Articles

@

Lancet 2012; 380: 824-34

Published Online

July 5,2012
http://dx.doi.org/10.1016/
50140-6736(12)60647-3

See Comment page 787

*Contributed equally to the
research and preparation of the
report

tMembers listed at the end of
the report

Department of Health
Statistics and Information
Systems, WHO, Geneva,
Switzerland (G A Stevens DSc);
Department of Global Health
and Population

(M M Finucane PhD,

A ) Donner MSc), and
Department of Biostatistics

(R A White MA), Harvard School
of Public Health, Boston, MA,
USA; Department of Statistics,
University of California,
Berkeley, CA, USA

(CJ Paciorek PhD); School of
Computer Science and Heinz
College, Carnegie Mellon
University, Pittsburgh, PA, USA
(S R Flaxman BA); and MRC-HPA
Centre for Environment and
Health, Department of
Epidemiology and
Biostatistics, Imperial College
London, London, UK

(Prof M Ezzati PhD)

Correspondence to:

Prof Majid Ezzati, MRC-HPA
Centre for Environment and
Health, Department of
Epidemiology and Biostatistics,
School of Public Health, Imperial
College London, Medical Faculty
Building, Norfolk Place, London
W2 1PG, UK
majid.ezzati@imperial.ac.uk

824

Trends in mild, moderate, and severe stunting and
underweight, and progress towards MDG 1 in

141 developing countries: a systematic analysis of
population representative data

Gretchen A Stevens*, Mariel M Finucane*, Christopher J Paciorek, Seth R Flaxman, Richard A White, Abigail | Donner, Majid Ezzati, on behalf of
Nutrition Impact Model Study Group (Child Growth)t

Summary

Background There is little information on country trends in the complete distributions of children’s anthropometric
status, which are needed to assess all levels of mild to severe undernutrition. We aimed to estimate trends in the
distributions of children’s anthropometric status and assess progress towards the Millennium Development Goal 1
(MDG 1) target of halving the prevalence of weight-for-age Z score (WAZ) below -2 between 1990 and 2015 or reaching
a prevalence of 2-3% or lower.

Methods We collated population-representative data on height-for-age Z score (HAZ) and WAZ calculated with the
2006 WHO child growth standards. Our data sources were health and nutrition surveys, summary statistics from the
WHO Global Database on Child Growth and Malnutrition, and summary statistics from reports of other national and
international agencies. We used a Bayesian hierarchical mixture model to estimate Z-score distributions. We
quantified the uncertainty of our estimates, assessed their validity, compared their performance to alternative models,
and assessed sensitivity to key modelling choices.

Findings In developing countries, mean HAZ improved from -1-86 (95% uncertainty interval —2.- 01 to —1-72) in 1985
to —1-16 (-1-29 to —1-04) in 2011; mean WAZ improved from -1-31 (-1-41 to —1-20) to —0-84 (-0-93 to -0-74). Over
this period, prevalences of moderate-and-severe stunting declined from 47-2% (44-0 to 50-3) to 29-9% (27-1t0 32-9)
and underweight from 30-1% (26-7 to 33-3) to 19-4% (16-5 to 22-2). The largest absolute improvements were in Asia
and the largest relative reductions in prevalence in southern and tropical Latin America. Anthropometric status
worsened in sub-Saharan Africa until the late 1990s and improved thereafter. In 2011, 314 (296 to 331) million children
younger than 5 years were mildly, moderately, or severely stunted and 258 (240 to 274) million were mildly, moderately,
or severely underweight. Developing countries as a whole have less than a 5% chance of meeting the MDG 1 target;
but 61 of these 141 countries have a 50-100% chance.

Interpretation Macroeconomic shocks, structural adjustment, and trade policy reforms in the 1980s and 1990s might
have been responsible for worsening child nutritional status in sub-Saharan Africa. Further progress in the
improvement of children’s growth and nutrition needs equitable economic growth and investment in pro-poor food
and primary care programmes, especially relevant in the context of the global economic crisis.

Funding The Bill & Melinda Gates Foundation and the UK Medical Research Council.

Introduction

Restricted growth as a result of infections and inadequate
nutrition, measured by anthropometric status, is an
important cause of morbidity and mortality in infants
and children."? The proportion of children younger than
5 years who are underweight is also an indicator for the
Millennium Development Goal 1 (MDG 1).

