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Global reporting of obesity is commonly based on comparisons over multiple decades'
and lacks agranular and systematic analysis of its dynamics. We used 4,050 population-
based studies with measured height and weight data on 232 million participants to
assess the worldwide dynamics of obesity from 1980 to 2024. The rise in obesity
decelerated in school-aged children and adolescents throughout the 1990s in many

high-income countries, and subsequently plateaued in most at age-standardized
prevalences spanning 20 percentage points, from 3-4% for girls inJapan, Denmark
and France to 23% for boys in the USA. There were indications of asmall decline in
obesity in children and adolescents in some high-income western countries (for
example, Italy, Portugal and France) since the 2000s. Similar trends were seen in some
countries in Central and Eastern Europe. In adults, the rise in obesity slowed downin
high-income western countries about a decade after children, followed by a plateau or
possibly asmall reversal of the rise in some countries (for example, Spain). In most
low-income and middle-income countries, the annual absolute change in prevalence
has remained stable or increased over time, even though prevalence has surpassed
that of high-income countries. These highly varied dynamics suggest that the social,
economic and technological trends that influence the availability, affordability and use
of different foods may have helped control the rise in obesity in high-income countries,
but require policy interventions in low-income and middle-income countries.

Obesity increases therisk of cardiovascular, renal, liver and respiratory
diseases, musculoskeletal and neuropsychiatric disorders, diabetes,
some cancers, adverse reproductive and obstetric outcomes, and
severe COVID-19. Obesity is currently more prevalent than in the late
twentieth century’, and since the 1990s, the term ‘epidemic’ has been
used to describe its rise>*.

Change in the prevalence of obesity in a population is driven by
changes in height and weight, which themselves result from the
quantity and quality of nutrition, the living environment and physi-
cal activity. These determinants of obesity vary across countries and
change over time owing to changes in food production, process-
ing, storage and transportation technologies that affect the avail-
ability and cost of various foods; economic resources of countries
and households; social norms and knowledge; corporate and com-
mercial practices; and fiscal and regulatory policies that affect food
price and availability** . Despite these dynamics, global reporting
of obesity has typically compared prevalence over decades and has
not systematically evaluated the trajectory of obesity in a popu-
lation at more granular timescales’. Rather, descriptions of how
obesity trends evolve over time in different countries have been
largely qualitative™.

The multi-decadal timeline limits our ability to benchmark the
long-term and recent performance of countries in controlling obe-
sity, to set priorities for nutrition and public health programmes and
policies, to provide access to health care such as weight loss medica-
tions or bariatric surgery, and to assess the impacts of these policies

and programmes. To systematically and consistently investigate the
dynamics of obesity in different countries, we analysed its velocity,
calculated as the annual absolute change in prevalence and reported
inpercentage points per year. Positive velocity indicates anincreasein
prevalence, and negative velocity adecrease. We report velocity from
1980 to 2024 for school-aged children and adolescents (5-19 years
of age) and adults (20 years of age and older). We analysed children
and adolescents separately from adults because cut-offs for under-
weight and obesity differ between them and because obesity trends
and dynamics may differ between school ages and adulthood".

To estimate velocity and characterize the dynamics of the obesity
epidemic, we used 4,050 population-based studies that measured
height and weight in 232 million participants 5 years of age and older
(Supplementary Tables 1and 2 and Supplementary Figs.1and 2). We
used these data to calculate body-mass index (BMI), which was then
used in a Bayesian hierarchical meta-regression model to estimate
the prevalence of obesity from 1980 to 2024 in 200 countries and ter-
ritories (referred to as countries hereafter). Obesity was defined as
BMI > 30 kg m™2for adults and BMI > 2 s.d. above the median of the
WHO growth reference for children and adolescents. We calculated
velocity as the annual absolute change in the estimated prevalence.
We also used dimensionality reduction and clustering techniques to
identify phenotypes of national obesity trajectories, defined as clusters
of countries with similar estimated obesity prevalence time trends over
the 45 years of analysis. Details of dataand methodology are provided
in Methods.

