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Summary
Background Wasting reflects infections and poor nutrition and affects almost 50 million children at any given time.
Wasting comes with immediate risk of mortality and increased risks for long-term negative consequences for devel-
opment. Children under two are particularly sensitive to undernutrition and infections. We estimated the age pat-
terning in wasting prevalence.

Methods We calculated wasting prevalence and used Poisson regression models to estimate prevalence ratios com-
paring prevalence in children under and over two years using data from Demographic and Health Surveys and Mul-
tiple Indicator Cluster Surveys from 94 mostly low- and middle-income countries, including 804,172 children
under five, born to a nationally representative sample of women 15−49 years old. Wasting prevalence was defined as
the percentage of children with weight-for-height below −2 z-score from the median of the WHO 2006 growth
standard.

Findings Wasting prevalence for children under two was 14% (95% CI: 13, 14) while it was 9% (95% CI: 9, 9) for
children 2−4 years old—leading to a prevalence ratio of 0¢66 (95% CI: 0¢64, 0¢67) in our pooled sample. Prevalence
ratios were less than one, indicating lower prevalence in children over two, in 87 countries and statistically signifi-
cantly lower than one at a 5% level (non-adjusted) in 68 countries. Wasting prevalence was generally lower in chil-
dren under two for males and females and the wealthiest and poorest households.

Interpretation Since wasting prevalence was observed to be greater among children 0−2 years, and adverse expo-
sure to undernutrition and infections are particularly harmful and interventions are more effective during the
1000 days from conception until age two, nutrition interventions should ensure coverage of children under two
through programmatic measures to increase detection and enrollment in wasting programs.
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Research in context

Evidence before this study

Many nutrition interventions to combat child wasting
are targeted at children under five with far from com-
plete coverage, while children under two are more vul-
nerable to undernutrition with particularly severe short-
and long-term consequences. A MEDLINE search was
conducted to assess the scope of the previous literature
reporting age stratified wasting prevalence using the
search terms wasting AND (“age distribution” OR “age
difference” OR “under two” OR “stratified by age”) for
studies published up to December 1, 2021, and identi-
fied a few articles showing higher prevalence at youn-
ger ages. Most of these studies were from specific
settings with main aims other than studying age distri-
bution of wasting.

Added value of this study

This study compared wasting prevalence for children
under two and children 2−4 years old in a more com-
prehensive way using data from 94 primarily low- and
middle-income countries. We show that the prevalence
of wasting was 34% lower among children 2−4 years
old than children under two overall. Prevalence of wast-
ing was considerably lower among children 2−4 years
old in most countries.

Implications of all the available evidence

Since undernutrition has especially severe short- and
long-term consequences during the first 1,000 days,
and our finding that a substantially greater share of chil-
dren under two years suffers from wasting than children
over two, it may in some cases be beneficial for overall
child health to prioritize children under two in impor-
tant health and nutrition interventions aimed at reduc-
ing wasting.
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Introduction
Wasting refers to children who are too thin for their
height due to recent weight loss from lack of nutritional
intake and illness. Wasting, and especially severe acute
malnutrition, in young children is a medical emergency
with high risk of mortality and negative consequences
for human development. Child wasting remains a prob-
lem in low- and middle-income countries, affecting
almost 50 million (7¢3%) children under five at any
given time.1 Over 800 thousand under-5 deaths (or 12
−13% of all under-5 deaths) were attributed to wasting
in 2011.2 Wasting can also have long-term consequences
for human development, with recovering children
potentially suffering from cognitive and health impair-
ments, especially if their growth is stunted.1

Nutrient interventions and complementary feeding
programs have been shown to be effective in improving
child nutrition, particularly at young ages.3−6 However,
evidence-based essential nutrition interventions often
fail to reach all children in low- and middle-income
countries due to resource scarcity and weak delivery sys-
tems. Sub-optimal coverage call for optimizing nutrition
interventions, especially for the most vulnerable. Many
nutrition interventions, such as vitamin A supplementa-
tion, are targeted at children under five. However, the
1000 days from conception until age two is an impor-
tant yet precarious period for human development,
when adverse exposure to infections and undernutrition
are particularly determinantal, with greater immediate
negative consequences for survival1 and long-term con-
sequences for physical growth, cognitive development,
productivity, wages, and health.7,8 These 1000 days
have also been suggested as an important window for
effective interventions for undernutrition.9

Although most previous work has focused on age
patterning of other forms of undernutrition, such as
child stunting, previous studies have also indicated that
wasting is more common in younger children.10,11 In
order to assess the relative burden among children
under two years old, the most vulnerable children, this
article comprehensively analyzed the age patterning of
wasting in children under five years in 94 countries
using cross-sectional household surveys. We estimated
the wasting prevalence for children under two years old
and 2−4 years old and the prevalence ratio, showing the
relative difference in wasting prevalence before and
after age two. We also investigated differences in the
age patterning of wasting by sex and living standards.
We present results for countries, UNICEF regions, and
World Bank income groups, as well as overall.

