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Abstract
Objective: To assess whether the observed prevalence of the double burden of
malnutrition (DBM) would be higher than expected on the basis of chance,
through analyses at national, wealth quintile and individual child levels.
Design: We selected nationally representative surveys from low- and middle-
income countries (LMIC) carried out since 2005 with anthropometric measures
on children under 5 years of age. Household wealth was assessed through asset
indices. The expected prevalence of DBMwas estimated by multiplying the preva-
lence of stunting (low height/length for age) and overweight (high weight for
height/length). The WHO recommended cut-offs (20% for stunting and 10% for
overweight) that were used to define DBM at national level. DBM at individual
level was defined as co-occurrence of stunting and overweight in the same child.
Setting: Nationally representative surveys from ninety-three LMIC.
Participants: A total of 825 633 children were studied.
Results: DBM at national level was observed in five countries, whereas it would be
expected to occur in eleven countries. Six countries did not present evidence of
DBM at national level but did so in at least one wealth quintile. At individual level,
thirty countries (32·3%) showed higher prevalence of DBM than would be
expected, but most differences were small except for Syria, Azerbaijan, Albania
and Egypt.
Conclusions: The observed number of countries or socio-economic subgroups
within countries with the DBM using recommended thresholds was below what
would be expected by chance. However, individual-level analyses showed that
one-third of countries presented higher prevalence of DBM than would be
expected.
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The coexistence of contrasting extremes of themalnutrition
spectrum, such as stunting and overweight, is known as the
double burden of malnutrition (DBM). This phenomenon(1,2)

has beendescribedat the individual level,when the sameper-
son presents both short stature and overweight(3), at house-
hold level, when stunting and overweight affect different
members (often when children present undernutrition and
their mothers are overweight)(4,5) and at the population level,
when prevalence of both stunting and overweight is high
within the same population group(6). Regarding the latter
definition, the 2019 Joint Child Malnutrition Estimates
Report(7) highlighted the lack of estimates on the proportion
of childrenwho are affected by both stunting and overweight.

International organisations state that the DBM poses a
novel public health challenge for low- and middle-income
countries (LMIC)(2), where high levels of undernutrition
persist and overweight is on the rise(1,3). While stunting is
strongly related to poverty, resulting from poor diets, inad-
equate care and repeated infections(8), the association
between overweight and family wealth is less clear in
LMIC settings(6,9–13).

The DBM at population level has been described by
several authors, with variable definitions(1,5,11–13). For chil-
dren under 5 years of age, a national prevalence of stunting
above 20% or a prevalence of overweight above 10% has
been suggested as indicating public health concerns(14,15).
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In the current analyses, we describe how many LMIC with
recent surveys present both problems, using these criteria.

However, even if a given country presents high preva-
lence of both stunting and overweight, these problemsmay
be affecting different subgroups of the population, for
example, stunting being common among children from
poor families and overweight affecting those from wealthy
families. Our second set of analyses investigate the preva-
lence of each condition by household’s wealth quintiles
in LMIC.

Our third set of analyses address the request by the
2019 Joint Child Malnutrition Estimates Report(7) for esti-
mates of the DBM at the individual child level. Rather
than rely solely on the prevalence of stunting and over-
weight(16–18), our approach also recognises that the
overlap between the two conditions may occur due to
chance. For instance, Dieffenbach & Stein(17), studying
the co-occurrence of stunted children and overweight
mothers within each household in 112 surveys from
fifty-four countries, found little evidence of such a ‘dou-
ble burden’ combination once chance was accounted
for. We applied the same approach to compare our
estimate at individual level with what would be pre-
dicted by chance alone.

The current analyses contribute to the literature by
taking into account that the DBM, both at population
and at individual levels, may be present due to chance.
This requires estimating the expected prevalence at each
level and comparing it with observed prevalence. This
will allow a critical assessment of present estimates
of the magnitude of double burden at individual and
population levels.

Methods

Data sources and measurements
The current analyses are based on Demographic and
Health Surveys(19) andMultiple Indicators Clusters Surveys(20).
These are nationally representative surveys which collect
data on reproductive, maternal, neonatal and child health
and nutrition in LMIC. Both surveys are similarly designed,
using multistage cluster sampling and standardised ques-
tionnaires and data collection procedures, allowing there-
fore comparability of results(21).

