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A B S T R A C T

Micronutrient deﬁciencies (MNDs) during early life are associated with adverse outcomes. Globally, iron
deﬁciency is the most common MND and is particularly common in the ﬁrst two years of life. Iron is
crucial for neurodevelopment, cognition, and immunity. The composition of complementary feeds
inﬂuences the overall health of an infant. Plant-based complementary foods do not provide enough iron
to meet the nutrient needs during 6–23 months of age. Furthermore, the quantities of animal-source
foods given to infants are generally inadequate to meet the iron gap. To address this issue, the use of ironfortiﬁed complementary foods should be promoted.
© 2017 INDIACLEN. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.

1. Introduction
India has the largest proportion of underweight children,
almost double compared to that in sub-Saharan Africa.1 According
to reports of the India Health Report-Nutrition 2015 and National
Family Health Survey-3, stunting and wasting rates in children
<5 years are 38.7%, 48% and 20% and 15.1%, respectively.2
Hidden hunger or micronutrient deﬁciency, refers to the
chronic deﬁcit of essential vitamins and minerals such as iron,
zinc, vitamins A and B, iodine, and folic acid.3 Iron deﬁciency is the
most common micronutrient deﬁciency in the world affecting a
large number of children in developing countries.4 It is particularly
common in the ﬁrst two years of life, due to the maximum
requirement of iron during this period.5 Globally, iron deﬁciency is
seen in almost 273.2 million children (age: 0–59 months); vitamin
A deﬁciency in 190 million pre-school children; and more than 35
million newborns are at risk of iodine deﬁciency disorders.6–8 The
NFHS-4 data evaluated maternal and child health and nutrition
in 13 states in India (Andhra Pradesh, Goa, Bihar, Haryana, Madhya
Pradesh, Karnataka, Sikkim, Meghalaya, Tripura, Telangana,
Uttarakhand, West Bengal, Tamil Nadu) and in 2 Union Territories
(Andaman and Nicobar Islands and Puducherry). The NFHS-4 data
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reveal that more than 50% of children are anaemic in the 2 Union
Territories and 10 of the 13 states evaluated.9
Starting in infancy, micronutrient deﬁciencies continue through
adulthood. During infancy and childhood, these deﬁciencies
are associated with low birth weight; higher mortality rate;
impaired mental development; increased risk of chronic diseases;
frequent infections; inadequate catch-up growth; and reduced
productivity.10 Iron deﬁciency, even without anaemia, can affect
cognitive, motor, and emotional development, even causing
irreversible damage.11
Hidden hunger also poses a signiﬁcant burden on the socioeconomic productivity of a nation. It negatively impacts the
working class, in terms of reduced work capacity or lost human
capital, lower paid jobs, lifetime earnings, and lower life
expectancy. These factors in turn stall national economic
development and limit the capacity to develop health and
education systems.6 The National Damage Assessment Reports
from 80 countries estimated that the median loss across all
countries, due to micronutrient deﬁciencies, was 0.8%, and that
country-speciﬁc losses ranged from 0.2% in China and Morocco to
2.7% in Mali.12,13 According to a study by Plessow et al., the
economic burden of iron-deﬁciency anaemia (IDA) in children
(aged 6–23 months) in India was an estimated 23.8 billion USD, or
1.3% of the gross domestic product (GDP); and the human burden
was an estimated 6.9 million disability-adjusted life years (DALYs),
which equals 285 complete lifespans lost every day, or 12 lifespans
every hour (Table 1).14,15 In another recent trial, Plessow et al. also
reported that in large Indian cities, the lifetime social costs of IDA
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Table 1
Social costs of iron deﬁciency anemia in India (2013)14 .
Production losses

Intangible costs

(million USD)

