


Asia, as shown in table 1.  Ninety per-
cent of the overall global burden of child 
stunting is attributable to 36 countries. 
Stunting is found at many levels in soci-
ety. In Bangladesh, for example, stunt-
ing in children less than 5 years of age 
was found in one-fourth of the richest 
households.4 In developing countries, 
stunting is more prevalent than under-
weight (low weight-for-age, 20 percent) 
or wasting (low weight-for-height, 10 
percent), possibly because height gain 
is even more sensitive to dietary quality 
than is weight gain.

A problem that has early beginnings and 
long-term consequences

During fetal life and the first two years 
after birth, nutritional requirements to 
support rapid growth and development 
are very high.  Average height-for-age 
z-scores are already low at birth (below 
0, the standard score or population 
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However, the potential for substantially 
reducing the height deficit during ado-
lescence is limited because the matu-
rational delays are usually shorter than 
2 years.6  Moreover, adolescents who 
enter this period stunted are often liv-
ing under the same adverse nutritional, 
socio-economic, and environmental 
conditions that triggered stunting when 
they were young children. 

Consequences of stunting

Childhood stunting is related to long-
term consequences in two ways:

•	 As a direct cause of short adult 
height and sub-optimal function 
later in life

•	 As a key marker of the underly-
ing processes in early life that lead 
to poor growth and other adverse 
outcomes

Scientific understanding of stunting as 
a direct cause of adverse consequences 
is incomplete, in part because most of 
the evidence comes from observational 
studies.  Nonetheless, there is growing 
evidence of the connections between 
slow growth in height in early life and 
impaired health and educational and 
economic performance later in life. 

 The Maternal and Child Undernutrition 
Study Groupa reviewed cohort stud-
ies from five low- and middle-income 
countries: Brazil, Guatemala, India, 
the Philippines, and South Africa. The 
studies involved long-term follow-up of 
children into late adolescence and adult-
hood. The Study Group concluded that 
small size at birth and childhood stunt-
ing were linked with short adult stature, 
reduced lean body mass, less schooling, 
diminished intellectual functioning, 
reduced earnings, and lower birth 

average) in several regions and decline 
sharply during the first 24 months of 
life, but they show no further decline or 
any improvement thereafter,5 as illus-
trated in figure 1.

Maternal anemia, tobacco use, and 
indoor air pollution can restrict fetal 
growth and result in low birth weight. 
Diets of poor nutritional quality during 
pregnancy, infancy, and early childhood 
lead to inadequate nutrient intake.  
Frequent infections during the first 2 
years of life also contribute to the high 
risk of becoming stunted during this 
period. 

Children who are stunted usually grow 
up to be stunted adults.6 An opportunity 
exists to make up some of the height def-
icit during adolescence because stunted 
children often experience a delay in 
skeletal maturation, which lengthens the 
total period of time for growth in height.  

Table 1: Stunting in children under 5 years of age, 
based on WHO Child Growth Standards 

Children <5 years 

in millions

Number stunted 

in millions

Percentage stunted

Africa 142 57 40

Eastern 49 24 50

Middle 20 8 42

Northern 22 5 25

Southern 6 2 30

Western 45 17 38

Asia 357 112 31

Eastern 95 14 15

South-central 181 74 41

Southeastern 55 19 34

Western 25 5 21

Latin America & the Caribbean 57 9 16

Caribbean 4 0.3 8

Central America 16 4 23

South America 37 5 37

All developing countries 556 178 32

Source: Black et al, 2008 3

a) The Study Group included 24 members from universities, research institutes, and international and development agencies. Findings were published in The Lancet 
series on maternal and child undernutrition.
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weight of infants  born to women who 
themselves had been stunted as chil-
dren.7  Recent evidence also indicates 
that children born to women who are 
stunted are at greater risk of dying 
than children of mothers with normal 
height.8 The links between stunting 
and health, educational, and economic 
outcomes are discussed below and il-
lustrated in figure 2 on page 4.

Stunting has long-term negative conse-
quences on health, including for future 
generations.  The health risks associated 
with stunting begin in the womb and 
continue through life, often passing to 
the next generation. As noted in Reposi-
tioning Nutrition as Central to Develop-
ment, “Babies born to underweight or 
stunted women are themselves likely to 
be underweight or stunted. In this way, 
undernutrition passes from one genera-
tion to another as a grim inheritance.”10

Maternal stunting increases the risk 
of negative fetal, newborn, and child 
outcomes. A woman who is less than 
145 cm or 4’7” is considered to be 
stunted. Her condition presents risks to 
the survival, health, and development of 
her offspring. 