Publicly available data from Demographic and Health
Surveys andMultiple Indicators Clusters Surveys have been
processed and reanalysed by the International Center for
Equity in Health (ICEH) at the Federal University of Pelotas
(Brazil) to provide disaggregated estimates that enable the
study of social and economic inequalities. The ICEH data-
base currently comprises 224 Demographic and Health
Surveys and 116 Multiple Indicators Clusters Surveys from
114 countries. The current analyses included the most
recent Demographic and Health Surveys or Multiple
Indicators Clusters Surveys from each country carried

out from 2005 to 2017, in which anthropometric data
were available for children under 5 years of age.

For the anthropometric assessment, measuring boards
were used to obtain recumbent length for children under
2 years of age and standing height for the older children.
Weight was measured using portable digital scales. Children
under 2 years of age were weighted while on an adult’s
lap, and afterwards the weight of the adult was sub-
tracted(22,23). Stunting prevalence was defined as the
proportion of children presenting height/length for age
below –2 SD relative to the median of the WHO Child
Growth Standards(24). Overweight prevalence was defined
as the proportion of children with weight for height/
length above þ2 SD from the median of the reference
curve for their age(24). Ages of the children were esti-
mated by subtracting the birth date (reported by the
mother or caregiver) from the interview date; some older
surveys only had data on month of birth, and the 15th
of each month was used as the day of birth. Children
who presented both stunting and overweight were con-
sidered as suffering from the DBM at individual level.

Wealth indices were calculated at household level for
each survey, based on a score of assets, home construction
materials and facilities (e.g., water and electricity) obtained
through principal components analyses(25). The first com-
ponent resulting from these analyses was divided into
quintiles, with the first representing the poorest 20% of
all households in the sample, and the fifth representing
the wealthiest 20%(26). Considering that fertility rates and
household sizes are larger among the poor, the proportion
of children tends to be slightly above 20% in the poorest
quintiles and below 20% in the richest quintiles. Cuba
and Djibouti were excluded from wealth-specific analyses
due to lack of information on variables needed to estimate
the asset index.

Data analyses
Descriptive analyses include estimates of the DBM at
individual level and of the prevalence of stunting and
overweight at national level and for wealth quintiles.
Point estimates and 95% CI are presented. Results are
summarised by world regions and country’s income
groups, using the median value and interquartile range
(IQR) for the three outcomes. The UNICEF classification
was used to characterise seven regions: West and Central
Africa, Eastern and Southern Africa, Middle East and
North Africa, Europe and Central Asia, South Asia, East
Asia and the Pacific and Latin America and the Caribbean.
Income groups were based on the World Bank’s classifi-
cation, which takes into account the country’s gross
national income per capita in 2017–2018 as follows:
low income (gross national income ≤$1005), lower-middle
income (gross national income $1006–$3955) and upper-
middle income (gross national income $3956–$12 235)(27,28).

Correlations between the prevalence of stunting and
overweight at national level and in each wealth quintile,
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region and income group were assessed using Spearman’s
rank-order coefficients. This method was chosen, given the
asymmetric distribution of the stunting and overweight
estimates.

All data were analysed using Stata (Stata Statistical
Software: Release 15; StataCorp LLC), taking into account
the complex sampling structure of the surveys and the sam-
pling weights. All the data used are publicly available, and
ethical clearance for data collection was under the respon-
sibility of the national institutions that administered the
surveys.

Characterisation of the double burden
We used two definitions of DBM, one for population-level
and another for individual-level analyses. At population
level, the number of countries presenting the DBM was
estimated based on thresholds of high prevalence sug-
gested by international organisations, namely, prevalence
above 20 and 10% for stunting and overweight, respec-
tively(14,15). The expected number of countries with DBM
was estimated using bymultiplying the proportion of coun-
tries with high stunting prevalence by the proportion with
high overweight prevalence. The same approach was also
used to assess the DBM within wealth quintiles.

For individual-level analyses, the observed estimates
of the DBMwere comparedwith the expected probabilities
of children presenting both stunting and overweight due
to chance (assuming that the two conditions were indepen-
dent from one another) using the formula:

P DBMð Þ ¼ P stuntingð Þ � P overweightð Þ:

The variance for the expected DBM prevalence was cal-
culated as follows:

varDBM ¼ varstunting � varoverweight þ varstunting

� Eoverweight

� �
2 þ varoverweight � Estunting

� �
2;

where E= estimate and var= SE2(n). The variance estimate
was used to calculate 95% CI.

