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Maternal and Child Nutrition 1
Maternal and child undernutrition and overweight in
low-income and middle-income countries
Robert E Black, Cesar G Victora, Susan P Walker, Zulﬁqar A Bhutta*, Parul Christian*, Mercedes de Onis*, Majid Ezzati*,
Sally Grantham-McGregor*, Joanne Katz*, Reynaldo Martorell*, Ricardo Uauy*, and the Maternal and Child Nutrition Study Group†

Maternal and child malnutrition in low-income and middle-income countries encompasses both undernutrition and
a growing problem with overweight and obesity. Low body-mass index, indicative of maternal undernutrition, has
declined somewhat in the past two decades but continues to be prevalent in Asia and Africa. Prevalence of maternal
overweight has had a steady increase since 1980 and exceeds that of underweight in all regions. Prevalence of stunting
of linear growth of children younger than 5 years has decreased during the past two decades, but is higher in south
Asia and sub-Saharan Africa than elsewhere and globally aﬀected at least 165 million children in 2011; wasting
aﬀected at least 52 million children. Deﬁciencies of vitamin A and zinc result in deaths; deﬁciencies of iodine and
iron, together with stunting, can contribute to children not reaching their developmental potential. Maternal
undernutrition contributes to fetal growth restriction, which increases the risk of neonatal deaths and, for survivors,
of stunting by 2 years of age. Suboptimum breastfeeding results in an increased risk for mortality in the ﬁrst 2 years
of life. We estimate that undernutrition in the aggregate—including fetal growth restriction, stunting, wasting, and
deﬁciencies of vitamin A and zinc along with suboptimum breastfeeding—is a cause of 3·1 million child deaths
annually or 45% of all child deaths in 2011. Maternal overweight and obesity result in increased maternal morbidity
and infant mortality. Childhood overweight is becoming an increasingly important contributor to adult obesity,
diabetes, and non-communicable diseases. The high present and future disease burden caused by malnutrition in
women of reproductive age, pregnancy, and children in the ﬁrst 2 years of life should lead to interventions focused on
these groups.

Introduction
Maternal and child malnutrition, encompassing both
undernutrition and overweight, are global problems with
important consequences for survival, incidence of acute
and chronic diseases, healthy development, and the
economic productivity of individuals and societies.
Maternal and child undernutrition, including stunting,
wasting, and deﬁciencies of essential vitamins and
minerals, was the subject of a Series1–5 in The Lancet in
2008, which quantiﬁed their prevalence, short-term and
long-term consequences, and potential for reduction
through high and equitable coverage of proven nutrition
interventions. The Series identiﬁed the need to focus on
the crucial period of pregnancy and the ﬁrst 2 years of
life—the 1000 days from conception to a child’s second
birthday during which good nutrition and healthy growth
have lasting beneﬁts throughout life. The 2008 Series also
called for greater national priority for nutrition programmes, more integration with health programmes,
enhanced intersectoral approaches, and more focus
and coordination in the global nutrition system of international agencies, donors, academia, civil society, and the
private sector. 5 years after that series, we intend not
only to reassess the problems of maternal and child
undernutrition, but also to examine the growing problems
of overweight and obesity for women and children and
their consequences in low-income and middle-income
countries (LMICs). Many of these countries are said to
suﬀer the so-called double burden of malnutrition, with

continuing stunting of growth and deﬁciencies of essential
nutrients along with obesity in national populations and
within families. We also want to assess national progress
in nutrition programmes and international actions consistent with our previous recommendations.
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Key messages
• Iron and calcium deﬁciencies contribute substantially to maternal deaths
• Maternal iron deﬁciency is associated with babies with low weight (<2500 g) at birth
• Maternal and child undernutrition, and unstimulating household environments,
contribute to deﬁcits in children’s development and health and productivity in adulthood
• Maternal overweight and obesity are associated with maternal morbidity, preterm
birth, and increased infant mortality
• Fetal growth restriction is associated with maternal short stature and underweight
and causes 12% of neonatal deaths
• Stunting prevalence is slowly decreasing globally, but aﬀected at least 165 million
children younger than 5 years in 2011; wasting aﬀected at least 52 million children
• Suboptimum breastfeeding results in more than 800 000 child deaths annually
• Undernutrition, including fetal growth restriction, suboptimum breastfeeding,
stunting, wasting, and deﬁciencies of vitamin A and zinc, cause 45% of child deaths,
resulting in 3·1 million deaths annually
• Prevalence of overweight and obesity is increasing in children younger than 5 years
globally and is an important contributor to diabetes and other chronic diseases
in adulthood
• Undernutrition during pregnancy, aﬀecting fetal growth, and the ﬁrst 2 years of life is
a major determinant of both stunting of linear growth and subsequent obesity and
non-communicable diseases in adulthood
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The present Series is guided by a framework (ﬁgure 1)
that shows the means to optimum fetal and child growth
and development, rather than the determinants of
undernutrition as shown in the conceptual model
developed by UNICEF and used in the 2008 Series.1 This
new framework shows the dietary, behavioural, and
health determinants of optimum nutrition, growth, and
development and how they are aﬀected by underlying
food security, caregiving resources, and environmental
conditions, which are in turn shaped by economic and
social conditions, national and global contexts, resources,
and governance. This Series examines how these
determinants can be changed to enhance growth and
development. These changes include nutrition-speciﬁc
interventions that address the immediate causes of
suboptimum growth and development. The framework
shows the potential eﬀects of nutrition-sensitive interventions that address the underlying determinants of
malnutrition and incorporate speciﬁc nutrition goals
and actions. It also shows the ways that an enabling
environment can be built to support interventions and
programmes to enhance growth and development and
their health consequences. In the ﬁrst paper we assess
the prevalence of nutritional conditions and their health
and development consequences. We deem a life-course
perspective to be essential to conceptualise the nutritional
eﬀects and beneﬁts of interventions. The nutritional
status of women at the time of conception and during
pregnancy is important for fetal growth and development,
and these factors, along with nutritional status in the ﬁrst
2 years of life, are important determinants of both

undernutrition in childhood and obesity and related
diseases in adulthood. Thus, we organise this paper to
consider prevalence and consequences of nutritional
conditions during the life course from adolescence to
pregnancy to childhood and discuss the implications for
adult health. In the second paper, we describe evidence
supporting nutrition-speciﬁc interventions and the health
eﬀects and costs of increasing their population coverage.
In the third paper we examine nutrition-sensitive interventions and approaches and their potential to improve
nutrition. In the fourth paper we examine the features of
an enabling environment that are needed to provide
support for nutrition programmes and how they can be
favourably changed. Finally, in a Comment6 we will
examine the desired national and global response to
address nutritional and developmental needs of women
and children in LMICs.

Prevalence and consequences of nutritional
conditions
Adolescent nutrition
Adolescent nutrition is important to the health of girls
and is relevant to maternal nutrition. There are 1·2 billion
adolescents (aged 10–19 years) in the world, 90% of whom
live in LMICs. Adolescents make up 12% of the population
in industrialised countries, compared with 19% in LMICs
(appendix p 2 shows values for ten countries studied in
depth).7 Adolescence is a period of rapid growth and
maturation from childhood to adulthood. Indeed, some
researchers have argued that adolescence is a period
with some potential for height catch-up in children with

Benefits during the life course
Morbidity and
mortality in childhood

Cognitive, motor,
socioemotional development

School performance
and learning capacity

Adult stature

Work capacity
and productivity

Obesity and NCDs

Nutrition specific
interventions
and programmes
• Adolescent health and
preconception nutrition
• Maternal dietary
supplementation
• Micronutrient
supplementation or
fortiﬁcation
• Breastfeeding and
complementary feeding
• Dietary supplementation
for children
• Dietary diversiﬁcation
• Feeding behaviours and
stimulation
• Treatment of severe acute
malnutrition
• Disease prevention and
management
• Nutrition interventions in
emergencies

Optimum fetal and child nutrition and development

Breastfeeding, nutrientrich foods, and eating
routine

Feeding and caregiving
practices, parenting,
stimulation

Low burden of
infectious diseases

Food security, including
availability, economic
access, and use of food

Feeding and caregiving
resources (maternal,
household, and
community levels)

Access to and use of
health services, a safe and
hygienic environment

Knowledge and evidence
Politics and governance
Leadership, capacity, and ﬁnancial resources
Social, economic, political, and environmental context (national and global)

Nutrition sensitive
programmes and approaches
• Agriculture and food security
• Social safety nets
• Early child development
• Maternal mental health
• Women’s empowerment
• Child protection
• Classroom education
• Water and sanitation
• Health and family planning services

Building an enabling environment
• Rigorous evaluations
• Advocacy strategies
• Horizontal and vertical coordination
• Accountability, incentives regulation,
legislation
• Leadership programmes
• Capacity investments
• Domestic resource mobilisation

Figure 1: Framework for actions to achieve optimum fetal and child nutrition and development
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stunting from early childhood.8 Adolescent fertility is
three times higher in LMICs than in high-income countries. Pregnancies in adolescents have a higher risk of
complications and mortality in mothers9 and children10
and poorer birth outcomes than pregnancies in older
women.10,11 Furthermore, pregnancy in adolescence will
slow and stunt a girl’s growth.12,13 In some countries, as
many as half of adolescents are stunted (height-for-age
Z score [HAZ] <–2), increasing the risk of poor perinatal
outcomes in their oﬀspring (appendix p 2). We used
age-speciﬁc, low body-mass index (BMI) cutoﬀs (BMI
Z score [BMIZ] <–2) from the WHO reference for
children aged 5–19 years to examine ten selected
countries; in these locations as many as 11% (India) of
adolescent girls are thin. In these countries, prevalence of
high BMI for age, deﬁned as BMIZ >2 (obesity), is as
high as 5% (Brazil; appendix p 2). Adolescents have as
high a prevalence of anaemia as women aged 20–24 years.
Africa

Prevalence (%)

50·0

Maternal nutrition
Prevalence of low BMI (<18·5 kg/m²) in adult women
has decreased in Africa and Asia since 1980, but remains
higher than 10% in these two large developing regions
(ﬁgure 2). During the same period, prevalence of
overweight (BMI ≥25 kg/m²) and obesity (BMI ≥30 kg/m²)
has been rising in all regions, together reaching more
than 70% in the Americas and the Caribbean and more
than 40% in Africa by 2008.16,17
Few studies have examined the risk of maternal
mortality in relation to maternal anthropometry with a
prospective design. In one study in Nepal18 of about
22 000 women, mid upper arm circumference during
Americas and the Caribbean

1980
1985
1990
1995

60·0

In India, for example, 55·8% of adolescents aged
15–19 years and 56·7% of women aged 20–24 years were
anaemic;14 corresponding values for Guatemala were
21·0% and 20·4 %, respectively.15

2000
2005
2008

40·0
30·0
20·0
10·0
0
Asia

Europe

Oceania

Global

60·0

Prevalence (%)

50·0
40·0
30·0
20·0
10·0
0

60·0

Prevalence (%)

