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Global, regional, and national prevalence of child and @"'\ ®

adolescent overweight and obesity, 1990-2021, with
forecasts to 2050: a forecasting study for the Global Burden
of Disease Study 2021

GBD 2021 Adolescent BMI Collaborators*

Summary

Background Despite the well documented consequences of obesity during childhood and adolescence and future risks  published online

of excess body mass on non-communicable diseases in adulthood, coordinated global action on excess body mass in  March3,2025

early life is still insufficient. Inconsistent measurement and reporting are a barrier to specific targets, resource zgtlpjgfg%ggg 1)23;;? 6
allocation, and interventions. In this Article we report current estimates of overweight and obesity across childhood

. . . . See Online/Comment
and adolescence, progress over time, and forecasts to inform specific actions.
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Methods Using established methodology from the Global Burden of Diseases, Injuries, and Risk Factors Study 2021, we  +Collaborators listed at the end
modelled overweight and obesity across childhood and adolescence from 1990 to 2021, and then forecasted to 2050. of the Article

Primary data for our models included 1321 unique measured and self-reported anthropometric data sources from Correspondence to:

180 countries and territories from survey microdata, reports, and published literature. These data were used to estimate DrJessicaKerr, Centre for
age-standardised global, regional, and national overweight prevalence and obesity prevalence (separately) for children é:ﬁ’ﬁ;e:::::?h ?:ﬁﬁf:
and young adolescents (aged 5-14 years, typically in school and cared for by child health services) and older adolescents yelboyrne, vic 3052, Australia
(aged 15-24 years, increasingly out of school and cared for by adult services) by sex for 204 countries and territories from jessica kerr@mcri.edu.au
1990 to 2021. Prevalence estimates from 1990 to 2021 were generated using spatiotemporal Gaussian process regression

models, which leveraged temporal and spatial correlation in epidemiological trends to ensure comparability of results

across time and geography. Prevalence forecasts from 2022 to 2050 were generated using a generalised ensemble

modelling approach assuming continuation of current trends. For every age-sex-location population across time

(1990-2050), we estimated obesity (vs overweight) predominance using the log ratio of obesity percentage to overweight

percentage.

Findings Between 1990 and 2021, the combined prevalence of overweight and obesity in children and adolescents
doubled, and that of obesity alone tripled. By 2021, 931 million (95% uncertainty interval 89-6-96-6) individuals aged
5-14 years and 80- 6 million (78-2-83-3) aged 15-24 years had obesity. At the super-region level in 2021, the prevalence
of overweight and of obesity was highest in north Africa and the Middle East (eg, United Arab Emirates and Kuwait),
and the greatest increase from 1990 to 2021 was seen in southeast Asia, east Asia, and Oceania (eg, Taiwan [province of
China], Maldives, and China). By 2021, for females in both age groups, many countries in Australasia (eg, Australia)
and in high-income North America (eg, Canada) had already transitioned to obesity predominance, as had males and
females in a number of countries in north Africa and the Middle East (eg, United Arab Emirates and Qatar) and
Oceania (eg, Cook Islands and American Samoa). From 2022 to 2050, global increases in overweight (not obesity)
prevalence are forecasted to stabilise, yet the increase in the absolute proportion of the global population with obesity
is forecasted to be greater than between 1990 and 2021, with substantial increases forecast between 2022 and 2030,
which continue between 2031 and 2050. By 2050, super-region obesity prevalence is forecasted to remain highest in
north Africa and the Middle East (eg, United Arab Emiratesand Kuwait), and forecasted increases in obesity are still
expected to be largest across southeast Asia, east Asia, and Oceania (eg, Timor-Leste and North Korea), but also in
south Asia (eg, Nepal and Bangladesh). Compared with those aged 15-24 years, in most super-regions (except Latin
America and the Caribbean and the high-income super-region) a greater proportion of those aged 5-14 years are
forecasted to have obesity than overweight by 2050. Globally, 15-6% (12-7-17 - 2) of those aged 5-14 years are forecasted
to have obesity by 2050 (186 million [141-221]), compared with 14 - 2% (11-4-15-7) of those aged 15-24 years (175 million
[136-203]). We forecasted that by 2050, there will be more young males (aged 5-14 years) living with obesity
(16-5% [13-3-18-3]) than overweight (12-9% [12-2-13-6]); while for females (aged 5-24 years) and older males (aged
15-24 years), overweight will remain more prevalent than obesity. At a regional level, the following populations are
forecast to have transitioned to obesity (vs overweight) predominance before 2041-50: children and adolescents (males
and females aged 5-24 years) in north Africa and the Middle East and Tropical Latin America; males aged 5-14 years
in east Asia, central and southern sub-Saharan Africa, and central Latin America; females aged 5-14 years in
Australasia; females aged 15-24 years in Australasia, high-income North America, and southern sub-Saharan Africa;
and males aged 15-24 years in high-income North America.
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Interpretation Both overweight and obesity increased substantially in every world region between 1990 and 2021,
suggesting that current approaches to curbing increases in overweight and obesity have failed a generation of children
and adolescents. Beyond 2021, overweight during childhood and adolescence is forecast to stabilise due to further
increases in the population who have obesity. Increases in obesity are expected to continue for all populations in all
world regions. Because substantial change is forecasted to occur between 2022 and 2030, immediate actions are

needed to address this public health crisis.
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Introduction

Excess body mass is now well established as a leading
modifiable risk factor for death and disability-adjusted
life-years globally."* Although overweight in early life is
often framed as a risk for future health, obesity is
increasingly considered a complex chronic disease® that
has immediate impacts on child and adolescent physical
and mental health and causes serious disease and
dysfunction before adulthood (eg, metabolic-associated
fatty liver disease, hypertension, diabetes, and ovulatory
or endometrial dysfunction).*" Beyond the substantial
disease-related impacts, obesity also has crippling
societal impacts, with the total economic impact of
overweight and obesity estimated to exceed 3% of the
world’s gross domestic product by 2060.” Once obesity is

Research in context

Evidence before this study

Accurate data on obesity transitions are required to inform
effective policy and programming. To review the literature
focused on the past and future epidemiology of child and
adolescent overweight and obesity, we searched Ovid MEDLINE,
PubMed, and the grey literature for articles published to

April 30, 2024, with no language or year restrictions. We used the
terms “overweight and obese” and “prevalence or epidemiology”
and “forecasting or projection” and “children, adolescents, and
young adults”. Five global studies reported on overweight or
obesity prevalence and forward projections for children and
adolescents. One study focused on preschool-aged children (aged
0-5 years), and two focused on school-aged children and
adolescents (aged 5-17 years), of which one reported projected
prevalence estimates for 5-17-year-olds from 20 countries to
2025, and the other reported estimates for five world regions to
2010: the Americas, eastern Mediterranean, Europe, southeast
Asia, and western Pacific. One study published in 2022 included
an appendix table that reported global prevalence estimates
(161 countries) for children and adolescents younger than

20 years with projections to 2060, but without age-
disaggregated prevalence results. A further article from the grey
literature (the World Obesity Atlas) used many of the same
estimates to report prevalence and economic impact for

187 countries to 2035, with estimates for children and

established, it is difficult for children and adolescents to
return to normal weight”" Indeed, obesity rarely
resolves after adolescence,*"*” and further risks develop
in adulthood, including infertility, cancer, cardiovascular
diseases, and diseases of the liver and kidneys."""*2
Although population-level normal weight rather than
overweight should be the ultimate goal, because obesity
is associated with greater disease burden than
overweight,”* it is important to pinpoint population
groups that predominantly have overweight and those
that predominantly have obesity (ie, the majority of the
population has transitioned from overweight to obesity
[obesity transition]), as each of these health states signals
the need for a different balance of public health and
clinical responses.

adolescents aged 5-19 years. We also found a limited number of
multicountry comparisons (with fewer than ten countries), with
estimates that were limited by a narrow age window (or that did
not disaggregate by age within a wider period). Only one article
reported separate estimates (for two countries) showing the
proportion of not overweight, overweight, and obesity across the
life course to 2030. Articles focused on single-country prevalence
and projections were more likely to present some disaggregation
for age, socioeconomic status, or urban or rural location,

but separate estimates for overweight and obesity were
uncommon. While there are efforts to report contemporary
global estimates for overweight or obesity from the NCD Risk
Factor Collaboration, WHO's Global Health Observatory, and
previous iterations of the Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD), there are still important gaps in
knowledge across the developmental window from age 5 years to
24 years. Previous global studies have not analysed age-
disaggregated results for children and adolescents, nor have they
interrogated the transition from overweight to obesity
predominance for this age group. Most notably absent from the
literature are age-disaggregated country-level forecasts for
overweight prevalence and obesity prevalence that are necessary
to inform targeted action. Despite limitations, the available
literature describes a global epidemic among children and
adolescents that requires urgent attention.