Studying the age patterning of wasting helps demon-
strate the situation of the most vulnerable children, dur-
ing the first 1000 days, who need preventative
interventions and curative treatments to reduce wasting
and improve long-term health and well-being. Studying
the age patterning of wasting may also give better indi-
cations of sensitivity to and adverse consequences of
undernutrition and infections at specific ages, since
wasting is linked more strongly to acute events, while
stunting, to a greater extent, reflects accumulation of
adverse exposures over a longer period. Understanding
where and to which extent children are more sensitive
to adverse exposures at younger ages can help tailor
nutrition and health interventions to those in most
need.
Data
We used data from nationally representative cross-sec-
tional household surveys—the Multiple Indicator Clus-
ter Surveys (MICS) and Demographic and Health
Surveys (DHS)—which are collected regularly in multi-
ple countries, mostly low- and middle-income.12−15 We
used the most recent survey available for each country
but excluded countries without any survey conducted
www.thelancet.com Vol 46 Month April, 2022
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after 2010. We only considered nationally representative
surveys and excluded surveys focusing on subnational
regions or subpopulations. We obtained data from 94
countries: 44 were collected in the DHS and 50 in the
MICS.

The DHS and MICS use stratified multi-stage sam-
pling. Stratification is done by administrative or geo-
graphic subnational regions and further by urban and
rural areas. Census enumeration areas (usually villages
in rural areas and neighborhoods in urban areas) are
generally used as primary sampling units, sampled
with a probability proportional to size. From the
selected primary sampling units, around 20−30 house-
holds are sampled using systematic random sampling.
An interview is conducted in the selected households
where several questionnaires are administered. Infor-
mation from all women 15−49 years old is recorded in a
women's questionnaires. Basic information on the
household and its members is recorded in a household
questionnaire. In most DHS and MICS, a biomarker
questionnaire records biomarker data, such as height
and weight for children under five years old. (In some
surveys, a subsample of households was selected for the
collection of biomarker data.)

Sample sizes are guided by the need to construct
precise nationally and regionally representative esti-
mates.16 Non-responses are not replaced, but
response rates typically exceed 90%.12,14 Sampling
weights provided with the data were calculated as
the inverse of the probability of being included in
the survey and adjust for oversampling and non-
response and improve precision.14,17

The total sample consisted of 871,735 children under
five, born to interviewed women, alive, present in
households, and selected for biomarker measures. After
excluding observation with missing or implausible
measurements, the final sample used for analysis was
804,172 children under five (see Table S1 in the Supple-
ment for details). Our final sample included ten coun-
tries in East Asia & Pacific, 19 in Eastern & Southern
Africa, 14 in Europe & Central Asia, 16 in Latin America
& Caribbean, 7 in Middle East & North Africa, 6 in
South Asia, and 22 in West & Central Africa. The sam-
ple included 27 countries classified (at the time of the
survey) as Low Income Countries by the World Bank, 37
Lower Middle Income Countries, 28 Upper Middle
Income Countries, and two High Income Countries.
The two High Income Countries were Trinidad &
Tobago and Barbados, which are not a good representa-
tion of High Income Countries: For example, they are
both small island states, and most countries with simi-
lar Human Development Index Score are classified as
Upper Middle Income Countries.18 We, therefore,
grouped Trinidad & Tobago and Barbados with Upper
Middle Income Countries. Due to their small size
(0.2% of the population of children under five in Upper
Middle Countries in our sample) this classification will
www.thelancet.com Vol 46 Month April, 2022
not impact the aggregate estimates for Upper Middle
Income Countries in any substantial way.
Measures
Wasting. Standing height of children 2−4 years old
was measured in millimeters, while the length was
measured for children under two years old while laying
down. Weight was measured in kilograms with one dec-
imal. Weight-for-height was then calculated as the z-
score deviation in weight for a given height, according
to the WHO 2006 growth standard, which was con-
structed based on a sample of healthy children from
diverse settings, growing up in optimal conditions.19