6–23 months

Rural
Urban
All India

Future

Mortality

5730

281
81
362

in 6–23-month-old children amounted to a production loss of 3222
USD and to 726,000 DALYs.16
Nutritional interventions to combat hidden hunger can lead to a
high return on investments. According to the Copenhagen
Consensus Expert Panel (2008), nutritional interventions such as
supplementation for children with vitamin A and zinc deﬁciencies,
fortiﬁcation for iron and iodine deﬁciencies, and biofortiﬁcation
rank among the top ﬁve best investments for economic growth.6
Fortiﬁcation is a highly cost-effective investment, providing
extremely good value, with its beneﬁts far outweighing the costs.
For example, the cost of salt iodisation per individual per year is as
little as 0.05 USD to 0.10 cents USD and is associated with a return
on investment of more than 26 USD, with regard to increased
productivity and healthcare savings.17
The quantity of food consumed by an infant is limited, and
hence it is imperative to provide optimum nutrition at every meal.
Home-based meals may not be adequate, and can leave gaps when
the diet is predominantly vegetarian or if there is increased
consumption of nutrients that adversely affect iron absorption.18 In
this context, and given the pivotal role of iron in neurodevelopment, cognition, and immunity, it is important to provide iron
fortiﬁcation to meet iron gaps during complementary feeding. This
article intends to review available evidence to analyse the nutrient
gaps in complementary feeding practices in India and provide
effective iron-fortiﬁcation strategies to improve iron consumption
during complementary feeding.
2. Evolution of the new macro role of iron
Iron plays a vital role in erythropoiesis, haemoglobin and
myoglobin formation, gene transcription, oxidation–reduction
actions, and cellular enzyme reactions.19 Haemoglobin contains
almost 60% of iron in the body. Of the remaining iron content,
around 25% is contained in the mobilisable iron store and 15% is
bound to myoglobin in the muscles and in enzymes involved in
oxidation reactions and other cellular functions.18
Iron homoeostasis is important for the normal functioning of
the immune system. Iron is important for immune cell proliferation and generation of speciﬁc immune responses to infection.
Although iron deﬁciency results in proven reversible immunological defects, iron overload can also have negative effects on immune
function.20 Iron supplements in excess have been associated with
an increased risk of infections.21 On the contrary, iron-fortiﬁed
foods provide lower levels of iron than supplements, and are
generally considered to be safe.22 Hence, a balanced iron status is
crucial to determine the fate of infection.20 Immune cells and
molecules are needed for sculpting the circuitry and inﬂuence the
activity of the nervous system. Disruption of immune system
functioning leads to impairments in neurogenesis and cognition.23
Hence, iron status is central for determining immune responses in
young children.
In human beings, iron deﬁciency up to 3 years of age has a
signiﬁcant impact on learning and memory that continues despite
treatment of the iron deﬁciency status. The hippocampus is the
central processing area for declarative learning and memory. The

(in 1000 DALYs)
Total

Current

Future

Mortality

Total

5811

675
224
899

4139
1389
5528

345
100
444

5159
1713
6871

developing hippocampus is particularly vulnerable to the direct
and indirect effects of early iron deﬁciency. This increased
vulnerability is mainly due to its rapid maturation rate in the
late foetal-neonatal period, in addition to the dependence of the
maturational processes on iron. The extra-hippocampal effects
include synthesis of thyroid hormone and dopamine, and
myelination. These hippocampal and extra-hippocampal effects
lead to acute and persistent deﬁcits, impacting learning and
memory.24
The long-term effects of iron-deﬁciency anaemia have been
reported in two cohort studies.25,26 The infants enrolled in the
studies were characterised based on the iron status, environmental
variables, and psychomotor development. At 5 years of age, infants
with iron-deﬁciency anaemia had lower scores on many of the
psychometric tests compared with children with higher haemoglobin levels during infancy. A 5-point drop in intellectual quotient
(IQ) was reported in both studies, as well as in other tests related to
intellectual function. Five points of IQ reﬂect a signiﬁcant handicap
affecting millions of infants with anaemia worldwide.25 Studies
have also demonstrated that iron-deﬁciency anaemia during
infancy was associated with poor inhibitory control and slower
reaction times when assessed 8–9 years after iron therapy. These
ﬁndings indicate the long-term effects of early iron-deﬁciency
anaemia on neurodevelopment and cognition.26
Infants utilise their iron stores to cover body needs for the ﬁrst 6
months, after which the stored iron gets depleted and the amount
derived from breast milk becomes inadequate. The largest nutrient
gap is for iron, during the transition from breastfeeding to
complementary feeding; therefore, it is imperative that complementary foods be rich in iron (Fig. 1).27
3. Home-made complementary foods fail to meet iron gaps
Iron stores at birth are sufﬁcient to meet the nutritional needs
of the newborn. However, this stored iron is used up by about 6
months of age. Thereafter, complementary foods should provide
adequate amounts of iron, to ﬁll the gap. Foods that may promote
iron absorption include ascorbic acid, fermented or germinated
food products; whereas foods that inhibit iron absorption include

