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Over a third of the global population is estimated 
to have Iron Deficiency (ID). It manifests during 
all stages of life and especially during times of ac-

celerated growth phases, mainly affecting infants, adoles-
cents and pregnant women.

ID has been shown to be associated with poorer cognitive, 
motor and behavioural development, including lower intel-
ligence quotients (IQ) in children [1]. It is also associated 
with poorer pregnancy outcomes for mothers and infants. 
This raises the question of the global effects of ID, in terms 
of cognitive abilities, economics and productivity. This 
viewpoint reviews some of the recently discovered extra–
haematological effects of ID and its relevance to modern–
day society, in both developed and developing countries.

DEFINING IRON DEFICIENCY

Long–term negative iron balance leaves the body with no 
measurable iron stores, causing insufficient supplies for cel-
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lular processes. ID is at the end of a continuum (Figure 1), 
where the most severe clinical consequence is iron defi-
ciency anaemia (IDA). The other forms of ID tend to be 
asymptomatic. A good indicator of ID is by diagnosis of 
anaemia in combination with low serum ferritin, as estab-
lished by the World Health Organisation (WHO). It is es-
timated that ID is twice as prevalent as anaemia and that 
approximately half of all anaemias are due to ID. Approxi-
mately one quarter of the world’s population has anaemia, 
with the most common cause being due to ID. In the UK, 
21% of female adolescents and 18% of women aged 16–64 
years are iron–deficient [3].

CONSEQUENCES OF IRON DEFICIENCY 
IN PREGNANCY

Pregnancy is a physiologically iron–depleting state as ma-
ternal iron stores preferentially transfer to the foetus in ute-
ro. Many women enter the pregnancy state with anaemia, 
as previous studies have shown, and many having no iron 
stores when becoming pregnant [4]. This suggests that they 
have insufficient levels required for adequate development 
of the foetus and placenta and for blood loss during child-
birth.

Maternal haemoglobin levels have been found to have a 
U–shaped association with low birth weight infants [5,6]. 
An Indian retrospective study showed a negative correla-
tion between serum ferritin <10 μg/L and birth weight [4]. 
Many interventional studies have shown increases in birth 
weight by a modest amount when pregnant women are 
given iron–repletion [7].

Iron deficiency in early pregnancy and child-

hood can potentially have long-lasting effects 

on brain development and cognitive abilities 

and is ultimately engrossed with many con-

founding factors which need to be separated 

from the disease process in order to appreci-

ate the real impact of this condition
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tests, consistent with other studies – even in the case of 
corrected haemoglobin levels (>100 g/L).

Studies assessing the effects of ID on social behaviour 
found that iron–deficient children were more wary, hesi-
tant, unhappy and kept closer to their mothers [8]. In an-
other study, infants who did not receive prophylactic iron 
also showed poorer social–emotional outcomes [12].

CONSEQUENCES OF IRON DEFICIENCY 
IN ADULTS: EFFECTS ON PRODUCTIVITY

The effects of IDA can be insidious and subtle. In an indi-
vidual with ID in infancy or in early childhood, the irre-
versible effects on cognition and social development are 
likely to have an impact in later life. Consequently, the ef-
fect of ID on adult productivity, which has been shown to 
affect the economy in the long run, is not well recognised, 
and therefore significant consideration in tackling the prob-
lem is lacking [12].

Chronic undetected ID from childhood may lead to lower 
than expected IQs and fewer skill acquisitions in adults af-
fecting their productivity levels. One of the most tangible 
outcomes of working adults is of productivity measures. It 

CONSEQUENCES OF IRON DEFICIENCY 
IN CHILDREN

Although rates of IDA have been steadily declining for de-
cades, it is markedly prevalent in poor, minority and im-
migrant groups [8,9]. A recent study looking at specific 
cognitive domains of ID infants, found that they were suf-
fering from poorer attention and memory processing (low-
er scores on recognition memory, object permanence and 
memory encoding/retrieval) [9]. Another study showed 
that infants with IDA had poorer high–speed information 
processing times, in comparison to non–anaemic infants– 
a predictor of future IQ [1].

Rodent models have shown that during critical brain de-
velopment, a lack of iron causes defects in post–transla-
tional incorporation of iron into haemoproteins (haemo-
globin and cytochromes) [8]. The lack of cytochromes in 
the frontal lobe and hippocampus suggests a reduction in 
cerebral metabolism due to low levels of ATP [8]. Iron–con-
taining monoamines are predictably acutely affected but it 
is postulated to cause longer–term effects on dopamine me-
tabolism in particular, which is known to regulate cogni-
tion and emotion [8].

