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Abstract

In 2012, the World Health Organization adopted a resolution on maternal, infant and young child nutrition that
included a global target to reduce by 40% the number of stunted under-five children by 2025. The target was
based on analyses of time series data from 148 countries and national success stories in tackling undernutrition.
The global target translates to a 3.9% reduction per year and implies decreasing the number of stunted children
from 171 million in 2010 to about 100 million in 2025. However, at current rates of progress, there will be 127
million stunted children by 2025, that is, 27 million more than the target or a reduction of only 26%. The
translation of the global target into national targets needs to consider nutrition profiles, risk factor trends,
demographic changes, experience with developing and implementing nutrition policies, and health system
development. This paper presents a methodology to set individual country targets, without precluding the use of
others. Any method applied will be influenced by country-specific population growth rates. A key question is
what countries should do to meet the target. Nutrition interventions alone are almost certainly insufficient, hence
the importance of ongoing efforts to foster nutrition-sensitive development and encourage development of
evidence-based, multisectoral plans to address stunting at national scale, combining direct nutrition interven-
tions with strategies concerning health, family planning, water and sanitation, and other factors that affect the
risk of stunting. In addition, an accountability framework needs to be developed and surveillance systems
strengthened to monitor the achievement of commitments and targets.

Keywords: stunting, malnutrition, growth, infant nutrition, child health.
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Introduction

In May 2012, the World Health Organization (WHO)
adopted a resolution on maternal, infant and young
child nutrition that included six global targets to
reduce the high burden of disease associated with
malnutrition, particularly during the critical period
from conception to 24 months of age. The first target
addresses the scourge of stunting and aims to reduce

by 40% the number of stunted children under 5 years
of age in 2025 (WHO 2012).

There are good reasons why stunting has recently
gained international attention. First, it affects large
numbers of children globally (United Nations
Children’s Fund, World Health Organization & The
World Bank 2012). Second, it has severe short- and
long-term health consequences. Evidence demon-
strates that stunting in early life is associated with
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adverse functional consequences including poor cog-
nition and educational performance, low adult wages,
lost productivity and, when accompanied by excessive
weight gain later in childhood, increased risk of
nutrition-related chronic diseases (Victora et al.
2008). Third, there is international agreement on its
definition (i.e. percentage of children with height-for-
age below minus two standard deviations from the
median of the WHO Child Growth Standards) and a
robust standard that defines normal human growth
which is applicable everywhere, regardless of ethnic-
ity, socio-economic status and type of feeding (WHO
Multicentre Growth Reference Study Group 2006; de
Onis et al. 2012). Fourth, there is agreement on a criti-
cal window – from conception to the first 2 years
of life – within which linear growth is most sensitive
to environmentally modifiable factors related to
feeding, infections and psychosocial care (Victora
et al. 2010; Black et al. 2013). Fifth, it is a cross-cutting
problem calling for a multisectoral response
(Casanovas et al. 2013; Ruel et al. 2013). Action to
reduce stunting requires improvements in food and
nutrition security, education, WASH (water, sanita-
tion and hygiene interventions), health, poverty
reduction and the status of women (Stewart et al.
2013).

This paper summarises the rationale for the global
target on stunting, describes stunting trends from
1990 until 2025, presents a methodology to adapt the
global target at the national level, and reviews what
can be done to reduce stunting.

Background to the WHO global
nutrition targets

In May 2010, the World Health Assembly requested
the Director-General to develop a comprehensive
plan on infant and young child nutrition as a critical
component of a global multisectoral nutrition frame-
work (resolution WHA63.23). In January 2011, the
WHO Executive Board recommended, inter alia,
revising the plan’s title to include maternal nutrition
and giving greater attention to the double burden of
undernutrition and overweight.

In 2011, five regional consultations (in Africa, the
Americas, South-East Asia, Eastern Mediterranean
and Western Pacific) were held to obtain inputs from
Member States and concerned stakeholders on the
proposed plan’s outline. During these consultations, a
number of Member States requested that global
targets be developed for conditions which are respon-
sible for a large proportion of the burden of nutrition-
related morbidity and mortality from conception to
the first 2 years of life.

In January 2012, the Executive Board considered
the report on ‘Maternal, infant and young child nutri-
tion: draft comprehensive implementation plan’ and
requested further global consultation regarding the
targets via a Web-based process open to all Member
States and multilateral organisations. In May 2012,
the Sixty-Fifth World Health Assembly endorsed the
Comprehensive Implementation Plan (2012–2025) on

Maternal, Infant and Young Child Nutrition, which

Key messages

• In 2012, the World Health Organization adopted a resolution on maternal, infant and young child nutrition
including a global target to reduce by 40% the number of stunted under-five children by 2025.

• The global target translates to a 3.9% reduction per year to decrease the number of stunted children from 171
million in 2010 to about 100 million in 2025. However, at current progress rates, there will be 127 million
stunted children by 2025 – a reduction of only 26%.

• Translation of the global target into national targets needs to consider nutrition profiles, risk factor trends,
demographic changes, experience with developing and implementing nutrition policies, and degree of health
system development.

• Nutrition interventions must be complemented by nutrition-sensitive development and evidence-based
multisectoral plans to address stunting at national scale.

• An accountability framework will need to be developed and surveillance systems strengthened to monitor
commitments and the achievement of targets.
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included global targets on six nutrition indicators:
stunting, anaemia, low birthweight, overweight,
breastfeeding and wasting (WHO 2012).

The criteria used in selecting indicators included
their epidemiological and public health relevance;
availability of effective and feasible evidence-based
public health interventions; evidence that targets can
be achieved in all countries regardless of income
level; consistency with targets included in existing
policy frameworks; existence of surveillance systems
or data collection instruments and the potential for
establishing baselines and monitoring changes over
time; and national capacity for monitoring proposed
target indicators.