(Continues on next page)
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Added value of this study

Using established methods from GBD 2021, in both 10-year
and 5-year age bands between ages 5 years and 24 years,

we report the estimated prevalence of overweight and of
obesity for 204 countries and territories, from 1990 to 2021,
with forecasts to 2050. We do this under a reference scenario
representing a probabilistic forecast of the most likely future.
To our knowledge, this is the most comprehensive forecasting
study on global, regional, and national overweight prevalence
and obesity prevalence in individuals aged 5-24 years to 2050.
Because public health actions differ significantly between
developmental periods, we summarise results for those aged
5-14 years compared with those aged 15-24 years. Unlike other
global reports, we pinpoint populations with current and
forecasted overweight predominance compared with obesity
predominance. This is important because while populations
that remain overweight-predominant can be targeted with
preventive interventions, adolescent populations that are
expected to transition to obesity predominance need to be
targeted with both preventive interventions and clinical
management strategies. GBD 2021 advances previous GBD
estimates for all risk factors including high BMI, with inclusion
of 189 new population-representative data sources
(1990-2021) for BMI, overweight, or obesity. GBD 2021
included an updated set of model covariates (eg, age-
standardised educational attainment) to better capture the
relationship between socioeconomic development and
overweight and obesity. Compared with other global reports,
this study included more primary data sources, including self-
reported as well as measured height and weight, and employed
a sex-specific and region-specific novel meta-regression
approach to reconcile differences between these
anthropometric assessments. This study allows us to make
novel investigations into the specific trajectories for countries
and regions throughout the world and identify priority
populations (age group and location) for intervention and
prevention across this developmental window.

The previously set WHO 2025 obesity target—no
increase between 2010 and 2025—has already been
missed by most countries.” The NCD Risk Factor
Collaboration (NCD-RisC) provides the most recent
global estimates for individuals aged 5-19 years,
reporting that 9-3% of boys and 6 - 9% of girls had obesity
in 2022, equating to 159 million school-aged children and
adolescents.” However, despite this and other reports
describing the change in obesity epidemiology and
obesity transitions over time,** few reports disaggregate
estimates across childhood and adolescence, or routinely
disaggregate overweight from obesity. Granular data are
essential for targeted advocacy, policy, and service
responses. Interventions for children and young
adolescents typically need to be targeted at school, at
home, and in the community, whereas older adolescents

Implications of all the available evidence

Children and adolescents remain a vulnerable population within
the obesity epidemic. To effectively set global and national
targets for child and adolescent obesity beyond the maturation
of the Sustainable Development Goals (SDGs) in 2030, we
provide decision makers access to contemporary and future
prevalence estimates to understand which regions and
population subgroups will require intervention and clinical
management strategies and which can still be primarily
targeted with prevention strategies. We forecast that by 2050,
360 million children and adolescents (aged 5-24 years) will be
living with obesity, a highly complex disease. This magnitude of
burden will not only incur substantial costs for health and
economic systems, but obesity comorbidities will negatively
affect these children and adolescents for decades to come,
including intergenerational effects on their offspring. Although
these findings indicate monumental failures in the
management of overweight and obesity across the entire
developmental window, our results also provide optimism that
a complete transition to global obesity can be avoided if action
comes now, before 2030. We pinpoint several population
subgroups that are forecasted to remain overweight-
predominant that should be targeted with obesity prevention
strategies (eg, much of Europe and central and south Asia,
among many other regions), compared with those subgroups
forecasted to become obesity-predominant that require urgent
interventions and clinical treatment. Multifaceted and
multisectoral interventions and treatments are now urgent for
many populations in north Africa and the Middle East, Latin
America, high-income North America, Australasia, and Oceania.
Within these regions, adolescent girls entering their
reproductive years with obesity are a priority population if we
are to avoid intergenerational transmission of obesity, non-
communicable diseases, and the dire financial and societal costs
across future generations. 5-year action plans, for 2025-30, are
urgently required to shift these forecasts and inform goal
setting in the post-SDG era.

typically need to be targeted outside of school.
Disaggregation is also important to effectively target
at-risk groups (eg, adolescent females and males entering
reproductive age) to prevent intergenerational obesity
transmission.” "

Contemporary estimates of child and adolescent
overweight and obesity are essential to prioritise
immediate resources."”*** Although obesity has been a
part of previous global action plans,” strategies have not
been universally supported or adopted across settings.**
Of note, the UN Sustainable Development Goals (SDGs)
for 2015-30 do not include any specific targets for
overweight and obesity.® Forecasted estimates can help to
inform new goals and targets in the post-SDG era.
Important considerations for future target setting include
understanding how quickly and when rates of obesity
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For the Global Health Data
Exchange see http://ghdx.
healthdata.org/

For the GBD 2021 Sources Tool
see https://ghdx.healthdata.org/
gbd-2021/sources

might rise in any given setting in the future, and when
populations are forecasted to tip over to obesity
predominance. To inform effective policy, it is also
important that estimates relate to policy-relevant age
groups, such as for schoolchildren and for adolescents
entering their reproductive years. While past efforts have
been made to forecast child and adolescent obesity,*
Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) forecasting models are more comprehensive
because they forecast estimates for more locations across
longer time periods, and use past trends together with the
composite covariate, Socio-demographic Index (SDI),
which captures the socioeconomic and demographic
development of a country, to inform future trend forecasts
(appendix 1 pp 11-12).

In this Article, we provide a comprehensive analysis
of past and present global, regional, and national shifts
in overweight prevalence and obesity prevalence,
separately and together, for 204 countries and territories
from 1990 to 2021 using data from 180 locations in GBD
2021. We provide estimates for policy-relevant childhood
or young adolescent (5-14 years) and older adolescent
(15-24 years) age bands. In extending previous global
analyses, we have an opportunity to inform the
post-SDG era from 2030 to 2050 by characterising the
current and the future epidemic through forecasting
the prevalence and overweight versus obesity
predominance if current trends were to persist. This
paper was produced as part of the GBD Collaborator
Network and in accordance with the GBD Protocol.*

Methods

Overview

Leveraging results from GBD 2021} we estimated the
prevalence of overweight, obesity, and overweight and
obesity combined in children and adolescents aged
5-24 years® for males and females separately for
204 countries and territories from 1990 to 2021, forecasting
prevalence from 2022 to 2050. Prevalence was stratified in
5-year age brackets (5-9, 10-14, 15-19, and 20-24 years) and
Dby sex for all locations. This wide age band for adolescence
(1024 years) aligns with new understandings of adolescent
development and reflects changes in biological growth and
social expectations that are highly relevant to current
societies.”** We defined overweight and obesity using
BMI (mass divided by the square of height, in kg/m?). For
adolescents aged 18-24 years, overweight was defined as a
BMI from 25-0 kg/m? to less than 30-0 kg/m2, and obesity
was defined as a BMI of 30-0 kg/m?2 or higher. For children
and adolescents aged 5-17 years, these classifications were
based on the International Obesity Task Force (IOTF)
criteria.” Derived from surveys covering multiple countries,
races, and ethnicities, these sex-age-specific cut points
provide consistent standards for overweight and obesity in
children and adolescents younger than 18 years. Specifically,
the IOTF cut points were derived from sex-specific BMI-
for-age curves that intercept with a BMI of 25 kg/m? for

overweight and a BMI of 30 kg/m2? for obesity at age
18 years, and therefore correspond to overweight and
obesity status in the population of older adolescents and
adults, which are known indicators of health risk.” We note
that BMI is not a perfect measure of individual-level health
or disease risk, which depends on various factors (eg,
ethnicity*), but it is deemed an acceptable measure for
large-scale monitoring of population-level risk.” Further
details on the definition of overweight and obesity can be
found in appendix 1 (pp 3-4).

This study complies with the GATHER statement
(appendix 1 p 38).” Analyses were completed with R
version 4.4.0 and Python version 3.10. All codes used in
the analysis are available upon request.