The observed DBM prevalence at individual level was
reported as higher than expected when the lower limit of
its 95% CI was above the upper limit of the 95% CI for
the expected prevalence. By subtracting the observed
prevalence by the expected prevalence, we assessed the
magnitude of the excess of DBM at individual level in each
country, expressed in percentage points.

Results

Ninety-three LMIC had eligible surveys carried out between
2005 and 2017 (median year was 2013), whichwere included
in the analyses. Twenty-six low-income, forty-three lower-
middle- and twenty-four upper-middle-income countries

were assessed. Themedian number of children per survey
was 5481 (IQR 2895–9165), and the total number of chil-
dren was 825 633.

Analyses at national level
Stunting prevalence varied from 2·5% (95% CI 1·2, 5·2) in
St. Lucia to 55·9% (95% CI 54·2, 57·7) in Burundi, whilst
overweight prevalence ranged from 0·9% (95% CI 0·8, 1·2)
in Senegal to 22·3% (95% CI 19·5, 26·0) in Montenegro.
Results by country are available in the online supplementary
material, Supplemental Table 1.

Globally, the median prevalence was 25·5% (IQR 12·9–
35·3) for stunting, 5·2% (IQR 2·8–8·2) for overweight
and 1·4% (IQR 0·9–2·6) for both conditions present in the
same child. Differences among country’s income groups
andworld regions are presented in Table 1. Stunting preva-
lence was highest in low-income countries, whereas over-
weight was most frequent in upper-middle-income
countries. Double burden prevalence did not vary among
country’s income groups but was highest in the Middle East
andNorth Africa (3·4%) and the lowest in Latin America and
the Caribbean (0·6%).

Spearman’s correlation coefficientswere calculatedwithin
each group of countries. Using all countries as the units of
analysis, there was a moderate inverse correlation between
stunting and overweight prevalence (r –0·51; P< 0·001;
Table 1). Despite the inverse correlation between stunting
and overweight at global level, the two outcomes were not
correlated within low-income countries (r 0·13; P= 0·519),
nor within upper-middle-income countries (r –0·16;
P= 0·450). The inverse correlation was only observed within
lower-middle-income countries (r –0·42; P= 0·005; see
Table 1 and online supplementary material, Supplemental
Fig. 1). Correlations within each region were non-
significant and difficult to interpret due to the small number
of countries in each group (Table 1).

Table 2 shows the number of countries where the
DBM was expected and the number where it was present.
Five of the ninety-three countries had point estimates for
both stunting and overweight prevalence above the inter-
national thresholds (Table 2 and Fig. 1), whereas eleven
countries would be expected to present DBM by chance
alone (Table 2). In all five countries (Azerbaijan, Djibouti,
Egypt, Iraq and Syria), the lower limits of the 95% CI for the
national estimates were above the international thresholds
for both stunting and overweight (see online supplemen-
tary material, Supplemental Table 1 for the CI). In sum-
mary, there was evidence of regional variability in DBM
prevalence, but it did not vary by country income, and
the number of countries affected was lower than what
would be expected by chance.

Analyses by wealth quintile
To address whether DBM may be affecting children from
different socio-economic strata within the same country,

2946 BR Lerm et al.

https://doi.org/10.1017/S1368980020001226 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020001226
https://doi.org/10.1017/S1368980020001226
https://doi.org/10.1017/S1368980020001226
https://doi.org/10.1017/S1368980020001226


analyses by wealth quintile were performed. Table 3 is
complementary to Table 2, by showing the five countries
with evidence of DBM, as well as another six countries
where there was no such evidence at national level, but
where DBM was present in at least one wealth quintile.
In Syria, the DBM was present at national level and in all
quintiles, while in Egypt, it was present in four quintiles
(the exception being the middle quintile). In Azerbaijan

and Uzbekistan, the DBM was observed in the three poor-
est quintiles. Some countries did not present evidence of
DBM at national level but did so in at least one quintile:
Albania, Bhutan, Comoros,Georgia, Rwanda andUzbekistan.
Summing up, there was no evidence that countries with DBM
presented a combination of stunting among children from
poor households and overweight among those from wealthy
families.

