standard and algorithm cause of death assignment among neonates

scenaRio aRifeen et al. 2004 [22] baqui et al. 2006 [23] kalteR et al. 2015 [21] laWn et al. 2006 [24] liu et al. 2015 [25] comPRomise

Cause-specific mortality fraction accuracy:

High U5MR with malaria 0.68 (0.53–0.76) 0.87 (0.77–0.93) 0.68 (0.53–0.76) 0.87 (0.77–0.93) 0.71 (0.56–0.79) 0.89 (0.77–0.93)

High U5MR without malaria 0.65 (0.45–0.74) 0.84 (0.75–0.93) 0.65 (0.45–0.74) 0.84 (0.75–0.93) 0.68 (0.49–0.78) 0.86 (0.71–0.93)

Moderate U5MR 0.49 (0.38–0.63) 0.78 (0.69–0.87) 0.49 (0.38–0.63) 0.78 (0.69–0.87) 0.53 (0.41–0.67) 0.74 (0.61–0.85)

General 0.71 (0.39–0.96) 0.80 (0.57–0.96) 0.74 (0.41–0.94) 0.77 (0.61–0.93) 0.75 (0.44–0.95) 0.76 (0.60–0.93)

Cohen’s kappa:

High U5MR with malaria 0.17 (0.12–0.22) 0.29 (0.23–0.35) 0.17 (0.12–0.22) 0.29 (0.23–0.35) 0.18 (0.13–0.23) 0.26 (0.21–0.31)

High U5MR without malaria 0.17 (0.11–0.22) 0.29 (0.24–0.36) 0.17 (0.11–0.22) 0.29 (0.24–0.36) 0.18 (0.12–0.22) 0.26 (0.21–0.32)

Moderate U5MR 0.15 (0.04–0.21) 0.28 (0.16–0.34) 0.15 (0.04–0.21) 0.28 (0.16–0.34) 0.16 (0.04–0.21) 0.24 (0.11–0.29)

General 0.14 (0.07–0.23) 0.20 (0.08–0.36) 0.15 (0.06–0.24) 0.24 (0.12–0.37) 0.16 (0.07–0.25) 0.22 (0.11–0.33)

Chance corrected concordance:

High U5MR with malaria 0.13 (0.06–0.19) 0.22 (0.16–0.28) 0.13 (0.06–0.19) 0.22 (0.16–0.28) 0.14 (0.07–0.20) 0.20 (0.14–0.26)

High U5MR without malaria 0.13 (0.09–0.18) 0.22 (0.17–0.28) 0.13 (0.09–0.18) 0.22 (0.17–0.28) 0.14 (0.09–0.19) 0.20 (0.15–0.26)

Moderate U5MR 0.13 (0.09–0.22) 0.22 (0.17–0.44) 0.13 (0.09–0.22) 0.22 (0.17–0.44) 0.14 (0.09–0.23) 0.20 (0.15–0.36)

General 0.14 (0.08–0.22) 0.23 (0.16–0.33) 0.12 (0.05–0.21) 0.23 (0.17–0.32) 0.13 (0.06–0.22) 0.21 (0.14–0.30)

U5MR – under 5 years mortality rate

*Median and range across 1000 simulated instances of the Population Health Metrics Research Consortium study data for cause-specific mortality fraction 
(CSMF) accuracy, the kappa statistic, and chance corrected concordance (CCC) by mortality scenario and hierarchical method for distributing co–morbid 
causes of neonatal death, for four causes: birth asphyxia, congenital malformation, prematurity, sepsis/pneumonia or sepsis/pneumonia/meningitis.
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Table 4. Absolute difference* between the cause-specific mortality fraction of each estimated and reference standard cause, for the 
general neonatal mortality scenario

cause aRifeen et al. 2004 [22] baqui et al. 2006 [23] kalteR et al. 2015 [21] laWn et al. 2006 [24] liu et al. 2015 [25] comPRomise

Birth asphyxia 0.11 (0.00–0.22) 0.07 (0.01–0.15) 0.11 (0.00–0.22) 0.07 (0.01–0.15) 0.11 (0.00–0.22) 0.11 (0.00–0.22)

Congenital malformation 0.13 (0.03–0.31) 0.13 (0.03–0.31) 0.13 (0.03–0.31) 0.13 (0.03–0.31) 0.13 (0.03–0.31) 0.13 (0.03–0.31)

Meningitis – – 0.09 (0.01–0.24) – 0.10 (0.01–0.24) –

Pneumonia – – 0.19 (0.01–0.32) 0.20 (0.01–0.32) –

Prematurity 0.12 (0.02–0.30) 0.08 (0.00–0.17) 0.12 (0.02–0.30) 0.08 (0.00–0.17) 0.11 (0.00–0.28) 0.05 (0.00–0.13)

Sepsis – – 0.09 (0.00–0.28) 0.11 (0.00–0.30) 0.11 (0.00–0.30)

Sepsis/pneumonia 0.18 (0.02–0.36) 0.10 (0.00–0.24) 0.12 (0.01–0.29) 0.11 (0.00–0.27) –

Sepsis/pneumonia/meningitis – – 0.22 (0.18–0.30) 0.03 (0.00–0.08) 0.19 (0.15–0.27) 0.03 (0.00–0.08)

Unspecified 0.15 (0.12– 0.19) 0.15 (0.12– 0.19) 0.14 (0.11–0.18) 0.14 (0.11–0.18) 0.14 (0.11–0.18) 0.14 (0.11–0.18)

*Median and range across one thousand simulations. Results are shown for six hierarchies as a proportion of all neonatal deaths

Figure 2. Cause-specific mortality fractions for six neonatal expert algorithm hierarchies in the resampled Population Health Metrics 
Research Consortium data, for four neonatal causes in the general neonatal mortality scenario, for 1000 simulated cause distribu-
tions.
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Children

Table 5 shows summary results for the expert algorithm 
cause assignment of four causes of child deaths in three hi-
erarchies and four mortality scenarios. We used the same 
three measures of accuracy as for neonatal deaths at the 
population and individual levels. At the population level, 
summarized by CSMF accuracy, the Kalter hierarchy per-
forms best in each scenario. This population level compar-
ison is also shown in Figure 3.

The hierarchies are not as strongly differentiated at the in-
dividual level for child deaths. There is also some counter 

Table 5. Agreement* of reference standard and algorithm cause of death assignment among children 1–59 months old

scenaRio aRifeen et al. 2004 [22] kalteR et al. 2015 [21] liu et al. 2015 [25]
Cause-specific mortality fraction accuracy:

High U5MR with malaria 0.80 (0.67–0.86) 0.87 (0.75–0.94) 0.81 (0.68–0.88)

High U5MR without malaria 0.83 (0.73–0.90) 0.93 (0.79–0.97) 0.80 (0.69–0.90)

Moderate U5MR 0.84 (0.74–0.90) 0.92 (0.79–0.97) 0.80 (0.68–0.91)

General 0.66 (0.43–0.87) 0.76 (0.50–0.97) 0.69 (0.45–0.93)

Cohen’s kappa:

High U5MR with malaria 0.14 (0.06–0.25) 0.13 (0.07–0.22) 0.14 (0.08–0.22)

High U5MR without malaria 0.24 (0.09–0.35) 0.21 (0.08–0.32) 0.23 (0.09–0.34)

Moderate U5MR 0.29 (0.07–0.35) 0.25 (0.08–0.32) 0.28 (0.08–0.35)

General 0.10 (0.02–0.38) 0.10 (0.04–0.33) 0.10 (0.04–0.35)

Chance corrected concordance:

High U5MR with malaria 0.25 (0.20–0.49) 0.17 (0.12–0.39) 0.20 (0.14–0.42)

High U5MR without malaria 0.23 (0.18–0.45) 0.22 (0.17–0.46) 0.22 (0.18–0.44)

Moderate U5MR 0.40 (0.19–0.45) 0.37 (0.16–0.55) 0.39 (0.17–0.48)

General 0.24 (0.16–0.30) 0.16 (0.10–0.23) 0.19 (0.12–0.25)

U5MR – under 5 years mortality rate

*Median and range across 1000 simulated instances of the Population Health Metrics Research Consortium study data for cause-specific mortality frac-
tion (CSMF) accuracy, the kappa statistic, and chance corrected concordance (CCC) by mortality scenario and hierarchical method for distributing co–
morbid causes of child death, for four causes: pneumonia/diarrhea, measles, other infectious causes, and injury.

indication at the individual level between Cohen’s kappa 
and the CCC statistic as to which hierarchy is best in each 
mortality scenario. By Cohen’s kappa, the three hierarchies 
are very similar in the high mortality with malaria and the 
general mortality scenarios. Also by Cohen’s kappa, the Liu 
and Arifeen hierarchies are similar in the high mortality 
without malaria and moderate mortality scenarios, while 
the Kalter hierarchy has somewhat lower agreement. The 
Cohen’s kappa for these three hierarchies generally range 
from slight (less than 0.2) to fair agreement (0.2–0.4).

By the CCC statistic, Arifeen’s hierarchy has the largest me-
dian across the mortality scenarios, although the advantage 

Figure 3. Cause-specific mortality fraction accuracy for 
three expert algorithm hierarchies in the resampled 
Population Health Metrics Research Consortium data, 
for 1000 simulated cause distributions from four 
mortality scenarios, and four causes of child death 
(pneumonia/diarrhea, measles, other infectious 
causes, and injury). Boxes represent interquartile 
ranges, with a line at the median. Whiskers represent 
95% confidence intervals for the median values, and 
outliers are shown by dots.
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Figure 4. Cause-specific mortality fractions for three expert algorithm hierarchies in the resampled Population Health Metrics 
Research Consortium data, for six child causes in the general mortality scenario, for 1000 simulated cause distributions.

is small, especially for the high mortality without malaria 
and moderate mortality scenarios. Overall CCC statistics 
range from 0.06 to 0.55, indicating small to moderate 
agreement by the standards for interpreting Cohen’s kappa, 
and somewhat higher agreement than for neonates.

Figure 4 shows the simulated reference standard and esti-
mated CSMF in the general mortality scenario for six causes 
of child deaths. The median and range of absolute differ-
ences between estimated and reference standard CSMFs 
across these simulated instances of the PHMRC data for 
each cause of child death are shown in Table 6. This dif-
ference is identical across all hierarchies for the percent of 
deaths due to injuries, because this cause occupies the 

same place in the respective hierarchies. The Kalter hierar-
chy is best for pneumonia/diarrhea, meningitis/encephali-
tis, and AIDS. The Arifeen hierarchy is best for other infec-
tious causes, while the Liu hierarchy is generally best for 
malaria. The Liu hierarchy is especially accurate when ma-
laria is below 0.10 CSMF, while the Kalter hierarchy tends 
to be more accurate as malaria increases, as shown in Fig-
ure 4. Table 6 shows the median absolute difference in 
CSMF, which may mask differences depending on the ref-
erence standard CSMF.

The median absolute differences between estimated CSMF 
and reference CSMF by cause are also shown for the two 
high mortality scenarios in Table 6, both with and without 
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Table 6. Absolute difference* between the cause-specific mortality fraction of each estimated and reference standard cause, for the 
general, high mortality with malaria and high mortality without malaria child mortality scenarios

cause aRifeen et al. 2004 [22] kalteR et al. 2015 [21] liu et al. 2015 [25]
Child – General mortality scenario:

AIDS – 0.08 (0.01–0.28) 0.08 (0.04–0.35)

Diarrhea/dysentery – 0.08 (0.01–0.15) –

Injury 0.01 (0.00–0.05) 0.01 (0.00–0.05) 0.01 (0.00–0.05)

Malaria – 0.10 (0.01–0.26) 0.04 (0.00–0.22)

Measles 0.10 (0.03–0.36) 0.10 (0.03–0.36) 0.10 (0.03–0.36)

Meningitis/encephalitis – 0.05 (0.00–0.20) 0.06 (0.00–0.27)

Other infectious causes 0.07 (0.00–0.25) 0.08 (0.00–0.32) 0.11 (0.04– 0.35)

Pneumonia – 0.20 (0.03–0.30) –

Pneumonia/diarrhea 0.46 (0.24–0.62) 0.26 (0.04–0.40) 0.37 (0.13–0.51)

Unspecified 0.47 (0.50-0.95) 0.11 (0.00-0.51) 0.14 (0.00-0.63)

Child – High mortality with malaria:

AIDS – 0.01 (0.00–0.10) 0.02 (0.00–0.13)

Diarrhea/dysentery – 0.03 (0.00–0.08) –

Injury 0.01 (0.00–0.01) 0.01 (0.00–0.01) 0.01 (0.00–0.01)

Malaria – 0.09 (0.00–0.23) 0.15 (0.01–0.30)

Measles 0.01 (0.00–0.08) 0.01 (0.00–0.08) 0.01 (0.00–0.08)

Meningitis/encephalitis – 0.08 (0.05–0.10) 0.02 (0.00–0.05)

Other infectious causes 0.03 (0.00–0.11) 0.09 (0.05–0.15) 0.12 (0.09–0.17)

Pneumonia – 0.12 (0.06–0.23) –

Pneumonia/diarrhea 0.35 (0.25–0.45) 0.14 (0.05–0.26) 0.24 (0.15–0.36)

Unspecified 0.45 (0.26–0.62) 0.06 (0.02–0.29) 0.10 (0.06–0.34)

Child – High mortality without malaria:

AIDS – 0.02 (0.00–0.30) 0.01 (0.00–0.37)

Diarrhea/dysentery – 0.02 (0.00–0.09) –

Injury 0.01 (0.00–0.02) 0.01 (0.00–0.02) 0.01 (0.00–0.02)

Malaria – – –

Measles 0.02 (0.00–0.08) 0.02 (0.00–0.08) 0.02 (0.00–0.08)

Meningitis/encephalitis – 0.06 (0.02–0.08) 0.14 (0.07–0.20)

Other infectious causes 0.03 (0.00–0.11) 0.09 (0.05–0.15) 0.12 (0.09–0.17)

Pneumonia – 0.10 (0.06–0.16) –

Pneumonia/diarrhea 0.22 (0.17–0.36) 0.09 (0.04–0.22) 0.19 (0.14–0.34)

Unspecified 0.26 (0.17–0.39) 0.10 (0.04–0.23) 0.16 (0.08–0.26)

*Median and range across one thousand simulations. Results are shown for three hierarchies, as a proportion of all child deaths.

malaria. The relative accuracy of the hierarchies by cause 

was similar to their performance in the general mortality 

scenario, except that in the high mortality with malaria sce-

nario the Liu hierarchy did best for meningitis/encephalitis 

and the Kalter hierarchy worked best for malaria. The me-

dian absolute difference for pneumonia and diarrhea in the 

scenario for high mortality with malaria was 0.35, 0.14, 

and 0.24 for the Arifeen, Kalter, and Liu hierarchies respec-

tively. These same median absolute differences in the high 

mortality scenario without malaria were 0.22, 0.09, and 

0.19, indicating an improvement in estimated CSMF for 

pneumonia and diarrhea when the CSMF for deaths due 

to malaria was low. In addition, the median difference in 

the pneumonia CSMFs in the Kalter hierarchy was 0.12 in 

the high mortality scenario with malaria, and 0.10 in the 

high mortality scenario without malaria. These results re-

flect improved estimates for pneumonia, as expected given 

that high malaria burden may complicate other diagnoses, 
especially for pneumonia [31].

The software for the best performing neonatal and child 
algorithms and hierarchies, along with the PHMRC ques-
tionnaire needed to collect the input data, are available on-
line [20].

DISCUSSION

We have compared six expert algorithm hierarchies for as-
signing causes of neonatal death and three for assigning 
causes of child death, and we compared the resulting cause 
distributions with reference standard causes. We made 
these comparisons among the PHMRC study data, resam-
pled to resemble the cause proportions of deaths from a 
variety of community settings as determined by the Child 
Health Epidemiology Reference Group on behalf of WHO. 
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There was minimal to fair agreement between the algo-
rithmic and the reference standard diagnoses at the indi-
vidual level, both for neonatal and child causes of death, 
although some hierarchies had slightly higher agreement 
than others.

Verbal autopsies are generally used to describe populations 
instead of individuals, and so we have focused on measures 
of the agreement between algorithm–assigned and refer-
ence standard causes at the population level [32]. By this 
measure the agreement between assigned and reference 
standard causes was more favorable and the algorithms ap-
pear useful. When assessed in this manner, the Baqui, Lawn 
and compromise hierarchies performed best for neonatal 
causes, and the Kalter hierarchy performed best for chil-
dren. The nearly equal performance of several hierarchies 
for neonatal deaths in the general mortality scenario sug-
gests that several of the VA studies used as input data for 
the WHO/CHERG modeled estimates, whose cause distri-
butions were the basis for the other mortality scenarios, 
may have used hierarchies with preterm placed higher up 
to select among multiple causes, similar to the ordering of 
diagnoses in the Baqui and Lawn hierarchies.

Hierarchy performance also varied across particular causes 
of neonatal and child death. For neonatal deaths, the Baqui 
and Lawn hierarchies performed best for birth asphyxia, 
and the compromise hierarchy performed best for prema-
turity. The Baqui hierarchy also performed best for sepsis/
pneumonia, while the Lawn and compromise hierarchies 
performed best for sepsis/pneumonia/meningitis. For 
deaths in children 1–59 months, there was a striking dif-
ference in hierarchy performance for pneumonia, for which 
the Kalter hierarchy performed best. Clearly some causes 
are more difficult to classify than others. Hierarchy–esti-
mated CSMF for child deaths due to injury was very close 
to the reference CSMF across all simulated scenarios. The 
estimated CSMF for measles, however, was near zero for all 
simulations, indicating a poor diagnostic ability, contrary 
to expectations for identifying measles [33]. This was like-
ly due to an aberration in the PHMRC VA interview data, 
which identified ‘rash’ in only 3/23 reference standard mea-
sles cases [18].

Poor performance for particular causes may be masked by 
good overall performance as indicated by CSMF accuracy. 
For example, when an algorithm estimates 52%, 29%, 2% 
and 4% for neonatal deaths due to sepsis/pneumonia, birth 
asphyxia, congenital malformation, and prematurity, where 
the actual CSMFs are 32%, 31%, 11%, and 11%, the CSMF 
accuracy is 0.79, indicating good overall performance al-
though sepsis/pneumonia is overestimated by 20%. Poor 
performance was observed for several causes in both neo-
nates and children, where estimated CSMF was relatively 
flat over a range of reference standard CSMF. The CSMF 

accuracy as a statistic is limited in its ability to describe 
these details.

Until very recently the verbal autopsy standard was for 
questionnaires to be examined individually with cause of 
death determination by physician review. The new stan-
dard is to encourage assignment of cause of death using 
automated computer programs for the InterVA–4 and Tar-
iff 2.0 methods [14]. The Tariff has been shown to outper-
form InterVA–4 in population level metrics, although re-
ports vary [11,15]. The Tariff method determines cause 
based on the relative associations of symptoms and causes 
of death in a reference standard “training” data set, supple-
mented with global burden of disease estimates for ques-
tionnaires with undetermined cause of death [12].

In a validation study with the PHMRC data, CSMF accu-
racy of the Tariff 2.0 was reported at 0.81 (uncertainty 
0.80, 0.82) for neonatal causes and 0.74 (uncertainty 0.74, 
0.75) for child causes [12]. This is within the observed 
range of the best performing expert algorithm hierarchies 
(at 0.80 with range 0.57 to 0.96 for neonatal deaths and 
0.76 with range 0.50 to 0.97 for child deaths), but with 
smaller uncertainty. The comparison, however, is not con-
clusive. Although the CSMF accuracy both of the expert 
algorithms and the Tariff were determined in the PHMRC 
data, only the Tariff was built on data from PHMRC study, 
potentially providing it with an advantage. In addition, the 
methods for resampling and estimating uncertainty were 
not the same, and so the reference is not necessarily on the 
same basis. In addition, the specified causes were not the 
same. For example, in the assessment of Tariff performance 
with neonatal causes of death, all deaths with co–morbid 
prematurity, birth asphyxia and/or sepsis were classified for 
resampling as being due to prematurity. The Tariff valida-
tion included six causes for neonatal deaths, and 21 for 
children, which is more total causes than in our expert al-
gorithm validation. A definitive comparison of the Tariff 
and expert algorithm methods is further complicated by 
computational requirements of the Tariff. A single selection 
of deaths can be used to validate the expert algorithms, but 
in addition to these, the Tariff requires a selection of refer-
ence deaths for training. This comparison is outside the 
scope of this paper, but an area for further research.

The expert algorithms are fully deterministic: verbal autop-
sies with the same responses will be assigned the same 
cause of death. Algorithms are based on symptom patterns 
that physicians and medical experts expect to correspond 
to common causes of death in neonates and children. This 
determinism is an asset for facilitating use and understand-
ing. While InterVA is also deterministic, it relies on condi-
tional probabilities of the relationships between symptoms 
and causes of death that operate unseen in the background, 
rendering it less easily explainable to non–medical profes-
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of death distribution is unknown, precluding the selection 
of a perfect reference. The Tariff method’s sensitivity to this 
selection is not well understood, as a research friendly ver-
sion has not been released. There is an unquantified poten-
tial for the Tariff to fail in the event that a poor reference is 
chosen.

This same determinism and predictability in the expert al-
gorithm method that facilitates its use may be a liability in 
other respects. We observed some outlying cases of poor 
agreement between the predicted and reference standard 
cause fractions, although overall there was good agreement 
at the population level between algorithm and reference 
standard causes.