Data sources
We identified population-representative data on BMI,
overweight, and obesity through a systematic search
through the Global Health Data Exchange (GHDx;
appendix 1 p 3). We included both self-reported and directly
measured heights, weights, and BMI obtained from survey
data at the national level, as well as at the subnational (state
or province) level for 20 countries (including China, the
USA, and Brazil; appendix 1 p 3). We excluded data if based
on non-random samples or data limited to specific
subpopulations that were not representative of the general
population. We also excluded sample sizes of less than
20 per 5-year age-sex group or data based on alternative
measures such as waistto-hip ratio and waist
circumference, because conversion to equivalent
BMI-based prevalence estimates is unreliable (see
appendix 1 p 3 for details on full inclusion and exclusion
criteria). In total, exclusions resulted in the removal of data
associated with 1463 615 individuals (8 -4%) aged 5-24 years.
We included 1321 data sources from 180 countries and
territories that provided relevant data among children and
adolescents covering the period from 1990 to 2021. Of these
1321 unique data sources, 743 were measured and 578 were
based on self-report. Sources included multicountry survey
programmes (eg, Demographic Health Surveys [DHS], the
UNICEF Multiple Indicator Cluster Surveys, the WHO
STEPwise Approach to Surveillance programme [STEPS],
European Health Interview Survey, the EU Eurobarometer
Surveys, Health Behaviour in School-aged Children
Survey), national surveys (eg, the US National Health and
Nutrition Examination Survey, US Behavioural Risk Factor
Survellance System, Australian National Health Survey,
South Korea National Health and Nutrition Examination
Survey), and longitudinal population-representative studies
(eg, Living Standards Measurement Study, Understanding
the Lives of Adolescents and Young Adults in Bihar and
Uttar Pradesh). The complete list of data sources is
accessible via the GHDx GBD 2021 Sources Tool. From all
sources, we extracted individual-level microdata or
tabulated reports, excluding any data with sample sizes less
than ten. Finally, we conducted rigorous quality checks to
eliminate implausible data entries (eg, BMI >80 kg/m?2),
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Overweight (not obesity) among individuals aged 5-14 years Obesity among individuals aged 5-14 years
Prevalence, %  Estimated mean number Observed relative  Forecasted relative  Prevalence, %  Estimated mean number Observed Forecasted
change in change in relative change  relative change in
prevalence, prevalence, in prevalence, prevalence,
1990-2021, % 2021-50, % 1990-2021, % 2021-50, %
Global
1990 6:7% 75243389 2:0% 22942921
(6-5t07-0) (723418250 78289161) (19t02:2) (21742500 to 24258536)
2021 11-2% 151568150 66-0% 6:9% 93086637 236-9%
(10-8t011-6)  (146112286t0157518737)  (57-2t0 74-8) (6-6t072)  (89574689t096614458)  (213-5t0259-3)
2030 12:2% 158595891 9-1% 115968998
(11-7t012-8) (151005504 to 167389 927) (8:4t097) (105692721 to 124623 970)
2050 14-1% 169814584 26-2% 15-6% 185686 624 126:0%
(13:4t014-8)  (149896591t0191865418) (21-3t029-7) (12:7t0172) (141316168 t0220657573) (85-6 to 147-3)
Central Europe, eastern Europe, and central Asia
1990 10-1% 7023174 34% 2385177
(94t010-8)  (65680761t07510363) (31t038)  (2183778t02605458)
2021 14-7% 8063313 45-7% 7-6% 4149156 121.0%
(13-4t016.0) (7371161 to 8 821422) (32:0t0 62:0) (6-8t085) (3717097 to 4634258) (92210 152.7)
2030 15-7% 7808964 87% 4236425
(14-4t017-1) (6993044 to 8703181) (78t09:9) (3680184 to 4838256)
2050 17-6% 7547670 20-5% 12-1% 5138219 60-5%
(156t0195) (6409391 to 8748 636) (8:9t0283) (9-8t0142)  (3992211t06197182) (33-8t0 80-6)
High income
1990 12-8% 16090998 52% 6552809
(11-8t013:9)  (14842130t017508108) (4-6t06:0) (5779504 t07517428)
2021 18-2% 22368084 42-7% 12-0% 14620117 129-7%
(171t0193)  (21028360t023726088)  (27-8t057-6) (111t012:9)  (13529456t015809342)  (93-6t0168.0)
2030 19-0% 21355633 14-2% 15841741
(17-6t020-3)  (19721377t023108751) (13-0t015-4) (14278097 to 17329138)
2050 20-2% 21463442 11-4% 19-8% 20824688 651%
(18-4t0216) (18982913 to 24257 458) (55t015-1) (16-8t022:1) (17045368 to 24145394) (43-5t078-8)
Latin America and Caribbean
1990 11-5% 10850890 32% 3049113
(10-4t012:7) (9862444 t011967425) (2:8t037) (2672867103478577)
2021 182% 17514858 59-3% 11-8% 11225995 265-4%
(16:9t019:7)  (16215190t018898194)  (42:0t0 80-7) (10-6t013-0) (10161933t012393376)  (207-8t0325:3)
2030 193% 17972529 15-5% 14285633
(17-9t020-8) (16381873 t0 19735605) (13-4t017-5) (12265561 t0 16293730)
2050 20-3% 15511318 11-4% 26-5% 20044342 1262%
(18-5t022:3) (13234280 t0 18140 882) (4-0t017-9) (20-0t030-8) (14396 995 to 24 851629) (77-6 t0152-6)
North Africa and Middle East
1990 10-2% 9086281 3:0% 2649424
(9-5to11-1) (8413 098t0 9832 428) (2:7t033) (2392808 t0 2935100)
2021 17-6% 21448748 72:2% 16-0% 19577938 443-5%
(16-4t0187) (19969532 t022880779) (55:3t0 89-6) (14-9t0172) (18223444t021013188) (380-6 t0 509-7)
2030 181% 21999432 21-7% 26023494
(167t019-4) (20171810 to 23858235) (192t023-8) (22753130t0 28 889586)
2050 16-9% 20378133 -3-8% 36-4% 43413693 126-9%
(15-0t018-8)  (16837721t024255132) (-12-7t05-2) (28-7t041-7)  (32595960t053092189) (80-9to 155-7)
South Asia
1990 33% 9119534 0-9% 2418918
(27t041) (7393112 to 11229 221) (0-7t011) (1835472 to 3125246)
2021 6:3% 22301783 92:6% 32% 10993705 276-9%
(52to 7-6) (18165032 to 26 860 632) (42:5t0156-0) (2:5t03:9) (8752745 t0 13360 876) (164-0t0 420-0)
2030 7:3% 22694597 4-5% 13728907
(6-0t0 8:7) (18014 475 to 27 223 499) (36t054)  (10715112t0 17004 067)
2050 9-3% 21750968 485 83% 18807225 156-4%
(77t0111) (162644190 27940590) (36:1t058-3) (6:0t010-5) (1233638710 25346 436) (1004 t0190-4)
(Table 1 continues on next page)
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Overweight (not obesity) among individuals aged 5-14 years

Obesity among individuals aged 5-14 years

Prevalence, %  Estimated mean number Observed relative  Forecasted relative ~ Prevalence, %  Estimated mean number Observed Forecasted
changein changein relative change  relative change in
prevalence, prevalence, in prevalence, prevalence,
1990-2021, % 2021-50, % 1990-2021, % 2021-50, %

(Continued from previous page)
Southeast Asia, east Asia, and Oceania
1990 4-6% 15029811 12% 3843897

(4410 4-8) (1431389110 15717392) (11t013) (3604901 to 4089 638)

2021 9-7% 29640569 111-4% 59% 18137955 403-9%

(92t0101)  (28295024t031005348)  (98:7t0124-8) (56t062)  (17226690t019127296) (3651 to 445-8)

2030 10-8% 28333414 8:0% 20020678

(101to11-4) (25952142 t030569694) (6-8t08:8) (16860945 to 22502896)

2050 13-1% 25626555 352% 14-9% 28621580 154-6%

(11-6t014:3) (21842103 t029187678) (22:0t0 46-8) (93t017:9) (1714474610 36 411483) (61-2t0201-6)

Sub-Saharan Africa
1990 6-0% 8042700 1.5% 2043582

(5610 6-4) (7565817 to 8571411) (114t01:6)  (1884720t02217821)

2021 10-0% 30230795 671% 47% 14381772 215-8%

(94t0107) (28316592 t0 32325748) (53-1t0 82-4) (4-4t051) (13411550 to 15405 705) (185-0t0 248-8)

2030 11-1% 38431321 6:3% 21832118

(10-4t011:9) (35239954 t042294721) (5-8t0 6-8) (19787132 to 24089710)

2050 13:3% 57536497 33:3% 11-4% 48836876 140-3%

(12-4t014-4) (48607632 to 67262 601) (281t037-8) (9-9to 12.5) (39922662 to 57534 015) (115-7to 155-2)

Values in parentheses are 95% uncertainty intervals. Estimates specific to overweight and obesity, by sex, age group, and region are provided in appendix 1 (pp 45-49, 54-57, 62-65, 70-71).

