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Abstract

This review summarizes the impact of stunting, highlights recent research findings, discusses policy and pro-
gramme implications and identifies research priorities. There is growing evidence of the connections between
slow growth in height early in life and impaired health and educational and economic performance later in life.
Recent research findings, including follow-up of an intervention trial in Guatemala, indicate that stunting can
have long-term effects on cognitive development, school achievement, economic productivity in adulthood and
maternal reproductive outcomes. This evidence has contributed to the growing scientific consensus that tackling
childhood stunting is a high priority for reducing the global burden of disease and for fostering economic
development. Follow-up of randomized intervention trials is needed in other regions to add to the findings of the
Guatemala trial. Further research is also needed to: understand the pathways by which prevention of stunting
can have long-term effects; identify the pathways through which the non-genetic transmission of nutritional
effects is mediated in future generations; and determine the impact of interventions focused on linear growth in
early life on chronic disease risk in adulthood.
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Introduction

Children throughout the world can reach their growth
potential if they are nurtured in healthy environments
and their caregivers follow recommended health,
nutrition and care practices. Stunting indicates a
failure to achieve one’s genetic potential for height
(Golden 2009).A child is considered ‘stunted’ if his or
her height is more than two standard deviations
below the World Health Organization standard
(WHO Multicentre Growth Reference Study Group,
2006). The main causes of stunting include intrauter-

ine growth retardation, inadequate nutrition to
support the rapid growth and development of infants
and young children and frequent infections during
early life (Frongillo 1999). Although a child may not
be classified as ‘stunted’ until 2–3 years of age, the
process of becoming stunted typically begins in utero.
The result – a very short height – usually reflects the
persistent, cumulative effects of poor nutrition and
other deficits that often span across several genera-
tions. This review summarizes the impact of stunting,
highlighting research findings published in the past 5
years.
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Stunting affects one-third of children under 5 in
low-income and middle-income countries, for a total
of 178 million children (Black et al. 2008). Stunting
often goes unrecognized by families who live in com-
munities where short stature is so common that it
seems normal. Even among health workers, stunting
generally does not receive the same attention as
underweight or wasting (low weight for height), espe-
cially if height is not routinely measured as part of
community health programmes. Many families, health
workers and policy makers are unaware of the conse-
quences of stunting so it may not be viewed as a
public health issue.

The prevalence of stunting is highest in Africa
(40%), and the largest number of stunted children is
in Asia (112 million), mostly in South-central Asia, as
shown in Table 1. Ninety per cent of the overall global
burden of child stunting is attributable to 36 coun-
tries. Stunting is found at many levels in society. In
Bangladesh, for example, stunting in children less
than 5 years of age was found in one-fourth of the
richest households [National Institute of Population
Research and Training (NIPORT) et al. 2009]. In
developing countries, stunting is more prevalent than
underweight (low weight for age, 20%) or wasting
(low weight for height, 10%) possibly because height
gain is even more sensitive to dietary quality than is
weight gain.

Stunting often begins in utero

During fetal life and the first 2 years after birth, nutri-
tional 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 average) in several
regions and decline sharply during the first 24 months
of life but show no further decline or any improve-
ment thereafter (Victora et al. 2010), as illustrated in
Fig. 1.

Maternal undernutrition, anaemia, tobacco use and
indoor air pollution can restrict fetal growth and
result in low birthweight. Table 2 shows that the
prevalence of low body mass index (BMI) among
women 15–49 years of age may be as high as 35% in
some countries. In many countries, more than half of

Key messages

• Stunting is both a direct cause of short adult height and suboptimal function later in life and a key marker of the
underlying processes in early life that lead to poor growth and other adverse outcomes.

• Stunting is a risk factor for diminished survival, childhood and adult health, learning capacity and productivity.
• Prevention of stunting should be made a priority. Intervention strategies should target the ‘window of

opportunity’ from the pre-conception period through the first 2 years of life and include interventions
demonstrated to have a positive impact on linear growth.

• Additional research is needed to confirm findings for other regions, to understand the pathways through which
stunting can have long-term effects and to identify pathways through which the non-genetic transmission of
nutritional effects is mediated in future generations.

