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Background Economic evaluations of tobacco con-
trol interventions support decisions regarding re-
source allocation in public health policy. Our sys-
tematic review was aimed at identifying potential 
bias in decision models used to estimate the long-
term costs and effects of population-based tobacco 
control interventions in Asia.

Methods We included studies conducted in Asian 
countries and using a modelling technique to eval-
uate the economic impacts of one or more popu-
lation-based tobacco interventions in line with 
the Framework Convention on Tobacco Control 
(FCTC). We assessed the structure, input parame-
ters, and risk of bias for each model, and performed 
a narrative synthesis of the included studies.

Results Nine model-based economic evaluation 
studies of population-based tobacco interventions 
were identified. About 60% of the criteria for re-
porting quality were met in all studies, indicating 
that reporting generally lacked transparency. The 
studies were highly heterogeneous in terms of the 
scope, types, and structures of their models and the 
quality of input parameters. One-third of the mod-
els applied in the studies scored a high risk of bias, 
with problems mostly falling into the following cat-
egories: model type, time horizons, and smoking 
transition probabilities.

Conclusions More data are needed to provide 
high-quality evidence regarding the cost-effective-
ness of tobacco control policies in Asia. Strong evi-
dence at the country level hinges on the availability 
of accurate estimates of the effects of the interven-
tions, the relative risks of smoking, and the price 
elasticity of the demand for tobacco. Simple trans-
fers of models built in Western populations do not 
suffice.

Protocol registration PROSPERO CRD 
42019141679.

https://creativecommons.org/licenses/by/4.0/legalcode
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The Asian continent accounts for the highest production and consumption of tobacco globally [1]. To 
reduce tobacco use, the World Health Organization proposes a package of interventions, the so-called 
MPOWER interventions, with proven effectiveness MPOWER includes: Monitor tobacco use and pre-
vention, Protect people from smoke, Offer help to quit smoking, Warn about the danger, Enforce bans, 
and Raise taxes [2,3]. Limited resources for prevention policy may require countries to set priorities [4,5].

Health economic decision models are being increasingly used, as part of health technology assessments 
(HTAs), within many countries to support priority setting [6]. These models enable tobacco control in-
terventions to be evaluated for their long term consequences. The models support extrapolations from 
short-term observations and the synthesis of data derived from various sources [7]. The findings of a pre-
vious review showed that the majority of the models applied in economic evaluation studies were devel-
oped and applied in Western countries [8].

Specific types of bias may occur in model-based economic evaluations. When present, such bias hinders 
the translation of the economic evaluation results to real life. Previous systematic reviews indicated that 
all of the examined model-based economic evaluations of smoking cessation interventions had missing 
information in one or more key domains required for full transferability of these evaluations to a new 
context [9]. Because these models were often developed in Western countries, assessments of their report-
ing quality and risk of bias are important prerequisites prior to their application in Asian settings [10].

Hence our review focused on applications in Asia. While previous reviews have examined simulation 
models used for evaluating tobacco control, they did not consider their application in Asian contexts or 
examine potential model bias [8]. Therefore, our aim was to conduct a systematic review of the potential 
bias of decision models used to estimate the costs and effects of tobacco control interventions in an Asian 
setting. We produced a systematic qualitative synthesis of the studies included in our review.

METHODS
This systematic review has been registered in the International Prospective Register of Systematic Reviews 
(PROSPERO) under the following number: CRD42019141679 [11]. We adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis (PRISMA) [12].

Eligibility criteria
Type of population

We reviewed studies conducted in Asian populations, covering a total of 48 countries categorized as be-
longing to Asia within the WHO country classifications. We excluded Australia and New Zealand.

Type of interventions

Primary focus was on the WHO’s ‘MPOWER’ interventions. Studies were included which evaluated a 
non-clinical, population-based intervention. Individual-oriented interventions, such as cessation sup-
port, were excluded from the review, since they can be evaluated by more simple models than popula-
tion-based interventions.

Study design

We reviewed full economic evaluation studies. To be included in the review, studies had to report mini-
mally on intervention costs and health benefits and ideally on all relevant cost consequences and health 
outcomes. We explored the heterogeneity of model types and structures that are currently being applied 
within Asian settings, but did require a model-based economic evaluation, that is, use of a mathematical 
model that simulated both intervention effects and costs.

Comparator

There was no restriction on the comparator. The economic evaluation could compare the results of all 
feasible options in relation to each other and/or to current practices.

Information sources

A systematic search was performed to identify all relevant studies that satisfied our selection criteria with-
in the following databases: Medline, Embase, Web of Science, and the Cochrane Library. Additionally, we 
checked the reviews that we identified for further studies.
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Search strategy

In consultation with the medical data specialists, four sets of search strings were used: (1) specific pop-
ulations/countries classified as Asian, (2) terms related to smoking and tobacco control, (3) combined 
terms from studies in health economic evaluations, and (4) specific terminology for simulation models. 
The exact search terms per database are listed in Appendix S1 of the Online Supplementary Document. 
The last search was conducted in November 2019.