Table 1: Age-standardised prevalence, percentage change, and number of children aged 5-14 years with overweight and obesity in 1990, 2021, 2030, 2050, globally and within super-

regions

duplications, or inconsistencies. Additional information on
the search strategy, inclusion criteria, and data extraction
process is also available in previous GBD publications"*
and in appendix 1 (p 3).

Data standardisation

Objectively measured height and weight data are
considered the gold standard, but self-reported data were
still included in this report. Self-report measurements
can underestimate height and weight, and biases can
vary by race and ethnicity, age, and sex.*** However,
because there is reasonable correlation between self-
report and measured data, self-report data are still
recommended for use in large epidemiological studies,
granted that sources of bias are addressed.” Indeed,
reasonable convergence has been found in previous
studies using models to correct self-report bias.****
Therefore, in contrast to previous GBD publications, to
correct for potential biases, we used an updated and
more robust method to adjust the self-reported height
and weight data. This novel method was based on meta-
regression—Bayesian, regularised, trimmed (MR-BRT),
and used datasets that provided both self-reported and
measured data.* Although we acknowledge that some
bias might remain, we developed sex-specific and
region-specific  MR-BRT models to estimate bias-
correction factors, which were then subsequently applied
to self-reported prevalence data from adolescents aged
15-24 years. Corrections were not made for prevalence

data from those aged 5-14 years, as these data were all
measured data. Details of the bias correction method
can be found in appendix 1 (pp 7-8).

Overall adjustments were also made to standardise
data that were reported in intervals that differed from
GBD conventions (ie, 5-9 years, 10-14 years, 15-19 years,
and 20-24 years). We derived an age-sex splitting model"**
using available survey microdata to estimate the
underlying age-sex structure, then redistributed
aggregated prevalence values into the specific 5-year age
and sex categories according to the estimated structure
(appendix 1p 7).

Estimation of overweight and obesity prevalence 1990
t0 2021

As applied in other studies,"** we used spatiotemporal
Gaussian process regression (ST-GPR) to generate a
retrospective time series for the prevalence of overweight
and obesity by age, sex, and year for each location from
1990 to 2021 (appendix 1 p 10). A linear regression model
was used to estimate mean function of ST-GPR based on a
set of covariates (eg, urbanicity). Compared with previous
GBD iterations, we updated the covariate set, including
age-standardised educational attainment level and the
proportion of the population working in agriculture. This
new covariate set helps to capture the relationship between
socioeconomic development and overweight and obesity.***
Given the unique magnitude of the obesity epidemic in the
USA, and to maximise the use of available data in the USA,
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Overweight (not obesity) among individuals aged 15-24 years

Obesity among individuals aged 15-24 years

Prevalence, %  Estimated mean number Observed relative  Forecasted Prevalence, %  Estimated mean number Observed Forecasted
change in relative change in relative change  relative change
prevalence, prevalence, in prevalence, in prevalence,
1990-2021, % 2021-50, % 1990-2021, % 2021-50, %

Global
1990 8.0% 80796236 1:9% 18888788

(78t082) (786226820 83125166) (1-8t01:9) (18315960 t019538335)

2021 13-7% 168015855 72-1% 6-6% 80623835 2533%

(13-2t014-3) (161929465t0174237911) (64-1t0 80-1) (6410 6-8) (78209565 to 83259764) (236-5t0269-1)

2030 15-2% 203503516 87% 115922532

(14-6t0158) (194761251 to 213139082) (79t092) (106109049 to 123183105)

2050 17-5% 215497572 28-0% 14-2% 174535945 114-4%

(167t018-3) (194432157 to 237 425261) (22:6 t0 31-4) (11-4t0157) (136380887 t0202753539) (74-2t0135°5)

Central Europe, eastern Europe, and central Asia
1990 10-4% 6393737 2:5% 1520127

(97t0112) (5991318 to 6875256) (22t027) (1384756 t01662134)

2021 16-0% 7414493 54-7% 6-1% 2845371 149-4%

(15-0t0171)  (69547481t07896302) (397 t0 70-0) (5-6t0 6-8) (2605150 to 3147318) (118710 184-9)

2030 17-0% 9210192 7-3% 3924467

(15-8t018-3)  (8396842t010020044) (6:4t08-2) (3389850 t0 4443520)

2050 19-3% 8263011 20-6% 10-0% 4301948 63-0%

(172t0211)  (7053410t0 9398791) (8:7t027-2) (80to117)  (3349052t05152388) (35-0to 82-1)

High income
1990 142% 20083686 5.0% 7049954

(13-7t0147) (19397232t020770417) (47t05-2) (6709222 t07401271)

2021 20-0% 25792669 40-8% 14-9% 19274887 199-3%

(191t020-9) (24687914 t0 26 950 054) (33-2t0 48-9) (141t0157) (18262054 to 20348 660) (179-2 t0 221-0)

2030 20-8% 27238880 17-2% 22615280

(19-9t021-8) (25844243 t028709740) (15:9t018-3) (20892733t024247776)

2050 21-9% 25383514 9-6% 23:1% 26985781 55-4%

(20-7t0231) (23246536 t027992060) (5-2t012-5) (19-9t025-4) (22500298 to 30647437) (36-7t0 67-4)

Latin America and Caribbean
1990 14-5% 11326254 37% 2870352

(13-4t015:7) (1049972010 12288247) (33to41) (2564888103176 054)

2021 22-4% 21675403 54-8% 13-5% 13074142 266-7%

(21.0t023-8) (20333720t023018983) (39-0t0 70-2) (12:4t014-6) (12057092 to 14232795) (221-5-322-4)

2030 23-6% 22314662 17-8% 16844434

(22:0t025-2) (20538915 to 24146 027) (159t0197) (14772145t018921536)

2050 23-8% 19971577 6-4% 29-0% 24391386 115:3%

(21-8t025-9) (17548665 to 22737 816) (-0-4t011:7) (225t033-1) (1828146910 29614 627) (70-4-139-6)

North Africa and Middle East
1990 12:9% 8552833 3-3% 2164546

(121t013-8) (8000973t09128104) (3:0t03-6) (1959774 to2392515)

2021 21-9% 22572310 69-4% 15-8% 16269385 380-2%

(20-8t022-8) (21511948 to 23533301) (55-5to 83-5) (14-9t016-6) (15430773 to 17110550) (328-2t0 441-6)

2030 22:6% 27334037 21-5% 25995165

(21:5t0237)  (25499549t029179952) (19:3t023-2) (23293218 t028523549)

2050 21-5% 25589351 -1.9% 357% 42630500 126-0%

(19-4t0233) (217109351029 638458) (-10-2t0 5:6) (27710 40-5) (31937376 to 50 644300) (78-8t0155-4)

South Asia
1990 4-4% 9104094 0-5% 1020030

(3-7t05-3) (7563435 to 10 870550) (0-4t0 0-6) (817433t01265853)

2021 9-6% 33635101 120-9% 2:3% 8152635 379:3%

(8-2t011-4) (28631156 t039774122) (70-1t0177-3) (1-9t02:9)  (6650355t09982873) (247210 526-8)

2030 112% 38694834 3-4% 11855970

(95t0132) (32256880 to 46 076135) (2:8t041) (9509024 to 14469 484)

2050 14-8% 40301650 55-5% 67% 18147759 175-9%

(12-4t0173) (31283034 t050465698) (417 t0 65-4) (47t084) (12495128 t023925273) (113-1t0 213-5)