CONCLUSION

Verbal autopsy is an invaluable tool in settings where civil 
registration is unreliable or incomplete. Health policy mak-
ers and programmers need verbal autopsy to better under-
stand the causes of neonatal and child deaths and how these 
deaths might have been prevented. Here we identify the 
most useful fixed algorithms and hierarchies for assigning 
cause of death in a deterministic manner. For neonates, these 
include the Compromise hierarchy to be used in high mor-
tality settings and the Baqui hierarchy otherwise; while for 
1–59 month–old children, the Kalter hierarchy performed 
best overall. These expert algorithms provide an accessible 
and systematic mechanism for interpreting verbal autopsy, 
on par with more complex machine learning methods that 
will soon replace the current standard. Work is ongoing to 
assess the feasibility of mapping the algorithms to the 2014 
WHO VA questionnaire in order to render the method even 
more accessible
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Verbal/Social Autopsy in Niger 2012–2013: 
A new tool for a better understanding of the 
neonatal and child mortality situation

Niger, one of the poorest countries in the world, recently used for 
the first time the integrated verbal and social autopsy (VASA) tool to 
assess the biological causes and social and health system determi-
nants of neonatal and child deaths. These notes summarize the Ni-
gerien experience in the use of this new tool, the steps taken for high 
level engagement of the Niger government and stakeholders for the 
wide dissemination of the study results and their use to support pol-
icy development and maternal, neonatal and child health program-
ming in the country. The experience in Niger reflects lessons learned 
by other developing countries in strengthening the use of data for 
evidence–based decision making, and highlights the need for the 
global health community to provide continued support to country 
data initiatives, including the collection, analysis, interpretation and 
utilization of high quality data for the development of targeted, high-
ly effective interventions. In Niger, this is supporting the country’s 
progress toward achieving Millennium Development Goal 4. A fol-
low–up VASA study is being planned and the tool is being integrat-
ed into the National Health Management Information System. VASA 
studies have now been completed or are under way in additional 
sub–Saharan African countries, in each through the same collabora-
tive process used in Niger to bring together health policy makers, 
program planners and development partners.
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There has been substantial global progress towards achieving the Millen-
nium Development Goal 4 (MDG 4) of reducing child mortality by two–
thirds between 1990 and 2015. However, few countries in Sub Saharan 
Africa will achieve MDG 4, and the regional under 5 mortality rate of 98 
deaths per 1000 live births remains the highest in the world. Neonatal 
mortality has been the most difficult component to overcome, with the 
level in Sub Saharan Africa remaining at 32 deaths per 1000 live births 
[1]. Strategies required to further decrease child mortality include ex-
panding health promotive and disease preventive practices in the com-
munity and by the health system, improved illness recognition and care-
seeking by child caregivers, and increased access to quality health care 
[2,3]; while for neonates, additional measures include the provision of 
quality antenatal care, skilled birth attendance and normal newborn care, 
and increased access to basic and comprehensive emergency obstetric 
and neonatal care [4-7].
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Niger is one of the few countries in sub–Saharan Africa that 

have achieved a tremendous reduction in mortality among 

children under the age of five years, placing the country on 

track to achieve the MDG 4. In 1990, over three in ten new-

borns in Niger were dying before reaching age five. The 

country has taken vigorous measures in the past decade to 

tackle this high mortality burden and succeeded in reduc-

ing child mortality by 65% between 1990 and 2012, with 

an annual rate of reduction of 4.8% [1]. Encouraged by this 

success, the Government has decided to strengthen its 

child survival strategy by addressing additional causes and 

determinants of mortality with a special emphasis on new-

borns, whose mortality rate declined insignificantly from 

39 deaths per 1000 live births in 1998 to 33 in 2009 [22].

Based on the experiences of other countries in the use of 

mortality data for guiding program planning, and on the 

results of a recent study in Niger [22] that demonstrated 

the power of implementing “high mortality impact” inter-

ventions, the Government of Niger decided to conduct a 

VASA study. The study was implemented in 2012–2013 by 

the National Statistics Institute (INS) and a VASA working 

group including the Ministry of Health (MoH), the Niger 

country office of UNICEF and other partners in collabora-

tion with the Johns Hopkins Bloomberg School of Public 

Health, which provided technical assistance on behalf of 

the WHO/UNICEF–supported Child Health Epidemiology 

Reference Group (CHERG).

The approach was to collect detailed information on the 

biological causes (verbal autopsy) and household, commu-

nity and health system determinants (social autopsy) of 

death. The study was intended to provide critical data 

needed to revise the child survival strategy by reorganizing 

and reorienting health services and health interventions for 

improved care of pregnant and delivering mothers, new-

borns and children. Also critical to the goal of achieving 

maximal impact on maternal and child health policy and 

program development was the plan for the study partners 

to collaboratively analyze, interpret and disseminate the 

findings throughout the country.

VASA METHODOLOGY

Mapping deaths identified by the 2010 Niger National 

Mortality Survey (NNMS) was used to select nationally rep-

resentative samples of 605 neonatal deaths (0–27 days) and 

605 infant and child deaths (1–59 months) that occurred 

between 2007 and 2010. The VASA study considers the 

biological causes of death and three levels of determinants, 

including family (cultural), community (social) and health 

system factors that affect access to and utilization of health 

promotive and disease preventive and curative interven-

tions. The data collection tools include the Population 
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The delivery of health services is guided by health policies 
and implemented through programs developed at the na-
tional or sub–national level. However, the information need-
ed for evidence–based decision making is often lacking or of 
low quality and not widely accessible in developing coun-
tries [8,9]. Obtaining reliable, valid and timely data, espe-
cially data related to the causes and determinants of neona-
tal and child mortality is challenging. National health 
management information systems (HMIS) collect data on a 
regular basis and have the potential to support ongoing ser-
vice improvement and decision–making. Yet, the quality of 
HMIS data in developing countries is poor; and it also may 
not be generalizable due to its collection in facilities with less 
than universal coverage [10,11]. The integrated verbal and 
social autopsy (VASA) tool and methods were developed to 
help overcome these limitations by supporting the collection 
of reliable and high quality population–based data on com-
munity– and health system–related maternal morbidity and 
neonatal and child mortality indicators.

A second critical factor in achieving positive results is the 
health policy and program planning process whereby study 
findings are utilized for decision–making. Case studies in 
Ethiopia highlighted that in addition to the lack of data, 
other major barriers to using data for decision making were 
awareness that data exists, accessibility and formatting of 
data, poor demand and lack of capacity of policy makers 
to appreciate and use data for informed decision making 
[12]. A study from Madagascar found that if data users and 
producers work together from the point of development of 
tools, the resulting data would be easy to understand and 
better used both by program implementers and policy 
makers [13]. As shown by work in Egypt [14] and Mexico 
[15], interest and commitment on the part of government 
to use the data to develop needed health programs also are 
key elements. This was also supported by the fact that the 
commitment of the government of Uganda to ensure data 
availability at district level and their willingness to support 
implementation of strategies improved women’s access to 
the selected health services [16].

Prior evidence supports that the use of verbal autopsy data 
in health policy development and program planning can lead 
to significant improvement in health outcomes. A verbal au-
topsy study in Kenya that focused on data use for decision 
making found that visual synthesis of data facilitated the use 
of information in health decision making at the district 
health system level and promoted program improvement 
[17]. In Egypt, making use of available verbal autopsy infor-
mation in designing high mortality impact interventions re-
sulted in a major decline in maternal mortality [14]; a simi-
lar pattern was observed in Indonesia [18]. Other countries 
also have utilized maternal and child mortality data to guide 
the development of interventions as well as in making in-
formed policy and program decisions [15,19-21].
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Health Metrics Research Consortium verbal autopsy ques-

tionnaire [23] to determine the biological causes of death 

and the CHERG social autopsy questionnaire [24] to col-

lect data on the determinants. The two questionnaires are 

chronologically blended together to identify the cause of 

death and actions that might have been taken before and 

during the illness to prevent the death.

The analytic methods are fully described elsewhere [25,26]. 

In brief, the causes of death were determined through the 

use of expert verbal autopsy algorithms arranged in a hier-

archy (EAVA method) to select the primary cause of death, 

and by one physician certifying the VA underlying cause of 

death using pre–specified minimal diagnostic criteria to-

gether with her clinical judgment (PCVA method), fol-

lowed by comparison of the EAVA and PCVA diagnoses to 

help assess their plausibility and reliability. The SA analysis 

examined the prevalence of preventive factors along the 

continuum of normal maternal, newborn and child care, 

and of potential curative factors and constraints to care-

seeking for the fatal illnesses of the neonates and children 

along the steps in the Pathway to Survival [24]. In addition, 

for neonatal deaths we examined maternal pregnancy and 

delivery complications, as well as careseeking, constraints 

to careseeking, and the care received for the complications.

It is important to note that conducting the VASA study on 

the platform of the earlier mortality survey greatly reduced 

the cost of the VASA compared to a conventional survey 

through direct interviewing of homes where deaths were 

reported by the NNMS.

The VASA study was approved by the National Consulta-

tive Ethics Committee of the Niger Ministry of Health and 

the Institutional Review Board of the Johns Hopkins 

Bloomberg School of Public Health. Informed consent was 

given by all study participants prior to their being inter-

viewed.

SOME EXAMPLES OF RESULTS

The VASA study provided information previously not avail-

able in Niger either at the local or national level. Of partic-

ular concern to the country was the need for data on the 

causes of neonatal and child deaths, maternal complications 

contributing to neonatal mortality, and some determinants 

of access to care such as problems faced by mothers to go 

to a health care facility for their maternal complications late 

in pregnancy and during labor and delivery and for their 

sick neonates and children.

The verbal autopsy showed that from 2007–2010 two 

thirds of neonatal deaths occurred during the first six days 

of life; more than one in two newborns died from infectious 

diseases and one in six succumbed to neonatal asphyxia. 

As for deaths of children aged 1–59 months, just under half 
occurred before the first birthday, and infectious diseases 
caused more than 90% of the deaths.

Unexpected results were revealed. For example, in a coun-
try where two out of three births take place at home, the 
pregnant woman herself decided the place of birth in sev-
en of 10 cases, against 18% for her husband and 6% for 
her mother and mother–in–law.

Paradoxes were identified that require further study to bet-
ter understand certain behaviors. While five in seven wom-
en delivered at home, less than one in three of these wom-
en said they had a problem that prevented them from 
giving birth at a health care provider. Problems of distance 
and transport were cited most often, by almost 80% of 
these women, as an obstacle to delivering at formal servic-
es, against only 4% of the women who were afraid to be 
exposed to a male health provider.

In addition, nearly 96% of the mothers and other caregiv-
ers of the neonates whose illness began at home reported 
a possibly severe or severe illness sign or symptom such as 
fast breathing, fever, or not able to feed, but many either 
did not recognize or minimized their meaning and impor-
tance. As a result, two-thirds of the mothers did not deem 
it necessary to seek care outside of the home even in the 
presence of these illness signs. For those who did seek for-
mal health care, the average time before deciding to go was 
nearly 2 days.

Finally, the study showed very limited access to hospital 
services, which were received, respectively, by only 3.1% 
of newborns delivered at home and 13.3% of children aged 
1–59 months. Referral was minimal for the vast majority 
who were seen by a first level provider. Only 8.7% of 69 
neonates and 19.0% of 306 children who left the first pro-
vider alive were referred.

The complete study results for neonates and children 1–59 
months are available in a prior publication [25] and two 
new papers [27,28] in the current issue of the Journal.

USE OF THE VASA DATA FOR POLICY 
AND PROGRAM DEVELOPMENT

A favorable environment for effective use of the VASA data 
existed in Niger from the start due to the government's in-
terest in the study as a means of continuing the momentum 
toward decreasing child mortality and achieving MDG 4. 
This was reinforced by the CHERG’s emphasis on the early 
formation of a country working group (CWG) of child sur-
vival experts, policy makers and program planners and 
their active participation in the analysis, interpretation and 
dissemination of the study findings to a wide circle of stake-
holders.
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An early meeting of CHERG, the INS and the MoH identi-
fied the crucial need for information on the causes and de-
terminants of under–five deaths to help guide the review 
of the 2011–2015 National Health Development and Child 
Survival plan and the National Maternal and Neonatal 
roadmap. The first CWG meeting in 2012 included par-
ticipants from the INS, MoH, UNICEF and WHO.

Two dissemination meetings were held in 2013. The first 
brought together regional and central health authorities of 
Niger and neighboring countries to get acquainted with the 
VASA data, of a type rarely obtained before and on a na-
tional scale, and to broadly assess what the tool itself can 
produce as strategic information for the planning and eval-
uation of health interventions. The second involved 42 dis-
trict health teams, which developed health policy and pro-
gram recommendations and considered operational aspects 
of including the VASA in a new pillar of the National HMIS.

RECOMMENDATIONS AND THEIR 
IMPLEMENTATION

Three sets of recommendations emerged from these meet-
ings. The initial assessment of the implementation of rec-
ommendations [29] was quite encouraging, especially as it 
was conducted only six months after the last dissemination 
workshop held in November 2013.

1.  The first set of recommendations concerned strengthen-
ing the existing maternal and child health programs or 
interventions in light of the VASA study findings. Imple-
mentation progressed as follows

    i.  The VASA study found that less than one–third of 
women with a neonatal death delivered with skilled 
attendance. As a result, it was recommended that the 
existing policy of free care for children be extended to 
deliveries. UNFPA had already funded free deliveries 
on a pilot basis in four of the country’s eight regions in 
2010, and following an evaluation extended this from 
2011 to 2014. Based on the VASA meeting recommen-
dation, the concept note on the reduction of maternal 
and neonatal mortality currently being drafted by the 
MoH is to include national scaling of the program of 
free deliveries. From 2015, funding is being provided 
by the Reproductive Maternal and Newborn Child 
Health (RMNCH) initiative through UNFPA.

   ii.  In response to the VASA finding that nearly 80% of the 
women with a problem in reaching a health facility for 
delivery cited lack of transportation and distance as 
the main barriers, the Government acquired 150 mo-
torcycle ambulances for the transport of pregnant 
women referred from first level health facilities to hos-
pital and is negotiating with mobile phone companies 
to improve communications between these facilities 

Bensaïd et al.

for the referral of women in labor. For transportation 
problems from home to a facility the government is 
also pilot testing bovine or mule wagons and boats in 
island areas.

  iii.  The VASA study finding that most neonates who died 
were not taken outside the home for health care pro-
vided an opportunity to discuss the need to accelerate 
taking community newborn case management to 
scale. The MoH held a workshop in early November 
2014 to discuss the initial experience of scaling up 
mother and newborn community case management to 
45 health posts in three health districts. Extension to 
208 health posts in 20 additional health districts is 
planned, with a training of trainers’ workshop having 
been conducted in May 2015.

  iv.   The VASA finding of limited access to quality health 
care led to accelerating the recruitment of qualified 
nurses for health posts and their transformation into 
health centers from an average of 50 health posts trans-
formed per year before 2014 to nearly 100 units in 
2014.

  v.   While introduction of the Pneumococcal vaccine was 
already planned, this was reinforced by the VASA find-
ings, which showed that pneumonia was one of the 
main causes of death of under–5 children.

  vi.  The VASA study found that 96% of caregivers were 
able to report their deceased child’s signs of severe ill-
ness, yet 69% and 21%, respectively, of newborns’ and 
children’s caregivers did not seek health care for the 
illness. A recommendation was made to develop an 
integrated communications plan on danger signs in 
pregnancy and child illness, but as of yet significant 
progress has not been made. The first step is to articu-
late a global view of communication and a comprehen-
sive communication plan that can be negotiated with 
partners for its implementation.

2.  The second set of recommendations concerned the use 
of the VASA findings in the planning and evaluation of 
district annual action plans and revision of the maternal 
and neonatal mortality reduction roadmap, the child 
survival strategy and the national health development 
plan. Implementation of the recommendations pro-
gressed as follows:

    i.  Regarding the maternal and neonatal mortality reduc-
tion roadmap:

       a.  A working group was established to write the road-
map concept note, establish consensus and the 
means of fundraising.

       b.  The VASA findings that antepartum and intrapar-
tum hemorrhage, maternal sepsis and eclampsia 
were the three main maternal complications con-
tributing to neonatal deaths raised the awareness of 
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decision makers and led to the implementation of 

new case management interventions. A census of 

existing human resources and technical equipment 

was conducted, followed by the endowment of es-

sential equipment to all 42 districts. A program for 

capacity building in case management of the three 

complications was conducted and the interventions 

have been implemented.

       c.  Based on the VASA study finding that a very low 

percentage of the neonates that died were delivered 

by Caesarean Section, the program for training gen-

eral practitioners in the “surgery of the district” was 

accelerated, including abdominal emergency proce-

dures such as Caesarian Section.

   ii.  Revision of the child survival strategy involved the full 

utilization of the VASA data:

        A ministerial decree on the mission of the national 

committee for the revision of the strategy document 

was signed [30], UNICEF mobilized the necessary 

funding, a National Technical Working Group was of-

ficially installed and its terms of reference were final-

ized. The final revision was entered in the MoH 2014 

work plan and the UNICEF annual work plan.

        The review coincided with the scaling up of the Re-

productive, Maternal, Newborn and Child Health H4+ 

initiative involving four UN agencies (UNFPA, World 

Bank, UNICEF, WHO) and other partners and donors, 

which provided a portion of the necessary funds for 

the review. Many countries including Niger will ben-

efit from this activity. A concept note was developed 

based on the revised child survival strategy with the 

goal of sharing the new strategy for its adoption and 

funding by all partners and stakeholders to further ac-

celerate the reduction of child mortality.

  iii.  Regarding the national health development plan, a 

working group was formed to review the 2010–2015 

plan and elaborate the 2016–2020 plan on the basis 

of available evidence, including the next VASA study.

3.  The third set of recommendations concerned strength-

ening the National HMIS through integration of the 

VASA tool with the UNICEF Multiple Indicator Cluster 

Survey (MICS) or the Niger National Mortality Survey. 

Implementation of the recommendations progressed as 

follows:

    i.  The VASA tool was officially adopted by the political 

leadership, and discussions with the National Institute 

of Statistics to formalize its integration in the National 

System for Development of Statistics (NSDS) are under 

way. This will be accompanied by new regulatory mea-

sures to define the roles and responsibilities of the in-

volved parties. Also, the process for adopting and in-

tegrating the VASA tool within the National HMIS is 

being identified.

   ii.  Possible means of conducting the VASA on a regular 

basis are being examined, including a combined MICS/

VASA survey and integration with all future Niger Na-

tional Mortality Surveys. Technical assistance may be 

required for the initial round, both for integration of 

the VASA with the survey and its articulation with the 

entire HMIS. A possible obstacle concerns the avail-

ability of funding, though some partners, including the 

World Bank and the Common Fund/Swap partners 

have already shown interest.

DISCUSSION

Like many countries in the region, the formulation of health 

policies and strategies in Niger is based on analyses of sur-

veys that are conducted every five or six years, such as the 

MICS and Demographic and Health Survey. These surveys 

provide information mostly on system performance in terms 

of coverage of preventive and curative services, but rarely 

on aspects related to population demand. The country’s rou-

tine health information system, which is the mainstay for 

the daily management of services and programs, deals al-

most exclusively with the surveillance of notifiable diseases. 

This pillar also suffers from limited reliability due to uncer-

tainty of the relevant denominators, and so is rarely used 

for central planning of medium and long term programs. 

Lastly, some additional studies are occasionally conducted 

in limited geographic areas and used to analyze the situa-

tion of particular programs such as Reproductive Health. 

Faced with this ongoing gap in required data, as well as the 

evaluation of the 2010–2015 National Health Develop-

ment Plan, achieving MDG 4 and the accelerated drive to 

reduce maternal mortality, reform of the HMIS has been an 

active topic of recent discussion. This has included a review 

of all indicators, the frequency of their production, and 

how they are used for better management of services and 

resources.

While recent years have seen an improvement in the coor-

dination between departments and programs, difficulties 

remain in the use of data in the decision–making process. 

These include, among others, limited dissemination and 

use of data, often due to the organization of surveys and 

studies by individual programs leading to weak communi-

cation between programs and between programs and 

sources of support; failure to bring together all relevant de-

partments overseeing programs and resources in the dis-

cussion of the data and planning exercises; inadequate fi-

nancing resulting in weak field monitoring that fails to 

ensure the necessary feedback to decision makers; and, fi-

nally, in the type of data available, usually concerning the 
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performance of intervention coverage and rarely identify-
ing the demand for services or the barriers to access to care.

Several of the above problems evoke lessons learned in 
other developing countries regarding how to increase the 
utilization of data for health policy and program develop-
ment, from the need for population–based, representative 
data [10] and the lack of data accessibility and low capac-
ity of policy makers to use data for decision making in 
Ethiopia [12] to the need for better communication be-
tween data producers and users in Madagascar [13]. How-
ever, the situation in Niger additionally suggests the need 
for international donors and partners to not only support 
large surveys of interest to the global community, but also 
to more closely examine countries’ data needs and contrib-
ute to strengthening the processes that will promote the 
local use of data for improved policy and program devel-
opment.

In 2007 Niger introduced an effort to use new determi-
nants in the National HMIS, based on the model of Tana-
hashi [31] and mainly to identify key bottlenecks for pre-
ventive services, such as those used to calculate the 
availability of services and resources, access to services, uti-
lization, adequate coverage and, finally, effective coverage. 
However, this endeavor was not supported by adequate 
data, nor by official technical guidelines or training docu-
ments for taking the effort to scale.

Thus, the need for population–based data on the determi-
nants of access to care and barriers to the use of services as 
well as data on causes of death became imperative to ac-
celerate the achievement of MDG 4. The VASA study 
helped fulfill these data needs, and its implementation 
model of bringing together a country working group of 
health policy makers, program planners and international 
partners to help analyze and interpret the findings, draw 
conclusions and recommendations and plan next steps, in-
creased the likelihood of the information being used for the 
improvement of maternal and child health interventions.

The dissemination of the VASA results with the participation 
of all district health teams further responded to the need for 
the use of relevant, population–based data in a planning ex-
ercise bringing together decision makers, program managers 
and resource providers, and opened new horizons toward 
strengthening the health information system in particular 
and the system of planning, monitoring and evaluation for 

better governance in general. The VASA study corroborated 

past evidence of the benefits of utilizing verbal autopsy data 

for health policy development and program planning 

[16,17], like some past studies included the collection of ex-

tensive data on social determinants in addition to causes of 

death [19-21], and advanced on this past work through its 

highly collaborative implementation model.

The assessment exercise undertaken in mid–2014 [29] to 

examine the follow–up to the recommendations made at 

the second VASA dissemination meeting in November, 

2013 helped revitalize the process. Contacts with the Min-

ister of Health, assembling of the MoH team with INS staff, 

and providing feedback to the Technical and Financial Part-

ners in the presence of the MoH team facilitated the taking 

of important decisions. It is apparent that, although the 

VASA study uniquely met the self–identified data needs of 

the Government of Niger and was undertaken through a 

highly collaborative process aimed at promoting the use of 

the data for evidence–based decision making, continued 

support from technical and resource partners is still critical 

to achieve this goal along the road to MDG 4.

CONCLUSIONS

The VASA study allowed the health authorities in Niger to 

better understand the causes of death and constraints to 

accessing and utilizing care, as well as weaknesses of the 

health system in ensuring optimal responses to the health 

problems of mothers and children. The Niger Government 

and its health partners will continue their collaboration to-

wards the goal of making the VASA tool a component of 

the HMIS and a basic reference of choice for developing 

strategic maternal and child health policies and programs. 

The experience of the VASA study in Niger helped to refine 

the tool, which has since been implemented in several ad-

ditional countries.

Despite the critical mass of recommendations already im-

plemented, continued input by technical and financial 

partners is still needed to stimulate the full utilization and 

integration of the VASA tool into the HMIS and the NSDS 

and monitoring of the development and implementation 

of the various recommendations. This will accelerate the 

process including identifying and supporting new funding.
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Background Understanding the determinants of preventable deaths 
of children under the age of five is important for accelerated annual 
declines – even as countries achieve the UN’s Millennium Develop-
ment Goals and the target date of 2015 has been reached. While re-
search has documented the extent and nature of the overall rapid 
decline in child mortality in Niger, there is less clear evidence to pro-
vide insight into the contributors to such deaths. This issue is the 
central focus of this paper.