*A list of authors and their affiliations appears online.
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Fig.1|Phenotypes of national obesity trajectoriesin childrenand
adolescents. a,b, Time-series plots of age-standardized obesity prevalence
(left) and cluster allocation of these trends by country (right) for girls (a)
and boys (b) from 1980 to 2024. Each panel represents a cluster of countries
with similar shapes of obesity prevalence time series, and is labelled with its

Children and adolescents

From 1980 t0 2024, age-standardized prevalence of obesity increased
with aposterior probability (PP) > 0.80in all but 50f 200 countries for
girls, and allbut 2 of 200 countries for boys. The countries that did not
experience an increase were in Central Asia plus France for boys. The
increase in obesity over these 45 years ranged from 0.6 to 27 percent-
age points among girls, and from 0.4 to 35 percentage points among
boys. National obesity trajectories had highly heterogeneous dynamics
during this period.

Inmost high-income western countries (that is, high-income coun-
tries in Western Europe, North America and Australasia), as well asin
Japan and Taiwan, the rise in obesity prevalence among school-aged
children and adolescents predominantly occurred before the begin-
ning of the millennium; this rising trend has slowed down, plateaued
or may have even reversed slightly since then (Figs. 1 and 2 and
Extended Data Figs.1and 2). The earliest slowdown occurred around
1990 in Denmark for both sexes, followed by some other Northwest-
ern European countries including Iceland, Switzerland, Belgium and
Germany through the1990s (Fig. 2). By the mid-2000s, obesity preva-
lence among school-aged children and adolescents started to stabilize
inmost high-income countries, and may have even started to decline
in some. In 2024, the velocity of obesity was below 0.25 percentage
points per year in most of these countries and may have become nega-
tive in some (for example, Italy, Portugal and France). The negative
velocities had magnitudes smaller than 0.15 percentage points per
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typology of trend. Each line on the plots represents obesity prevalence over
time in one country. The maps display countries coloured according to their
clusterallocation. See Extended Data Figs.1and 2 for allocation of countries
ineachsuper-regionto clusters. See Supplementary Fig. 3 for trends in age-
standardized obesity prevalence by country.

year. These small velocities, including all the negative velocities, were
indistinguishable from zero ata PP of 0.80 (Figs.2 and 3 and Extended
DataFigs.3and4). Beyond this plateauing, in some high-income coun-
tries, such as France, the Netherlands, Switzerland and Japan, veloc-
ity remained low (less than 0.2 percentage points per year) over the
entire 45-year period. The exceptions to this plateauing and reversal in
high-income western countries were among girls and boys in Australia,
Finland and Sweden, where the prevalence of obesity increased steadily
or even accelerated.

Slowdowns or plateaus in the rise of obesity among school-aged
children and adolescents also occurred in some countries in Central
and Eastern Europe (for example, Croatia and Slovenia for both sexes
and Czechia and Montenegro for boys) and in some middle-income
countries where obesity prevalence in school ages was relatively high
(for example, Mexico and Kuwait). In most of these countries, the slow-
down of the rise in prevalence started in the 2000s, about a decade
after the slowdown began in high-income western countries (Fig. 2).
Furthermore, in some countriesin Central Asia, such as Kyrgyzstan and
Kazakhstan, school-aged children and adolescents, especially girls, did
notexperience therisein obesity seen elsewhere throughout these four
decades, or for parts of it experienced a decline (Fig. 1).

The plateauing and any possible reversal of the rise in obesity in
children and adolescents happened at vastly different prevalences
across countries. In many high-income countries in Western Europe
andJapan, age-standardized prevalence plateaued below 10%in school
ages. For example, obesity prevalence has had near-zero or negative
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Fig.2|Velocity and prevalence of obesity in children and adolescents.
a,b, Velocity and prevalence of obesity in girls (a) and boys (b). The circular
wheel plots show the year-on-year velocity of obesity from1980 to 2024 by
country. Each cell represents the velocity in one year. A positive velocity (red)
indicates ayear-on-yearincreasein obesity prevalence, whereas anegative
(green) velocity indicates ayear-on-year decrease. Years whenno change in
obesity was observed are coloured inwhite. Countries are labelled by their
International Organization for Standardization (ISO) 3166-1alpha-3 codes
(Supplementary Note 1) and coloured by super-region. Countries are ordered

velocity for atleast the past decade at an age-standardized prevalence
of3-6%inJapan, France, Denmark and the Netherlands for one or both
sexes. Elsewhere, obesity plateaued at higher endemic prevalences. For
example, the velocity of obesity was indistinguishable from zero for
atleast the past10 years at a PP of 0.80 among girls and boys in Kuwait
andthe USA, and amongboys in New Zealand, where the prevalence of
obesity was19-25%, much higher thanin the aforementioned countries

