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Abstract

Objective: To quantify the prevalence and trends of stunting among children using
the WHO growth standards.

Design: Five hundred and seventy-six nationally representative surveys, including
anthropometric data, were analysed. Stunting was defined as the proportion of
children below —2sp from the WHO length- or height-for-age standards median.
Linear mixed-effects modelling was used to estimate rates and numbers of
affected children from 1990 to 2010, and projections to 2020.

Setting: One hundred and forty-eight developed and developing countries.
Subjects: Boys and girls from birth to 60 months.

Results: In 2010, it is estimated that 171 million children (167 million in developing
countries) were stunted. Globally, childhood stunting decreased from 39-7 (95 %
CI 38-1, 41-4) % in 1990 to 26-7 (95% CI 248, 28-7) % in 2010. This trend is
expected to reach 21-8 (95% CI 19-8, 23-8) %, or 142 million, in 2020. While in
Africa stunting has stagnated since 1990 at about 40 % and little improvement is
anticipated, Asia showed a dramatic decrease from 49 % in 1990 to 28 % in 2010,
nearly halving the number of stunted children from 190 million to 100 million. It is
anticipated that this trend will continue and that in 2020 Asia and Africa will have
similar numbers of stunted children (68 million and 64 million, respectively).
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progress achieved in the last two decades and help identify regions needing
effective interventions.

Poor linear growth, or stunting (low length- or height-for-
age), in young children is the result of multiple circum-
stances and determinants, including antenatal, intra-uterine
and postnatal malnutrition”. Stunting in early life is
associated with adverse functional consequences, includ-
ing poor cognition 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. Early interventions
can prevent these outcomes and also decrease the risk of
maternal mortality and short- and long-term disability due
to obstructed labour®®.

In 2000, we reported on the prevalence and trends of
stunting among pre-school children in developing coun-
tries”™ based on data from 241 nationally representative
samples from 106 countries. The results showed that the
prevalence of stunting decreased from 47 % in 1980 to 33 %
in 2000 (by 40 million), but that progress was uneven across
regions. Despite the overall decrease, stunting had increased
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in Eastern Africa; Northern Africa and the Caribbean had
shown only modest improvements; and Western Africa and
Central America had presented very little progress. The
results underlined the importance of monitoring global
levels and trends of stunting in young children.

These earlier analyses were based on estimates derived
using the National Center for Health Statistics (NCHS)
growth reference®, which was recommended for inter-
national use at that time. Since April 2006, WHO has
recommended the WHO Child Growth Standards(7),
which differ substantially from the NCHS reference®.

The present analyses describe levels and trends of
stunting in pre-school children based on the WHO stan-
dards. We relied on a much larger and more recent set of
national surveys than in the previous analyses. Moreover,
while the earlier report covered only developing countries
and reported trends from 1980 to 2005, the present paper
reports on trends from 1990 to 2020 and includes estimates
for both developed and developing countries.

© The Authors 2011
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Methods

Cross-sectional data on the prevalence of stunting were
obtained from national surveys included in the WHO
Global Database on Child Growth and Malnutrition®”. In
all, 576 nationally representative surveys were available
from 148 countries/territories. Of these surveys, 537 were
conducted in developing and thirty-nine in developed
countries. For twenty-four countries, only one national
survey was available, twenty-eight countries had two
surveys, and ninety-six countries had three or more sur-
veys. About 39 % of the surveys (n 227) were conducted
between 1991 and 1999, 20% (7 118) dated from 1990
and earlier, and 40% (n 231) were undertaken in 2000
or later (Table 1). The earliest survey (from Colombia)
dates from 1966, while the most recent surveys (Bhutan,
Cambodia, Chile, Egypt, Mauritania and Vietnam) were
conducted in 2008. All surveys included boys and gitls,
and age groups ranged from birth to 5 years. Surveys
applied standard measuring protocols, i.e. supine length
measured in children up to 24 months and standing
height for 24 months of age and older. The complete set
of surveys used in the analysis is available on request.
Prevalence of stunting was defined as the proportion of
children who fell below —2sp from the length- or height-
for-age WHO Child Growth Standards median. We con-
structed a data file with the following variables: region,
sub-region, country, survey year, sample size, prevalence
of stunting, and population of children <5 years of age
during the survey year. To obtain comparable prevalences,
surveys with available raw data (327 out of 576) were re-
analysed using the WHO Child Growth Standards"”.
Where raw data were not available, i.e. for the remaining
249 surveys (43 %), we applied an algorithm for converting
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prevalences based on the NCHS reference to prevalences
based on the WHO standards'". The steps taken to ensure
standardized quality control and survey analysis have been
described elsewhere'?.