Implausible weight-for-height z-scores, below �5 or
above 5, were excluded.17 Wasting prevalence was then
defined as the percentage of children with weight-for-
height below �2 z-score from the WHO 2006 median.
For healthy children in optimal conditions—specifically,
children defining the WHO 2006 standard— »2¢3% of
children are expected to fall below �2 z-scores in
weight-for-height and excess of that indicates popula-
tion-level shortcomings in nutrition and exposures to
infections causing thinness. Wasting is primarily inter-
preted as indicating acute undernutrition.20
Household living standards. Both the DHS and MICS
provide a household wealth index with all surveys. Infor-
mation on household’s ownership of assets (e.g., car,
television, refrigerator) and amenities (e.g., type of toilet
facility, electricity access, source of water), obtained in
the household questionnaire, was used to construct a
household wealth index, using principal component
analysis to obtain weights for each asset and amenity.
(The DHS provides details from the principal compo-
nent analysis from most surveys on their website.21)
Some claim that using a wealth index is more reliable
than using data on income due to less concerns about
reporting bias.22

Five groups containing 20% of surveyed households
(quintiles) were constructed based on living standards
indicated by the household wealth index. We show
results comparing the top 20% of households with the
best living standards (referred to as wealthiest) to the
bottom 20% of households with the worst living stand-
ards (referred to as poorest). The wealth index was con-
structed separately for each country, so the categories
indicate the top and bottom 20% of households within
each country.

Additionally, we show the association between the
household wealth index and wasting across the whole
distribution of household wealth, by age. We then con-
vert the wealth index factor score for each survey into a
wealth index z-score by subtracting its survey-specific
3
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mean and dividing by its survey-specific standard devia-
tion for children included in the analysis.
Methods
We first estimated the wasting prevalence for children
under two years old and 2−4 years old, separately, as
the percentage of children falling below −2 z-scores
from the WHO 2006 median weight-for-height. We
estimated pooled and regional estimates directly with-
out random or fixed effects. We then calculated preva-
lence ratios: the wasting prevalence for children over
two divided by the wasting prevalence for children
under two. The prevalence ratio indicates the relative
difference in prevalence between children under and
over two: For example, a prevalence ratio of 0¢8 means
that the wasting prevalence for children over two was
0¢8 times the wasting prevalence for children under two
(i.e., 20% lower) and a prevalence ratio of 1¢3 indicates
that the prevalence for children over two was 1¢3 times
the prevalence for children under two (i.e., 30%
greater). The prevalence ratios were estimated using
bivariate Poisson models using a binary indicator for
wasting as an outcome variable and a binary indicator
for being two years or older (as opposed to under two)
as an independent variable. The exponent of the
obtained coefficient for being over two gives the preva-
lence ratio. We used prevalence ratios, rather than prev-
alence differences (i.e., prevalence for children over two
minus prevalence for children under two), since coun-
tries and regions vary greatly in their underlying preva-
lence, and prevalence ratios make it easier to assess
variation in the relative burden of wasting between age
groups. (We show prevalence differences in the Supple-
ment)

We then estimated separately for males and females
the wasting prevalence for children under and over two
years as well as the prevalence ratio. Relative sex differ-
ences in the prevalence ratios were then estimated
using a Poisson model with a binary indicator for wast-
ing as an outcome and a binary indicator for being over
two years, a binary indicator for being female, and an
interaction term for being over two and female, as inde-
pendent variables. We show the relative sex differences
in the prevalence ratios (i.e., the exponent of the interac-
tion terms for being female and over two) in the Supple-
ment. We used the same approach when comparing the
poorest children to the wealthiest children.

Finally, we show average marginal effects of a single
z-score increase in the household wealth index, across
the whole distribution of household wealth, on percent-
age wasting. The average marginal effect was estimated
from a logit model of wasting on a binary indicator for
age and an interaction between age and the household
wealth index z-score (also including a squared term for
household wealth index z-score, interacted with age, to
allow for diminishing effect at higher levels of wealth).
These models were done separately for each country,
region, and the pooled sample. We also show differen-
ces in the average marginal effects between children
under and over two in the Supplement.

All estimates were weighted using sampling
weights, rescaled such that valid observations (i.e.,
including only children used for analysis) summed up
to the under-five population in each country in the sur-
vey year. Therefore, the pooled estimates are representa-
tive of all countries included in the study and regional
estimates representative of all countries included from
each region. Population estimates were obtained from
the Population Division of the United Nations (provided
for five year increments, with population in intervening
years then estimated using linear interpolation).23 All
95% confidence intervals (CI) were adjusted for cluster-
ing at the level of primary sampling units using robust
clustered sandwich estimator. We refer to relative differ-
ences as statistically significant if the 95% confidence
interval does not contain one in case of prevalence ratios
and zero in case of differences. We do not adjust for
multiple comparisons.
Supplementary analyses
We show prevalence differences (prevalence for chil-
dren over two minus prevalence for children under
two).