Fig. 1. Gaps to be ﬁlled by complementary foods for a breastfed child aged 12–23
months.27.
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phytates and polyphenols, calcium in milk, animal proteins, and
inositol.28 The recommended dietary allowance (RDA) for iron is
determined based on the content of iron and its bioavailability in
foods. According to the Indian Council for Medical Research, the
RDA for iron is 0.23 mg/day for infants aged 1–6 months, 0.73 mg/
day for children aged 6–12 months, and 0.451 mg/day for children
aged 1–3 years.29
However, it has been shown that a day’s complementary food
consisting of rice, green leafy vegetables, ﬁsh, orange, beans, and
porridge along with breast milk, fails to meet an infant’s iron
requirements. The typical morning meal followed by the midday
meal, snacks, and the evening meal containing ﬁsh still leaves an
iron gap of about 45%.30
4. Detection of iron deﬁciency in routine practice: need of the
hour
Timely screening and subsequent testing ensure the prompt
diagnosis of iron deﬁciency and prevention of complications such
as cognitive and behavioural effects.31 The WHO and UNICEF
strongly recommend that in regions where anaemia prevalence
exceeds 40%, iron therapy be given; and that it is not cost-effective
to screen all children for anaemia. This recommendation is based
on the assumption that iron deﬁciency is prevalent in all children
in regions with a high burden of anaemia. However, from a clinical
perspective, it is believed that the screening procedure will help to
identify children with severe anaemia. According to the nutritional
goals of India’s Tenth Five-Year Plan, all children should be
screened for anaemia.32
It is important to note that intervention should not be delayed
until screening is performed, since the procedure intends to
diagnose only children afﬂicted with severe anaemia, to provide
targeted treatment.32
5. Food fortiﬁcation: may help bridge nutrient gaps
Fortiﬁcation programmes are gaining attention as an effective
way of combating malnutrition, in developing countries.33
Fortiﬁcation is a medium-to-long-term approach that requires a
suitable food vehicle and organised processing facilities.34 As per
the 2008 Copenhagen Consensus, food fortiﬁcation is one of the
most cost-effective ways of addressing development challenges.32
Current evidence indicates that food fortiﬁcation is an effective and
cost-effective strategy for addressing iron deﬁciency, especially in
infants and young children.35
This strategy may work well for large populations with
widespread deﬁciencies of micronutrients, as in India. The high
compliance to fortiﬁcation is due to the ease of substitution of
unfortiﬁed staples with fortiﬁed foods.34
Iron fortiﬁcation can be done through staple food items such as
rice, oils, and wheat; condiments such as ﬁsh sauce, soy sauce, and
sugar; and lastly through processed commercial food items,
including infant complementary foods, dairy products, and
noodles.36 On the contrary, pills, capsules, or syrups containing
iron are an effective way to provide iron supplementation.37
However, for infants and young children, the use of fortiﬁed
complementary foods has been shown to be safer and more
effective compared to supplements, since the limitations associated with supplementation include the need to purchase iron
supplements and the need for a higher degree of treatment
compliance. Additionally, they are relatively costlier if the indirect
costs (e.g., cost of medicine, doctor’s consultation fees, abstinence
of parents from work, etc.) are taken into consideration.36,37
Fortiﬁcation is safe because the dose of iron used to fortify foods is
much lower than that used in iron supplements. Iron salts
recommended by WHO for fortiﬁcation include ferrous sulphate,