Methods We analyzed a nationally representative cross–sectional 
sample of 620 child deaths from the 2012 Niger Verbal Autopsy/So-
cial Autopsy (VASA) Survey. We conducted a descriptive analysis of 
the data on preventive and curative care, guided by the coverage of 
proven indicators along the continuum of well child care and illness 
recognition and care–seeking for child illnesses encompassed by the 
BASICS/CDC Pathway to Survival model.

Results Six hundred twenty deaths of children (1–59 months of age) 
were confirmed from the VASA survey. The majority of these chil-
dren lived in households with precarious socio–economic condi-
tions. Among the 414 children whose fatal illnesses began at age 
0–23 months, just 24.4% were appropriately fed. About 24% of chil-
dren aged 12–59 months were fully immunized. Of 601 children 
tracked through the Pathway to Survival, 62.4% could reach the first 
health care provider after about 67 minutes travel time. Of the 306 
children who left the first health care provider alive, 161 (52.6%) 
were not referred for further care nor received any home care recom-
mendations, and just 19% were referred to a second provider. About 
113 of the caregivers reported cost (35%), distance (35%) and lack 
of transport (30%) as constraints to care–seeking at a health facility.

Conclusion Despite Niger’s recent major achievements in reducing 
child mortality, the following determinants are crucial to continue 
building on the gains the country has made: improved socio–eco-
nomic state of the poor in the country, investment in women’s edu-
cation, adoption of the a law to prevent marriage of young girls be-
fore 18 years of age, and implementation of health programs that 
encourage breastfeeding and complementary feeding, immunization, 
illness recognition, prompt and appropriate care–seeking, and im-
proved referral rates.

Electronic supplementary material:  
The online version of this article contains supplementary material.
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With a population over 15 million people in 2011, the Re-
public of Niger is West Africa’s second–largest country [1]. 
This landlocked country is characterized by chronic food 
security issues, natural crises, including droughts, floods 
and locust infestation, and a level of poverty that reflects 
more than a decade of periodic political instability. Niger’s 
poverty rate of 46.3% makes it one of the world’s poorest 
countries. Per capita income, at $360, puts it at the very 
bottom of the 187 countries ranked by the United Nations 
Development Program’s Human Development Index [2]. 
In this fragile nation, women and children suffer the great-
est burden of poor health and inequality [3]. Niger’s social 
indicators have improved significantly over the past two 
decades, as progress toward the Millennium Development 
Goals (MDGs) is a main priority of the government.

The Government of Niger’s policies in support of universal 
access, provision of free health care for pregnant women 
and children, and strong nutrition programs have enabled 
the country to decrease child mortality at a pace that ex-
ceeded expectations. These policies are enshrined in gen-
eral principles and international strategies such as primary 
health care and the Bamako Initiative. Thus, its health sys-
tem is organized into three administrative and service lev-
els: local/district, intermediary/regional and central/nation-
al. At the local level, public sector services are provided by 
community health posts (Case de Santé), integrated health 
centers (Centres de Santé Intégrés), and district hospitals. 
About 75% of health posts are staffed by CHWs (the rest 
by a nurse or midwife), and health centers and hospitals 
are staffed by at least one nurse, midwife or physician.

Recently, the Niger countdown case study showed far great-
er reductions in child mortality than in neighboring West 
African countries. In tandem with its efforts to tackle mal-
nutrition, the government of Niger has put in place sever-
al measures to reduce childhood mortality. For the past few 
years, children under five have received free health care, 
while significant progress has been made in immunization 
coverage, recruitment of health staff and in the number of 
malaria cases treated. Collectively, these factors have con-
tributed to a rapid reduction in the under–five child mor-
tality rate, from 226 deaths per 1000 live births in 1995, 
to 128 deaths per 1000 in 2009 – a remarkable 43% re-
duction [4].

In preparing child mortality–reduction strategies in the 
post–2015 era, progress in reducing child deaths around 
the globe will require new and different strategies from 
those used to get the world to the current point. For in-
stance, it is important for each country to know not only 
the magnitude of under–five mortality, but also the biolog-
ical causes and social determinants of these deaths in order 
to assess needs and develop programs that will reduce 
avoidable child deaths more quickly. Thus, reliable direct 

estimates of the causes and the determinants of under–five 

deaths are needed to efficiently tailor evidence–based pol-

icies and programs.

A national verbal/social autopsy (VASA) study was con-

ducted in Niger as part of the Child Health Epidemiology 

Reference Group’s (CHERG) recent efforts to directly mea-

sure the causes and determinants of neonatal and child 

mortality in selected high–priority countries.

The current paper aims to complement the recently pub-

lished verbal autopsy findings [5] and reports on the social 

autopsy data of post–neonatal deaths. The objective is to 

provide insights into modifiable family, household, and 

health system factors that contributed to the deaths of chil-

dren (1–59 months) from 2007 to 2010 in Niger, informa-

tion that will be vital to health policymakers in government 

and non–governmental organizations as they develop new 

policies and programs for better resource planning in the 

post–2015 period.

METHODS

Study sample/VASA instruments/Data 
collection

Details of the statistical sample size calculation, VASA in-

struments, and data collection are available elsewhere [5]. 

In summary, the sample of deaths included in the Niger 

VASA study was identified by the Niger National Mortality 

Survey (NNMS) conducted in July–August 2010. The 

VASA study aimed to examine samples of the most recent 

605 neonatal (0 to 27 days old) and 605 child (1 to 59 

months old) deaths. The final VASA sample consisted of 

1166 (96.4%) completed interviews of 1210 attempted, 

including 93 stillbirths, 453 neonatal deaths and 620 child 

deaths, with mean interview recall periods of 3.5 years 

(range 2–5 years) for the neonatal deaths and 2.7 years 

(range 2–5 years) for the child deaths. The current study 

focuses solely on the deaths of the 620 children (1 to 59 

months).

The VASA questionnaire blends the Population Health Met-

rics Research Consortium (PHMRC) VA questionnaire with 

the CHERG SA questionnaire [6]. The interviews were con-

ducted in French and the two main languages of Niger, 

Haoussa and Zarma, using a CSProX [7] software applica-

tion developed for the VASA study to assist interviewers to 

capture responses with minimal data entry errors in the 

field directly on netbook computers.

There were seven data collection teams, each led by a field 

supervisor. The interviewers were 12 female and eight male 

native speakers of Haoussa and/or Zarma. The teams com-

pleted the data collection in 55 days.
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Statistical analyses

A descriptive analysis was conducted of the data on pre-
ventive and curative care, guided by the coverage of key 
indicators along the continuum of normal well child care 
and illness recognition and care–seeking for child illnesses 
encompassed by the BASICS/CDC Pathway to Survival 
model [8–10]. The 2010 NNMS data require the use of 
cluster sample weights to obtain nationally representative 
estimates. Thus all of the results presented here are weight-
ed in order to compensate for threats to external validity 
inherent to the sample selection approach [11].

The list and definitions of some operational variables used 
throughout this paper are in the Online Supplementary 
Document.

All the interventions examined by this study have been 
shown to be efficacious and effective in promoting child 
survival and thus are included among the interventions ex-
amined by the Lives Saved (LiST) tool [10] or recommend-
ed by the WHO, and so should be accessible to all children.

The SA data also assessed factors that might help explain 
why desirable actions were not taken, including socioeco-
nomic and demographic factors, recognition of illness se-
verity, decision makers, and self–identified care–seeking 
constraining factors.

Ethical approval

The study was approved by the National Consultative Eth-
ics Committee of the Niger Ministry of Health and by the 
Institutional Review Board of the Johns Hopkins Bloom-
berg School of Public Health. All the study personnel re-
ceived training in ethical principles and practices for hu-
man subject’s research, and informed consent was given by 
all study participants before the VASA interview was con-
ducted.

RESULTS

A high proportion (91.5%) of the respondents, who were 
selected to be the child’s main caretaker during the fatal ill-
ness, were the child’s mother.

Socio–demographic characteristics of the 
deceased children (1–59 months) and their 
households

The sociodemographic characteristics of the deceased chil-
dren are presented in Table 1. The median age at illness 
onset was 12 months (SD = 14.0; range 0–day to–48 
months) and the median illness duration was 7 days (SD = 
40.1; range 0–day to 10 months). The majority of deaths 
occurred in the post–neonatal (1–11 months of age) and 
second–year (12–23 months of age) periods, 44.5% and 

21.8%, respectively. The data showed slight differentials 
between deaths of females and males, with a male ratio of 
96. Most (71.8%) of the deceased children were born at 
home; the majority (n = 470 or 75.9%) also died at home. 
The vast majority (87.2%) of mothers did not have or could 
not present a vaccination card for the deceased child.

Table 2 shows the characteristics of the mother, her do-
mestic partner, and the household. Approximately 97% of 
the mothers were married or living with a man at the time 
of the interview; the vast majority (94%) entered into a 
union before 20 years of age and had little or no education. 
Indeed, 87.3% had 0 years of schooling. The occupation 
most cited for the father as the breadwinner was farmer/
agricultural worker (70%). Average household size was 7.7 
persons. Only 11% percent of the households had electric-
ity, one in three had access to an improved source of drink-
ing water, 7% used improved sanitation (flush or improved 
pit toilet) and 98% of the households used firewood for 
cooking. About 10% of the households had flooring made 
of cement and 32% had a separate room for cooking. It 
took on average 80 minutes for the caregiver to reach the 
usual health care center from her household. The families 
had been living in the same community for about 18 years 

Table 1. General mortality indicators and demographic 
characteristics of 620 children (1–59 months) deaths, Niger, 
2007–2010

chaRacteRistics fRequency (no.) PeRcent

Median age at illness onset (in months) 12 (SD = 13.98)

Median illness duration (in days) 7 (SD = 40.11)

Median age at death (in months): 12 (SD = 13.86)

1–11 276 44.5

12–23 135 21.8

24–59 209 33.7

Sex:

Male 304 49.1

Female 316 50.9

Masculinity ratio (Boy/Girl×100) 96

Place of birth:

Hospital 22 3.5

Other health provider or facility 143 23.0

On route to a health provider or facility 8 1.4

Home 445 71.8

Other 2 0.4

Place of death:

Hospital 52 8.3

Other health provider or facility 63 10.2

On route to a health provider or facility 24 3.9

Home 470 75.9

Other 10 1.6

Don’t know 1 0.1

Child possessed a vaccination card:

Yes, seen 79 12.8

Yes, not seen 352 56.8

No card 189 30.4

SD – standard deviation
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on average, yet 61% of the mothers reported they did not 
have anyone to help them during their child’s illness.

Preventive home care

The exclusive breastfeeding and complementary feeding 
status among the 414 children whose fatal illnesses started 
between 0–23 months of age are presented in Figure 1. 
Overall, just 24.4% (n = 101) were appropriately fed. In 
more detail, about 23.9% (n = 38) of the 159 children 
whose fatal illnesses began at 0–5 months of age were ex-
clusively breastfed. And only 28.9% (n = 54) of the 187 
breastfed children 6–23 months old received the recom-
mended complementary non–liquid feeds each day before 
the illness began.

Figure 2 shows the preventive home care received by the 
children along the continuum of care. About one in two 
(49.1%) of 405 children were likely to be exposed to 
smoke, ie, he/she was usually near the mother when she 
cooked inside the house. Sixty–three percent of the chil-
dren always slept under an insecticide–treated bed net be-
fore their fatal illness began.

Preventive health facility care

Figure 2 further shows the percentage of the deceased chil-
dren (12–59 months of age, n = 344) who received vacci-
nations against the six major preventable childhood dis-
eases by one year of age. These findings were based on the 
vaccinations dates documented on the vaccinations cards, 
seen in about 13% of the cases, parental/respondent recall 
(87%), or a combination of the two. Overall less than a 
quarter (23.6%) of the deceased children 12–59 months 
were fully immunized against these diseases before their 
fatal illness began. The highest coverage was for BCG, 
DPT1 or PENTA1, and polio1, ranging from 69.2% to 
70.9%. Sixty–two percent of children aged 12–59 months 
received measles vaccine. The deceased children were least 
likely to be fully immunized against DPT or PENTA by age 
one (just 34.8% had had all three doses).

Among the 12–59–month–old children, it took the group 
of fully immunized children on average 31 minutes less 
travel time to the nearest health care facility than the not–
fully immunized children (63–minute vs 94–minute, 
P = 0.050).

Curative care

Figure 3 presents the breakdowns in the Pathway to Sur-
vival that contributed to the deaths of the children. Of the 
620 completed interviews, 19 caretakers reported that they 
took some action at the time the fatal illness was noticed, 
yet the data on type of action was missing. Thus, the Path-
way to Survival analysis included only the 601 children 
whose caretakers provided information on care–seeking.

Table 2. Characteristics of the mother and her household, 620 
children (1–59 months) deaths, Niger, 2007–2010

chaRacteRistics fRequency (no.) PeRcent

Married or living with a man 599 96.6

Mean age when first married (years): 15.7 (range 12–30)

12–15 355 59.3

16–19 208 34.7

20–30 36 6.0

Mother’s mean age at time of child death  
(in years):

27.7 (range 11–50)

11–19 73 11.8

20–24 149 24.0

25–29 152 24.5

30–34 103 16.7

35–50 109 17.6

Don’t know 34 5.6

Mean years of maternal schooling: 0.6 (range 0–10)

0 541 87.3

1–3 15 2.5

4–6 26 4.3

>6 22 3.5

Don’t know 15 2.4

Father years of schooling (mean years of 
schooling):

1.0 (range 0–16)

0–3 499 80.5

4–6 13 2.1

>6 40 6.5

Don’t know 35 5.7

Household characteristics

Main breadwinner:

Father 596 96.2

Mother 11 1.8

Other 13 2.1

Main breadwinner is farmer/ agricultural 
worker

435 70.2

Mean years continuously living in 
community

17.7 (range 0–69)

Household size (mean) 7.7 (range 2–25)

Household has electricity 67 10.8

Use of piped water in–house water supply 208 33.6

Use of improved sanitation (improved pit 
for toilet)

43 7.0

Separate room for cooking 198 32.0

Household uses firewood for cooking 609 98.2

Floor of the house made of cement 63 10.2

Mean travel time to nearest health facility 
(min)

80.4 (range 0–1380)

Social capital:

In last 3 years, community worked together on 
at least 1 of the following: schools, health, jobs, 
credit, roads, public transport, water, sanitation, 
agriculture, justice, security, mosque/church

540 87.2

Mother was NOT able to turn to any persons 
or community groups or organizations for help 
during the pregnancy or child’s fatal illness

379 61.2

Mother and her family have never been denied 
any of the following community

536 86.4
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Nearly all (96.2%) of caretakers of the 601 children recog-
nized that their child had a severe or possibly severe symp-
tom when they first noticed that the child was ill. More 
than 88% of the children (n = 530) received care, or their 
caretakers sought or tried to seek care; 17 (2.8%) children 
“died immediately”; and no care was given or sought for 
the other 54 (9.0%) children. About 58% of those who 
“died immediately” and 26% for whom “no care was given 
or sought” were ranked as being severely ill at the time their 
caregiver first noticed the illness. For these groups the fatal 
illness occurred at 7 months of age, and lasted, respective-
ly, 1 and 3 days.

The vast majority (87.2%, n = 462) of the group of 530 chil-
dren who received or whose caretakers sought or tried to 
seek care, first sought care outside the home; 68 (12.8%) 
first received home care, and 36 of these 68 later sought or 
tried to seek outside care. In total then, 498 received, 
sought or tried to seek care outside the home, and the me-

dian length (or delay) from the illness onset until formal 
health care–seeking was 1 day.

When care was sought outside of the home, the vast ma-
jority (92.6%, n = 461) received only formal care, 16 re-
ceived both informal and formal care, and 21 received in-
formal care only. The delay in seeking formal care was 
longer for those who sought informal and formal care than 
for those who sought only formal care (Median 2 days vs 
1 day, P < 0.045).

Out of the 477 children for whom formal care was sought, 
102 (21.4%) did not reach the health facility because they 
died before setting out, died en–route or could not reach 
the health care provider. The remaining 375 (78.6%) chil-
dren reached the first health care provider after about 67 
minutes travel time. About 2 in 3 (n = 243, 64.8%) of these 
375 children went to a health center, 5 went to a private 
clinic, 63 to a health post, 56 (14.7%) went to a non–gov-
ernmental organization (NGO) or governmental hospital, 

Figure 1. Breastfeeding and complemen-
tary or replacement feeding for children 
whose illness started at age 0-23 months. 
Legend: *Child’s illness began before 6 
months of age (0-5 months), he/she was 
being breastfed at the time of fatal illness 
and was not given anything but breast 
milk as food. **Breastfed children whose 
fatal illness started at 6-8 months old and 
9-23 months old who received, respec-
tively, at least two and three complemen-
tary non-liquid feedings each day. 
***Child's fatal illness started at 6-23 
months old and he/she received at least 
four replacement feeds each day 
(including milk and solid, semi-solid and 
soft foods). ****Children whose fatal 
illness started at 0-23 months and 
satisfied either of the conditions above.

Figure 2. Coverage along the continuum 
of care for 1-59 month old child deaths 
in Niger from 2007-2010. Legend: 
*Proportion of children who were NOT 
usually nearby their mother when she 
cooked inside the home. **Insecticide-
treated bed net. ***Information on 
immunizations was obtained either from 
the vaccination card or when there was 
no written record, from the respondent 
(mainly the mother). Polio0 is the Polio 
vaccination given at birth; fully Immu-
nized children received BCG, measles, 
and three doses each of DPT and polio 
vaccine (excluding polio vaccine given at 
birth).
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and 9 went to a health facility (staffed by a community 

health worker, a nurse or a midwife) for which the name 

or type could not be identified with the available data.

Sixty–nine (18.4%) of the 375 children that reached a first 

provider died at that provider, including the 25 out of 56 

(44.6%) that reached a hospital. And 161 children out of the 

306 (52.3%) that reached a health provider and left the pro-

vider alive were not referred nor given any home care rec-

ommendations. The remaining 145 were either only referred 

(n = 28) to a second health care provider, or only received 

home care recommendations (n = 87), or were referred and 

received home care recommendations (n = 30). In summary, 

just 58 (19.0%) of the 306 that left the first provider alive 

were referred. However, when recommendations were re-

ceived, or referrals provided, most of the caregivers (67%–

100%) followed all the recommendations or accepted the 

referral and went to a second health care provider.

Figure 4 explores the care–seeking constraints for fatal 

child illnesses. In total, 113 caregivers reported that they 

had some concerns or problems in seeking care from a 

health care provider, for their child’s fatal illness. Cost 

(35.4%), distance (34.5%) and lack of transport (30.1%) 

were the primary disincentives for care–seeking at a health 

provider. Another constraint prevailed among the 36 chil-

dren who did not seek any formal care: 41.7% of caregivers 

thought that the child was not sick enough to warrant care.

DISCUSSION

The significance of this study lies in its goal to unveil the 

modifiable social, behavioral, and health system determi-

nants of post–neonatal and child deaths in Niger between 

2007 and 2010.

Findings from this study show that the majority of the de-

ceased young children lived in households with precarious 

socioeconomic conditions, ie, lacking basic commodities 

such as electricity, sanitation, and clean water. There is a 

myriad of evidence to suggest that low standards of living 

adversely affect child morbidity and survival [12]. Im-

proved safe water supply and community–wide sanitation 

are crucial interventions.

Exposure to household air pollution in the study setting 

was considerable: some 90% of the households lacked ac-

cess to electricity and many relied on kerosene lamps and 

Figure 3. The “Pathway to Survival” for 601 deceased Young Children in Niger, from 2007-2010. Legend: §Illness severity at onset. 
§§Illness severity at onset and when caregiver decided to seek formal care. N/M=normal/mild, Mod=moderate, Svr=severe. *Hospital 
includes governmental or non-governmental hospital. **Health center includes governmental or non-governmental health center. 
***Health post includes governmental or non-governmental health post. ****Private clinic formal or non-formal. *****DK: Don’t 
know where but with a community health worker, a nurse or a midwife.
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Figure 4. Main care-seeking constraints for 
child illness (N=113 caregivers).

other polluting alternatives for lighting; about one in three 
children were usually near their mother while she was 
cooking indoors. Almost all of the households used bio-
mass fuel for cooking. All of these conditions constitute a 
large and growing cause of environmental health risks, par-
ticularly among children due to the immaturity of their re-
spiratory system. There is consistent evidence that expo-
sure to indoor air pollution can lead to acute lower 
respiratory infections, and can increase the incidence of 
pneumonia to twice that of children not exposed [13,14]. 
Improving access to modern energy that emits less pollu-
tion, both in the home and the community, can benefit the 
health of children in the study setting.

Moreover, this study showed that both parents, especially 
mothers of deceased children had little or no education. 
Overwhelming evidence demonstrates the benefits of pro-
viding universal education to mothers. The children of 
mothers with no education are 2.7 times more likely to die 
than children of mothers who have more than 12 years of 
education [15].

This study showed that the vast majority of mothers of de-
ceased children entered into marriage before their 20th 
birthday. The legal age of marriage for girls in Niger is 15 
years. A law has been proposed to change the age to 18 
years for girls but is yet to be adopted. It is known that 
early marriage has a direct impact on the health and mor-
tality of children [16]. Understandably, the international 
community supports measures that aim to prevent early 
pregnancy and its poor health outcomes by preventing 
marriage before 18 years of age, by increasing knowledge 
and understanding of the importance of pregnancy preven-
tion, by increasing the use of contraception and by prevent-
ing coerced sex [17].

The low rate of exclusive breastfeeding found in this study 
is of concern. The benefits of exclusive breastfeeding for 6 

months include the reduction of the risk of diarrhea [18] 

and respiratory illness [19]. For the mother, exclusive 

breastfeeding is found to delay the return of fertility [20], 

and accelerate recovery of pre–pregnancy weight [21].

The overall high rate of undernourishment of children 

whose fatal illness began between 0–23 month–old re-

vealed by this study is problematic. More striking, this 

study revealed that the vast majority of the non–breastfed 

children did not receive the daily appropriate recommend-

ed feeds. A previous study estimated that a non–breastfed 

child is 10 times more likely to die from diarrhea in the first 

six months of life than an exclusively breastfed child [22].

Undernourishment among children leads to malnutrition 

that in turn affects their immune system. They are more 

likely to become sick with common illnesses such as ma-

laria, diarrhea, or respiratory infections, and the risk of 

death is very high [23]. Overall, it is estimated that nutri-

tion–related factors contribute to more than one–third of 

deaths in children under five years of age [24].

Food taboos and lack of knowledge have been identified as 

the underlying causes of malnutrition in Niger [25] and are 

a hindrance when it comes to improving children’s health 

and nutritional status. Awareness–raising among families 

and communities must be one of the pillars to generate be-

havioral change in the population in general and among 

mothers of children under five in particular. More specifi-

cally, promotion of exclusive breastfeeding and complemen-

tary feeding practices has been proven to improve the nu-

trition and health of children and mothers [19–21,26].