Contrasting with these plateaus and reversals, the prevalence of
obesity in children and adolescents increased steadily or accelerated
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byincreasing 2024 velocity within each region. The top maps show the velocity
of obesityin 2024 in each country, following the same colour scheme as

the velocity wheel plots, and the bottom maps show the age-standardized
prevalence of obesity in2024. See Extended Data Fig. 3 for velocity of obesity
in2024 anditsuncertainty by country, Extended Data Fig. 4 for amap of PP

that velocity of obesity was positive in 2024, Supplementary Fig. 3 for trends
inthe prevalence of obesity by country and Supplementary Fig. 5 for trends in

inmostlow-income and middle-income countries in Asia, Africa, Latin
America, and Caribbean and Pacific Island nations (Figs.1and 2 and
Extended DataFigs.1and2). The velocity of obesity was higherin 2024
than in any other year since 1980 for girls in 110 of 200 countries and
boys in910f 200 countries, the majority of whichwere in low-income
and middle-incomeregions (Fig.2). This steady or acceleratingincrease
occurred both where prevalence is still low, such as in countries in

East Africa (for example, Tanzania, Rwanda and Ethiopia) and South
Asia (for example, Nepal and Bangladesh), and where prevalence has
alreadyincreased to higher levels, insome Caribbean and PacificIsland
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Fig.3|Velocity and prevalence of obesity in 2024 for children and
adolescents. a,b, Velocity of obesity inrelation to age-standardized prevalence
of obesity in 2024 for girls (@) and boys (b). Each point shows one country,

nations (for example, Niue and the Bahamas) and some countries in
the Middle East and North Africa (for example, Saudi Arabia, Qatar and
Oman), Southeast Asia (for example, Brunei and Malaysia) and Latin
America (for example, Chile).

There was a positive correlation between prevalence and velocity
in 2024 (correlation coefficient = 0.70 for girls and 0.62 for boys),
indicating that prevalence continues to grow in low-income and
middle-income countries where it is already high. In 2024, obesity
prevalence had avelocity of more than 0.5 percentage points per year
with aPP >0.80 in 36 countries for girls and in 35 countries for boys,
with the highest velocities observed among girlsin Tonga and Samoa
and among boys in Peru (0.9 percentage points per year; Figs.2and 3
and Extended DataFigs. 3 and 4). Countries with velocity greater than
0.5 percentage points per year werein Latin America and the Caribbean,
Pacificlsland nations, some countriesin South and Southeast Asiaand
sub-Saharan Africafor both sexes, and in East Asia and the Middle East
and North Africafor boys. The only high-income western country with
avelocity above this threshold was Finland for boys. The rise in obesity
inall 36 countries in this group for girls and in 24 of the 35 countries
for boys was classified as accelerating.

Adults

From1980 to 2024, age-standardized prevalence of obesity in women
increased with a PP > 0.80 in 183 countries. The remaining 17 coun-
tries, where prevalence either did not change at a PP of at least 0.80
ordecreased slightly witha PP > 0.80, were allin Europe. Among men,
obesity increased in all countries with a PP > 0.80. In countries where
prevalence increased with a PP > 0.80, the magnitude of the increase
ranged from 2 to 43 percentage points for women, and from1to 36
percentage points for men. National obesity trajectories among adults
had highly heterogeneous dynamics during this 45-year period, as was
also the case for children and adolescents.

In most high-income western countries, the prevalence of obesity
among adults was increasing with a PP > 0.80 in 1980 but the rise
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colouredby itssuper-region. The solid grey lines show the sex-specific median
national prevalence and velocity of obesity in 2024.

decelerated or plateaued around or after 2000, and may have even
reversed slightly in some (Figs. 4 and 5 and Extended Data Figs. 5
and 6). The deceleration and plateauing among adults began later than
in children and adolescents in most countries and typically occurred
among women before men. By 2024, most of these countries exhibited
smallvelocities indistinguishable from zero at aPP of 0.80 (Figs.5and 6
and Extended DataFigs.7 and 8).In some countries (Spainand Italy for
bothsexesand France for women), velocity had become negative, that
is, obesity was declining, with PP > 0.80; the negative velocities had
magnitudes smaller than 0.5 percentage points per year. However, in
some high-income countries, plateaus and reversals did not occur and
the increase in obesity prevalence was either steady or accelerated,
such as among both sexes in Finland, and among women in Norway
and Belgium. Despite the acceleration, the velocity of obesity remained
below 0.5 percentage points per year in these countries.