Linear mixed-effects modelling was used to estimate
prevalence rates by region from 1990 to 2020. This meth-
odology, which has been used trend
analyses'>1>
a single linear mixed-effect model was fitted for each group
of sub-regions belonging to the same region. The basic
model contained the factors sub-region, year, and the
interaction between year and sub-region as fixed effects,
and country as random effect. Consequently, we obtained
from each model an estimated intercept and a slope for
every sub-region within the region. Unstructured covar-
iance (which allows an intercept and slope to be estimated
for each country) was used to reflect individual country
trends, except in Asia where compound symmetry pro-
vided the best fit"'®. Fitting was performed on the logistic
transform (‘logit) of the prevalence to ensure that all
prevalence estimates and their confidence intervals would
lie between zero and one.

We carried out weighted analyses by under-5s popu-
lation size using UN population estimates''”. Regional
prevalence estimates were derived using the sum of the
estimated numbers affected in the sub-regions divided
by the total population of under-5s of that region. The
overall regional estimate is thus the weighted average of
the sub-region prevalence estimates (weighted by the
respective under-5s population proportions). Corre-
sponding confidence intervals were derived using the
delta method based on the standard errors of the sub-
region prevalence estimates''®. The same approach was
used to derive prevalence estimates and confidence

in previous
, is described in detail elsewhere'”. In brief,

Table 1 Description of the 576 surveys included in the analysis by UN region and sub-region

Countries with

Coverage of No. of surveys by survey period

No. of surveys/total no. of under-5 population
UN region/sub-region surveys countries (%) =1990 1991-1999  =2000
Africa 205 53/55 99-4 39 82 84
Eastern 64 17/18 99-1 1 29 24
Middle 23 9/9 100-0 3 7 13
Northern 33 6/7 99-9 7 14 12
Southern 17 5/5 99-8 2 8 7
Western 68 16/16 100-0 16 24 28
Asia* 187 42/47 99-5 26 79 82
Eastern* 13 3/4 96-6 1 4 8
South-central 77 14/14 99-3 12 35 30
South-eastern 55 10/11 99-1 10 18 27
Western 42 15/18 96-1 3 22 17
Latin America & Caribbean 135 27/37 97-6 40 52 43
Caribbean 34 7116 90-5 9 12 13
Central America 32 8/8 99-0 10 13 9
South America 69 12/13 98-6 21 27 21
Oceaniat 10 7/22 91-0 6 3 1
All developing countries 537 129/161 99-2 111 216 210
Developed countries 39 19/45 62-8 7 11 21
Global 576 148/206 96-5 118 227 231

*Excluding Japan.
tExcluding Australia and New Zealand.
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intervals for aggregate levels for developing countries and
globally. Estimates for developed countries were derived
using a single model, with year as fixed effect and country
as random effect, and an unstructured covariance model.
Analyses were done using Statistical Analysis Systems
statistical software package version 9 (SAS Institute, Cary,
NC, USA).

Countries were grouped into regions and sub-regions
following the UN classification system. Population coverage
refers to the sum of the latest-year-survey populations of the
countries within the group divided by the total population
referent to the median of the years used in the sum. Thus,
coverage reflects the contribution of all surveys involved in
fitting the trend but varies across the analysis period.
Because all fifty-eight countries for which no data are
available have small populations, there is only a negligible
impact on overall coverage.
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Results

Table 1 shows the distribution, by geographical region, of
surveys included in the analysis together with the under-5s
population coverage. Overall, Africa and Asia have popu-
lation coverage of more than 99 %, while coverage for Latin
America and the Caribbean is somewhat lower (98 %). For
all developing countries and globally, the population
coverage is very high (99 % and 97 %, respectively), while
it is much lower (63 %) for developed countries due either
to a lack of national surveys or reported estimates that are
based on local references.