50·0
40·0
30·0
20·0
10·0
0
BMI ≤18·5

BMI ≥25

BMI ≥30

BMI ≤18·5

BMI ≥25

BMI ≥30

Figure 2: Trends in thinness (BMI <18·5 kg/m²), overweight (BMI ≥25 kg/m²), and obesity (BMI ≥30 kg/m²), using population weighted average prevalences
for women aged 20–49 years UN regions and globally, 1980–2008
Error bars are 95% CIs. BMI=body-mass index.
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pregnancy was inversely associated with all-cause maternal mortality up to 42 days post-partum after adjusting
for numerous factors. An inverse association exists
between maternal height and the risk of dystocia (diﬃcult
labour), as measured by cephalopelvic disproportion or
assisted or caesarean deliveries.19–23
Figure 2 also shows trends for overweight and obesity
in women aged 20–49 years in diﬀerent UN regions.
Oceania, Europe, and the Americas had the highest
proportion of overweight and obese women; however
northern and southern Africa, and central and west Asia
also had high prevalences (appendix p 3).
Maternal obesity leads to several adverse maternal and
fetal complications during pregnancy, delivery, and
post-partum.24 Obese pregnant women (pre-pregnant
BMI ≥30 kg/m²) are four times more likely to develop
gestational diabetes mellitus and two times more likely to
develop pre-eclampsia compared with women with a
BMI 18·5–24·9 kg/m2).25–28 During labour and delivery,
maternal obesity is associated with maternal death,
haemorrhage, caesarean delivery, or infection;29–31 and a
higher risk of neonatal and infant death,32 birth trauma,
and macrosomic infants.33–37 In the post-partum period,
obese women are more likely to delay or fail to lactate and
to have more weight retention than women of normal
weight.38 Obese women with a history of gestational
diabetes have an increased risk of subsequent type
two diabetes, metabolic syndrome, and cardiovascular
disease.39 The early intrauterine environment has a role in
programming phenotype, aﬀecting health in later life.
Maternal overweight and obesity at the time of pregnancy
increases the risk for childhood obesity that continues
into adolescence and early adulthood, potentiating the
transgenerational transmission of obesity.40,41

Maternal vitamin deﬁciencies
Anaemia and iron
Anaemia (haemoglobin <110 g/L), which might be
attributable to low consumption or absorption in the diet
or to blood loss, such as from intestinal worms, is highly
prevalent during pregnancy. This Series focuses on
anaemia amenable to correction with iron supplementation.42 To establish the importance of iron deﬁciency as
a cause of maternal anaemia we used the results of trials
of iron supplementation to work out the shift in the
population haemoglobin distribution. A meta-analysis of
the eﬀects of iron supplementation trials showed that,
among pregnant women with anaemia at baseline, iron
supplementation led to a 10·2 g/L increase in haemoglobin.43 The corresponding ﬁgure for children was
8·0 g/L.44 We applied these shifts to the present distributions of haemoglobin estimated by Stevens and
colleagues42 and calculated the proportion of pregnant
women with anaemia whose blood haemoglobin would
increase to at least 110 g/L. We likewise calculated the
proportion of severe anaemia that would increase to at
least 70 g/L. These results constitute the prevalence of
iron amenable or iron deﬁciency anaemia (IDA) or severe
IDA, deﬁned as the proportion of anaemia or severe
anaemia that would be reduced if only iron was provided,
holding other determinants of anaemia unchanged. With
this approach in 2011, Africa had the highest proportion
of IDA for pregnant women followed closely by Asia
(table 1,45–47 appendix p 4). Likewise, Africa had the highest
prevalence of severe IDA, but in all regions prevalence
was less than 1%.
Our previous analyses48 showed that anaemia in pregnancy increased the risk of maternal mortality. An
updated analysis49 with ten studies (four more than the
Zinc deﬁciency47 Iron deﬁciency anaemia (haemoglobin
Iodine
<110 g/L)
deﬁciency46
(weighted
(UIC <100 μg/L) average of
country means)

Vitamin A deﬁciency45

Children <5 years

Pregnant women

Night
blindess

Serum retinol
<0·70 μmol/L

Night
blindness

Serum retinol
<0·70 μmol/L

Children <5 years

Pregnant women

Global

0·9%
(0·1–1·8)

33·3%
(29·4–37·1)

7·8%
(6·5–9·1)

15·3%
(6·0–24·6)

28·5%
(28·2–28·9)

17·3%
(15·9–18·8)

18·1%
(15·6–20·8)

19·2%
(17·1–21·5)

Africa

2·1%
(1·0–3·1)

41·6%
(34·4–44·9)

9·4%
(8·1–10·7)

14·3%
(9·7–19·0)

40·0%
(39·4–40·6)

23·9%
(21·1–26·8)

20·2%
(18·6–21·7)

20·3%
(18·3–22·4)

Americas
and the
Carribean

0·6%
(0·0–1·3)

15·6%
(6·6–24·5)

4·4%
(2·7–6·2)

2·0%
(0·4–3·6)

13·7%
(12·5–14·8)

9·6%
(6·8–12·4)

12·7%
(9·8–16·0)

15·2%
(11·7–18·6)

Asia

0·5%
(0·0–1·3)

33·5%
(30·7–36·3)

7·8%
(6·6–9·0)

18·4%
(5·4–31·4)

31·6%
(30·7–32·5)

19·4%
(16·9–22·0)

19·0%
(14·5–23·4)

19·8%
(15·8–23·5)

Europe

0·7%
(0·0–1·5)

14·9%
(0·1–29·7)

2·9%
(1·1–4·6)

2·2%
(0·0–4·3)

44·2%
(43·5–45·0)

7·6%
(6·2–9·1)

12·1%
(7·8–16·2)

16·2%
(12·6–19·7)

Oceania

0·5%
(0·1–1·0)

12·6%
(6·0–19·2)

9·2%
(0·3–18·2)

1·4%
(0·0–4·0)

17·3%
(16·6–18·1)

5·7%
(1·0–10·3)

15·4%
(7·0–25·2)

17·2%
(9·7–25·6)

Data are % (95% CI). UIC=urine iodine concentration.

Table 1: Prevalence of vitamin A deﬁciency (1995–2005), iodine deﬁciency (2013), inadequate zinc intake (2005), and iron deﬁciency anaemia (2011)
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previous analysis) showed that the odds ratio (OR) for
maternal deaths was 0·71 (95% CI 0·60–0·85) for a
10 g/L greater mean haemoglobin in late pregnancy.
Only two of the ten studies adjusted for socioeconomic
confounding variables; one showed no attenuation and
the other a 20% attenuation of the eﬀect.
There is strong biological plausibility for a causal link
between maternal IDA and adverse birth outcomes including low birthweight and increased perinatal mortality.50–52 A
meta-analysis53 that included 11 trials indentiﬁed a
signiﬁcant 20% reduction in the risk of low birthweight
associated with antenatal supplementation with iron alone
or combined with folic acid (relative risk [RR] 0·80, 95% CI
0·71–0·90). A previous Cochrane review54 had much the
same ﬁndings. Dibley and colleagues55 pooled data from
demographic and health surveys from Indonesia for 1994,
1997, 2002–03, and 2007 and showed that risk of death of
children younger than 5 years was reduced by 34% when
the mother consumed any iron-folic acid supplements
(hazard ratio [HR] 0·66; 95% CI 0·53–0·81). Dibley and
colleagues further showed that the protective eﬀect was
greatest for deaths on the ﬁrst day of life (0·40; 0·21–0·77),
but the protective eﬀect was also shown for neonatal
deaths (0·69; 95% CI 0·49–0·97) and post-neonatal deaths
(0·74; 0·56–0·99). A randomised controlled trial56 from
China showed a signiﬁcant 54% (RR 0·46, 95% CI
0·21–0·98) reduction in neonatal mortality with antenatal
iron and folic acid supplementation compared with folic
acid alone as control. In Nepal, mortality from birth to
7 years was reduced by 31% (HR 0·69, 95% CI 0·49–0·99)
in the oﬀspring of mothers who had received iron and folic
acid during pregnancy compared with controls who
received vitamin A only.57
Randomised controlled trials from high-income
countries have shown beneﬁts of iron supplementation
for improved maternal mental health and reduced
fatigue.58 Evidence from LMICs for the eﬀect of maternal IDA on mothers’ mental health and mother-child
interactions is scarce. In a small South African trial,59
iron supplementation of women with IDA from
10 weeks post-partum to 9 months led to lower maternal
depression and perceived stress at 9 months compared
with placebo. At 9 months, iron supplemented mothers
had better maternal-child interactions.60 By contrast, in
Bangladesh higher levels of maternal iron supplementation decreased the quality of maternal-child
interaction at age 3–4 months and had no eﬀect on
maternal distress (anxiety and depression).61
There is some evidence for whether maternal IDA
aﬀects child development. Infants of mothers identiﬁed
as having IDA at 6–8 weeks post-partum had lower
developmental levels at 10 weeks and 9 months compared
with infants of control mothers without IDA.60 In Nepal,
children whose mothers received iron and folate supplementation during pregnancy had better general intelligence and cognitive functioning at age 7–9 years
compared with children of mothers receiving placebo,

suggesting that beneﬁts can be detected in later childhood
when more complex tasks can be measured.62

Vitamin A
Maternal vitamin A deﬁciency can cause visual impairment and possibly other health consequences. Deﬁciency
is assessed in pregnant women as either a history of night
blindness or serum or plasma retinol concentrations of
less than 0·70 μmol/L (subclinical vitamin A deﬁciency).
WHO provides prevalence estimates for 1995–2005 from
64 countries, which we used for estimates for the UN
world regions (table 1).45 Globally, the prevalence of night
blindness in pregnant women is estimated to be 7·8%
(95% CI 7·0–8·7), aﬀecting 9·7 million women. An
estimated 15·3% (7·4–23·2) of pregnant women globally
(19·1 million women) have deﬁcient serum retinol concentrations. The degree to which night blindness and low
serum retinol overlap is not accounted for in this estimation, but night blindness is known to be associated
with a four-times higher odds of low serum retinol
(OR 4·02, 95% CI 2·2–7·4).63 Night blindness is reduced
by vitamin A supplementation in pregnancy.63,64 Maternal
night blindness has been associated with increased low
birthweight64 and infant mortality,65 yet trials of vitamin A
in pregnancy have not showed signiﬁcant eﬀects on
these outcomes.66–69

Zinc
Zinc is a key micronutrient with a ubiquitous role in
biological functions, including protein synthesis, cellular
division, and nucleic acid metabolism. Estimates revised
in 2012 suggest that 17% of the world’s population is at
risk of zinc deﬁciency, on the basis of an analysis of
national diets.47 Excess losses of zinc during diarrhoea
also contribute to zinc deﬁciency. The eﬀect of subclinical
zinc deﬁciency (deﬁned as low plasma zinc concentration
without obvious signs of zinc deﬁciency) in women of
reproductive age and during pregnancy on health and
development outcomes is poorly understood, although
zinc deﬁciency has been suggested as a risk factor with
adverse long-term eﬀects on growth, immunity, and
metabolic status of surviving oﬀspring.70 Zinc deﬁciency
due to a rare genetic abnormality—acrodermatitis enteropathica—in pregnancy results in a high risk of preterm
and prolonged labour, post-partum haemorrhage, and
fetal growth restriction.70,71 A review of supplementation
trials with zinc in pregnancy showed a signiﬁcant 14%
reduction in preterm births in women in low-income
settings, but no signiﬁcant eﬀect on low birthweight.72