(Table 2 continues on next page)
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Overweight (not obesity) among individuals aged 15-24 years Obesity among individuals aged 15-24 years
Prevalence, % Estimated mean number Observed relative  Forecasted Prevalence, %  Estimated mean number Observed Forecasted
change in relative change in relative change  relative change
prevalence, prevalence, in prevalence, in prevalence,
1990-2021, % 2021-50, % 1990-2021, % 2021-50, %
(Continued from previous page)
Southeast Asia, east Asia, and Oceania
1990 52% 19072477 0-8% 3026996
(50t055) (18211913 t020041949) (0-8t00:9) (2840492 to 3224740)
2021 11-6% 31430388 121:4% 4:7% 12828373 4693%
(111t012:1) (30161562 t032691911) (108-6 t0 134-2) (45t050)  (12202122t013532828) (421:9t0 518-9)
2030 13-8% 41381775 6-9% 20839616
(12-8t014-5) (3793641710 44629617) (5-8t07-6) (17249508- 23311346)
2050 16-4% 33041788 41-5% 12.7% 25622610 169-0%
(14-8t017-6) (28464375 to 37333495) (28410 48-8) (7-8t0153) (15298 911-32561956) (67-210220-2)
Sub-Saharan Africa
1990 67% 6263154 13% 1236783
(63t072) (5885966 to 6718049) (12to15) (1124067 to01354849)
2021 11-3% 25495491 67-6% 3-6% 8179043 172-3%
(10-6t012:0) (24024159 to 27 065979) (52:8t0827) (3-4t03-9) (7590213 to 8883136) (139:9t0 207-6)
2030 12-8% 37329135 4-8% 13847602
(120t013:6) (34562012 to 40278288) (44t052)  (12655241t015271729)
2050 16-1% 62946 680 42-7% 83% 32455960 128:5%
(149t017-1) (55666755t070117792) (36:9t0 47-8) (71t09-2) (26569446 to 38062 454) (103-2to 144-9)
Values in parentheses are 95% uncertainty intervals. Estimates specific to overweight and obesity, by sex, age group, and region are provided in appendix 1 (pp 45, 50-53, 58-61, 66-69, 72-73).
Table 2: Age-standardised prevalence, percentage change, and number of adolescents aged 15-24 years with overweight and obesity in 1990, 2021, 2030, 2050, globally and within
super-regions

a separate selfreport bias adjustment was completed for
this country. Specifically, prevalence estimation was done
separately using national-level and state-level data. The
USA-specific results were subsequently corroborated and
combined with the global findings.” The 95% uncertainty
intervals (Uls) for the final estimates were derived from the
2-5th and 97-5th percentiles of 1000 draws from the
posterior distribution of ST-GPR. Further detail relevant to
all methods can be found in appendix 1 (pp 3-37) and past
GBD publications.”” Obesity (versus overweight)
predominance in a region, country, or population is
considered present when there is more obesity than there
is overweight, signalled by the log ratio of obesity
percentage to overweight percentage exceeding zero.
Obesity transition is defined as having shifted to obesity
versus overweight predominance.

Forecasting overweight and obesity prevalence from
2022 to 2050

We forecasted estimates for a reference scenario, a
probabilistic forecast based on past trends. Using
prevalence estimates from 1990 to 2021 as inputs, we
applied a generalised ensemble modelling approach to
forecast the future prevalence of overweight and obesity
from 2022 to 2050 (appendix 1 pp 11-12). This approach
draws on the predictive strength of 12 submodels, six of
which were annualised rate-of-change models with
distinctive recency weights to put varying emphasis on

recent year-over-year trends. The other six submodels
employed a two-stage MR-BRT spline model with varying
specifications, using SDI as a covariate”*” Forecasted
obesity prevalence was estimated by multiplying forecasted
overweight and obesity prevalence by the forecasted
proportion of obesity among the population with
overweight for each draw. The accuracy of the forecast
results and the selection of the best models were based on
cross-validation methods across a 10-year holdout period
from 2012 to 2021. Full details are described in previous
publications” and in appendix 1 (pp 11-12).

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

Total prevalence of overweight and obesity across
childhood and adolescence

In 2021, 18-1% (95% UI 17-5-18-7) of individuals aged
5-14 years and 20- 3% (19-7-21-0) of those aged 15-24 years
were living with overweight or obesity across the world,
equating to 493 million (483-505) young people (tables 1, 2;
appendix 1 pp 45-73). This represents a doubling of
prevalence since 1990, when it was 8-8% (8-5-9-1) for
individuals aged 5-14 years and 9-9% (9-6-10-1) for those
aged 15-24 years. Across this same timeframe, the
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prevalence of obesity tripled from 2-0% (1-9-2-0) in 1990
to 6-8% (6-6-7-0) in 2021 for both age groups combined
(244-0% increase [229-5-258-8]), affecting a total of
174 million (169-178) children and adolescents in 2021
(931 million [89-6-96- 6] aged 5-14 years and 80-6 million
[78-2-83-3] aged 15-24 years).

Observed transitions between 1990 and 2021

There was substantial geographical variation in weight gain
by super-region and age. For all children and adolescents
(aged 5-14 years and 15-24 years), increases in overweight
and obesity between 1990 and 2021 were fastest in north
Africa and the Middle East, Latin America and the
Caribbean, and in the high-income super-region from 1990

to 2005 (figure 1). In Latin America and the Caribbean,
gains were mainly driven by tropical Latin America (eg,
Brazil), and in the high-income super-region by the Asia
Pacific region (eg, Singapore), with other high-income
regions (eg, North America and Australasia) having already
made the majority of their gains before 1990 (figure 2).
Around 2021, obesity prevalence remained on a rapid
growth trajectory, whereas growth in overweight prevalence
was beginning to slow in Latin America and the Caribbean
and north Africa and the Middle East. Observed
accelerations in obesity prevalence were particularly rapid
in north Africa and the Middle East between 2010 and 2021.
Due to these rapid increases, the average 2021 prevalence
was greatest in north Africa and the Middle East,
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Figure 1: Trajectories of the estimated prevalence of overweight and obesity among children and adolescents, 1990-2050, by super-region
(A) Overweight (top) and obesity (bottom) among children and young adolescents aged 5-14 years. (B) Overweight (top) and obesity (bottom) among older

adolescents aged 15-24 years. Note: y-axes differ between graphs.

particularly among adolescent females (appendix 1
pp 66—69). Globally, females aged 15-24 years in this super-
region were the only super-region subgroup to exceed 40%
prevalence of overweight and obesity combined in 2021
(obesity 18-3% [17-1-19-7], overweight 23-9% [22-4-25- 3]).
However, at a regional level, unlike any other population
subgroups across the world, females in Australasia (aged
5-14 years and 15-24 years) and in high-income North
America (aged 15-24 years) transitioned to obesity (vs
overweight) predominance before 2021 (figure 3; appendix 1
pp 74-235). This transition for female adolescents occurred
as early as 2010 in Australia and the USA (appendix 1
Pp 236-243). Although no other region made this transition

as quickly as female children and adolescents in high-
income North America and Australasia, by 2021, female
populations in several countries (eg, United Arab Emirates,
Qatar, Virgin Islands, and Puerto Rico) in these three super-
regions (high income, Latin America and the Caribbean,
and north Africa and the Middle East) were already or were
close to becoming obesity-predominant (appendix 1
pp 236-243).

Conversely, in all other super-regions (southeast Asia,
east Asia, and Oceania; central Europe, eastern Europe,
and central Asia; sub-Saharan Africa; and south Asia),
the annual percentage changes for increases in both
overweight and obesity were steadier between 1990 and
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Figure 2: Prevalence of overweight and obesity among children and adolescents, 2021, and percentage change, 1990-2021
(A) Children and young adolescents aged 5-14 years. (B) Older adolescents aged 15-24 years. No estimates are available for Western Sahara, French Guiana, or Svalbard, as these were not modelled
locations in the Global Burden of Diseases, Injuries, and Risk Factors Study 2021.
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2021, resulting in lower prevalence in 2021 (figure 1).
However, beyond 2015, we observed heterogeneity within
the super-region of southeast Asia, east Asia, and
Oceania. Specifically, because multiple countries in
Oceania (eg, Cook Islands and American Samoa)
transitioned to obesity predominance before or between
1990 and 2010 (appendix 1 pp 236-243), overall change
between 1990 and 2021 was less in Oceania than in east
Asia and southeast Asia (appendix 1 pp 62-69). Change
in obesity was very pronounced in east Asia between
1990 and 2021 in both those aged 5-14 vyears
(488-5% [95% UI 440-4-539-7]) and aged 15-24 years
(597-2% [537-2-657-8]). As a result, obesity prevalence
in this super-region in 2021 was highest for young males
in east Asia and for females in Oceania (appendix 1
pp 62-69). Although the average obesity prevalence
remained below overweight prevalence in all three of
these regions by 2021 (appendix 1 pp 74-235), most
countries in Oceania (but not in east or southeast Asia)
had transitioned to obesity predominance by 2021
(appendix 1 pp 236-243).