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
Southeast 55 19 34
Western 25 5 21

Latin America and 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.
WHO, World Health Organization.
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all women of reproductive age are anaemic (Fig. 2).
Diets of poor nutritional quality during pregnancy,
infancy and early childhood lead to inadequate nutri-
ent 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 (Martorell et al. 1994). An opportunity
exists to make up some of the height deficit during
adolescence because stunted children often experi-
ence a delay in skeletal maturation, lengthening the
total period of time for growth in height. However,
the potential for substantially reducing the height
deficit during adolescence is limited because the
maturational delays are usually shorter than 2 years
(Martorell et al. 1994). Moreover, adolescents who
enter this period stunted are often living 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 conse-
quences in two ways:

• as a direct cause of short adult height and subopti-
mal function later in life and
• as a key marker of the underlying 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 observa-
tional studies. Nonetheless, there is growing evidence

Fig. 1. Timing of growth faltering: mean height-for-age z-scores by age for 54 studies, relative to the WHO standard. WHO Regional Office for
Europe (EURO); WHO Regional Office for the Eastern Mediterranean (EMRO); WHO Regional Office for Africa (AFRO); Pan American Health
Organization (PAHO);WHO Regional Office for South-East Asia (SEARO). Source:Victora et al., reproduced with permission from Pediatrics 125,
e473–e480. Copyright 2010 by the AAP. AAP, American Academy of Pediatrics; WHO, World Health Organization.
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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
Group (Victora et al. 2008) reviewed cohort studies
from five low-income and middle-income countries:
Brazil, Guatemala, India, Philippines and South
Africa. The studies involved long-term follow-up of
children into late adolescence and adulthood. The

study group concluded that small size at birth and
childhood stunting were linked with short adult
stature, reduced lean body mass, less schooling, dimin-
ished intellectual functioning, reduced earnings and
lower birthweight of infants born to women who
themselves had been stunted as children. Recent evi-
dence also indicates that children born to women who
are stunted are at greater risk of dying than children
of mothers with normal height (Ozaltin et al. 2010).
The links between stunting and health, educational
and economic outcomes are discussed below and
illustrated in Fig. 3.

Long-term health consequences of
maternal stunting

A woman who is less than 145 cm or 4′7″ is considered
to be stunted, which presents risks to the survival,
health and development of her offspring. Table 2
shows the percentage of women of reproductive age
who are stunted. The prevalence of stunting among
women is highest in South/Southeast Asia (e.g. 15%
in Bangladesh) and in parts of Latin America (e.g.
29% in Guatemala).

Maternal stunting can restrict uterine blood flow
and growth of the uterus, placenta and fetus. Intrau-
terine growth restriction (IUGR) is associated with
many adverse fetal and neonatal outcomes (Kramer
1987; Kramer et al. 1990; Black et al. 2008). 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
(Black et al. 2008). Infants with IUGR often suffer
from delayed neurological and intellectual develop-
ment, and their deficit in height generally persists to
adulthood.

Maternal stunting is consistently associated with an
elevated risk of perinatal mortality (stillbirths and
deaths during the first 7 days after birth) (Lawn et al.
2009), mostly related to obstructed labour resulting
from a narrower pelvis in short women. In a hospital-
based study in Nigeria, obstructed labour accounted
for 53% of perinatal mortality (Omole-Ohonsi &
Ashimi 2007). Perinatal mortality from obstructed
labour is largely the result of birth asphyxia. Mothers

Table 2. Nutritional status of women: among women aged 15–49
years, the percentage with height under 145 cm and the percentage
with body mass index <18.5 kg m-2 (thin), DHS Surveys 2003–2009

Country and year of DHS Height:
percentage
under 145 cm

Body mass index:
percentage thin
(<18.5 kg m-2)

Sub-Saharan Africa
Benin 2006 1.4 9.2
Burkina Faso 2003 0.5 20.8
Chad 2004 0.3 22.1
Congo DR 2007 4.0 18.5
Ethiopia 2005 3.2 26.5
Ghana 2008 1.4 8.6
Guinea 2005 1.2 13.2
Kenya 2008–2009 1.2 12.3
Liberia 2007 2.5 10
Madagascar 2003–2004 6.5 19.2
Malawi 2004 3.1 9.2
Mali 2006 0.8 13.5
Mozambique 2003 4.9 8.6
Namibia 2006–2007 1.0 15.9
Niger 2006 0.7 19.2
Nigeria 2008 3.0 12.2
Rwanda 2005 3.8 9.8
Senegal 2005 0.4 18.2
Tanzania 2004–2005 3.4 10.4
Uganda 2006 1.9 12.1
Zambia 2007 2.6 9.6
Zimbabwe 2005–2006 0.7 9.2