There have been estimates of stunting, underweight,
and wasting prevalence by country at a single point in
time” and trends in prevalence by region,*” but trends by
country have not been quantified. Further, previous
analyses did not incorporate non-linear trends, which
might happen in periods of economic growth or
contraction or because of new interventions—eg, those
resulting from the MDGs. Previous analyses did not

assess the complete distributions of anthropometric
indicators, even though the hazardous effects of
undernutrition happen along a continuum of mild,
moderate, and severe undernutrition.”® Without data on
distributions, we also cannot assess whether changes in
prevalence are due to a shift in the whole distribution—
eg, as a result of overall economic and nutritional
improvements—or because of interventions targeting
high-risk groups.

Country-level information on trends is needed for
analysis of progress towards MDG 1, and for priority
setting, planning, and policy and programme evaluation;
for example, those related to the Scaling-Up Nutrition
initiative. We aimed to estimate trends in the complete
distributions of anthropometric indicators of child
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nutrition by country and to assess countries’ progress
towards MDG 1.

Methods

Study design

We estimated trends, and their uncertainties, between
1985 and 2011 in the distributions of height-for-age and
weight-for-age Z scores (HAZ and WAZ) for children
younger than 5 years in 141 developing countries. We
organised the countries into seven regions (appendix
p 14) on the basis of the reporting regions of the Global
Burden of Diseases, Injuries, and Risk Factors 2010
study.” We calculated Z scores with the 2006 WHO child-
growth standards, which are based on a multicountry
study of child growth potential.”

We do not report weight-for-height Z scores because,
although some chronic wasting exists, weight for height
is commonly affected by acute economic, environmental,
and political factors. These short-term changes are of
particular programmatic interest but are empirically
indistinguishable from variations due to study design
and implementation problems that are smoothed out in
trend analysis. Possibly for this reason, previous regional
analyses reported trends in stunting and underweight,
but reported wasting for a single year.*”

Our analysis comprised four steps: identifying data
sources, and accessing and extracting data; converting
data that were based on the 1977 US Centers for Disease
Control and Prevention National Center for Health
Statistics (NCHS)/WHO reference population to 2006
WHO standards; applying a statistical model to
estimate trends in Z-score distributions and their
uncertainties; and assessing the external predictive
validity of the estimates and their sensitivity to key
modelling choices.

The distributions we estimated in the third step
provide coherent estimates of mean HAZ or WAZ, and
of the prevalence of children whose HAZ or WAZ is
below -1, -2, or -3 (ie, more than 1, 2, or 3 SDs below
the WHO standards’ median); these thresholds are
commonly used to define mild, moderate, and severe
stunting or underweight.

Data sources

We designed our data search and access strategy to
obtain as many population-based sources as possible
while ensuring representativeness, quality, and com-
parability of measurements. Estimating the complete
distributions without overly restrictive assumptions
requires as many sources as possible to provide
individual records that characterise distributions. The
details of our data search and access are provided in the
appendix (pp 1-3). In brief, our data sources were
health examination, nutrition, and household surveys
with anonymised individual records available through
national and international agencies and through survey
databases; summary statistics, including mean and
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prevalences below specific thresholds, from the WHO
Global Database on Child Growth and Malnutrition;"
and summary statistics not in the WHO database,
extracted from reports of national and international
agencies. Inclusion criteria are listed in the appendix

(pp 1-3).

Statistical analysis

When individual-level data were accessible, we calculated
Z scores with the WHO standards. Some data, especially
from older sources, were available to us only as summary
statistics in relation to the NCHS reference. To use a
consistent reference population, we converted these
summary statistics from the NCHS reference to the
WHO standards as described in the appendix (p 4).

We aimed to estimate the complete distributions of
HAZ and WAZ, which would then allow us to calculate
any summary statistic. After calculating Z scores based
on sex-specific growth standards, we pooled data from
boys and girls because they tracked closely (appendix
p 86) and because some sources did not separate data by
sex. We did all analyses separately for HAZ and WAZ.