We also explored patterns in the age prevalence
ratios and show correlation coefficients for the relation-
ship between the relative difference in wasting between
children under and over two and other aggregate level
measures: PPP adjusted real GDP per capita, under-5
mortality rate, and the overall wasting prevalence for
children under five. Prevalence of wasting for children
under five was estimated from our data while GDP and
under-5 mortality rate were obtained from the World
Bank’s World Development Indicators and were linked
to the survey year.24 We show both Pearson’s correla-
tion coefficients—which shows the extent to which
there was a linear relationship between variables—and
Spearman’s rank correlations—which shows the extent
to which there was a monotonic relationship between
variables.

Finally, we explored the age patterning of wasting
prevalence within the under two age group by compar-
ing children 0−5 months and children 6−23 months.
Sensitivity analyses
We explored the sensitivity of our results to age pattern-
ing of measurement errors—which are suggested to be
greater for younger children.25 First, we analyzed the
relationship between age and having an implausible
weight-for-height measure (i.e., beyond 5 z-scores above
or below the reference median). Second, we compared
wasting prevalence between children 12−23 months
www.thelancet.com Vol 46 Month April, 2022
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and 24−36 months (since we found no differences in
the likelihood of having implausible weight-for-height
values between these age groups). We also compared
the differences in mean weight-for-height z-score
between children under and over two years, since mea-
surement error may mainly cause wider tails in the
weight-for-height distribution (and hence greater wast-
ing) to a greater extent than changing the mean weight-
for-height.

Since season of interview may influence prevalence
of wasting,26 we present adjusted prevalence ratios and
prevalence of wasting by age predicted from logit mod-
els of wasting on interaction terms for region and age
and season of interview and age: with the term for sea-
son set at summer for the predictions (see27 for details
on estimating adjusted prevalence ratios and prevalence
from logit models). (Countries on the equator were cate-
gorized as being in the southern hemisphere when
defining seasons.)

Also, since the data used in this paper was collected
over a span of 10 years and wasting prevalence has gen-
erally declined globally, we used the same approach to
estimate adjusted prevalence ratios and prevalence of
wasting by age predicted from logit models of wasting
on interaction terms for region and age and year of
interview (linear term) and age: with the term for year
of interview set at 2019 for the predictions.
Compliance with ethical standards
This project used publicly accessible secondary data
obtained from the DHS website and MICS website. The
data were not collected specifically for this study and no
one on the study team had access to identifiers linked to
the data. These activities do not meet the regulatory defi-
nition of human subject research. As such, an Institu-
tional Review Board (IRB) review was not required. The
Harvard Longwood Campus IRB allows researchers to
self-determine when their research does not meet the
requirements for IRB oversight via an IRB Decision
Tool.
Role of the funding source
The funding source played no role in the data collection
and analysis, reporting and interpretation of results, or
the decision to submit the manuscript for publication.
Karlsson had full access to all data used in the study.
Kim and Subramanian took the decision to submit for
publication.
Results

Aggregate level analysis
In our pooled sample, the wasting prevalence was 14%
(95% CI: 13, 14) for children under two years old and
9% (95% CI: 9, 9) for children 2−4 years old, resulting
www.thelancet.com Vol 46 Month April, 2022
in a prevalence ratio of 0¢66 (95% CI: 0¢64, 0¢67)—
meaning children over two years old had 0¢66 times
the wasting prevalence as children under two, or 34%
lower prevalence (Figure 1 and Supplementary Table
S2).

South Asia had the greatest wasting prevalence, or
21% (95% CI: 21, 22) for children under two years and
15% (95% CI: 15, 16) for children over two. Latin Amer-
ica & Caribbean had the lowest wasting prevalence, or
2% for children under two (95% CI: 2, 2) and 1% for
children over two (95% CI: 1, 1). The greatest relative dif-
ference in wasting prevalence between children under
and over two was in Europe & Central Asia, 0¢36 (95%
CI: 0¢27, 0¢47) followed by West & Central Africa, 0¢47
(95% CI: 0¢44, 0¢51). The smallest difference in preva-
lence across age was observed in the East Asia & Pacific
region, which had a prevalence ratio of 0¢72 (95% CI:
0¢63, 0¢83).
Country-level analysis
The prevalence ratios showed a lower wasting preva-
lence in children over two than under two in 87 coun-
tries: statistically significantly in 68 countries (Figure 2
and Supplementary Table S2). The prevalence ratios
were the lowest (indicating the largest difference in
wasting prevalence between children under and over
two) in Georgia (0¢09; 95% CI: 0¢02, 0¢51), Kosovo
(0¢18; 95% CI: 0¢07, 0¢48), and North Macedonia (0¢18;
95% CI: 0¢05, 0¢64). Armenia and Maldives were the
only countries where children over two had a substan-
tially greater wasting prevalence than children under
two, with a prevalence ratio indicating a 1¢71- (95% CI:
0¢99, 2¢95) and 1¢59-times (95% CI: 1¢10, 2¢29) greater
prevalence for children over two (i.e., 71% and 59%
greater) than under two, respectively. These countries,
with the highest and lowest prevalence ratios, had a very
low prevalence of wasting overall or small sample sizes,
so these prevalence ratios should be interpreted with
caution.