Slowdowns or plateaus of the rise in adult obesity for one or both
sexes also happened intwo other groups of countries. Inthe firstgroup,
obesity prevalencereached highlevels, exceeding 40% in some cases,
before aslowdownintherise or plateauoccurred. This groupincluded
some Caribbean (for example, the Bahamas) and Pacific (forexample,
American Samoa and Kiribati) Island nations and some countries in the
Middle East and North Africa (for example, Kuwait, Jordanand United
Arab Emirates). In the second group, obesity prevalence plateaued at
lower levels than in the first group. This group included some coun-
tries in Central and Eastern Europe (for example, Poland and Estonia)
and for men in sub-Saharan Africa (Cameroon, Ghana, Sierra Leone
and South Africa). In addition, women in some Central and Eastern
European countries (for example, Czechiaand Russia) did not experi-
ence arise in obesity throughout these 45 years at a PP of 0.80, and
velocity remained below 0.25 percentage points per year. Unlike
high-income countries, where the slowdown or plateau in adult obe-
sity followed that of children and adolescents, most of these countries
saw a slowdown or plateau of the rise in adult obesity before or in
the absence of slowdown of the rise in obesity among children and
adolescents (Figs.2and 5).
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Fig.4|Phenotypesofnational obesity trajectoriesinadults. a,b, Time-series
plots of age-standardized obesity prevalence (left) and cluster allocation of
these trends by country (right) for women (a) and men (b) from 1980 to 2024.
Each panelrepresentsacluster of countries with similar shapes of obesity
prevalence time series, and is labelled with its typology of trend. Eachline on

The deceleration, plateauing and reversal of the rise in adult obe-
sity, where it occurred, also happened at a wide range of prevalences.
In high-income countries in Western Europe, the age-standardized
prevalence of obesity in 2024 was typically below 25%, and as low as 11%
in some countries (for example, France). By contrast, in high-income
English-speaking countries such as the UK, Canada and the USA, preva-
lence in 2024 ranged from 25% to 43% (Fig. 6). Elsewhere, a decelera-
tion or plateau occurred at even higher endemic levels. For example,
age-standardized prevalencein 2024 ranged from 40%to 50% in some
countriesin the Middle East and North Africa, and from 50% to 80% in
some Pacific Island nations where obesity decelerated or plateaued.

Contrasting with these decelerations, plateaus and reversals, the
rise in adult obesity was steady or accelerated throughout these
45 years in the majority of low-income and middle-income countries
insub-Saharan Africa, Asia and Latin America, and in some Caribbean
and Pacific Island nations. Many countries in Central Europe also
experienced a steady or accelerating increase in adult obesity preva-
lence. The velocity of obesity was greater in 2024 than in any other
year over the 45-year period for womenin 84 of 200 countries and for
men in109 of 200 countries; these were predominantly low-income
and middle-income countries (Fig. 5). This steady or accelerating rise
occurredatawiderange of prevalences (Fig. 6). At the low end, obesity
prevalence was still less than10% but accelerating in parts of South and
Southeast Asia and sub-Saharan Africa, where the burden of under-
weight was relatively high'. At the high end, prevalence surpassed 65%
inwomen and menin some Pacific Island nations (for example, Tonga
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the plotsrepresents obesity prevalence over time inone country. The maps
display countries coloured accordingto their cluster allocation. See Extended
DataFigs. 5and 6 for allocation of countriesin each super-region to clusters
and SupplementaryFig. 4 for trendsin age-standardized obesity prevalence by
country.

and Cook Islands) and was more than 35% in many other countries in
the Middle East and North Africaand Latin Americaand the Caribbean,
with a steady or accelerating increase in prevalence.