Many country-years had no data or no nationally
representative data. Further, some sources reported
one or more summary statistics but did not provide
individual-level records. We applied a statistical model
to estimate Z-score distributions by country and year
with a combination of individual-level and summarised
data. We used a Bayesian hierarchical mixture model,
which is ideal for analysing distributions.™ We
describe the model in the appendix (pp 6-9) and
summarise it below.

The model uses a mixture (ie, a weighted-average) of
multiple normal (bell shaped) densities to characterise
the full Z-score distributions, and can characterise
distributions that are not normal. We used a mixture of
five normal distributions in our main analysis (in the
appendix [pp 6-11, 53] we provide the reasons for and the
sensitivity of results to this choice). The mixture model
used individual-level data, when available, to fully inform
distributions. Summary statistics also provided infor-
mation on the distribution, especially when multiple
summary statistics were available.

Z-score distributions and their trends for countries
were nested in regional and global levels and trends.
Estimates for each country-year were informed by data
from that country-year itself, if available, and by data
from other years in the same country and in other
countries, especially those in the same region with data
in similar periods. The hierarchical model borrows
information to a greater degree where data are non-
existent or weakly informative (ie, have large uncertainty),
and a lesser degree in data-rich countries and regions.

We modelled trends over time as a linear trend plus a
smooth non-linear trend, at the country, regional, and
global levels. We also used time-varying country-level
covariates to inform the estimates. The covariates

See Online for appendix
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were maternal education,” national income (natural
logarithm of per-person gross domestic product in
inflation-adjusted international dollars), urbanisation
(proportion of population that lived in urban areas),
and an aggregate metric of access to basic health care.”
To reduce the effect of interannual fluctuations, we
used a weighted average of gross domestic product and
urbanisation over the past 5 years, with progressively
smaller weights in the more distant past. We assessed
how covariates affected our estimates and whether they
improved the estimates, as described in the appendix
(pp 10, 11, 47, 48, 53).

Nationally representative sources have errors larger
than their sampling error, illustrated by the differences
between two nationally representative surveys in the
same or adjacent years (appendix pp 90-231), due to
factors related to study design (eg, absence of a reliable
recent sample frame) or implementation (eg, errors in
measuring weight, height, and age). To account for this,
our model included a non-sampling error term for
national data, estimated empirically. Further, sub-
national data can have additional variation because of
subgroup variability. Our model included an added
variance component for subnational data, also estimated
empirically. This additional variance allowed us to
include subnational data but for them to have less effect
on estimates than national data.

Some studies did not cover the full 0-59 month age
range: of the 125 such studies, 55 (44%) covered an age
range of at least 4-5 years, 14 (11%) 4-0—4-5 years, and
another 43 (34%) 3-0—4-0 years. Because WAZ and HAZ
distributions change with age,”® such sources have an
additional error, which we accounted for by an additional
variance component in our model.

The uncertainties of our estimates included uncertainty
due to sampling uncertainty in each data source; uncer-
tainty associated with non-sampling error of national data;
additional uncertainty associated with subnational data
and with sources that did not cover 0-59 months;
uncertainty due to converting from NCHS reference to
WHO standards; and uncertainty due to making estimates
by country and year when data were missing altogether or
when only summary statistics (vs individual-level data)
were available.

We fitted the Bayesian model with a Markov chain Monte
Carlo algorithm, as detailed in the appendix (pp 6-9), and
obtained 5000 samples from the parameters’ posterior, in
turn used to obtain 5000 posterior Z-score distributions for
each country-year. We used the distributions to calculate
5000 means and prevalences. All reported uncertainty
intervals represent the 2-5-97-5th percentiles of these
5000 draws. We calculated distributions for regions and
the world as population-weighted averages of the
constituent country estimates.