Effects of intrauterine growth restric-
tion. Maternal stunting can restrict 
uterine blood flow and growth of the 
uterus, placenta, and fetus. Intrauterine 
growth restriction (IUGR) is associated 
with many adverse fetal and neonatal 
outcomes.3, 11,12  During pregnancy, 
IUGR may lead to chronic fetal distress 
or fetal death. 

If born alive, the growth-restricted infant 
is at higher risk for serious medical 
complications.3 Infants with IUGR often 
suffer from delayed neurological and 
intellectual development, and their deficit 
in height generally persists to adulthood. 

Effects of obstructed labor. Maternal 
stunting is consistently associated with 
an elevated risk of perinatal mortality 
(stillbirths and deaths during the first 7 
days after birth),13 mostly related to ob-
structed labor resulting from a narrower 
pelvis in short women.  In a hospital-
based study in Nigeria, obstructed labor 
accounted for 53 percent of perinatal 
mortality.14 Perinatal mortality from 
obstructed labor is largely the result of 
birth asphyxia.  Mothers with height 
shorter than 145 cm are more likely to 
have an infant with birth asphyxia.15 

Globally, birth asphyxia accounts for 23 
percent of the 4 million neonatal deaths 
each year.16  An estimated 1 million 
children who survive birth asphyxia live 
with chronic neuro-developmental dis-
orders, including cerebral palsy, mental 
retardation, and learning disabilities.17 

In a recent analysis of 109 Demographic 
and Health Surveys conducted between 
1991 and 2008 in 54 countries, chil-
dren under 5 years of age who were 
born to the shortest mothers (< 145 

cm) had a 40 percent increased risk of 
mortality after adjusting for multiple 
factors. 8  Although the percentage of 
mothers shorter than 145 cm is low in 
most countries, the analysis showed an 
elevated risk of child mortality with each 
lower category of maternal height, com-
pared to mothers > 160 cm in height.b 
The effect of maternal stunting on child 
mortality was comparable to the effect 
of having no education or being in the 
poorest 20 percent of households.  The 
likely explanations for this finding in-
clude an elevated risk of perinatal death, 
for the reasons explained above, as well 
as longer-term effects of IUGR on child 
nutrition and immune function that 
increase the risk of child mortality.

Stunting negatively affects maternal 
and adult health. As mentioned above, 
short maternal stature increases the risk 
of disparity in size between the baby’s 
head and the mother’s pelvis. Due to this 
disproportion, short mothers are less 
likely to have a successful spontaneous 
vaginal delivery,18,19 which increases the 
risk of maternal mortality and short- 

Figure 1: Timing of growth faltering: Mean height for age z-scores by age for 54 
studies, relative to the WHO standard

Source: Victora et al., 2010 5
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b) Adjusted Relative Risk of 1.06, 1.13, 1.23, and 1.40 for the height categories of 155-159.9, 150-154.9, 145-149.9, and < 145 cm, respectively.
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and long-term disability. If timely refer-
ral to a well-equipped hospital occurs, a 
cesarean section can be performed, but 
even a cesarean section carries potential 
risks of complications that can jeopar-
dize maternal and newborn health. 

Failure to deliver by cesarean section in 
time may lead to more serious con-
sequences of obstructed labor.  These 
consequences can include injury to the 
birth passage, postpartum hemorrhage, 
rupture of the uterus, genital sepsis, or 
fistula leading to urinary dribbling or 
incontinence. In the worst case scenario, 
obstructed labor can lead to maternal 
death, mostly due to ruptured uterus or 
puerperal sepsis.  

The percentage of maternal mortal-
ity attributable to obstructed labor is 4 
percent in Africa, 9 percent in Asia, and 
13 percent in Latin America and the Ca-
ribbean.20 Mothers who survive but have 
long-term disability due to complications 
such as fistula experience social, econom-
ic, emotional, and psychological conse-
quences that have an enormous impact 
on maternal health and well-being.21   

Growth restriction in early life is linked 
not only to short adult height, but also 
to certain metabolic disorders and 
chronic diseases in adulthood.  Data 
from the Maternal and Child Undernu-
trition Study Group7 indicate that lower 
birth weight (which is strongly correlat-
ed with birth length) and undernutrition 
in childhood are risk factors for high 
glucose concentrations, blood pressure, 
and harmful lipid profiles in adulthood, 
after adjusting for adult height and 
body-mass-index.  The “developmental 
origins of health and disease” hypothesis 
posits that the intrauterine and early 
postnatal environment can modify 
expression of the fetal genome and lead 
to life-long alterations in metabolic, 

endocrine, and cardiovascular function.  
In this case, it is likely that the process of 
stunting is harmful, and not necessarily 
short stature itself.