South/Southeast Asia
Bangladesh 2007 15.1 29.7
Cambodia 2005 7.7 20.3
India 2005–2006 11.4 35.6
Nepal 2006 14.1 24.4

Latin America and the
Caribbean
Bolivia 2003 10.3 1.9
Guatemala 2008–2009 29.4 1.3
Haiti 2005–2006 1.2 15.5
Honduras 2005–2006 9.8 4
Peru 2004–2008 continuous 11.2 1.8

DHS, Demographic and Health Surveys.
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with height shorter than 145 cm are more likely to
have an infant with birth asphyxia (Lee et al. 2009).
Globally, birth asphyxia accounts for 23% of the four
million neonatal deaths each year (Lawn et al. 2005).
An estimated one million children who survive birth
asphyxia live with chronic neuro-developmental dis-
orders, including cerebral palsy, mental retardation
and learning disabilities (World Health Organization
2005).

In a recent analysis of 109 Demographic and
Health Surveys (DHS) conducted between 1991 and
2008 in 54 countries, children (under 5 years of age)
who were born to the shortest mothers (<145 cm) had
a 40% increased risk of mortality after adjusting for
multiple factors (Ozaltin et al. 2010). 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 mater-

Fig. 2. Percentage of women aged 15–49 with anaemia, DHS 2003–2009. Anaemia cut-offs, non-pregnant women: any, <12.0 g dL-1; mild,
10.0–11.9 g dL-1; moderate, 7.0–9.9 g dL-1; and severe, <7.0 g dL-1 and pregnant women: any, <11.0 g dL-1; mild, 10.0–10.9 g dL-1; moderate, 7.0–
9.99 g dL-1; and severe, <7.0 g dL-1. DHS, Demographic and Health Surveys.
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nal height, compared with mothers �160 cm in height
(adjusted relative risks 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). The effect of short
maternal stature on child mortality was comparable
to the effect of having no education or being in the
poorest 20% of households. The likely explanations
for this finding include 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.

As mentioned above, short maternal stature
increases the risk of disparity in size between the
baby’s head and the mother’s pelvis. Because of this
disproportion, short mothers are less likely to have a

Fig. 3. Potential causal pathways for long-term consequences of stunting (Source: adapted from Grantham-McGregor et al. 2007).
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successful spontaneous vaginal delivery (Kwawu-
kume et al. 1993; Merchant et al. 2001), which
increases the risk of maternal mortality and short-
and long-term disability. If timely referral to a well-
equipped hospital occurs, a Caesarean section can be
performed; however, even a Caesarean section carries
potential risks of complications that can jeopardize
maternal and newborn health. Failure to deliver by
Caesarean section in time may lead to more serious
consequences of obstructed labour. These conse-
quences can include injury to the birth passage, post-
partum haemorrhage, rupture of the uterus, genital
sepsis or fistula, leading to urinary dribbling or incon-
tinence. In the worst case scenario, obstructed labour
can lead to maternal death, mostly because of rup-
tured uterus or puerperal sepsis. The percentages of
maternal mortality attributable to obstructed labour
are 4% in Africa, 9% in Asia and 13% in Latin
America and the Caribbean (Khan et al. 2006).
Mothers who survive but have long-term disability
due to complications such as fistula experience social,
economic, emotional and psychological consequences
that have an enormous impact on maternal health and
well-being (Ahmed & Holtz 2007).

Decreased maternal stature is also associated with
an increased risk of underweight and stunting among
offspring. In their analysis of DHS in 54 countries,
Ozaltin et al. (2010) found that a 1-cm decrease in
height was associated with an increased risk of under-
weight and stunting. Compared with the tallest
mothers (�160 cm), each lower-height category had a
substantially higher risk of underweight and stunting
among children, with the highest risk for mothers
shorter than 145 cm. The association between mater-
nal height and stunting was statistically significant in
52 of 54 countries (96%) analysed.