263 health examination surveys with
individual-level data available
to authors

672 data sources, representing
731 country-years included in the
current WHO Global Database on
Child Growth and Malnutrition

6 surveys excluded
2 reported age only to nearest year
4 for data quality reasons described
in the appendix (pp 1-3)

72 country-years of data with the NCHS
reference from previous version of the

447 country-years excluded
70 were from before 1985
251 because individual-level data were obtained
84 were from selected subgroups that might have lower or
higher nutritional status than the general population

A4

WHO Global Database on Child Growth
and Malnutrition

1 country-year of data with the NCHS
reference from a country report and
14 country-years of data with the WHO

v

standards obtained from preliminary
DHS or MICS reports

(eg, refugees), because a facility-based or surveillance
sampling method with inadequate coverage or
documentation was used, because they were not
representative of at least a first administrative unit, or
because they were from an exclusively urban or rural region
1 because of concerns with survey implementation quality
(West Bank and Gaza 2002)
2 because covariate data were not available
1 because only weight-for-height data were reported
1 because sample size was less than 400
18 because their youngest age group included children
older than 5 years
19 because they were from a high-income region

Data included from 344 studies
representing 371 country-years

v

Data extracted for 628 country-years
with over 7.7 million participants

Figure 1: Flowchart of data sources, access, and inclusion

NCHS=US Centres for Disease Control and Prevention National Center for Health Statistics. DHS=Demographic and Health Survey. MICS=Multiple Indicator Cluster Survey.
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We estimated changes in mean or prevalence as alinear ~ decade; we also made separate trend estimates for the
trend (absolute for mean and proportional for prevalence) pre-2000 and post-2000 years because 2000 marks the
over the 26 years of analysis and reported as change per adoption of the MDGs and an increase in development
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Figure 2: Trends in the cumulative distribution functions for HAZ (A) and WAZ (B) by region
Each curve shows the cumulative proportion of children (y-axis) that lies below a given HAZ or WAZ level (x-axis). Therefore, the lower the curve, the better the nutritional status of the region. All
distributions are compared with the WHO standards. We present the trends by country in the appendix (pp 90-231). HAZ=height-for-age Z score. WAZ=weight-for-age Z score.
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assistance for health. We report the posterior probability
(PP) that an estimated increase or decrease represents a
truly increasing or decreasing trend. We calculated the PP
that countries and regions would meet the MDG 1 target
of halving the prevalence of WAZ below -2 between 1990

and 2015 or reaching a prevalence of 2- 3% or lower, as we
would expect in a well nourished population, if the
post-2000 linear trends continue.

We assessed the external predictive validity of our esti-
mates, including comparison with alternative models,

HAZ WAZ
0-5— South Asia Andean and central Latin America B
——— Sub-Saharan Africa and Caribbean
Oceania Southern and tropical Latin America
—— Eastand southeast Asia All developing countries
— Central Asia, Middle East,
and north Africa
_05 — —
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Figure 3: Trends in HAZ and WAZ means and prevalences by region between 1985 and 2011
Shaded regions show the uncertainty interval. We present the trends by country in the appendix (pp 90-231). Prevalence of children with Z scores below -2 includes all children below this cutoff,
including those with Z scores below -3. HAZ=height-for-age Z score. WAZ=weight-for-age Z score.
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and assessed their sensitivity to key modelling choices,
as we detail in the appendix (pp 10, 11, 47-53).

Role of the funding sources

The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The Writing and Global Analysis Group had

access to all data sources. The corresponding author is
responsible for the content of the report and had final
responsibility for the decision to submit for publication.

Results
Our final dataset for HAZ and WAZ included 628
country-years, comprising anthropometric measurements

HAZ

[ Oceania

Il Southern and tropical Latin America

B Andean and central Latin America and Caribbean
I Central Asia, Middle East, and north Africa
300 I East and southeast Asia

[ Sub-Saharan Africa

Il South Asia

200

=
o
o

Millions of children with Z score below -2 Millions of children with Z score below -3

Millions of children with Z score below -1

0

Year

1985 1990 1995 2000 2005

2010 1985 1990 1995 2000
Year

WAZ

2005 2010

Figure 4: Number of children in the mild to severe parts of the HAZ and WAZ distributions, by region
The number of children with Z scores below -1 includes all children below this cutoff, including those with Z scores below -2 and -3. Similarly, the number of children with Z scores below -2 includes all
children below this cutoff, including those with Z scores below -3. HAZ=height-for-age Z score. WAZ=weight-for-age Z score.

www.thelancet.com Vol 380 September 1,2012

829




Articles

Panel 1: Children’s nutrition: a tale of three continents (and four countries)