Estimates of the prevalence and numbers (including
95% confidence intervals) of stunted pre-school children
from 1990 to 2010, and projections for 2015 and 2020, are
shown in Tables 2 and 3, respectively. Worldwide, the pre-
valence of childhood stunting decreased from 39-7 (95 % CI

Table 2 Estimated prevalence (%) of stunted pre-school children 1990-2020, with 95 % confidence intervals, by UN region and sub-region

UN region/sub-region 1990 1995 2000 2005 2010 2015 2020
Africa 40-3 39-8 39-3 388 38-2 376 371
37-7,42-8 37-5, 421 37-1,41-6 36-4, 41-1 35-5, 40-8 34-6, 40-6 33-6, 40-6
Eastern 48-1 47-4 46-7 46-0 45-3 44-6 43-9
43-0, 53-1 429, 51-9 42-5, 50-9 41-7, 50-3 40-7, 50-0 39-4, 49-9 38-0, 50-0
Middle 45-3 43-8 42-3 40-8 39-4 37-9 36-5
37-7, 53-2 37-3, 50-6 36-8, 48-1 36-3, 456 357, 43-2 35-0, 40-9 34-2, 38-8
Northern 29-4 27-4 25-5 237 21-9 20-3 18-7
23-2, 365 21-5, 34-2 19-4, 327 17-2, 317 14-9, 31-1 12-7, 30-7 10-8, 30-5
Southern 354 34-7 341 335 32-9 32-3 317
29-5, 417 291, 40-8 28-7, 40-0 28-1, 39-4 27-3, 38-9 26-5, 38-6 25-7, 384
Western 38-1 38-1 38-1 38-1 38-2 38:2 38-2
34-4, 42-0 34-8, 41-6 347, 41-7 341, 42-3 332, 43-3 32:1, 44-6 31-0, 45-9
Asia* 48-6 431 377 32:6 27-6 22-9 19-0
46-1, 51-0 40-4, 45-8 34-8, 40-5 29-5, 357 24-4, 30-7 19-8, 26-1 159, 22-2
Eastern* 35-9 28-2 217 16-3 12-0 8-8 6-3
34-7, 371 27-1, 294 20-6, 22-8 15-4,17-2 11-3, 12-8 8:2,9-4 5-8, 6-8
South-central 60-7 54-6 48-4 42-3 36-4 309 25-9
56-1, 65-0 49-7, 59-4 43-3, 53-6 36-9, 47-8 31-0, 42-2 25-5, 36-8 20-7, 317
South-eastern 47-0 41-5 36-2 31-3 26-7 226 19-0
38-4, 55-7 34-3, 49-1 30-1, 42-9 25-8, 374 21-4, 32-8 17-4, 28-9 13-8, 25-5
Western 28-2 25-9 237 21-6 19-7 17-9 16-3
22-5, 346 19-4, 33-7 16-2, 33-2 13-4, 33-0 11-0, 32-9 8-9, 329 7-1, 330
Latin America & Caribbean 237 20-9 18-1 15-7 135 11-6 10-0
186, 28-9 15-9, 25-9 13-1, 23-1 10-7, 20-7 8-5, 18:5 6-7, 16-6 5-1,14-8
Caribbean 15-0 12-0 9-6 7-5 5-9 4-6 36
8-4, 255 6-3, 21-9 4.6, 187 3-4,15-8 25,134 1-8, 11-3 1-83, 95
Central America 32-5 28-6 25-1 21-8 18-9 16-2 13-9
22-1, 450 19-1, 40-6 16-2, 36-6 13-7, 329 11-4, 29-6 9-4, 26-5 7-7,23-8
South America 20-9 18-3 16-0 139 12-0 10-3 89
15-3, 27-9 12-9, 25-3 10-6, 23-3 8-5,21-8 6-7, 20-5 5-2,19-4 41,184
Oceaniat n/a 39-8 39-1 38-5 37-8 n/a n/a
25-2, 56-4 227, 585 19:-0, 62-5 15-2, 67-4
All developing countries 44-4 40-1 36-1 32-5 29-2 26-2 237
42-5, 46-3 38-2, 42-1 34-0, 38-1 30-4, 346 27-0, 31-4 24-0, 28-4 21-4, 25-9
Developed countries 6-0 6-0 6-0 6-0 6-0 6-0 6-0
4.2, 84 4.2, 85 41,86 41, 87 4.1, 8-8 4-1,8-8 41, 89
Global 39-7 36-3 32-9 29-7 26-7 241 21-8
38-1,41-4 34-5, 38-0 31-0, 34-7 27-8, 31-6 24-8, 28-7 22-1, 26-0 19-8, 23-8