In2024, obesity prevalence was risinginwomenin 100 countries and
menin 66 countries withavelocity of more than 0.5 percentage points
peryearandaPP >0.80 (Figs.5and 6 and Extended DataFigs.7and 8),
alarger number of countries than that crossing the same threshold for
children and adolescents. The only high-income western country in
this group was Finland for women. The other countries were in vari-
ous low-income and middle-income regions, with sub-Saharan Africa
represented more for women than men, and the opposite for Central
and Eastern Europe. In 41 of these countries for women and in 29 for
men, the trend in prevalence was classified as accelerating. Nonethe-
less, the correlation coefficient between prevalence and velocity was
only 0.24 for women and 0.27 for men across all countries, smaller
than for children and adolescents (Fig. 6). These weaker correlations
are aresult of the aforementioned dynamics, including that in some
countries with high prevalence, the rise in prevalence has slowed down
(forexample, menin some PacificIsland nations), whereasin some with
low prevalence, itis rapidly increasing (for example, in some countries
in South and Southeast Asia for both sexes and in some countries in
sub-Saharan Africa for women). The velocity of obesity in 2024 was
morethan1.0 percentage point per year in 11 countries for one orboth
sexes; these were predominantly low-income and middle-income coun-
tries. Velocity in 2024 was higher among men than among women in
Central and Eastern Europe, Central Asia and East Asia, whereas the
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opposite was true in South and Southeast Asia, the Caribbean and
most of sub-Saharan Africa. It was similar between women and men

in high-income western countries, Latin America, the Middle East and
Pacific Island nations (Extended Data Fig. 9).

Strengths and limitations

Our study has strengths related to its scope, data and methods. We
conducted an analysis and presentation of trends in obesity that went
beyond the traditional narrative of long-termincrease and systemati-
cally quantified highly heterogeneous temporal dynamics. We used a
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byincreasing 2024 velocity within each region. The top maps show the velocity
of obesity in 2024 in each country, following the same colour scheme as
thevelocity wheel plots, and the bottom maps show the age-standardized
prevalence of obesity in2024. See Extended Data Fig. 7 for velocity of obesity in
2024 andits uncertainty by country, Extended Data Fig. 8 foramap of PP that
velocity of obesity was positive in 2024, Supplementary Fig. 4 for trendsin the

prevalence of obesity by country and Supplementary Fig. 6 for trendsin the
velocity of obesity by country.

large amount of population-based data, from countries covering more
than 99% of the population of the world. We maintained a high stand-
ard of data quality through repeated checks of the 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 coun-
tries had fewer data and 3 of the 200 countries (Bermuda, Djibouti
and North Korea) had none; their estimates wereinformed to agreater
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men (b). Each point shows one country, coloured by super-region. The solid grey lines show the sex-specific median national prevalence and velocity of obesity in2024.

extent by data from other countries, especially those in their respec-
tive regions, through a data-driven hierarchy, which was based on
geography and epidemiology. Although the cross-validation analysis
showsthat the estimates for countries without data had relatively small
errors, alternative hierarchical arrangement of countries is possible.
There were also differences in data availability by time period, with
less data available in the first decade of the analysis in some regions.
There are other approaches for clustering besides k-means, includ-
ing some that provide probabilistic allocation to clusters. Given our
purpose of general classification of national obesity trajectories (not
allocation of resources or policies), we used k-means, which produces
non-overlapping clusters.

Implications for obesity prevention

Our results demonstrate that generalizing the trends in obesity as
aglobal epidemic masks highly heterogeneous temporal dynamics
across countries and in different age groups. In some high-income
western countries, the velocity of obesity in children and adolescents
began to slow down as early as around 1990 with the rise coming to
a halt by the mid-2000s, and with some indications of a subsequent
decline. A similar slowdown and possible reversals followed in adults
in these countries and could also be observed in Central and Eastern
Europe. The plateauing of the trends in these countries has created a
state of endemicity at wide range of prevalences. By contrast, the rise
inobesity accelerated in many developing regions among children and
adolescents and among adults. Inmany countriesin theseregions, the
rise continues to accelerate at prevalences that are higher than those
in most high-income countries.