Stunting in children fulfilled all the foregoing cri-
teria and was included as the first global nutrition
target, which complements Millennium Development
Goal 1 on reducing the prevalence of underweight
children. Stunting is also one of the key indicators
recommended by both the Countdown to 2015 for

Maternal, Newborn and Child Survival (WHO 2010)
and the Commission on Information and Accountabil-

ity for Women’s and Children’s Health (WHO 2011).

How the target for reducing global
stunting was established

The global target is to reduce the total number of
stunted children under 5 by 40% by 2025. Using the
2010 global estimate of 171 million stunted children as
a baseline (26.7% prevalence) (de Onis et al. 2011)
and the projected world population growth by 2025
(United Nations, Department of Economic and
Social Affairs, UN Population Division 2009), an
average annual relative reduction rate (AARR) of
3.9% between 2012 and 2025 will be required to meet
the global target and reduce the number of stunted
children to 102.6 million (i.e. approximately 100
million).An analysis of 110 countries with at least two
stunting prevalence estimates between 1995 and 2010
(based on 430 data points) showed that global stunt-
ing dropped at the rate of 1.8% per year. During this
period, 20% of the countries reduced stunting at a
rate of 3.9% or higher. Details on how to calculate the
AARR are found elsewhere (Bartlett 1993; UNICEF

Division of Policy and Practice, Statistics and
Monitoring Section 2007).

Africa shows rising numbers of stunted children
due to population increase and an almost stagnant
prevalence of stunting over the past two decades.
There have been some African countries with sub-
stantial reductions in stunting, e.g. Ethiopia reduced
the stunting rate from 57% to 44% between 2000 and
2011, Ghana from 34% to 29% between 1993 and
2008, and Mauritania from 55% in 1990 to 22% in
2012 (http://www.who.int/nutgrowthdb). However,
overall, in this region little improvement is antici-
pated in the coming years if recent trends continue
(United Nations Children’s Fund, World Health
Organization & The World Bank 2012) (Fig. 1). In
contrast, Asia showed a substantial decrease in stunt-
ing between 1990 and 2010, nearly halving the
number of stunted children – from 190 million to 100
million (Fig. 1). This corresponds to an overall reduc-
tion in stunting of 20.7% between 1990 and 2010, i.e.
a 43% relative reduction in 20 years, or 2.8% per year.
In areas of Bangladesh where the integrated manage-
ment of childhood illness (IMCI) approach was
implemented, stunting rates in children aged 24–59
months dropped from 63.1% to 50.4% between 2000
and 2007 (i.e. a 13% absolute reduction, or an average
relative reduction of 3.2% per year in 7 years)
(Arifeen et al. 2009).

A remarkable reduction in stunting has also been
documented in some regions of South America. For
example, in the Northeast Region of Brazil the preva-
lence of stunting in children under 5 decreased from
34% in 1986 to 6% in 2006 (i.e. a 28% absolute reduc-
tion of stunting, or an average relative reduction
of 8.7% per year in 20 years) (Lima et al. 2010). The
four primary reasons for this dramatic decline were:
(1) increased purchasing power of low-income fami-
lies; (2) improved educational levels of mothers; (3)
expanded public water supplies and sewage systems;
and (4) virtually universal basic health care, including
prenatal care (Lima et al. 2010). The Brazilian experi-
ence shows that the scourge of chronic malnutrition
can be reduced if income among the poor rises sim-
ultaneously with increased access to schools, clean
water, sanitation and basic health care (Monteiro
et al. 2009; Victora et al. 2011). Similarly, in Mexico

M. de Onis et al.8
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stunting decreased from 27% to 16% over the period
1988–2006 (i.e. an 11% absolute reduction or an
average relative reduction of 2.9% per year in 18
years) due to better targeting and enhanced coverage
of a conditional cash-transfer program and increased
access to health care facilities (Rivera 2009; Rivera
et al. 2009). The latest 2010–2011 national survey of
Mexico reports 13.6% stunting, continuing the
decreasing trend (http://www.who.int/nutgrowthdb).

Forecasting trends in stunting –
1990–2025

The global target was based on an analysis published
in 2011 (de Onis et al. 2011), which estimated that in
2010 there were 171 million stunted under-five chil-
dren, 167 million of whom lived in developing coun-
tries. Based on 576 nationally representative surveys
from 148 countries, including surveys from as early as

1966, childhood stunting was estimated to have
decreased globally from 39.7% in 1990 to 26.7% in
2010. In September 2012, UNICEF, WHO and the
World Bank jointly released child malnutrition esti-
mates for stunting, underweight, wasting and over-
weight (United Nations Children’s Fund, World
Health Organization & The World Bank 2012). This
analysis used pooled data from the WHO Global

Database on Child Growth and Malnutrition (de Onis
& Blössner 2003; http://www.who.int/nutgrowthdb)
and the global database of anthropometry maintained
by UNICEF (http://www.childinfo.org/malnutrition
_nutritional_status.php). The joint data set included
639 nationally representative surveys from 142 coun-
tries available until July 2012. This analysis, contrary
to the earlier one, excluded surveys prior to 1985,
thereby changing the anchor of fitted trends, and used
the 2010 revision of UN population estimates (United
Nations, Department of Economic and Social Affairs,

Fig. 1. Trends in child stunting – prevalence and numbers – by UN region (1990–2025).
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Population Division 2011). Population estimates are
updated every 2 years, and population size has a
direct impact on stunting trends and point estimates.
Despite using a larger number of surveys, excluding
those prior to 1985, and applying updated population
estimates, the 2012 UNICEF/WHO/WB joint esti-
mates are similar to those that WHO published in
2011. This is largely due to the fact that both analyses
used the same methodology – a linear mixed-effect

modelling approach (de Onis et al. 2004) – for deriv-
ing trends. This paper presents trend forecasts from
1990 to 2025 for stunting (Fig. 1,Table 1) based on the
last analyses conducted in 2012 (United Nations
Children’s Fund, World Health Organization & The
World Bank 2012).