Iodine
Maternal iodine deﬁciency is of concern in regard to
adverse eﬀects on fetal development, yet few countries
have nationally representative data from large-scale
surveys of urinary iodine concentration in pregnant
women. Because of the correlation between urinary
iodine concentration in pregnant women and children
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aged 6–12 years (r² 0·69),73 status assessment in schoolage children is used to estimate country, regional, and
global prevalence of iodine deﬁciency. Global estimates
of iodine deﬁciency suggest that 28·5% of the world’s
population or 1·9 billion individuals are iodinedeﬁcient (table 1).46,74 This ﬁgure represents largely mild
deﬁciency (deﬁned as urinary iodine concentration of
50–99 ug/L).
Severe iodine deﬁciency in pregnancy causes cretinism, which can be eliminated with iodine supplementation before conception or in the ﬁrst trimester of
pregnancy.75 Furthermore, two meta-analyses showed
average deﬁcits of 12·5–13·5 intelligence quotient (IQ)
points in children associated with iodine deﬁciency of
their mothers in pregnancy; however, they controlled
for only a limited number of socioeconomic confounders.76,77 A review of the eﬀects of iodine supplementation in deﬁcient populations showed a small
increase in birthweight.78 Eﬀects of mild or moderate
iodine deﬁciency on brain development are not well
established.78,79 The index of iodine deﬁciency (urinary
iodine concentration) is a population measure and not
an individual one,80 therefore some individuals in
regions of mild to moderate deﬁciency might have more
severe deﬁciency.

Folate
The global prevalence of folate deﬁciency has not been
estimated because of the scarcity of suitable populationbased data.81 A substantial proportion of neural tube
defects (congenital malformations of the spinal cord and
brain) are related to inadequate consumption of folic
acid around the time of conception, in some populations
associated with genetic factors that increase the need for
dietary folic acid. A Cochrane review82 in 2010 included
ﬁve trials of folic acid (a synthetic form of folate)
supplementation and identiﬁed a 72% (RR 0·28; 95% CI
0·15–0·52) reduction in the risk of neural tube defects.
A more recent systematic review had much the same
ﬁndings and estimated that in 2005 56 000 deaths were
attributable to insuﬃcient dietary folic acid.83 These
deaths were not added to the total deaths associated with
undernutrition in the present analysis, because of the
uncertainty about this estimate.

Calcium and vitamin D
Calcium is an essential nutrient for several body functions, including enzymatic and hormonal homoeostasis.
Evidence for the association between maternal dietary
calcium intake and maternal bone density and fetal
mineralisation is inconsistent.84 Epidemiological evidence does show an inverse association between calcium
intake and development of hypertension in pregnancy.85,86
Gestational hypertensive disorders are the second
leading cause of maternal morbidity and mortality and
are associated with increased risk of preterm birth and
fetal growth restriction.87,88
6

Substantial evidence suggests that calcium supplementation in pregnancy is associated with a reduction
in gestational hypertensive disorders and preterm
birth.89,90 However, the eﬀect varies according to the
baseline calcium intake of the population and preexisting risk factors. A review of 1591 randomised controlled trials suggested that calcium supplementation
during pregnancy was associated with a reduction in the
risk of gestational hypertension and a 52% reduction
in the incidence of pre-eclampsia, along with a
24% reduction in preterm birth and an increase in birthweight of 85 g. There was no eﬀect on low birthweight
or perinatal or neonatal mortality. The eﬀect was mainly
noted in populations with low calcium intake.92 The
eﬀects of calcium supplementation interventions are
described in the accompanying report by Zulﬁqar A
Bhutta and colleagues.93
The US Institute of Medicine has deﬁned adequate
vitamin D status as having serum 25-hydroxyvitamin D
([OH]D) concentrations greater than 50 nmol/L in both
the general population and pregnant women;94 serum
concentrations of less than 25 nmol/L denote vitamin D deﬁciency whereas concentrations of less than
50 nmol/L denote vitamin D insuﬃciency.95 Although
few nationally representative surveys exist for vitamin D
status, an estimated 1 billion people globally residing in
diverse geographies, many in LMICs, might be vitamin D
insuﬃcient or deﬁcient.96–103
Vitamin D has an essential role in fetal development,
ensuring fetal supply of calcium for bone development,
enabling immunological adaptation required to maintain normal pregnancy, preventing miscarriage, and
promoting normal brain development.99,104–108 Poor
maternal vitamin D status has been associated with
severe pre-eclampsia (new-onset gestational hypertension and proteinuria after 20 weeks of gestation) in
turn leading to an increased risk of perinatal morbidity
and mortality.99,109,110 Maternal vitamin D deﬁciency,
especially in early pregnancy, has been associated
with risk of pre-eclampsia (OR 2·09, 95% CI
1·50–2·90), preterm birth (1·58, 1·08–2·31), and smallfor-gestational age (SGA; 1·52, 1·08–2·25).109,111 A
systematic review of three trials of vitamin D in
pregnancy showed an overall reduction of low
birthweight of borderline signiﬁcance (relative risk
[RR] 0·48; 95% CI 0·23–1·01).111 These associations
need to be better quantiﬁed before they can be included
in the global disease burden related to undernutrition.

Eﬀect of maternal stature or BMI on fetal
growth restriction or postnatal growth
Maternal characteristics
The 2008 Maternal and Child Undernutrition Series
examined the association of maternal nutritional status
(BMI and short stature) and fetal growth restriction,
deﬁned as low birthweight at term. Here, we use data
from nine (height) and seven (BMI) population-based
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Fetal growth restriction
Previous global and regional estimates of fetal growth
restriction used the term low birthweight as a proxy for
being SGA in the absence of population-based birthweight
and gestational age data at that time.1 Through recent
analyses, we now have estimates of SGA prevalence from
22 population-based cohort studies and 23 countries with
facility-based data,114 which were used to model SGA as a
function of low birthweight and other covariates (neonatal
mortality rate, representativeness of facility delivery) to
obtain country-speciﬁc SGA prevalence for 2010.123 The
numbers on which the model is based include all livebirths,
but exclude babies who died so soon after birth that they
were not weighed. Imputing birthweight for these infants
did not change the estimation of SGA prevalence, although
it did increase the mortality risk associated with being
born SGA. Figure 3 shows prevalence of SGA separated
into term and preterm SGA. By our estimate, in 2010
32·4 million babies were born SGA, 27% of all births in
LMICs regions. When comparing the estimated numbers
of children with SGA with those aﬀected by stunting or
wasting, it is important to note that the cutoﬀ for SGA is
the 10th centile of a reference population, whereas the
cutoﬀs for wasting or stunting are two Z scores below the
median, or the 2·3rd centile. Appendix p 8 shows prevalence
with 95% CIs of term and preterm SGA by UN subregions.
Notably, only 20% of preterm births in LMICs were also
SGA. Appendix p 8 show the ten countries with the highest
number of SGA births in 2010.
Associations between fetal growth restriction and
infant survival have been previously reported,124–129
although it is diﬃcult to compare associations across

studies that use diﬀerent reference populations for SGA.
Previous studies have also not separated SGA into term
and preterm. In a pooled-analysis130 of 22 populationbased cohort studies in LMICs in Asia, sub-Saharan
Africa, and Latin America, the RR for neonatal (1–28 day)
mortality associated with SGA (<10th centile)
was 1·83 (95% CI 1·34–2·50) and for post-neonatal
(29–365 day) mortality was 1·90 (1·32–2·73), compared
with appropriate-for-gestational-age (AGA) infants. The
RR for term SGA was 3·06 (95% CI 2·21–4·23) for
neonatal mortality and 1·98 (1·39–2·81) for post-neonatal
Prevalence preterm SGA
Prevalence term SGA

35·0
30·0
25·0
Proportion (%)

cohort studies and WHO perinatal facility-based data for
24 countries to examine associations separately for term
and preterm SGA in LMICs.112–121 Maternal stunting
(height <145 cm) put infants at risk of term and preterm
SGA (appendix p 5). Low maternal BMI in early pregnancy
also put infants at higher risk of SGA (appendix p 5). BMI
of 25 or greater was somewhat protective against term and
preterm SGA (appendix p 5). Notably, most women in the
BMI category of greater than 25 kg/m² were very mildly
overweight with very few obese women, which might
explain the protective eﬀect.
Maternal stature is a composite indicator representing
genetic and environmental eﬀects on the growing period
of childhood. In a study122 involving 109 Demographic
Health Surveys, analyses adjusted for wealth, education,
and urban or rural residence showed that the absolute
risk of dying among children younger than 5 years born
to the tallest mothers (≥160 cm) was 0·073 (95% CI
0·072–0·074) and to those born to the shortest mothers
(<145 cm) was 0·128 (0·126–0·130). The corresponding absolute risk for a child being stunted was
0·194 (0·192–0·196) for the tallest mothers and
0·682 (0·673–0·690) for the shortest. The association
with wasting was signiﬁcant but much weaker.122

20·0
15·0
10·0
5·0
0
Africa

Asia

Latin America
and the Caribbean

Oceania

Figure 3: Prevalence of small-for-gestational-age births, by UN regions
Attributable
deaths with UN
prevalences*

Proportion of
total deaths
of children
younger than
5 years

Fetal growth restriction
(<1 month)

817 000

11·8%

Stunting (1–59 months)

Attributable
deaths with NIMS
prevalences†

Proportion of
total deaths
of children
younger than
5 years

817 000

11·8%

1 017 000*

14·7%

1 179 000†

17·0%

Underweight (1–59 months)

999 000*

14·4%

1 180 000†

17·0%

Wasting (1–59 months)

875 000*

12·6%

800 000†

11·5%

516 000*

7·4%

540 000†

7·8%

Zinc deﬁciency
(12–59 months)

116 000

1·7%

116 000

1·7%

Vitamin A deﬁciency
(6–59 months)

157 000

2·3%

157 000

2·3%

Suboptimum breastfeeding
(0–23 months)

804 000

11·6%

804 000

11·6%

Joint eﬀects of fetal growth
restriction and suboptimum
breastfeeding in neonates

1 348 000

19·4%

1 348 000

19·4%

Joint eﬀects of fetal growth
restriction, suboptimum
breastfeeding, stunting,
wasting, and vitamin A and
zinc deﬁciencies (<5 years)

3 097 000

44·7%

3 149 000

45·4%

Severe wasting
(1–59 months)

Data are to the nearest thousand. *Prevalence estimates from the UN. †Prevalence estimates from Nutrition Impact
Model Study (NIMS).