The current study revealed that just 23.6% of deceased 

children 12–59 months were fully immunized before the 

fatal illness began, compared to 37.5% among alive chil-

dren by 1 year of age as reported by the 2012 Nigerien de-

mographic and health survey [27]. These low proportions 
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suggest that the need to increase the vaccination coverage 
within the country cannot be overemphasized.

The study also revealed that the average travel time to the 
nearest health care facility inversely affected the immuniza-
tion status of the deceased children. This finding corrobo-
rates those of previous studies [28].

Caregivers’ ability to recognize the illness and subsequent-
ly seek appropriate care for their children is pivotal to con-
trol diseases such as malaria, pneumonia, and diarrhea 
[29]. In the current study, caregivers were questioned only 
on illness signs and symptoms, but not on their recogni-
tion of specific illnesses as seen elsewhere [30]. And while 
almost all caregivers could report on a severe or possibly 
severe symptom or sign at the onset of their child’s illness, 
nearly one–fifth did not seek or try to seek care outside of 
the home. This finding suggests that the mothers failed to 
recognize the meaning of these signs of common severe 
childhood illnesses as shown in previous studies [31,32]; 
therefore many did not seek appropriate care for their chil-
dren. This echoes the need for the Nigerien government to 
effectively implement and support the integrated commu-
nity case management (iCCM) strategy that enables CHWs 
to provide life–saving interventions closer to home to ad-
dress common childhood illnesses that were formerly pro-
vided only by facility based nurses and doctors [33]. This 
strategy is expected to result in a greater reduction of child-
hood deaths, especially if properly delivered at no cost to 
the country’s most disadvantaged communities.

In this study, nearly two–thirds of the children reached a 
first health care provider, offering the opportunity for ef-
fective treatment of the illness or referral if needed. Nota-
bly, 63 (16.8%) and 243 (64.8%) of 375 children that 
reached a first health provider were seen at a health post 
or health center, respectively. Health posts are able to man-
age uncomplicated childhood malaria, pneumonia and di-
arrhea, while providers at health centers treat all types of 
childhood illnesses and perform some laboratory tests and 
procedures such as lumbar puncture. Yet, these facilities 
have at their disposal only a minimal number of materials 
and drugs [34]. Therefore, providers at those facilities are 
entitled to refer severe or difficult cases to a higher level of 
care, usually to a health center, mini–hospital or a nearby 
district hospital [34].

The management of the children’s illnesses at the first pro-
vider could have been questionable. Despite that almost all 
the children were reported by their caregivers to have ex-
hibited signs of severe or possibly severe illness, more than 
half who reached and left the first health care provider alive 
were not referred nor received any home care recommen-
dations, suggesting a poor quality of care. The reasons why 
this significant proportion of sick children was not referred 
nor received any home care recommendation are unclear 

and warrant further study. It has been previously reported 
that Niger has a very low hospitalization rate due to a low 
referral rate and major accessibility problems [35], and that 
health care workers often do not refer, and caretakers fre-
quently do not follow referral recommendations [32]. 
Healthcare workers may also have difficulty in complying 
with guidelines for referral – especially in rural areas where 
caretakers may be faced with many communication and 
transportation barriers [35]. Notably, cost, distance and lack 
of transport were reported by caregivers as the most impor-
tant constraints to seeking care from a health provider dur-
ing the child’s fatal illness, followed by not understanding 
the severity of the child’s illness, which was actually the 
main reason that constrained the caregivers who did not go 
to a health care provider for their child’s fatal illness.

This study has some limitations that were partly discussed 
in previous papers [5,36]. The long recall period of up to 
five years was mainly due to the retrospective design ad-
opted for the VASA studies and the importance to include 
an adequate sample size of deaths. Consequently, this could 
have compromised the respondents’ recall of events, there-
by, the validity of the findings.

In addition, while we sought some information from well–
child and medical records available in the home, these were 
rarely available. For example, the majority of immunization 
records came from parental recall, and infrequently from 
the vaccination cards or health records. Nevertheless, sev-
eral problems have been reported for the information pro-
vided both by vaccination cards and parental recall [37,38]. 
Parental recall may be inaccurate if parents forget the type 
and the numbers of vaccinations received, provide socially 
desirable responses, are not the person who brought the 
child to the vaccination session, or received incorrect in-
formation on vaccine schedules from providers. Vaccina-
tion cards may be incomplete or inaccurate if providers fail 
to record the doses administered or caregivers forget to 
bring the card to a vaccination session or, plausibly, un-
available if they were buried along with the deceased child.

Finally, a group of survivors would have allowed the anal-
ysis to test whether or not there were significant differenc-
es between the coverage of interventions among cases (de-
ceased children) and controls (alive children). However, 
the lack of a comparison group in SA studies is common 
and not so necessary since we are studying interventions 
that should be accessible to all children.

CONCLUSION

As governments and UN institutions work towards agree-
ing on a post–2015 framework, it is equally imperative that 
countries such as Niger commit explicitly to completing 
the job started by the MDGs, by adopting a target date to 
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end preventable child deaths. The current study is timely 
in that it provided information previously not available in 
Niger either at the local or national level.

Of note, the government of Niger and stakeholders are en-
gaged in steps for the use of the overall VASA study results 
to support the revision of the child survival strategy for the 
country. For example, in order to improve access to better 
health services for children, the government approved the 
transformation of some health posts into health centers 
with an average of 50 health posts transformed per year by 
December 2014; and the immunization program is being 

strengthened with the introduction and widespread provi-
sion of the Pneumococcal vaccine in the country [39].

Yet, the country needs to do more by adopting and enforc-
ing the law to prevent marriage of young girls before 18 
years of age, and encouraging women’s education and em-
powerment. Implementation of health programs that en-
courage breastfeeding and complementary feeding, illness 
recognition, prompt and appropriate care–seeking and im-
proved referral rates for severe or possibly severe child ill-
nesses will also go a long way towards curtailing child mor-
tality in Niger.
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Verbal/social autopsy study helps explain the 
lack of decrease in neonatal mortality in Niger, 
2007–2010

Background This study was one of a set of verbal/social autopsy 
(VASA) investigations undertaken by the WHO/UNICEF–supported 
Child Health Epidemiology Reference Group to estimate the causes 
and determinants of neonatal and child deaths in high priority coun-
tries. The study objective was to help explain the lack of decrease in 
neonatal mortality in Niger from 2007 to 2010, a period during 
which child mortality was decreasing.

Methods VASA interviews were conducted of a random sample of 
453 neonatal deaths identified by the 2010 Niger National Mortal-
ity Survey (NNMS). Causes of death were determined by expert al-
gorithm analysis, and the prevalence of household, community and 
health system determinants were examined along the continuum of 
maternal and newborn care, the Pathway to Survival for newborn 
illnesses, and an extended pathway for maternal complications. The 
social autopsy findings were compared to available data for survivors 
from the same cohort collected by the NNMS and the 2012 Niger 
Demographic and Health Survey.

Findings Severe neonatal infection and birth asphyxia were the lead-
ing causes of early neonatal death in the community and facilities. 
Death in the community after delayed careseeking for severe infec-
tion predominated during the late neonatal period. The levels of 
nearly all demographic, antenatal and delivery care factors were in 
the direction of risk for the VASA study decedents. They more often 
resided rurally (P < 0.001) and their mothers were less educated 
(P = 0.03) and gave birth when younger (P = 0.03) than survivors’ 
mothers. Their mothers also were less likely to receive quality ante-
natal care (P < 0.001), skilled attendance at birth (P = 0.03) or to de-
liver in an institution (P < 0.001). Nearly half suffered an obstetric 
complication, with more maternal infection (17.9% vs 0.2%), ante-
partum hemorrhage (12.5% vs 0.5%) and eclampsia/preeclampsia 
(9.5% vs 1.6%) than for all births in Niger. Their mothers also were 
unlikely to seek health care for their own complications (37% to 
42%) as well as for the newborn’s illness (30.6%).

Conclusions Niger should scale up its recently implemented package 
of high–impact interventions to additional integrated health facilities 
and expand the package to provide antenatal care and management 
of labor and delivery, with support to reach a higher level facility when 
required. Community interventions are needed to improve illness rec-
ognition and careseeking for severe neonatal infection.
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The 2010 Niger National Mortality Survey (NNMS) found 
that from 1998 to 2009 the mortality rate of children less 
than 5 years old decreased significantly by 43.4%, from 
226 (95% confidence interval CI 207–246) to 128 (95% 
CI 117–140) deaths per 1000 live births, but mortality of 
neonates less than 28 days old declined insignificantly from 
39 (95% CI 32–46) to 33 (95% CI 28–39) deaths per 1000 
live births [1,2]. The reduction in child deaths was attrib-
uted to improvements in the nutritional status of children 
less than 2 years old and increased coverage of key child 
survival interventions, including insecticide–treated bed 
nets, vitamin A supplementation, treatment of diarrhea 
with oral rehydration salts and zinc, careseeking for child-
hood pneumonia and fever or cough, and vaccinations. 
The rapid uptake of interventions was achieved through 
government policy decisions to implement the Integrated 
Management of Childhood Illness (IMCI) approach, inte-
grated community case management for children with fe-
ver or malaria, suspected pneumonia and diarrhea, and to 
provide free health care for all pregnant women and chil-
dren including scaling up access to a minimum package of 
high–impact interventions at integrated health centers and 
health posts.

Interventions effective against neonatal mortality that were 
examined, including antenatal care, maternal tetanus tox-
oid, skilled birth attendance, early initiation of and exclu-
sive breastfeeding, showed smaller increases in coverage to 
endpoint levels well below 50%, likely inadequate to de-
crease neonatal mortality [1]. In addition, an earlier study 
on the quality of maternal and newborn care found that 
few health workers present at birth had the knowledge, 
skills and access to basic equipment needed to effectively 
manage obstetric and newborn problems. Only 2.5% of 
Centres de Santé Intégrés (CSI), which are meant to have 
at least two nurses or midwives on duty at all times and 
which are the main health centers throughout the country 
intended to provide Basic Emergency Obstetric and Neo-
natal Care (BEmONC), had the full capacity for this service; 
and the national met need for EmONC stood at 2.3%, vary-
ing by region from 1.4% to 6.5% [3]. Health posts (Case 
de Santés), only about one–fourth of which have a nurse 
or midwife on staff and are not intended to provide 
EmONC, were not examined.

Neither of these studies, however, examined several other 
interventions critical to neonatal survival nor did they as-
sess the causes of and events leading up to the deaths of 
the newborns along the continuum of antenatal and deliv-
ery care of the mother and immediate postnatal care of the 
newborn, maternal complications and the severe newborn 
illnesses these can lead to, mothers’ perceptions and knowl-
edge of how to respond to such critical events, their care-
seeking attempts for themselves and their newborns, and 
factors affecting these behaviors.

The fact that maternal complications occur at a fairly con-
stant level, severe enough to kill the mother in about 1.0% 
to 1.4% of pregnancies and to kill the baby at a much high-
er rate, and that it cannot be reliably predicted which wom-
en will experience these complications, is the basis for the 
maternal mortality reduction strategy of universal access to 
skilled birth attendance and emergency obstetric care when 
needed [4–7]. This strategy is no less important to the sur-
vival and health of the neonate, as it has been shown that 
pregnancy and delivery complications are the most impor-
tant risk factors for neonatal mortality [8–12], with care 
directed at the intrapartum period providing the greatest 
mortality reduction [13]. Integrated maternal–neonatal 
care packages and linkages of community with facility ma-
ternal and newborn care provide further reductions in still-
births and neonatal deaths [14,15]. The addition of new-
born–specific strategies, including fetal monitoring, access 
to Caesarean section for fetal distress, clean delivery and 
cord care, neonatal resuscitation, early initiation of and ex-
clusive breastfeeding, timely and appropriate thermal care 
of the baby, kangaroo mother care for stabilized preterm 
infants, recognition of and early careseeking for newborn 
illness, access to quality health care, and urgent referral to 
neonatal intensive care when needed, are required to max-
imize newborn survival [13,16–20].

Examining such vital information on maternal and new-
born care provided for babies that died is needed to help 
explain why the deaths occurred and how they might have 
been prevented. Collecting comparison data for newborns 
that suffered a severe but non–fatal illness during the same 
time period as the deaths would require the difficult task 
of identifying households where such an illness occurred; 
and the inability to appropriately match deaths with other 
cases on the basis of illness severity and the timing of clin-
ical signs has led to a misleading situation where one could 
falsely conclude that treatment increased mortality risk 
[21]. Moreover, promoting neonatal health and preventing 
the death of sick newborns requires well–proven interven-
tions for which the population levels established by al-
ready–completed surveys can provide reasonable compar-
isons for the surveyed factors.

Social autopsy (SA) is a method of inquiring about deaths 
that adds questions on household, community and health 
system determinants of mortality to complement a verbal 
autopsy (VA) interview on the illness signs and symptoms 
used to establish the biological cause of death [22]. We un-
dertook to assess the biological causes and social determi-
nants of recent neonatal deaths in Niger by conducting a 
verbal/social autopsy (VASA) study of neonatal deaths that 
occurred in 2007–2010 and were identified by the 2010 
NNMS. Where possible, we compared the VASA findings 
for the deaths to the same factors for surviving children 
from the same cohort determined by recent population sur-
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veys. In this way, we sought to further explain the reasons 
for the limited decrease in neonatal mortality in Niger from 
2007 to 2010.

METHODS

The VASA was a descriptive study of the causes of death 
and the prevalence of key determinants of a national ran-
dom sample of neonatal deaths derived from the 2010 
NNMS’s full birth history interview of women aged 15–49. 
Where possible, the levels of key determinants for the de-
cedents were compared to the same factors for surviving 
children from the same cohort determined by the 2010 
NNMS and the 2012 Niger Demographic and Health sur-
vey (NDHS); and maternal complications for surviving 
children were ascertained by the 2010–2011 WHO Multi-
country Survey on Maternal and Newborn Health [12].

Data

The study sample has been fully described elsewhere [23]. 
In brief, the deaths included in the VASA study were iden-
tified by the lifetime birth history interview conducted of 
all women 15 to 49 years old who participated in the 2010 
NNMS [24]. The VASA study considered only the 2380 
under 5 years old (734 neonatal, 0 to 27 days old and 1646 
child, 1 to 59 months old) deaths as far back from the sur-
vey period as four years. From these, in order to minimize 
the interview recall period, we started with the most recent 
death and moved backwards, taking the one most recent 
death in each household with at least one under 5 years 
old death until the desired sample sizes of 605 neonatal 
and 605 child deaths had been achieved.

The final VASA sample consisted of 1166 (96.9%) com-
pleted interviews of 1203 attempted, including 453 neo-
natal deaths, 620 child deaths and 93 stillbirths. Although 
the NNMS was designed to identify only live births and 
child deaths, some survey–classified (mainly) neonatal 
deaths were determined by the more detailed VASA inter-
view to have been stillbirths, as defined by the caregiver’s 
report that the child was born dead and never cried, 
breathed or moved. These discrepancies, as well as some 
movement between the neonatal and child categories, were 
checked during revisits to the households in question. The 
final VASA–determined birth status and age at death were 
taken as the correct data for this study. This paper exam-
ines the 453 neonatal deaths.

VASA interview

The VASA questionnaire, its translation, and the study’s in-
terview methods also have been fully described [23]. To 
sum up, the questionnaire blends the Population Health 
Metrics Research Consortium (PHMRC) VA questionnaire 
[25] with the Child Health Epidemiology Reference Group 

(CHERG) SA questionnaire [22]. The interviews were con-
ducted in French and the two main languages of Niger, Ha-
oussa and Zarma, using a CSProX [26] software application 
developed for the VASA study to assist interviewers to cap-
ture responses with minimal data entry errors in the field 
directly on netbook computers. Most of the fieldwork was 
conducted from March–April 2012. Revisits to some house-
holds extended the data collection until September 2012.

The interviewers were 12 female and eight male native 
speakers of Haoussa and/or Zarma, all secondary school 
graduates and 86% with some post–secondary education. 
They received 10 days of classroom training in all aspects 
of the VASA study and three days of field practice in con-
ducting the interview. The seven teams, each with its inter-
viewers and one supervisor, completed the data collection 
in 55 days. The respondent was the person most closely 
involved in caring for the child during the fatal illness, 
which typically is the mother. Secondary respondents were 
allowed, if necessary, to capture information on all phases 
of the illness, including the mother’s pregnancy and deliv-
ery, during which she may herself have been ill and so less 
aware of the child’s condition. In case of any disagreement 
the main respondent’s answer was always taken as final.

Neonatal cause of death assignment

Verbal autopsy algorithms arranged in a hierarchy were 
used to assign the main cause of death for each neonate. 
The development of the algorithms and hierarchy and anal-
ysis to determine the causes of death also have been fully 
described [23]. Briefly, the algorithms were based on prior 
validation studies, additional verbal autopsy expert consul-
tation, a literature review to identify illness signs and symp-
toms associated with particular neonatal illnesses, and the 
development of new algorithms for previously non–vali-
dated conditions. The hierarchy was developed to select 
the main, usually underlying, cause of death among all co–
morbid conditions identified by the algorithms.

Social determinants of neonatal death

The Pathway to Survival [27] conceptual model was used 
to organize the collection and analysis of the social autop-
sy data on the health promotive, disease preventive and 
curative actions taken for children inside– and outside–
the–home. An extended pathway for neonatal survival was 
developed to examine the mothers’ antenatal and delivery 
care, pregnancy and delivery complications and careseek-
ing for these. All the indicators examined along the path-
ways are of proven interventions against neonatal mortal-
ity contained in the Lives Saved (LiST) tool [28], judged by 
an evidence review or recommended by the WHO. The 
VASA study also assessed factors that might help explain 
why desirable actions were not taken, including socio–eco-
nomic and demographic factors, recognition of illness se-
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verity, who were the decision makers, and self–identified 
careseeking constraining factors.

Illness severity

Caregivers’ reports of their child’s symptoms indicating se-
vere or possibly severe illness at the time of illness onset 
were used to evaluate the appropriateness of the first action 
taken in response to the illness. Symptoms’ severity was 
rated according to their use in the Integrated Management 
of Childhood Illness (IMCI) approach [29], with any symp-
tom signifying the need for urgent referral being ranked as 
“severe” and other symptoms yielding an IMCI disease clas-
sification requiring treatment ranked as “possibly severe.” 
The severity of symptoms included in the verbal autopsy 
but not in the IMCI was rated by two of the study authors 
(HDK and AKK, both physicians). In addition to the rating 
of individual symptoms’ severity, illness severity syndromes 
of symptoms recognized by mothers as indicating the need 
for health care [30-33] were formed by combining caregiv-
ers’ reports of their child’s feeding behavior, alertness and 
activity level at key points during the illness and used to 
evaluate the appropriateness of actions taken at those 
times. The method used to rank the severity of the syn-
dromes has been previously described [34].

Maternal complications

As part of the extended pathway for neonatal survival, the 
presence of and careseeking for seven pregnancy and seven 
delivery complications were assessed. Because there is 
much overlap of the symptoms between major obstetrical 
conditions that can lead to over counting of complications, 
we examined the complications as defined by the symptom 
syndromes displayed in Box 1.

Comparison data

The 2010 NNMS was examined for data on factors com-
parable to those included in the VASA study for surviving 
children who were their mother’s most recent birth in 
2007–2010 (Table 1 and Table 2). The NNMS collected 
data on maternal care variables only for births in the 12 
months prior to the survey. Some variables not assessed by 
the 2010 NNMS were available from the 2012 NDHS [35]. 
These data also were examined for surviving children who 
were their mother’s last birth in 2007–2010 (Table 2). Ta-

ble 3 displays baseline levels of maternal complications 
prior to surviving births established by the 2010–2011 
WHO Multicountry Survey on Maternal and Newborn 
Health [12], including 10 871 births in Niger.

Statistical analysis

This study was mainly descriptive. Percentages, means and 
medians are reported for demographic factors, causes and 

social determinants of neonatal deaths, maternal complica-
tions associated with the deaths, and the available compar-
ison data. The χ2–test was used to assess differences be-
tween proportions for the VASA findings and comparison 
data. The VASA analysis was adjusted for sampling weights, 
taking into account the cluster design nature of the 2010 
NMMS that identified the deaths. The 2010 NMMS and 
2012 NDHS analyses that provided the comparison data 
also were adjusted for cluster sampling using the sampling 
weights for those studies.

Ethical approval

The study was approved by the National Consultative Eth-
ics Committee of the Niger Ministry of Health and the In-
stitutional Review Board of the Johns Hopkins Bloomberg 
School of Public Health. Informed consent was given by all 
study participants prior to their being interviewed.

RESULTS

Ninety–seven percent of the respondents for the 453 neo-
natal deaths were the mother of the deceased child. Nearly 
two–thirds (65.8%) of the deaths occurred during the first 

Box 1. Definitions of maternal complications

Pregnancy complications

Antepartum hemorrhage: Any vaginal bleeding before the 
onset of labor

Preeclampsia/eclampsia: (Puffy face and (blurred vision or 
severe headache or high blood pressure)) and/or (Convul-
sions and no fever and no history of convulsions)

Maternal infection: Fever and (severe abdominal pain or 
smelly vaginal discharge)

Maternal anemia: (Severe anemia or (pallor and shortness of 
breath)) and (too weak to get out of bed or fast or difficult 
breathing)

Gestational diabetes: Diabetes that started during pregnancy 
and before labor began

Premature rupture of the membranes: Water broke 6 hrs or 
more before labor began

Malaria: Convulsions and fever

Labor/delivery complications (start after labor onset)

Intrapartum hemorrhage: Excessive bleeding during labor 
or delivery

Preeclampsia/eclampsia: same as for pregnancy

Maternal infection: Fever and (severe abdominal pain or 
smelly vaginal discharge or foul smelling amniotic fluid)

Maternal anemia: same as for pregnancy

Preterm delivery: Less than 9 months

Prolonged labor: Labor for 12 or more hours

Malaria: same as for pregnancy
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six days of life. More than half (62.9%) the newborns died 

from an infectious disease, nearly 20% succumbed to in-

trapartum-related complications (including 17.9% with 

birth asphyxia alone, 1.1% with signs of birth injury alone, 

and 0.9% with both birth asphyxia and injury), and 2.6% 

each to congenital malformations and complications of pre-

term delivery (Figure 1).