In 1985, Burkina Faso, Brazil, China, and Ghana had mean height-for-age Z scores (HAZ)
ranging from -1-34 to -1-67 and prevalences of moderate-and-severe stunting that
ranged from 34% to 40%, with China faring slightly worse than the other three countries
(appendix pp 88-89). Over the subsequent 26 years, they had very different trajectories in
children’s nutritional status and growth. Brazilian and Chinese children experienced large
improvements throughout the period such that, by 2011, mean HAZ had reached

-0-33 to -0-42 and the prevalence of moderate-and-severe stunting was 9-13%

(figure appendix 1, appendix pp 90-231). By contrast with these success stories,
nutritional status of children in Burkina Faso worsened for over a decade before
improving slowly after the late 1990s. As a result, children’s nutritional status in 2011 was
only slightly better than it had been 26 years earlier, and was much worse than those of
children in Brazil and China. These three countries exemplify the experiences of their
respective regions, and the regionalisation of child undernutrition. Yet some countries like
Ghana, one of Africa’s best governed nations with strong commitment to agriculture and
nutrition, defied the negative trends of the late 1980s and 1990s in sub-Saharan Africa
and achieved steady, although slow, improvements.

Even in these countries with moderately rich data it is hard to identify the precise
contributions of specific determinants of trends, perhaps because children’s growth is
multifaceted and affected by a complex, dynamic, and interactive array of social,
environmental, nutritional, and health-care determinants.®®* The existing evidence
collectively suggests that improving children’s anthropometric status requires enhancing
nutrition, the living environment, and health care for the poor through equitable
economic development, maternal education, and pro-poor agriculture, food, and
health-care policies and programmes.

of more than 7-7 million children (figure 1; appendix
pp 15-46), providing an average of 4-5 years of data per
country or territory. Data availability ranged from 1-1 years

per country in Oceania to 6-8 in south Asia. 543 (86%) of

these 628 country-years were nationally representative
(appendix p 87). 126 of 141 countries, with greater than

99% of the total population, had at least one data source; of

these, 111 had at least two. Each country in south Asia and
sub-Saharan Africa had at least one data source.

When all 141 developing countries in our analysis
were taken together, children’s anthropometric status
improved between 1985 and 2011 but did not reach
optimum nutritional status as envisioned by the WHO
growth standards (figure 2). In 1985, global (ie, all
countries in our analysis) mean HAZ was -1-86
(95% uncertainty interval -2-01 to —1-72) and WAZ was
-1-31 (-1-41 to -1-20; figure 3), representing a world
where children were on average near the moderate
stunting threshold (Z score of -2); these values
improved to a mean HAZ of -1-16 (-1-29 to -1-04) and
a mean WAZ of -0-84 (-0-93 to —0-74) in 2011. Over
this period, prevalences of moderate-and-severe
stunting declined from 47-2% (44-0 to 50-3) to
29-9% (27-1 to 32-9) and underweight from 30-1%
(26-7 to 33-3) to 19-4% (16-5 to 22-2; PPs of being true
decreases >0-999).

Despite this improvement, in 2011, 314 (296 to 331)
million children younger than 5 years had HAZ below —1.

830

Just greater than half of these children (170 [154 to 186]
million) had HAZ below -2. 258 (240 to 274) million
children had WAZ below -1, less than half (110 [94 to 126]
million) of whom had WAZ below -2. 37% of all children
with mild-to-severe stunting and 46% with mild-to-severe
underweight lived in south Asia (figure 4). Sub-Saharan
Africa had the second largest number, a position that had
belonged to east and southeast Asia in 1985.

Sub-Saharan Africa experienced a period of increasing
undernutrition until the late 1990s, when anthropometric
status began to improve (panel 1). With large uncertainty,
HAZ might have worsened slightly and WAZ might have
improved only slightly in Oceania. Height for age and
weight for age improved in all other regions. The largest
improvements were in south Asia and east and southeast
Asia (figure 2), with mean HAZ increasing by about
0-4 per decade and mean WAZ by about 0-25 per decade
(PPs >0-99). Although Asia outperformed other regions
in absolute gains, southern and tropical Latin America
not only started with the best nutritional status but also
had the largest relative decline in prevalences, with
39-44% declines per decade in moderate-and-severe
stunting and underweight; the reductions in the severe
tail were even larger.