In 2011, there were an estimated 165 million under-
five stunted children, a 35% decrease from an esti-
mated 253 million in 1990 (Table 1). Globally, the

Table 1. Prevalence and numbers of stunted* children under 5 years by UN region – 1990–2025

UN regions and sub-regions 1990 2011 2025

% Millions % Millions % Millions

Africa 41.6 45.7 35.6 56.3 32.0 60.6
38.5–44.6 42.3–49.0 33.3–38.0 52.5–60.0 28.2–35.8 53.4–67.8

Eastern 50.6 18.0 42.1 22.8 36.7 24.9
44.2–57.0 15.7–20.3 38.9–45.4 21.0–24.6 32.4–41.1 22.0–27.9

Middle 47.2 6.4 35.0 7.8 27.8 7.3
36.4–58.2 5.0–7.9 29.1–41.4 6.5–9.2 16.5–42.8 4.4–11.3

Northern 28.6 6.3 21.0 5.0 16.9 4.0
22.3–35.8 4.9–7.9 14.6–29.4 3.5–7.0 9.9–27.4 2.3–6.4

Southern 36.2 2.2 30.8 1.8 27.5 1.5
32.9–39.7 2.0–2.4 25.2–37.0 1.5–2.2 20.8–35.3 1.2–2.0

Western 39.1 12.8 36.4 18.9 34.6 22.9
35.4–42.9 11.5–14.0 31.7–41.2 16.5–21.5 27.1–42.9 17.9–28.4

Asia† 48.4 188.7 26.8 95.8 17.1 56.5
45.6–51.1 178.1–199.3 23.2–30.5 82.8–108.8 12.6–21.6 41.6–71.4

Eastern† 36.8 47.9 8.5 7.5 2.7 2.0
34.9–38.6 45.5–50.3 7.9–9.2 7.0–8.1 2.5–2.9 1.8–2.1

South-central 59.3 107.5 36.4 68.8 23.5 42.3
54.4–64.0 98.6–116.1 30.1–43.2 57.0–81.7 16.5–32.4 29.7–58.3

South-eastern 47.3 27.0 27.4 14.6 17.5 8.7
38.1–56.6 21.7–32.3 21.8–33.7 11.6–18.0 11.7–25.3 5.8–12.6

Western 29.2 6.3 18.0 4.8 12.6 3.5
22.7–36.6 4.9–7.9 10.4–29.5 2.8–7.9 5.4–26.7 1.5–7.4

Latin America and Caribbean 24.6 13.7 13.4 7.1 8.5 4.2
19.3–29.9 10.8–16.7 9.0–17.7 4.8–9.4 4.8–12.2 2.4–6.1

Caribbean 16.5 0.7 6.7 0.2 3.5 0.1
9.4–27.2 0.4–1.1 3.1–13.7 0.1–0.5 1.5–8.3 0–0.3

Central America 34.0 5.4 18.6 3.0 11.8 1.8
23.9–45.8 3.8–7.2 11.6–28.5 1.9–4.6 6.8–19.5 1.0–3.0

South America 21.4 7.7 11.5 3.9 7.4 2.3
15.5–28.8 5.6–10.4 6.9–18.6 2.3–6.2 3.6–14.5 1.1–4.6

Oceania‡ 40.4 0.4 35.5 0.5 32.4 0.5
26.8–55.7 0.3–0.5 16.0–61.4 0.2–0.8 7.7–73.4 0.1–1.1

Developing countries 44.6 248.4 28.0 159.7 21.3 121.8
42.6–46.7 237.0–259.9 25.6–30.4 145.9–173.4 18.4–24.2 105.1–138.5

Developed countries 6.1 4.7 7.2 5.1 8.1 5.7
3.3–11.0 2.5–8.5 4.1–12.6 2.9–8.9 4.5–14.2 3.2–9.9

Global 39.9 253.1 25.7 164.8 19.9 127.4
38.1–41.8 241.4–264.9 23.5–27.9 150.8–178.8 17.2–22.5 110.5–144.4

*Height-for-age below −2 SD from the WHO Child Growth Standards. †Excluding Japan. ‡Excluding Australia and New Zealand.
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prevalence decreased from an estimated 40% in 1990
to 26% in 2011. At regional level, there was very little
decline in Africa (from 42% to 36%) compared to
Asia (from 48% to 27%). At present, Eastern and
Western Africa and South-central Asia have the
highest prevalence estimates among UN sub-regions
(42% in East Africa and 36% in both West Africa and
South-central Asia). The largest number of children
affected by stunting, 69 million, live in South-central
Asia (Table 1). Oceania, which has a very high rate
of stunting (36% in 2011), nonetheless contributes
little in numbers affected due to its relatively small
population.

The global target calls for reducing the number of
stunted children from 171 million in 2010 to just over
100 million by 2025. However, based on the present
rate of decline and the latest UN population esti-
mates, the expected stunting prevalence in 2025 will
be 20%, or 127 million, which is approximately 27
million children above the global target (Fig. 1). Only
small improvements are anticipated in Africa, with
prevalence decreasing from 36% in 2010 to 32% in
2025, and total numbers of stunted children increasing
from 56 to 61 million. The pessimistic projection for

stunting reduction in Africa assumes all factors con-
tributing to stunting will remain the same as in the
previous 20 years, e.g. disease burden, food security,
infant and young child feeding practices, poverty, eco-
nomic growth, female literacy, WASH, investment in
nutrition, but it is not known if the trends and pros-
pects for all these factors are equally gloomy going
forwards. For Asia, a substantial decrease in stunting
prevalence is forecast from 28% in 2010 to 17% in
2025, resulting in an estimated 57 million stunted chil-
dren in 2025, or 44% of the world’s anticipated
burden of 127 million by 2025.

Setting country-specific
stunting targets

For operational purposes, the global target for stunt-
ing needs to be translated into context-specific
national targets, taking into consideration present
levels and trends of stunting (Fig. 2), risk factor
trends, demographic changes, experience with devel-
oping and implementing nutrition policies, degree of
health system development and previous experience
with interventions. Establishing national targets will

Fig. 2. Stunting among children under 5: latest national prevalence estimates.
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help in developing national policies and programs
and calculating the level of resources required for
their implementation.