Growth restriction in early life is linked not only to
short adult height but also to certain metabolic disor-
ders and chronic diseases in adulthood. Data from the
Maternal and Child Undernutrition Study Group
(Victora et al. 2008) indicate that lower birthweight
(which is strongly correlated 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 BMI.The ‘developmental origins of health

and disease’ hypothesis posits that the intrauterine
and early post-natal environment can modify expres-
sion of the fetal genome and lead to lifelong alter-
ations in metabolic, endocrine and cardiovascular
function (Gluckman et al. 2010). In this case, it is likely
that the process of stunting is harmful and not neces-
sarily short stature itself.

Long-term educational and economic
consequences of child stunting

The process of becoming stunted, due to restricted
nutrient supply and/or frequent infection, is likely a
common cause of both short stature and structural
and functional damage to the brain, resulting in delay
in the development of cognitive functions as well as
permanent cognitive impairments (Kar et al. 2008).
The Maternal and Child Undernutrition Study
Group, using the same pooled cohort mentioned
above, found that being stunted at 24 months was
associated with a reduction in schooling of 0.9 year, an
older age at school enrolment and a 16% increased
risk of failing at least one grade in school after con-
trolling for confounding variables such as sex, socio-
economic status and maternal schooling (Martorell
et al. 2010a). Evidence from other developing coun-
tries also indicates that being stunted between 12 and
36 months of age is associated with poorer cognitive
performance and lower school achievement in middle
childhood (Grantham-McGregor et al. 2007). Short
stature has also been linked to lower economic pro-
ductivity. For example, in a large cross-sectional study
in Brazil, a 1% increase in height was associated with
a 2.4% increase in wages (Thomas & Strauss 1997).
Taller men and women earned more even after con-
trolling for education and other indicators of health
such as BMI, per capita energy intake and per capita

protein intake.
The most convincing evidence on these conse-

quences comes from long-term follow-up studies of
randomized trials, such as the large-scale nutritional
supplementation trial carried out in Guatemala
between 1969 and 1977 (Box 1, Fig. 4 and Table 3),
the only one of the five cohort studies examined by
the Maternal and Child Undernutrition Study Group
that used an experimental design. Several recent

Long-term consequences of stunting 11
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Box 1. The INCAP Longitudinal Study
In the Institute of Nutrition of Central America and Panama (INCAP) Longitudinal Study, supplements were made available to the villagers
from four centrally located feeding stations, one in each village, where supplements were distributed daily at mid-morning and mid-
afternoon. Attendance and supplement consumption were open to all villagers but were recorded only for the target population. Routine
medical services in each village were established and maintained by INCAP.All women who were pregnant or lactating and all children from
birth to 7 years of age living in the study villages between 1 January 1969 and 28 February 1977 were included in the original design of the
study (Habicht & Martorell 1993). Supplementation was provided from 1 March 1969 to 28 February 1977. Children were followed through
age 7 years or until the end of the study, whichever came first. Thus, all children were exposed either to Atole or to Fresco at different ages
and for different periods of time: prenatally through supplement intake by the mother and post-natally through the effects of maternal
supplement intake on breast milk content of certain nutrients, as well as through the child’s own consumption (Stein et al. 2008). The trial
included 643 pregnant and lactating women and 2392 children 0–7 years of age who received supplementation. Several prospective follow-up
studies were conducted between 1988 and 2007, and some are still ongoing or being planned (Fig. 4). Table 3 provides descriptive
information about the follow-up studies conducted with this cohort.

Fig. 4. Prospective cohort studies nested in the follow-up of the Institute of Nutrition of Central America and Panama trial (Source: adapted from
Ramirez-Zea et al. 2010).

K.G. Dewey and K. Begum12

© 2011 Blackwell Publishing Ltd Maternal and Child Nutrition (2011), 7 (Suppl. 3), pp. 5–18



Ta
bl

e
3.