Table 2: Global deaths in children younger than 5 years attributed to nutritional disorders
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mortality, relative to term AGA infants. Infants born
preterm and SGA were at highest risk with RR of 15·42
(9·11–26·12) for neonatal mortality and 5·22 (2·83–9·64)
for post-neonatal mortality, relative to term AGA.
By applying the attributable fractions of deaths to the
total neonatal and post-neonatal deaths for 2011 obtained
from the UN Interagency Group on Mortality Estimation,131 we estimated that the number of deaths
attributed to SGA in 2011 was 817 000 in neonates and
418 000 in infants aged 1–11 months using standard
methods.1 The largest number of attributed deaths were
in Asia (appendix p 22). For the calculation in the group
who were both SGA and preterm, the counterfactual was
AGA and preterm so that the SGA eﬀect was separated
from that of being preterm. In the estimation of the
deaths attributed to several nutritional conditions, we
attributed only the neonatal deaths to SGA; for children
aged 1–59 months, we attributed deaths to wasting and
stunting, to which SGA contributed (table 2).

Causes of childhood growth faltering are multifactorial,
but fetal growth restriction might be an important
contributor to stunting and wasting in children. To
quantify the association between fetal growth restriction
and child undernutrition, we did a systematic scientiﬁc
literature search to identify longitudinal studies that had
taken measurements of birthweight, gestational age, and
child anthropometry. Data could be obtained from 19 birth
cohort studies which were submitted to a meta-analysis to
examine the odds of stunting, wasting, and underweight
in children 12–60 months of age associated with SGA and
preterm birth.132 Four mutually exclusive exposure categories were created: AGA and preterm; SGA and term;
SGA and preterm; and term AGA (as the reference group).
The meta-analysis showed that SGA alone and preterm
alone were associated with increased overall ORs of 2·43
(95% CI 2·22–2·66) and 1·93 (1·71–2·18), respectively,
whereas both SGA and preterm increased the OR to 4·51
(3·42–5·93) for stunting (appendix p 23). These raised

Panel 1: Determinants of childhood stunting and overweight
The determinants of optimum growth and development
(ﬁgure 1) consist of factors operating at diﬀerent levels of
causation, ranging from the most distal socioeconomic and
political determinants to the proximate level where food,
disease, and care have a crucial role. A mirror image of ﬁgure 1
would show the determinants of linear growth failure—the
process leading to child stunting—and overweight. The large
socioeconomic inequalities in stunting prevalence in almost all
low-income and middle-income countries (LMICs) show the
great importance of distal determinants. In particular, maternal
education is associated with improved child-care practices
related to health and nutrition and reduced odds of stunting,
and better ability to access and beneﬁt from interventions.
Almost all stunting takes place in the ﬁrst 1000 days after
conception. The few randomised controlled trials of
breastfeeding promotion145 that included nutritional status
outcomes did not show any eﬀects on the weight or length of
infants. By contrast, there is strong evidence that the
promotion of appropriate complementary feeding practices
reduces the incidence of stunting.93 A meta-analysis of zinc
supplementation trials146 has shown a signiﬁcant protective
eﬀect against stunting.
Severe infectious diseases in early childhood—such as
measles, diarrhoea, pneumonia, meningitis, and malaria—
can cause acute wasting and have long-term eﬀects on linear
growth. However, studies have consistently shown that
diarrhoea is the most important infectious disease
determinant of stunting of linear growth. In a pooled
analysis147 of nine community-based studies in low-income
countries with daily diarrhoea household morbidity and
longitudinal anthropometry, the odds of stunting at
24 months of age increased multiplicatively with each
diarrhoea episode or day of diarrhoea before that age. The

8

proportion of stunting attributed to ﬁve previous episodes of
diarrhoea was 25% (95% CI 8–38).
Environmental (or tropical) enteropathy is an acquired
disorder, characterised by reduced intestinal absorptive
capacity, altered barrier integrity, and mucosal inﬂammation,
occurring in young children living in unsanitary settings.148
These children also have high rates of symptomatic and
asymptomatic infections with enteric pathogens, but the exact
association of these infections or of other possible toxic enteric
exposures with enteropathy is unclear. Some researchers have
suggested that these functional changes and the associated
inﬂammation have signiﬁcant adverse eﬀects on the growth of
children. Alternatively, these changes might be a consequence
of nutritional deﬁcits very early in life, including in utero, that
lead to intestinal microbial colonisation.
Optimum growth in the ﬁrst 1000 days of life is also essential for
prevention of overweight. Whereas attained weight at any age in
early life is positively associated with adult body-mass index in
LMIC cohorts,2,149,150 rapid weight gains in the ﬁrst 1000 days are
strongly associated with adult lean mass, whereas weight gains
later in childhood lead mainly to adult fat mass. In particular,
evidence suggests that infants whose growth faltered in early life,
and who gained weight rapidly later in childhood, might be at
particular risk of adult obesity and non-communicable diseases.2
Child overweight is also related to growing up in an obesogenic
environment, in which population changes in physical activity
and diet are the main drivers. Modiﬁable risk factors for
childhood obesity are maternal gestational diabetes; high levels
of television viewing; low levels of physical activity; parents’
inactivity; and high consumption of dietary fat, carbohydrate,
and sweetened drinks, yet few interventions have been
rigorously tested.151–153
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ORs were also noted in the Asian, African, and Latin
American UN regions (data not shown).
We estimated population attributable risk for childhood
stunting for the risk categories of SGA and preterm
birth. Because risk estimates were derived as ORs using
logistic regression analysis, we used a method to
approximate the risk ratio proposed by Zhang and Yu133
for estimation of the population attributable risk. Using
the approximated RR estimates across all 19 cohorts,
population attributable risk for SGA-term for stunting
was 0·16 (0·12–0·19), that for SGA-preterm was 0·04
(0·02–0·05), and that for AGA-preterm was 0·04
(0·02–0·06). The combined population attributable risk
related to SGA for stunting was 0·20 and that for preterm
birth was 0·08. Thus, overall we estimate that about a
ﬁfth of childhood stunting could have its origins in the
fetal period, as shown by being born SGA.
Most studies of fetal growth restriction and childhood
cognitive and motor development in LMICs involve term
infants of low birthweight or examine birthweight
adjusted for gestational age. Consistent evidence exists
for associations of fetal growth restriction with lower
psychomotor development levels in early childhood (up
to age 36 months) with small to moderate eﬀect sizes
compared with infants of normal birthweight.134,135 A
study136 from Bangladesh showed much the same
associations for both mental and motor development.
Evidence suggests that there is an eﬀect on development
Stunting (HAZ <–2)

that is attributable to birth size, independent of that
attributable to poor postnatal growth.137
Evidence for eﬀects of fetal growth restriction on
cognition and behaviour after early childhood is less
consistent. Birthweight was associated with attained
schooling in the COHORTS analyses;138 however, this
was unadjusted for gestational age. Size at birth was
not related to women’s educational achievement in
Guatemala139 and term low birthweight was not associated
with IQ and behaviour in school-aged children in Brazil140
and Jamaica,141 or behaviour in South Africa.142 In Taiwan,
term infants of low birthweight had lower academic
achievement at age 15 years than did infants of normal
birthweight,143 and in Thailand birthlength was associated
with IQ at age 9 years independent of postnatal growth to
age 1 year;144 however, in both cases eﬀect sizes were small.

Childhood nutrition
Stunting, underweight, and wasting
Panel 12,145–153 describes the determinants of stunting and
overweight in children. Estimates of the prevalence of
stunting, underweight, and wasting worldwide and for
UN subregions are based on analyses jointly done by
UNICEF, WHO, and the World Bank154 of 639 national
surveys from 142 countries in the WHO database, using
standard methods.1,155,156 In 2011, globally, 165 million
children younger than 5 years had a height-for-age
Z score (HAZ) of –2 or lower (stunted) on the basis of

Wasting (WHZ <–2)

Severe wasting (WHZ <–3)

Underweight (WAZ <–2)

UN

NIMS

UN

NIMS

UN

NIMS

UN

ProNumber
portion (millions)

ProNumber
portion (millions)

ProNumber
portion (millions)

ProNumber
portion (millions)

ProNumber
portion (millions)

ProNumber
portion (millions)

Proportion

Number
(millions)

ProNumber
portion (millions)

155

158

NIMS

Africa

35·6%
(33·3–
38·0)

56·3
(52·5–
60·0)

35·5%
(34·4–
36·6)

56·6
(54·3–
57·8)

8·5%
(7·4–
9·6)

13·4
(11·6–
15·2)

7·9%
(7·3–
8·6)

12·5
(11·5–
13·6)

3·5%
(2·9–
4·1)

5·5
(4·5–6·4)

2·8%
(2·5–
3·3)

4·4
(4·0–5·2)

17·7%
(15·7–
19·7)

27·9
(24·7–
31·1)

18·4%
(17·4–
19·1)

29·0
(27·5–
30·1)

Asia

26·8%
(23·2–
30·5)

95·8
(82·8–
108·8)

29·5%
(26·4–
31·3)

103·5
(92·5–
109·8)

10·1%
(7·9–
12·3)

36·1
(28·2–
44·0)

10·0%
(8·2–
11·4)

5·2
(4·3–5·9)

3·6%
(2·4–
4·8)

12·9
(8·4–
17·3)

3·6%
(2·7–
4·7)

12·7
(9·4–
16·4)

19·3%
(14·6–
24·1)

69·1
(52·1–
86·1)

21·9%
(18·8–
24·0)

76·6
(65·9–
84·1)

Latin
America
and the
Caribbean

13·4%
(9·4–
17·7)

7·1
(4·8–9·4)

14·6%
(13·6–
15·5)

7·8
(7·3–8·2)

1·4%
(0·9–
1·9)

0·7
(0·5–1·0)

1·5%
(1·3–
1·8)

0·8
(0·7–1·0)

0·3%
(0·2–
0·4)

0·2
(0·1–0·2)

0·4%
(0·4–
0·6)

0·2
(0·2–0·3)

3·4%
(2·3–4·5)

1·8
(1·2–2·4)

3·7%
(3·5–
4·1)

2·0
(1·8–2·2)

Oceania

35·5%
(16·0–
61·4)

0·5
(0·2–0·8)

34·7%
(27·8–
39·5)

0·4
(0·3–0·5)

4·3%
(3·0–
6·2)

0·1
(0·0–0·1)

5·1%
(3·3–
6·8)

0·1
(0·0–0·1)

0·7%
(0·5–
1·1)

0·0
(0·0–0·0)

1·5%
(0·9–
2·4)

0·0
(0·0–0·0)

14·0%
(8·0–
23·2)

0·2
(0·1–0·3)

13·9%
(10·7–
16·8)

0·2
(0·1–0·2)

LMICs

28%
(25·6–
30·4)

159·7
(145·9–
173·4)

29·9%
(27·9–
31·0)

168·3
(157·3–
174·6)

8·8%
(7·4–
10·3)

50·3
(42·1–
58·4)

9·3%
(8·4–
10·4)

52·6
(47·4–
58·5)

3·3%
(2·5–
4·0)

18·5
(14·0–
23·1)

3·1%
(2·6–
3·8)

17·3
(14·4–
21·5)

17·4%
(14·3–
20·4)

99·0
(81·7–
116·3)

19·4%
(17·3–
20·5)

109·1
(97·2–
115·4)

Highincome
countries

7·2%
(4·1–
12·6)

5·1
(2·9–8·9)

··

··

1·7%
(0·8–
3·5)

1·2
(0·6–2·5)

··

··

0·3%
(0·0–
1·3)

0·2
(0·0–0·9)

··

··

2·4%
(1·7–3·4)

1·7
(1·2–2·4)

··

··

Global

25·7%
(23·5–
27·9)

164·8
(150·8–
178·8)

··

··

8·0%
(6·8–
9·3)

51·5
(43·3–
59·6)

··

··

2·9%
(2·2–
3·6)

18·7
(14·2–
23·2)

··

··

15·7%
(13·0–
18·4)

100·7
(83·3–
118·0)

··

··

Data are % (95% CI). HAZ=height-for-age Z score. WHZ=weight-for-height Z score. WAZ=weight-for-age Z score. LMICs=low-income and middle-income countries.