Focusing on the largest countries in our sample
from each region; Viet Nam, in East Asia & Pacific, had
a 5% (95% CI: 4, 7) wasting prevalence in children
younger than age two and 4% (95% CI: 3, 5) for children
aged two and older, leading to a non-statistically signifi-
cant prevalence ratio of 0¢71 (95% CI: 0¢49, 1¢03). India
had a 26% (95% CI: 25, 26) wasting prevalence for chil-
dren under two and 18% (95% CI: 18, 19) for those older
than two, with a statistically significant prevalence ratio
of 0¢71 (95% CI: 0¢69, 0¢73). Turkey had a wasting prev-
alence of 3% (95% CI: 2, 5) before age two and 1% (95%
CI: 1, 2) after age two, leading to a statistically signifi-
cant prevalence ratio of 0¢27 (95% CI: 0¢13, 0¢58). Egypt
had a 10% (95% CI: 9, 11) wasting prevalence for chil-
dren less than two years old and 7% (95% CI: 7, 8) for
children two and older, with the ratio of these two esti-
mates being 0¢74 (95% CI: 0¢65, 0¢85) and statistically
5
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Figure 1. Prevalence of wasting and prevalence ratios for children under and over two years old by region and World Bank income
group. Notes: 95% confidence intervals are shown. See Table S2 in the Supplement for tabulated estimates and confidence intervals.
Prevalence ratios show prevalence of wasting for children two and older divided by prevalence of wasting for children less than two
years old.
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significant. Ethiopia had a 14% (95% CI: 12, 16) wasting
prevalence in children under two and 8% (95% CI: 7, 9)
over two, and a statistically significant prevalence ratio
of 0¢56 (95% CI: 0¢46, 0¢68). Nigeria had an 11% (95%
CI: 10, 12) and 4% (95% CI: 4, 5) wasting prevalence for
children under and over two, respectively, and a statisti-
cally significant prevalence ratio of 0¢38 (95% CI:
0¢31, 0¢45). The wasting prevalence in Mexico was
1¢3% (95% CI: 0¢9, 2¢0) for children under two and
0¢9% (95% CI: 0¢4, 1¢7) for children over two, lead-
ing to a non-statistically significant prevalence ratio
of 0¢66 (95% CI: 0¢30, 1¢45).
Results by sex
Both males and females in all regions had a statistically
significant lower wasting prevalence for children over
two years old compared to under two (Figure 3 and Sup-
plementary Table S3). In the pooled sample, males less
than two years old had a 15% (95% CI: 14, 15) wasting
prevalence and males over two 9% (95% CI: 9, 10): indi-
cating that males over two had 0¢65 times (95% CI:
0¢63, 0¢67) the prevalence of those under two—or 35%
lower prevalence. Females under two had 13% (95% CI:
12, 13) prevalence and females over two had 8% (95%
CI: 8, 9), leading to a prevalence ratio of 0¢67 (95% CI:
www.thelancet.com Vol 46 Month April, 2022