Selection process

After removing duplicates, two authors (AT, YD) independently screened the titles and abstracts followed 
by the full-text articles. Any disagreements between the two reviewers were resolved through discussions. 
However, if a disagreement persisted, it was resolved though consultations involving the other authors: 
GS, EB, GHdB, and TF.

Data extraction

Data extraction forms were developed using the consolidated health economic evaluation reporting stan-
dards (CHEERS) checklists [13]. The two reviewers (AT, YD) independently extracted data using these 
forms for 30% of the articles included in the review that were randomly selected to ensure consistency. 
Disagreements were resolved through discussions between the two reviewers (AT, YD), and in cases in 
which no agreement was reached, a third author (TF) intervened. During this process, data extraction 
forms were revised and checked by each of the co-authors to ensure consistency in interpretation, and 
adapt the information extracted from the studies to cover the aspects of relevance to our research ques-
tion. The final data extraction form used for the current study is shown in Appendix S2 of the Online 
Supplementary Document.

Data items

The following data were extracted from each study: (1) overview of study characteristics, (2) model struc-
ture, and (3) sources of evidence for model parameters. The data were separately extracted for each in-
tervention type, sub-model, and individual country.

Risk of bias in individual studies

Quality of reporting in the selected studies was assessed using the 56 items Philips checklist. Items are 
distributed across three components: structure (n = 20), data (n = 32) and consistency (n = 4) [14]. The 
percentages of ‘yes’, ‘no’, ‘not applicable’, or ‘unclear’ were calculated for each component. (Appendix S3 
of the Online Supplementary Document).

Next to this, quality of sources of evidence for model parameters was assessed according to the hierarchy 
of evidence for economic evaluations [15]. The level of evidence for each model parameter was graded 
as ‘high’, ‘moderate’, ‘low’, ‘not applicable’ or ‘no source’. A full description of the hierarchy of evidence 
scales used can be found in Appendix S4 of the Online Supplementary Document.

Finally, the bias in economic evaluations (ECOBIAS) checklist was applied to assess the risk of bias [16]. 
This checklist includes eleven types of bias identified within model-based economic evaluations. Stud-
ies were critically assessed for each type of bias, and then ranked as ‘high risk’, ‘moderate risk’, and ‘low 
risk’ for each item. The average risk of bias was then calculated for each item across all studies. The full 
checklist is presented in Appendix S5 of the Online Supplementary Document.

Data synthesis

The outcome of this review was a systematic narrative synthesis to present a critical appraisal of the meth-
odological quality and risk of bias of the selected modelling studies. Aim was to assess the suitability of 
available decision models for the Asian context, using Cochrane guidance [17].

RESULTS

Figure 1 presents the details and process relating to the search for and selection of studies for the review. 
A total of 2567 records were identified during the initial search; nine modelling studies were finally se-
lected for full data extraction.
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Figure 1 Process of screening and selecting studies for the review
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Figure 1. Process of screening and selecting studies for the review.

Overview of studies included in the review

Table 1 summarizes the included studies, and Table S2 in the Online Supplementary Document adds 
more details. Most studies (n = 7) focused on interventions conducted within a single country: four stud-
ies were conducted in Vietnam,[18, 22, 23, 25] two studies in China, [20,21] and one was in India [24]. 
Two other studies focused on multiple countries; seven [19] and nine [26] countries respectively. Three 
studies focused solely on the male population [19-21]. Four studies applied cost-consequence analyses 
[18,19,25,26] three studies applied cost-effectiveness analyses [22-24] and two studies an extended cost-ef-
fectiveness analysis [20,21]. A tobacco tax increase (n = 7) was most often studied. Three studies compared 
and combined up to four MPOWER population-based tobacco control interventions [20,22,26] namely 
mass media campaigns, tax increases, labelling of tobacco products, bans on tobacco advertising, graphic 
warnings, and the promotion of smoke-free work-places.

Model structure

Table S3 in the Online Supplementary Document presents a summary of model structures. The most 
prevalent model type applied was a static simple compartmental model [18-21] that was previously used 
in international comparison studies [27]. The static models directly link an initial intervention effect in 
terms of smoking prevalence to total life years gained and costs. The following dynamic models were ap-
plied: a state transition model [22]; a dynamic life-table model [23]; and a dynamic population model 
[25]. Dynamic models estimate health gains over time. Considerable variations existed. For instance, dis-
eases modelled varied from only one [23,24] up to 16 different tobacco-related diseases [26]. All studies 
performed sensitivity analyses to assess uncertainty associated with key scenarios and parameters. The 
most commonly used technique was a univariate sensitivity analysis (n = 5).

Quality of reporting

The results for the studies’ reporting quality are presented in Figure 2. The overall score for the Philips 
checklist was 56%. The scores for model structure were generally high, with an average of 66%. The 
score for data was 51% and for consistency 44%. Reporting quality scores per item per study are shown 
in Appendix Table S4 of the Online Supplementary Document.
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Table 1. Overview of studies included in the review

Author And  
publicAtion yeAr

Setting; bASeline 
yeAr

type of AnAlySiS intervention
choice of outcomeS

icer/reSultS policy Advice/concluSion
Effects Costs

Minh et al., 
2018 [18]

Vietnam; 2017
Cost- 
consequence 
study

Tax increase by 
75%–85%

Avoided 
mortalities

Saved mortality 
costs

Not presented but 
health gains and cost 
savings were found

The government 
should support 
efforts to increase 
the cigarette tax in 
Vietnam.

