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Worldwide trends in underweight and obesity from
1990 to 2022: a pooled analysis of 3663 population-
representative studies with 222 million children,
adolescents, and adults

NCD Risk Factor Collaboration (NCD-RisC)*

Summary

Background Underweight and obesity are associated with adverse health outcomes throughout the life course. We
estimated the individual and combined prevalence of underweight or thinness and obesity, and their changes, from
1990 to 2022 for adults and school-aged children and adolescents in 200 countries and territories.

Methods We used data from 3663 population-based studies with 222 million participants that measured height and
weight in representative samples of the general population. We used a Bayesian hierarchical model to estimate
trends in the prevalence of different BMI categories, separately for adults (age =20 years) and school-aged children
and adolescents (age 5-19 years), from 1990 to 2022 for 200 countries and territories. For adults, we report the
individual and combined prevalence of underweight (BMI <18 -5 kg/m2) and obesity (BMI =30 kg/m?2). For school-
aged children and adolescents, we report thinness (BMI <2 SD below the median of the WHO growth reference)
and obesity (BMI >2 SD above the median).

Findings From 1990 to 2022, the combined prevalence of underweight and obesity in adults decreased in
11 countries (6%) for women and 17 (9%) for men with a posterior probability of at least 0-80 that the observed
changes were true decreases. The combined prevalence increased in 162 countries (81%) for women and
140 countries (70%) for men with a posterior probability of at least 0-80. In 2022, the combined prevalence of
underweight and obesity was highest in island nations in the Caribbean and Polynesia and Micronesia, and
countries in the Middle East and north Africa. Obesity prevalence was higher than underweight with posterior
probability of at least 0-80 in 177 countries (89%) for women and 145 (73%) for men in 2022, whereas the converse
was true in 16 countries (8%) for women, and 39 (20%) for men. From 1990 to 2022, the combined prevalence of
thinness and obesity decreased among girls in five countries (3%) and among boys in 15 countries (8%) with a
posterior probability of atleast 0 - 80, and increased among girls in 140 countries (70%) and boys in 137 countries (69%)
with a posterior probability of at least 0-80. The countries with highest combined prevalence of thinness and
obesity in school-aged children and adolescents in 2022 were in Polynesia and Micronesia and the Caribbean for
both sexes, and Chile and Qatar for boys. Combined prevalence was also high in some countries in south Asia, such
as India and Pakistan, where thinness remained prevalent despite having declined. In 2022, obesity in school-aged
children and adolescents was more prevalent than thinness with a posterior probability of at least 0-80 among girls
in 133 countries (67%) and boys in 125 countries (63%), whereas the converse was true in 35 countries (18%) and
42 countries (21%), respectively. In almost all countries for both adults and school-aged children and adolescents,
the increases in double burden were driven by increases in obesity, and decreases in double burden by declining
underweight or thinness.

Interpretation The combined burden of underweight and obesity has increased in most countries, driven by an
increase in obesity, while underweight and thinness remain prevalent in south Asia and parts of Africa. A healthy
nutrition transition that enhances access to nutritious foods is needed to address the remaining burden of
underweight while curbing and reversing the increase in obesity.
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Introduction

Underweight and obesity are associated with adverse
health outcomes throughout the life course. Therefore,
optimal nutrition and health policies should address

both forms of malnutrition, as indicated by Sustainable
Development Goal Target 2.2, which calls for ending “all
forms of malnutrition”. Trends in underweight and
obesity have varied substantially across countries and age
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Research in context

Evidence before this study

We searched MEDLINE (via PubMed) for articles published
from database inception up to Sept 25, 2023, with no
language restrictions, using the following search terms:
((("obesity”[mh:noexp] OR “overweight”[mh:noexp] OR
"overnutrition”[mh:noexp]) AND (“thinness”[mh:noexp] OR
“malnutrition”[mh:noexp])) OR (“double burden” AND
“malnutrition”)) AND (“Health Surveys”[mh] OR
“Epidemiological Monitoring”[mh] OR “Prevalence”[mh])
AND (“global*” OR “worldwide”) NOT “patient*"[Title] NOT
Comment[ptyp] NOT Case Reports[ptyp]. Articles were
screened to include measured data on height and weight,
collected from probabilistic samples of national, subnational,
or community populations aged 5 years and older. We found
two studies that reported the prevalence of underweight and
obesity in adults, one of which also reported the prevalence of
thinness and obesity in school-aged children and adolescents,
for all countries in the world. These outcomes were reported
separately, and neither their combination nor their relative
sizes were evaluated. The most recent data for both age
groups were from 2016. We found eight studies on the
double burden of malnutrition in low-income and middle-
income countries, using data mostly from Demographic and
Health Surveys or Global School-based Student Health
Surveys. These studies covered only women of reproductive
age or school-aged children and adolescents, and few
assessed change over time. We found two other studies that
covered multiple world regions but they did not report
country-level prevalence or assess change over time. These
studies defined double burden of malnutrition at the level of
the individual (eg, combination of stunting and obesity),

groups.™ Furthermore, underweight and obesity have
changed independently of each other in some regions.”
Despite these heterogeneities, global data on how the
combined (double) burden of underweight and obesity
has changed in terms of magnitude and composition are
scarce, and the latest data on their individual prevalence
are from 2016." This lack of consistent evidence hinders
optimal resource allocation and policy formulation to
address both forms of malnutrition.

We estimated individual and combined prevalence of
underweight and obesity among adults and school-aged
children and adolescents from 1990 to 2022. After 1990,
the focus on obesity as an epidemic increasingly
matched that on undernutrition and the phrase nutrition
transition was introduced to refer to changes in the type
and quantity of food available in different countries.*
The consistent analysis of these outcomes helps to
evaluate similarities and variations in the transition
from underweight to obesity, termed the obesity
transition,” across countries and age groups, and helps
to bridge the gap between knowledge and policies
focused on undernutrition and obesity.

household (eg, presence of underweight and obesity in
different members of the same household), or country,
depending on the study. None reported for all countries in the
world.

Added value of this study

This study uses thousands of high-quality population-based
studies, and presents consistent and up-to-date estimates of
underweight, thinness, and obesity from late childhood
through to adulthood, separately and in combination, for all
countries in the world. It also analyses how the two
components have contributed to the change in their
combined burden over a period of more than three decades,
1990-2022, during which major changes occurred in food
policies and programmes and nutrition.

Implications of all the available evidence

The combined prevalence of underweight and obesity has
increased in most countries since 1990, due to the rise in
obesity surpassing the decline in underweight. Exceptions
were most countries in south Asia, and some in southeast
Asia and sub-Saharan Africa, where a decrease in the
prevalence of underweight led to a decrease in the combined
burden. This transition to obesity dominance was already
apparent in adults in 1990 in much of the world, and has
followed in school-aged children and adolescents. There is a
need throughout the world for social and agricultural policies
and food programmes that address the remaining burden of
underweight while curbing and reversing the rise in obesity
by enhancing access to healthy and nutritious foods.

Methods

Study design

To estimate trends in underweight and obesity in
national populations from 1990 to 2022, we pooled
population-based studies with measurements of
height and weight. Pooled data were analysed using a
Bayesian hierarchical meta-regression model. Our
primary outcome was the individual and combined
prevalence of underweight (adults; age =20 years) or
thinness (school-aged children and adolescents; age
5-19 years) and obesity. On the basis of previous work,"
we conducted separate analyses for adults and for
children and adolescents because cutoffs for
underweight and obesity differ between them.® Under-
weight was defined as a BMI of less than 18-5 kg/m?
and thinness as BMI less than two SD below the
median of the WHO growth reference.® Obesity was
defined as a BMI of 30 kg/m?2 or higher for adults and
a BMI of more than two SD above the median of the
WHO growth reference for children and adolescents.®
We estimated trends in these outcomes for
200 countries and territories.
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Data

We pooled population-based studies with measurements
of height and weight in samples of the general population
from a database collated by the NCD Risk Factor
Collaboration (NCD-RisC). Details of the data sources
are provided in previous publications™"*" and in the
appendix (pp 47-51).