As a result of these trends, the regions’ HAZ and WAZ
distributions were reordered between 1985 and 2011.
South Asia had the single worst nutritional status in 1985.
By 2011, its HAZ distribution was similar to those of sub-
Saharan Africa and Oceania, which had experienced
periods of deterioration or stagnation (figures 2, 3). South
Asia’s WAZ did not catch up with other regions, but the
difference with sub-Saharan Africa became smaller. At
the other extreme, southern and tropical Latin America
maintained its position as the best-nourished developing
region, and increased its advantage compared with the
Andean and central Latin America and Caribbean region
and the central Asia, Middle East, and north Africa region.
Improvements in southern and tropical Latin America
slowed down after 2000, especially for mean. East and
southeast Asia’s strong performance led to its HAZ
surpassing those of the central Asia, Middle East, and
north Africa region and the Andean and central Latin
America and Caribbean region.

The most undernourished country-years were in
Bangladesh in the 1980s, when mean HAZ was as low as
-2-7 and WAZ as low as —2-4; nearly three-quarters of
children had HAZ below —2; more than a third were
severely stunted; and about two-thirds were underweight
(appendix pp 88, 89). Although children’s anthropo-
metric status improved in most countries (appendix
pp 90-231, 233-239), height for age and weight for age
remained very low in some places in 2011: children in
Burundi, Yemen, Timor-Leste, Niger, and Afghanistan had
HAZ means below or close to the -2 cutoff for moderate
stunting (figure appendix 1). About half of children in
these countries were moderately or severely stunted. Mean
WAZ was —1-5 or less in Timor-Leste, Bangladesh, Niger,
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India, and Nepal, with one-third or more of children
moderately or severely underweight (figure appendix 2). At
the other extreme, children in Chile, Jamaica, and Kuwait
had HAZ distributions indistinguishable from a well-
nourished population in 2011, with means between 0-01
and 0-04. Similarly, 25 countries, mostly in the Latin
America and Caribbean region and the central Asia,
Middle East, and north Africa region, had WAZ means
that surpassed the WHO standards, with the highest WAZ
mean and lowest underweight prevalence in Chile.

HAZ probably deteriorated in 17 countries between 1985
and 2011, nearly all in sub-Saharan Africa and Oceania
(appendix pp 230-239); most had large uncertainties, but
the PPs for the observed deteriorations were 0-90 in Cote
d'Ivoire and Niger. The largest improvement in children’s
height was in China, followed by smaller improvements
in six other Asian countries, Brazil, and Tunisia; in these
countries mean HAZ increased by 0-35-0-51 per decade,
all with PPs of 0-99 or greater. WAZ improvements varied
less across countries, ranging from possible worsening
in Somalia, Burkina Faso, Central African Republic,
Zimbabwe, Coéte d'Ivoire, and Madagascar to improve-
ments of 0-25 or greater per decade in Brazil and some
countries in Asia and Middle East, all with PPs of 0-98 or
greater. Mirroring these, underweight prevalences
declined by a third or more per decade in 21 countries,
nearly halving each decade in Brazil.

In most countries, changes in moderate-and-severe
stunting or underweight prevalences between 1985 and
2011 were statistically indistinguishable from those we
expected had the whole HAZ and WAZ distribution
shifted by as much as its median (appendix p 232). In
other words, reductions in prevalence were generally
because of overall improvements in population nutri-
tion versus interventions targeting children at high
risk. In some countries, especially in the Latin America
and Caribbean region, however, prevalence declined
more than expected from the improvement in the popu-
lation median—ie, an inequality-reducing change in
the distribution.

Despite improvements, the probability that develop-
ing countries as a whole will meet the MDG 1 target is
less than 0-05 if post-2000 trends continue. The
probability ranged from virtually zero in sub-Saharan
Africa to close to 1 in the two Latin America and
Caribbean regions. 27 countries in the Latin America
and Caribbean region, the central Asia, Middle East,
and north Africa region, and east and southeast Asia
have probabilities of 0-80 or greater, with probability
close to 1-0 in Chile, Brazil, Mexico, and China.
Another 34 countries had probabilities between 0-50
and 0-80, leaving 80 countries with less than a
50% chance of reaching this target (figure 5). Only six
countries in sub-Saharan Africa had probabilities of