Figure 2. Prevalence of wasting and prevalence ratios for children under and over two years old by country. Notes: 95% confidence
intervals are shown. See Table S2 in the Supplement for tabulated estimates and confidence intervals. Prevalence ratios show preva-
lence of wasting for children two and older divided by prevalence of wasting for children less than two years old.
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0¢64, 0¢70). There were no statistically significant sex-
differences in the prevalence ratios in any region or
overall. In most countries, both males and females had
a lower wasting prevalence after age two (Figure S1 and
Supplementary Table S3): The exceptions were mostly
imprecise estimates from small countries or countries
with low prevalence.
Results by living standards
Both the poorest and the wealthiest had a lower wasting
prevalence after age two than before age two in all
regions as well as overall (Figure 4 and Supplementary
Table S4). However, the prevalence ratios indicating
lower prevalence for children over two were not statisti-
cally significant for the wealthiest in East Asia & Pacific
(0¢77; 95% CI: 0¢53, 1¢13) and Latin America & Carib-
bean (0¢73; 95% CI: 0¢36, 1¢47). In our pooled sample,
children under two years old in the poorest 20% of
households had a 17% (95% CI: 17, 18) wasting preva-
lence, while children over two had 11% (95% CI: 10, 11),
leading to a prevalence ratio of 0¢62 (95% CI: 0¢60,
0¢65); while for the wealthiest 20% of households, the
wasting prevalence was 10% (95% CI: 10, 11) for chil-
dren under two and 7% (95% CI: 7, 8) for children over
two, leading to a prevalence ratio of 0¢71 (95% CI: 0¢66,
0¢76). The relative difference in wasting prevalence
between children under and over two was smaller in the
wealthiest households overall and in all regions except
Eastern & Southern Africa (0.92; 95% CI: 0¢70, 1¢20),
with a statistically significant difference observed in
Europe & Central Asia (95% CI: 1¢07, 3¢58), South Asia
(95% CI: 1¢08, 1¢35), as well as in the pooled sample
(95% CI: 1¢05, 1¢24). Most countries had a lower wasting
prevalence after age two than before age two for both the
wealthiest and poorest 20% of households (Figure S2
and Supplementary Table S4): The exceptions were
imprecise, and none showed a statistically significant
difference.

In the pooled sample, a single z-score increase in
household wealth was associated with 2¢3 (95% CI:
−2¢5, −2¢00) percentage point lower prevalence of wast-
ing for children under two, while the association for
children over two showed 1¢0 (95% CI: −1¢2, −0¢8) per-
centage point lower prevalence of wasting for a single z-
score increase in household wealth (Figure 5 and Sup-
plementary Table S5). The association was statistically
significant and negative in all regions except for chil-
dren over two in Europe & Central Asia (0¢19; 95% CI:
�0¢04, 0¢4), Middle East & North Africa (�0¢09; 95%
CI: �0¢5, 0.3), and Latin America & Caribbean (0¢13;
95% CI: �0¢03, 0.3), and children under two in Europe
& Central Asia (-0¢32; 95% CI: -0¢80, 0¢17). For children
over two, there was an apparent gradient in the AME
across country income groups.

The association between prevalence of wasting and
household wealth was stronger for children under two
in all regions, although the difference in association
across age was only statistically significant in South
Asia (95% CI: 1¢7, 3¢0), Middle East & North Africa
(95% CI: 0¢02, 1¢25), West & Central Africa (95% CI:
0¢37, 1¢96), and Latin America & Caribbean (95% CI:
0¢19, 0¢73). When considering the underlying differen-
ces in prevalence of wasting by age, it was only in South
Asia where the relative difference in association was
considerably greater for children under two.

Majority of countries also show greater average mar-
ginal effect for wealth for children under two than chil-
dren over two, although there is large variance between
countries (Figure S3 and Supplementary Table S5).
Results from supplementary analyses
Under five wasting prevalence (Pearson’s r = 0¢24;
p = 0¢02) and GDP (Pearson’s r = 0¢15; p = 0¢16) had a
small correlation with the magnitude of the over vs.
under two prevalence ratios for wasting, and not statisti-
cally significant for the latter (Supplementary Table S6):
That is, countries where the wasting prevalence was
concentrated before age two to a less extent, had, on
average, slightly higher GDP and wasting prevalence.
Under-5 mortality rate had only a small (Pearson's
r = �0¢17) and non-statistically significant (p = 0¢10)
negative correlation with the prevalence ratios.

The prevalence differences were the largest in the
regions with the greatest prevalence of wasting: South
Asia (�6¢2 percentage points; 95% CI: �6¢8, �5¢7) and
West & Central Africa (�6 percentage points; 95% CI:
�6¢6,�5¢4; Supplementary Figures S4, 5 and Table S2).

Prevalence of wasting appears to be greater before
age 6 months than at age 6−23 months in most cases
(Figures S6, 7 and Tables S7 in the Supplement). West
& Central Africa was a notable exception where wasting
prevalence was 32% (95% CI: 1¢18, 1¢48) greater for chil-
dren 6−23 months than children under six months, as
well as Eastern and Southern Africa where there was
no difference (1; 95% CI: 0¢89, 1¢15).
Results from sensitivity analyses
We found clear age patterning in the percentage of chil-
dren excluded due to having implausible weight-for-
height values, where children under two were consider-
ably more likely to be excluded (Supplementary Figures
S8, 9 and Table S8). The relationship largely remained
strong—although not observed in all regions—when
excluding children under 6 months old (Supplementary
Figures S10, 11 and Table S9). However, when compar-
ing children 12−23 months old and children 24−35
months old, most regions had no clear difference in the
percentage with implausible values between age groups
(Supplementary Figures S12, 13 and Table S10). The
observed age patterning in the prevalence of wasting
between children under and over two holds when
www.thelancet.com Vol 46 Month April, 2022