Demographic factors

As shown in Table 1, the deceased neonates were signifi-

cantly different from surviving children born in the same 

population during the same years for several demographic 

characteristics. There was a greater male predominance 

among the deaths than among surviving children (58.1% 

vs 50.8%, χ2 = 9.3, P = 0.002). More of the deceased neo-

nates than the survivors were their mother’s first born child 

(25.3% vs 14.1%, χ2 = 44.3, P < 0.001). Their mothers also 

gave birth at a younger age—more of the decedents’ moth-

ers were less than 20 years old, both at the time of the in-

dex child's birth (22.8% vs 15.7%, χ2 = 16.3, P < 0.001) and 

when they had their first birth (71.0% vs 66.2%, χ2 = 4.5, 

P = 0.034), than mothers of surviving children. In addition, 

Table 1. Comparison of demographic characteristics of 453 neonatal deaths with those of the general population, Niger, 2007–2010

neonatal deaths comPaRison data*
Characteristic N %, mean or 

median
(Q1, Q3) N %, mean or 

median
(Q1,Q3) χ2 P–value

Sex:

Male 263 58.1 8360 50.8 9.3 0.002

Female 190 41.9 8082 49.2

Birth order:

1 114 25.3 2317 14.1 44.3 <0.001

2–3 92 20.4 4878 29.7

4+ 245 54.3 9212 56.2

Mother’s age at first marriage:†

Median age (years) 425 15.0 (15, 17) 8938 15.0 (14, 17)

Mother’s age at birth of index child:

<20 101 22.8 2559 15.7 16.3 <0.001

20–24 121 27.2 4112 25.2

25–29 97 22.0 4302 26.4

30+ 124 28.0 5338 32.7

Mean age (years) 443 25.6 (20, 31) 16 312 26.9 (21, 31)

Mother’s age at first birth:

<15 41 9.2 1190 7.4

15–19 273 61.8 9400 58.8

20+ 128 29.0 5409 33.8 4.5 0.034

Mean age (years) 442 18.4 (16, 20) 15 999 18.7 (16, 20)

Mother’s education:

None 386 86.6 13 521 82.7 4.7 0.030

Primary 47 10.6 1890 11.6

Secondary+ 13 2.9 948 5.8

Median years 446 0.0 (0, 0) 16 359 1.0 (1, 2)

Father’s education:

None 369 84.7 – –

Primary 46 10.6 – –

Secondary+ 20 4.7 – –

Median years 434 0.0 (0, 0) – –

Residence:

Urban 44 9.7 2994 18.2

Rural 409 90.3 13 450 81.8 21.5 <0.001

Travel time (min) to usual health facility:

<30 167 39.2 – –

30–59 54 12.6 – –

60+ 206 48.3 – –

Median minutes 427 40.0 (10, 120) – –

*Unless otherwise noted, comparison data are for surviving children who were their mother’s most recent birth in 2007–2010 and for their families from 
the 2010 Niger National Mortality Survey.

†VASA and comparison data are for ever–married women 20–49 years old at the time of the survey. The comparison data are from the 2012 Niger De-
mographic and Health Survey.
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more of the deceased children’s mothers had no formal ed-
ucation (86.6% vs 82.7%, χ2 = 4.7, P=0.030). The house-
holds of the children also differed in that more families of 
the deceased than the survivors resided in a rural area 
(90.3% vs 81.8%, χ2 = 21.5, P < 0.001). Comparison data 
are lacking for travel time to the usual health facility used. 
Nevertheless, the data for the decedents reveals a long trav-
el time (40 minutes). The mothers both of decedents and 
survivors first married when they were very young.

Antenatal and delivery care

Fewer decedents’ than survivors’ mothers accessed any an-
tenatal care (ANC) (74.1% vs 83.7%, χ2 = 25.7, P < 0.001), 
although only about 32% of both groups made at least the 
recommended four visits (Table 2). However, twice as 
many mothers of the survivors (24.6% vs 12.0%, χ2 = 26.7, 
P < 0.001) who made at least one ANC visit received qual-
ity care consisting of all of four key ANC interventions. The 
biggest gap in the individual ANC components was in 
counseling on the danger signs of pregnancy requiring ur-
gent careseeking. Survivors’ mothers also were more likely 
to take a prophylactic anti–malarial during their pregnancy 

Table 2. Comparison of antenatal and delivery care indicators for 453 neonatal deaths with those of the general population, Niger, 
2007–2010

neonatal deaths comPaRison data* χ2 P–value

Characteristics N % N %

Antenatal care:†

At least 1 visit 336 74.1 3269 83.7 25.7 <0.001

4+ visits 140 31.6 1275 32.6 0.2 0.671

Antenatal care content:†

Blood pressure 249 75.1 2432 74.4 0.1 0.81

Urine test 86 25.7 1252 38.3 20.8 <0.001

Blood test 129 38.7 1560 47.7 9.8 0.002

Danger sign counseling 117 35.1 1882 57.6 61.8 <0.001

Quality antenatal care (blood pressure, urine& blood test, counseling) 40 12.0 801 24.6 26.7 <0.001

Tetanus vaccination 283 62.4 4209 65.7 2.0 0.162

Antimalarial† 233 51.5 2760 70.6 69.3 <0.001

Delivery place:

Hospital 26 5.9 113 1.8 36.1 <0.001

Other formal provider 101 22.3 2294 35.8 33.9 <0.001

Institutional delivery 127 28.1 2407 37.6 16.6 <0.001

En route to provider 12 2.6 – –

Home 313 69.1 3940 61.5 10.4 0.001

Other 1 0.2 57 0.9

Birth attendant:

Skilled 129 28.5 2148 33.5 4.8 0.028

Traditional birth attendant 148 32.7 3096 48.3

Mother herself 92 20.4 – –

Other 84 18.5 1160 18.1

Delivery mode:

C–Section† 11 2.4 73 1.9 0.6 0.443

*Unless otherwise noted, comparison data are for mothers of surviving children who were their mother’s most recent birth in the 12 months prior to 

the 2010 Niger National Mortality Survey.

†Comparison data are for mothers of surviving children who were their mother’s most recent birth in 2007–2010 from the 2012 Niger Demographic 

and Health Survey.

Figure 1. Expert algorithm, hierarchical verbal autopsy causes 
of death for 453 neonatal deaths, Niger, 2007–2010.



V
IE

W
PO

IN
TS

PA
PE

RS
Kalter et al.

June 2016  •  Vol. 6 No. 1 •  010604	 310	 www.jogh.org •  doi: 10.7189/jogh.06.010604

(70.6% vs 51.5%, χ2 = 69.3, P < 0.001), to have an institu-
tional delivery (37.6% vs 28.1%, χ2 = 16.6, P < 0.001) and 
to be cared for by a skilled birth attendant (33.5% vs 
28.5%, χ2 = 4.8, P = 0.028). Only about 2% of both groups 
were delivered by Caesarean section.

Maternal complications and careseeking

Table 3 shows that more than half (52.6%) of the 298 
mothers with an early neonatal death had a serious preg-
nancy or labor and delivery complication, with the level 
for individual pregnancy complications ranging up to 
17.9% for maternal infection and for individual labor and 
delivery complications up to 16.1% for intrapartum hem-
orrhage. While there were no comparison data for these 
findings in the NNMS or NDHS, a district hospital study 
in Kenya [8], community–based studies in Bangladesh [9] 
and Palestine [10], and a multi–country hospital–based 
survey [12] found comparable, some higher and some low-
er, levels of these same complications in women with a 
perinatal or early neonatal death and, by country, uniform-
ly lower levels in women with a surviving neonate. The 
multi–country survey included Niger, which had much 
lower levels for three maternal complications among all 

births than found for the deaths in our study (Table 3).

Because early onset neonatal infection is common in new-
borns whose mothers have maternal infection or coloniza-
tion [36], we also explored the relationship of maternal in-
fection to early onset (at less than 2 complete days of life) 
neonatal infection (sepsis, meningitis or pneumonia) as the 
primary cause of neonatal death. We demonstrated a sig-
nificant positive association between these maternal and 
neonatal conditions, both when comparing early onset to 
late onset neonatal infection (28/95 [30.0%] vs 17/146 
[11.3%], χ2 = 13.2, P < 0.001) as well as to all other neona-
tal deaths from any cause (28/95 [30.0%] vs 65/358 
[18.1%], χ2 = 6.5, P = 0.011) [23].

Figure 2 shows the maternal complications and careseek-
ing for these for all 453 women with a neonatal death. Few-
er than half the women with a pregnancy complication 
(65/155, 42.0%) or labor and delivery complication that 
began at home (45/122, 37%) sought any formal health care 
for their complications, and they were no more likely to de-
liver at a health facility than women without a complication 
(any pregnancy complication: 32.7% vs 25.8% without, 

Table 3. Comparison of maternal complications among early neonatal deaths in Niger, 2007–2010, with those of all births in Niger 
and perinatal and early neonatal deaths and neonatal survivors in other countries

multi–countRy suRvey* [12]
Niger 

VASA

Niger All countries Kenya [8] Bangladesh [9] Palestine [10]

ENM All births ENM Surv PNM Surv PNM Surv PNM Surv

N = 298 N = 10 871 N = 2528 N = 298 912 N = 108 N = 802 N = 86 N = 1498 N = 80 N = 808

% % % % % % % % % %

Pregnancy complications:

Maternal infection† 17.9 0.2 2.6 0.5 – – – – – –

Antepartum hemorrhage 12.5 0.5 5.7 0.6 8.3 0.4 12.8 2.7 12.5 0.7

Eclampsia/preeclampsia 9.5 1.6 9.7 2.2 – – 19.8 8.6 26.3 18.4

Premature rupture of membranes 6.8 – – – 12.0 1.6 – – – –

Malaria 6.7 – 0.5 0.1 – – – – – –

Anemia 3.1 – 4.8 1.2 – – – – – –

Diabetes 0.0 – – – – – – – – –

Any pregnancy complication 36.4 – – – – – – – 37.5 7.4

Labor and delivery complications:

Intrapartum hemorrhage 16.1 – 1.4 0.2 – – – – – –

Prolonged labor 5.2 – – – 17.6 7.2 – – 7.5 4.3

Preterm labor 8.2 – 52.2 6.0 12.0 1.6 45.3 21.7 57.5 9.3

Maternal infection 4.5 – – – – – – – – –

Eclampsia/preeclampsia 0.8 – – – – – – – – –

Malaria 0.7 – – – – – – – – –

Anemia 0.3 – – – – – – – – –

Any labor/delivery complication 28.0 – – – 60.2 14.0 – – 45.0 24.3

Any maternal complication 52.6 – – – – – – – – –

ENM – early neonatal mortality, PNM – perinatal mortality, Surv– neonatal survivors

*The referenced study did not distinguish between antepartum and intrapartum complications. The distinctions made here are based on information 
provided in the paper; for example, placenta previa was categorized as antepartum hemorrhage, and ruptured uterus as intrapartum hemorrhage.

†For Niger VASA ENM, maternal infection = sepsis; for all multi–country survey results, maternal infection = any one or more of pyelonephritis, influ-
enza–like illness, other systemic infection/sepsis.
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χ2 = 2.45, P = 0.118; any delivery complication: 25.1% vs 
29.3% without, χ2 = 0.79, P = 0.373). Almost all this care was 
sought at the primary care level. Of the 45 women who 
sought or tried to seek formal care for a labor and delivery 
complication, 21 (46%) went to a CSI, 5 (12%) to a Case 
de Santé, 11 (24%) to a primary care facility of undeter-
mined type, and 3 (7%) said that they saw a nurse or mid-
wife in the community. Only four (10%) of the women first 
went and four (10%) more later went to a hospital. Eight 
(17%) delivered in a hospital, 20 (44%) in a CSI, Case de 
Santé or undetermined primary care facility, 3 (7%) on route 
to a facility and 14 (32%) at home. Of the labor and deliv-
ery complications that occurred in more than 3% of the 
women, formal health care was sought most often for ma-
ternal sepsis (9/18 women, 51.7%), followed by preterm 
labor (14/30, 48.6%), prolonged labor (14/33, 42.9%) and 
intrapartum hemorrhage (26/72, 35.8%). However, as for 
all delivery complications, women with these complications 
were no more likely to deliver at a health facility than wom-
en without a delivery complication.

Normal newborn care

Almost a third (144, 31.7%) of the babies that died were 
bathed within one hour after birth, and 351 (79.1%) were 
bathed before 24 hours after birth, which is the recom-
mended lower time limit for first bathing [37]. An appro-
priate measure was taken to keep 406 (90.0%) of 451 new-
borns warm after birth, but only 42 (9.9%) of 423 were 
breastfed in the first hour after birth, compared to 2350 
(42.9%) of 5478 surviving children born in the prior 24 
months identified by the 2010 NNMS (χ2 = 177.1, 

P < 0.001). In all, only 1 of 408 deceased neonates received 
quality postnatal care in the first day of life (ie, sterile blade 
used to cut the cord, baby not bathed in the first 24 hours 
after birth, baby dried and wiped or wrapped in a blanket 
or given skin to skin contact or placed in an incubator after 
birth, and baby breastfed within 1 hour after birth).

Failures in the pathway to survival

Figure 3 illustrates the careseeking process from home for 
the 385 deceased neonates who either were born at home or 
delivered at a health facility and left alive. Although nearly 
all (95.8%) caregivers reported that the first symptom of their 
child’s illness was either a severe or possibly severe symptom, 
232 (60.3%) neonates, 64 of whom were said to have died 
“immediately,” received no care for their fatal illness.

The mean age at illness onset for the 232 newborns who 
received no care was 3.5 days and their mean illness dura-
tion was 1.7 days, compared to illness onset at age 6.8 days 
and duration of 3.7 days for the 153 (39.7%) neonates 
whose caregiver’s first action was to provide home care or 
seek care outside the home. Caregivers’ reports of their 
child’s illness severity as rated according to their feeding 
behavior, alertness and activity level confirmed that more 
of the 232 newborns who received no care were severely 
ill at the start of their illness than of the 153 newborns who 
received some care (62.4%, vs 44.0%; χ2 = 11.6, P < 0.001), 
corresponding with the earlier onset and more rapid pro-
gression of their illnesses.

The causes of death of the two groups (Figure 4) also re-
flected their age and illness course, with more deaths due 

Figure 2. Maternal complications and careseeking during the pregnancy and delivery for 453 
neonatal deaths, Niger, 2007–2010.
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Figure 3. The “Pathway to Survival” for 385 neonatal deaths born at home or left the delivery facility alive, Niger 2007–2010.

Figure 4. Expert algorithm, hierarchical verbal autopsy causes of death for 385 neonates born at home or left the delivery facility alive, 
with and without any care given or sought from home, Niger, 2007–2010. IPC – intrapartum-related complications.
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to birth asphyxia and preterm delivery in the younger 
group with faster illness progression and no care provided 
or sought than among the older neonates who received care 
(26.7% vs 7.2%), and more infectious deaths in the older 
group with longer illnesses and some care than among the 
younger neonates without care (83.0% vs 56.6%). Of note 
is that 8.5% of the 153 late neonatal deaths that received 
some care were due to tetanus.

For comparison, Figure 5 shows the causes of death of 59 
neonates not included in Figure 3 because they died in 
their delivery facility without ever leaving. The cause dis-
tribution was more similar to that of the 232 neonates who 
died at home without any care given or sought, though 
even more skewed toward birth complications and preterm 
delivery over infectious causes (45.8% vs 39.0%), while 
their mean age at illness onset (1.0 days) was younger and 
their illness duration (2.3 days) was somewhat longer. Most 
remarkable was that eight of the 12 deaths due to preterm 
delivery in all 453 neonates occurred among the 59 babies 
that were born and died in a health facility without leaving. 
Of the other four preterm deaths (all among the 232 new-
borns that died at home without seeking care), three were 
delivered in a health facility and one at home.

Figure 3 also shows that formal health careseeking was at-
tempted for only 118 of the 153 neonates who received 
any care. Among these 153 newborns, there was no differ-
ence in formal careseeking for males and females (78.2% 
vs 76.6%, χ2 = 0.5, P = 0.816). Formal careseeking was de-
layed for 1.7 to 2.7 days, nearly half way into the illness 
course, by which time half the children were severely ill. 
Though the children for whom formal care was sought 

Figure 5. Expert algorithm, hierarchical verbal autopsy causes of 
death for 59 neonates born and died in the delivery facility, 
Niger, 2007-2010.

were less severely ill at the onset of their illness and their 
illnesses progressed more slowly than those of the children 
who received no care, the delay in careseeking was associ-
ated with 32 (27.1%) of the 118 neonates dying before 
reaching the formal provider. However, there was no sig-
nificant difference in the proportions of newborns whose 
illness severity increased between those who reached and 
did not reach the provider (20.2% vs 9.6%, χ2 = 1.76, 
P = 0.416), and equal proportions were severely ill at the 
time the decision was taken to seek formal care (48.4% vs 
55.8%, χ2 = 0.51, P = 0.47).

Almost all formal care was sought at lower level health fa-
cilities; only eight (6.8%) of the 118 newborns initially 
went to a hospital, only six (8.7%) of 69 who left a first 
level facility alive were referred, and only one of the six ac-
cepted the referral. The most common actions taken by the 
first health facilities reached by the 86 neonates included: 
34 (39.9%) were given an intramuscular medication, 20 
(23.7%) received an oral anti–malarial, 18 (20.7%) re-
ceived another oral medicine, and 13 (15.6%) were given 
an oral antibiotic. On average, each neonate received 1.7 
treatments; the health provider did “nothing” for only 6 
(7.0%) neonates. One–third of the 69 caregivers of neo-
nates discharged alive from a first level facility received rec-
ommendations for home care, and all but one of those were 
able to follow all the recommendations. Figure 3 also 
shows that 29 (45%) of the 69 children that left the first 
provider alive were still rated by their caregiver as being 
severely ill at discharge.

Few comparison data for surviving children in Niger are 
available for these careseeking findings. The 2010 NNMS 
asked about formal careseeking for children with a fever or 
cough in the two weeks prior to the survey. For fever, 
71.6% of 6 neonates, 56.5% of 20 1–month olds, and 
62.8% of 71 2–month olds sought formal care, for a total 
of 62.8% of 97 children under 3 months of age; while for 
cough, all 3 neonates, 8.5% of 8 1–month olds, and 52.7% 
of 49 2–month olds sought formal care, for a total of 48.5% 
of 60 children under 3 months of age. These figures com-
pare with the 118 (30.6%) and 86 (22.3%) of 385 neonates 
with a fatal illness who, respectively, sought formal health 
care and reached the first formal provider. Limiting the 
comparison to the 151 deceased neonates who survived at 
least one week, which is closer to the age distribution of 
the surviving children, 73 (48.3%) and 54 (35.7%), respec-
tively, sought formal health care and reached the first pro-
vider.

Constraining factors for maternal and 
newborn careseeking

Concerns of caregivers that contributed to delays in care-
seeking were similar for pregnancy complications, deliver-
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ing at a health facility and newborn illnesses, with some 
notable exceptions (Table 4). Most women, even those 
who did not seek formal health care, said they had no con-
cerns that kept them from seeking care, although more of 
those who did not seek care reported one or more con-
cerns. Of 90 women who did not seek formal care for their 
pregnancy complication(s), 26 (28.7%) reported, on aver-
age, 2.0 constraints each. The most common concerns 
were the cost for transportation or health care (13), dis-
tance to a facility (12) and the lack of transportation (9). 
Cost and distance also were the main constraints for those 
who sought formal care, but only 7 (10.8%) of the 65 
women who sought care reported that they had any care-
seeking constraints. Similarly, distance and transportation 
were the main constraints women had for delivering at a 
health facility and seeking care for their newborn’s illness, 
with cost being a lesser issue for both. Unlike for the other 
two situations, underestimating illness severity was an of-
ten stated constraint to careseeking for newborn illnesses. 
However, an incongruity to be considered is that 7 of the 
17 caregivers who reported that their baby was not sick 
enough to need health care also ranked the child as being 
severely ill.

DISCUSSION

We undertook a verbal/social autopsy study of recent neo-
natal deaths in Niger to examine critical factors that might 
help explain the non–decrease in neonatal mortality in light 
of the significant decline in child mortality from 1998 to 
2009. The study deaths were identified by the 2010 NNMS, 

the same survey used to establish the mortality trends [2], 
and that provided most of the data on surviving children 
and their families that we compared to the deaths. We de-
termined the cause distribution of the deaths and related 
maternal complications, as these can highlight needed in-
terventions, and focused on social, behavioral and health 
system determinants that influence the strategies required 
to effectively deliver maternal and child survival interven-
tions [13].

Demographic factors, normal maternal 
and newborn care

The examination of demographic factors revealed several 
significant differences between deaths and survivors of the 
same cohort, with all factors in the direction of risk for the 
deaths. Some of these are potentially modifiable in the long 
term, while knowledge of some others might help in tar-
geting interventions.

The excess in rural residence of deceased neonates, com-
bined with their long travel time to the usual health facil-
ity, suggests that some remote communities remain at risk 
due to limited access to primary care despite recent efforts 
in Niger that have brought a package of high–impact inter-
ventions at integrated health centers and posts to within 5 
km of 80% of the population [38].

The predominance of deaths of male neonates agrees with 
a well–established pattern of excess male mortality that 
suggests this is due to an unmodifiable, biological effect 
[39,40]. On the other hand, the excess in neonatal deaths 
of firstborns, among women under age 20 and women with 

Table 4. Constraints for formal health careseeking for three situations contributing to neonatal deaths, 2007–2010, Niger

PRegnancy comPlications health facility deliveRy neWboRn illness

65 sought 

formal care

90 did not 

seek formal 

care

127 

delivered at 

a facility

326 did not 

deliver at a 

facility

118 sought 

formal care

202 did not 

seek formal 

care

N % N % N % N % N % N %

Constraints:

Did not think she/the baby was sick enough to need health care 0 0 2 1.9 0 0.2 4 1.1 0 0 17 8.3

No one available to go with her 0 0 1 1.3 0 0.2 8 2.4 0 0 1 0.3

Too much time from her regular duties 1 1.7 1 1.2 0 0.2 2 0.7 0 0 0 0

Someone else had to decide 0 0 6 6.6 0 0 3 0.9 0 0 4 2.1

Too far to travel 3 4.7 12 12.9 2 1.3 49 15.0 10 8.5 18 8.8

No transportation available 1 1.7 9 10.4 3 2.4 43 13.1 12 10.2 17 8.4

Cost (transport, health care, other) 3 5.1 13 14.4 5 3.9 17 5.3 4 3.0 6 3.0

Not satisfied with available health care 2 2.4 1 1.6 0 0 7 2.1 2 1.4 2 1.2

Symptom(s) required traditional care 0 0 3 2.8 0 0 0 0 1 0.7 2 0.8

Thought she/baby was too sick to travel 0 0 0 0 0 0 2 0.7 0 0 3 1.5

Thought she/baby will die despite care 0 0 0 0 0 0 0 0 0 0 6 2.9

Was late at night (transportation or provider not available) – – – – 1 0.6 5 1.5 0 0 1 0.4

Fears exposure to male health provider 0 0 1 0.8 0 0 2 0.7 – – – –

Other 0 0 4 4.0 1 1.1 21 6.3 1 1.0 3 1.3

Total careseekers: 6 8.8 26 28.7 7 5.7 89 27.3 16 13.6 44 21.8

Total constraints: 10 52 12 163 30 80
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no formal education, suggests the need to provide young 
women and new mothers with information and support to 
better care for themselves and their newborn children. A 
community approach is necessary to accomplish this goal 
[41]. Ensuring universal access to four high quality ante-
natal care visits, including counseling on maternal health, 
normal newborn care, and pregnancy, delivery and new-
born danger signs, also could help achieve this aim. The 
low median age at first marriage and low levels of formal 
education and antenatal care for mothers of surviving as 
well as deceased neonates shows that much work remains 
to be done to improve these indicators, and that encourag-
ing girls and young women to delay marriage and instead 
go to school might help achieve these objectives.