Various methods can be used to develop individual
country targets to achieve the global stunting target.
A simple approach could be to fix the AARR at 3.9%
over the 13 years (2012–2025) for each country. Using
this method, the total reduction in the number of
stunted children is approximately 57 million (a rela-
tive reduction of 37%) for the 34 countries with the
highest burden of stunting (i.e. countries with stunt-
ing ≥ 20% accounting for 90% of the global number
of stunted children) (Table 2). China is excluded from
the table as its prevalence of stunting was only 10%
according to their last national estimate in 2010, but
with 7.7 million stunted children represents 4.6% of
the global burden for 2010 and would rank fifth in
Table 2 after India, Nigeria, Pakistan and Indonesia.

An alternative and preferred approach follows a
methodology similar to that used for setting the
global target. The required country-specific AARRs
are calculated for the 34 high-burden countries to
individually meet the 40% reduction in numbers by
2025, with resulting values ranging from 2.3% to 6.8%
(Table 3).A 5% ceiling is set (i.e. the AARR is capped
at 5% whenever the required AARR is above that
level) to avoid having to aim for unrealistically high
reduction rates. Applying this approach to the 34
high-burden group of countries, a reduction of about
59 million stunted children (a 38% relative reduction)
is projected by 2025.

Although the total reduction in numbers of
stunted children from the two approaches is very
similar, in the first approach the country-specific
relative reduction varies from 10.6% to 51.5%
(Table 2), while in the second approach 16 countries
achieve the 40% reduction target, 14 reach a reduc-
tion of 32–39.9%, and the remaining 4 countries
23–29% (Table 3).

The effort required to achieve the target is largely
influenced by current trends in stunting and estimated
population growth. For example, in Zambia, the
under-five population is forecast to increase from 2.6
to 3.9 million between 2012 and 2025, resulting in a
required AARR of 6.8% to achieve the 40% reduc-
tion target. However, capping the AARR at 5%, the

reduction in numbers of stunted children falls to only
23%. This is mainly due to the increase in the under-
five population over the 13-year period (Table 3). On
the other hand, India’s under-five population is fore-
cast to decrease from 129 to 122 million between 2012
and 2025, resulting in a required AARR of 3.5% to
achieve the target, which is below the global average
of 3.9% (Table 3). However, India’s current trend of
stunting (based on six surveys conducted between
1989 and 2006) indicates a current AARR of 1.7%,
which is largely insufficient to achieve the target. If
the required AARR to reach the target (i.e. 3.5%) is
met, the prevalence of stunting rate will decrease to
about 30% compared to the latest estimate of 47.9%
(national survey 2006), resulting in 10 million children
prevented from being stunted. Nigeria’s under-five
population, in turn, is estimated to increase from 28 to
35 million between 2012 and 2025 and the required
AARR to achieve the target is 5.5% (Table 3). When
this AARR is capped at 5%, and considering the
current trend (AARR 0.8% between 1990 and 2008),
the number of children that will be prevented from
being stunted in Nigeria is presently estimated to be
around 5.5 million by 2025.

These kinds of calculations are being carried out
by the international community and global move-
ments such as Scaling Up Nutrition (SUN; http://
scalingupnutrition.org/) to assess potential scenarios,
and the European Commission and WHO have
jointly developed a tool (available on request) to help
plan interventions to reduce stunting. It is important
to be aware of the uncertainty inherent to these fore-
casting exercises. The aforementioned examples and
the country-specific data presented in Tables 2 and 3
will be affected by updates of stunting rates and
under-five population estimates. Nevertheless, the
data presented provide a base to monitor progress
towards meeting the stunting target.

Important to note, there are several countries with
very high rates of stunting (i.e. above 40%) that are
not considered high-burden countries because of
their small populations. For example, Benin had a
stunting rate of 44.7% in 2006 and preliminary results
from the 2012 survey report a 44.6% rate, indicating
stagnation over the past 6 years. Likewise, Sierra
Leone has an increasing trend of stunting (from

M. de Onis et al.12
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37.4% in 2008 to 44.9% in 2010) (http://www.who.int/
nutgrowthdb). These countries should not be left out
of global efforts.

What can be done to reduce
stunting? Impact of nutrition
interventions

It is widely recognised that the ‘window of opportu-
nity’ for reducing stunting is the ∼1000 days from
conception until 2 years of age (Victora et al. 2010;
http://www.thousanddays.org). Assuring adequate
maternal nutrition prior to conception is also likely
to be important (Prentice et al. 2013; Bhutta et al.
2013a). In this section, we present an overview of
the evidence regarding efficacy and effectiveness
of prenatal and post-natal nutrition interventions,
and discuss the need for integrated/combined
approaches.

Prenatal nutrition interventions

Stunting often begins in utero, although the propor-
tion that occurs prior to vs. after birth is not well
understood and will likely vary across populations.
For example, in Malawi it is estimated that ∼20% of
the 10-cm deficit in height (compared to WHO Child
Growth Standards) at 3 years of age is already present
at birth (Dewey & Huffman 2009). This may be an
underestimate of the influence of prenatal factors,
however, as some of the stunting that occurs after
birth may have been ‘programmed’ in utero

(Martorell & Zongrone 2012). In a study in Indonesia
(Schmidt et al. 2002), newborn length was a stronger
determinant of height-for-age at 12 months than any
other factor examined.

Numerous trials have examined the effect on birth
outcomes of prenatal multiple micronutrient (MMN)
supplementation, and results have been summarised
in two recent meta-analyses (Fall et al. 2009;
Ramakrishnan et al. 2012). In the first meta-analysis
(Fall et al. 2009), while there was a small but signifi-
cant increase in mean birthweight (+22 g), the differ-
ence in birth length (+0.06 cm) was not significant.
Birth length is much more difficult to measure accu-
rately than birthweight, which may affect the ability to

detect significant effects of such interventions.
Overall, there was an 11–17% reduction in the inci-
dence of low birthweight (<2500 g). In that meta-
analysis, the positive effect of prenatal micronutrient
supplementation was evident only in mothers with
higher body mass index (BMI), not in underweight
mothers. In the second meta-analysis (Ramakrishnan
et al. 2012), the increase in mean birthweight (+53 g)
was also significant and somewhat greater than in
the earlier meta-analysis; data on birth length were
not presented. There was a 14% reduction in
low birthweight. In both meta-analyses, the effect of
MMN supplementation may have been underesti-
mated because in most cases the control group
received iron and folic acid tablets, which may also
have had an impact on fetal growth (Imdad & Bhutta
2012a).