Fo
llo

w
-u

p
st

ud
ie

s
fo

r
th

e
IN

C
A

P
lo

ng
itu

di
na

ls
tu

dy

Fo
llo

w
-u

p
pe

ri
od

O
bj

ec
ti

ve
s

St
ud

y
pa

rt
ic

ip
an

ts
St

ud
y

sa
m

pl
e

A
ge

at
fo

llo
w

-u
p

O
ut

co
m

e
va

ri
ab

le
s

Po
te

nt
ia

lc
on

fo
un

de
rs

ad
ju

st
ed

fo
r

M
ay

20
02

–
A

pr
il

20
04

To
ex

pl
or

e
th

e
im

pa
ct

of
ea

rl
y

ch
ild

ho
od

nu
tr

it
io

n
on

ad
ul

t
hu

m
an

ca
pi

ta
l

fo
rm

at
io

n
an

d
ec

on
om

ic
pr

od
uc

ti
vi

ty

C
oh

or
t

m
em

be
rs

of
IN

C
A

P
19

69
–1

97
7

st
ud

y
w

ho
re

m
ai

ne
d

al
iv

e
in

20
04

,l
iv

in
g

in
or

ne
ar

fo
ur

or
ig

in
al

st
ud

y
vi

lla
ge

s
or

el
se

w
he

re
in

G
ua

te
m

al
a

C
it

y

Ta
rg

et
ed

:1
85

5
(7

8%
)*

In
te

rv
ie

w
ed

=
15

71
C

om
pl

et
ed

da
ta

=
14

24
Fo

r
an

al
ys

is
=

11
07

(M
en

=
60

2;
w

om
en

=
50

5)
A

tt
ri

ti
on

ra
te

=
40

.5
%

26
–4

2
ye

ar
s

C
og

ni
ti

ve
fu

nc
ti

on
an

d
sc

ho
ol

in
g:

•
av

er
ag

e
ye

ar
s

of
sc

ho
ol

in
g

•
re

ad
in

g
co

m
pr

eh
en

si
on

sc
or

e
•

in
te

lli
ge

nc
e

sc
or

e
In

co
m

e
an

d
w

ag
es

:
•

an
nu

al
ea

rn
ed

in
co

m
e

•
ho

ur
s

w
or

ke
d

in
th

e
la

st
ye

ar
•

av
er

ag
e

w
ag

e
ra

te

In
di

vi
du

al
ch

ar
ac

te
ri

st
ic

s:
se

x
an

d
ag

e
Fa

m
ily

ch
ar

ac
te

ri
st

ic
s

de
ri

ve
d

fr
om

th
e

19
69

–1
97

7
st

ud
y:

ag
e

of
m

ot
he

r
w

he
n

pa
rt

ic
ip

an
t

w
as

bo
rn

,
m

ot
he

r’
s

he
ig

ht
,s

ch
oo

lin
g

of
fa

th
er

/m
ot

he
r

an
d

in
de

x
of

ho
us

eh
ol

d
w

ea
lt

h
C

om
m

un
it

y
ch

ar
ac

te
ri

st
ic

s:
av

ai
la

bi
lit

y
of

pr
im

ar
y

sc
ho

ol
E

le
ct

ri
ci

ty
N

at
ur

al
di

sa
st

er
s

In
cr

ea
se

d
de

m
an

d
fo

r
an

y
ag

ri
cu

lt
ur

al
pr

od
uc

t
Ja

n
20

06
–

O
ct

20
07

To
as

se
ss

w
he

th
er

nu
tr

it
io

na
l

su
pp

le
m

en
ta

ti
on

of
gi

rl
s

ag
ed

<7
–1

5
ye

ar
s

af
fe

ct
ed

th
ei

r
of

fs
pr

in
g’