Theresults of our comparative global analysis show that the direction
and pace of change in obesity vary over time in the same country, and
cover thespectrum fromsteady or acceleratingrise, to aslowdown or
plateauinrise, or evendecline. This feature was qualitatively presented
in the obesity transition framework™. Here we quantified these dyna-
mics and their similarities and variations across the globe using a vast
amount of data. Of note, we found indications that a small decline in
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obesity innational populations may have begun, especially for women,
which was rare when the original transition framework was formu-
lated™. InlItaly and Portugal, obesity had anegative velocity in children,
adolescents and adults of both sexes in 2024, although some of these
were not statistically distinguishable from zero. If these declines persist
with additional years of data, they will confirm the feasibility of the
fourth stage of the obesity transition, which envisioned a decline in
prevalence. Our analysis revealed and quantified three further features
of worldwide obesity dynamics that were not formally included in the
obesity transition framework. First, countries, both across and within
regions, vary in whether and when theincrease in obesity accelerated,
decelerated, plateaued or reversed. This diversity in shape and timing of
changeledtothe emergence of distinct phenotypes of national obesity
trends, for example, accelerating, steady or decelerating increase or
recentacceleration, beyond the general concept of increasein stages1
and 2 oftransition, as presented in the obesity transition framework™.
Forexample, countriesin Eastern Europe and Latin America with similar
economicdevelopment had distinct trajectories, withmany countries
in Eastern Europe having started to plateau, whereas most countries
inLatin America are still experiencing a steady or accelerating rise in
obesity. As an example of within-region diversity, in the Middle East
and North Africa, obesity plateaued in Kuwait but continues torise in
Iran, Oman and Saudi Arabia. Second, for any trajectory phenotype,
there is substantial variation in the prevalence of obesity both across
and within regions. For example, obesity plateaued at a much higher
prevalence in high-income English-speaking countries than in those
in continental Western Europe for both children and adolescents and
adults. Within continental Western Europe, obesity prevalence has
stabilized at11-23% for adults and 4-15% for children and adolescents;
in high-income English-speaking countries, it reached 25-43% for adults
and 7-23% for children and adolescents. For countries with an accel-
erating increase in obesity, prevalence among adults in 2024 was less
than 5% in East African countries (for example, Ethiopiaand Rwanda),
butreached 30-40% in some countries in Central Europe (for exam-
ple, Romania and Czechia) and Latin America (for example, Brazil).
Within aregion, for example, East and Southeast Asia, countries with



an accelerating increase in obesity had a prevalence in 2024 ranging
from 2-3% in Timor-Leste and Vietnam to 20-40% in Thailand and
Brunei. Third, the above characteristics can vary between children
and adolescents and adults, and between sexes, further distinguish-
ing regions and countries. For example, women in both Central Asia
and Latin America had a steady or accelerating increase in obesity,
whereas trends among girls were largely flat in Central Asia but had
an accelerating increase in Latin America. Of note, we demonstrated
earlier plateauing of the risein obesity prevalencein children and ado-
lescents thaninadultsin high-income countries, whereas in most other
regions, deceleration and plateauing of therise in prevalence occurred
in adults before they did in children and adolescents or while obesity
continued to increase in children and adolescents. In terms of sexes,
the velocity of obesity was typically higher in men thanin women in
Central and Eastern Europe, whereas in South and Southeast Asiaand
most of sub-Saharan Africa obesity had higher velocity inwomen than
in men (Extended Data Fig. 9). Similarly, the rise in obesity plateaued
or decelerated for both sexes in most high-income western countries,
but this phenomenon was limited to women in Central Europe.
These heterogeneities collectively demonstrate that obesity dynam-
ics and trajectories differ across countries that are similar in their
economy (for example, national income; market-driven versus man-
aged economy; and agricultural, manufacturing or service economy),
environment (for example, extent of urbanization) and technology (for
example, extent of mechanization, motorization, electrification and
penetration of information technology). Explanations of the rise in
obesity have typically beenbased on generalizations about the so-called
shared triggers and global drivers, such as availability and marketing
of certain foods and energy expenditure of physical activity at work,
transport and leisure, and framed as consequences of macro trends
such as urbanization. Although these factors may be relevant, they
alone do not explain the heterogeneities that we uncovered, which
suggests that their roles are modified or even countered by other social,
economic and policy factors. These may include cultural factors and
social norms androles thatinfluence what and how much children, ado-
lescents and adults eat at home and in social settings™ 7, how much they
participateinsports, play and active commuting'®”, and social norms
and perceptions related to body image and the discordance between
ideal, perceived and actual body weight**2, They also include levels
and distributions of income and education that affect food choices
and participationinsports, either through access and affordability or
the ability to use information about the nutritional value and potential
harms of specific foods? 2. Finally, some of these heterogeneities may
reflect differences across countriesin technological, institutional and
community characteristics thatinfluence food, sports and other forms
of physical activity, such as healthy school meals and, in some coun-
tries, sports and physical education programmes at schools and com-
munity centres?. Identifying the role of these phenomena, and their
complexinteractions, caninform programmes and policies that curb
or reverse the rise in obesity. Doing so requires detailed data on food
and physical activity, and the related technological, economic, social
and cultural factors, including their distributions within each country,
and methods to estimate their contributions to change. However, such
dataare even more scarce than dataonobesity. Asaresult, understand-
ing the complex drivers of change and drawing lessons on good prac-
tice has to use a combination of multi-country analyses and in-depth
case studies in specific countries, especially those where obesity did
notincrease, plateaued at low levels or plateaued early (for example,
Denmark, France and Spain for both children and adolescents and
adults; and Kazakhstan, Japan and Taiwan for children and adolescents),
ashasbeen done for growth and nutritionin children®®?, There may also
be an as-yet-unmeasured effect from variations in a broader group of
factorssuchassleep duration and patterns, stress and other psychoso-
cialfactors, and environmental exposures such as endocrine-disrupting
chemicals. Furthermore, these environmental and nutritional factors