Table 3: Prevalence and numbers of children younger than 5 years with stunting, wasting, severe wasting, and underweight using estimates from UN and NIMS, by UN regions for 2011
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the WHO Child Growth Standards (table 3)—a
35% decline from an estimated 253 million in 1990. The
prevalence decreased from an estimated 40% in 1990, to
an estimated 26% in 2011—an average annual rate of
reduction of 2·1% per year (ﬁgure 4154). East and west
Africa, and south-central Asia have the highest prevalence estimates in UN subregions with 42% (east
Africa) and 36% (west Africa and south-central Asia);
the largest number of children aﬀected by stunting,
69 million, live in south-central Asia (appendix p 9).
The surveys in the WHO database and other populationrepresentative data were also analysed with a Bayesian
hierarchical mixture model to estimate Z-score distributions of anthropometric indices by the Nutrition
Impact Model Study (NIMS).157 These distributions were
used to assess trends in stunting and underweight in
children, the present prevalence of these measures, and
the present prevalence of wasting. These methods have
the advantage of estimating the full distribution of
anthropometric variables and therefore measure the full
extent of mild-to-severe undernutrition without restrictive
assumptions. They also allow for non-linear time trends.
NIMS analyses resulted in much the same estimates of
the prevalence of stunting, underweight, and wasting
as those of the UN in 2011 (table 3, appendix p 10).
The complete trend analysis showed that the largest
reductions in stunting since 1985 have been in Asia,
whereas Africa had an increase until the mid-1990s and
subsequently a modest reduction in the prevalence.157

However, with the increase in population in Africa, this is
the only major world region with an increase in the
number of stunted children in the past decade.
The complex interplay of social, economic, and
political determinants of undernutrition (ﬁgure 1)
results in substantial inequalities between population
subgroups. In our analysis, using previously described
methods,158 of 79 countries with population-based
surveys since the year 2000 (ﬁgure 5), stunting
prevalence among children younger than 5 years was
2·47 times (range 1·00–7·64) higher in the poorest
quintile of households than in the richest quintile. Sex
inequalities in child nutrition tend to be substantially
smaller than economic inequalities (appendix p 24). In
81 countries with data, stunting prevalence is slightly
higher (1·14 times, range 0·83–1·53) in boys than in
girls. This ﬁnding is consistent with the higher
mortality in children younger than 5 years in boys than
in girls in most countries in the world. Place of
residence is also an important correlate of the risk of
stunting (appendix p 24). In 81 countries with data,
stunting was 1·45 times higher (range 0·94 to 2·94) in
rural than in urban areas.
According to UN estimates, globally in 2011, more than
100 million children younger than 5 years, or 16%, were
underweight (weight-for-age Z score [WAZ] <–2 on the
basis of the WHO Child Growth Standards), a 36%
decrease from an estimated 159 million in 1990.154
Estimated prevalences in NIMS were slightly higher at
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Figure 4: Trends in prevalence and numbers of children with stunted growth (HAZ <–2), by selected UN regions and globally, 1990–2010, and projected to
2025 on the basis of UN prevalence estimates
HAZ=height-for-age Z score. Data from UNICEF, WHO, World Bank.154
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110 million (19·4%).155 Prevalences were highest in southcentral Asia and western Africa where 30% and 22%,
respectively, were underweight (appendix p 9).
The UN estimate for wasting (weight-for-height Z
score [WHZ] <–2 on the basis of WHO Child Growth

Standards) was 8% (52 million) globally in 2011, an 11%
decrease from an estimated 58 million in 1990.154 70% of
the world’s children with wasting live in Asia, most in
south-central Asia, where an estimated 15% (28 million)
are aﬀected. Much the same regional pattern occurs for

Stunting (HAZ <–2)

Overweight (BAZ >2)

Guatemala (DHS 1998)
Timor-Leste (DHS 2009)
India (DHS 2005)
Madagascar (DHS 2005)
Laos (MICS 2006)
Niger (DHS 2006)
Nepal (DHS 2011)
Malawi (DHS 2010)
Peru (DHS 2004)
Bangladesh (DHS 2007)
Rwanda (DHS 2010)
Chad (DHS 2004)
Nigeria (DHS 2008)
Somalia (MICS 2006)
Cameroon (MICS 2006)
Mozambique (MICS 2006)
Honduras (DHS 2005)
Benin (DHS 2006)
Cambodia (DHS 2010)
Central African Republic (MICS 2006)
Ethiopia (DHS 2011)
Guinea Bissau (MICS 2006)
Tanzania (DHS 2010)
Zambia (DHS 2007)
Burkina Faso (MICS 2006)
Côte d’Ivoire (MICS 2006)
Democratic Republic of the Congo (DHS 2007)
Bolivia (DHS 2008)
Lesotho (DHS 2009)
Guinea (DHS 2005)
Mali (DHS 2006)
Kenya (DHS 2008)
Liberia (DHS 2007)
Uganda (DHS 2006)
Nicaragua (DHS 2001)
Gabon (DHS 2000)
Haiti (DHS 2005)
Tajikistan (MICS 2005)
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Figure 5: Prevalence of
stunting (HAZ <–2 Z scores
below median) and
overweight (BAZ >2 Z scores
above median) for highest
and lowest wealth quintiles
in selected countries
Blue circles are lowest wealth
quintiles, red circles are
highest wealth quintiles.
HAZ=height-for-age Z score.
DHS=Demographic and Health
Survey. MICS=Multiple
Indicator Cluster Survey.
BAZ=body-mass index for
age Z score.
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severe wasting (WHZ <–3), with a global prevalence in
2011 of 3% or 19 million children. The highest percentages of children with severe wasting are in south-central
Asia (5·1%) and central Africa (5·6%).
Suboptimum growth, according to anthropometric
measures indicative of stunting, wasting, and underweight, has been shown to increase the risk of death from
infectious diseases in childhood.159,160 This association
has been recently re-examined with the pooled analysis
of individual-level data from ten longitudinal studies
involving more than 55 000 child-years of follow-up and
1315 deaths in children younger than 5 years.161 As with
previous analyses, all degrees of stunting, wasting, and
underweight had higher mortality and the risk increased
as Z scores decreased (appendix p 11). Undernutrition
can be deemed the cause of death in a synergistic
association with infectious diseases; if the undernutrition
did not exist, the deaths would not have occurred.1 All
anthropometric measures of undernutrition were associated with increased hazards of death from diarrhoea,
pneumonia, and measles; the association was also noted
for other infectious diseases, but not malaria. We
calculated the population attributable fractions for stunting, underweight, wasting, and its subset of severe
wasting using the UN and NIMS prevalence data with
standard methods.1 These fractions were multiplied by
the corresponding age-speciﬁc and cause-speciﬁc deaths162
to estimate the number of deaths attributable to each
anthropometric measure (table 2).162 For the percentage of
total deaths the denominator was 6·934 million.131 Details
of these estimates for UN subregions and causes of death
are in appendix pp 12–13. Stunting and underweight have
the highest proportions of attributed child deaths, about
14% for both; wasting accounts for 12·6% (severe wasting
7·4%) of child deaths. Table 2 and appendix pp 14–15
show estimations using the NIMS prevalence data. In
these estimates stunting and underweight each account
for 17% of child deaths and wasting for 11·5% (severe
wasting 7·8%).
Stunting is a well established risk factor for poor child
development with numerous cross-sectional studies
showing associations between stunting and motor and
cognitive development. Several longitudinal studies
show stunting before age 2–3 years predicts poorer cognitive and educational outcomes in later childhood and
adolescence.135,163 Eﬀect sizes for the longitudinal studies
comparing children with HAZ of –2 or lower with nonstunted children (HAZ ≥1) are moderate to large.163
Length-for-age Z score (LAZ) at age 2 years was consistently associated with higher cognitive Z scores in
children aged 4–9 years (0·17–0·19 per unit change LAZ)
across four cohorts with moderate (24–32%) or high
(67–86%) stunting prevalence.164 Associations with
underweight have also been reported.163
Stunted children show behavioural diﬀerences in
early childhood including apathy, more negative aﬀect,
and reduced activity, play, and exploration.165,166 The ﬁrst
12

2 years of life are a crucial period linking growth and
development; growth from birth to 24 months but not
from 24 to 36 months was associated with child development in Guatemala,167 and weight gain in the ﬁrst
2 years predicted school outcomes in ﬁve cohorts.138
Analyses from the COHORTS group that are presented
here suggest that growth in the ﬁrst 2 years of life, but
not at later ages, is associated with achieved school
grades in adults.168 However, some evidence suggests
that growth after 24 months of age might also be
associated with lower cognitive ability, but with a
smaller eﬀect size than for early growth.169 In a Malawi
cohort, height gain from 18 to 60 months predicted
mathematics ability at 12 years. Height gain at 1 month
and change from 1 to 6 months and 6 to 18 months
were not signiﬁcant predictors.170
We analysed changes in stunting prevalence between
1996 and 2008 in Bangladesh, Brazil, and Nigeria,
according to wealth and urban or rural status (panel 2,
ﬁgure 6).