Particular essential antenatal and delivery interventions 
that remain at low levels in the general population of Niger 
were found to be at very low levels among the mothers of 
deceased neonates, including taking a prophylactic anti–
malarial medication during pregnancy, institutional deliv-
ery and attendance at birth by a skilled person. These find-
ing suggest the need to expand the scope of the essential 
care package provided at integrated health centers and 
posts to better cover the needs of pregnant women as well 
as the accessibility of facilities.

The very low level of breastfeeding within one hour of birth 
found for the newborns who died, one–fourth of the gen-
eral population’s 43%, might have been partly due to sick 
newborns being unable to feed. However, the mean age at 
illness onset of 1.3 days for the two–thirds of neonates that 
died in the first week of life and the odds of not being 
breastfed within one hour of birth for neonates with illness 
onset at age 0 days vs 1 to 6 days (2.03, 95% CI = 0.87, 
4.73), argues that this was not a major factor. There was no 
comparison data for other normal newborn care measures, 
but the low levels for deceased neonates, summarized as 
the 1 of 408 newborns that received quality postnatal care 
in the first day of life, suggest that these factors contributed 
to the deaths. As with many of the maternal care indicators 
for which there was comparison data, the very low levels 
for the newborn care indicators among the deaths appear 
to be the extreme of overall low population levels that have 
helped maintain the high neonatal mortality rate in Niger. 
This is supported by the comparison of coverage data for 
newborn care indicators that are available both for Niger 
and other sub–Saharan Africa (SSA) countries, for postna-
tal care of all neonates within 2 days of birth (Niger, 13% 
vs 35% for 15 other SSA countries) and for registration of 
live births in 2012 by age 1 year (Niger, 30% vs 50% for 
44 other SSA countries) [42].

Maternal complications and careseeking

Multiple studies conducted in low and middle income 
countries have found that maternal complications consti-

tute the greatest risks for perinatal and early neonatal mor-
tality [8–12]. Two–thirds of the neonatal deaths in our 
study occurred in the first week of life, and half the wom-
en with an early neonatal death had a pregnancy or labor 
and delivery complication. The much lower levels of ma-
ternal infection, antepartum hemorrhage and preeclamp-
sia/eclampsia in mothers with a surviving neonate in Niger 
[12] and the generally far lower levels for these and other 
complications in women with a surviving neonate found 
by other studies [8–10] strongly suggest that the high rate 
of maternal complications identified by the VASA study 
significantly contributed to the neonatal deaths. This con-
clusion is supported by the positive relationship we identi-
fied between maternal infection and early onset severe neo-
natal infection as the primary cause of neonatal death. We 
are unaware of any prior study that has demonstrated this 
association at community level using verbal autopsy meth-
odology.

Fewer than half the women with a pregnancy or labor and 
delivery complication sought formal health care. The most 
common reasons stated for not seeking care for a pregnan-
cy complication, as well as for not delivering at a health 
facility, were distance to the facility, the lack of transporta-
tion and cost. However, the most striking finding was that 
nearly three–fourths of the women who did not seek care 
or deliver at a facility could not state a constraint to their 
use of the facility. This points to the need for further re-
search to better understand this phenomenon, as well as 
the need to bring the required care to, or closer to, the com-
munity and to strengthen the links between communities 
and community–based providers with the health system. 
Recent studies have examined and shown promise for sev-
eral potential strategies, including increased referrals to 
health facility for pregnancy related complications [43], 
community mobilization to increase institutional births, 
financial incentive plans and community referral/transport 
systems to increase rates of skilled birth attendance and the 
use of emergency obstetric care [14]; but it is not yet clear 
whether skilled birth attendance can be successfully pro-
vided in the community [15]. To help monitor such pro-
grams, periodic national surveys such as the DHS should 
consider adding questions on maternal complications, ca-
reseeking for these, and women’s success in receiving care 
for these important risk factors for maternal and perinatal 
morbidity and mortality.

Failures in the pathway to survival

While almost all caregivers reported one or more signs of 
severe illness at the onset of their newborn’s sickness, less 
than half sought or provided care. This decision appears to 
have been influenced by caregivers’ perception of their 
child’s illness severity, rather than their recognition of se-
vere illness signs. We included feeding behavior, alertness 
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and activity level in ranking perceived illness severity, as 
these are signs that caregivers both recognize and perceive 
to indicate the need to seek formal health care for sick ne-
onates [29–32] and, indeed, we found that careseeking was 
associated with these illness signs. The lower level of care-
seeking for the most severely ill newborns with early onset 
illness supports the hypothesis that caregivers believed they 
could not take any effective action for these children. Al-
ternatively, their lack of action might have been due to there 
being less time to provide care before the children died.

In a multivariable analysis of careseeking for fatal newborn 
illnesses in Bangladesh that accounted for the competing 
risk of dying before careseeking, we also found that care-
givers’ reporting that their child was “not moving” at illness 
onset did not positively affect careseeking, while a child 
that was “less active than normal” was more likely to be 
taken for formal care [44], lending support to the severity 
perception theory. While several newborn illness danger 
signs are included in the WHO/UNICEF IMCI algorithm 
[29], it would appear to be more efficient and effective for 
careseeking messages at household and community level 
to focus on the signs that are most intrinsically perceived 
as indicating the need to seek care. The incongruity that 
we found between the illness severity ranks and some care-
givers’ apparent underestimate of their child’s illness sever-
ity suggests that there is a need to provide caregivers with 
information even on the more well–perceived signs.

For the children whose illnesses began after the early neo-
natal period, in the aggregate careseeking was delayed un-
til their illnesses had progressed from mild or moderate to 
severe. This may have contributed to the deaths, although 
this conclusion is tempered by the finding of equal sever-
ity among those who reached and did not reach the first 
health provider alive. Other studies both of fatal and non-
fatal child illnesses have found that first careseeking to an 
informal provider contributed to delays in formal careseek-
ing, which was undertaken only after the child’s illness pro-
gressed to a severe state [31,33,45]. This was not an im-
portant factor in the current study, in which both informal 
and formal careseeking were sought for only two newborns 
and nine others received only informal care.

Illness severity was related to younger age of the child at 
illness onset and to faster illness progression, which in turn 
were related to the cause of death. While infectious diseas-
es caused 60% of the neonatal deaths overall, and birth as-
phyxia and preterm delivery together accounted for anoth-
er 27%, the distributions of these causes varied by age, 
place of death and care provided for the fatal illness. Birth 
asphyxia and preterm delivery were more common causes 
of early neonatal illnesses and deaths of children who died 
in the facility of their birth without leaving or at home with-
out receiving or seeking care, compared to the predomi-

nance of infectious causes of the late neonatal illnesses and 
deaths of children who received home care or sought care 
from home. Yet, infections also were common causes of 
early neonatal deaths in facilities and caused twice as many 
early neonatal deaths in the community as did birth as-
phyxia.

The more similar cause distributions of neonates who died 
in their birth facility without leaving and at home without 
care suggests that the causes of death were as or more re-
lated to the children’s ages than to any care they received 
or did not receive, though the still greater proportion of 
early neonatal infectious deaths in the community suggests 
that facilities may have had somewhat more success in 
treating infectious causes than intrapartum–related events 
and preterm birth complications. A facility–based study of 
presenting illnesses, treatments provided, quality of care, 
case fatality and cause–specific mortality rates would be 
needed to accurately determine the impact of facility birth 
on mortality and its cause distribution. The excess deaths 
from birth asphyxia in both settings and from preterm de-
livery in facilities, combined with the finding that women 
with delivery complications were equally likely to deliver 
at home as in a facility, suggests the need to improve the 
quality of intrapartum care to decrease deaths from these 
causes in the community and in health facilities. This strat-
egy, along with postnatal care such as exclusive breastfeed-
ing and providing antibiotics to reduce deaths from infec-
tious causes, has been shown to provide the greatest 
reduction in neonatal mortality [13].

Fully 83% of the late neonatal deaths, that is, the deaths 
for which most affected children received some formal 
health care, were due to infectious causes. The limited 
comparison data available for these children suggest that 
young infants in Niger with a non–fatal fever or cough are 
taken for health care as or more often than severely ill late 
neonates. This corresponds with our finding that neonates 
who were moderately ill at illness onset were more likely 
to be taken for care than those who were severely ill. How-
ever, the decedents’ younger age and the inability to match 
deaths with survivors on illness severity and the timing of 
careseeking underscores the difficulty in identifying an ap-
propriate comparison group for examining careseeking in 
fatal illnesses. The finding that 8.5% of the late neonatal 
deaths were due to tetanus deserves further investigation 
that is beyond the scope of the current study.

As discussed for the early neonatal deaths, accurately assess-
ing the quality of care provided in health facilities for the late 
neonatal deaths would require conducting a facility–based 
study. However, the VASA study offered some indication of 
problems that point to the need for just that. Caregivers re-
ported that nearly one–fourth of the 86 neonates treated in 
a health facility were given an anti–malarial medication. If 
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correct, that would most likely be a treatment error, as such 
young children would be much more likely to have had bac-
terial sepsis than malaria [46]. The fact that caregivers rated 
45% of the 69 children that left the first health provider alive 
as severely ill, while only 9% of these children were referred, 
is another indicator of a potentially serious deficit in the 
quality of care provided at these facilities.

Study limitations

The VASA study was not designed to examine changes 
in any factors over time and so cannot strictly conclude 
that a lack of change in the examined factors led to the 
non–decrease in mortality. However, the study provides 
plausible evidence by identifying low levels among the 
decedents of factors known to be critical to neonatal 
well–being and survival, and for many of these factors 
by showing that their levels in the decedents were sig-
nificantly below those of surviving newborns from the 
same cohort. Also, the VASA study was retrospective in 
design, with an average recall period of 3.5 years. This 
could lead to inaccuracies in respondents’ recall of 
events. Yet, the recall period for the survivors data exam-
ined for this analysis was similar to that of the decedents, 

which should minimize any recall bias in comparisons 
of findings for the decedents and survivors.

In conclusion, the VASA study revealed multiple factors 
contributing to the non–decrease in neonatal mortality that 
can be most effectively tackled through an integrated ma-
ternal–neonatal care package in the community and at 
health facilities. The predominance of rural residence and 
the role of distance and transport constraints to reaching a 
facility point to the need for Niger to scale up its recently 
implemented package of high–impact interventions to ad-
ditional integrated health centers and posts. The low level 
of quality antenatal care and skilled birth attendance, high 
level of maternal complications, and many deaths from 
birth asphyxia and early onset severe neonatal infection in 
the community and health facilities call for expanding the 
package to provide antenatal and intrapartum care, with 
support for reaching a higher level facility when needed; 
while community education, mobilization and support are 
needed to improve illness recognition and careseeking for 
early and late onset severe neonatal infection. The quality 
of intrapartum and neonatal infectious disease care in first–
level facilities and hospitals should be assessed and, if 
found to be required, improved.
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Factors associated with delay in care–seeking 
for fatal neonatal illness in the Sylhet district 
of Bangladesh: results from a verbal and social 
autopsy study

Background We conducted a social and verbal autopsy study to de-
termine cultural–, social– and health system–related factors that were 
associated with the delay in formal care seeking in Sylhet district, 
Bangladesh.

Methods Verbal and social autopsy interviews were conducted with 
mothers who experienced a neonatal death between October 2007 
and May 2011. We fitted a semi–parametric regression model of the 
cumulative incidence of seeking formal care first, accounting for 
competing events of death or seeking informal care first.

Results Three hundred and thirty–one neonatal deaths were includ-
ed in the analysis and of these, 91(27.5%) sought formal care first; 
26 (7.9%) sought informal care first; 59 (17.8%) sought informal 
care only, and 155 (46.8%) did not seek any type of care. There was 
lower cumulative incidence of seeking formal care first for preterm 
neonates (sub–hazard ratio SHR 0.61, P = 0.025), and those who de-
livered at home (SHR 0.52, P = 0.010); and higher cumulative inci-
dence for those who reported less than normal activity (SHR 1.95, 
P = 0.048). The main barriers to seeking formal care reported by 165 
mothers included cost (n = 98, 59.4%), believing the neonate was 
going to die anyway (n = 29, 17.7%), and believing traditional care 
was more appropriate (n = 26, 15.8%).

Conclusions The majority of neonates died before formal care could 
be sought, but formal care was more likely to be sought than infor-
mal care. There were economic and social belief barriers to care–
seeking. There is a need for programs that educate caregivers about 
well–recognized danger signs requiring timely care–seeking, partic-
ularly for preterm neonates and those who deliver at home.

Recent estimates show that 6.3 million children died in 2013, which is a 
decline from 12.7 million in 1990 [1]. Of these 6.3 million, 2.8 million 
babies died in the neonatal period (within 28 days of birth) making up 
44% of all under 5 deaths, a trend that has been observed over the last 
two to three decades [2–4]. Most of the under–5 deaths occur in devel-
oping countries where the estimated rate in 2012 was 53 per 1000 live 
births (90% uncertainty bound 51,56) compared to 6 (6,7) per 1000 live 
births in developed countries [5]. Most of the deaths in developing coun-
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tries occur due to preventable causes for which care could 
be made available by targeted interventions [6]. Liu et al 
[7] estimated that in 2013, 2.761 million (44%) of the un-
der–5 deaths were in the neonatal period, and among those 
0.42 million neonates died of sepsis. Appropriate and time-
ly care–seeking for infections could substantially improve 
neonatal survival. A systematic review of care–seeking be-
haviors for neonatal and childhood illnesses in low and 
middle–income countries showed that levels of care–seek-
ing vary considerably by geographic region, with levels in 
South Asia being particularly low [8].

Delays in care–seeking and constraining 
factors

Care–seeking by itself is important, but even more impor-
tant is the ability to reach out to available qualified health 
care providers as soon as the illness signs are recognized. 
The 3–delays model for care–seeking for maternal illnesses 
was developed by Thadeus and Maine (1994) [9] and has 
been applied to characterize the delay in seeking care for 
childhood illnesses [10–14].This model identifies the delay 
in 1) recognizing danger signs and deciding to seek care, 
2) time to get to the health facility and 3) receiving ade-
quate and appropriate care after reaching the facility.

Traditional beliefs and cultural practices have been shown 
to influence decision–making and the time to seeking care 
[15–19]. A specific example is that in Rajasthan, India, 
care–seeking for sick neonates was found to be less than 
that for older infants and children, mainly due to caretakers 
believing that even qualified providers lack the expertise to 
treat newborns [16–18]. Qualitative research in three South 
Asian countries (Bangladesh, Nepal and Pakistan) found 
that local traditions, lack of knowledge about the impor-
tance of care–seeking and recognition of danger signs and 
perceived poor quality of health services were important 
factors [19]. A focused ethnographic study in India found 
that despite caretakers recognizing danger signs indicating 
that their child needed health care, inability to discriminate 
among the available health care sources and perceived poor 
quality of health services led them to delay seeking care or 
to seek care from unqualified providers [20].

Similar results have been found in Sub–Saharan Africa and 
Latin America. For example, in some cases, caregivers as-
sume that they know what the illness is and treat it at home 
instead of seeking formal care [12]. Other influences in-
clude lack of knowledge about dangerous illness symptoms 
[21], and various factors that ranged from social and tradi-
tional beliefs as well as poor health systems [10,11,22–25].

Care–seeking in Bangladesh

Bangladesh has a total population of 160 million and 9.6% 
of the population is under 5 years of age. The Bangladesh 

Demographic and Health Survey shows that the country 
had an under–5 mortality rate of 53 per 1000 live births 
and neonatal mortality rate of 32 per 1000 live births in 
2011 [26]. Even though the country has met the Millen-
nium Development Goal (MDG) 4 of reducing child mor-
tality by two–thirds between 1990 and 2015, the neonatal 
mortality rate is still high and it requires targeted interven-
tions to promote timely care–seeking for neonatal illness.

In a study done in rural Bangladesh to assess the care–
seeking patterns for neonatal morbidity, it was seen that 
although most of the mothers sought outside care, only a 
small percentage of those who sought care considered go-
ing to a qualified provider and that was true even for the 
neonatal mortalities [27]. A recent study in Mirzapur Ban-
gladesh found that even for older children (1–59 months) 
caretakers prefer to visit unqualified providers or other 
sources as compared to a formal provider [28]. Another 
study from Sylhet Bangladesh showed that preventative or 
curative care was sought for only 30.9% of preterm new-
borns from qualified providers [29]. A study by Chowd-
hury et al. [30] in Matlab, Bangladesh found that 37% of 
365 neonates who had a fatal illness had formal care 
sought for them while the rest either received traditional 
or no care. The authors highlighted the need to design 
programs that take into consideration the use of tradition-
al care and formal care in order to promote timely care–
seeking.

Verbal and Social Autopsy studies to study 
care–seeking behavior

In low– and middle–income countries (LMICs), death reg-
istries are often either poorly kept or non–existent and, as 
a result, verbal autopsies (VAs) are used to help determine 
the likely cause of death. These are questionnaire instru-
ments that are used to collect reported illness symptoms 
and information on pregnancy and intra–partum compli-
cations, in the case of neonates. The data are then used to 
determine the likely cause of death using physician assess-
ments or expert algorithms [31–35]. Social autopsies (SAs) 
are conducted to help determine social and health system 
factors associated with care–seeking behavior [36,37].

There is very limited literature on comparative studies of 
those who seek formal care vs those who do not, and the 
factors associated with that decision [8,38]. In this study, 
we used data from a verbal and social autopsy (VASA) study 
in the Sylhet district of Bangladesh. We conducted an ex-
ploratory analysis to determine the illness symptoms as 
well as social and demographic factors that were associated 
with the delay in seeking formal care for a neonatal illness 
that led to death. Our analysis accounted for the compet-
ing risks of death and seeking informal care before formal 
care could be sought.
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METHODS

Setting and participants

The VASA survey data were collected from four unions of 

Zakiganj sub–district with an estimated population of 

102 000; and four unions of Kanaighat sub–district with 

an estimated population of 100 000 in the Sylhet district of 

Bangladesh. Initially, data were collected with a 1 year re-

call period, and this was extended for up to 2.5 years in 

order to attempt to achieve the desired sample size of up 

to 500 neonatal deaths. This sample size was determined 

for estimating the cause of death distribution (the first ob-

jective of the study) with 5% precision for the main com-

mon causes of death. The current–study’s objective (delay 

in care–seeking) utilized a subset of these neonatal deaths 

that fitted the inclusion criteria. Babies born to ever–mar-

ried mothers of child–bearing age (15 to 49 years old) were 

included. Deaths that occurred between October 2007 and 

May 2011 were included. Respondents were selected 

among participants of other studies on community–based 

interventions for maternal and newborn care. These were 

the Healthy Fertility study, which was aimed at improving 

healthy birth–spacing [39], and the Chlorhexidine trial 

which was a three–arm trial comparing the effect of um-

bilical cord cleansing with chlorhexidine once, over a 7–

day period, and the control arm which was dry cord–care 

[39,40].The verbal autopsy questionnaires were adminis-

tered retrospectively by trained female data collectors. So-

cial autopsy interviews were conducted by trained female 

interviewers. Mothers who had had multiple deaths were 

interviewed for each of the deaths separately. The question-

naires used were the World Health Organization’s (WHO) 

standard verbal autopsy tool [41] and the WHO/UNICEF–

supported Child Health Epidemiology Reference Group 

(CHERG) social autopsy tool [36,42].

Analysis

The main event of interest was the time to seeking formal 

care, reported in days since illness onset. Illness onset was 

defined as the time when the first symptoms were recog-

nized. Formal care in this context was defined as care pro-

vided by one of the following: a trained community health 

worker (CHW), private doctor or NGO/Government health 

center/post or hospital. Informal care was defined as seek-

ing care from a traditional healer or from a pharmacist/drug 

seller. Other than the main outcome of seeking formal care, 

there were other possible events that may have taken place 

before formal care was sought and they were important to 

consider because they could have altered the probability of 

seeking formal care. These were a) death before any care 

was sought (survival bias) and b) seeking informal care first 

or only, and they were referred to as competing risk events 

[43]. Failure to account for these competing events (that is 
treating them as censoring events) may lead to an over–es-
timation of the incidence of seeking formal care and the 
effect estimates of the potential predictors. We calculated 
and plotted the cumulative incidence functions (the prob-
ability of an event of type k before or up to time t) for each 
of the possible events [44].

We then built a semiparametric regression model to esti-
mate the cumulative incidence of seeking formal care first 
in the presence of competing events, and we report corre-
sponding sub–hazard ratios (SHRs) with respect to each 
predictor [45,46]. The effect estimate is referred to as a 
‘sub–hazard’ ratio because it pertains to one event among 
all possible events in any given time point. This model is 
analogous to the Cox proportional hazards model except 
that hazard ratios for an event k (such as seeking formal 
care) are calculated conditional on an individual having 
had no other event up to time t. SHRs are interpreted as a 
reduction or increase in cumulative incidence of an event. 
Unadjusted regression models were fitted for each poten-
tial predictor separately, and the predictors with a P–value 
≤0.2 were included in the multivariable model. We inves-
tigated possible multi–collinearity among some of the pre-
dictors and its effect on the interpretation of the results.

A subset of the mothers who had not taken their neonate 
to a formal health care provider said that they had ‘con-
cerns’ that prevented them from doing so. A subset of those 
who had sought formal care said they had ‘concerns’ that 
they had to overcome in doing so. Furthermore, those 
mothers who reported that their neonates died immedi-
ately were never asked about any concerns they had. These 
concerns were potential barriers to care–seeking and since 
they were not applicable or answered by all respondents, 
they were not included in the main regression analysis and 
only summary statistics of these are given.

Inclusion/exclusion

In order to assess care–seeking from home, only partici-
pants whose baby was either born at home, or left the de-
livery facility alive, were included in the analysis.

Potential predictors

We considered the following classes of predictors as shown 
in Table 1: neonate’s demographic factors, neonatal care 
variables, illness symptoms, mother’s/father’s factors, 
household factors, social and health system factors. We 
used the WHO’s Integrated Management of Childhood Ill-
nesses (IMCI) severity grading for the first symptoms they 
observed. For the illness symptoms that were in the VA in-
strument but not in the IMCI, two physician authors (HDK, 
AKK) assigned symptoms as severe (requiring referral to 
higher level formal care) or possibly severe (requiring for-
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mal health care). The listing of the symptoms and their se-
verity scoring are given in Online Supplementary Docu-
ment.

Ethical considerations

The VASA study was approved by the Institutional Review 
Boards of the Johns Hopkins University and the Bangladesh 
Medical Research Council. All respondents provided in-
formed consent before being interviewed.