Statistical methods

Data were analysed using a Bayesian hierarchical meta-
regression model. The statistical methods are detailed in
previous publications*™"? and in the appendix (pp 52-64).
In summary, the model had a hierarchical structure in
which estimates for each country and year were informed
by its own data, if available, and by data from other years
in the same country and from other countries, especially
those in the same region with data for similar time
periods. The extent to which estimates for each country-
year were influenced by data from other years and other
countries depended on whether the country had data, the
sample size of data, whether the data were at the national,
subnational, or community level, and the within-country
and within-region variability of the available data. The
model incorporated non-linear time trends and age
associations. The model accounted for the possibility that
BMI in subnational and community studies might
systematically differ from, and have larger variation than,
nationally representative samples, as well as for urban-
rural differences in BMI. We fitted the statistical model
with the Markov chain Monte Carlo (MCMC) algorithm.
Posterior estimates were made in l-year age groups for
ages 5-19 years and in 5-year age groups for ages 20 years
and older.

We calculated the prevalence of double burden as the
sum of the prevalence of underweight or thinness and
obesity. We also calculated the proportion (share) of the
combined prevalence that was from obesity. We report
age-standardised prevalence and proportions. Estimates
were age-standardised using age weights from the WHO
standard population.” The number of people who were
affected by underweight, thinness, and obesity was
calculated by multiplying the corresponding age-specific
prevalence by the age-specific population by sex, country,
and year. We report Pearson correlation coefficients (r)
among specific quantities of interest as a measure of
their association.

All calculations were done at the posterior draw level.
The reported credible intervals (Crls) represent the
2-5th-97-5th percentiles of the posterior distributions,
which contains the true estimates with 95% probability.
We obtained the posterior probability that an estimated
change represented a true increase as the proportion of
draws from the posterior distribution that indicated
an increase. We obtained the posterior probability that
obesity was more prevalent than underweight as
the proportion of posterior draws for which obesity
prevalence was greater than underweight prevalence; we
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did the equivalent for underweight being more prevalent
than obesity. Analyses were performed in R (version 4.2.0).

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

The results of this study can be explored using
visualisations and downloaded from the NCD-RisC
website. Results presented in this report are age-
standardised as described in the Methods.

A list of data sources and their characteristics is provided
in the appendix (pp 66-134), along with visualisations of
data availability (appendix pp 137-140). We wused
3663 studies with height and weight measurements from
222 million participants aged 5 years and older, including
63 million aged 5-19 years. We had at least one study for
197 (99%) of the 200 countries for which estimates were
made; 196 (98%) had data for adults and 190 (95%) for
children and adolescents. Data were most scarce in
Oceania (average of 5-3 studies per country) and
sub-Saharan Africa (7-6 per country), with all other
regions having more than ten studies per country on
average (appendix pp 139-140). The high-income western
region (consisting of high-income English-speaking
countries, northwestern Europe, and southwestern Europe;
appendix p 135) had the most data (49-0 studies per
country).

In 1990, the combined age-standardised prevalence of
underweight and obesity in adults (age 220 years) was
lowest in South Korea for both women (8:0%, 95% Crl
6-6-9-6) and men (5-2%, 4-1-6-5; figure 1).
The combined prevalence was less than 10% in 19 other
countries (10% of countries) for men, but surpassed
10% in all other countries for women. Combined
age-standardised prevalence was more than 40% in
15 countries (8%) for women and seven countries (4%)
for men. These countries were the island nations in
Polynesia and Micronesia, where the dominant
component of the double burden was obesity, as well as
India (both sexes) and Bangladesh (women), where
double burden was dominated by underweight.
Combined prevalence was highest in American Samoa
for women (70-6%, 67-8-73-4) and Nauru for
men (66-3%, 63-0-69-5).

In 1990, underweight was more prevalent than obesity
in adults, with a posterior probability of at least 0-80, in
65 countries (33%) for women and 89 (45%) for men
(figure 2, appendix pp 163-164). Conversely, obesity was
more prevalent than underweight in 128 countries (64%)
for women and 104 (52%) for men. In the other
seven countries each for women and men, the prevalence
of the two conditions was indistinguishable at a posterior
probability of 0-80. In 21 countries (11%) for women and
55 (28%) for men, more than 90% of the double burden

For the NCD-RisC website see

https://www.ncdrisc.org
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was from underweight, whereas the share of double
burden from obesity surpassed 90% in 18 countries (9%)
for women and 21 (11%) for men. In 1990, the double
burden was most dominated by underweight in
countries in southeast Asia (Viet Nam, Timor-Leste, and
Cambodia), south Asia (Bangladesh, India, and Nepal),
and east Africa (Ethiopia and Eritrea) for both sexes. The

double burden was most dominated by obesity in
countries in Polynesia and Micronesia for both sexes,
and in Kuwait for women.

From 1990 to 2022, age-standardised preva-
lence of underweight among adults decreased in
129 countries (65%) for women and 149 (75%) for men
with a posterior probability of at least 0-80 (figure 3,
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Figure 1: Age-standardised combined prevalence of underweight and obesity by country, for adults (age 220 years)

The circular bar plots show the burden of underweight and obesity in 1990 and 2022. The lengths of bars show the age-standardised prevalence of underweight (blue) and obesity (red), and their sum
shows the age-standardised combined prevalence. Country names are coloured by region. The numbers in brackets after each country’s name show the total number of data sources and the number of
nationally representative data sources, respectively. Countries are ordered by decreasing posterior mean combined prevalence within each region. The maps show the change in combined prevalence
of underweight and obesity from 1990 to 2022, and its level in 2022. The density plot alongside each map shows the smoothed distribution of estimates across countries.

(95% Crl 35-0 to 45-9, posterior probability of being
a true decrease >0-999) in women in Bangladesh
and 27-3 percentage points (23-4 to 31-1, posterior
probability >0-999) in men in India. The only groups

appendix pp 146-148). The largest absolute decreases
were in countries in south Asia (eg, Bangladesh and
India) and southeast Asia (eg, Viet Nam and Myanmar),
with decreases of as much as 40-5 percentage points
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Figure 2: Proportion of the double burden from obesity, for adults (age =20 years)
Age-standardised proportion of double burden that was from obesity in 1990 and 2022. The density plot alongside each map shows the smoothed distribution of estimates across countries.
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that experienced an epidemiologically relevant increase
in underweight—by more than two percentage points
and with a posterior probability of at least 0-80—were
women in Japan and South Korea. In 63 (32%) countries
for women and 49 (25%) for men, neither an increase
nor a decrease in underweight was detected at a posterior
probability of 0-80; in the majority of these, age-
standardised prevalence of underweight was already
low (<10%) in 1990. The exceptions were men in Eritrea,
Ethiopia, Haiti, Somalia, and Uganda, and women in
11 countries in sub-Saharan Africa, for whom age-
standardised underweight prevalence was more than 10%
in 1990 but did not show a detectable decrease at

a posterior probability of 0-80. Change in underweight
was negatively correlated with its starting level (r=—0-83
[-0-88 to —0-77] for women and —0-80 [-0-89 to —0-68]
for men; appendix pp 141-142), indicating that countries
with higher underweight prevalence in 1990 experienced
a larger decline on average.