Overweight and obesity
The prevalence of overweight worldwide and for UN
regions is based on the joint analyses done by UNICEF,
WHO, and the World Bank.154 In 2011, globally, an
estimated 43 million children younger than 5 years, or
7%, were overweight (ie, WHZ greater than two Z scores
above the median WHO standard), on the basis of the
WHO Child Growth Standards (appendix p 9)—a 54%
increase from an estimated 28 million in 1990. This
trend is expected to continue and reach a prevalence of
9·9% in 2025 or 64 million children (ﬁgure 7). Increasing
trends in child overweight are taking place in most world
regions, not only in high-income countries, where prevalence is the highest (15% in 2011). However, most
overweight children younger than 5 years (32 million in
2011) live in LMICs. In Africa, the estimated prevalence
increased from 4% in 1990 to 7% in 2011, and is expected
to reach 11% in 2025 (ﬁgure 7). Prevalence of overweight is lower in Asia (5% in 2011), but the number of
aﬀected children is higher compared with Africa (17 and
12 million, respectively).
Diﬀerences in childhood overweight prevalence
between the richest and poorest quintiles are small in
most countries (ﬁgure 5), and in general prevalence
tends to be higher in the richest quintile than in the
poorest. In 78 countries with data, prevalence in the
richest quintile was on average 1·31 (range 0·55–3·60)
times higher than in the poorest quintile. Overweight is
much the same between the sexes (appendix p 24) and
slightly more prevalent in urban than in rural areas
(appendix p 25). In 81 countries with data, urban prevalence was 1·08 times higher on average (range 0·44–1·46)
than rural prevalence.
Childhood overweight results in both immediate and
longer-term risks to health. Among the immediate risks
are metabolic abnormalities including raised cholesterol,

www.thelancet.com Published online June 6, 2013 http://dx.doi.org/10.1016/S0140-6736(13)60937-X

Series

Figure 6B shows the corresponding results for urban and rural diﬀerences over time. In
Nigeria, rural prevalence was higher than urban prevalence in 2003, and both remained at
similar levels by 2008. In Bangladesh, both urban and rural rates decreased, but the gap
was reduced over time. In Brazil, where there was a two-times rural-urban gap in 1996,
full equality had been reached by 2006.
Increased data availability has led to the ability to study trends over time for subnational
groups. Such data should be used for advocacy purposes, showing which population
groups require closer attention, and also as a means to assess the eﬀect of
nutrition-speciﬁc and nutrition-sensitive interventions, as well as of broader
developmental programmes and initiatives.
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The percentages of children with anaemia (haemoglobin
<110 g/L) and severe anaemia (haemoglobin <70 g/L) due
to inadequate iron, (ie, anaemia that is correctable by oral
iron supplements, calculated as described earlier) are
18·1% and 1·5%, respectively. The prevalence is highest
in Africa and Asia for all IDA and in Africa for severe
IDA (table 1). However, the proportion of all childhood
anaemia corrected by iron supplementation ranges from
63% in Europe to 34% in Africa where there are other
major causes of anaemia; the proportion of severe
anaemia corrected by iron supplementation in Africa is
57% (appendix p 4).
Iron supplementation in children aged 5 years and
older with IDA generally beneﬁts their cognition, but
studies of children younger than 3 years have had
mostly negative ﬁndings.135,173–175 Most cohort and crosssectional studies of children younger than 3 years with
IDA ﬁnd developmental deﬁcits and studies from the
past 15 years provide evidence of neurophysiological
changes suggestive of delayed brain maturation.135
However, IDA is associated with many social disadvantages that also aﬀect child development and, thus,
randomised controlled trials are necessary to establish
a causal association. A previous systematic review
showed that iron supplementation resulted in a small
improvement in mental development scores in children
with IDA aged older than 7 years, but had no eﬀect in
children younger than 27 months.173 To further assess
this scientiﬁc literature, we identiﬁed seven doubleblind randomised controlled trials176–182 of iron lasting at
least 8 weeks in children younger than 4 years. Five
trials177–180,181,182 showed beneﬁts in motor development
and two did not.176,180 Only one showed beneﬁts in
language,178 and a small study showed beneﬁts in
mental development.177 In an eighth randomised
controlled trial,183 children given iron in infancy showed
no cognitive beneﬁt when followed up at age 9 years.
Four additional randomised controlled trials184–187
examined the combined eﬀects of iron and folate
supplementation in children younger than 36 months
of age. One showed beneﬁts to motor milestones,184
others showed no beneﬁts to motor185,186 or language186
milestones, and one showed no beneﬁt to cognitive
function.187 Thus, there is some evidence that iron
deﬁciency aﬀects motor development in children
younger than 4 years, but no consistent evidence for an
eﬀect on mental development. However, many of the
supplementation trials produced only small diﬀerences
in iron status between the treated and control groups,
possibly limiting their ability to aﬀect development. It
is also possible that mental development takes longer to
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Anaemia and iron

Increased availability of survey data, including several surveys from diﬀerent years, allowed
the analyses of time trends in nutritional indicators according to population subgroups.
Figure 6A compares trends in stunting by wealth quintile in three countries. In Nigeria,
there was almost no change in stunting prevalence from 2003 to 2008, and the degree of
inequality remained almost unchanged. In Bangladesh, stunting prevalence decreased in all
subgroups, but inequality also remained at the same magnitude. In Brazil, where prevalence
of stunting is much lower, equity improved because of a substantial decrease in stunting
the poorest populations.

Stunting prevalence (%)

Childhood vitamin deﬁciencies

Panel 2: How do inequalities in stunting evolve with time?

Stunting prevalence (%)

triglycerides, and glucose, type 2 diabetes, and high
blood pressure.171 Childhood overweight is also a strong
risk factor for adult obesity and its consequences.2,172

Nigeria

Figure 6: Changes in stunting over time, in Bangladesh, Brazil, and Nigeria
(A) Stunting prevalence by wealth quintile. The longer the line between
two groups, the greater the inequality. (B) Stunting prevalence by urban or
rural location.
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Figure 7: Trends in prevalence and numbers of overweight (WHZ >2) children, by selected UN regions and globally, 1990–2010, and projected to 2025, on the
basis of UN prevalence estimates
WHZ=weight-for-height Z score.

improve than the duration of the trials or that the
eﬀects of iron deﬁciency early in life are irreversible.

Vitamin A
Clinical assessment of ocular symptoms and signs of
xerophthalmia and biochemical assessment of serum
concentration of retinol are the two common methods
in population surveys for estimation of prevalence of
vitamin A deﬁciency. WHO provides prevalence estimates of vitamin A deﬁciency in preschool children
(<5 years) for 1995–2005 from 99 countries.45 Globally,
0·9% (95% CI 0·3–1·5) or 5·17 million preschool age
children are estimated to have night blindness and
33·3% (31·1–35·4) or 90 million to have subclinical
vitamin A deﬁciency, deﬁned as serum retinol concentration of less than 0·70 μmol/L. Vitamin A deﬁciency
using night blindness prevalence can be deﬁned as a
global problem of mild public health importance,45
although the prevalence in Africa (2%) is higher than
elsewhere. Although prevalence of clinical symptoms
14

has declined, probably because of large-scale vitamin A
supplementation programmes in many countries, subclinical vitamin A deﬁciency aﬀects high proportions of
children in Africa and southeast Asia (table 2).
Many randomised controlled trials have been done
to examine the eﬀect of
supplementation every
4–6 months and fortiﬁcation on survival of children
aged 6 months and older; these studies provide the
best evidence for deaths attributable to vitamin A
deﬁciency.188–191 Meta-analyses of these trials show a
mortality reduction of 23%,188 30%,189 and 24%190 in
children aged 6–59 months. With publication of a large
programme eﬀectiveness study from India, a revised
meta-analysis shows a mortality eﬀect of 11%, still a
statistically signiﬁcant beneﬁt.192 In our calculations we
use only the eﬀects in the trials on particular causes of
death, not the eﬀects on overall deaths because the
causes of death at the time of the trials and nowadays are
probably diﬀerent (eg, diarrhoea and measles account for
a much smaller proportion of child deaths now than
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10–20 years ago).162 To derive the risk of vitamin A
deﬁciency the inverse (1/risk reduction) of the causespeciﬁc mortality reduction identiﬁed in the trials was
deemed to be the risk of deﬁciency and adjusted with the
assumption that all the eﬀect was in the subset of the
trial population with low serum retinol (appendix p 16).
Much the same adjustment was done for the eﬀect
of vitamin A deﬁciency on diarrhoea incidence
(appendix p 17). This allows the adjusted RR to be applied
to the present prevalence of low serum retinol to estimate
the attributable deaths or disease episodes. Although
results of trials193–195 in south Asia show a newborn
supplementation eﬀect on mortality in the ﬁrst 6 months
of life, the evidence from Africa is less clear, and further
studies are underway. Therefore, we do not estimate
deaths attributable to vitamin A deﬁciency in the ﬁrst
6 months of life. Child deaths attributable to vitamin A
deﬁciency for 2011 are estimated to be 157 000 (table 2).

Zinc
Zinc deﬁciency in populations could be assessed by a
shift of the population distribution of serum zinc concentrations to lower values as recommended by the International Zinc Nutrition Consultative Group;196 however,
insuﬃcient data exist to classify countries or subnational
populations. Instead the proportion of the national
population estimated to have an inadequate zinc intake
on the basis of national food availability and dietary
requirements is used.70 According to this method, an
estimated 17% of the world’s population has an inadequate
zinc intake; substantial regional variation exists, with
Asia and Africa having the highest prevalences (table 1). A
systematic review197 showed that zinc supplementation
resulted in a 9% reduction (RR 0·91, 95% CI 0·82–1·01)
of borderline signiﬁcance in all-cause child mortality. A
separate analysis of available trials showed a signiﬁcant
18% reduction (RR 0·82, 0·70–0·96) in all-cause mortality
in children aged 1–4 years.198 There were suggestive
beneﬁts on diarrhoea-speciﬁc (RR 0·82, 95% CI
0·64–1·05) and pneumonia-speciﬁc (0·85, 0·65–1·11)
mortality.197 This and previous analyses have included
cause-speciﬁc mortality eﬀects even when they were not
statistically signiﬁcant when the eﬀect on all-cause
mortality was statistically signiﬁcant.199,200 These trials
were not powered for cause-speciﬁc mortality eﬀects.
Supporting evidence for the cause-speciﬁc mortality
eﬀects comes from randomised controlled trials that
showed signiﬁcant reductions in diarrhoea incidence
(RR 0·87, 95% CI 0·81–0·94) and pneumonia incidence
(0·81, 0·73–0·90).197 To derive the risk of zinc deﬁciency,
we adjusted the inverse of the cause-speciﬁc mortality
(appendix p 18) and incidence (appendix p 19) reductions
noted in the trials with the assumption that all the eﬀect
was in the subset of the trial population at risk of zinc
deﬁciency, as estimated from the availability of food in
national diets.70 This method allows the adjusted RRs to
be applied to the present prevalence of inadequate zinc

intake in countries to estimate the attributable deaths.
The population attributable fractions for diarrhoea and
pneumonia were multiplied by the number of these
deaths in 2011.162 The number of child deaths attributed to
zinc deﬁciency in 2011 is 116 000 (table 2).
Zinc deﬁciency also has a small negative eﬀect on
growth. A meta-analysis of randomised controlled trials of
zinc supplementation showed a signiﬁcant beneﬁt for
linear growth in children aged 0–5 years.201 The eﬀect was a
gain of 0·37 cm in zinc-supplemented children. Trials that
used a dose of zinc of 10 mg per day for 24 weeks, rather
than lower doses, showed a larger beneﬁt of 0·46 cm.