RESULTS

A total of 378 death records were available for analysis. Of 
these, 46 died at the facility in which they were born and 
thus, per inclusion/exclusion criteria, were excluded from 
the analysis; one had an unknown place of birth; and the 
rest (n = 331) were included in the analysis. The 331 com-
prised 307 babies born at home and 24 born at a facility 
and discharged alive. Furthermore, 12 of these mothers 
had given interviews about 2 deaths each. The recall pe-
riod was 1 year in the initial study plan and under this cri-
terion 72.5% (240/331) of the verbal autopsies were con-
ducted. As the recall period was extended to 2.5 years in 
order to increase sample size, an additional 27.5% (91/331) 
VAs were conducted.

Table 2 shows some basic characteristics of these 331 par-
ticipants and the types of care sought for them. The out-
come of interest was seeking formal care first; and this was 

done for 91 (27.5%) neonates while 26 (7.9%) sought in-
formal care before seeking formal care. Informal care only 
was sought for 59 (17.8%) neonates and 155 (46.8%) died 
before any care could be sought for them. The cumulative 
incidence functions for each of these competing events are 
given in Figure 1. These show that dying without any care 
sought was the most likely outcome, followed by seeking 
formal care first and seeking informal care only, while seek-
ing informal care first was the least likely event.

The results of the unadjusted regression analysis for each 
potential predictor are given in Table 3, and the predictors 
with a P–value ≤0.2 were included in the multivariable 
model. The results from the multivariable model (Table 4) 

Table 1. Potential predictors for care–seeking behavior

factoR vaRiable

Neonate’s demographic factors • Age of neonate at illness onset (days)

• Gender

Neonates care, illness 
symptoms/conditions

• Neonate ever breastfed?

• Whether the newborn received any liquids or solids other than breast milk (exclusive breastfeeding);

• Severity of the observed first symptoms for which care was reportedly sought

• Birth size of the baby

• Whether the neonate was preterm or not

• Whether the baby had any malformation at birth

• Mother/care–giver’s perception of the status at illness onset:

– feeding status (feeding normally, poorly or not at all)

– activity (normally active, less active than normal or not moving)

Mother/father’s factors • Mother’s age

• Mother’s education

• Father’s education

• Whether the mother sought any antenatal care at a health provider

• Whether mother had any pre–pregnancy medical condition

Household factors • Whether mother was the household breadwinner

• Where the mother stayed during the last days of her pregnancy

Specific barriers •  Any specific concerns or problems caregiver had: Thought baby not sick enough; no one available to go with care-
giver; too much time from regular duties; someone else had to decide; too far to travel; no transportation available; 
cost; not satisfied with available health care; problem required traditional care; thought too sick to travel; thought 
child will die anyway; it was late at night; no transport/provider; other

Health system factors • Delivery place

• Time in minutes to usual health provider

Figure 1. Cumulative incidence plots.
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show that there was a lower cumulative incidence of seek-

ing care for preterm vs full–term neonates (SHR = 0.61, 

P = 0.025) and those who delivered at home (SHR = 0.52, 

P < 0.010). Those who reported less than normal activity in 

a neonate were more likely to seek formal care than those 

who reported normal activity (SHR = 1.95, P = 0.025).

Table 2. Baseline characteristics of participants and care–seeking 
behavior

vaRiable n = 331 % median  
(inteRquaRtile Range)

Neonate’s gender = female 147 44.4

Age (days) at illness onset 0 (0,2)

Place of birth = hospital/facility 25 7.5

Formal care sought first 91 27.5

Informal care sought first 26 7.9

Informal care only sought 59 17.8

No care sought 155 46.8

Median time (day of illness) to 
first seeking formal care

1 (1,2)

Median time (days) from illness 
onset to death

1 (0,2)

Median time(days) to informal 
care–seeking

1 (1,2)

Table 5 shows the summary data on the barriers to seek-

ing care raised by respondents. A subset of 165 mothers 

reported having these concerns or barriers, and among 

those, 39 had taken their neonates to seek formal care de-

spite the barriers. The most common barrier was cost, 

which was raised by 98 (60%) of the mothers, 67 of whom 

had not sought formal care. The next common barriers 

were: thinking that the baby would die anyway (n = 29, 

18%), thinking the baby needed traditional care (n = 26, 

16%), being too late at night to travel (n = 19, 12%), and 

the distance to the formal care facility (n = 18, 11%).

DISCUSSION

Care–seeking for neonatal and child illnesses in resource–
limited settings is low. In this study, we aimed to determine 
factors associated with care–seeking behavior for fatal neo-
natal illness in Sylhet, Bangladesh, using data from verbal 
and social autopsy questionnaires. Our main outcome of 
interest was time to the first instance of seeking formal care. 
In order to conduct such an analysis, it was crucial to con-
dition, at each time point during follow–up, on the neonate 

Table 3. Characteristics of the sample and results of unadjusted regressions for the time in days to first instance of seeking formal care

vaRiable n = 331 sought foRmal caRe fiRst (n, %) sub–hazaRd Ratio foR time to fiRst seeking foRmal caRe P–value

Age at illness onset–days:
0 216 58 (26.9) 1
1–3 26 8 (30.8) 1.2 0.64
3+ 87 24 (27.6) 1.1 0.8
Missing 2
Gender:
Male 184 57 (30.9) 1
Female 147 34 (23.1) 0.7 0.09
Newborn ever breastfed:
No 170 38 (22.4) 1
Yes 160 53 (33.3) 1.5 0.03
Don’t know 1
Were first symptoms observed severe/possibly severe?
No 19 1 (20.3) 1
Yes 267 78 (29.2) 2.74 0.15
Birth size:
Very small/smaller than usual 214 58 (27.1) 1
Average/larger than usual 117 33 (28.2) 0.99 0.96
Preterm birth:
No 227 69 (30.4) 1
Yes 103 22 (21.4) 0.66 0.08
Don’t know 1
Malformation at birth:
No 325 89 (27.4) 1
Yes 6 2 (33.3) 1.2 0.81
Feeding status at illness onset:
Normal 43 11 (25.6) 1
Poorly 109 41 (37.6) 1.5 0.21
Not at all 178 39 (21.9) 0.83 0.56
Activity status at illness onset:
Normally active 53 10 (18.9) 1
Less active than normal 182 64 (35.2) 1.9 0.04
Not moving 94 17 (18.1) 0.95 0.83
Missing 2 0
Mother’s age:
18–20years 52 18 (34.6) 1
21–25years 110 36 (32.7) 0.88 0.61
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having survived a competing risk of death or seeking in-
formal care first. Thus a competing risk time to event mod-
el was used.

In this Bangladesh cohort, the cumulative incidence analy-
sis showed that neonates were more likely to die before any 
care could be sought, but that if care was sought, it was 
more likely to be formal vs informal care. Unadjusted anal-
yses indicate that, formal care was sought first for only 
27.5% of the sick neonates, and 47% never sought any care 
outside of the home. These results are similar to findings 
from other studies in rural Bangladesh with a level of care–
seeking for fatal neonatal illnesses ranging from 35 to 37% 
[29,30].

Neonates whose activity level was reportedly less than nor-
mal had formal care sought first at a significantly higher 
rate than for those who were reported to have normal ac-
tivity, while those who were reportedly not moving were 
neither more nor less likely to have formal care sought for 
them. This is evidence that perception of illness played a 
role in decision–making, and suggests that those who were 
reportedly not moving were thought to be less likely to sur-
vive even if care was sought. On the other hand, for those 
who were moving less than normal there was hope that 
they could survive if formal care was sought first. This cor-
roborates the finding from other studies conducted in India 

vaRiable n = 331 sought foRmal caRe fiRst (n, %) sub–hazaRd Ratio foR time to fiRst seeking foRmal caRe P–value

26–30years 97 18 (18.6) 0.47 0.02
>30years 72 19 (26.3) 0.72 0.27
Mother’s education in years:
0 years 113 26 (23.0) 1
1–5 years 109 28 (25.7) 1.13 0.63
6–12 years 109 37 (33.9) 1.53 0.07
Any antenatal care for mother:
No 142 90 (27.4) 1
Yes 189 1 (33.3) 1.22 0.83
Mother had any pre–existing medical conditions:
No 312 85 (27.2) 1
Yes 19 6 (31.6 1.19 0.66
Breadwinner:
Child’s father 297 81 (27.3) 1
Other 34 10 (29.4) 1.10 0.75
Place stayed during last days of pregnancy/during fatal illness:
Own/current 303 83 (27.4) 1
Parent’s 25 7 (28.0) 1.02 0.96
Missing 3
Mother able to turn to others for help?
No 187 46 (24.6) 1
Yes 144 45 (31.3) 1.30 0.17
Mother/her family ever been denied any community service:
No 325 89 (27.4) 1
Yes 6 2 (33.3) 1.24 0.73
Time to usual provider in minutes:
<25 187 46 (24.6) 1
≥25 144 45 (31.5) 1.28 0.19
Don’t know 1
Delivery place:
Facility 25 15 (60.0) 1
Home 306 76 (24.8) 0.38 <0.001

Table 4. Results from the multivariable regression of time to first 
instance of seeking formal care

PRedictoR sub–haz-
aRd Ratio

P–value 95% ci 
loWeR 
limit

95% ci 
uPPeR 
limit

Gender (male is reference) 0.72 0.094 0.46 1.06
Neonate ever breastfed by 
anyone? (no is reference)

1.45 0.106 0.92 2.28

Any severe symptom seen  
(no is reference)

2.54 0.181 0.65 9.92

Preterm (no is reference) 0.66 0.025 0.39 0.94
Activity at illness onset = less 
than normal (normal is 
reference)

1.95 0.048 1.01 3.78

Activity at illness onset = not 
moving (normal is reference)

1.12 0.796 0.48 2.59

Mother's age 21–25 y  
(18–20 y is reference)

1.07 0.759 0.67 1.73

Mother's age 26–30 y  
(18–20 y is reference)

0.56 0.057 0.31 1.02

Mother's age >30  
(18–20 reference)

0.97 0.947 0.52 1.86

Mother's education 1–5 y  
(0 is reference)

1.19 0.486 0.72 1.99

Mother's education 6–12 y  
(0 is reference)

1.33 0.272 0.80 2.20

Mother could turn to others 
for help (no is reference)

1.14 0.486 0.79 1.64

Time to usual provider in 
minutes ≥25  
(<25 is reference)

1.22 0.269 0.86 1.74

Delivery place = home 
(hospital/facility is reference)

0.52 0.010 0.32 0.85

CI – confidence interval, y – years

Table 3. Continued
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Table 5. Specific concerns/problems that were barriers to formal 
care–seeking–reported by mothers

total (n = 165) total n = 39 
(of 165) sought 

foRmal caRe

total n = 126 (of 
165) Who did not 
seek foRmal caRe

n (%) n (%) n (%)

Mother’s specific concern – thought not sick enough:

No 151 (91.5) 39 (100) 112 (88.9)

Yes 14 (8.5) 0 14 (11.1)

Mother’s specific concern – no one available to go with her:

No 157 (95.2) 39 (100) 118 (93.7)

Yes 8 (4.8) 0 8 (6.3)

Mother’s specific concern – cost:

No 67 (40.6) 6 (15.4) 61 (48.4)

Yes 98 (59.4) 33 (84.6) 65 (51.6)

Mother’s specific concern – too much time from regular duties:

No 148 (89.7) 38 (97.4) 110 (87.3)

Yes 17 (10.3) 1 (2.6) 16 (12.7)

Mother’s specific concern – someone else’s decision:

No 153 (92.7) 37 (94.9) 116 (92.1)

Yes 12 (7.3) 2 (5.13) 10 (7.9)

Mother’s specific concern – too far to travel:

No 147 (89.1) 36 (92.3) 111 (88.1)

Yes 18 (10.9) 3 (7.7) 15 (11.9)

Mother’s specific concern – no transport:

No 161 (97.6) 38 (97.4) 123 (97.6)

Yes 4 (2.4) 1 (2.6) 3 (2.4)

Mother’s specific concern – thought needed traditional care:

No 139 (84.2) 38 (97.4) 101 (80.2)

Yes 26 (15.8) 1 (2.6) 25 (19.8)

Mother’s specific concern – too sick to travel:

No 151 (91.5) 38 (97.4) 113 (89.7)

Yes 14 (8.5) 1 (2.6) 13 (10.3)

Mother’s specific concern – thought would die anyway

No 136 (82.4) 36 (92.3) 100 (79.4)

Yes 29 (17.6) 3 (7.7) 26 (20.6)

Mother’s specific concern – late at night:

No 146 (88.5) 37 (94.9) 109 (86.5)

Yes 19 (11.5) 2 (5.13) 17 (13.5)

Mother’s specific concern – not satisfied with service at formal health 
facility:

No 165 (100) 39 (100) 126 (100)

Yes 0 0 0

Mother’s specific concern – other reasons:

No 157 (95.2) 38 (97.4) 119 (94.4)

Yes 8 (4.9) 1 (2.6) 7 (5.6)

and Ghana that found that lethargy is one of the few signs 
of neonatal illness that mothers both recognize and under-
stand to indicate the need for formal health care [15–17].
These studies distinguished such signs from others that 
mothers recognized but took to mean that traditional or no 
care was required and other illness signs that were poorly 
recognized. Thus, the current study adds to the evidence 
suggesting that focusing health messages on a few well–rec-
ognized and intrinsically motivating illness signs may be 
more effective in increasing formal health care–seeking for 
sick neonates than a strategy that urges care–seeking for all 
danger signs.

Preterm babies had care sought for them at a lower rate 
than full–term neonates. We found that among the subset 
that reported barriers to seeking formal care, 24% of the 
mothers who had preterm babies thought the babies would 
die anyway while only 14% of the mothers with full–term 
neonates felt that way. Thus, even though it is not possible 
to adjust for the reported barriers in the main model, it may 
be that being preterm led the mothers to think that there 
was no hope of survival.

We investigated whether those who were born at a health 
facility survived longer before illness onset and whether 
care–seeking decisions were different for them. The num-
bers that can be used to make any such inference were 
small. Of the total 331 participants, 25 were born at a fa-
cility. Of those 25, 15 (63%) reported that illness began on 
day 1 of life, which is comparable to 66% of the home-
births. Furthermore, 17 (71%) of the facility births sought 
formal care on the same day as illness onset, which is also 
comparable to the 228 (75%) of home–births. Hence, we 
conclude that the small subset of facility births were not 
different in terms of their survival before illness onset, nor 
by the care–seeking decisions made for them.

Neonates who were delivered at home were less likely to 
have care sought for them. This was an expected finding be-
cause mothers who are less likely to seek care at facilities are 
also less likely to deliver there. In this Bangladesh cohort, the 
reported barriers to seeking care have also been found in 
similar low–income settings [10,11,22–25]. The main ones 
were the cost, having no hope of survival or believing that 
traditional care was more appropriate for some illnesses.

Strengths and limitations

The main strength of our study is that it was a comparative 
analysis of those caregivers who did vs those who did not 
seek formal care, accounting for competing risks of death 
or seeking informal care first. It thus allowed for a more 
definitive determination of the factors that constrain 
prompt formal health care–seeking fatally ill neonates. Data 
were collected by highly–trained and skilled female verbal 
autopsy interviewers working for the HFS and CHX stud-
ies as well as for the social autopsy component. Further-
more, this was a community–based study that included 
both home and hospital births, and thus it did not suffer 
selection bias that would occur if only hospital births had 
been included.

A limitation to our study is that there may have been bias 
in self–reported time to seeking care (days/h) given that the 
recall period was up to 2.5 years for some of the respon-
dents.

Not all mothers responded to the questions of the specific 
barriers that prevented them from seeking care or that they 
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had to overcome. Thus it was not possible to include re-
sponses to these barriers in the main multivariable model. 
However, these reported barriers have also been found to 
apply in other similar settings.

The time to care–seeking data was not presented in hours 
for all types of events and thus we were not able to fully 
describe the pattern of events for the first day of life which 
is a crucial time when most deaths and actions are taken 
on. Time in hours was only asked of those who sought care 
at a formal provider and thus we could not give a compar-
ative analysis of the events.

CONCLUSION

Our analysis has shown that in this rural Bangladesh co-
hort, the majority of the neonates died before formal care 
could be sought for them, but when care was sought it was 
more likely to be formal vs informal care. There were eco-
nomic and social belief barriers that delayed or prevented 
care–seeking. There is a need for programs that address 
such barriers and educate caregivers about danger signs 
that require formal health care and the importance of time-
ly care–seeking, particularly for preterm neonates and 
those who deliver at home.
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What is kangaroo mother care?  
Systematic review of the literature

Background Kangaroo mother care (KMC), often defined as skin–
to–skin contact between a mother and her newborn, frequent or ex-
clusive breastfeeding, and early discharge from the hospital has been 
effective in reducing the risk of mortality among preterm and low 
birth weight infants. Research studies and program implementation 
of KMC have used various definitions. 
Objectives To describe the current definitions of KMC in various 
settings, analyze the presence or absence of KMC components in 
each definition, and present a core definition of KMC based on com-
mon components that are present in KMC literature.

Methods We conducted a systematic review and searched PubMed, 
Embase, Scopus, Web of Science, and the World Health Organiza-
tion Regional Databases for studies with key words “kangaroo moth-
er care”, “kangaroo care” or “skin to skin care” from 1 January 1960 
to 24 April 2014. Two independent reviewers screened articles and 
abstracted data.

Findings We screened 1035 articles and reports; 299 contained data 
on KMC and neonatal outcomes or qualitative information on KMC 
implementation. Eighty–eight of the studies (29%) did not define 
KMC. Two hundred and eleven studies (71%) included skin–to–skin 
contact (SSC) in their KMC definition, 49 (16%) included exclusive or 
nearly exclusive breastfeeding, 22 (7%) included early discharge crite-
ria, and 36 (12%) included follow–up after discharge. One hundred 
and sixty–seven studies (56%) described the hours per day of SSC.

Conclusions There exists significant heterogeneity in the definition 
of KMC. A large number of studies did not report definitions of 
KMC. Skin–to–skin contact is the core component of KMC, where-
as components such as breastfeeding, early discharge, and follow–up 
care are context specific. To implement KMC effectively development 
of a global standardized definition of KMC is needed.

Globally, 44% of under–five deaths occur during the neonatal period, and 
the proportion of under–five deaths due to neonatal causes continues to 
rise [1,2]. Preterm birth (before 37 weeks gestation) accounts for 35% of 
neonatal deaths. Low birth weight (defined as <2500 g) is commonly used 
as a surrogate measure of preterm birth [3]. Preterm and low birth weight 
infants who survive the neonatal period are more likely to experience 
neonatal morbidities including acute respiratory, gastrointestinal, immu-
nologic, central nervous system, hearing and vision problems than both 
term and normal weight infants [4].

Electronic supplementary material:  
The online version of this article contains supplementary material.
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and supplies, discharge criteria, follow–up frequency, indi-

cators and measurement, and health workforce needs. The 

variations in these components have differential effects on 

preterm and low birth weight outcomes. As the global new-

born health community begins to accelerate implementa-

tion of KMC, a standardized operational definition is need-

ed. We conducted a systematic review of the KMC literature 

to 1) describe the current definitions of KMC in various 

settings, 2) analyze the presence or absence of WHO KMC 

components in each definition, and 3) present a core defi-

nition of KMC–common components that are present in at 

least 70% of all studies and programs–and describe how 

KMC definitions vary by context. This review provides a 

basis for development of an operational definition and clin-

ical standards to accelerate the uptake of KMC globally.

METHODS

We searched PubMed, Embase, Web of Science, Scopus, 

and WHO regional databases: AIM, LILACS, IMEMR, IM-

SEAR, and WPRIM using the search terms “kangaroo 

mother care”, “kangaroo care”, and “skin to skin care” with 

no language restrictions from 1 January 1960 to 24 April 

2014 for original reports including case–control studies, 

cohort studies, randomized control trials, and case series 

with 10 or more participants (see Online Supplementary 

Document for the review protocol and full search strategy). 

Following PRISMA guidelines, studies were included if 

they contained at least one of the following: the amount of 

time KMC was practiced, an association between KMC (as 

an isolated exposure, not part of a larger package) add any 

outcome, barriers to implementing KMC or factors neces-

sary for successful implementation of KMC. Exclusion cri-

teria were non–human subjects, case series or descriptive 

studies with fewer than 10 participants, and non–primary 

data collection or analysis (eg, reviews, meeting abstracts, 

editorials). Our population of interest included mothers, 

newborns, or mother–newborn dyads (not restricted to any 

specific ages) who have practiced KMC as well as health 

care providers, health facilities, communities, and health 

systems that have implemented KMC.

We also conducted hand–searches through the reference 

lists of the articles included in our review and published 

systematic reviews. Cochrane reviews were searched for 

relevant articles. To search the “grey literature” for unpub-

lished studies, we explored programmatic reports and re-

quested data from programs implementing KMC to obtain 

programmatic perspectives in addition to those provided 

by research studies. Reports were included following the 

same criteria as above.

Two independent reviewers examined titles, abstracts and 

full–text articles for inclusion into the review using a 

A significant proportion of deaths among preterm and low 
birth weight infants is preventable. There is evidence that 
kangaroo mother care (KMC), when compared to conven-
tional neonatal care in resource–limited settings, signifi-
cantly reduces the risk of mortality in infants born in fa-
cilities who are clinically stable and weighing less than 
2000 g [5]. KMC also reduces the risk of hypothermia, se-
vere illness, nosocomial infection, and length of hospital 
stay, and improves growth, breastfeeding, and maternal–
infant attachment [5,6].

Despite strong evidence for mortality and morbidity reduc-
tion in low– and middle–income settings and endorsement 
from the World Health Organization (WHO), country–lev-
el adoption and implementation of KMC has been limited. 
In a systematic assessment of health system bottlenecks 
among countries with a high burden of neonatal deaths, 
KMC was identified as an intervention with significant 
health systems barriers to scale–up including leadership 
and governance, health financing, health workforce, health 
service delivery, health information systems, and commu-
nity ownership and partnership [7]. Health intervention 
priority–setting tools, such as the Lives Saved Tool and 
Child Health and Nutrition Research Initiative methodol-
ogy, have identified KMC as a high priority intervention 
based on criteria such as mortality benefit and equity [8,9].

In response to limited global uptake of KMC, in 2013, a 
group of newborn health stakeholders led by the Bill and 
Melinda Gates Foundation and Save the Children’s Saving 
Newborn Lives Program launched a global KMC Accelera-
tion Convening. The goal was to address barriers to imple-
mentation, increase uptake of KMC as part of an integrated 
Reproductive Maternal Newborn and Child Health pack-
age, and identify research priorities [10]. In addition to 
implementation barriers, a lack of a clear definition of KMC 
has made effective coverage at scale of KMC challenging. A 
multi–country study in Africa found variation in KMC im-
plementation across facilities in countries with national 
commitment to KMC [11]. Regional, country, and facility 
differences in health worker capacity, financial resources, 
leadership, health information systems, and cultural and 
community structures create challenges to developing and 
adopting a global definition of KMC.