n/a, no data available.
*Excluding Japan.
tExcluding Australia and New Zealand.
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Table 3 Estimated numbers (millions) of stunted pre-school children 1990-2020, with 95% confidence intervals, by UN region and

sub-region
UN region/sub-region 1990 1995 2000 2005 2010 2015 2020
Africa 44-9 47-9 51-3 55-6 60-0 62-9 64-1
42-0, 47-8 45-1, 50-7 48-4, 54-2 52-3, 59-0 55-9, 64-1 57-8, 67-9 58-1, 70-2
Eastern 171 18-7 20-6 22-6 24-9 26-5 27-5
15-3, 18-9 16-9, 20-5 18-7, 22-5 20-6, 24-8 22:4, 27-4 23-5, 29-7 23-8, 31-3
Middle 6-3 7-2 7-6 8-4 87 91 9-3
52,74 6-1, 8-3 6-6, 8-7 7-4,9-4 7-9,9-6 8-4,9-8 8-7,9-9
Northern 6-8 6-0 55 5-3 5-2 4-9 4.5
5-3, 84 47,75 4.2, 71 3-8, 7-1 35,74 31,75 26,74
Southern 21 21 2:0 21 2:0 2:0 1-9
18,25 17,24 1.7, 24 17,24 17,24 16, 2-3 1-5,2-3
Western 12-6 14-0 155 17-2 19-2 20-3 20-9
11-4,13-9 12-8, 152 14-1, 16-9 15-4, 19-1 16-7, 21-8 17-1, 23-8 17-0, 25-2
Asia* 189-9 164-1 138-0 117-4 99-5 83-9 68-4
180-2, 199-5 154-0, 174-3 127-4, 148-5 106-4, 128-5 88-2, 110-9 72-4, 95-4 57-2, 79-6
Eastern* 471 32-1 21-9 15-0 111 8-4 5-9
45-5, 48-7 30-8, 335 20-8, 23-0 14-1, 15-8 10-4, 11-8 7-8, 9-0 5-5,6-4
South-central 110-1 1027 90-9 80-3 69-0 58-8 48-4
101-9, 1181 93-5, 1117 81-2, 100-6 70-1, 90-8 58-8, 80-0 48-6, 70-0 38-8, 59-3
South-eastern 26-5 23-4 19-6 16-9 14-4 12-0 9-8
21-6, 31-4 19-3, 27-6 16-3, 23-1 13-9, 20-2 11-5,17-6 9-2, 15-3 71,132
Western 6-2 5-9 56 5-3 5-1 47 4-3
4-9,7-6 4-4, 77 39,79 33, 8:0 2:8, 84 2:3, 87 1-9, 87
Latin America & Caribbean 13-2 11-7 10-2 87 7-2 5-9 4-9
10-3, 16-1 8-9, 145 7-4,13:0 5-9,11-5 4.5, 9-8 3-4, 84 25,73
Caribbean 0-6 0-5 0-4 0-3 0-2 0-2 0-1
0-3,1-0 0-2,0-9 0-2, 0-7 0-1, 0-6 0-1,0-5 0-1, 0-4 0-0,0-3
Central America 51 4-7 4-0 34 2-9 2-4 2:0
34,70 31,66 2-6, 59 21,52 17,45 1-4, 3-9 1-1, 34
South America 75 6-5 5-8 5-0 41 3-4 2:8
5-5,10-0 4.6, 9-0 3-8, 84 31,78 2:3,7-0 17,63 1-3, 58
Oceaniat n/a 0-4 0-5 0-5 0-5 n/a n/a
0-3,0-6 0-3, 0-7 0-2,0-8 0-2,09
All developing countries 248-4 224-2 199-9 182:2 167-2 153-2 137-9
237-9, 2568-9 213-3,235-1 188-6,211-1 170-3, 1941 154-8, 179-6 140-4, 166-0 125-0, 150-8
Developed countries 4-6 4-3 4-0 4-0 4.2 41 41
3-2,6-6 3-0, 6-1 27,57 2:8,5-8 2:8, 6-0 2:8, 6-1 2:7,6-0
Global 253-0 228-4 203-8 186-2 171-4 157-3 142-0
242-4,263-6 217-4,239-5 192-5,215-2 174-2,198-2 158-9, 183-9 144-4,170-3 129-0, 155-0

n/a, no data available.
*Excluding Japan.
tExcluding Australia and New Zealand.