Global 
Tobacco 
Economics 
Consortium, 
2018 [19]

India, Indonesia, 
Bangladesh, 
Philippines, 
Vietnam, China, 
Thailand; 2015

Cost-
consequence 
study

One-time increase 
in the retail price 
of cigarettes by 
50%

Gains in life 
years

Averted treatment 
costs Not presented but 

health gains and cost 
savings were found

More health and 
financial gains 
for the poorest 
20% than for the 
richest 20% of the 
population.

Additional tax 
revenue

Verguet et al., 
2017 [20]

China; 2015
Extended 
CEA

Excise tax 
increased by 
75%; smoke-free 
workplaces

Averted 
premature 
deaths

Change in tax 
revenues; Out-of-
pocket payments 
averted; Poverty 
prevention

Not presented but 
health gains and cost 
savings were found

Significant health 
and economic 
benefits for China’s 
population, 
especially for the 
poor.

Verguet et al., 
2015 [21]

China; 2011
Extended 
CEA

One-time tax 
increase by 50%

Gains in life 
years

Tax revenue 
gains; Household 
expenditure on 
tobacco; Tobacco-
related disease 
costs; Financial 
risk protection

Not presented but 
health gains and cost 
savings were found

Substantial health 
and financial 
benefits for 
households in China

Higashi et al., 
2011 [22]

Vietnam;2006 CEA

Excise tax 
increased by 55% 
–85%; Graphic 
warnings on 
cigarette packs; 
Mass media 
campaigns; 
Smoking ban in 
public or work 
places

DALYs 
averted

Intervention costs

Median ICER (VND 
per DALY averted)

Taxes increase by 
55%–85%: VND 
2900;Graphic 
warnings: VND 500; 
Mass media campaign: 
VND 78 300; Ban in 
public places: VND 
67 900; Ban at work: 
VND 336 800

All interventions 
were cost-effective. 
The best options 
were graphic 
warnings on 
cigarette packets and 
tax increases

Ha et al., 
2011 [23]

Vietnam; 2007 CEA
Health education 
through mass 
media

DALYs 
averted

Cost per year

ACER per DALY saved: 
VND 12 324 059

A mass media 
campaign on 
tobacco control 
was among the 
most cost-effective 
interventions

Very cost-effective 
(<GDP per capita)

Donaldson et 
al., 2011 [24]

India; 2008 CEA
Complete smoking 
ban

AMI cases 
averted; Gain 
in life years

Cost per AMI 
case averted; 
Cost per life years 
gained

Intervention was cost 
saving

A cost-saving 
alternative to the 
current partial 
legislation in Gujarat

Doran et al., 
2010 [25]

Vietnam; 2006
Cost- 
consequence 
study

Excise tax 
increased by 65%-
90%

Change in the 
number of 
smokers

Total tax revenue
Not presented/less 
smokers and extra tax 
revenues

Effective policy 
option for 
simultaneously 
curbing tobacco use 
and raising revenue

Asaria et al., 
2007 [26]

Bangladesh, 
China, India, 
Indonesia, 
Pakistan, 
Philippines, 
Russia, Thailand, 
Vietnam; 2006-
2015

Cost- 
consequence 
study

Increased taxes 
on tobacco by 
43.2%; A smoke-
free workplace; 
Labelling of 
tobacco as 
injurious to 
health; Ban on 
tobacco

Deaths 
averted

Intervention cost 
per person per 
year

Not presented

Population-based 
intervention that 
could substantially 
reduce mortality 
from chronic 
diseases

GTEC – Global Tobacco Economics Consortium, CEA – cost-effectiveness analysis, VND – Vietnamese Dong, DALY – disability-adjusted life years, 
ICER – incremental cost-effectiveness ratio, ACER – average cost-effectiveness ratio, GDP – gross domestic products, AMI – acute myocardial infarction



Tuvdendorj et al.

December 2020  •  Vol. 10 No. 2 •  020437 6 www.jogh.org •  doi: 10.7189/jogh.10.020437

V
IE

W
PO

IN
TS

PA
PE

RS

Model data

Table S5 in the Online Supplementary Document shows sources of evidence and quality of model data 
for the studies. The quality of disease data in the majority of the studies was assessed to be moderate, 
as this evidence was obtained from global comparative studies [28,29]. The relative risks of death from 

Figure 2 Reporting quality of the studies using the Philips checklist

Yes No Unclear N/A
Minh et al., (2018 65% 30% 0% 5%
Global TEC (2018 50% 25% 5% 20%
Verguet et al., (20 75% 10% 0% 15%
Verguet et al., (20 80% 10% 0% 10%
Higashi et  al., (20 95% 0% 0% 5%
Anh Ha et al., (20 75% 25% 0% 0%
Donaldson et al., 50% 40% 0% 10%
Doran et al., (201 50% 20% 20% 10%
Asaria et al., (200 55% 20% 5% 20%
average 66% 20% 3% 11%