s
nu

tr
it

io
na

ls
ta

tu
s

C
oh

or
t

m
em

be
rs

of
IN

C
A

P
19

69
–1

97
7

st
ud

y
w

ho
re

m
ai

ne
d

al
iv

e
in

20
07

,l
iv

in
g

in
or

ne
ar

fo
ur

or
ig

in
al

st
ud

y
vi

lla
ge

s
or

el
se

w
he

re
in

G
ua

te
m

al
a

C
it

y,
an

d
w

ho
ha

d
at

le
as

t
on

e
of

fs
pr

in
g

Ta
rg

et
ed

:1
09

0
co

ho
rt

m
em

be
rs

In
te

rv
ie

w
ed

=
10

09
(5

58
w

om
en

)
of

w
ho

m
82

4
(4

36
w

om
en

)
re

po
rt

ed
ha

vi
ng

14
00

liv
in

g
of

fs
pr

in
g

<1
2

ye
ar

s
•

79
1

bi
ol

og
ic

al
ch

ild
re

n
of

40
1

m
ot

he
rs

w
ho

ha
d

be
en

ex
po

se
d

to
su

pp
le

m
en

ta
ti

on
an

d
fo

r
w

ho
m

da
ta

on
al

l1
0

an
th

ro
po

m
et

ri
c

in
di

ca
to

rs
w

er
e

av
ai

la
bl

e
w

er
e

in
cl

ud
ed

in
th

e
an

al
ys

is

29
–4

4-
ye

ar
-o

ld
co

ho
rt

an
d

<1
2-

ye
ar

-o
ld

of
fs

pr
in

g
of

co
ho

rt

A
nt

hr
op

om
et

ri
c

in
di

ca
to

rs
:

B
ir

th
w

ei
gh

t,
he

ig
ht

,w
ei

gh
t,

B
M

I,
he

ad
ci

rc
um

fe
re

nc
e,

ar
m

ci
rc

um
fe

re
nc

e,
tr

ic
ep

s
sk

in
fo

ld
th

ic
kn

es
s,

su
b-

sc
ap

ul
ar

sk
in

fo
ld

th
ic

kn
es

s,
he

ig
ht

-f
or

-a
ge

z-
sc

or
e,

w
ei

gh
t-

fo
r-

ag
e

z-
sc

or
e

an
d

B
M

I
fo

r
ag

e
z-

sc
or

e

O
ff

sp
ri

ng
se

x
an

d
ag

e.
A

ss
es

se
d

ro
bu

st
ne

ss
of

fin
di

ng
s

w
it

h
re

ga
rd

to
:s

ex
of

pa
re

nt
s,

m
at

er
na

l
sc

ho
ol

in
g

at
ta

in
m

en
t,

m
at

er
na

la
nd

pa
te

rn
al

he
ig

ht
s,

gr
an

dp
ar

en
t’

s
so

ci
o-

ec
on

om
ic

st
at

us
an

d
gr

an
dm

ot
he

r’
s

he
ig

ht
,

ex
cl

ud
in

g
12

-y
ea

r-
ol

d
of

fs
pr

in
g

B
M

I,
bo

dy
m

as
s

in
de

x;
IN

C
A

P,
In

st
it

ut
e

of
N

ut
ri

ti
on

of
C

en
tr

al
A

m
er

ic
a

an
d

P
an

am
a.

*A
m

on
g

th
e

23
92

or
ig

in
al

co
ho

rt
m

em
be

rs
,2

74
(1

1%
)

di
ed

,m
os

tl
y

fr
om

in
fe

ct
io

us
di

se
as

es
in

ch
ild

ho
od

,1
62

(7
%

)
m

ig
ra

te
d

ab
ro

ad
an

d
10

1
(4

%
)

w
er

e
un

tr
ac

ea
bl

e;
am

on
g

18
55

el
ig

ib
le

fo
r

in
te

rv
ie

w
,1

13
3

(6
0%

)
liv

ed
in

th
e

or
ig

in
al

vi
lla

ge
s,

15
5

(8
.4

%
)

liv
ed

in
ne

ar
by

vi
lla

ge
s,

41
9

(2
2.

6%
)

liv
ed

in
or

ne
ar

G
ua

te
m

al
a

C
it

y
an

d
16

8
(9

%
)

liv
ed

el
se

w
he

re
in

G
ua

te
m

al
a.

Long-term consequences of stunting 13

© 2011 Blackwell Publishing Ltd Maternal and Child Nutrition (2011), 7 (Suppl. 3), pp. 5–18