Stunting limits educational and eco-
nomic performance. Stunting is strongly 
linked to the ability to learn and contrib-
ute to national economic development. 

Less schooling and diminished cognitive 
development. The process of becoming 
stunted, due to restricted nutrient sup-
ply and/or frequent infections, is likely a 
common cause of both short stature and 

structural and functional damage to the 
brain, resulting in delay in the develop-
ment of cognitive functions as well as 
permanent cognitive impairments.22 
The Maternal and Child Undernutrition 
Study Group, using the same pooled 
cohort mentioned above, found that be-
ing stunted at 24 months was associated 
with a reduction in schooling of 0.9 year, 
an older age at school enrollment, and 
a 16 percent increased risk of failing at 
least one grade in school, after control-
ling for confounding variables such as 
sex, socioeconomic status, and maternal 
schooling.23 

Figure 2: Potential causal pathways for long term consequences of stunting

Source: adapted from Grantham-McGregor et al., 2007 9 
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Evidence from other developing coun-
tries also indicates that being stunted 
between 12 and 36 months of age is asso-
ciated with poorer cognitive performance 
and lower school achievement in middle 
childhood.9  

The most convincing evidence on this 
question comes from long-term follow-
up studies of randomized trials such as a 
large-scale nutritional supplementation 
trial carried out in Guatemala between 
1969 and 1977 (box 1), the only one of 
the five cohort studies examined by the 
Maternal and Child Undernutrition Study 
Group that used an experimental design.  
This trial demonstrated that a nutrition 
intervention that increased height gain in 
early life also resulted in significant im-
provement on several tests of intellectual 
functioning at 11-26 years of age and on 
reading comprehension and intelligence 
score at 26-42 years of age.  

Lower economic productivity and income. 
Short stature has been linked to lower 
economic productivity.  For example, in 
a large cross-sectional study in Brazil, a 1 
percent increase in height was associated 
with a 2.4 percent increase in wages.27 
Taller men and women earned more even 
after controlling for education and other 
indicators of health such as body mass 

index, per capita energy intake, and per 
capita protein intake.  Again, the most 
convincing evidence comes from long-
term follow-up studies of randomized 
trials such as the Guatemala nutritional 
supplementation trial (box 1). In the Gua-
temala trial, wages earned by men 26-42 
years of age who had received the nutri-
tious supplement during the first 2 years 
of life – and were taller as a result  – were 
46 percent higher than among men in the 
control villages.

Policy and program implications

The evidence described above has con-
tributed to the growing scientific con-
sensus that tackling childhood stunting 
is a high priority for reducing the global 
burden of disease and fostering economic 
development of low-income countries.10   
The most effective interventions are pre-
ventive and comprehensive. Strategies to 
prevent stunting include:

“Babies born to 
underweight or stunted 
women are themselves 
likely to be underweight 
or stunted. In this way, 
undernutrition passes from 
one generation to another 
as a grim inheritance.”10

From 1969-1977 the Institute of Nutrition 
of Central America and Panama (INCAP) 
conducted a large supplementary 
feeding trial24 in four rural Guatemalan 
villages. The study involved pregnant 
and lactating women and their children 
from birth to 7 years of age.  From 
1988-2007, follow-up studies tracked the 
original population.25  

The intervention: The trial included 
two sets of matched villages. One village 
in each set was randomly selected 
to receive either a high-protein (6.4 
g/100ml), high-energy (91 kcal/100ml) 
supplement called ‘Atole’ or a non-
protein low-energy (33 kcal/100ml) 
supplement called ‘Fresco’.25,26  Dry 
skim milk was the predominant source 
of energy and protein in Atole. From 
October 1971 until the end of the 
intervention in1977, both supplements 
were fortified with several micronutrients 
(iron, fluoride, thiamine, riboflavin, 

niacin, ascorbic acid, and vitamin A) 
in equal concentrations by volume.26 
Fresco was given as a control for social 
interaction associated with attending 
the feeding center, which might have 
influenced certain outcomes such as 
cognitive development.  

Key findings from the trial and follow-
up studies:

•	 Children in the Atole villages had 
greater growth in height than those in 
Fresco villages when the supplement 
was given during the first 3 years of 
life; there was no impact on height of 
supplementation given after 3 years 
of age.

•	 During adolescence, children from 
Atole villages were taller, had greater 
lean body mass, and scored higher 
on learning tests than children from 
Fresco villages.

•	 Adults 26-42 years of age who were 
given Atole before 3 years of age 
had higher reading and intelligence 
scores (men and women), years of 
schooling (women only), and wages 
(men only) than those who were 
given Fresco as children.