ferrous fumarate, ferric pyrophosphate, and electrolytic iron
powder.18
6. Beneﬁts of iron fortiﬁcation
Food fortiﬁcation offers many health beneﬁts to the Indian
population. A literature survey conducted in India suggested that
iron fortiﬁcation in children led to improvement in iron and
haemoglobin status in all the studies.38 This report is consistent
with data from earlier reviews.38 A recent meta-analysis, which
included 18 randomised controlled trials and 5468 children,
compared the impact of micronutrient-fortiﬁed milk and cerealbased products versus similar non-fortiﬁed items on children
between 6 months and 5 years of age. The use of fortiﬁed milk and
cereal-based products was more effective in reducing anaemia in
young children in developing countries, compared to the use of
non-fortiﬁed products. Haemoglobin levels signiﬁcantly increased
by 6.2 g/L and the risk of anaemia was 50% lower in children
receiving fortiﬁed milk or infant cereals.36
7. Iron-fortiﬁed cereals help bridge iron gaps during
complementary feeding
Home-based food fortiﬁcation strategies, such as the use of
fortiﬁed sprinklers and fortiﬁed complementary foods, can be used
to deliver nutrients to children in this age group. A study conducted
by Sazawal et al. in 2014 in North Delhi, India, and funded by the
Thrasher Foundation and the WHO, compared the compliance to
two home-based food fortiﬁcation strategies: fortiﬁed complementary foods and home fortiﬁcation with sprinkles. Fortiﬁed
complementary foods resulted in a signiﬁcant increase in mean
haemoglobin levels compared to sprinkles and control. The
fortiﬁed complementary food group showed a 67% reduction in
the proportion of children with anaemia (Hb < 10 g/dL) compared
to a 27% reduction in the sprinkle group and a 22% reduction in the
control group. The study showed that fortiﬁed complementary
foods offer an advantage over home fortiﬁcation, and are
associated with improved iron status.39 Using standard health
economic models, Detzel et al. estimate that the current
consumption levels of fortiﬁed food have already reduced the
annual burden of IDA by 1.4 billion USD and 0.6 million DALYs,
equivalent to 1 lifespan per hour.40 According to a report by Prieto
et al., consumption of complementary feeds and commercial
fortiﬁed infant formula showed a strong, positive, and statistically
signiﬁcant association with increased haemoglobin concentration.
A signiﬁcantly positive association was noted between the
consumption of fruits rich in vitamin A, meat and ﬁsh and
increased haemoglobin concentrations.15
According to WHO, fortiﬁed cereals or vitamin–mineral
supplements can be given to infants where needed.27 The Canadian
Paediatric Society recommends that meat, meat alternatives, and
iron-fortiﬁed cereals can be considered an infant’s ﬁrst complementary foods.41 The Indian Academy of Pediatrics encourages the
use of iron-fortiﬁed foods, iodised salt, vitamin A&HIPHEN;
enriched food, etc. during complementary feeding.42
8. Conclusion
Iron plays a vital role in several physiological functions of the
human body. Iron stores at birth are sufﬁcient to meet the
nutritional needs of the newborn; however, these stores are used
up by about 6 months of age. Thereafter, complementary foods
should provide iron in sufﬁcient quantities to meet the requirements of the growing child. Home-based meals may not bridge all
the nutrient gaps, particularly those of iron, during complementary feeding in infants. Food fortiﬁcation is an assured way of
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addressing micronutrient deﬁciencies in infants and young
children. Use of iron-fortiﬁed foods along with home-based foods
may be the way forward for improving iron status in infants and
young children.
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