papers have evaluated the impact of nutrition supple-
mentation in early life on stunting and on various
aspects of the development of human capital in adult-
hood. The Institute of Nutrition of Central America
and Panama (INCAP) Oriente Longitudinal Study
was a large supplementary feeding trial targeted to
pregnant and lactating women and their children
from birth to 7 years of age, which was conducted in
four rural Guatemalan villages (Martorell, 1992). Sub-
sequent follow-up studies occurred in 1988–2007
through backward tracing of the original population
up to 40 years later (Ramirez-Zea et al. 2010). The
trial included two sets of two matched villages. One
village in each set was randomly selected to receive
either a high-protein (6.4 g 100 mL-1), high-energy
(91 kcal 100 mL-1) supplement called ‘Atole’ or a
non-protein, low-energy (33 kcal 100 mL-1) supple-
ment called ‘Fresco’, the nutrient composition of
which has been described elsewhere (Martorell et al.
1995; Ramirez-Zea et al. 2010). Dry skim milk was the
predominant source of energy and protein in Atole.
From October 1971 until the end of the intervention
in 1977, both supplements were fortified with several
micronutrients (iron, fluoride, thiamine, riboflavin,
niacin, ascorbic acid and vitamin A) in equal concen-
trations by volume (Martorell et al. 1995). Fresco was
given as a control for social interaction associated
with attending the feeding centre, which might have
influenced certain outcomes such as cognitive
development.

Child length gain was greater in ‘Atole’ villages
than in ‘Fresco’ villages during the first 3 years of life
(+0.9 cm in the first year, +1.0 cm in the second year
and +0.4 cm in the third year) (Schroeder et al. 1995).
This effect persisted even after controlling for initial
body size, diarrhoeal disease, socio-economic status,
gender and energy from home diets during the second
year. No effect of Atole on length gain was observed
when supplementation occurred between 3 and 7
years of age. The greater impact during the first 3
years of life is probably due to the greater growth
potential, greater relative nutritional requirements
and relatively frequent infections in younger children.

The first follow-up study was conducted during
1988–1989 when the cohort was 11–26 years old. It
documented that improved nutrition in early child-

hood had significant effects on body size and intellec-
tual functioning (Martorell et al. 2010b). Specifically,
during adolescence, subjects from Atole villages were
taller, weighed more and had greater lean body mass
than subjects from Fresco villages (Rivera et al. 1995).
Subjects receiving Atole also scored significantly
higher on tests of knowledge, numeracy, reading and
vocabulary than those given Fresco (Pollitt et al.
1995).

Key findings from the 2002–2004 follow-up study,
when the cohort was 26–42 years of age, included the
impact on school achievement (Maluccio et al. 2009)
and economic productivity (Hoddinott et al. 2008).
These studies showed that exposure to Atole supple-
mentation before 3 years of age, but not after 3 years,
increased years of schooling completed by 1.2 grades
for women (but not for men). Reading comprehen-
sion and intelligence scores increased in both men
and women. The impact of Atole supplementation on
intelligence was independent of schooling (Stein et al.
2008). Wage rate (income earned per hour worked)
increased by US$ 0.62–0.67 per hour in men (but not
in women). In the subgroup exposed to Atole supple-
mentation during the first 2 years of life, this repre-
sented a 46% increase in average wages. The lack of
effect on income measures in women could be due to
differences in economic activity between men and
women. Virtually all men (99%) participated in at
least one income-generating activity, whereas the pro-
portion was much less for women (70%) who were
mostly engaged in activities that did not generate
much income.

The 2006–2007 follow-up study (Behrman et al.
2009a) of intergenerational effects found that com-
pared with the offspring of women exposed to Fresco,
the offspring of women exposed to Atole as children
(starting before 7 years of age) had greater birth-
weight (+116 g), height (+1.3 cm), head circumference
(+0.6 cm), height-for-age z-score (+0.26) and weight-
for-height z-score (+0.20). The effects on height dif-
fered by sex of the offspring. Sons of women exposed
to Atole were 2.0 cm taller than sons of women
exposed to Fresco, whereas the difference for female
offspring was only 0.6 cm. There were no significant
differences in the measures of offspring adiposity
(BMI, arm circumference, triceps skinfold thickness
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and sub-scapular skinfold thickness). Paternal expo-
sure to Atole was not associated with any of the 11
anthropometric indicators.

This unique, long-term study demonstrated that
nutritional intervention before 3 years of age has sig-
nificant long-term effects on height, as well as human
capital and economic productivity in adulthood, and
that nutritional supplementation of girls starting in
early childhood has significant effects on body size of
their offspring.