Minh et al., (2018 22% 56% 3% 19%
Global TEC (2018 50% 25% 6% 19%
Verguet et al., (20 56% 25% 0% 19%
Verguet et al., (20 63% 22% 0% 16%
Higashi et  al., (20 84% 6% 0% 9%
Anh Ha et al., (20 53% 34% 0% 13%
Donaldson et al., 44% 34% 0% 22%
Doran et al., (201 38% 22% 3% 38%
Asaria et al., (200 50% 19% 6% 25%
average 51% 27% 2% 20%

Minh et al., (2018 50% 50% 0% 0%
Global TEC (2018 50% 25% 25% 0%
Verguet et al., (20 50% 50% 0% 0%
Verguet et al., (20 25% 25% 25% 25%
Higashi et  al., (20 50% 0% 0% 50%
Anh Ha et al., (20 50% 50% 0% 0%
Donaldson et al., 25% 25% 0% 50%
Doran et al., (201 0% 50% 0% 50%
Asaria et al., (200 50% 0% 0% 50%
average 44% 34% 6% 28%

Overall 56% 25% 3% 17%

0% 20% 40% 60% 80% 100%

Minh et al., (2018)

Global TEC (2018)

Verguet et al., (2017)
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Doran et al., (2010)
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Figure 2. Reporting quality of the studies using the Philips checklist [14].
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tobac co-related diseases were taken from literature (n = 4) and assessed to be moderate quality. The most 
commonly used data sources were the American Cancer Society’s cancer prevention study (CPS-II) [30] 
and the WHO’s comparative risk assessment (CRA) [31] that was based on the CPS-II study. Data on in-
tervention effects were assessed to be of moderate quality, either because of the low quality of the study 
designs in local settings or because studies with high-quality designs were conducted in Western coun-
tries. All of the models used high-quality data on smoking prevalence obtained from country-specific sur-
veys. Two studies used disability weights in their models to estimate averted numbers of DALYs [22,23]. 
Other studies only reported reductions in mortality. High-quality cost data derived from published coun-
try-specific findings were used in all studies to estimate unit costs, inpatient costs, and intervention costs.

Model bias

On average, about one-third of the models used entailed a high risk of bias (Figure 3). Biases were typi-
cally related to quality criteria. More than half of the models did not meet the following quality criteria: 
selection of appropriate models, a sufficient time horizon for capturing the effects of the interventions, 
and accurate transition probabilities of the baseline data.

Figure 3 Risk of bias (ECOBIAS) in the reviewed models

# Type of bias Low Mode
rate High NA

1 Structure assumption 22% 33% 44% 0%
2 No treatment compar 33% 44% 22% 0%
3 Wrong model bias 33% 11% 56% 0%
4 Limited time horizon 11% 33% 56% 0%

5 Data identification 11% 44% 44% 0%
6 Baseline data 0% 44% 56% 0%
7 Intervention effects 0% 78% 22% 0%
8 Quality of life weight 0% 11% 11% 78%
9 Non transparent data 78% 11% 11% 0%
10 Limited scope bias 0% 67% 33% 0%

11 Internal consistency 22% 67% 11% 0%

Overall 0.19  0.40  0.33  0.07  

19.2% 40.4% 33.3% 7.1%

0% 20% 40% 60% 80% 100%

Structure assumptions

No treatment comparator

Wrong model bias

Limited time horizon

Data identification

Baseline data

Intervention effects

Quality of life weights

Non transparent data

Limited scope bias

Internal consistency

Overall

Bias related 
to structure

Bias related
to data

Bias related 
to consistency 

Low Moderate High NA

Figure 3. Risk of bias (ECOBIAS) in the reviewed models.

About 40% of the models were found to entail a moderate risk of bias because of their limited scope. At 
least one of the four uncertainty principles (methodological, structural, heterogeneity, and parameter) were 
not addressed and the synthesis of data on the effects of interventions was not appropriate. In addition, 
disability weights (utility data), which are important for estimating the true effects of interventions, were 
not applied in the majority (78%) of the models. The complete results relating to model bias are shown 
in Appendix Table S6 in the Online Supplementary Document.



Tuvdendorj et al.

December 2020  •  Vol. 10 No. 2 •  020437 8 www.jogh.org •  doi: 10.7189/jogh.10.020437

V
IE

W
PO

IN
TS

PA
PE

RS

DISCUSSION
Nine studies that used decision models to assess the long-term costs and effects of population-based to-
bacco interventions in Asia were identified. The studies exhibited a high degree of heterogeneity in terms 
of how the decision problems were formulated, the scope of the models, and the modelling approaches 
applied. Our results indicated a considerable room for improving overall levels of transparency in report-
ing and the quality of the models. The average score for the reporting quality of all studies was 56%. Al-
though poor reporting does not necessary lead to model bias, a lack of transparency undermines assess-
ments of model bias. Notably, we found indications of a high risk of bias in about 33% of the models, 
while another 40% of the models were found to be associated with a moderate risk of bias.