Figure 3. Prevalence of wasting and prevalence ratios for children under and over two years old by sex, region, and World Bank
income group. Notes: 95% confidence intervals are shown. Upper confidence bounds above 3 for prevalence ratios were cut, indi-
cated by a broken line. See Table S3 in the Supplement for tabulated estimates and confidence intervals, and additional estimates
showing relative sex differences in the prevalence ratios.
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excluding children under 6 months (Supplementary Fig-
ures S14, 15 and Table S11) and restricting the compari-
son to children 12−23 months and 24−35 months
(Supplementary Figures S16, 17 and Table S12), although
the prevalence ratios were somewhat lower overall for the
latter. (Note that there was high variability for countries
when comparing children 12−23 months and 24−35
months since sample sizes were small in many cases.)
Finally, when comparing children under and over two on
weight-for-height z-scores, we found that children over
two generally have considerably greater weight-for-
height, indicating less deficit compared to the growth
www.thelancet.com Vol 46 Month April, 2022
standard, although this was primarily observed in West
& Central Africa (0¢22 z-score difference across age; 95%
CI: 0¢19, 0¢25), South Asia (0¢05; 95% CI: 0¢03, 0¢07),
and Europe & South Asia (0¢08; 95% CI: 0¢01, 0¢14; Sup-
plementary Figures S18, 19 and Table S13).

Predicting the prevalence of wasting in summer
shows greater prevalence but adjusting the prevalence
ratios for season did not change the prevalence ratios
substantially (Supplementary Figure S20 and Table
S14). Predicting the prevalence of wasting in 2019
shows lower prevalence but adjusting the prevalence
ratios for year of interview did not change the
9



Figure 4. Prevalence of wasting and prevalence ratios for children under and over two years old by living standards, region, and World
Bank income group. Notes: 95% confidence intervals are shown. Upper confidence bounds above 3 were cut for readability, indicated
by a broken line. See Table S4 in the Supplement for tabulated estimates and confidence intervals, and additional estimates showing
relative differences in the prevalence ratios across living standards.
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prevalence ratios substantially (Figure S21 and Table S15
in the Supplement).
Discussion
In our sample of 94 countries, 14% of children under
two years old suffered from wasting, while the wasting
prevalence was 9% for children 2−4 years—or 34%
lower. At the time of survey, most regions were close to
or had already achieved the World Health Assembly
global nutrition targets of less than 5% prevalence of
child wasting, but only for children 2−4 years old20 :
although South Asia was an important exception, with
15% and 21% prevalence of wasting for children under
and over two, respectively.

Out of 94 countries, 87 had a lower wasting prev-
alence in children over two, ranging from 5% lower
to 81% lower, statistically significant at the 5% level
(not adjusted for multiple comparisons) in 68 of
these countries. As in other studies, we find greater
wasting prevalence in males28 and poorer house-
holds.29 However, with some exceptions (mostly
imprecise estimates for small countries or countries
with low prevalence), the higher prevalence for
www.thelancet.com Vol 46 Month April, 2022



Figure 5. Prevalence of wasting and average marginal effect (AME) of a single z-score increase in the household wealth index for
children under and over two. Notes: 95% confidence intervals are shown. Average marginal effects (AME) were estimated from logit
models. AME show average percentage point (pp) change in wasting prevalence for a one z-score increase in the household wealth
index. The prevalence was predicted from the same model at mean household wealth. See Table S5 in the Supplement for tabulated
estimates and confidence intervals and estimated difference in AME across age.
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children under two was observed for both males and
females and in the wealthiest and poorest 20% of
households. Wasting in children under two appears
to be more sensitive to variation in household living
standards than for children 2−4 years, particularly
in South Asia.