Table 1 Correlation and prevalence of stunting and overweight and double burden at individual level, globally, by country’s income group and
world region in low- and middle-income countries with a survey since 2005

Group n

Stunting (%) Overweight (%)

Correlation
between

stunting and
overweight†

Double burden at
individual level (%)

Median P25 P75 Median P25 P75 ρ P Median P25 P75

All countries 93 25·5 12·9 35·3 5·2 2·8 8·2 −0·51 <0·001 1·4 0·9 2·6
Low-income countries 26 34·5 30·1 39·9 2·8 1·9 4·5 0·13 0·52 1·4 0·9 2·2
Lower-middle-income countries 43 26·2 14·6 36·1 5·2 2·6 8·5 −0·42 0·01 1·5 0·7 3·1
Upper-middle-income countries 24 11·6 8·4 17·3 7·8 6·0 12·7 −0·16 0·45 1·4 0·8 3·6

<0·001* <0·001* 0·928
East Asia and the Pacific 8 27·5 16·7 38·3 4·6 2·0 6·8 −0·50 0·21 1·1 0·8 2·0
Eastern and Southern Africa 16 36·2 30·6 39·2 4·7 3·5 7·4 −0·22 0·41 2·1 1·3 3·1
Europe and Central Asia 16 9·4 6·2 16·9 12·3 6·4 15·6 0·19 0·47 2·7 1·4 5·0
Latin America and Caribbean 15 13·2 8·8 21·8 6·3 4·8 7·3 −0·28 0·32 0·6 0·5 1·1
Middle East and North Africa 10 21·7 10·1 32·5 11·9 4·4 14·3 −0·19 0·60 3·4 1·3 7·2
South Asia 6 36·0 33·5 38·0 2·8 1·4 6·0 −0·37 0·47 1·4 0·7 2·3
West and Central Africa 22 31·0 21·8 37·9 2·4 1·8 4·0 −0·01 0·98 1·1 0·8 1·8

<0·001* <0·001* <0·001*

*P-level (Kruskal–Wallis test) comparing prevalence of the outcomes among country’s income groups and world regions.
†Spearman’s correlation coefficient between stunting and overweight prevalence within country’s income groups and world regions, with countries as the units of analyses.

Table 2 Expected and observed numbers of countries and wealth quintiles presenting the double burden of malnutrition

National Poorest Second Middle Fourth Wealthiest

n % n % n % n % n % n %

Expected double burden 11 11·9 10 10·8 11 11·8 9 9·4 11 11·6 7 7·5
Observed double burden 5 5·4 6 6·6 5 5·5 3 3·3 5 5·5 5 5·5

At national level, ninety-three countries were assessed. In each wealth quintiles, ninety-one countries were assessed.

Fig. 1 Countries according to their stunting and overweight prevalence
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Analyses at individual level
The last set of analyses refer to the presence of DBM at
individual rather than country or quintile level. The last col-
umns in Table 1 show that the median national values of
DBM prevalence did not vary by country’s income groups.

Fig. 2 shows the individual-level analyses by country.
The proportion of children with DBM ranged from 0·2%
(95% CI 0·1, 0·6) in Kosovo to 10·9% (95% CI 10·0, 11·8)
in Syria. A total of thirty countries (32·3%) presented the
lower limit value of the 95% CI for the observed prevalence
above the upper limit of the expected prevalence (Fig. 2),
and only in Peru and Honduras, the observed prevalence
was significantly lower than expected. Eighteen of these
countries had a difference between the observed and
expected values of <2 percentage points. The highest
differences were observed in countries with high DBM
prevalence – Syria, Azerbaijan, Albania and Egypt – where
the observed prevalence was >4 percentage points com-
pared with the expected value.