Neonatal serum ferritin levels which correlate with low 
brain iron and neurodevelopmental abnormalities is ap-
proximately <35 μg/L [10]. There is also evidence to sug-
gest that after a critical period of ID in the brain of rats, 
iron–repletion thereafter will not reverse the structural def-
icits [8].

Interestingly in the Costa Rican study of infants aged five 
years [11], whose iron status’ had been corrected from in-
fancy, still scored lower on mental and motor functioning 

Long-term studies are needed to assess wheth-

er normalisation of cognitive abilities with iron 

repletion therapy occurs, as they are currently 

sparse in the literature.

Figure 1. Serum iron changes in the stages of iron deficiency. Source of data: Clark, 2008 [2].
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can be used to objectively compare outcomes between 
countries. In this context, productivity can be defined as 
the efficiency of adults in the workplace, with Gross Do-
mestic Product (GDP) used as the unifying unit to compare 
the effects on adults with ID to those with normal iron sta-
tus. Although most data are mathematically derived due to 
variations in data collection in less developed countries, 
this is still important in understanding some of the long–
term effects of ID.

Losses in productivity may be attributable to reduced aer-
obic capacity both acutely or from persisting suboptimal 
academic/emotional/social performance from infancy [13]. 
A study carried out in low–income Asia estimated produc-
tivity losses of 17% for workers in labour–intensive jobs, 
and 5% for moderately active jobs due to ID [12].

An economic study of ten countries assessing the impact 
of ID on GDP showed a loss of 2.0–7.9% [13] (estimated 
US$ 9.78 billion/annum, using 2005 figures [14]). The ef-
fects of ID on an individual can be relative to the develop-
ment status of the country they are living in which also has 
implications for the relative accountability of GDP losses 
in any given individual.

In a less developed country, the majority of workers are in 
labour–intensive jobs and the prevalence of ID is likely over 
50%. ID is less likely to have an impact on GDP losses but 
may have a larger impact on their lives in supporting their 
family/community. On the other hand, in developed coun-
tries, where most working adults are in white–collar jobs 
and the prevalence of ID is considerably lower, they are still 
likely to have a larger impact on GDP.

PUBLIC HEALTH CHALLENGES

The insidious and subclinical effects of ID, regardless of 
when it appears in an individual’s life time, are clearly prob-
lematic. The difficulty with analysing the extra–haemato-
logical consequences of ID is mainly due to the fact that 
there are a multitude of factors which make it very difficult 
to separate the true effects of chronic negative iron balance.

The evidence for the associations between maternal ID and 
its effect on pregnancy outcomes is based on some impor-
tant studies. Anaemia in the first and second trimester of 
pregnancy can demonstrate warning signs of subclinical 
ID, putting unborn infants in a sub–optimal environment 
for brain development.

Consistent results highlight the suboptimal development 
of the hippocampus, which is a seminal region of the brain 
used in memory function. The most surprising and worry-
ing finding in this area was the fact that iron–repletion at 
any stage after the first two years of life has minimal effect 
on the reversibility of neurodevelopment in the hippocam-
pus (although it may improve in other domains) [8].

The evidence regarding the predictability of poorer mem-
ory and learning in children with early ID is concordant 
with most papers studying cognition in children. Some of 
the specific differences observed included poorer attention, 
memory processing and lower IQ scores [8].

There is consistency of study results showing modest im-
provement in function with iron–repletion therapy. With 
pregnant women, iron–repletion tends to increase the birth 
weight of the infant when compared to predicted weight, 
but there is still a lack of normalisation. Similarly, iron–re-
pletion in young children tends to improve cognitive and 
behavioural parameters, but the differences are not nor-
malised. One of the biggest limitations to these findings is 
the fact that trials have not looked at reversibility of func-
tion long–term, so it is unclear whether iron–repletion 
eventually causes normalisation of cognitive abilities or not.

It is well understood that the loss of aerobic capacity in IDA 
causes acute changes in productivity. The effects of chron-
ic negative iron balance have been implicated in financial 
losses made by whole nations. The study by Horton and 
Ross [15] demonstrates a crude but humbling awareness 
of the staggering loss of economy in the working popula-
tion, and it highlights some of the problems in this area in 
tangible terms. Although the dominating employment sec-
tors vary from country to country, it is still an appreciable 
loss made globally.

Photo: A Cambodian Lucky Iron Fish, which is added to cooking water 
to reduce iron deficiency. Photo by Dflock (Own work) [CC BY-SA 4.0], 
via Wikimedia Commons
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