Insufficient nutritional intake and infections contrib-
ute to wasting, separately and in combination: infec-
tions reduce appetite, restrict nutrient absorption, and
increase energy requirements, while undernourished
children have depressed immune function, which
www.thelancet.com Vol 46 Month April, 2022
makes them more susceptible, sick, and likely to die
from infections.30 Preventative solutions, such as better
water and sanitation and food and health service access
during pregnancy and childhood, are needed to address
the underlying causes of malnutrition. Dietary diversifi-
cation, supplementation, and food fortification interven-
tions are used to prevent undernutrition.32 Children
small for gestational age have been found to have over
two-fold risk of wasting compared to children adequate
for gestational age, pointing toward pregnancy related
exposures.31
11
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The immune system matures as children age.33,34

Diarrheal episodes—a major cause of morbidity and
mortality—are more common in younger children: for
example, in studies of several developing countries, chil-
dren had on average 2¢7 diarrheal episodes before age
six months, 4¢8 at age 6−11 months, and 3.9 at age 12
−23, which was reduced to 2.6, 1.5 and 1.4 episodes at
age two, three, and four years, respectively.35 Effective-
ness of nutrition interventions and complementary
feeding to improve child health have been found to be
particularly successful at younger ages.36,37 Many nutri-
tion services support only a proportion of children in
need, regardless of their relative risk of mortality and
morbidity: For example, vitamin A supplementation is
targeted at children 6−59 months old and coverage is
62%.1 However, the immediate and long-term risks
associated with undernutrition during the first
1000 days, and our results that wasting is more preva-
lent among children under two, suggest that interven-
tions should ensure coverage of pregnant women and
children under two. Further, there is compelling evi-
dence to suggest that the effectiveness of nutrition inter-
ventions is more pronounced when delivered in the first
1000 days.9 However, feasibility of prioritizing inter-
ventions to younger children also depends factors such
marginal costs of delivery and the benefit of specific
interventions for older children, as well as context spe-
cific factors.38

This study had limitations. We used data from cross-
sectional household surveys, which may include inaccura-
cies. First, since our data were cross-sectional, seasonality
may influence the measure for the wasting prevalence.26

Our interest was, however, primarily to estimate age pat-
terning in the wasting prevalence. We further conducted a
sensitivity check where we adjusted the prevalence mea-
sure and ratios for season of interview, which did not
change the age patterning much, although the overall prev-
alence changed in some regions.

Another disadvantage of using cross-sectional data
was not knowing at what age wasting first occurred:
wasting observed for children older than two may have
first occurred before age two and persisted over time,
since the duration of untreated wasting has been sug-
gested to last several months.39 Further, children that
first suffered wasting before age two may be more vul-
nerable to repeated episodes of wasting. Therefore, our
estimates may underestimate the extent to which wast-
ing occurrence is concentrated in children under two.

Second, mothers reported the child's age or date of
birth from memory which may therefore include recall
bias. Further, incomplete dates of birth were imputed.
The measure for wasting does not require information
on age (since it is based on weight-for-height): However,
children may be misclassified when comparing wasting
between age groups. This is unlikely to bias our results
to a great extent, except if age misclassification around
age two happens to a very different extent for children
suffering from wasting and those not suffering from
wasting. Displacement of births by interviewers in the
DHS birth histories have been primarily observed at
ages 12 as well as 59 months—the latter importantly is
the age limit of anthropometric measurement and other
more detailed health measures. However, displacement
has been found to be less of a problem in more recent
surveys—e.g., 1¢2% in phase 6 (2008−2013) of the
DHS—and mainly observed for children that died.40

Third, weight-for-height, the measure which preva-
lence of wasting is based on, has been reported to be
prone to measurement errors, particularly the measure
of height for younger children.10,25,41 These measure-
ment errors can result in wider tails in the weight-for-
height distribution and hence higher wasting preva-
lence. Canalization of growth at older ages and larger
shifts in relative growth percentiles before age two may
also lead to greater variance before age two.10 Indeed,
we do find greater likelihood of having implausible
weight-for-height measure for children under two com-
pared to children 2−4 years, indicating that measure-
ment error may be a greater problem for the younger
age group. However, we generally do not find major dif-
ference in likelihood of having implausible weight-for-
height between children 12−23 months and children 24
−35 months: while the age patterning in prevalence of
wasting for this age group corroborates the paper’s
main results, although relative differences across age
were somewhat lower overall. Measurement errors
before age two should, however, be kept in mind when
interpreting the results from this study.

Finally, this study does not cover other measures and
forms of acute malnutrition, such as mid-upper arm cir-
cumference42 and edema,43 which were not recorded in
our data. Studies have suggested that mid-upper arm
circumference is a more sensitive measure of acute mal-
nutrition for younger children.44

To conclude, since the wasting prevalence was observed
to be greater among children 0−2 years old than 2−4 years,
and since adverse exposure to undernutrition and infec-
tions are particularly harmful and interventions are particu-
larly effective during the 1000 days from conception until
age two, nutrition interventions should ensure full cover-
age among children under two and pregnant women. Pri-
oritization through programmatic measures to increase
detection and enrollment of younger children in wasting
programs could be considered.
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