Age-standardised prevalence of obesity in adults
increased from 1990 to 2022 in 188 countries (94%) for
women and in all except one country for men
with a posterior probability of at least 0-80 (figure 3,
appendix pp 149-151). The largest increases were in
some countries in sub-Saharan Africa for women;
the USA, Brunei, and some countries in central Europe
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and Polynesia and Micronesia for men; and some
countries in the Caribbean and in the Middle East and
north Africa for both sexes. Age-standardised prevalence
of obesity increased by more than 20 percentage points
in 49 countries (25%) for women and 24 countries (12%)
for men, and by as much as 33-0 percentage points
(95% Crl 23-0 to 42-3, posterior probability >0-999) in
The Bahamas for women and 31-7 percentage points
(25-3 to 38-1, posterior probability >0-999) in Romania
for men. It decreased only among women in Spain
(by 4-6 percentage points [1-1 to 7-8, posterior
probability 0-995]) and France (2-2 percentage points

[-0-8 to 5-1, posterior probability 0-927]). In women in
the remaining ten countries, mostly in Europe, and in
men in France, neither an increase nor a decrease was
detected at a posterior probability of 0-80. Unlike
underweight, the correlation between change in obesity
and its 1990 level was weak (r=0-13 [0-01 to 0-24] for
women and 0-31[0-13 to 0-47] for men). Furthermore,
at 1990 baseline obesity levels of 5% or higher
(appendix pp 141-142),
non-existent (r=-0-04 [-0-16 to 0-09] for women and
—-0-08 [-0-31 to 0-15] for men), indicating that the extent
of increase in obesity was largely unrelated to how

the correlation was almost
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Figure 3: Change in the individual and combined prevalence of underweight and obesity from 1990 to 2022, for adults (age =20 years)

(A) Contributions of change in underweight and obesity prevalence to the change in their combined prevalence from 1990 to 2022. The blue and red bars show the change in age-standardised
prevalence of underweight and obesity, respectively, and the points show the change in the age-standardised combined prevalence. (B) Change in the composition of double burden from

1990 to 2022. The arrows start from the age-standardised proportion of double burden that was from obesity in 1990 and end at the age-standardised proportion from obesity in 2022; they are
ordered by the posterior mean proportion in 2022. The arrows in a darker shade show countries where double burden shifted from underweight dominance to obesity dominance. In A and B, the
numbers in brackets after each country’s name show the total number of data sources and the number of nationally representative data sources, respectively.

prevalent it was in 1990. There was no correlation between
change in obesity and change in underweight for women
(r=—0-02 [-0-10 to 0-05]) but a weak positive correlation
was found for men (r=0-29 [0-14 to 0-43]).

In 2022, the prevalence of obesity was less than 5%
among women in six countries (3%; Viet Nam, Timor-Leste,
Japan, Burundi, Madagascar, and Ethiopia) and among

men in 17 countries (9%) in south and southeast Asia and
sub-Saharan Africa. It surpassed 60% among women in
eight countries (4%) and men in six countries (3%), all in
Polynesia and Micronesia. The range of underweight
prevalence across countries in 2022 was smaller than the
range of obesity prevalence, and prevalence surpassed 20%
only among women in Timor-Leste and four countries in
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sub-Saharan Africa, and among men in four countries in
sub-Saharan Africa (figure 1).

The net effect of changes in underweight and obesity
in adults was that their combined age-standardised
prevalence decreased in 11 countries (6%) for women
and 17 countries (9%) for men with a posterior probability
of at least 0-80, and increased in 162 countries (81%) for
women and 140 countries (70%) for men with a posterior
probability of at least 0-80, from 1990 to 2022 (figure 3,
appendix pp 152-153). Countries where the double
burden decreased were mostly in south and southeast Asia
for both sexes, and in sub-Saharan Africa for men.
Among women in sub-Saharan Africa, however, the
decline in underweight was counteracted by a rise in
obesity, such that their combined prevalence either
changed little or increased (figures 1, 3). Decreases in the
double burden of underweight and obesity were driven
by decreases in underweight, with the exception of
women in Spain, for whom the decrease was driven by a
decline in obesity.

Bangladesh, India, and Viet Nam experienced the
largest decreases in double burden among adults for
both sexes, with decreases by 33-1 percentage points
(95% Crl 27-4-38.7, posterior probability >0-999)
among women in Bangladesh and 22-4 percentage
points (18-5-26-2, posterior probability >0-999) among
men in India (figures 1, 3). Mirroring the declines, the
increase in combined prevalence of underweight and
obesity in most countries was due to the rise in obesity
exceeding a decline in underweight. As a result,
countries that experienced a large increase in double
burden were the same as those that had a large increase
in obesity. The largest increases in double burden
among women were in Egypt (31-0 percentage points,
25-4-36-6, posterior probability >0-999), followed by
The Bahamas and Jamaica, and among men in
Romania (30-5 percentage points, 24-0-37-0, posterior
probability >0-999), followed by the USA and Tonga.

In 2022, the combined prevalence of underweight
and obesity in adults was more than 10% in all countries
(figure 1). It was between 10% and 15% for women in
four countries (South Korea, China, Viet Nam, and
Denmark) and men in 17 countries (9%). South Korea
and China had the lowest combined prevalence for
women, and Sierra Leone, South Korea, and China had
the lowest combined prevalence for men. At the other
extreme, combined underweight and obesity prevalence
was 40% or higher in 55 countries (28%) for women
and 16 (8%) for men. The prevalence was highest in
American Samoa (81-7%, 73-6-88-8 for women;
70-6%, 59-8-79-8 for men), followed by other island
nations in Polynesia and Micronesia and the Caribbean
(eg, The Bahamas and Saint Kitts and Nevis), and
countries in the Middle East and north Africa (Egypt for
women, Qatar for men). Outside of these regions, men
in the USA also had a high prevalence of double burden
(43-0%, 39-1-47-1), as did women in South Africa
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(49-6%, 45-1-54-2). The number of countries where
underweight was more prevalent than obesity among
adults with a posterior probability of at least 0-80
decreased from 65 (33%) in 1990 to 16 (8%) in 2022 for
women, and from 89 (45%) to 39 (20%) for men (figure 2).
In 2022, all such countries were in sub-Saharan Africa,
southeast Asia, and south Asia, with the exceptions of
Haiti (for men) and Japan (for women).” Obesity
prevalence was higher than underweight with a posterior
probability of at least 0-80 in 177 countries (89%) for
women and 145 countries (73%) for men in 2022. The
largest absolute increases in the proportion of double
burden from obesity were in countries in south Asia
(eg, Bhutan, Pakistan, and Afghanistan), southeast Asia
(eg, Maldives and Malaysia), and west Africa (eg, Liberia)
for both sexes, and in east Asia and the Pacific (eg, China)
for men. In 50 countries (25%) for women and
41 countries (21%) for men, double burden shifted from
underweight dominance to obesity dominance (figure 3).
By 2022, more than 90% of double burden consisted of
obesity in 67 countries (34%) for women and 88 (44%) for
men. These countries were predominantly in Oceania,
Latin America and the Caribbean, the Middle East and
north Africa, and the high-income western region for
both sexes, and in central and eastern Europe for
men. The share of double burden from underweight
surpassed 90% only among men in Ethiopia and Eritrea.

Further results for adults are provided in the appendix,
including separate results for ages 20-39 years,
40—64 years, and 65 years and older (appendix pp 156-162,
165-168, 172-179); results on the levels of all BMI
categories (appendix pp 143-145); maps of the age-
standardised prevalence of underweight in 1990 and 2022,
change from 1990 to 2022, and posterior probability that
underweight increased from 1990 to 2022 (appendix
pp 146-148); maps of the age-standardised prevalence of
obesity in 1990 and 2022, change from 1990 to 2022, and
posterior probability that obesity increased from
1990 to 2022 (appendix pp 149-151); maps of the posterior
probability that the age-standardised combined prevalence
increased from 1990 to 2022 (appendix pp 152-153); trends
in underweight, obesity, and their combined prevalence
from 1990 to 2022, together with their 95% Crls, for all
countries (appendix pp 204-404); maps of change in the
proportion of double burden that was from obesity from
1990 to 2022, and posterior probability that the proportion
of double burden that was from obesity increased from
1990 to 2022 (appendix pp 154-155); the uncertainty
(posterior SD) of the proportion of double burden that was
from obesity (appendix pp 163-164); and the uncertainty
(posterior SD) of the changes in underweight, obesity,
their combined prevalence, and the proportion of the
combined prevalence that was from obesity, from 1990 to
2022 (appendix pp 169-171).