The model type was a primary cause of model bias. A static compartmental model, entailing the as-
sumption that the introduction of a population-based tobacco intervention would immediately reduce 
the number of premature deaths, was applied in several studies. This type of model ignores demograph-
ic changes and prohibits the use of discount rates for incorporating time preferences within estimates of 
costs and benefits. Although these static models were associated with rich outcome measures for income 
distribution relating to additional tax revenues, averted treatment costs, averted out-of-pocket payments, 
and poverty prevention resulting from tobacco control interventions, they do not yield any insights into 
the timing or delay of intervention effects and savings.

A second source of bias concerned the model input data, as quality of life effects were ignored in most of 
the models, with the exception of two studies. One study obtained quality of life weights from a neigh-
bouring country and another reported personal communication as a source without providing a refer-
ence. Thus, in most of the studies, the health benefits derived from tobacco control were underestimated 
as a result of an exclusive focus on life years gained.

Moreover, most of the parameters of the intervention effects were assessed to be of moderate quality, as 
they were derived from global comparative studies and/or studies conducted in Western countries. By 
contrast, baseline data on smoking prevalence, obtained from country-specific tobacco surveys, were 
used in all of the models.

To the best of our knowledge, this is the first Asia-focused review conducted to investigate the potential 
risk of bias entailed in models used for economic evaluations of tobacco control interventions. In a pre-
vious review, existing models applied in tobacco research were categorized by type [8]. In another review 
conducted in 2017, models used for economic evaluations of smoking cessation interventions were as-
sessed for quality, but not for bias or level of evidence [9]. The study indicated that all of the models lacked 
one or more key attributes required for full transferability to a new context [9]. Moreover, the majority of 
the models (58 out of 60) originated in Western countries or in Australia, and only two were applied in 
Asia. Our review identified nine different models applied in an Asian setting.

Historically, the use of HTA in decision-making in Asia has been slow [32]. The network of Asian HTA 
agencies, HTAsiaLink, was formally established in 2011, yet not all countries have as of yet joined this 
initiative [33]. Countries are at different stages to adapt HTA within their unique health care system, and 
facing different challenges [34]. The efforts are mainly focused on using HTA in support of medicine pric-
ing and reimbursement decisions, rather than population level prevention policy [32,34,35]. This may 
partly explain why relatively little original modeling efforts could be identified.

In addition, direct transfer of models/study results from Western countries has its limitations, since as 
indicated in literature Asian countries are in the early stage of the tobacco epidemic.[36] In particularly, 
this is associated with a relatively low level of the relative risk of death from smoking in Asia, which is a 
key model parameter in most analyses [37]. Therefore, true intervention effects could be over-estimated 
when transferred directly from models built for use in Western countries.

A strength of this review was that a comprehensive method for assessing model bias was used, for the three 
key areas of model bias: structure, data, and consistency [16]. Also, our review encompassed a broad set 
of population-based tobacco control interventions proposed under the WHO’s MPOWER initiative [3].

A limitation of our review concerns the search method. The electronic database searches were restricted 
to studies authored in English, and we did not search the grey literature. Apart from practical reasons, the 
advantage of this restriction might be that the identified studies could be more likely to follow reporting 
guidelines and have a comparable level of information. However we cannot exclude having missed some 
good quality studies being published in a non-English journal, or in grey literature. Furthermore, we limit-
ed our review to population-based tobacco control interventions, which have been endorsed by the WHO 
as being effective and efficient, and require more complex modeling than individual-based interventions.



Population level tobacco control interventions in Asia

www.jogh.org •  doi: 10.7189/jogh.10.020437 9 December 2020  •  Vol. 10 No. 2 •  020437

V
IE

W
PO

IN
TS

PA
PE

RS

Our studies span the time frame from 2007 to 2018, which has seen increasing attention for model qual-
ity. Our checklists were published in 2004 and 2005 and hence reflect standards that were available to 
all studies reviewed. The models in our review, however, show improvement over time, mostly so since 
three recent studies [19-21] all used a well-established compartment model developed by the Asian de-
velopment bank [38].

It is noteworthy that some studies attempted not only to assess the impacts of the investigated interven-
tions on health and total costs but they also examined the contributions of these interventions to the 
prevention of poverty and the avoidance of catastrophic health expenditure. Economic modelling thus 
served to inform other national goals, including universal health coverage, the UN sustainable develop-
ment goals and the WHO-FCTC objectives [39,40].

To satisfy quality standards, future model-based EE studies on tobacco control in Asia could use prefer-
ably a dynamic model which tracks the population over a longer time-horizon, and presents properly 
discounted net present values as outcomes. To include all health benefits, next to mortality, impact on 
chronic smoking related diseases should be included in the model. Preferably it should allow to analyse 
the dynamics of smoking cessation and initiation and how these respond to policy by explicitly model-
ing changes in tobacco use behavior (eg, initiation, cessation and relapse), depending on local data avail-
ability. Where possible, the key model parameters need to be based on country-specific data or else on 
locally relevant sources. Finally, transparent reporting practice following commonly used guidelines for 
the reporting of economic evaluation studies could minimize the risk of bias in model-based EE studies 
in Asia [13,14].