interact with genetics and possibly with the phenotypic characteristics
that arise from fetal and early-life nutrition®°. Although recent medi-
cations are efficacious in terms of weight loss, their effects on trends
presented here are likely to be small given relatively low coverage in
most countries during the period of our analysis®; these medicines may
nonetheless have anincreasingly importantinfluence on future trends.

The distinction in trends between high-income countries and low-
income and middle-income countries, in relation to the shape of the
trajectories and the timing of acceleration, plateau and deceleration
at different ages, may be because in high-income countries, the rise
in obesity resulted from gradual economic and technological trends
that affected food availability, composition and cost® 7?2, This gradual
change coincided with expanding opportunities for healthier diets
among those with higherincome and education®?¢, which contributed
toasubsequentdecelerationin obesity in these populations. The pre-
dominant policy response to obesity has been provision of informa-
tion about its harms, and encouraging prevention through nutrition
and physical activity, which became more common in the 2000s*.
A side effect of such a response, which relies on individuals’ use of
information and advice without enhancing access to and affordabil-
ity of healthy foods, has beenincreasing inequality in obesity in these
countries®2%3% There have been few policies and programmes
that have attempted to systematically change nutrition and physical
activity*®*, especially in those with lower education and income where
obesity prevalence s higher, beyond demonstration projects*?, which
have not been scaled and sustained nationally. There is insufficient
evidence to ascertain whether specific policies and programmes
have curbed therise in obesity, or evenimproved nutrition and physi-
cal activity, in real-world settings*~*%, with the possible exception
of sugar-sweetened beverage taxes, which have had a measurable,
albeit small, effect on obesity in multiple places*~3. These taxes have
only beenrecentlyimplemented hence do not account for the earlier
plateaus.

Inlow-income and middle-income countries, despite the heteroge-
neities in the shape and pace of increase, the rise in obesity continues
unabated bothwhere prevalenceis still low and where prevalence has
already surpassed those of high-income countries, especially for chil-
dren and adolescents as seen by the correlation between velocity and
prevalence. In these settings, the mechanization of work and trans-
port®, improved purchasing power and food trade and commercializa-
tion**> brought many health and nutritional benefits, including gains
in height>®, while also leading to a rise in obesity because the public
health system and household consumption practices™ were primarily
focused on addressing undernutrition. Furthermore, until recently,
there was no or limited fiscal or regulatory response to aggressive
marketing of items such as sugar-sweetened beverages that have no
nutritional benefit and worsen obesity. The food production, supply
and distribution infrastructure, and in many cases income®, remain
insufficient for regular availability and purchase of healthy foods such
asfresh fruits and vegetables or unprocessed whole-grainitems. This s
particularly the case in many island nations where rapid changesin diet
followed changes fromlocally sourced toimported processed foods®.

Our results, and the potential reasons for these dynamics and their
heterogeneities, highlight both opportunities and challenges for curbing
therise in obesity across the world. The numerous cases of plateau and
evenreversalin obesity show that the rise can be contained even at low
levels. At the same time, the wide variationin whether, whenand at what
prevalence the plateau occurred shows that stopping and reversing the
rise may be harder in some places owing to the diverse factors that affect
what and how much people eat. Some of these factors go beyond those
commonly stated as drivers of obesity, and may include social norms,
thefood culture, and levels and inequalities ineducation, income, food
infrastructure and access, the living environment and health care. In
the future, weight loss medications also provide an additional route
for addressing obesity, but their highly variable costs through public
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and private providers are currently an obstacle to increasing their cov-
erage and may increase inequalities. The combination of the oppor-
tunities and challenges demonstrates that what is needed is nuanced
nutritional and health policies and programmes that are relevant for
each country, especially those that support people with lower income
and education towards eating healthy foods, having an active lifestyle
and using relevant health care interventions to attain and maintain
health, functional capacity and quality of life across the life course.
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Methods