The global age-standardised prevalence of underweight
in adults decreased from 14-5% (95% Crl 14-0-15-0) in
1990 to 7-0% (6-5-7-5) in 2022 in women and from 13-7%
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(13-0-14-4) to 6-2% (5-6-6-9) in men. 183 million
(169-197) women and 164 million (148-180) men were
underweight in 2022, a decrease of 44-9 million
(28-5-61-0) and 47-6 million (27-1-66-7), respectively,
from 1990, despite global population growth. The countries
with the largest number of adults with underweight in
2022 were India, China, Japan (for women only), Indonesia,
Ethiopia, and Bangladesh. Age-standardised prevalence of
underweight in Ethiopia, Bangladesh, India, and Japan
(for women) ranged from 11% to 26% and ranked in the
25 highest countries, which, together with large
populations, led to large numbers of people with under-
weight. The relatively high prevalence of underweight
among women (but not men) in Japan, the only high-
income country in this group, has been attributed to
perceived weight being higher than actual weight, and
higher than desired weight." Underweight prevalence was
lower in Indonesia (6-6% [4-7-8-8] and 10-6% [7-1-14-6]
for women and men, respectively) and especially in China
(5-9% [4-6-7-4] and 2-9% [1-9—4-0], ranking 61st-highest
and 97th-highest globally). Nonetheless, when combined
with the large populations in these countries, even this low
or moderate prevalence led to large absolute numbers. The
global age-standardised prevalence of obesity increased
from 8-8% (8-5-9-1) in 1990 to 18- 5% (17-9-19-1) in 2022
in women and from 4-8% (4-6-5-0) to 14-0% (13-4-14-6)
in men. The global age-standardised prevalence of obesity
overtook that of underweight in 2003 (2003-2004) for
women and 2009 (2008-2010) for men. The number of
women and men with obesity in 2022 was 504 million
(489-520) and 374 million (358-391), respectively, which
was an increase of 377 million (360-393) and 307 million
(290-324), respectively, from 1990. The countries with the
largest absolute numbers of adults with obesity in 2022
were the USA, China, and India.

In 1990, the contribution of thinness to the double
burden of thinness and obesity in school-aged children
and adolescents (age 5-19 years) was larger than the
corresponding share of underweight in adults, especially
for boys. Specifically, in 93 countries (47%) for each sex,
the age-standardised prevalence of thinness was greater
than that of obesity with a posterior probability of at least
0-80; conversely, the prevalence of obesity was greater
than that of thinness in 52 countries (26%) for girls and
47 countries (24%) for boys (figures 4, 5; appendix
pp 195-196). In the other 55 countries (28%) for girls and
60 countries (30%) for boys, the prevalence of the
two forms of malnutrition were indistinguishable at
a posterior probability of 0-80. In 34 countries (17%) for
girls and in 64 (32%) for boys, mostly in south and
southeast Asia and sub-Saharan Africa, more than 90% of
double burden consisted of thinness, whereas the
opposite (>90% of double burden from obesity) occurred
in some countries in Polynesia and Micronesia for both
sexes, and in the USA for girls.

India experienced the highest age-standardised
prevalence of double burden in school-aged children and

adolescents in 1990 (27-4% [95% Crl 24-3-30-7] for girls
and 45-3% [42-1-48- 5] for boys, with 99-6% [99-3-99-8]
and 99-7% [99-5-99-9], respectively, consisting of
thinness). Age-standardised prevalence was between 30%
and 40% for boys in Sri Lanka, Bangladesh, Pakistan, and
Nepal, with 98-99% of double burden coming from
thinness (figures 4, 5). Kuwait and Egypt were also among
the top ten countries for girls in terms of double burden,
but unlike the aforementioned countries where thinness
was dominant, more than 70% of double burden came
from obesity. Age-standardised prevalence of obesity in
1990 surpassed 10% in only seven countries (4%) for girls
and six (3%) for boys, including the USA and some
countries in Polynesia and Micronesia and the Middle East
and north Africa, whereas thinness surpassed 10% in
20 countries (10%) for girls and 67 countries (34%) for
boys.

From 1990 to 2022, age-standardised prevalence of
thinness decreased in girls in 44 countries (22%) and boys
in 80 countries (40%) with a posterior probability of at least
0-80 (figure 6). The largest decreases took place in countries
in south and southeast Asia and sub-Saharan Africa
(figures 4, 5), with the greatest decreases in South Africa
(decrease of 12-7 percentage points [95% Crl 6-8 to 19-8])
and India (7-0 [2-2 to 11.9]) for gitls, and India
(23-5[18-5 to 28-4]) and Nepal (18-7[9-1 to 28-7]) for boys.
Like in adults, change in thinness was negatively correlated
with the starting level of thinness (r=—0-53 [-0-70 to —0- 33]
for girls and —0-79 [-0-90 to —0-62] for boys; appendix pp
180-181), indicating that larger declines occurred where
thinness was more common in 1990. However, in some
countries, such as Yemen, Niger, and Myanmar, age-
standardised thinness prevalence was at least 10% in 1990
but did not change from 1990 to 2022 with a posterior
probability of at least 0-80 (appendix pp 185-187). Thinness
increased by at least two percentage points and with a
posterior probability of at least 0-80 in three countries for
girls and one country for boys.

Over the same period, age-standardised prevalence of
obesity increased in girls in 186 countries (93%) and in
boys in 195 countries (98%) with a posterior probability
of at least 0-80 (figure 6, appendix pp 188-190). In most
countries, obesity more than doubled (appendix
pp 180-181). Obesity decreased with a posterior probability
of at least 0-80 only in Kyrgyzstan, by 4-1 percentage
points (95% Crl 1-3 to 7-3) for girls and 7-2 percentage
points (2-8 to 11-6) for boys. In the remaining 13 countries
(7%) for girls and four countries (2%) for boys, mostly in
Europe and central Asia, neither an increase nor a
decrease was detected at a posterior probability of 0-80.
The largest increases in child and adolescent obesity were
in the island nations of Polynesia and Micronesia and
the Caribbean, Brunei, and Chile. The size of the increase
surpassed 20 percentage points among girls in Tonga,
Cook Islands, Niue, and The Bahamas, and surpassed
25 percentage points among boys in Niue, Cook Islands,
Nauru, Tokelau, and Chile. Like in adults, there was weak
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correlation between obesity in 1990 and change from 1990
to 2022 (r=0-37 [0-19 to 0-54] for girls and 0-30 [0-11 to
0-47] for boys; appendix pp 180-181). In particular, in
many countries in Europe, Japan, the USA, and some
countries in central Asia, an increase in child and
adolescent obesity was either not detectable at a posterior
probability of 0-80 or was smaller than in countries

elsewhere that had a similar prevalence in 1990. There
was no or weak correlation between change in thinness
and change in obesity (r=—0-02 [-0-17 to 0-12] for girls
and 0-14 [-0-04 to 0- 30] for boys).

In 2022, age-standardised prevalence of thinness was
less than 15% for girls in all countries except India and
Sri Lanka, and below 20% among boys in all countries
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Figure 4: Age-standardised combined prevalence of thinness and obesity by country, for school-aged children and adolescents (age 5-19 years)

The circular bar plots show the burden of thinness and obesity in 1990 and 2022. The lengths of the bars show the age-standardised prevalence of thinness (blue) and obesity (red), and their sum
shows the age-standardised combined prevalence. Country names are coloured by region. The numbers in brackets after each country’s name show the total number of data sources and the number of
nationally representative data sources, respectively. Countries are ordered by decreasing posterior mean combined prevalence within each region. The maps show the change in combined prevalence
of thinness and obesity from 1990 to 2022 and its level in 2022. The density plot alongside each map shows the smoothed distribution of estimates across countries.

except Niger, India, Senegal, and Timor-Leste (figure 4). for both girls (34-3%, 95% Crl 23-5-44-.7) and boys
By contrast, age-standardised prevalence of obesity was  (42:9%, 31-6-53-4). These countries were mostly
more than 20% in girls in 21 countries (11%) and boys in  in Polynesia and Micronesia, Latin America and
35 countries (18%), with the highest prevalence in Niue the Caribbean, and the Middle East and north Africa.
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Figure 5: Proportion of double burden from obesity for school-aged children and adolescents (age 5-19 years)
Age-standardised proportion of double burden that was from obesity in 1990 and 2022. The density plot alongside each map shows the smoothed distribution of estimates across countries.