Smoking will remain a major public health problem in most Asian countries over the coming decades [37]. 
Therefore, in line with global initiatives, Asian countries should attempt to implement population-based 
interventions to end the tobacco epidemic in this region. Towards this goal, countries may develop eco-
nomic models to evaluate public health policy as part of their HTA initiatives, especially in resource-lim-
ited settings where large-scale experiments are not feasible [41]. Clearly, an appropriate methodology and 
the availability of reliable local data as well as guidance on how to link existing local data to international 
additional data in an effective manner are prerequisites of high-quality modelling studies [6].

CONCLUSION
Model-based economic evaluations are an efficient way of informing policy makers and supporting their 
decisions regarding the best mix of interventions at population-level. However, this requires the availabil-
ity of high-quality models. Currently, many studies in Asia do not meet this standard and consequently 
do not attain their goal of adequately supporting decision making. While newer models perform better 
than less recent ones, much can be gained. Next to this, more local empirical studies would improve the 
availability of model input parameters. In addition, model developers should pay attention to the struc-
ture of their models and ensure the consistency of evidence used to obtain reliable outcomes.

Acknowledgements: The authors would like to acknowledge Sjoukje van der Werf, a medical information special-
ist at the Central Medical Library of University Medical Center Groningen, for her assistance in designing the search 
strategy. The authors also thank anonymous reviewers for their worthwhile comments and suggestions.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent 
the official position of the institution.

Availability of data and materials: All data generated and analysed during this study are included in this published 
article and its supplementary information files.

Funding: No funding was received for conducting the study or for writing this manuscript.

Author contributions: AT, GB and TF initiated the research and developed the plan of research. AT and YD per-
formed the data collection, analysed data, and prepared the manuscripts, and TF, EB, GB and GS performed critical 
revision of the manuscript. All authors contributed to the analysis and interpretation of the data and contributed 
to the drafting of the manuscript, critically revised the paper for intellectual content and were involved in the final 
approval of the version to be published.

Competing interests: The authors completed the ICMJE Unified Competing Interest form (available upon request 
from the corresponding author) and declare no conflicts of interest.

Additional material
Online Supplementary Document

http://jogh.org/documents/issue202002/jogh-10-020437-s001.pdf


Tuvdendorj et al.

December 2020  •  Vol. 10 No. 2 •  020437 10 www.jogh.org •  doi: 10.7189/jogh.10.020437

V
IE

W
PO

IN
TS

PA
PE

RS

R
E

FE
R

E
N

C
E

S

 1  Mackay J, Ritthiphakdee B, Reddy KS. Tobacco control in Asia. Lancet. 2013;381:1581-7. Medline:23642699 doi:10.1016/
S0140-6736(13)60854-5

 2  World Health Organization. WHO Framework Convention on Tobacco Control. Geneva: WHO; 2018.
 3  World Health Organization. WHO report on the global tobacco epidemic, 2008: the MPOWER package. Geneva: WHO; 

2008.
 4  World Health Organization. WHO global report on trends in prevalence of tobacco use 2000-2025 third edition. Ge-

neva: WHO; 2019. 
 5  Boerma T, Eozenou P, Evans D, Evans T, Kieny MP, Wagstaff A. Monitoring progress towards universal health coverage 

at country and global levels. PLoS Med. 2014;11:e1001731. Medline:25243899 doi:10.1371/journal.pmed.1001731
 6  World Health Organization. Using health technology assessment for universal health coverage and reimbursement sys-

tems. Geneva: World Health Organization; 2016.
 7  Caro JJ, Briggs AH, Siebert U, Kuntz KM. Modeling Good Research Practices-Overview. Med Decis Making. 2012;32:667-

77. Medline:22990082 doi:10.1177/0272989X12454577
 8  Feirman SP, Donaldson E, Glasser AM, Pearson JL, Niaura R, Rose SW, et al. Mathematical Modeling in Tobacco Control 

Research: Initial Results From a Systematic Review. Nicotine Tob Res. 2016;18:229-42. Medline:25977409 doi:10.1093/
ntr/ntv104

 9  Berg ML, Cheung KL, Hiligsmann M, Evers S, de Kinderen RJA, Kulchaitanaroaj P, et al. Model-based economic evalu-
ations in smoking cessation and their transferability to new contexts: a systematic review. Addiction. 2017;112:946-67. 
Medline:28060453 doi:10.1111/add.13748

10  Philips Z, Bojke L, Sculpher M, Claxton K, Golder S. Good Practice Guidelines for Decision-Analytic Modelling in 
Health Technology Assessment. Pharmacoeconomics. 2006;24:355-71. Medline:16605282 doi:10.2165/00019053-
200624040-00006

11  Tuvdendorj A, Du Y, Sidorenkov G, Buskens E, de Bock GH, Feenstra TL. Model-based economic evaluation of tobacco 
control interventions in Asia: a systematic review. PROSPERO. 2019. Available: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42019141679. Accessed: 10 November 2020.