Breastfeeding practices
Present recommendations are that babies should be
put on the breast within 1 h after birth, be exclusively
breastfed for the ﬁrst 6 months, and for an additional
18 months or longer, be breastfed along with complementary foods. There are no recently published systematic compilations of data for breastfeeding patterns so
we analysed data from 78 countries with surveys done
in LMICs during 2000–10 (appendix p 20). Early
initiation of breastfeeding (within 1 h) is highest in
Latin America (mean 58%, 95% CI 50–67), intermediate
in Africa (50%, 45–55) and Asia (50%, 42–58), and
lowest in eastern Europe (36%, 23–50). Except for
eastern Europe, where the lowest rates of breastfeeding
are recorded, globally about half of children younger
than 1 month, and three in every ten children aged
1–5 months are exclusively breastfed. Breastfeeding in
6–23 month olds is most frequent in Africa (mean 77%,
95% CI 73–81) followed by Asia (62%, 54–71) and Latin
America (60%, 50–69), with lower occurrence in eastern
Europe (33%, 24–42).
The risks of increased mortality and morbidity due to
deviation from present breastfeeding recommendations
are well documented.1 Updated systematic reviews of
these risks have results that are much the same as our
previous estimates (appendix p 21).1,202,203 The number of
child deaths attributed to suboptimum breastfeeding in
2011 is 804 000 or 11·6% of all deaths (table 2).
Three prospective case-cohort studies provide data for
the association of early breastfeeding initiation (within
24 h) with neonatal mortality.204 Although early initiation
was associated with lower neonatal mortality (RR 0·56,
95% CI 0·46–0·79), in babies who were exclusively
breastfed the mortality risk was not signiﬁcantly
reduced (0·69, 0·27–1·75). The possible beneﬁt of early
initiation of breastfeeding was therefore not deemed to
be additive to the eﬀects of exclusive breastfeeding in
our analyses.
A systematic review shows that breastfeeding is consistently associated with an increase in IQ of about three
points,205 even after adjustment for several confounding
factors including maternal IQ. Evidence for the protection aﬀorded by breastfeeding against risk factors for
non-communicable diseases is less consistent. A series
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of meta-analyses,205 based mainly on studies in adults
from high-income settings, showed no evidence of
protection against total cholesterol levels or diastolic
blood pressure. When the meta-analysis was restricted to
high-quality studies, breastfeeding was associated on
average with a 1 mm reduction in systolic blood pressure,
and with a 12% reduction in the risk of overweight or
obesity. Studies of diabetes or glucose levels were too few
to allow a ﬁrm conclusion.

Joint eﬀects of nutritional conditions on child
mortality
To estimate the population attributable fraction and the
number of deaths attributable to several risk factors, we
used Comparative Risk Assessment methods.206 We
calculated attributable deaths from four speciﬁc causes
of mortality (diarrhoea; measles; pneumonia; and other
infections, excluding malaria) associated with diﬀerent
nutritional status measures. In the neonatal period all
deaths were deemed to be associated only with suboptimum breastfeeding and fetal growth restriction. The
Comparative Risk Assessment methods allow the
estimation of the reduction in death that would take
place if the risk factors were reduced to a minimum
theoretical level or counterfactual level of exposure.206 For
the assessment the following formula was used:
n

PAF =

∑ P ( RR
n

i

i =1

∑ P (RR
i =1

i

i

i

– 1)

– 1) + 1

For the purpose of this analysis, RRi equals the RR of
mortality for the ith exposure category, associated with
speciﬁc UN regions. Pi equals the proportion of children
in the ith exposure in theoretical or counterfactual
category. P equals the population weighted mean of
countries’ prevalence estimates for diﬀerent levels of
fetal growth restriction, stunting, wasting, deﬁciencies of
vitamin A and zinc, and suboptimum breastfeeding
practices in their relevant age groups.
Because speciﬁc causes of deaths could potentially be
caused by more than one factor, the population
attributable fractions for multiple risk factors that aﬀect
the same disease outcome overlap and cannot be
combined by simple addition. For this reason, the joint
population attributable fraction was estimated with the
formula: Joint PAFi=1–product (1–PAFi), where PAFi
equals the population attributable fraction of the diﬀerent
risk factors.207 All analyses were done for relevant age
groups of that risk factor and then the results from the
age groups were aggregated. For stunting and wasting
we did calculations separately with UN and NIMS
prevalence estimates.
The resulting 3·1 million deaths constitute 45% of
global deaths in children younger than 5 years in 2011,
16

attributed jointly to fetal growth restriction, suboptimum
breastfeeding, stunting, wasting, and deﬁciencies of
vitamin A and zinc. The overall results were the same
using UN or NIMS prevalence estimates. As part of this
total, the joint distribution of suboptimum breastfeeding
and fetal growth restriction in the neonatal period
contributes 1·3 million deaths or 19% of all deaths of
children younger than 5 years.

Eﬀects of fetal and early childhood
undernutrition on adult health
In The Lancet’s 2008 Series on maternal and child
undernutrition,2 consequences of early childhood
nutrition on adult health and body composition were
assessed by reviewing the scientiﬁc literature and doing
meta-analyses of ﬁve birth cohorts from LMICs (India,
the Philippines, South Africa, Guatemala, Brazil), an
eﬀort that gave rise to the COHORTS collaboration.208 On
the one hand, the conclusions were that small size at
birth and at 2 years of age (particularly height) were
associated with reduced human capital: shorter adult
height, less schooling, reduced economic productivity,
and for women, lower oﬀspring birthweight. On the
other hand, larger child size at 24 months of age was a
risk factor for high glucose concentrations, blood
pressure, and harmful lipid levels once adjustment for
adult BMI was made, suggesting that rapid weight gain,
especially after infancy, is linked to these conditions.
The COHORTS group later did pooled analyses that use
conditional growth variables that remove the correlation
between growth measures across ages, allowing inferences
to be made about the relative association between growth
during speciﬁc age intervals and outcomes.149 Also,
because gains in height and weight are correlated, these
analyses use conditionals that separate linear growth from
weight gain. The conclusions were that heavier birthweight
and faster linear growth from 0 to 2 years lead to large
gains in human capital, but have little association with
adult cardiovascular risk factors. Also, faster weight gain
independent of linear growth has little beneﬁt for human
capital. After the age of 2 years, and particularly after the
age of 4 years, rapid weight gains show adverse eﬀects on
adult cardiovascular risk. The COHORTS analyses control
for confounding and the ﬁndings are broadly much the
same across the ﬁve cohorts.
Additional longitudinal studies report eﬀects on later
mental health with higher levels of depression and
anxiety and lower self-esteem in adolescents who were
stunted by age 2 years compared with non-stunted;209
increased depression in adolescents who had severe
acute malnutrition in infancy;210 increased risk of suicidal
ideation associated with lower HAZ at 24 months,211 and
higher levels of hyperactivity in late adolescence and
attention deﬁcit in adults.209,212 Although observational,
the ﬁndings are persuasive and consistent with the little
quasi-experimental evidence available. Follow-up studies
of a community randomised nutrition trial in Guatemala
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have shown long-term eﬀects of exposure to improved
nutrition during the ﬁrst 2–3 years, but not after 3 years,
on education,213 and wages.214 Eﬀects of improved nutrition in the ﬁrst several years of life on risk factors for
chronic diseases were minor but in some cases beneﬁcial.215 Exposure to improved nutrition during childhood aﬀected the growth of the next generation in girls
and their future children.2
Famines are another source of information about longterm eﬀects of poor nutrition in early life. The Dutch
famine of 1944–45 (brief, intense, but aﬀecting a previously well-nourished population) suggests eﬀects of
prenatal exposure on schizophrenia, no eﬀects on human
capital (height, cognitive function), and weak and inconsistent eﬀects on cardiovascular risk factors.216 The
1959–61 Chinese famine (prolonged, severe, and aﬀecting
an already malnourished population) suggests eﬀects of
exposure during pregnancy and the ﬁrst 2 years of life
on height, wealth, income, mental health, and intergenerational eﬀects on birthweight.217–220 Surprisingly,
some ﬁndings suggest protective eﬀects of famine exposure, which might be explained by high mortality and
intense selection of the hardiest.219–221

Discussion
Nutrition has profound eﬀects on health throughout the
human life course and is inextricably linked with cognitive and social development, especially in early childhood. In settings with insuﬃcient material and social
resources, children are not able to achieve their full
growth and developmental potential. Consequences
range broadly from raised rates of death from infectious
diseases and decreased learning capacity in childhood to
increased non-communicable diseases in adulthood.
Nutrition and growth in adolescence is important for a
girl’s health and adult stature. Women with short stature
are at risk of complications in delivery, such as obstructed
labour. Nutritional status at the time of conception and
during pregnancy is crucial for fetal growth. Babies with
fetal growth restriction, as shown by being SGA, are at
increased risk of death throughout infancy. We estimate
that 32 million babies are born SGA, 27% of births
in LMICs, and about 800 000 neonatal deaths and
400 000 post-neonatal infant deaths can be attributed to
the increased risk associated with having fetal growth
restriction. The use of more appropriate methods than
those in our previous review1 to understand the prevalence and risk of SGA presented here resulted in
estimates that are more than double our previous
estimate of attributable neonatal deaths related to term
low birthweight. This new ﬁnding contradicts the
widespread assumption that SGA infants, by contrast
with preterm babies, are not at a substantially increased
risk of mortality. Additionally, babies who are SGA have
an increased risk of growth faltering in the ﬁrst 2 years of
life; our estimates suggest that 20% of stunting might be
attributable to fetal growth restriction. The links between