The WHO has defined KMC as early, continuous, and pro-
longed skin–to–skin contact (SSC) between the mother 
and preterm babies; exclusive breastfeeding or breast milk 
feeding; early discharge after hospital–initiated KMC with 
continuation at home; and adequate support and follow–
up for mothers at home [12]. While the WHO provides 
guidance on the components of KMC, guidance on the op-
erationalization and clinical implementation of KMC are 
needed. There are significant variations in the timing of ini-
tiation, duration of SSC, positioning, necessary equipment 
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screening form based on our inclusion criteria. Using stan-
dardized data abstraction forms, two reviewers abstracted 
data independently from all included articles and reports. 
At each stage, reviewers compared results to ensure agree-
ment. In the case of disagreement between the two review-
ers, a third party acted as a tiebreaker. Native speakers ab-
stracted data from articles in foreign languages. Languages 
for which a native speaker was not identified (ie, German, 
Finnish, Korean, Thai and Polish) were translated using an 
online translation software to assist with data abstraction. 
If an article or report were missing any information, we 
contacted the authors to request the data.

Using standardized forms, data were abstracted on study 
characteristics such as study design, country, sample size, 
location, and duration of follow–up. We abstracted data on 
KMC definitions including data on SSC, exclusive breast-
feeding, early discharge from the facility, and follow–up 
and as well as other components [12]. We generated cat-
egorical variables for each component and calculated de-
scriptive frequencies, means, medians and ranges for quan-
titative data.

RESULTS

Study selection and characteristics

Our search strategy yielded 1035 records of which 299 
were included in our review (Figure 1). Details of each in-
cluded study are found in Table S1 in Online Supplemen-
tary Document. Summary characteristics of the included 
studies are presented in Table 1. In the last five years, as 
KMC research gaps have gained growing attention, the 
number of studies conducted has increased. One hundred 
and thirty–four studies (45%) were published in the last 
five years between 2010 and 2014, 134 (45%) between 
2000 and 2009, and 31 (10%) between 1988 and 1999. 
Common study types were randomized control trials 
(n = 85, 28%), surveys or interviews (n = 58, 19%), and co-
horts (n = 43, 14%). Other study types included pre–post 
studies, facility–level evaluations, non–randomized inter-
vention studies, and randomized crossover trials. One hun-
dred and forty–four studies (48%) had less than 50 par-
ticipants and 47 (16%) had 200 or more participants. 
Geographically, 115 (38%) of the studies took place in the 
Americas, 64 (21%) in Europe, 44 (15%) in Africa, 29 
(10%) in Southeast Asia, 20 (7%) in Western Pacific, and 
16 (5%) in Eastern Mediterranean regions. More studies 
were in countries with low neonatal mortality rates (NMRs), 
ie, less than 5 per 100 live births (n = 130, 43%), than in 
countries with high NMRs, ie, 30 or higher (n = 10, 3%) 
[13]. The majority of studies, 192 (64%), were in an urban 
setting. One hundred and seventy–five studies (59%) took 
place in health facilities, 107 (36%) in neonatal intensive 

Table 1. Characteristics of included studies

n = 299 %
Year:

2010 to 2014 134 44.82

2000 to 2009 134 44.82

1988 to 1999 31 10.36

Sample size:

<50 144 48.16

50 to <100 61 20.40

100 to <200 47 15.72

≥200 47 15.72

Study type:

Randomized control trial 85 28.43

Surveys or interview 58 19.40

Cohort study 43 14.38

Pre–post intervention study 33 11.04

Facilities evaluation 23 7.69

Intervention trial 15 5.02

Randomized cross over 14 4.68

Other (chart review, case–control, cross over, surveillance) 28 9.36

World Health Organization region:

Americas 115 38.46

Europe 64 21.40

Africa 44 14.72

Southeast Asia 29 9.70

Western Pacific 20 6.69

Eastern Mediterranean 16 5.35

Multiple regions 4 1.34

Missing 7 2.34

Neonatal mortality rate (death per 1000 live birth):

<5 130 43.48

5 to <15 84 28.09

15 to <30 66 22.07

≥30 10 3.34

Missing 9 3.01

Setting (rural or urban):

Urban 192 64.21

Urban and rural 23 7.69

Rural 10 3.34

Missing 74 24.75

Population source:

Health facility 175 58.53

Neonatal intensive care unit or stepdown unit 107 35.79

Community or population–based surveillance 11 3.68

Missing 6 2.01

Gestational age:

Preterm 34 to <37 weeks 57 19.06

Very preterm <34 weeks 51 17.06

Full term ≥37 weeks 33 11.04

Mixed preterm and very preterm <37 weeks 26 8.70

All gestational ages 28 9.36

Missing 104 34.78

Birth weight:

Low birth weight 1500 to <2500 g 52 17.39

Mixed low <2500 g and very low birth weight <1500 g 45 15.05

All birth weights 25 8.36

Very low birth weight <1500 g 21 7.02

Non low birth weight ≥2500 g 9 3.01

Low birth weight vs non–low birth weight 1 0.33

Missing 146 48.83
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care units or stepdown units, and 11 (4%) were commu-
nity or population–based.

Most studies included preterm newborns less than 37 
weeks gestation (n = 134, 45%), 33 studies (11%) included 
only full term infants 37 weeks gestation or greater, 28 
studies (9%) included newborns of all gestational ages, and 
104 studies (35%) did not report gestational ages of the 
study participants. Similarly, 73 studies (24%) were among 
low birth weight infants less than 2500 g; 52 studies (17%) 
included infants less than 2500 g to 1500 g, and 21 (7%) 
studies were among very low birth weight infants less than 
1500 g. Forty–five studies (15%) included a mix of low 
and very low birth weight newborns. Nine studies (3%) 
were among newborns weighing 2500 g or greater and 25 
studies (8%) included newborns of all birth weights. One 

hundred forty–six studies (49%) did not describe birth 
weight characteristics. Forty three studies (14%) reported 
neither gestational age nor birth weight.

KMC components

The individual components of KMC varied across studies 
(Table 2). Kangaroo mother care was not defined in 88 
studies (29%). All 211 studies (71%) with KMC defini-
tions included SSC as a component. One–hundred forty–
eight studies (50%) included SSC only. For the addition-
al components, 49 studies (16%) included SSC and 
exclusive or near–exclusive breastfeeding, 36 (12%) in-
cluded SSC and follow–up after discharge from the health 
facility, and 22 (7%) included early discharge from the 
health facility.

Figure 1. Flow diagram of study selection.
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Skin–to–skin contact

Among the studies that defined SSC as part of the KMC 
package, criteria for SSC initiation, SSC ending, and SSC 
duration were not well described (Table 3 and Table 4). In 
43 studies (14%), SSC was initiated after non–stability cri-
teria were met, 27 studies (9%) promoted immediate ini-
tiation of SSC within 60 minutes of birth, 76 studies (25%) 
encouraged SSC after stability criteria were met, 18 studies 
(6%) encouraged SSC after a painful procedure, and 135 
(45%) did not describe SSC initiation criteria. Forty–three 
studies observed initiation of SSC of which 4 (9%) observed 
immediate initiation of SSC. Criteria for stability were non–
specific including the terms “clinically stable,” “adapted to 
extra–uterine life,” “can tolerate handling,” and “without se-
rious illness”. More defined criteria included “satisfactory 
APGAR score,” “stable weight,” and “stable respiratory and 
hemodynamic parameters.” Criteria to end SSC were large-
ly non–specific with terms “one day or less,” “until baby no 
longer accepts,” or “until parent no longer accepts.” More 
specific terms included “until reaches satisfactory weight 
[2000 grams or 2500 grams]”. We compared descriptions 
of SSC with observations of SSC to differentiate promotion 
vs practice. Most studies (>85%) did not include data on 
observations of SSC practiced (Table 3).

Data on the duration of SSC are needed to understand the 
benefits of SSC as well as the feasibility to scale KMC; how-
ever this was missing from most studies (Table 4). One 
hundred thirty–two studies (44%) did not describe the 
number of hours per day SSC was promoted. Seventy–
eight studies (26%) encouraged SSC for less than two 
hours per day, 15 of these studies examined the effect of 
SSC on painful procedures. Otherwise, the most common 
duration of SSC promoted was 22 hours or more (n = 46, 
15%). Only 37 studies (12%) observed duration of SSC 
practiced, of which six (2%) observed at least 22 hours per 
day SSC practiced. SSC duration was also categorized in-
consistently as continuous, intermittent, number of hours 
per session, number of sessions per day, and number of 
days. Definitions of the term continuous included 24 hours 

per day, continuous within sessions, or one continuous ses-
sion but less than 24 hours a day.

Breastfeeding

Breastfeeding habits were reported in 105 (35%) studies: 
38 (13%) reported exclusive breastfeeding, 22 (7%) near-
ly–exclusive breastfeeding, and 35 (12%) breastfeeding and 
supplemental feeding (Table 5). In most studies, breast-
feeding initiation time was not reported (n = 261, 87%). 
Breastfeeding was started immediately or within one hour 
of birth in 15 studies (5%), between one and 24 hours af-
ter birth in two studies (1%), and 24 hours or longer after 
birth in five studies (2%). In nine studies (3%) breastfeed-
ing was started at KMC initiation, and seven studies (2%) 
included physical maturity criteria for initiation of breast-
feeding. Seventeen studies (6%) described breastfeeding 
frequency in their patient population, 13 (4%) studies re-
ported women breastfeeding every two to three hours and 
four studies (1%) reported women breastfeeding whenev-
er possible.

Table 2. Description of kangaroo mother care components in 
studies

kangaRoo motheR caRe comPonents n = 299 %

Skin–to–skin contact only 148 49.50

Skin–to–skin contact, breastfeeding 25 8.36

Skin–to–skin contact, breastfeeding, follow–up 16 5.35

Skin–to–skin contact, early discharge, follow–up 13 4.35

Skin–to–skin contact, breastfeeding, early discharge, 
follow up

7 2.34

Skin–to–skin contact, breastfeeding, early discharge 1 0.33

Skin–to–skin contact, early discharge 1 0.33

Undefined kangaroo mother care 88 29.43

Table 3. Promoted skin–to–skin contact characteristics com-
pared to observed skin–to–skin contact characteristics

PRomoted 
skin–to–skin 
contact

obseRved 
skin–to–skin 
contact

N % N %

Skin–to–skin contact initiation:

After stability criteria were met 76 25.42 11 3.68

After non–stability criteria were met 43 14.38 28 9.36

Immediately, regardless of stability 27 9.03 4 1.34

Prior to painful procedure 18 6.02 0 0.00

Undefined or not applicable 135 45.15 256 85.62

Skin–to–skin contact stability criteria:

Respiratory and/or hemodynamically stable 28 9.36 2 0.67

Clinically stable–not specified further 20 6.69 5 1.67

Adapted to extra–uterine life 8 2.68 0 0.00

Without serious illness 7 2.34 2 0.67

Can tolerate handling 6 2.01 1 0.33

Stable weight 4 1.34 1 0.33

Satisfactory APGAR score 2 0.67 0 0.00

Term 1 0.33 0 0.00

Undefined or not applicable 223 74.58 288 96.32

When was skin–to–skin contact instructed to end?

One day or less 48 16.05 5 1.67

Until baby no longer accepts 22 7.36 1 0.33

Shortly after painful procedure 13 4.35 0 0.00

After one day and up to two weeks 11 3.68 5 1.67

Until reaches satisfactory weight 
(2000;3000 g)

10 3.34 5 1.67

After two weeks 8 2.68 5 1.67

Until parent or baby no longer accepts 7 2.34 0 0.00

Until discharge 4 1.34 3.00 1.00

Until parent no longer accepts 4 1.34 0 0.00

Until reached satisfactory health status 3 1.00 0 0.00

Undefined or not applicable 169 56.52 275 91.97
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Table 5. Description of breastfeeding characteristics

n = 299 %
Breastfeeding habits:

Exclusive 38 12.71

Mixed with other food 35 11.71

Nearly exclusive 22 7.36

Combination 8 2.68

No breastfeeding 2 0.67

Undefined or not applicable 194 64.88

When did breastfeeding start?:

Immediately or within one hour of delivery 15 5.02

When kangaroo mother care started 9 3.01

Once reached satisfactory degree of physical maturity 7 2.34

One day or more after birth 5 1.67

After one hour but within 24 h of birth 2 0.67

Undefined or not applicable 261 87.29

Breastfeeding frequency:

Every two to three hours 13 4.35

Whenever possible 4 1.34

Undefined or not applicable 282 94.31

Table 6. Description of discharge and follow–up characteristics

n = 299 %
Discharge criteria:

Clinically stable 19 6.35

Adequate weight gain 10 3.34

Exclusively breastfeeding and consistently gaining weight 7 2.34

Absolute weight cutoff 5 1.67

Neonatologist approval 1 0.33

Within time of birth 0 0.00

Undefined or not applicable 257 85.95

Discharge timing:

After seven days of life 8 2.68

Within seven days of life 6 2.01

Undefined or not applicable 285 95.32

Follow–up location:

Facility 29 9.70

Home 22 7.36

Facility and home 9 3.01

Phone call or letter 1 0.33

Undefined or not applicable 238 79.60

Follow–up time:

>3 months to 6 months 11 3.68

>6 months to 12 months 11 3.68

Dependent on adequate weight gain 10 3.34

≤1 months 8 2.68

>1 months to 3 months 8 2.68

Until 40 weeks gestational age 4 1.34

>12 months to 18 months 2 0.67

Undefined or not applicable 245 81.49

Compliance with follow–up:

70 to <90% 11 3.68

90 to <100% 9 3.01

<70% 7 2.34

100% 2 0.67

Undefined or not applicable 270 90.30

Table 4. Promoted skin–to–skin contact duration compared to 
observed skin–to–skin contact duration

PRomoted skin–
to–skin contact 
duRation

obseRved skin–
to–skin contact 
duRation

N = 299 % N = 299 %

Skin–to–skin contact continuous or intermittent within session:

Continuous within one session 117 39.13 16 5.35

Continuous (24 h per day) 44 14.72 7 2.34

Intermittent (multiple sessions) 26 8.70 17 5.69

Undefined or not applicable 112 37.46 259 86.62

Skin–to–skin contact duration (hours per session):

1 to 2 sessions 90 30.10 13 4.35

3 to 4 sessions 11 3.68 0 0.00

5 to 8 sessions 2 0.67 0 0.00

≥8 sessions 0 0.00 1 0.33

Undefined or not applicable 196 65.55 285 95.32

Skin–to–skin contact duration (number hours per day):

<2 h 78 26.09 13 4.35

2 to <4 h 28 9.36 3 1.00

4 to <9 h 13 4.35 8 2.68

9 to <12 h 1 0.33 3 1.00

12 to <22 h 1 0.33 4 1.34

≥22 h 46 15.38 6 2.01

Undefined or not applicable 132 44.15 262 87.63

Skin–to–skin contact duration (number days):

1 to 5 d 74 24.75 11 3.68

6 to <30 d 19 6.35 8 2.68

≥30 d 5 1.67 1 0.33

Dependent on hospital stay 7 2.34 1 0.33

Undefined or not applicable 194 64.88 278 92.98

Discharge criteria from facility

Fourteen percent of studies (n = 42) described the criteria 
used for hospital discharge in their study populations (Ta-
ble 6). The most common criteria were clinical stability 
(n = 19, 6%) or meeting a specified weight gain or weight 
minimum cutoff (n = 15, 5%). Seven studies (2%) required 
a combination of adequate weight gain and exclusive 
breastfeeding prior to discharge. Most studies did not re-
port when infants were discharged (n = 285, 95%). Six 
studies (2%) reported discharge within seven days of life 
and eight studies (3%) reported discharge after seven days 
of life.

Follow–up

Sixty–one studies (20%) described follow–up of infants af-
ter discharge, of which 29 studies (48%) followed–up with 
newborns in health facilities, 22 studies (36%) in homes, 
and 9 studies (15%) in both facilities and homes (Table 6). 
Follow–up time varied from one month or less (n = 8, 3%) 
to six to 18 months (n = 13, 4%). Most studies (n = 270, 
90%) did not report compliance with follow–up, 11 (4%) 
reported 90% or higher compliance.
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Other components

Studies also described clothing recommendations, newborn 
positioning, and temperature monitoring during KMC. In 
64 studies (21%) participants were instructed to clothe their 
infant in only a diaper during kangaroo care, an additional 
64 studies (21%) encouraged use of a diaper, cap, and 
socks, and 17 (6%) promoted having the infant naked dur-
ing SSC contact (Table 7). The majority of studies (n = 179, 
60%) instructed participants to position the infant prone on 
the care provider’s chest during SSC, while five studies (2%) 
encouraged a side–lying or breastfeeding position. In 59 
studies (20%), the kangaroo care provider was instructed 
to be in a reclined position, while an upright position was 
encouraged in 48 studies (16%). Temperature of the infant 
was monitored during SSC in 71 studies (24%).

DISCUSSION

There is significant heterogeneity in the definition of KMC 
and a large number of studies did not report a definition 
of KMC. Of the studies that defined KMC, SSC was pres-
ent in all studies. Additional KMC components–breastfeed-
ing, early discharge, and follow–up–were missing in the 
majority of studies. These findings suggest that SSC is ac-
cepted in research and programmatic settings as an essen-
tial component of KMC, but the other components vary by 
context, defined as demographic, economic, social, and 
cultural factors, and newborn characteristics.

The lack of a clear KMC definition and guidance for imple-
menting KMC is a reflection of incomplete evidence. Evi-
dence for KMC is largely based on meta–analyses that com-
bine studies with heterogeneous definitions of KMC and 

Table 7. Description of clothing and positioning during 
kangaroo mother care

PRomoted 
clothing and 
Positioning

obseRved 
clothing and 
Positioning

N % N %

Clothing of kangarooed baby:

Diaper or nappy 64 21.40 8 2.68

Diaper, cap, and socks 64 21.40 6 2.01

Naked 17 5.69 2 0.67

Undefined or not applicable 154 51.51 283 94.65

Position of kangarooed baby:

Prone on mother's chest 179 59.87 17 5.69

On side or next to mother 3 1.00 1 0.33

Breastfeeding position 2 0.67 0 0.00

Undefined or not applicable 115 38.46 281 93.98

Position of provider:

Inclined or reclined 59 19.73 8 2.68

Upright 48 16.05 5 1.67

Variation of inclined and upright 12 4.01 2 0.67

Undefined or not applicable 180 60.20 284 94.98

occur in different settings [5,6]. Attempts to stratify the as-
sociation of KMC on outcomes by KMC components, new-
born characteristics (birth weight, gestational age), and 
high NMR vs low NMR often do not yield statistically sig-
nificant results because of the limited data available. We do 
not know the effect of different combinations of KMC com-
ponents, nor do we understand the feasibility with which 
each component can be implemented effectively in differ-
ent contexts. Our study was limited by the lack of data on 
the duration of SSC. Furthermore, measurement of SSC 
duration was based on mothers’ report of time with mini-
mal observational data. Studies where SSC duration was 
measured by an independent observer may be biased by 
the Hawthorn effect.

To define the optimal duration of SSC, we need additional 
data on the dose response of SSC duration on mortality and 
morbidity outcomes. The benefits of SSC are likely depen-
dent on the duration of SSC, however the duration of SSC 
must also be balanced with the feasibility of practicing SSC 
for extended periods of time. In most settings promoting 
SSC 24 hours a day is not feasible. Understanding the min-
imal duration of SSC that provides the maximal benefits 
will provide more specific recommendations. Most studies 
initiated KMC after stabilization of the newborn and the 
effect of KMC on mortality and morbidity is generalizable 
to the population of newborns who survive to be stabilized. 
The effect of KMC immediately after birth before stabiliza-
tion is unclear due to inconclusive evidence [14–17]. Ad-
ditional efforts to test the effect of KMC prior to stabiliza-
tion and to define stability is needed through further 
studies or by consulting experts at each level of care (pri-
mary, secondary, or tertiary care) through a Delphi method.

To operationalize KMC, the simpler the intervention the 
more likely it is to scale [18]. A simple and clear operation-
al definition for KMC is needed. Evidence suggests benefits 
for newborns less than 2000 g, who are stabilized in facil-
ities with SSC as the primary component. More work is 
needed to improve the measurement of gestational age and 
improving the recording of birth weights in facilities to bet-
ter understand the impact of KMC and for whom there are 
benefits. Our review suggests that skin–to–skin contact is 
the core minimal component of KMC and variations de-
pend on context and individual clinical needs of the new-
born. For example, extremely preterm newborns who are 
unable to coordinate their suck and swallow will need feed-
ing support such as nasogastric feeding or intravenous flu-
id. In high resource settings with space and infection pre-
cautions, a provider may recommend SSC for a preterm 
infant but choose not to discharge early from the facility. 
To operationalize KMC, a simple matrix that lists newborn 
characteristics in columns and KMC components in rows 
for different settings, ie, tertiary, secondary, primary or 
community levels, can take into account the core SSC com-
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ponents with variations based on differences in the new-
born and context.

As implementation of KMC begins to accelerate globally, 
data on the context, individual newborn factors, and 
KMC components can be collected and harmonized to 
generate a model that will best define KMC for a set of 
individual newborn characteristics in specific settings. Re-
search and programmatic agendas to advance KMC 
should include a standardized set of indicators and mea-
surement tools that document SSC initiation criteria, SSC 
duration as number of hours per day promoted and ide-
ally observed, feeding protocols, discharge criteria from 
a facility to community and follow–up standards, and dis-
charge criteria from KMC. To track progress, indicators 
and standard measurement tools are needed to measure 
coverage of key newborn interventions including KMC 
[19]. The release of the new preterm guidelines by the 
World Health Organization, where KMC is recommended 
for all newborns less than 2000 g, will provide an oppor-
tunity for programs and researchers to start addressing 
definition gaps, establish global recommendations of op-
erational definitions and core components of KMC, and 
accelerate KMC within care of preterm babies.

CONCLUSION

Developing a standardized operational definition of KMC 
and employing indicators and measurement tools to mea-
sure and evaluate KMC acceleration efforts is needed. More 
than half of the studies equate KMC with SSC. Moving for-
ward, careful distinction between KMC and SSC is needed. 
While SSC is beneficial for all newborns, KMC should be 
clearly defined, at the bare minimum, as a package of in-
terventions including SSC, exclusive breastfeeding, and 
close monitoring for preterm and/or low birthweight ba-
bies. Researchers and program implementers can contrib-
ute to building a more solid evidence base for KMC by 
measuring and reporting how KMC is defined–the compo-
nents implemented and the feasibility of implementation 
based on the context–and the outcomes measured. A cen-
tral and accessible database to share knowledge should 
contain this data in addition to standardized indicators, 
such as the proportion of eligible newborns who receive 
KMC and the barriers and facilitators to implementation of 
KMC.
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