The long-term effects of prenatal MMN supple-
mentation on child height have rarely been evaluated.
In Burkina Faso, Roberfroid et al. (2012) found a 27%
reduction in post-natal stunting following prenatal
MMN supplementation; this effect was significant
during infancy but no longer significant at 30 months
of age. In China, Wang et al. (2012) reported no effect
on stunting at 30 months of age of prenatal MMN vs.
iron/folic acid. In rural Nepal (Stewart et al. 2009),
there was no long-term impact of prenatal MMN
supplementation on child growth; but after adjusting
for birth length, children of mothers who received
iron + folic acid + zinc during pregnancy were found
to be taller (+0.64 cm) and leaner at 6–8 years of age
than children of mothers who received only vitamin A
during pregnancy. It is unclear why these effects were
not seen in the MMN group.

Balanced protein-energy supplementation of preg-
nant women is another intervention strategy that has
been evaluated in several populations. In a meta-
analysis published in 2003 (Kramer & Kakuma 2003),
there was a significant effect on mean birthweight
(+38 g) but not birth length (+0.1 cm). In an updated
meta-analysis in 2012 (Imdad & Bhutta 2012b), the
increase in mean birthweight was somewhat larger
(+73 g); data on birth length were not reported.There
was a 32% reduction in low birthweight. In both
of these meta-analyses, in contrast to the situation
with prenatal MMN supplementation, the effect of
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protein-energy supplementation on birthweight was
greater in undernourished women.

One of the studies included in the 2012 meta-
analysis (Imdad & Bhutta 2012b) was a trial compar-
ing a fortified lipid-based nutrient supplement (LNS)
with MMN tablets, both given prenatally (n = 1296)
(Huybregts et al. 2009). The LNS provided 373 kcal/
day and similar micronutrients as contained in the
MMN tablets. While the difference in birthweight
between groups was not significant (+31 g, P = 0.2),
birth length was significantly greater in the LNS
group (+0.46 cm, P = 0.001).The same research group
previously showed that MMN (vs. the control)
increased birth length by 0.36 cm (Roberfroid et al.
2008); thus, the total predicted impact of LNS vs.
control would be 0.46 + 0.36 = 0.82 cm. The effect on
birth length of LNS vs. MMN was greater in higher
risk mothers (those with BMI < 18.5 kg m–2 and those
with anaemia at baseline).

The impact of nutrition education and counselling
during pregnancy on birthweight and other preg-
nancy outcomes was recently evaluated (Girard &
Olude 2012). In a meta-analysis of 13 studies, there
was an increase in mean birthweight (+105 g), but
this was significant only when nutrition education/
counselling was coupled with nutrition support in the
form of food supplements, micronutrient supplements
or nutrition safety net interventions. The authors did
not report on birth length.

Post-natal nutrition interventions

The post-natal ‘window of opportunity’ can be
divided into two key periods, 0–5.9 months, when
exclusive breastfeeding is recommended, and 6–23.9
months, when interventions to improve complemen-
tary feeding are usually implemented.

Exclusive breastfeeding 0–6 months

There are many different and complementary
approaches to increasing the rate of exclusive
breastfeeding during the first 6 months post-partum
[e.g. implementation of the 10 steps to successful
breastfeeding, professional support/counselling, peer
support, mass media (UNICEF 2012)], so it is difficult

to evaluate the impact of such interventions as a
whole. In general, exclusive breastfeeding has a sig-
nificant impact on infant morbidity and survival, but
there is little evidence to date of an impact on stunt-
ing based on randomised trials to promote exclusive
breastfeeding (Bhutta et al. 2008; Black et al. 2013).
An impact on stunting is plausible given the high
concentration of growth-promoting substances in
human milk. However, a significant effect may be dif-
ficult to detect unless the study population has a high
rate of infection during the first 6 months post-
partum, when promotion of exclusive breastfeeding
may reduce infection and thus be more likely to
promote linear growth than in populations where
such infections are less common. Some observational
studies support this linkage (e.g. Engebretsen et al.
2008), but it is difficult to rule out reverse causation
(i.e. that sicker infants are more likely to be sup-
plemented with non-breast milk fluids or foods).Thus,
at present there is insufficient evidence to evaluate
this question.

Complementary feeding interventions

Overall, complementary feeding interventions have
strong potential for a major impact on stunting, but
the evidence to date is mixed (Bhutta et al. 2013a).
One important consideration is the need to avoid
strategies that may inadvertently decrease breast
milk intake, such as providing excessive amounts of
complementary foods or recommending too fre-
quent meals, both of which may reduce the child’s
intake of breast milk (Dewey & Adu-Afarwuah
2008).

There are several approaches to improve comple-
mentary feeding (Dewey & Adu-Afarwuah 2008).
The impact of the major strategies is briefly summa-
rised below.

• Education about complementary feeding

Educational interventions to improve complemen-
tary feeding practices are often effective at changing
behaviours, but their impact on stunting has been less
impressive. Most of the educational interventions
included in the systematic review conducted in 2008
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showed either no impact or a modest effect on linear
growth (Dewey & Adu-Afarwuah 2008). An excep-
tion was a cluster-randomised trial conducted in Peru,
which had a substantial impact on stunting (Penny
et al. 2005).That trial emphasised three key messages,
one of which was consumption of nutrient-rich
animal-source foods, and it was conducted in a popu-
lation where animal-source foods were available and
affordable.Two studies published after 2008 (Shi et al.
2010; Vazir et al. 2013) also demonstrated the poten-
tial to reduce stunting via educational approaches,
although in both cases the impact on linear growth
was relatively small [effect size (difference due to
intervention divided by standard deviation) ∼0.2].
These trials were conducted in China (Shi et al. 2010)
and India (Vazir et al. 2013) and both emphasised key
messages including dietary diversity and consumption
of animal-source foods.