Forecasted transitions between 2022 and 2050

If current trends continue, we forecast that around a third
of the world’s children and adolescents will have
overweight or obesity by 2050 (tables 1, 2; appendix 1
pp 45-53), equating to 356 million (95% UI 295-411)
young people aged 5-14 years and 390 million (331-440)
aged 15-24 years (total 746 million [627-851]). Of those,
360 million (278-422) children and adolescents would
have obesity by 2050 (tables 1, 2), the result of a 120-7%
(80-7-141-6) increase in prevalence. Globally, 9-1%
(8-4-9-7) of those aged 5-14 years are forecasted to have
obesity by 2030, increasing to 15-6% (12-7-17-2), or
186 million individuals [141-221]), by 2050. Despite being
estimated to have rapid increases in obesity during the
forecasted period (appendix 1 p 279), obesity prevalence in
adolescents aged 15-24 years is forecasted to remain
lower than that in younger children and adolescents, at
8.7% (7-9-9-2) in 2030 and 14.2% (11.4-15.7), or
175 million individuals (136-203), by 2050. Largely, this
difference between age groups is driven by higher forecast
changes in obesity rates among those aged 5-14 years
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Figure 3: Ratio of obesity to overweight, 1990-2050, by time period, age, sex, super-region, and region
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versus those aged 15-24 years in Africa (north Africa and
the Middle East and sub-Saharan Africa), central and
eastern Europe, and Asia. On average, obesity prevalence
in 2050 is forecasted to be greater among those aged
15-24 years than among the younger age groups only in
the high-income super-region and in Latin America and
the Caribbean (tables 1, 2).

At the super-region level, tables 1 and 2 show that the
largest forecasted increase in obesity occurs across south
Asia (eg, Nepal) and southeast Asia, east Asia, and
Oceania (eg, North Korea). The populations that are
forecasted to have the most rapid accelerations in obesity
during the forecasted period (eg, Latin America and the
Caribbean [including Mexico and Barbados] and north
Africa and the Middle East [including Egypt and Iran])
are also forecasted to have plateaus or declines in
overweight prevalence as greater proportions of their
populations shift to obesity status (figure 1; appendix 1
p 245). The prevalence in 2050 is forecasted to be greatest
in Latin America and the Caribbean and in north Africa
and the Middle East, where around half of all children
and adolescents will have overweight or obesity and
around a third will have obesity (tables 1, 2; appendix 1
p 45). By 2050, in just the Latin America and the
Caribbean (44-4 million [95% UI 32-9-53-7]) and north
Africa and the Middle East super-regions (86-0 million
[65-4-103]), 130 million children and adolescents are
forecasted to have obesity, equating to around a third of
the world’s children and adolescents with obesity
(tables 1, 2). Comparatively, the southeast Asia, east Asia,
and Oceania super-region will be partway through its
transition to obesity predominance (figure 3). Central
Europe, eastern Europe, and central Asia; south Asia;
and sub-Saharan Africa will be earlier in their transition
to obesity predominance (figure 3). Despite these super-
regions being earlier in their transition, because of a
large population size, a quarter of the world’s population
of children and adolescents with obesity are forecasted to
live in sub-Saharan Africa by 2050 (81-3 million
[66-7-95-5]).

Super-regions forecasted to be obesity-predominant

By 2030-50, Latin America and the Caribbean, north
Africa and the Middle East, and the high-income super-
region will be late in their obesity transition, signalled by
many population subgroups having transitioned to
obesity predominance during this period (figure 3).
Between 2020 and 2040, obesity is forecasted to become
predominant for most young people aged 5-24 years in
tropical Latin America (eg, Brazil) and north Africa and
the Middle East. In addition to other countries and
population subgroups (figure 3; appendix 1 pp 236-243),
by 2030-40 obesity is also forecasted to become
predominant for young males aged 5-14 years in central
Latin America (eg, Mexico, Venezuela, and Costa Rica),
and for females in Australasia (age 5-24 years; eg
Australia) and for adolescent males and females in

high-income North America (age 15-24 years; eg, the
USA). At the country level, obesity estimates in 2050
within such regions are expected to be highest in north
African and Middle Eastern countries, particularly in the
United Arab Emirates, Kuwait, Saudi Arabia, and
Bahrain (appendix 1 pp 246-251, 264-275). Obesity
estimates are also noteworthy in Caribbean countries
such as Dominica and the Virgin Islands. Despite these
patterns, there are some countries and regions across
these three super-regions where this obesity transition is
not forecasted to occur—eg, high-income Asia Pacific,
Andean Latin America, and some north African and
Middle Eastern countries such as Tirkiye and
Afghanistan (appendix 1 pp 236-243). Figure 3 also
shows key differences by age and sex, with more
populations of females aged 5-14 years and males aged
15-24years forecasted to remain overweight-predominant
in these obesity-predominant super-regions.

Super-regions forecasted to be overweight-
predominant

Compared with obesity prevalence across the three super-
regions outlined above (north Africa and the Middle East,
Latin America and the Caribbean, and the high-income
super-region), there are several examples of lower
forecasted obesity prevalence (appendix 1 pp 246-251,
264-275) and of forecasted overweight predominance in
the super-regions that began transitioning to overweight
and obesity later in time. Despite some substantial
increases in obesity among certain subpopulations (eg,
males in South Sudan and Eritrea [eastern sub-Saharan
Africa); appendix 1 pp 62-69), numerous settings are
expected to remain overweight-predominant by 2041-50
(figure 3), including the majority of subpopulations in
central and eastern Europe, central Asia, south Asia,
southeast Asia, and western and eastern sub-Saharan
Africa. Figure 3 also shows age and sex differences in east
Asia and southern sub-Saharan Africa. Distinct from their
surrounding super-region, outlier populations in the
following locations are expected to become obesity-
predominant by 2041-50: males aged 5-14 years in east
Asia and central sub-Saharan Africa, and males aged
5-14 years and females aged 15-24 years in southern sub-
Saharan Africa; and males and females aged 5-24 years
across several Oceanic countries (appendix 1 238-242). In
fact, because most Oceanic countries transitioned to
obesity before 2021, by 2050, the Cook Islands, Tonga,
Northern Mariana Islands, and Nauru are forecasted to
have some of the highest obesity estimates (eg, 60-70%) in
the world (appendix 1 pp 246-251). These countries with
very high forecasted obesity prevalence are expected to
decrease in overweight prevalence during the forecasted
period as most of the population shifts from overweight to
obesity status. Despite these patterns, it is noteworthy that
the average overweight prevalence in Oceania is yet to
stabilise at the regional level (appendix 1 pp 54-61, 74-235).
This is because the regional trends for Oceania are largely
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Figure 4: Forecasted prevalence of overweight and obesity among children and adolescents, 2050, and percentage change, 2021-50
(A) Children and young adolescents aged 5-14 years. (B) Older adolescents aged 15-24 years. No estimates are available for Western Sahara, French Guiana, or Svalbard, as these were not modelled

locations in the Global Burden of Diseases, Injuries, and Risk Factors Study 2021.
driven by the more populous Papua New Guinea, where Overall patterns

child and adolescent obesity prevalence is forecasted to These forecasted patterns signal sex-related aspects of
remain very low but where overweight will still increase. weight (appendix 1 p 244) in ways that are distinct for
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individuals aged 5-14 years versus those aged 15-24 years.
Globally, males aged 5-14 years are the only population
subgroup forecast to become obesity-predominant before
2050, in around 2040 (appendix 1 pp 74-154). Specifically,
by 2050 we forecasted that 16-5% (13-3-18-3) of young
males will be living with obesity, compared with 12-9%
(12-2-13-6) living with overweight. Figure 4 shows the
overall changes anticipated in all regions for boys and
girls in both the younger and older age groups, regardless
of age-related and sex-related effects. If trends continue,
at a global level, there will only be a handful of countries
with remaining low prevalence of overweight and obesity
by 2050: in eastern and western sub-Saharan Africa (eg,
Mozambique, Ethiopia, and Niger) and south and
southeast Asia (eg, India and Indonesia). Despite the
relative percentage change in global overweight and
obesity being lower during the future period (2021-50;
figure 4) than during the past period (1990-2021;
figure 2), the absolute gain in the proportion of the
population with obesity alone is forecasted to be greater
in the future (figure 5; appendix 1 pp 276-277). Across all
regions, sexes, and both child and adolescent age groups,
substantial increases are forecast in the absolute gain in
obesity prevalence during the 8 years between 2022 and
2030, which continues beyond 2031 to 2050 (figure 5).