As a result of changes in thinness and obesity, by
2022, double burden in school-aged children and
adolescents began to mirror the obesity dominance that
was seen in adults throughout these three decades.
Specifically, in 2022, obesity in school-aged children and
adolescents was more prevalent than thinness with a
posterior probability of at least 0-80 among girls in
133 countries (67%) and boys in 125 countries (63%),
whereas the opposite was true in 35 (18%) and
42 countries (21%), respectively (figure 5, appendix
pp 195-196). In 25 countries (13%) for girls and
17 countries (9%) for boys, more than 90% of double
burden consisted of obesity in 2022, whereas the share
of thinness surpassed 90% only among girls and boys in
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Timor-Leste, and boys in Burkina Faso, Bangladesh, and
Nepal. The largest shifts in the thinness—obesity share
of double burden in school-aged children and
adolescents were in South Africa for girls, with the
share of obesity increasing by 77-2 percentage points
(95% Crl 64-3-86-7, posterior probability >0-999), and
in China for boys, with an increase of 60-5 percentage
points (50-4-69- 4, posterior probability >0 - 999; figure 6).

The combined prevalence of thinness and obesity
declined with posterior probability of at least 0-80
among girls in India, Kyrgyzstan, Sierra Leone,
South Africa, and Viet Nam, and among boys in
15 countries (8%), all of which were in central Asia,
south Asia, and sub-Saharan Africa (figure 6, appendix
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pp 191-192). With the exception of Kyrgyzstan, the
declines in the double burden were driven by declines
in the prevalence of thinness. The largest declines
were in Kyrgyzstan (5-1 percentage points, 95% Crl
1-0-9-2, posterior probability 0-991) for girls and in
India (19-7 percentage points, 14-7-24.8, posterior
probability >0-999) for boys. The combined burden of
thinness and obesity increased with posterior
probability of at least 0-80 among girls in 140 countries
(70%) and boys in 137 countries (69%). The largest

increases were in some countries in Polynesia and
Micronesia and the Caribbean for both sexes, and in
Chile for boys, with the size of the increase reaching
241 percentage points (12-7-34- 6, posterior probability
>0-999) in girls in Tonga and 31-1 percentage points
(16-4-44-6, posterior probability >0-999) in boys in
Niue.

In 2022, the combined age-standardised prevalence
of thinness and obesity in school-aged children and
adolescents was less than 10% in 70 countries (35%) for

A

Cook Islands (3,3)
The Bahamas (2,2)
Samoa (2,2)

22)

0)

Tokelau (2,

Puerto Rico (1,

French Polynesia (2,2)
Jamaica (6,6)

Belize (1,1)

Saint Kitts and Nevis (1,1)
Saudi Arabia (9,7

)
)
)
,5)
)
)
)
)
Suriname (1,0)

Trinidad and Tobago (4,4)
Cu a(6,3}
)

)

)

)

)

)

)

4)

,4)

15)

Bulgaria (33,5)
Maldives (3,2)

prus (5.3)

North Ma(egoma (6,6)
South Korea (29,28)
Jordan (8,5)

ran (52,18)

Ecuador (6,5)
Philippines (26,10)
Slovenia (52,50)
Vanuatu (1,0)
Azerbaijan (4,4)
Austria (22,5)
North Korea (0,0
Taiwan (9,9
(abo Verde (1, ,1

Botswana (1,1
Cambodia (6,6
Gabon (3,2
Lesotho (3,3]
Morocco (3,3
Greece (38,24)
Uzbekistan (4,4
SriLanka (5,5
Moldova (4,4,
Luxembourg (1,
Montenegro (13,
Coted' Ivolre (g
31

)
8
3
4
Swltzerland( 5

Comoros (1,1

Czechia (12,6

Mozambique (6,3

Ireland (25,19

Central Afican Republic (0,0
nzania (5,3

Djibouti (0,0

Portugal (32,9

Uganda (9,6,

Myanmar (3,2

Netherlands (10,5

5

2

0’

7

2

2,

4)

5

6

3

1

6

3

Sao Tomé and Principe (2,
Cameroon (9,
Kazakhstan (11,

z
3
H
.5
g
NGOG <
vdv“wVVVVVVVVVVVVHVVVV_,‘wVVVVVHVVVVVVHVVVVVHVVVVV

Ethiopia (10, 6
Viet Nam (11,9)
India (51,17)
Kyrgyzstan (4,4)

Girls

T T T T T T
-20 -10 0 10 20 30

Change from 1990 to 2022 (percentage points)

Tonga (6,4)

Niue (3,3)

Tuvalu (2,2)

Antigua and Barbuda (1,1)
Barbados (1,1)

Nauru (4,4)

Chile (8,6)

American Samoa (1,1)

Argentina (8,5)

Palau (14,14)

Seychelles (22,22)

Dominica (2,2)

Saint Vincent and the Grenadines (2,2)
Micronesia (3,0)

Saint Lucia (1,1)

Bermuda (0,0)

New Zealand (17,16)

Peru (29,24)
Lebanon (3,3,
Brazil (86,32)
Bolivia (4,4)
Eq

ypt
Hungary (18,15)
Venezuela (2,1
United Arab Emirates (5,5)
Bahrain (2,2)
Mexico (15,15)
Libya (1,1)
Paraguay (2,2)
Kuwait (15,15)
Turkiye (9,7)
Indonesia (11,9)
Papua New Guinea (1,1)
USA (61,28)
Honduras (2,2)
El Salvador (4,4)
Nicaragua (4,4)
Singapore (3.3)
Bosnia and Herzegovina (3,0)
Tunisia (3,2)
Mauritania (2,1)
Eswatini (2,2)
Guatemala (13,10)

Thailand (14,13)
Israel (15,15)
Mauritius (4,2)
Estonia (13,12)
China (50,27)
Timor-Leste (6,3)
Sudan (1,1)
Fiji (4,2)
G ana (9,5)
jeria (12 4)

th uania (7,5)

South Sudan (1,0)
Iceland (0,0)
Poland (31,9)
The Gambia (3,3)

0s (2,2
Afghanistan (2,2)
Zambia (4,4)

Belarus (2,2

Solomon Islands (6,1)
Croatia (11,6)

Ukraine (8,4)

Georgia (4,4)

Latvia (5,5,

Armenia (6,6)

Serbia (24,7)

Belgium (19,2)
Equatorial Guinea (0,0)

Guinea (4,3)
Somalia (0,0)
Germany (10,4)
Senegal (3,2)
Liberia (4,4)
Congo (7,3)
Guinea-Bissau (1,1)
Greenland (2,2)
Benin (5,5)

Eritrea (1,1)

Niger (4,4)

France (19,9)
Bhutan (2,2)
Zimbabwe (4,4)
Mongolia (5,5)
Pakistan (5,3)
Nepal (12,6)
Denmark (46,3)
Turkmenistan (3,3)
Haiti (4,4)
Madagascar (3,3)
Bangladesh (,3)
Burkina Faso (6,4)
Sierra Leone (3,3)
South Africa (25,11)

Cook Islands (3,3
Tokelau (2,2

2,2
Chile (8,6

French Polynesla @2
Kir bati (2.2

? a(7,4)

Marshall lslands (2,2)
Saint Kitts and Nevis (1,1)
)

Saint Lucia (1,1)
Puerto Rico (0,0)
renada (0,0)

Solomon Islands (7,1)
Paraguay (22)

Syria (0,0)

Palestine (5,5)
Seychelles (22,22)
USA (61,28)

Libya (1,1)

Kuwait (17,15)
Honduras (0,0)
Estonia (13,12)

Saint Vincent and the Grenadines (2,2)
an (50,18)

Algeria (1,1)
Slovakia (11,10)
Canada (11,8)
Georgia (4,4)
Liberia (2,2)
Yemen (3,3)
Indonesia (11,9)
Andorra (0,0
l Salvador (1,1

Germany (29,16,
Maldives (5,4
Myanmar (2,1
Azerbaijan (2,2
Luxembourg (1,1)
Colombia (14,6)

=

8

g

6
ERNEESERES

Spain (33,8)
Moldova (33)
Russia (28,13)
Japan 382,56

5

Cote d'Ivoire (3,0]
South Sudan o

Gui (1 0)
Central Afican Repubic (00)
Mali (3,0)

Mauritania (1,0)

Senegal (2,1)

Congo (4,0)

Djibouti (0,0)

Burundi (0,0)