12  Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review 
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4:1. Medline:25554246 doi:10.1186/2046-
4053-4-1

13  Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. Consolidated health economic eval-
uation reporting standards (CHEERS) — explanation and elaboration: A report of the ISPOR health economic evalu-
ations publication guidelines good reporting practices task force. Value Health. 2013;16: 231-50. Medline:23538175 
doi:10.1016/j.jval.2013.02.002

14  Philips Z, Ginnelly L, Sculpher M, Claxton K, Golder S, Riemsma R, et al. Review of guidelines for good practice in de-
cision-analytic modelling in health technology assessment. In NIHR Health Technology Assessment. Executive Summa-
ries 2004. NIHR Journals Library. 2004.

15  Cooper N, Coyle D, Abrams K, Mugford MSA. Use of evidence in decision models: an appraisal of health tech-
nology assessments in the UK since 1997. J Health Serv Res Policy. 2005;10:245-50. Medline:16259692 
doi:10.1258/135581905774414187

16  Adarkwah CC, van Gils PF, Hiligsmann M, Evers SMAA. Risk of bias in model-based economic evaluations: the ECO-
BIAS checklist. Expert Rev Pharmacoecon Outcomes Res. 2016;16:513-23. Medline:26588001 doi:10.1586/1473716
7.2015.1103185

17  Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011]. 
The Cochrane Collaboration, 2011.

18  Minh HV, Chung LH, Giang KB, Duc DM, Hinh ND, Mai VQ, et al. Potential Impact of Graphic Health Warnings on 
Cigarette Packages in Reducing Cigarette Demand and Smoking-Related Deaths in Vietnam. Asian Pac J Cancer Prev. 
2016;17:85-90. Medline:27087188 doi:10.7314/APJCP.2016.17.S1.85

19  Global Tobacco Economics Consortium. The health, poverty, and financial consequences of a cigarette price increase 
among 500 million male smokers in 13 middle income countries: compartmental model study. BMJ. 2018;361:k1162. 
Medline:29643096

20  Verguet S, Tarr G, Gauvreau CL, Mishra S, Jha P, Liu L, et al. Distributional benefits of tobacco tax and smoke–free work-
places in China: A modeling study. J Glob Health. 2017;7:020701. Medline:29188029 doi:10.7189/jogh.07.020701

21  Verguet S, Gauvreau CL, Mishra S, MacLennan M, Murphy SM, Brouwer ED, et al. The consequences of tobacco tax on 
household health and finances in rich and poor smokers in China: an extended cost-effectiveness analysis. Lancet Glob-
al Health. 2015;3:e206-e216. Medline:25772692 doi:10.1016/S2214-109X(15)70095-1

22  Higashi H, Truong KD, Barendregt JJ, Nguyen PK, Vuong ML, Nguyen TT, et al. Cost Effectiveness of Tobacco Control 
Policies in Vietnam The Case of Population-Level Interventions. Appl Health Econ Health Policy. 2011;9:183-96. Med-
line:21506624 doi:10.2165/11539640-000000000-00000

23  Ha DA, Chisholm D. Cost-effectiveness analysis of interventions to prevent cardiovascular disease in Vietnam. Health 
Policy Plan. 2011;26:210-22. Medline:20843878 doi:10.1093/heapol/czq045

24  Donaldson EA, Waters HR, Arora M, Varghese B, Dave P, Modi B. A Cost-Effectiveness Analysis of India’s 2008 Prohi-
bition of Smoking in Public Places in Gujarat. Int J Environ Res Public Health. 2011;8:1271-86. Medline:21655118 
doi:10.3390/ijerph8051271

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23642699&dopt=Abstract
https://doi.org/10.1016/S0140-6736(13)60854-5
https://doi.org/10.1016/S0140-6736(13)60854-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25243899&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1001731
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22990082&dopt=Abstract
https://doi.org/10.1177/0272989X12454577
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25977409&dopt=Abstract
https://doi.org/10.1093/ntr/ntv104
https://doi.org/10.1093/ntr/ntv104
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28060453&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28060453&dopt=Abstract
https://doi.org/10.1111/add.13748
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16605282&dopt=Abstract
https://doi.org/10.2165/00019053-200624040-00006
https://doi.org/10.2165/00019053-200624040-00006
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019141679
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019141679
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23538175&dopt=Abstract
https://doi.org/10.1016/j.jval.2013.02.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16259692&dopt=Abstract
https://doi.org/10.1258/135581905774414187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26588001&dopt=Abstract
https://doi.org/10.1586/14737167.2015.1103185
https://doi.org/10.1586/14737167.2015.1103185
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27087188&dopt=Abstract
https://doi.org/10.7314/APJCP.2016.17.S1.85
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643096&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643096&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29188029&dopt=Abstract
https://doi.org/10.7189/jogh.07.020701
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25772692&dopt=Abstract
https://doi.org/10.1016/S2214-109X(15)70095-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21506624&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21506624&dopt=Abstract
https://doi.org/10.2165/11539640-000000000-00000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20843878&dopt=Abstract
https://doi.org/10.1093/heapol/czq045
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21655118&dopt=Abstract
https://doi.org/10.3390/ijerph8051271