•	 The infants born to women who 
were given Atole when they were 
children had higher birth weight, 
height, and head circumference 
than infants of women given Fresco, 
but there were no differences in 
measures of fatness. 

Conclusions:  Supplementation with high-
quality fortified food in early life has sizeable 
effects on human capital formation and 
economic productivity in adulthood, as well 
as on growth of future generations.

To read more on the study, click here.

Box 1. Long-term outcomes of a large-scale nutritional supplementation trial in Guatemala
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•	 Reducing intrauterine growth 
restriction by improving maternal 
nutrition and reducing maternal 
anemia, tobacco use, and indoor air 
pollution

•	 Supporting women to practice 6 
months of exclusive breastfeeding 
(breastmilk only)

•	 Improving complementary feeding 
practices and dietary quality

•	 Decreasing infections, particularly 
diarrhea, through effective disease 
control inverventions

•	 Planning for healthy timing and 
spacing between pregnancies with 
a minimum interval of at least 24 
months between a live birth and at-
tempting the next pregnancy

Priority must be given to the following 
actions: 

Raise awareness of the problem. Several 
key messages need to be communicated 
and tailored to different audiences. For 
example: 

•	 Stunting reflects poor nutrition of 
women, infants, and children. 

•	 Stunting that persists beyond two 
years of age is often permanent. 

•	 Reducing stunting is important for 
achievement of the Millennium De-
velopment Goals. Universal primary 
education, eradication of poverty, re-
duction of mortality, and improved 
maternal health are among the Mil-
lennium Development Goals. Efforts 
to prevent stunting can contribute to 
achievement of these goals through 
enhanced cognitive development, 
school achievement, higher wages 

Alive & Thrive, launched with a 
grant from the Bill & Melinda Gates 
Foundation, is an initiative to improve 
infant and young child feeding in 
Bangladesh, Ethiopia, and Viet Nam 
and inform policies and programs 
around the world.

For more information
visit our website: 
www.aliveandthrive.org

earned in adulthood, and better 
health and survival outcomes.  

Raise awareness that children through-
out the world can achieve their growth 
potential. Evidence does not support 
the common assumption that children 
in certain ethnic and racial groups are 
“naturally” short. When young children 
are nurtured in healthy environments 
and their caregivers follow recom-
mended health, nutrition, and care 
practices, their average growth patterns 
are very similar regardless of race or eth-
nicity. The WHO Multicenter Growth 
Reference Study demonstrated that the 
average height of children from birth to 
5 years of age in populations with high 
socio-economic status that followed rec-
ommended feeding practices for infants 
and young children was nearly identical 
in Brazil, Ghana, India, Norway, Oman, 
and the United States.28  Although there 
may be some population-level differenc-
es in expected height of adults, which 
may or may not be genetic, such differ-
ences generally do not become apparent 
until adolescence or later. 

Focus on the critical “window of op-
portunity” and interventions with 
demonstrated impact on linear growth.  
Interventions during pregnancy and the 
first 2 years of life that aim at prevent-
ing stunting can be much more effective 
than those that target children once they 
have become undernourished.  Children 
6-24 months of age are most vulnerable 
to malnutrition and infection.  This is 
the time when they can benefit greatly 
from nutrition interventions. Nutrition 
counseling in food secure settings and 
counseling plus provision of fortified 
foods or supplements in food insecure 
settings can reduce stunting.29  Interven-
tions selected to improve complementary 
feeding should be tailored to the context 
and include a careful assessment of feed-

ing practices and locally available foods.  

Include measurements of height, not 
just weight. Policymakers should be 
encouraged to use stunting as an indica-
tor of overall child health and nutrition, 
rather than monioring only under-
weight, and this should be reflected 
in program evaluation. Stunting as an 
indicator is particularly important as 
the “nutrition transition” toward greater 
overweight accelerates in many develop-
ing countries, which can lead to popula-
tions with low rates of underweight but 
persistently high rates of stunting.

Support innovation and research. 
Much needs to be learned about how 
to implement successful programs that 
promote optimal growth and develop-
ment at an affordable cost. Further 
research is needed to better understand 
the pathways by which prevention of 
stunting can have long-term effects on 
a variety of outcomes.  The follow-up 
studies in Guatemala demonstrate that a 
nutritional intervention in early life that 
improves linear growth also has sizeable 
effects on human capital formation and 
economic productivity in adulthood, as 
well as on growth of future generations. 
Additional follow-up studies of trials 
in Africa and Asia would strengthen 
the case for a global strategy directed at 
early intervention.
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