Discussion

Principal findings

The global prevalence of obesity in children and
adolescents increased by 244-0% (95% UI 229-5-258-8)
between 1990 and 2021. Obesity is forecasted to increase
by a further 120-7% (80-7-141- 6) between 2021 and 2050,
with this future period marked by greater absolute
increases in the proportion of children and adolescents
who have obesity. Without immediate action, around a
third (746 million) of the world’s children and adolescents
are expected to be living with overweight or obesity by
2050, of whom approximately half (360 million) will have
obesity. Globally and throughout many regions (eg,
Africa and Asia), the younger population (aged 5-14 years)
is expected to fare the worst, especially young males.
Without urgent policy reform and action, the transition
to obesity will be particularly rapid in north Africa and
the Middle East and in Latin America and the Caribbean,
where the rise in prevalence is concurrent with high
population numbers. By 2050, a third of the world’s
children and adolescents with obesity are expected to live
in these two super-regions. The ongoing transition to
obesity will be particularly devastating for several Oceanic
countries, where obesity prevalence is expected to reach
70% by 2050.

The prevalence of overweight is forecasted to plateau in
some regions, but this is primarily due to more of the
population transitioning to obesity. In contrast to recent
commentary,*®” there is no indication of any plateau in
the increase of obesity prevalence, which is not expected
to stabilise in any region before 2050. If these global
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Figure 5: Change in the percentage of children and adolescents with obesity, 1990-2050, by super-region and

by sex

(A) Children and young adolescents aged 5-14 years. (B) Older adolescents aged 15-24 years. Values shown on

each bar represent the percentage increase in obesity prevalence for a given time period.

forecasts are realised, the impacts will not only be
overwhelming for individuals, but the resulting burden
will be devastating across health, social, planetary, and
economic systems."”” Obesity in these young populations
will impact future societal and economic developments if
the forthcoming workforce carries this large disease
burden. At the individual level, child and adolescent
obesity will immediately affect young lives.*® There will
be even greater effects on their future lives"*”* and on
their offspring,®* as children and adolescents with
obesity are highly likely to become adults with obesity.”*
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The lack of reprieve in some high-income regions, in
Latin America, and across north Africa, the Middle East,
and Oceania will establish obesity across generations.
Currently, many populations in these regions (eg,
adolescents in Australasia and North America) already
require clinical management of obesity.”~” However,
despite obesity predominance in these selected regions,
it is not too late to stop most of the world’s children and
adolescents transitioning from overweight to obesity
predominance.

Interruption of this transition is urgently needed to
avoid the current and anticipated burden of obesity-
specific complications. The next 5 years (2025-30) are
particularly crucial for decision makers to address this
epidemic. If action is not taken before 2030, a prevalence
spike in low-income and middle-income countries
(LMICs) will precipitate public health emergencies in the
face of high population numbers and limited resources
(eg, in Africa).”»” Many regions have historically had to
focus on preventing underweight and stunting in
children. These forecasts, especially for obesity, indicate
the importance of policy makers becoming better
prepared to respond to this newer health threat. An
immediate imperative is national surveillance of obesity
in children and adolescents, as this will enable
prioritisation of government investments and health
system responses, particularly those that address
systemic drivers of overweight and obesity.

Drivers and intervention targets

Obesity risk varies by age and by sex, suggesting
biological drivers. Yet rapid change and geographical
variations indicate potentially modifiable determi-
nants.*® As articulated in the 2019 Lancet Commission
on obesity, undernutrition, and climate change,” the
obesity epidemic has been driven by several interacting
factors within high-level societal and environmental
systems, which act together with local and individual-
level factors.*® Universal systemic drivers include
obesogenic shifts in transport, media, and food systems
(eg, commercialisation), and in industry and trade laws
that have accompanied globalisation and the
epidemiological transition, such as urbanisation and
economic development.®® Many of these changes have
also triggered wealth and educational inequalities, food
insecurity, environmental pollution, nutrition transitions
to western-style diets, and disruptions to local agricultural
practices and food supply systems,”**** many of which
interact with climate change, which will continue to
exacerbate the current and forecasted obesity crisis.”**
Within this context, obesity has accelerated in children
and adolescents, with little clarity around successful and
sustainable strategies to address these complex factors
that lie at the heart of the epidemic. While families and
individuals can work to balance their physical activity,
dietary intake, and sleep to uphold a healthy lifestyle, this
lifestyle is difficult to maintain while living in obesogenic

environments. Indeed, it is increasingly understood that
in general, without being coupled with collective policy
actions, isolated lifestyle-based individually oriented
behaviour-change strategies do not produce meaningful
or sustainable change unless they are very intensive with
high contact hours—a barrier for most families and
health systems, even in high-income countries.**”
Instead, it is governments rather than individuals that
are required to address population-level drivers of obesity,
such as its commercial determinants (eg, marketing,
pricing, and food industry lobbying). Successful
population-level strategies are beginning to emerge,”
with multifaceted actions targeting strategies across both
public and private sectors (including food industry
actors) that are adapted to local contexts.”#*
Programmes and policies cannot be copied across
multiple settings; one’s local context is unique and
strategies need to be tailored accordingly by country,
state, community, and neighbourhood.* Such strategies
can be informed by our country-specific data on the
stage, timing, and speed of current and forecasted
transitions in weight.

Strategies for subgroups with overweight
predominance

Population-level normal weight, rather than overweight,
should be the future goal. Yet, before we can focus on
that goal, we must prevent populations from transitioning
from overweight to obesity. If we view overweight as a
reversable risk exposure, and obesity as a complex
chronic disease that is difficult to reverse,’ then
government actions can be most efficient if directed by
the status of overweight and obesity predominance in
particular countries. Prevention is crucial considering
how difficult obesity is to reverse once it is established in
childhood or adolescence.”™ Opportunely, there are
several regions and population subgroups that remained
overweight-predominant in 2021 and are expected to be
overweight-predominant in 2040 or 2050. A number of
these settings present ideal opportunities to both address
overweight and curb future increases in obesity. This
includes many regions of Asia, Europe, and sub-Saharan
Africa, select regions of Latin America and the Caribbean
(eg, the Caribbean and Andean Latin America), and the
high-income super-region (eg, western Europe and Asia
Pacific), and isolated countries in Oceania (eg, Papua
New Guinea) and in north Africa and the Middle East
(eg, Turkiye and Afghanistan). Similar interventions
should also urgently be directed towards children and
adolescents in east Asia and central and southern sub-
Saharan Africa who, despite having moderate obesity
prevalence in 2021, are at a tipping point and about to
enter a rapid transition to obesity. Preventive actions
should also be prioritised in heavily populated countries
such as Nigeria, India, Pakistan, and China, where we
show that the estimated numbers of children and
adolescents with obesity are forecast to be devastating.
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Most of these preventive prospects exist in LMICs, where
there are still opportunities to change population-level
drivers (eg, food systems in sub-Saharan Africa)* to make
real gains in preventing obesity. In these countries, policies
must balance the challenge of overnutrition with ongoing
concerns about undernutrition (including micronutrient
deficiencies) and stunting.*** Specific to the prevention
of overnutrition and obesity, guidance on population-level
prevention can be sought from both WHO and UNICEF
strategy documents for the prevention of child and
adolescent  overweight and  obesity.””  Feasible
interventions in countries constrained by funding and
undernutrition priorities include double-duty maternal
and child health programmes that target undernutrition
and overnutrition via health education, breastfeeding, and
prenatal care, and also regulatory and fiscal interventions
that have low implementation cost (eg, subsidising healthy
foods and taxing unhealthy foods such as sugar-sweetened
beverages) which have shown some success in LMICs.”**
Governments and donors need to coordinate these
strategies while also targeting systemic drivers of
underweight and overweight at the population level, such
as socioeconomic factors and food systems.**
Adolescents have increasing independence from families
over their food choices.” For them, rather than family-
based or school-based interventions, coordinated actions
must work to avoid so-called big food companies
overtaking local food systems by maintaining patterns of
local agriculture and traditional food preparations, while
also modernising food systems and their infrastructure
(eg, skills training, marketing reforms, and industry
entrepreneurship).” For children and younger adolescents
who are at school, government-funded nutritious school
meals can be universally scaled and are also increasingly
recognised as a means to achieve multisectoral policy
objectives (eg, education, agriculture, social production,
and human and planetary health)."” This strategy might
more quickly be implemented before the necessary wider
infrastructure and fiscal policy changes. Recent success in
China has been attributed to a series of comprehensive
multifaceted preventive interventions (DECIDE-Children)
delivered across socioeconomically distinct regions."”
Designed for the Chinese context, with the potential for
national scaling, these evidence-based interventions
engaged families, teachers, and local stakeholders; targeted
school policies (eg, no sugary drinks) and health education;
and redesigned school lunches and physical education
lessons. Such multifaceted initiatives benefit from
coordination across sectors and different levels of
government.”