[ No estimate made
[l 0-0-12

[ 013-0-24
[10-25-0-37

[70:38-0-49 i

10-50-062 0. <
[ 0-63-074

B1075-0-87 T

B 0-88-1.00 %

PRS- =N

Figure 5: Posterior probability of meeting the MDG 1 target

Defined here as halving the prevalence of WAZ below -2 between 1990 and 2015 or reaching a prevalence 2-3% or lower if post-2000 trend continues. WAZ=weight-for-age Z score.
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For more on UNICEF's tracking
of country progress see http://

832

www.childinfo.org/

0-50 or greater, with the highest chances of success in
Ghana and Angola.

Discussion

Our findings show that, on average, children’s anthropo-
metric status has improved in developing countries over
the past 26 years, but there were major differences across
regions and countries in trends and in present nutritional
status. There were impressive improvements in Asia and
the Latin America and Caribbean region, contrasting with
periods of stagnation or worsening in Oceania and sub-
Saharan Africa. This deterioration had not been noted in
previous analyses that used linear trends (panel 2).*” In a
positive development, nutritional status improved in sub-
Saharan Africa in more recent years, and the pace of
improvement accelerated in south Asia. Despite these
positive trends, children in some countries in sub-
Saharan Africa and south Asia remain alarmingly
undernourished whereas in the Latin America and
Caribbean region; central Asia, Middle East, and north
Africa; and increasingly east Asia, children are largely
fulfilling their growth potential. Improvements in

Panel 2: Research in context

Systematic review

We searched PubMed for studies published between Jan 1,
1990, and April 11, 2012, with combinations of the keywords
“underweight” or “stunting”, and “trends”. We limited our
search to publications about low-income and middle-income
countries or global analyses. Many such comparisons are in
reports of international organisations, which we also
identified and accessed. Previous studies reported stunting,
underweight, and wasting prevalence by country at a single
point in time and linear trends in prevalence by region.>*” The
Millennium Development Goals (MDGs) Report™ regularly
reports progress towards MDG 1 at regional level, and UNICEF
tracks country progress. At least one other study also
attempted to assess global progress towards MDG 1.2

Interpretation

Our study adds to the international comparisons of childhood
undernutrition and progress towards the MDGs. We
estimated trends in distributions of height-for-age and
weight-for-age Z scores, which allowed the estimation of
means as well as mild, moderate, and severe stunting, and
underweight prevalences. We identified that on average
children’s anthropometric status improved in developing
countries but there were major differences across regions and
countries in trends and in present nutritional status. The
largest improvements were in Asia and the Latin America and
Caribbean region but there were periods of stagnation or
worsening in Oceania and sub-Saharan Africa. We also
estimated the probability that countries and regions would
meet the MDG 1 target if their post-2000 trends continue,
and noted that more than half of developing countries have
less than a 50% chance of meeting the target.

southern and tropical Latin America slowed down after
2000, especially for mean, perhaps because some
countries approached a state of having almost no
undernutrition, with improvements only in the small
remaining tail of the distribution. Unless there are
unprecedented improvements in child nutrition in the
next few years, more than half of developing countries
have less than a 50% chance of meeting the MDG 1 target.

Our estimated global stunting and underweight
prevalences for recent years are similar to those based on
regional models, especially when the uncertainty intervals
are considered.*” The differences become larger around
2000 and in regions where trends were non-linear,
because the previous analyses used a linear model and
hence did not detect the peaking of undernutrition in the
late 1990s in sub-Saharan Africa or the recent slowdown
of improvements in southern and tropical Latin America.
The uncertainty interval around our underweight
prevalence estimate for 2006 covered the 22% estimate
for 2003-09 by UNICEF, but our estimate for severe
underweight was lower (6-7% [5-6-7-9%)] vs 9%), possibly
because we used data and methods that estimated the full
distribution. We had previously estimated the prevalences
of severe stunting and underweight with restrictive
assumptions about distributions without estimating the
full distribution;? this led to estimates of severe stunting
and wasting in 2005 that were less than half of those in
our present analysis.