In a subsequent analysis of the pathways by which
Atole supplementation benefited wage rates in men
(Behrman et al. 2009b), it was found that adult lean
body mass (which is usually correlated with height)
and adult reading comprehension scores were both
explanatory variables. However, when both variables
were treated as ‘endogenous’ (i.e. potentially reflect-
ing earlier choices), only the reading comprehension
scores remained significant in explaining the impact
on wage rates.This does not mean that early life nutri-
tion was not important but that it worked through
reading comprehension scores and not through adult
lean body mass.The lack of impact via lean body mass
is probably explained by the relatively low proportion
of men in the follow-up study who worked in physi-
cally demanding occupations. When analysis was
restricted to men with such occupations, lean body
mass remained important in explaining the impact of
supplementation on wage rates. Thus, the relative
importance of improvements in ‘brains’ vs. ‘brawn’
may depend on the types of employment available to
adults.

Discussion

The studies discussed above provide strong evidence
that stunting matters for two reasons. First, it strongly
affects adult height, which among women has an
impact on health and survival of their children, as well
as their own reproductive health, and among men has
been linked to economic productivity. Second, the
process of stunting reflects damage that affects (in
some cases, irreparably) health and development over
the long term. The follow-up studies of the INCAP
trial 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. They also show that
intervention needs to occur during the period when
stunting usually occurs – the prenatal period and the
first 3 years of life – in order to have a significant
impact.

Thus, efforts to prevent stunting are likely to be of
benefit for multiple outcomes, including cognitive
development, school achievement and wages earned
in adulthood. In developing countries, an estimated 99
million children of primary school age are not
enrolled in school, and of those enrolled, only 78%
complete primary school [United Nations Educa-
tional, Scientific and Cultural Organization
(UNESCO) 2010]. About 200 million children under
5 years of age fail to reach their potential in cognitive
development because of a combination of risk factors
such as poverty, poor health and nutrition and inad-
equate caring practices (Grantham-McGregor et al.
2007). These conditions play an important part
in the intergenerational transmission of poverty
(Grantham-McGregor et al. 2007). Therefore, inter-
ventions to prevent stunting early in life should accel-
erate achievement of the Millennium Development
Goals of achieving universal primary education,
eradicating poverty, reducing mortality and improv-
ing maternal health.

Making prevention of stunting a priority, however,
will require that certain actions be taken by policy
makers and those responsible for the design and
implementation of programmes. Specifically, interven-
tions need to be targeted at the ‘window of opportu-
nity’, which includes the pre-conception period,
pregnancy, lactation and the first 2 years of life
(Bhutta et al. 2008; Dewey & Huffman 2009; Victora
et al. 2010; Dewey & Adu-Afarwuah 2008).The choice
of intervention strategies should be guided by those
that have been demonstrated to have a positive
impact on linear growth, not just child weight. Simi-
larly, evaluation of programme impact must include
measures of child height, not just weight. Lastly, policy
makers should shift towards an emphasis on stunting
as an indicator of overall child health and nutrition
rather than underweight. This is particularly impor-
tant as the ‘nutrition transition’ towards greater over-
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weight accelerates in many developing countries,
which can lead to populations with low rates of under-
weight but persistently high rates of stunting.

Research priorities

Additional research, especially research from inter-
vention trials, is needed to better understand the long-
term consequences of stunting in early life. Research
from intervention trials in other regions is needed to
add to the findings of the long-term follow-up of the
intervention trial in Guatemala. We need to know
whether interventions that improve linear growth of
infants and young children in Africa and Asia are also
beneficial for key outcomes later in life. The analysis
by the Maternal and Child Undernutrition Study
Group (Victora et al. 2008) using data from four pro-
spective cohort studies from Brazil, India, Philippines
and South Africa (in addition to the Guatemala trial)
suggests that this will be the case; however, follow-up
of randomized intervention trials is the gold standard
for drawing such conclusions.

Further research is also needed to understand the
pathways by which prevention of stunting can have
long-term effects on cognitive development, school
achievement and economic productivity in adult-
hood, particularly in populations where labour force
participation among women is high. What are the
direct effects of increased height, and for which out-
comes is greater height simply a marker of improve-
ment in other domains such as cognitive function?
More information on the consequences for maternal
reproductive outcomes and parental caregiving prac-
tices is needed.

Finally, research is needed to identify the pathways
through which the non-genetic transmission of nutri-
tional effects is mediated in future generations and to
determine the impact of interventions focused on
linear growth in early life, rather than accelerated
weight gain, on chronic disease risk in adulthood.
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