Pakistan (5,3)

Cabo Verde (1,1)

DR Congo (3,0)

Togo (2,2,

Kenya (4,2)

Sierra Leone (2,2)
Afghanistan (1.1)

Bhutan (2,2)

Bangladesh (4,3)

india (52,17)

Boys

T T T T T T
=20 -10 0 10 20 30

Change from 1990 to 2022 (percentage points)

Nive (3,3)

Nauru (3,3)

Tonga (6,4)

Palau (14,14)
American Samoa (1,1)

Brunei (4,4)

Micronesia (3,0

South Korea ,47)

Saudi Arabia (9 7)
Antigua and Barbuda (11)
Barbados (1,

Pay ‘)ua New Guinea (11)

Mexl(o (13 13)

Bolivia (2,2)

The Bahamas (2,2)
Vanuatu (1,0)
Bermuda (0,0)

Haiti (0,0)

New Zealand (17,16)
Bahrain (2,2)

Finland (16,14)
Dominica (2,2)
Venezuela (2,1)
Dominican Republic (4,4)
China (51,27)

Taiwan (9,9)

Malaysia (15,13)
Thailand (14,13)
Bulgaria (33,5)
Jamaica (5,5)

Fiji (4,2

Nicaragua (0,0

Bosnia and Herzegovina (3,0)
Panama (4,3)

Cyprus (5,3)

Romania (31,7)
CostaRica (3,3)
Austria (59,42)

North Macedonia (5,5)

Turkiye (7,5)

Israel (15,15)
Guyana (3,3)
Mongolia (5,5)
Iceland (0,0)
Greece (37,24)
Belarus (2,2)
Ireland (23,17)
Guatemala (7,4)
Montenegro (24,19)
Ukraine

Poland (47 13)
Czechia (12,6)
Mauritius (4,2)
Kazakhstan (8,3)
Switzerland (50,24)

Tajikistan (3,3)
Netherlands (10,5)
France (18,9)
Sudan (1,1)
Turkmenistan (3,3)
Greenland (2,2)
Ghana (5,2)
Nigeria (8,1)
Benin (1,1)
Viet Nam (11,9)
Burkina Fasoé 2
Sdo Tomé and Principe (2,2)
Zambia (1,1)
Gulnea Bissau (0,0)
Eo a (1,0)
on (1,0)
Tanzama ?2 ,0)
Equatorial Guinea (0,0)
Botswana (1,1)
Comoros (0,0
Somalia (0,0)
Madagascar (0,0)
Namibia (1,0)
Lesotho (2,2)
Eritrea (1,1)
Zimbabwe (2,2)
Rwanda (4,4)
Ethiopia (6,4)
Kyrg zstan (2,2)
Souf ){‘Afnca (2511)
SriLanka (5, s)
Nepal (10,4)

1040

(Figure 6 continues on next page)

www.thelancet.com Vol 403 March 16, 2024




Articles

B )
Girls
Nive (3,
] igl':s((jgi (ooE Islasn)ds 3B3)
lew Zealand (17,1
Tokelau'(2,2) ;:Xii‘; 8 5;
Micronesia (3,0) USA (61,28,
American Samoa (1,1) pa|au((14 1)
U{(ug;ay_@,B) Peru (29,24)
. ewrr‘wﬂf‘g égg; Australia (28,21)
genina (83) French Polynesia (2,2)
Marshall Islands (2,2) Egypé“"ffs
Antigua and Barbuda (1.1) oS
Ireand ggg; Spain (gzs 8;
reece (38,
Mexico (15,15) ] |Tr q (Bahamas @
Panama (4,3)
Fm\End (16( ;g; Egﬂugauge‘(”zﬁz”ma ey
Lebanon i
s s e 13 A
olombia (14,6) ——] !
United Arab Emirates (5,5) 3 Eﬁ&h‘éﬂ%’
verto Rico (1,0) Belize (1,1)
Segd"efgl((;ézétz); Saint Lucia (1,1)
Norway(lé 3 Costa Rica (3,3)
NG & Jamaica (6,6)
ustria (22,5) Ecuador (6,5
South erl(a (25,11) : Slovenia (52,50)
I
Est?rf:a((u %%;  — Spa )
Etoma (1312 El Salvador (4,4)
Mal{a( 8 Guatemala (13,10)
: Honduras (2,2)
Venezvela (2,1) Barbados (1,1)
Hungary (18,15) Jordan (8,5)’
Greenland (2,2) Vanuatu (1,0)
Grenada (0,0) a4 Bahrain (2,2
Bermuda (0,0) e ")(31 5)
Alge‘rla (11) Lbya(L1)
o Italy (31,7) Portugal (32,9)
o zsnne 7.5) Cyprus (5,3)
Sn Eyra Z(0,0) Croatia (11,6)
Seycheeures‘a(;z%; — Kcetand (0.0)
Netheriands (10,5) S o vorea 058
Luxembourg (11) — Singapore (3,3)
Israel (15,15) N Syria (0,0)
Bu%gar_la_ (335 Luybena (4,4)
UQ"EIIS;? g ;; Bosnia and Herzegovina (3,0)
Qatar 63) Suriname (1,0)
Daminican epublic 55 3 P )
Recrbaan (4.4) a5y
Eswatini (2,2) Oman (4,4)
Eﬁfg;h(g 0(3];; Slovakia (11,10)
o) Belgium (19,2)
(arlneroon (94 boreece 53)
Malgysia (15.13) North Macedonia (6,6)
elarus (2,2) Guyana (33)
Montenegro (13.8) Albania (5,5)
Trinidad and Tobago (4,4) Potand (31,9)
Uzbekistan (4,4) Mauritania (2,1)
France (19,9) s Zambia (4,4)
Denmark (46,3 — Taiwan (9,9)
JaB aur:e(zgz(lséz Afghanistan (2,2)
dapan (8256 — Sao Tomé and Principe (2,2)
Somros (1, Czechia (12,6)
ongolia (5,5) Romania (31,7)
Saudi Arabia (9,7) indonesia (11,9)
Thailand (14,13) Gabon (3,2)
o dBenm(g 5) SierraLeone (3,3)
dte d'lvoire (6,3) Zimbabwe (44)
Mauriivs (4 2; Mali (8,
Russia (28,13
Moldova (4,4) ﬁZﬁ‘&?“ﬂﬁ" a0
Togo (3,3) Laos (2,2)
Malawi (8.6) towar

DR Congo (6,3) Botswana (1,1)

Kazakhstan (11, Guinea-Bissau (1,1)
e ::a((g 3 North Korea (0,0)

Central African Republic (0.0) lateri) Guines (0.0)
Ma\divjs 32) Eﬁmﬁi% 0)
Rwanda (7,7) Somalia (0,0)
Guinea (4,3) Yemen (4,4)
b e S) Angola (1,0)
aboVerde (11 Philippines (26,10)
Pakistan (5,3) Sri Lanka (5,5)
Turkmenistan (3.3) Myanmar (3,2)
Mozambique (6.3) Uganda (9,6)
The Gambia (3,3) Nemibia (32)
Kyr’gyzs(gn 8,4) Tanzania (5,3)
U\ jeria ( 8,4) Viet Nam (11,9)
raine (8,4) Sudan (1,1)
Tajikistan (6,6) Cambodia (6,6)
Eritrea (1,1) Congo (7,3)
Burkina Faso (6,4) NZEﬁf’(Sz' )
Chad (1,1) 3
Ethiopia }51(2 g; o (39)
angladesi i 1
Tndia (51,17) Nger (4.4)

Timor-Leste (6,3) Madagascar (3,3)

(I) 2‘5 50 7‘5 1(‘)0

Proportion of combined burden from obesity (%)

Tonga (6,4)
American Samoa (1,1)
Tokelau (2,2)

French Polyr\esla (22)
bati (2,2)

Palau (14,14)

New Zealand (17,16)
Bolivia (2,2)

Peru (21,16)

Kuwait (17,15)
Australia (28,21)
Mexico (13,13)
Estonia (13,12)

Belize (1,1)

Argentina (7.4)

Qatar (3,3)

Jamaica (5,5)
Singapore (3.3)
United Arab Emirates (5,5)
Jordan (8,5)