Discussion

We reported on the prevalence of stunting, overweight and
of both conditions among children under 5 years of age
through analyses at individual and population levels. The
analyses by country’s income groups confirm the inverse
association between national wealth and stunting preva-
lence and its direct association with overweight preva-
lence. In contrast, DBM prevalence was 1·5% or lower in
most income or regional groups. Still in the country-level
analyses, stunting prevalence was inversely and moder-
ately correlated with overweight prevalence, at national
level for all ninety-three countries, but this association
was driven by lower-middle-income countries, where the
number of stunted children dropped rapidly and that of
overweight children increased markedly from 2000 to
2017(15). As shown in the online supplementary material,
Supplemental Fig. 1, regardless of the frequency of
stunting, overweight tends to be rare in low-income coun-
tries and high in upper-middle-income countries. Only
lower-middle-income countries seem to have sufficient

heterogeneity in both indicators to result in a significant,
inverse correlation. It should be noted that our correlation
analyses are simply descriptive, and there is no attempt to
assess causality. In addition, the cross-sectional nature of
the current analyses, based on the most recent available
surveys, do not reflect trends over time. Nevertheless,
the presence of DBM likely reflects the ongoing nutrition
transition in a given setting(2).

Still at national level, the number of countries presenting
the DBM (defined as stunting prevalence≥ 20% and over-
weight prevalence≥ 10%) was lower than what would be
expected by chance. Only five countries – including four
of the ten countries from the Middle East and North
Africa region in our analyses – presented evidence of
the DBM at national level. It should be noted that we
do not have data for North African countries such as
Algeria, Libya, Morocco and Tunisia, where this problem
may also be present. We found a single study that
attempted to identify LMIC where the DBM was present
among children under 5 years of age at national level,
rather than at individual level. Tzioumis et al.(13) ana-
lysed thirty-six countries and defined that the DBM
was a ratio of stunting prevalence to overweight preva-
lence close to 1·0. Only four countries (Armenia, Egypt,
Dominican Republic and Jordan) had ratios below 1·5
and were identified as presenting DBM using this cri-
terion. Of the above countries, Egypt was classified by
our analyses as presenting the DBM at national level,
and Dominican Republic was not; Armenia and Jordan
were not studied. The lack of national studies on DBM
prevalence at population level is likely due to the fact
that although the population prevalence threshold of
20% for defining stunting as a public health problem
has been available for decades(29), only recently the 10%
cut-off for overweight prevalence was proposed by
international agencies(14,15).

Next, we examined whether children from a particular
wealth quintile were more likely to be affected by DBM.
Two studies – from Ghana(30) and Mexico(31) – reported
higher prevalence of the double burden among children
from the poorest quintiles. Nevertheless, our analyses did
not support these findings (Table 3), as no clear patterns

Table 3 Countrieswith point estimates for stunting≥20%andoverweight≥10%at national level and/or wealth quintile levels

National Poorest Second Middle Fourth Wealthiest

Albania Albania
Azerbaijan Azerbaijan Azerbaijan Azerbaijan

Bhutan
Comoros

Djibouti
Egypt Egypt Egypt Egypt Egypt

Georgia
Iraq Iraq Iraq Iraq

Rwanda
Syria Syria Syria Syria Syria Syria

Uzbekistan Uzbekistan Uzbekistan
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of DBM by wealth were found. We did not find any similar
analyses in the published literature.

A critique of most of analyses of DBM is lack of recog-
nition that, due to chance alone, stunting and overweight
may coexist at population, household or individual
level(17). Examples of such analyses include the recent
Lancet series on DBM (data in the web annex)(5), the
above-cited article by Tzioumis et al.(13) and the work
of Bates et al.(32) who estimated DBM at individual level
(which they refer to as ‘stuntedoverweight’ children) in
seventy-nine LMIC, with prevalence ranging from 0·3%
in Senegal to 11·7% in Guinea-Bissau.

In our analyses, national prevalence of the DBM at indi-
vidual level ranged from 0·2% to 10·9%, which is consistent
with the literature(13,32–34) and also consistent with the over-
all estimate 2·0% (ranged from 0·0% in Niue to 10·1% in
Egypt) from the Global School-Based Student Health and
Health Behavior in School-Aged Children surveys con-
ducted in fifty-seven LMIC(35). In thirty of the ninety-three
countries in our analyses, more children presented DBM
thanwould be expected by chance, although inmost coun-
tries, the excess was rather small. The largest excesses were
observed in countries from Sub-Saharan Africa, the Middle
East and in Eastern Europe and Central Asia.