• Increased energy density of complementary foods

Interventions to increase the energy density of
complementary foods have yielded mixed results. Of
the five studies included in the systematic review
(Dewey & Adu-Afarwuah 2008), two had a positive
impact on linear growth but three had no impact on
energy intake or growth. Such approaches may be
effective when the traditional complementary food
has a low energy density and infants are unable to
compensate by increasing the volume of food con-
sumed or feeding frequency. Otherwise, they are not
likely to affect growth.

• Provision of complementary foods or a food
product offering extra energy (with or without added
micronutrients), alone or in combination with some
other strategy such as education for caregivers

Provision of complementary food has had a posi-
tive impact on linear growth in some, but not all,
studies (Dewey & Adu-Afarwuah 2008). The
average effect size has been modest (∼0.2–0.3), but
there has been a wide range of impact, perhaps
reflecting variations in the target populations’
food security and the nutrient quality of the food
provided.

Two studies directly compared provision of food
coupled with an educational intervention vs. educa-
tion only (Bhandari et al. 2001; Roy et al. 2005). Both
were conducted in South Asia, and in both cases there
was a somewhat greater impact when the package
included food.

• Fortification of complementary foods

Fortification of complementary foods with
micronutrients via central processing or home fortifi-
cation strategies (such as micronutrient powders),
without any additional macronutrients (energy,
protein or fat), has generally not affected linear
growth (Dewey & Adu-Afarwuah 2008; CIGNIS
Study Team 2010; Ouédraogo et al. 2010; De-Regil
et al. 2011). Similarly, strategies to increase
bioavailability of key nutrients such as iron and zinc
have generally failed to reduce stunting (Mamiro
et al. 2004; Mazariegos et al. 2010).

One exception is a randomised trial conducted in
India (Dhingra et al. 2004) where milk powder (forti-
fied or unfortified) was given for 1 year to children
whose average age was 23 months. The group given
the fortified milk (n = 233) had significantly less mor-
bidity and greater weight and height gain than the
group given unfortified milk (n = 232). Subjects in this
trial were more stunted at baseline than subjects in
the other trials in this category, and the food vehicle
for the extra nutrients (milk powder) did not contain
‘anti-nutrients’ like phytic acid (common in grains in
legumes) that can interfere with absorption of critical
nutrients. These differences may have increased the
likelihood of a positive growth response to a fortified
product.

The need for integrated/combined approaches

Prenatal and post-natal role of infection and subclinical
conditions in stunting

It has long been recognised that infections can
cause linear growth retardation. Recently, however,
there has been great interest in the role of subcli-
nical conditions that may inhibit growth. Subclinical
conditions, such as environmental enteropathy,
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inflammation and other physiological responses to
environmental insults (including mycotoxins and
household air pollution), are likely to be far more
common than clinically obvious infections and thus
may account for a large proportion of stunting
(Dewey & Mayers 2011; Khlangwiset et al. 2011;
Smith et al. 2011, 2012; Prendergast & Kelly 2012).
The mechanisms by which these conditions adversely
affect linear growth – both in utero and postnatally –
are the subject of active research. Meanwhile, strat-
egies to prevent and manage infection, and to reduce
exposure to the putative causative agents of subclini-
cal conditions that impair growth, need to be part of
an integrated approach to reducing stunting.

This is not to imply that nutritional interventions
are ineffective in the face of infection or subclinical
conditions – the evidence to date suggests otherwise
(Dewey & Mayers 2011). For example, adequate
nutrition can reduce the negative impact of infections
on child growth through several mechanisms by:

1. strengthening the immune system, thereby reduc-
ing the severity and duration of infections,
2. providing extra amounts of nutrients to compen-
sate for poor absorption during infection, losses
during diarrhoea, reallocation due to immune system
activation or reduced appetite during infection,
3. providing nutrients for catch-up growth following
infection, particularly those needed to build lean body
tissue such as protein, potassium, magnesium, phos-
phorus, zinc and sodium,
4. preventing poor appetite caused by micronutrient
deficiencies, thereby facilitating catch-up growth, and
5. favouring the growth of beneficial bacteria in the
gut that enhance gut function and immune defences.

Development and evaluation of integrated interventions

Integrated interventions that combine nutrition,
infection control (including WASH), and care for
mothers and children are likely to have a larger
impact on stunting than any of these components
alone. Such interventions should ideally tackle the
entire ‘window of opportunity’, i.e. both the pre- and
post-natal periods, but that has not yet been
attempted in efficacy or effectiveness trials.

A few large-scale trials under way are attempting
to combine nutrition and infection control. These
include the WASH Benefits trial (water, sanitation
and hygiene interventions: singly, combined or in
combination with nutrition interventions, http://
www.washbenefits.net/) in Bangladesh and Kenya
and the Sanitation, Hygiene, Infant Nutrition Efficacy
Project (SHINE) in Zimbabwe (independent and
combined effects of improved water, sanitation and
hygiene, and improved infant feeding, http://www
.sdc.admin.ch/en/Home/Projects/Project_Detail
?projectdbID=218331). However, both trials target
mainly the post-natal period.

There is a great need to investigate the impact on
stunting of maternal infections and subclinical condi-
tions during pregnancy. Some prenatal infection-
control studies have shown promising results. For
example, in the Lungwena Antenatal Intervention
Study conducted in Malawi (Luntamo et al. 2010,
2013), combined preventive antibiotic and enhanced
malaria prophylaxis had a large impact on the inci-
dence of preterm delivery, low birthweight and child
stunting at 1 month of age. This is not to say that the
specific pharmacological approach taken in that trial
should be generalised to other settings, but the results
imply that attention to maternal infection is critical if
the goal is to reduce child stunting.