Population level tobacco control interventions in Asia

www.jogh.org •  doi: 10.7189/jogh.10.020437 11 December 2020  •  Vol. 10 No. 2 •  020437

V
IE

W
PO

IN
TS

PA
PE

RS

25  Doran CM, Byrnes JM, Higashi H, Truong K. Revenue implications to the Vietnamese government of using taxes to curb 
cigarette smoking. Addict Behav. 2010;35:1089-93. Medline:20724081 doi:10.1016/j.addbeh.2010.07.010

26  Asaria P, Chisholm D, Mathers C, Ezzati M, Beaglehole R. Chronic disease prevention: health effects and financial costs 
of strategies to reduce salt intake and control tobacco use. Lancet. 2007;370:2044-53. Medline:18063027 doi:10.1016/
S0140-6736(07)61698-5

27  Jha P, Joseph R, Li D, Gauvreau C, Anderson I. Tobacco Taxes: A Win-win Measure for Fiscal Space and Health. Manda-
luyong City, Philippines: Asian Development Bank. 2012.

28  Institute for Health Metrics and Evaluation (IHME). GBD Compare data visualization. Vol. 2017. Seattle, WA: IHME, 
University of Washington; 2016.

29  Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 2006;3:e442. 
Medline:17132052 doi:10.1371/journal.pmed.0030442

30  US Department of Health and Human Services. The Health Consequences of Involuntary Exposure to Tobacco Smoke: 
A Report of the Surgeon General; US Department of Health and Human Services, Centers for Disease Control and Pre-
vention, Coordinating Center for Health Promotion, National Center for Chronic Disease Prevention and Health Pro-
motion, Office on Smoking and Health, 2006. 

31  Ezzati M, Lopez AD, Rodgers A, et al, editors. Comparative quantification of health risks. Geneva: World Health Orga-
nization; 2004.

32  World Health Organization. Factors conducive to the development of health technology assessment in Asia: impacts and 
policy options. Policy Brief, Vol. 4 No. 2 2015 

33  HTAsialink. 2018. Available: https://www.htasialink.org/. Accessed: 10 November 2020.
34  Liu G, Wu EQ, Ahn J, Kamae I, Xie J, Yang H. The Development of Health Technology Assessment in Asia: Current Sta-

tus and Future Trends. Value Health Reg Issues. 2020;21:39-44. Medline:31634795 doi:10.1016/j.vhri.2019.08.472
35  Sangthong R, Wichaidit W, McNeil E, Chongsuvivatwong V, Chariyalertsak S, Kessomboon P, et al. Health behaviors 

among short- and long-term ex-smokers: Results from the Thai National Health Examination Survey. IV, 2009. Prev Med. 
2012;55:56-60. Medline:22569485 doi:10.1016/j.ypmed.2012.04.022

36  Zheng W, McLerran DF, Rolland BA. Burden of Total and Cause-Specific Mortality Related to Tobacco Smoking among 
Adults Aged ≥45 Years in Asia: A Pooled Analysis of 21 Cohorts. PLoS Med. 2014;11:e1001631. Medline:24756146 
doi:10.1371/journal.pmed.1001631

37  Yang JJ, Yu D, Wen W, et al. Tobacco Smoking and Mortality in Asia: A Pooled Meta-analysis. JAMA Netw Open. 
2019;2:e191474. Medline:30924901 doi:10.1001/jamanetworkopen.2019.1474

38  Asian Development Bank Tobacco taxes: a win-win measure for fiscal space and health. Manila: Asian Development 
Bank; 2012.

39  World Health OrganizationWorld health statistics 2016: monitoring health for the SDGs sustainable development goals. 
Geneva: WHO; 2016.

40  World Health Organization and The World Bank. Tracking Universal Health Coverage: 2017 Global Monitoring Report.
41  Kruk ME, Gage AD, Arsenault C. High-quality health systems in the Sustainable Development Goals era: time for a rev-

olution. Lancet Glob Health. 2018;6:e1196. Medline:30196093 doi:10.1016/S2214-109X(18)30386-3

R
E

FE
R

E
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20724081&dopt=Abstract
https://doi.org/10.1016/j.addbeh.2010.07.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18063027&dopt=Abstract
https://doi.org/10.1016/S0140-6736(07)61698-5
https://doi.org/10.1016/S0140-6736(07)61698-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17132052&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17132052&dopt=Abstract
https://doi.org/10.1371/journal.pmed.0030442
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31634795&dopt=Abstract
https://doi.org/10.1016/j.vhri.2019.08.472
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22569485&dopt=Abstract
https://doi.org/10.1016/j.ypmed.2012.04.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24756146&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1001631
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30924901&dopt=Abstract
https://doi.org/10.1001/jamanetworkopen.2019.1474
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30196093&dopt=Abstract
https://doi.org/10.1016/S2214-109X(18)30386-3