Strategies for subgroups with obesity predominance

By contrast, obesity is currently, or is soon to be, the main
burden affecting multiple population subgroups in
Oceania, north Africa and the Middle East, tropical and
central Latin America, Australasia, and high-income
North America. These populations with widespread and

established obesity already have expansive infrastructure
that promotes passive transport and leisure activities,
and their traditional local food supply systems have long
been replaced by so-called big food distribution,
including high-calorie foods with long shelf lives.®1*
Governments and health systems in these regions need
to urgently invest in clinical management and treatment
options. The extreme forecasts in these locations have
considerable implications for global disease burden,
particularly given that adolescent obesity increases risks
for multiple cancers, kidney disease, musculoskeletal
disorders, cardiovascular diseases, mental disorders, and
premature mortality as early as young adulthood."™®* As
noted, unless coupled with collective policy action,
individual-level management strategies applicable in
high-income and low-income countries (eg, intensive
behavioural therapy) are burdensome, unsustainable,
and commonly only lead to small improvements.”™ For
those with severe obesity, individual-level treatment
options (eg, antiobesity medications, bariatric surgery,
and very low-energy diets) are available in some middle-
income and high-income countries for postpubertal
adolescents.® This field is moving quickly, and evidence
for the efficacy of these treatments is growing in young
people®™™ and children.” Although antiobesity
medications have the ability to positively impact the
forecasted trends in obesity, availability and regulatory
approval vary across regions and countries, and current
evidence in LMICs is scarce.®*"*"2 Care should be taken
to ensure that current inequities in obesity and associated
disease burden are not further entrenched by inequitable
supply of, and access to, these treatment options between
high-income and low-income settings (eg, by promoting
pharmacoequity)."*™

To support evidence-based decision making, recent
evidence from Australia shows the strength of combining
several co-designed intervention strategies to achieve the
biggest impact on child and adolescent obesity (eg,
financial support for organised sport and sugar-sweetened
beverage taxation)." In addition, the Amsterdam Healthy
Weight Approach™ is an example of a successful health-
in-all-policies multifaceted intervention to reduce child
and adolescent obesity.”” This intervention included
changes in the community (eg, urban planning, funding,
advertising bans, and price discounts), home (eg, home
visits), and school (eg, canteen changes). Other examples
of multifaceted system-level interventions delivered in
high-income countries include the Stanford GOALS trial™
and the WHO STOPs trial,™ which also show the potential
of system-level approaches. Distinct from high-income
settings, double-duty actions are again important to guide
multisectoral interventions in obesity-predominant
LMICs (eg, in Oceania, north Africa and the Middle East,
and Latin America and the Caribbean). Exemplar
quadruple-duty  interventions (for undernutrition,
overnutrition, food security, and planetary health) are
emerging in Latin America and the Caribbean, including
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Brazil's intersectoral government-regulated school
feeding programme, which supports rural family
enterprises.” Examples of system-level policies beyond
the school system are important for older adolescents and
have also been in place throughout Latin America and the
Caribbean, including the Mexican Government's multi-
institutional and multifaceted prevention strategy that
incorporates taxation of sugar-sweetened beverages and
unhealthy foods, which are banned from many schools;
and Chile’s legislation on food labelling and
advertising.*? While the long-term effects of such
regulations on obesity remain unknown, combined with
education and other policies, such regulatory efforts show
promise towards achieving the holistic goal of healthier
eating within these countries."”

Within obesity-predominant regions, adolescent obesity
during childbearing years is forecasted to have striking
impacts in many LMICs that are already heavily burdened
by communicable, maternal, and nutritional conditions
during adolescence.”” To address the obesity epidemic,
WHO has emphasised the importance of adolescent
health via preconception and antenatal care.” Because it is
parental obesity that impacts offspring risk, calls are also
growing for preconception interventions to include fathers
as well as mothers.”” Adolescent females and males both
need to be targeted with preconception interventions.
Unless urgent treatment and interventions are provided to
these adolescents, high rates of obesity (60-70% by 2050 in
several countries in Oceania and north Africa and the
Middle East, 20-38% in Australasia and high-income
North America) will not only trigger serious epidemics of
disease (eg, cancer) during adolescence,® subfertility, and
pregnancy and perinatal complications (eg, miscarriage,
preeclampsia),” but exposure to an obese intrauterine
environment will predetermine the health of the next
generation.”* To prevent future obesity in young children
and break the intergenerational cycle of metabolic
disturbances in these countries, prevention in these
regions must also centre on individual-level and
population-level preconception and perinatal interventions
focused on adolescent adiposity, nutritional status, and
gestational weight gain and diabetes,™" but should also
extend to other important intervention targets, such as
education.” The multicountry, multisectoral Healthy Lives
Trajectory Initiative provides a good example of a
framework that aims to prevent both increasing rates of
obesity and non-communicable diseases (NCDs), and
subsequent intergenerational transmission.””"

Strengths and limitations

This study integrates data from 180 countries and
territories, enabling the most comprehensive global
forecasting of overweight and obesity prevalence among
children and adolescents to date. While we acknowledge
that normal weight needs to be the goal, given the current
state of the obesity epidemic, at this point in time,
identifying populations with forecasted overweight

predominance pinpoints where preventive interventions
should be targeted, while isolating populations with
current and forecasted obesity predominance pinpoints
where interventions, including clinical interventions, are
most urgent. The extension of adolescence to 24 years of
age® and the disaggregation of age into the policy-specific
age bands of 5-14 years and 15-24 years (including 5-year
age bands of 5-9, 10-14, 15-19, and 20-24 years) facilitate
targeted advocacy, policy, and service responses. This is
important for translation actions because children and
young adolescents are typically in school and cared for by
parents and child health services, while older adolescents
are increasingly out of school and cared for by themselves
and adult health services.

Limitations should also be considered. First, due to
genetic variation in predisposition to disease,”** universal
BMI cutpoints and IOTF standardisation (for those aged
<18 years) might complicate international comparisons
and might not capture the optimal risk-related thresholds
for all populations, and the same prevalence estimate
could be associated with differing NCD risk across
countries.  Nonetheless, notwithstanding recent
recommendations for alternative diagnostic criteria of
clinical obesity at the individual level,** BMI is currently
considered the most feasible option for large-scale
monitoring of the transition to obesity at the population
level.® Second, while our inclusion of 578 self-report
height and weight sources to increase data volume is a
strength (43-8% of all input data), these data are prone to
bias, which might vary by sex and location. Despite
employing updated bias-correction models to account for
variations by country, year, and sex, bias could remain.
Third, because of data sparseness, prevalence estimates
for some countries and time periods were model driven,
determined by the covariates; the accuracy of these
estimates is contingent on the quality, and predictive
validity, of the covariate inputs. Related, data availability
was notably lower among children and adolescents aged
5-14 years compared with those aged 15-24 years. This
limitation underscores the existing gap in monitoring
overweight and obesity among school-aged young
children and adolescents, and emphasises the need to
improve population screening coverage. Finally, our
forecast scenario is a reference-only scenario that
assumes the continuation of past trends without
considering the impact of future policy and intervention
changes or treatment uptake (eg, alternative scenarios),
an opportunity for future research. Although our
contemporary prevalence estimates are similar to
estimates produced by the NCD-RisC,* despite
significant overlaps between key source data (eg, DHS
and STEPS), we acknowledge some differences between
GBD and NCD-RisC data due to different inclusion
criteria (eg, self-report vs measured height and weight;
and different definitions of population representa-
tiveness). We also note that the number of children and
adolescents forecasted to have obesity in the future is
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lower than in previous reports (eg, from the World
Obesity Federation).” We attribute this discrepancy to the
continuous efforts made by GBD to refine forecasted
population estimates and identification of predictive
covariates.

Conclusions

Historically, undernutrition in very young children has
been a major priority for governments and donors
throughout LMICs. Undernutrition requires continued
investments, but global nutritional priorities must
expand to include excess weight in children and
adolescents. The urgency to address this comes from the
timing in the transition of weight patterns from
overweight to obesity predominance. Many LMICs have
a short window in which investments in the overnutrition
agenda will be most effective. Importantly, these
interventions do not need to be at the expense of
addressing undernutrition. To ensure timely policy
responses, these forecasted estimates on both the timing
and speed of regional-level and country-level transitions
can facilitate priority setting and enable governing bodies
to monitor progress. Because the rise in obesity is
forecasted to continue throughout the world, political
commitment to transform the diets of all children and
adolescents within sustainable global food systems is
now urgent. Delivered through multisectoral actions,
effective multicomponent strategies targeting the
multiple drivers of obesity (eg, nutrition, activity, lifestyle,
and environment) are needed.
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