Integration of efforts to manage childhood illness
has been recommended for quite some time (Tulloch
1999), and formally evaluated in several countries. In
Bangladesh, the IMCI package was associated with a
reduction in stunting (Arifeen et al. 2009), which was
attributed to better case management of infections,
increased frequency of complementary feeding and
possibly improved dietary quality. In that study, the
impact of IMCI’s nutrition component may have
been underestimated because the national nutrition
program was delivered in both the study and control
areas. Nonetheless, evaluation showed that there was
a great need for improved delivery of the nutrition
component. For example, the proportion of caregivers
who reported receiving child feeding advice was low
in both the IMCI (∼33%) and the control (∼20%)
areas.

Integrated interventions that combine nutrition
with care for mothers and children have great

M. de Onis et al.18

© 2013 John Wiley & Sons Ltd Maternal and Child Nutrition (2013), 9 (Suppl. 2), pp. 6–26
The World Health Organization retains copyright and all other rights in the manuscript of this article as submitted for publication.



potential to reduce stunted growth and development,
but few projects or programs have attempted this.
Synergistic effects of stimulation on early child deve-
lopment, responsive feeding and caregiving, and
nutrition interventions may occur, potentially result-
ing in a larger impact on growth and behavioural
development than would be expected from the addi-
tive effects of single interventions (WHO 1999;
Yousafzai et al. 2013). Responsive feeding is a key
dimension of appropriate complementary feeding. It
means that caregivers are sensitive and responsive to
the child’s cues of hunger and satiety (Black & Aboud
2011). Many caregivers require skilled support to
create a stimulating environment for child growth and
development. ‘Care for development’ interventions
focus on communication and play to encourage
responsive caregiving and interaction, not only
for psychosocial development but also to improve
feeding practices (WHO & UNICEF 2012). While in
general the effect of combined interventions has been
largest on behavioural development, several studies
have also shown an impact on weight gain in malnour-
ished children (Nahar et al. 2009, 2012). However, the
evidence for prevention of stunting is limited. One
study in Bogota, Colombia, showed that food supple-
mentation (beginning prenatally and continuing for
36 months after birth) and home visitation to stimu-
late learning and development had additive effects on
height at age 6 years, indicating a long-term impact
(Super et al. 1990). The evidence therefore calls for
investment in care for development as an integral part
of interventions to improve infant and young child
nutrition, and warrants further research on how to
optimise integration for the prevention of stunting.

Discussion and conclusions

Attained height is an accepted summary measure of
children’s nutritional well-being and the success of
interventions/programs aiming to improve maternal,
infant and young child nutrition. Because the causes
of stunting are embedded in a complex web of con-
textual and immediate influences (Stewart et al.
2013), its reduction requires multisectoral action
(Casanovas et al. 2013).The key windows for reducing
this legacy of intergenerational deprivation include

the preconception, prenatal and post-natal periods,
with interventions targeted at women and their
infants and young children.

The global target of 40% reduction in the number
of stunted children by 2025 from a baseline of 171
million in 2010 remains unattainable at current rates
of progress. At such rates, it is forecast that there will
be 127 million stunted children in 2025, or a reduction
of only 26%. Regional trends, however, indicate that
Asia as a whole is likely to achieve or surpass the 40%
reduction target (from 98 to 57 million between 2010
and 2025) while in Africa the number of stunted chil-
dren will likely increase despite a slight reduction in
prevalence. The different scenarios between the two
regions are mainly due to projected population
growth. At country level, the adaptation of the global
target to national targets to guide action is based on a
number of country-specific characteristics, notably
current levels and trends in stunting and population
growth. This paper presents a methodology for esti-
mating individual country contributions to achieving
the global target – not precluding the use of others –
that conceptually follows the one used for setting the
global target. When applied to the 34 high-burden
countries, the individual country AARR required to
meet the 40% reduction in numbers by 2025 varies
from 2.3% to 6.8%. A 5% ceiling has been set to
avoid having to aim for unrealistically high reduction
rates. Following this approach, the total estimated
reduction is about 59 million stunted children (or
38% relative reduction) by 2025 from the 34 countries
combined, with 30 of the 34 countries achieving rela-
tive reductions of 32% or more.

An important limitation of the country-specific
examples is the inherent speculative nature of fore-
casts. The effort required to achieve the target is
largely influenced by current stunting trends and esti-
mated population growth. Thus, the data presented in
this paper will be affected by updates of stunting rates
and under-five population estimates. Importantly,
international efforts should not focus solely on high-
burden countries, but also include others that despite
their small populations have very high stunting rates,
and those, such as China, with a low prevalence but
large actual numbers of stunted children (in 2010, 9%
or 7.7 million under 5 stunted).
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An essential question is what countries should do
to reduce stunting in their populations and thereby
contribute to meeting the global target. What inputs
are required, and where and when should they be
invested for highest returns? The broad spectrum of
causal influences on stunting and their impact –
through the mother as well as directly on the child –
makes it extremely challenging to model expected
returns from individual interventions to inform such
decisions. Evidence from large-scale, focused stunting
reduction programs is scarce and decisions must
therefore rely on what is biologically plausible and
evidence from research trials. A detailed review of
what can be done to address maternal and child mal-
nutrition and at what cost was recently published
(Bhutta et al. 2013a).

Nutrition interventions alone are almost certainly
insufficient, hence the numerous efforts under way to
foster nutrition-sensitive development, including
nutrition-sensitive agriculture to improve household
food security; maternal education and women’s
empowerment in support of their own health and
their capacity to care for their children; improved
hygiene, sanitation and water quality to reduce infec-
tions; and social protection programs to increase pur-
chasing power and access to services and amenities
(Ruel et al. 2013). The SUN Movement (http://
scalingupnutrition.org/) and other initiatives are
under way to address stunting across sectors by
encouraging countries to develop evidence-based,
multisectoral scale-up plans. These plans take into
account what is required for a country to achieve
the global target – combining direct nutrition
interventions with evidence-based strategies to
address health, family planning, WASH and other
elements which have an impact on stunting (http://
scalingupnutrition.org).