Our assessment of progress towards the MDG 1 target
differs from that of Svedberg,” who concluded that “the
progress towards the MDG at the global level is on track
owing to the large decline in China”. This work did not
do a systematic global analysis of trends and analysed
data from a small number of countries selected based
on their total population, even though the global trend
is affected most by the countries with the largest
number of underweight children. It is not possible to
directly compare our estimates of country progress
towards MDG 1 with those from UNICEF because of
differences in reference population and reporting.”
Both analyses identified the Latin America and
Caribbean region and east and southeast Asia as regions
with the best progress, but our estimated probability of
0-70 means that the latter cannot afford for progress to
slow, making its classification as “on track” somewhat
fragile. Broadly, our probabilistic assessment of progress
towards MDG 1 was consistent with UNICEF’s cate-
gorical assignment for many countries. Differences
nonetheless arose in some countries (eg, in Armenia,
Benin, Cambodia, Liberia, North Korea, and Tanzania),
which are considered “on track” by UNICEF but had
probabilities of 0-25 or less in our estimates or in
Botswana, Egypt, and Iraq, which UNICEF judges to
have “insufficient progress” but had probabilities of
0-57-0-74 in our analysis.

The strengths of our study include analysis of trends by
country; the large amount of data accessed and our
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rigorous inclusion and exclusion criteria; incorporating
non-linear trends; accounting for study representativeness
such that our estimates used all available data but tracked
data from nationally representative studies that covered
children younger than 5 years more closely; and systematic
estimation and reporting of uncertainty. Although many
of these strengths are shared with previous systematic
analyses in global health, we estimated trends in the full
population distributions, which we used to estimate
means as well as prevalences of mild to severe
undernutrition without restrictive assumptions. Our
Bayesian model also allowed us to the quantify progress
towards MDG 1 as a probability, which is consistent with
the inherent uncertainty in assessing such progress.

The main limitation of our study is that many
country-years remained without data or only had data
on parts of the distribution, which increased the
uncertainty of our estimates. At the same time, the
proportion of countries with data, with time-series data,
and with nationally representative data was larger than
for other major global risk factors.*” Importantly,
many countries in sub-Saharan Africa had repeated
surveys that showed a deteriorating trend for the first
half of our analysis period. Conversion from the (older)
NCHS reference to the (newer) WHO standards
allowed the use of all data sources but was associated
with increased uncertainty.

Children’s growth is adversely affected by infection and
suboptimal nutrition.! Hence, food insufficiency, poor
water and sanitation, and restricted access to high-quality
primary care, all associated with household and
community poverty, lead to poor growth outcomes.’
However, interventions such as complementary feeding
and diarrhoea case management can mitigate
undernutrition.” We noted that, with few exceptions, the
reductions in stunting and underweight prevalences
were due to shifts in the whole distribution. This finding
suggests a role for broader socioeconomic, agriculture
and food, environmental, and health-care determinants
in the recorded trends versus targeted programmes,
perhaps because the coverage of nutrition-specific
interventions generally remain low.®” The relative
importance of various macro forces is uncertain but a
few lessons have emerged from previous research. First,
growth in national income seems to have a positive effect
on child nutrition but might be insufficient on its own,
perhaps because improving nutritional status requires
equitable income distribution and investments in
healthcare, agriculture, and programmes that improve
access to food.”* Second, macroeconomic shocks,
structural adjustment, and trade policy reforms have
been implicated in worsening nutritional status in sub-
Saharan Africa in the 1980s and 1990s.”** These policies
neither expanded agricultural productivity nor reduced
poverty, rather they led to lower spending on agriculture
and health care.*” Their adverse effects on nutrition
were largest in poorer households, especially in rural
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regions, mediated through lower household earnings or
assets and reduced food subsidies and health-care use.”*
By contrast, programmes that improved income, nutri-
tion, and health care for poor people generally also
improved growth outcomes, especially in children from
families with a lower socioeconomic status.”** This all
seems to suggest that child nutrition is best improved
through equitable economic growth, investment in
infrastructures, technologies, and policies that improve
agricultural productivity and earnings of smallholder
farmers,* and pro-poor primary care and food pro-
grammes. Focusing on these determinants and their
effects on nutrition is particularly relevant in the context
of the worldwide economic crisis and rising food prices,
which might increase inequalities and erode or limit
investments in nutrition and health care.
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