fetal growth restriction and maternal nutritional conditions, short stature, and low BMI, should lead to more
emphasis on nutritional interventions before and during
pregnancy. These interventions would have beneﬁts for
health of adolescents and women, could reduce complications of pregnancy and delivery for the mother, and
enhance fetal growth and development.
Stunted linear growth has become the main indicator
of childhood undernutrition, because it is highly
prevalent in all developing regions of the world, and has
important consequences for health and development. It
should replace underweight as the main anthropometric
indicator for children. Underweight indices include children who are short, but who can have an increased
WHZ, being therefore at increased risk of long-term
adverse health outcomes. Linear growth assessment in
primary care is an essential component of country eﬀorts
to reduce childhood stunting. More experience is needed
in the operational aspects of the assessment and interpretation of linear growth by health workers and in the
eﬀective intervention responses.
Prevalence of stunting in children younger than 5 years
in developing countries in 2011 was about 28%, a
decrease from 40% or more in 1990 and the 32% estimate
in our 2008 nutrition Series for 2004.1 The number of
stunted children globally has decreased from 253 million
in 1990 to 165 million in 2011. Another reported estimate
was 167 million in developing countries for 2010.157 The
13-year Comprehensive Implementation Plan (2012–25)
on Maternal, Infant and Young Child Nutrition, endorsed
at the 2012 World Health Assembly, includes six global
nutrition targets, the ﬁrst of which calls for a 40%
reduction of the global number of children younger than
5 years who are stunted by 2025 (compared with the
baseline of 2010).222 This goal would translate into a 3·9%
relative reduction per year and imply reducing the
number of stunted children from the 171 million in 2010
to about 100 million. However, at the present rate of
decline, prevalence of stunting is expected to reach 20%,
or 127 million, in 2025. In Africa, only small reductions
in prevalence are anticipated on the basis of present
trends. However, in view of the rising number of births,
the actual number of stunted children will increase from
56 to 61 million. By contrast, Asia is projected to show a
substantial decrease in stunting prevalence and in the
absolute number of children aﬀected.
Stunted, underweight, and wasted children have an
increased risk of death from diarrhoea, pneumonia,
measles, and other infectious diseases. Recalculated
risks of cause-speciﬁc mortality161 conﬁrmed previous
estimates1,159,160 and were used in estimation of the deaths
attributable to these conditions. The attributable fraction
of deaths for these nutritional status measures has
remained nearly the same as in previous calculations,
but the number of attributed deaths has declined because
of the decrease in the prevalence of these measures and a
decline in the aﬀected causes of death. By our estimates
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more than 1 million deaths can be attributed to stunting
and about 800 000 to wasting, about 60% of which are
attributable to severe wasting. These attributable deaths
cannot be added because of the overlap of these and
other nutritional conditions, but are instead included in
the calculation of the deaths attributed to the joint
eﬀects of all nutritional conditions. Our estimate of
about 1 million child deaths due to underweight is higher
than the recently published 860 000 deaths in the Global
Burden of Disease (GBD).200 The GBD Study did not
estimate deaths attributed to stunting or wasting.
Deﬁciencies of vitamins and minerals have important
health consequences, both through their direct eﬀects,
such as iron deﬁciency anaemia, xerophthalmia due to
vitamin A deﬁciency, and iodine deﬁciency disorders,
and because they increase the risk of serious infectious
diseases. In the latter category, vitamin A and zinc
deﬁciencies have been shown to have the greatest eﬀects
among the micronutrients. Our estimate of the nearly
157 000 child deaths attributed to vitamin A deﬁciency is
smaller than our previous estimate (668 000).1 Notably,
we did not include the risk of mortality in the ﬁrst
6 months of life, as we did last time for Asia, because of
more uncertainty about this risk; several trials of neonatal
vitamin A supplementation are underway in Asia and
Africa to assess the beneﬁts. Likewise, our estimate of
116 000 child deaths attributed to zinc deﬁciency is much
smaller than the 450 000 in our previous estimates, partly
because we now estimate the risk of pneumonia and
diarrheal mortality beginning at 12 rather than 6 months
of age. In both cases there have also been changes in our
methods of estimating the prevalence of the conditions
and the risk associations, and combining these factors to
get attributed fractions of deaths. These methods are
much the same as those reported by the GBD Study.200
Our estimates are 20% higher for zinc and 30% higher
for vitamin A, than the GBD estimates. The reduction
from our estimates for the year 2004 is partly explained
by decreases in the prevalences of these deﬁciencies—for
vitamin A mostly because of large-scale implementation
of high-dose supplementation programmes, and a
reduction in deaths from diarrhoea and measles aﬀected
by vitamin A deﬁciency and in deaths from diarrhoea
and pneumonia aﬀected by zinc deﬁciency. Some of
this mortality reduction (eg, for diarrhoea) could be
attributable to the vitamin A supplementation, but might
be also related to improvement in nutritional status
measures (eg, stunting), water and sanitation, and illness
treatment, and for measles is largely attributable to
improved coverage with measles vaccine. Although the
number of deaths attributed to the present prevalence of
vitamin A deﬁciency is relatively small, importantly, a
reduction in present coverage of vitamin A interventions
would probably result in an increase in mortality, because
in most LMICs dietary intake is still inadequate.
Breastfeeding exclusively for the ﬁrst 6 months and
then along with complementary food to 24 months of age
18

is highly beneﬁcial. Data from developing regions show
that present practices are far from optimum, despite
improvements in some countries. Our previous estimates
suggested that 1·4 million deaths were attributed to
suboptimum breastfeeding, especially related to nonexclusive breastfeeding in the ﬁrst 6 months of life. Our
new estimates are 804 000 deaths, a substantial reduction
since our estimate for the year 2004. Although present
estimates of the risks associated with suboptimum
breastfeeding practices are almost unchanged from what
was used previously, the reduction in infectious disease
deaths in the past 10 years results in a lower number of
preventable deaths.173 Our number is higher than the
estimated 545 000 deaths attributed to suboptimum
breastfeeding in the GBD Study.200 Insuﬃcient methods
are provided by GBD to understand the reasons for
diﬀerences, but one reason is probably the lower
estimates of aﬀected diarrhoea and pneumonia deaths
than the UN estimates we used.223
To work out the total deaths attributed to nutritional
conditions, we calculated the joint distribution of
stunting, wasting, fetal growth restriction, deﬁciencies of
vitamin A and zinc, and suboptimum breastfeeding. The
resulting 3·1 million deaths constitute 45% of the
6·9 million global child deaths in 2011. The total number
of attributed deaths is reduced from the 3·5 million we
estimated for 2004, despite the population attributable
fraction increasing from 35% to 45%. In this period the
mortality in children younger than 5 years decreased
from 10 million to 6·9 million deaths and there were
even larger decreases in the causes of death—such as
measles, diarrhoea, and pneumonia162—that are most
aﬀected by nutritional conditions. The increase in the
percentage of attributed deaths compared with the
previous series is largely because of the more appropriate
inclusion of the eﬀects of SGA (about 800 000 deaths)
instead of term low birthweight (337 000 deaths) and the
inclusion of all wasting (WHZ <–2) instead of severe
wasting (WHZ <–3) in the joint calculations.
The number of children aﬀected by excessive bodyweight relative to length or height is increasing globally.
Although the prevalence of overweight in high-income
countries is more than double that in LMICs, three
quarters of the global total live in LMICs. The recorded
trends in the prevalence of early childhood overweight are
probably a consequence of changes in dietary and physical
activity patterns over time. These behavioural changes
are aﬀected by many social and environmental factors,
including interpersonal (family, peers, and social networks), community (school, workplace, and institutions),
and governmental (local, state, and national policies).224
Studies show that the trend toward childhood obesity can
start as early as age 6 months.225,226 In LMICs, rapid weight
gain after 2 years of age is particularly associated with
adult fat mass.2,168 Intrauterine, infant, and preschool
periods are deemed to be possible crucial periods for
programming long-term regulation of energy balance.227–229
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If trends are not reversed, increasing rates of childhood
overweight and obesity will have vast implications not
only for future health-care expenditures but also for the
overall development of nations. These ﬁndings conﬁrm
the need for eﬀective interventions and programmes to
reverse anticipated trends. The early recognition of excessive weight gain relative to linear growth is essential.
Routine assessment of both weight and length in all
children needs to become standard clinical practice from
very early childhood.
We have reported previously and conﬁrmed in a new
analysis that anaemia that is reduced by supplemental
iron in pregnancy is a risk factor for more than a
quarter of maternal deaths. Anaemia is probably a
particularly important risk factor for haemorrhage, the
leading cause of maternal deaths (23% of total deaths).223
Additionally, there is now sound evidence that calcium
deﬁciency increases the risk of pre-eclampsia, now the
second most important cause of maternal death (19% of
total deaths).223 Thus, addressing deﬁciencies of these
two minerals could result in substantial reduction of
maternal deaths.
Nutrition is crucial for optimum child development
throughout the ﬁrst 1000 days of life and beyond.
Maternal nutrition aﬀects fetal growth and brain development with clear evidence for the need to continue and
strengthen programmes to prevent maternal iodine
deﬁciency. Fetal growth restriction and postnatal growth
aﬀect motor and cognitive development, with the largest
eﬀects from stunting before age 2–3 years. Growth later
in childhood might also aﬀect development though with
a smaller eﬀect size. Iron deﬁciency anaemia aﬀects
motor development; eﬀects on cognitive development
have been more clearly shown in children older than
5 years than in younger children.
Promotion of good early nutrition is essential for
children to attain their developmental potential; however,
poor nutrition occurs with other risks for development,
in particular inadequate stimulation during early childhood. Interventions to promote home stimulation and
learning opportunities in addition to good nutrition will
be needed to ensure good early development and longerterm gains in human capital, with integration and coordination of programmes and policies across sectors.
Panel 3 lists research priorities. Additionally, there is a
general need for better data on micronutrient deﬁciencies
and other nutritional conditions at national and subnational levels. This work should involve the development
and use of improved biomarkers that could be used to
describe nutritional conditions and increase knowledge
about how they aﬀect health and development. Such
information is needed to guide intervention programmes
in countries and priorities for support globally.
In the 5 years since our last series there have
been some improvements in nutritional conditions,
especially for child growth. Nonetheless, the extent of
these conditions remains high with serious detrimental

health consequences, with a high child mortality
burden related to both stunting and wasting. New
evidence in this paper supports the focus on pregnancy
and the ﬁrst 2 years of life, the crucial 1000 days, which
we called for in the previous series, but adds more
emphasis to the nutritional conditions in adolescence,
at the time of conception, and during pregnancy, as
important for maternal health and survival, fetal growth
and subsequent early childhood survival, growth, and
development. Fetal growth restriction and poor growth
early in infancy are now recognised as important
determinants of neonatal and infant mortality, stunting,
and overweight and obesity in older children and
adults. Preventive eﬀorts should continue to focus on
the 1000 days, while therapeutic eﬀorts continue to
target severe wasting.

Panel 3: Research priorities
• How much of the eﬀect of the underlying economic and social determinants of
optimum growth and development is mediated through known, measurable
proximate determinants?
• What are the consequences of calcium or vitamin D deﬁciencies for maternal health,
fetal growth, birth outcomes, and infant health?
• What is the importance of zinc deﬁciency or other micronutrient deﬁciencies in the
risk of preterm delivery?
• What is the role of nutrition in adolescence, at the time of conception, and in
pregnancy in healthy fetal growth and development?
• What factors are associated with regional variation in fetal growth restriction and do
its consequences on growth and mortality vary by setting?
• What is the interaction of fetal growth restriction and post-partum infections and diet
in contributing to stunting?
• What is the role of vitamin A deﬁciency in newborn babies or the ﬁrst 6 months of life
in neonatal and infant mortality?
• Are there beneﬁts from iron supplementation for mental development in children
younger than 5 years with iron deﬁciency anaemia?
• Do deﬁciencies of any micronutrients other than vitamin A and zinc increase the risk
of mortality from infectious diseases?
• Can the risk of stunting be explained by speciﬁc dietary factors, micronutrient
deﬁciencies, and clinical or subclinical infections?
• How can the rapid decreases in stunting noted in selected countries be explained by
changes in intervention coverage and in distal determinants?
• Are there beneﬁts of early initiation of breastfeeding that are independent of the
practice of exclusive breastfeeding?
• How can developmental diﬀerences associated with nutritional deﬁciencies at
various ages of childhood be best quantiﬁed and related to functioning and
productivity in adulthood?
• What are the optimum physical growth rates in the ﬁrst year of life to avoid both
undernutrition and obesity?
• What are the eﬀects of physical growth rates and stunting on cognitive abilities and
psychological functioning?
• Can health workers eﬀectively and eﬃciently assess and interpret height-for-age
measures of linear growth in health and nutrition programmes?
• How important is optimum growth and nutritional status in the fetal and early
childhood period (ﬁrst 1000 days of life) in the development of adult obesity and
non-communicable diseases?
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