381, 41-4) % in 1990 to 26-7 (95 % CI 24-8, 28:7) % in 2010,
for a relative decrease of 33%. Given the status quo, this
trend is expected to continue and reach a prevalence of
21-8% (95 % CI 19-8, 23-8) % in 2020, for a further relative
decrease of 18% from 2010 (Table 2). In terms of numbers
of affected children, it is estimated that 171 million pre-
school children were stunted in 2010, 167 million (95 %) of
whom lived in developing countries. Between 2010 and
2020, the global number of stunted children is forecast to
decrease further to 142 million (Table 3).

Trends in stunting during the study period follow dif-
ferent patterns in developing and developed countries.
While the prevalence of stunting in developed countries
has been stable at 6:0 (95 % CI 4-1, 8-8) % since 1990 and is
expected to remain at this level, developing countries have
experienced a decrease from 44-4 (95% CI 42-5, 46-3) %
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in 1990 to 29:2 (95% CI 27-0, 31-4) % in 2010. The fore-
cast is that this decreasing trend will continue and reach a
prevalence of 23-7 (95% CI 21-4, 25-9) % in 2020. Figure 1
presents regional and aggregate level trends for stunting
during the period 1990-2020.

In Africa between 1990 and 2010, the prevalence of
childhood stunting stagnated at about 40% and, if the
current trend continues, not much improvement is antici-
pated for the next decade. Given population growth, this
translates into increasing numbers of stunted children
(from 45 million in 1990 to 60 million in 2010). In contrast,
Asia showed a dramatic decrease in the prevalence of
stunting from almost 49 % in 1990 to less than 28 % in 2010,
nearly halving the number of stunted children from 190
million in 1990 to 100 million in 2010. It is anticipated
that this decreasing trend will continue, reaching a total
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Fig. 2 Latest country estimates of stunting in children aged 0-5 years (], no data;

30-39:9%; [, =40 %)

number of stunted children in Asia (68 million) similar to
the number in Africa (64 million) in 2020. In Latin America
both the prevalence and number of affected children were
much lower than in Africa and Asia (14% or 7 million in
2010) and they are expected to continue decreasing in the
coming decade (Tables 2 and 3). Data in Oceania remain
scarce and thus trend modelling is not possible. However,
individual countries like Papua New Guinea show high
rates of stunting (44 % in 2005).
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3, <20%; [, 20-29-9%; [,

Nationally, there is great variation in rates of childhood
stunting. Figure 2 maps countries according to their latest
national stunting prevalence estimate. Rates are categorized
as low, medium, high and very high (<20 %, 20-29-9 %,
30-39-9% and =40%, respectively)'®. Extremely high
rates appear in countries like Afghanistan, Burundi and
Yemen, with levels above 50% in most recent surveys.
Other countries of sub-Saharan Africa, South-central and
South-eastern Asia also present high or very high stunting
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rates. At the other end of the spectrum, levels below
10% are found in e.g. Chile, the Czech Republic and the
former Yugoslav Republic of Macedonia. Country-specific
prevalence data, disaggregated by age group, sex, urban/
rural and region, are available from the WHO Global

Database on Child Growth and Malnutrition®.

Discussion

The dual aim of the present report is to describe global
levels and patterns of childhood stunting for the period
1990-2020 based on the WHO Child Growth Standards
and to assess the magnitude of the problem relative to
what we described a decade ago™. The earlier analyses
were based on 241 nationally representative surveys from
106 countries, with trend data for only sixty-five countries,
whereas we now report on 576 national surveys from 148
countries with trend data for 124 countries.