Antigua and Barbuda (1.1)
Brazil (85,31)

The Bahamas (2,2)
Barbados (11)

us (5,3)

Saint Kitts and Nev\s (11)
Germany (29,16)
Panama (43)

Turkiye (75)
Solomon Islands (7.1)
Suriname (1,0)
Georgia (4,4)

Saint Vincent and the Grenadines (2,2)
Italy (30,7)

Saint Lucia (1,1)

Haiti (0,0)

Bermuda (0,0)
Palestine (5.5)
Grenada (0,0)

Oman (4,4)

China (51,27)
Belgium (20,2)
Colombia (14,6)
Netherlands (10, 5)
Iraq (2,1)

Bulgaria (33,5)
Luxembourg (1,1)
Israel (15,15)

Fiji (4,2)

Syria (0,0)

Saudi Arabia (9,7)
Poland (47,13)
Greenland (2,2)
Taiwan (9,9)

El Salvador (1,1)
Denmark (64,21)
Trinidad and Tobago (4,4)
Russia (28,13)
Malaysia (15,13)
Tunisia (3,2)
Thailand (14,13)
Mauritius (4,2)
Ma\dlves (5 4

Azevbal]an 22
Cambodia (1,1
South Africa (25,11

1
1
Yemen (3,3,
Kyrgyzstan (2,2
Philippines (9,6,
Gabon (1,0
Sio Tomé and Principe (2,2
Cote d'voire (3,0
Equalcnal Guinea (0,0
Namibia (1,0’

The Gambia (0,0)
SriLanka (5,5)
Guinea-Bissau (0,0)
Comoros (0,0)
Somalia (0,0)
Djibouti (0,0)
Lesotho (2, z)
Mozambique (41)
ali (3,0)

hres 680
Zimbabwe (2,2)
Kenya (4,2)
Rwanda (4,4)
Tajikistan (3,3)
Senegal (2.1)
Bangladesh (4,3)
Timor-Leste (5,2)

Boys

T H| H| il

Niue (3,3)

Cook Islands (3,3)
Nauru (3,3)

Chile (8,6)

Samoa (2,2)
Micronesia (3,0)
USA (61,28)

Tovalu (2,2)
Uruguay (8,7)
Greece (37,24)
South Korea (48,47)
Lebanon (3,3)
Serbia (25,8)
Finland (16,14)
Venezuela (2,1)
Croatia (10,6)

UK (104,56)
Slovenia (52,50)
Papua New Guinea (1,1)
Brunei (4,4)

Austria (59,42)
Marshall Islands (2,2)
Sweden (90,59)

Ireland (23,17)
Paraguay (2,2)
Switzerland (50,24)
Montenegro (24,19)
Costa Rica (3,3)
Ecuador (5,4)
Bahrain (2,2)

Nicaragua (0,0)
Dominica (2,2)

Andorra (0,0)

Algeria (1,1)

Latvia (5,5)

Iceland (0,0)

Dominican Republic (4,4)
Belarus (2,2)

Bosnia and Herzegovina (3,0)
Seychelles (22,22)
Slovakia (11,10)
Guatemala (7,4)
North Macedoma (55)
L\bﬁ/
Lith uama 7.5)
Armenia (3,3)
Cuba (6,3)
Japan (82,56)
Romania (31,7)
Czechia (12,6)
Mongolia (5,5)
Iran (50,18)
Moldova (3,3)
Uzbekistan (3,3)
Eswatini (2,2)
Kazakhstan (8,3)
Morocco (2,2)
North Korea (0,0)
Laos (1,1)

Ukraine (8,4)
Afghanistan (1,1)
Uganda (8,5)
Turkmenistan (3,3)
Myanmar (2,1)
Viet Nam (11,9)
Angola (1,0)
Ghana (5,2)
South Sudan (1,0)
Central African Republic (0,0)
Pakistan (5,3)
Sudan (1,1)
Cameroon (5,0)
Botswana (1,1)
Chad (0,0)

Congo (4,0)
Sierra Leone (2,2)
Mauritania (1,0)
Madagascar (0,0)
Burundi (0,0)

Togo (2,2)

Cabo Verde (1,1)
Guinea (1,0)

Niger (2,2)
Tanzama (20

Nigeria (8,1)

ndia (52,17)
Ethiopia (6,4)
Nepal (10,4)
Burkina Faso (3,1)

T
0]

25
Proportion of combined burden from obesity (%)

T
50 75

T
100

Figure 6: Change in the individual and combined prevalence of thinness and obesity from 1990 to 2022, for school-aged children and adolescents (age 5-19 years)
(A) Contributions of change in thinness and obesity to the change in their combined prevalence from 1990 to 2022. The blue and red bars show the change in age-standardised prevalence of thinness
and obesity, respectively, and the points show the change in the age-standardised combined prevalence. (B) Change in the composition of double burden from 1990 to 2022. The arrows start from the
age-standardised proportion of double burden that was from obesity in 1990 and end at the age-standardised proportion in 2022; they are ordered by the posterior mean proportion in 2022. The
arrows in a darker shade show countries where double burden shifted from thinness dominance to obesity dominance. In A and B, the numbers in brackets after each country’s name show the total

number of data sources and the number of nationally representative data sources, respectively.

girls and 16 countries (8%) for boys (figure 4). In these
countries, thinness either remained low throughout the
analysis period or declined, and obesity did not rise
noticeably. These countries were mostly in central Asia,
Europe, and sub-Saharan Africa. At the other extreme,
the countries with highest combined prevalence of
thinness and obesity in 2022 were in Polynesia and
Micronesia and the Caribbean for both sexes, plus Chile

decline.
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Further

results for

children
are shown in the appendix, including levels of all
BMI categories (appendix pp 182-184);
the age-standardised prevalence of thinness in

and Qatar for boys. Double burden prevalence was also
high in some countries in south Asia, notably Sri Lanka
and India, where thinness remained prevalent despite its

adolescents

maps of
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1990 and 2022, change from 1990 to 2022, and posterior
probability that thinness increased from 1990 to 2022
(appendix pp 185-187); maps of the age-standardised
prevalence of obesity in 1990 and 2022, change from
1990 to 2022, and posterior probability that obesity
increased from 1990 to 2022 (appendix pp 188-190);
maps of the posterior probability that the age-
standardised combined prevalence increased from
1990 to 2022 (appendix pp 191-192); trends in thinness,
obesity, and their combined prevalence from
1990 to 2022, together with their 95% Crls, for all
countries (appendix pp 204-404); maps of change in the
proportion of double burden from obesity from
1990 to 2022, and posterior probability that the
proportion of double burden from obesity increased
from 1990 to 2022 (appendix pp 193-194); the
uncertainty (posterior SD) of the proportion of double
burden from obesity (appendix pp 195-196); and the
uncertainty (posterior SD) of the changes in thinness,
obesity, their combined prevalence, and the proportion
of the double burden from obesity, from 1990 to 2022
(appendix pp 197-199).

The global age-standardised prevalence of thinness
among school-aged children and adolescents
decreased from 10-3% (95% CrI 9-5-11-1) in 1990
to 8-2% (7-3-9-0) in 2022 in girls and from 16-7%
(15-6-17-8) to 10-8% (9-7-11-9) in boys (posterior
probability >0-999). A total of 77-0 million (69-1-84-9)
girls and 108 million (98-119) boys were affected by
thinness in 2022, a decrease of 4-4 million (95% Crl
ranging from an increase of 5-6 million to a decrease of
14-6 million) for girls and 30-1 million (15-6-44-3) for
boys from 1990. The global age-standardised prevalence
of obesity in school-aged children and adolescents
increased from 1.7% (1-5-2-0) in 1990 to
6-9% (6-3-7-6)in 2022 in girls and from 2-1% (1-9-2- 3)
to 9:-3%  (8-5-10-2) in  boys  (posterior
probability >0-999). The number of girls and boys with
obesity in 2022 was 65-1 million (59-4-71-7) and
94-2 million (85-3-103-0), respectively, an increase of
51-2 million (45-2-57-8) and 76 -7 million (67-6-85-7),
respectively, from 1990.