Stunting reduction requires investments that
should be an integral part of the post-2015 develop-
ment agenda (Hoddinott et al. 2013). Experience in
Brazil and Mexico suggests that equity-driven
nutrition-sensitive programs targeting the most vul-
nerable sub-populations achieve the greatest reduc-
tion in national average stunting prevalence, in
addition to closing the gap between the wealthier and
poorer segments of the population. Success in these

countries has been linked to increased maternal edu-
cation and purchasing power of low-income families,
as well as expanded public water supplies and sewage
systems, universal access to basic health care (includ-
ing prenatal care) and increased access to and utilisa-
tion of health care facilities (Sepúlveda et al. 2006;
Fernald et al. 2008; Monteiro et al. 2010; Victora et al.
2011).

The windows of action mentioned above form part
of the continuum of care in a life cycle approach to
care. Preconception interventions should include
strategies encouraging girls to remain in school as
long as possible, thus increasing maternal education
levels, raising age at marriage and childbearing, and
reducing total fertility. The impact of population size
on stunting reduction has been illustrated by the com-
putation showing that reducing birth rates would con-
tribute to achieving the targets; and the positive
impact that birth spacing has shown to have on
overall maternal health, which in turn leads to
improved child health (Dewey & Cohen 2007).

Although the literature reviewed for this paper
provides scant and mixed evidence regarding the
long-term impact of prenatal maternal nutrient or
food supplementation on offspring length/height
(Khan et al. 2011; Prawirohartono et al. 2011;
Roberfroid et al. 2012), overall birth outcomes were
positive for women at risk (Kusin et al. 1992; Ceesay
et al. 1997). Early initiation of breastfeeding and
exclusive breastfeeding from 0 to 6 months are criti-
cal for child survival and the prevention of infections
(Bhutta et al. 2013b). Complementary feeding at 6–23
months is recognised as the weakest link among the
infant and young child feeding interventions for
healthy growth. Unlike breastfeeding, appropriate
complementary feeding encompasses a wide array of
practices and dietary choices (PAHO/WHO 2003;
WHO 2005). The systematic review of the efficacy
and effectiveness of complementary feeding inter-
ventions in developing countries showed that effects
on growth outcomes were usually positive but
modest, ranging between 0.2 and 0.5 SD improve-
ments in height-for-age (Dewey & Adu-Afarwuah
2008).

As implied by the results of the prenatal MMN
interventions, an adequate supply of macronutrients
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(energy, protein, fat) may be needed throughout the
‘window of opportunity’ to ensure a growth response
to micronutrients. Essential fatty acids may play a key
role in growth, but this aspect of dietary quality is
often ignored (Vitta & Dewey 2012). In addition,
attention should be paid to the amount and
bioavailability of the micronutrients that are essential
for growth, including ‘neglected’ type II nutrients
such as phosphorus, potassium and magnesium. Nutri-
ent quality of fortified products is likely to be impor-
tant. For example, inhibitors of zinc absorption (e.g.
phytate in cereal-legume blends) may limit growth
while inclusion of milk appears to have a growth-
stimulating effect. Innovative approaches to filling
nutrient gaps in complementary food diets – such as
greater use of novel and underused nutrient-rich local
foods (Kuyper et al. 2013) and home fortification with
LNSs or micronutrient powders – are the subject of
continuing research on how to improve child nutri-
tion sustainably and affordably (Phuka et al. 2009;
Burlingame & Dernini 2011; LaGrone et al. 2012;
Suchdev et al. 2012; http://www.foodsecurity.gov.kh/
node/611). Efficacious interventions with promise of
sustainability should be proposed to governments for
adoption and application at scale.

Nutrition interventions accompanied by control of
infections, both pre- and postnatally, are likely to be
needed to counter the characteristic decline in length-
for-age from birth to 23 months in many developing
countries (Victora et al. 2010).To date, however, there
is little evidence on the impact of combined pre- and
post-natal nutrition and infection control interven-
tions. Similarly, there is scant evidence of the com-
bined influence of improved early nutrition and
interventions to stimulate child development. It is
clear, however, that the way forward is to integrate
nutrition interventions within a comprehensive
approach to reduction of stunting.

Although there are examples of community inter-
ventions with a positive impact on reducing stunting
(Penny et al. 2005; Ruel et al. 2008), there are few
documented examples of successful programs at
scale. This is in part due to lack of systematic
process-and-impact evaluations on pilot projects that
might generate lessons to inform program planning
for long-term effectiveness (Lutter et al. 2013).

Evaluation should not be limited to outcomes alone.
Suitable indicators should be identified to monitor
the implementation process itself for quality, access
to interventions by target groups and geographical
coverage of the programme. The setting of national
stunting reduction goals will require countries to
conduct situation analyses and mapping to establish
baselines of the extent and social/geographic distri-
bution of stunting in their populations. This will
permit a realistic assessment of how much and what
types of resources are needed to tackle the problem.
Systems should then be put in place to screen
for stunting and monitor progress, following system-
atic planning, implementation, and evaluation to
enhance effectiveness over the long term (Lutter
et al. 2013). Indeed, stunting was included among the
indicators of the Comprehensive Implementation

Plan (2012–2025) on Maternal, Infant and Young

Child Nutrition because it is amenable to such
monitoring.

Surveillance systems in most developing countries
are weak or non-existent, so unless they are estab-
lished or strengthened it will be difficult to monitor
progress towards achieving the global goal. Data col-
lection, analysis and interpretation will need to be
aligned with decision-making structures so that real-
time data feed into decision-making for resource
mobilisation, allocation and reallocation, capacity
strengthening, and interventions to address emerging
risks and problems. Once the baseline stunting distri-
bution has been mapped, special consideration should
be given to the most disadvantaged groups where
large numbers of stunted children cluster. Such an
equity-inspired approach is both an ethical impera-
tive and a judicious investment strategy.
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