A few articles considered the expected prevalence
when assessing the co-occurrence of stunting and over-
weight in children. The observed prevalence was lower
than the expected in children aged 5–11 years from
Ecuador(11) and among children aged 5–12 years from
Colombia(36). In contrast, a study of Indian children aged
6–59 months reported that in twenty-five of the thirty-six
states studied, the observed DBM prevalence was signifi-
cantly higher than would be expected(37).

Our approach enhances the above analyses by also
accounting for the variability not only around the observed
prevalence but also around the expected DBM prevalence.
Additional strengths of our analyses include the large num-
ber of countries studied and the use of nationally represen-
tative surveys which are highly comparable(21).

The limitations of our analyses include the fact that
surveys were spread out over several years (from 2005
up to 2017) and the fact that a large proportion of the sur-
veys come from low-income and lower-middle-income
countries, with more restricted representation of upper-
middle-income or high-income countries. To assess whether
the inclusion of older surveys would affect the results, we
restricted the analyses to eighty-one surveys carried
out in 2010 or later. The proportion of countries with
national-level evidence of the DBM falls from 5·4% (all
surveys) to 2·5% (more recent surveys). Likewise, evi-
dence of DBM at individual level falls from 32·3 to
27·2%, respectively. These reductions were mostly due

Fig. 2 (colour online) Countries observed and expected
prevalence of double burden of malnutrition at individual level
and its respective CI, by World Bank income groups
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to declines in the prevalence of stunting over time. Thus,
there is no evidence of higher DBM prevalence in newer
surveys. We did not exclude countries affected by
humanitarian crises, such as Syria and Yemen, because
we aimed at describing the situation in as many countries
as possible. In addition, there is no agreement on a precise
definition for ‘conflict’ nor on the length of post-conflict
period during which populations may still experience its
consequences(38). Results on these countries should be
interpreted while bearing in mind their special conditions,
as in the short-term humanitarian emergencies are likely to
affect overweight, and in the long term both stunting and
overweight prevalence.

It is important to note that quintiles are relativemeasures
of socio-economic position and that, for example, the poor-
est quintile in a given country could be similar in terms of
wealth to say the third quintile in another country. Despite
this limitation, the descriptive analyses by quintiles were
important to address the possibility that, within each coun-
try, DBM would be more common in a particular socio-
economic group. In addition, several authors postulate that
relative poverty is as important in predicting deprivation(39)

and health status(40) as is absolute poverty.
Another limitation is that the expected prevalence of

DBM was calculated assuming the independence of stunt-
ing and overweight(42). However, both events are possibly
biologically related(43) and may share common determi-
nants and mechanisms including the microbiome, hormo-
nal regulation and lean and fat mass growth patterns(44).
In addition, stunting and overweight may be related
mathematically, since height – used to evaluate stunting
– is also in the denominator of weight for height/length,
which is utilised to characterise overweight. By assuming
that the two conditions are independent, we opted for a
conservative approach in calculating the expected preva-
lence levels. Indeed, our finding that in many countries
the observed prevalence is somewhat higher than the
expected level may be an indication that the two conditions
are indeed biologically related. Finally, our results on DBM
prevalence are limited to young children, whereas over-
weight(41) and likely DBM prevalence increase with age.

Recently, the Lancet Series on the DBM addressed the
dynamics of DBM, its aetiological pathways and conse-
quences for health, its economics effects and program-
matic and policy implications(5,44–46). A broad definition
of DBM was adopted, including presence of stunting
among children, overweight among children and adults,
as well as micronutrient deficiencies. None of the analyses
in this series took into account the expected prevalence of
DBM. The series provides a thorough review of the causes
of the DBM, such as early life nutrition, diet diversity, food
environments and socio-economic factors. It advocates for
so-called double-duty actions against DBM(45) at multiple
levels, including health services, social safety nets, educa-
tional settings and agriculture, food systems and food
environments.

Summing up, we provide a comprehensive overview of
the occurrence of the DBM in children at population and
individual levels.We find that few countries and fewwealth
groups within countries present evidence of a DBM epi-
demic. The main conclusion from the individual level
analyses is that in one-third of the countries, the propor-
tions of children presenting both stunting and overweight
are slightly higher than would be expected by change.
Continued monitoring of DBM prevalence at national
and individual levels is essential for assessing the progress
of the epidemic and for providing guidance to national and
international policies.
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