Discussion

Our results show three important global transitions in
underweight and obesity since 1990. First, the combined
prevalence of these forms of malnutrition has increased
in most countries, with the notable exception of countries
in south and southeast Asia and, for some age-sex
groups, in sub-Saharan Africa. Second, decreases in
the double burden were largely driven by declining
prevalence of underweight, whereas increases were
driven by increasing obesity, leading to a transition from
underweight dominance to obesity dominance in many
countries. The rise in double burden has been largest in
some low-income and middle-income countries, notably
those in Polynesia and Micronesia, the Caribbean, and

the Middle East and north Africa; newly high-income
countries such as Chile; and, for men, in central Europe.
These countries now have higher obesity prevalence
than industrialised high-income countries. Finally, the
transition to obesity was already apparent in adults
in 1990 in much of the world, as demonstrated by the
large number of countries in which adult obesity
exceeded underweight at that time, and has since
followed in school-aged children and adolescents.’

Our study has strengths related to its scope, data, and
methods. We present consistent estimates of underweight
and obesity, and their combined prevalence, over a
period of substantial change in food and nutrition. We
used a large amount of population-based data, from
197 countries covering more than 99% of the world’s
population. We maintained a high standard of data
quality through repeated checks of study sample and
characteristics, and did not use self-reported data to avoid
bias. Data were analysed according to a consistent
protocol. We used a statistical model that accounted for
the age patterns of BMI during childhood, adolescence,
and adulthood. We used all available data while giving
more weight to national data than to subnational and
community data.

As with all global analyses, our study has limitations.
Some countries had fewer data and three had none; their
estimates were informed to a stronger degree by data
from other countries through geographical hierarchy.
There were also differences in data availability by age
group, with less data available for ages 5-9 years, and
in older adults (=65 vyears), which increased the
uncertainty of estimates in these age groups. Despite our
systematic and rigorous process of evaluating study
representativeness, data from health surveys are subject
to error if sample weights do not fully adjust for non-
response. We did not report on height, a marker of the
quality of nutrition and the living environment, and
predictive of health throughout the life course” as
reported previously.*" BMI is an imperfect measure of
the extent and distribution of body fat, but is widely
available in population-based surveys, and is used in
clinical practice; it is also correlated with the more
complex and costly dual-energy x-ray absorptiometry.*
Cutoffs for thinness and obesity for school-aged children
and adolescents are based on BMI distributions in
a reference population, and were not selected to
represent optimal BMI in epidemiological studies, as
was done for adults, or optimal nutritional status, as for
children younger than 5 vyears.* Finally, various
hypotheses exist about the impact of the COVID-19
pandemic on BMI. Data on the impact of the pandemic
on obesity are scarce,” and there are even fewer data on
the impact on underweight. The available data on
obesity, mostly from high-income countries, indicate a
small rise in prevalence, with large heterogeneity across
studies;" it is unclear whether these effects are transitory
or permanent. Studies from low-income and middle-
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income countries have indicated worsening food security
and diet quality during and after the pandemic, but
did not measure underweight prevalence.® We used
103 studies from 2020 and later, but additional data are
needed to evaluate the population-level effects. Finally,
although our statistical model has been shown to be
unbiased and have small deviation (ie, random error) in
cross-validation analyses,*” fitting to data that vary in
relation to age, country, and year has the potential for
model misspecification.

Height and weight are affected by the quantity
and quality of nutrition, energy expenditure, and some
infections.”” For decades before the COVID-19
pandemic, higher incomes allowed more spending on
food, especially in poor countries and households where
a large share of income is spent on food.” Meanwhile, as
food production, distribution, and storage changed,
there was a shift from subsistence and local foods to
transported commercial foods, and the time spent
obtaining and preparing food was reduced.”* These
economic and technological changes have affected both
the amount and types of food that are consumed,
including higher total calories, and higher consumption
of animal-source foods, sugar, vegetables, and oil crops
in many low- and middle-income countries, whereas
animal-source foods and possibly sugar consumption
have declined in high-income countries.*® Furthermore,
changes in food processing technology and increasing
commercialisation and industrialisation of food* have
increased the consumption of processed foods, which
leads to higher caloric intake and weight gain than fibre-
rich foods such as whole grains and fruits.”* In some
countries, equitable economic and agricultural policies
and food programmes have improved the quality of
nutrition, especially for the poor,**° resulting in gains in
height, whereas elsewhere weight gain occurred
without substantial height gain, leading to increasing
obesity."¥ These height gains were similar to those in
Europe and north America during industrialisation and
economic development.* Researchers have also detected
a so-far unexplained decline in adult basal energy
expenditure,” which might have contributed to the rise
in obesity.

The finding that obesity increased, and double
burden shifted from underweight-dominated to obesity-
dominated, earlier in adults than in children and
adolescents® might be due to two phenomena:
first, adults began to eat away from home earlier than
children and adolescents,** and second, the
mechanisation of work and transport, while providing
many health benefits, also reduced energy expenditure,
and hence contributed to weight gain among adults.”
The shift in onset of obesity to younger ages over these
three decades could be because eating away from home
and access to commercial and processed foods in
school-aged children and adolescents followed that of
adults over this period.” It has also been hypothesised
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that some leisure-time play and sports have been
replaced by sedentary activities, but data on trends are
scarce.” Breastfeeding, which improves child survival
and development, has also been associated with a lower
risk of obesity in observational studies but the findings
from randomised trials are mixed, possibly because of
reverse causality.”* In all regions except the Middle East
and north Africa, optimal breastfeeding has increased
slightly.® However, any benefits of these improvements
in reducing obesity are likely to have been overwhelmed
by much larger changes in other aspects of nutrition.
The reasons for the small decline in obesity among
women in France and Spain, which was also seen in
middle-age and older ages (approximately age =60 years)
in other studies that used measurement data,** are not
known but could be related to changes in eating and
exercise, following changes in social norms and roles.”

Our findings have two implications. First, there is an
urgent need for obesity prevention, supporting weight
loss and reducing disease risk (via treatment of the
mediators of its hazards, such as hypertension and
hypercholesterolaemia) in those with obesity. Prevention
and management are especially important because the
age of onset of obesity has decreased, which increases
the duration of exposure. Most efforts to prevent obesity
have focused on individual behaviours or isolated
changes to the built or food environment.” These have
had little impact on obesity prevalence, in part because
healthy foods and participating in sports and other
active lifestyles are not accessible or affordable for
people with low income and autonomy.* In the past
decade, some countries have regulated marketing and
taxed items such as sugar-sweetened beverages;* the
impacts on obesity prevalence are currently being
evaluated.” There are fewer policies that make healthy
foods accessible and affordable, especially for people
with low income and in communities where such foods
are scarce. Unaffordability and inaccessibility of healthy
foods and opportunities for play and sports leads to
inequalities in obesity, and could limit the impact
of policies that target unhealthy foods.”*%¢ New
pharmacological treatment of obesity, although
promising, is likely to have a low impact globally in the
short-term, due to high cost and the absence of
generalisable clinical guidelines.

Second, the remaining burden of underweight should
be tackled, especially in south and southeast Asia, and
parts of Africa, where food insecurity persists.** Our
results show that this need cannot be considered in
isolation, because the underweight—obesity transition
can occur rapidly, leaving their combined burden
unchanged or higher. A healthy transition away from
high underweight prevalence while limiting the rise in
obesity, consistent with the Sustainable Development
Goal Target 2.2, requires improving access to healthy
and nutritious foods. This is particularly important
because both poverty and the cost of food, especially
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nutrient-rich foods, have increased since the COVID-19
pandemic and the war in Ukraine.* % Together with the
adverse impact of climate change on food production
and supply, these factors risk worsening both
underweight and obesity through a combination of
underconsumption in some countries and households,
and a switch to less healthy foods in others.®® To
engender a healthy transition, economic and agricultural
policies are needed that tackle poverty and improve food
security” As these macro policies are implemented,
there is an urgent need for programmes that enhance
healthy nutrition, such as targeted cash transfers, food
assistance as subsidies or vouchers for healthy foods,
free healthy school meals, and primary care-based
nutritional interventions.””
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