Stunting is much more common than underweight (low
weight-for-age) or wasting (low weight-for-heigh),
affecting globally in 2010 about 171 million or 27% of
children aged 0-5 years. Deeply rooted in poverty and
deprivation, stunting is a nutrition problem that affects
mainly developing countries, with the highest rates found
in Eastern, Middle and Western Africa, where, respectively,
45 %, 39 9% and 38 % of pre-schoolers were affected in 2010.

Marked differences are observed among regions. In
Africa, the prevalence of stunting in 2010 was 38% and it
is forecast to stagnate in the coming decade. In contrast,
the prevalence in Asia is substantially lower (28% in
2010, expected to decrease to 19% in 2020). Projected
trends in the prevalence of stunted children combined
with dissimilar population growth (increasing in Africa,
decreasing in Asia) will narrow the gap between their
respective contributions to the total number of stunted
children worldwide. While in 2010 there were 100 million
stunted children in Asia and 60 million in Africa, these
numbers are expected to change to 68 and 64 million,
respectively, by 2020 if recent trends continue. This is
largely due to expected slow and little improvement
in Eastern, Middle and Southern Africa and complete
stagnation in Western Africa, while substantial progress is
anticipated for all sub-regions in Asia.

There are some limitations to the present analyses. First,
coverage for developed countries is low (63 %). Some have
not yet conducted national surveys while others report
results using local references. Second, national surveys
were not done randomly across geographical regions.
Depending on where and when surveys were conducted,
bias may have been introduced into the regional estimates
of past and future prevalences. Third, some regions,
despite broad coverage, present wide confidence intervals.
This is due either to heterogeneity within the group or
uncertainty resulting from too few data points. Northern
Africa (219 (95% CI 149, 31-1) % in 2010), with such
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nutritionally diverse countries as Tunisia (9% in 2006) and
Sudan (38% in 2000), is an example of a heterogeneous
region. For Oceania, only ten surveys were available and
thus the 95 % CI around the 2010 estimate (37-8 %) ranges
from 15-2% to 67-4 %. Finally, like any forecasting method,
the further trends are projected the greater the uncertainty
of the estimates. Although confidence intervals partially
reflect this uncertainty, trajectories might change as new
estimates become available. Despite these limitations and
the inherent speculative nature of extrapolating estimates
to 2020, the present results provide a useful base for
monitoring levels and trends of childhood stunting.

Two success stories underline the association between
child stunting and socio-economic status. In Brazil's
Northeast stunting decreased from 34 % in 1986 to 6% in
2006. Comprehensive statistical models identified four
primary reasons for this dramatic decline: () increased
purchasing power of low-income families; (i) improved
educational levels of mothers; (iii) expanded public water
and sewage systems; and (iv) virtual universalization of
basic health care, including prenatal care™™”. The Brazilian
experience shows that the scourge of chronic malnutrition
can be rapidly reduced if income among the poor rises and
simultaneously there is increased access to schools, clean
water, sanitation and basic health care®®. Similarly, in
Mexico stunting decreased from 27% to 16% over the
period 1988-2006 due to better targeting and enhanced
coverage of a conditional cash-transfer programme and
increased access to health-care facilities*'*.

The data presented here confirm that childhood stunting
remains a major public health problem in developing
countries. There is nevertheless evidence that children the
world over can attain their full growth potential if they are
nurtured in healthy environments and their caregivers
follow recommended health, nutrition and care prac-
tices'”. Growth faltering often begins in utero and con-
tinues for the first two years of life*”. The main window of
opportunity to prevent stunting is thus the intra-uterine
and postnatal periods, from conception until 24 months.
Significant reductions in stunting can be achieved through
a comprehensive set of priority interventions for reducing
the global burden of disease and fostering economic
development in low-income countries.

Stunting often goes unrecognized in children who live
in communities where short stature is so common that it
seems normal. Thus, measuring length (up to 24 months)
or height (from 24 months onwards) — and not just weight
— should become standard practice when assessing child
growth. Similarly, rather than monitoring only under-
weight, policy makers should use stunting as an indicator
of overall child health and nutritional status. This is par-
ticularly important as the nutrition transition accelerates
in many developing countries''> towards higher rates of
overweight and obesity, which can result in populations
with low rates of underweight but persistently high rates
of stunting.
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