Our analytical aim was to quantify and characterize the dynamics of
how obesity has changed over time, building on studies that reported
the extent of change over long multi-decade periods'. As a quantita-
tive measure of the dynamics of obesity, we calculated the velocity of
obesity as the rate of absolute change in prevalence between consecu-
tive years. This metric allows understanding whether the rise in the
prevalence of obesity has been uniform over time, or if its pace has
changed, including acceleration, deceleration, plateauing and reversal.
Inaddition, we used clustering to categorize the national trajectories
of obesity prevalence based ontheir shape. Theinput to both analyses
was prevalence of obesity in200 countries from 1980 to 2024, a period
during which obesity was recognized as an epidemic**¢°. To estimate
prevalence, we pooled population-based studies with measurements
of height and weight. Pooled data were analysed using a Bayesian
hierarchical meta-regression model. The posterior estimates were then
used for calculating velocity and clustering.

Our analyses addressed the dynamics of obesity in school-aged
children and adolescents 5-19 years of age and in adults 20 years of
age and older. Our primary outcome was the prevalence of obesity,
defined as BMI > 30 kg m™ for adults 20 years of age and older and as
BMI > 2 s.d. above the median of the WHO growth reference for children
and adolescents 5-19 years of age®®% Following previous work %3,
we conducted separate analyses for children and adolescents and for
adults, because different cut-offs are used to measure obesity in the
two groups®e264,

Data access and data inclusion

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). Data were obtained
from publicly available multi-country and national measurement sur-
veys (for example, Demographic and Health Surveys, WHO STEPwise
approachtoSurveillance (STEPS) surveys, and those identified viathe
Inter-University Consortium for Political and Social Research, European
Health Interview & Health Examination Surveys Database and the UK
Data Service). With the help of the WHO and its regional and country
offices, weidentified and accessed population-based survey data from
national health and statistical agencies. We searched and reviewed
published studies as previously detailed®**>"* and invited eligible stud-
ies to join NCD-RisC, as we did with data holders from earlier pooled
analyses of cardiometabolicrisk factors®®”. The NCD-RisC database is
continuously updated through all the above routes as well as through
periodicrequests to NCD-RisC members to suggest additional sources
in their countries.

We carefully checked that each study met our inclusion criteria,
which are listed below. All NCD-RisC members were also periodically
asked toreview thelist of sources from their country, to verify that they
met theinclusion criteriaand were not duplicates. Potential duplicate
datasources were firstidentified by comparing studies from the same
country and year, followed by checking with NCD-RisC members who
had provided data whether sources from the same country and year,
and withsimilar sample sizes and age ranges, were the same or distinct.
Iftwo sources were confirmed as duplicates, one was discarded.

For each study, we recorded the study population, the sampling
approach, the years of measurement and measurement methods.
Only data that were from samples of the general population were
included. All data were assessed and classified by whether they cov-
ered the whole country, one or more subnational regions (that is, one
or more provinces or states, more than three cities, or more than five
rural communities), or one or a small number of communities (lim-
ited geographical scope not meeting above national or subnational
criteria). As stated in statistical methods, these study-level attributes
were included in the Bayesian hierarchical meta-regression model so

themodelling wasinformed by all available data, but accounted for the
aforementioned differences in the populations from which different
studies had sampled. All submitted data were checked by at least two
people independently. Questions and clarifications were discussed
with NCD-RisC members and resolved before datawereincorporated
into the database.

Datawereincludedifthe following criteria were met: measured data
on height and weight were available; study participants were 5 years
of age and older; data were collected using a probabilistic sampling
method with a defined sampling frame; data were from population sam-
plesat the national, subnational or community level as defined above;
and data were from the countries listed in Supplementary Table 1.

We excluded all studies that were solely based on self-reported height
and weight, without any measurement, because these dataare subject
to biases that vary by geography, time, age, sex and socioeconomic
characteristics’ 7. Owing to these variations, approaches to correcting
self-reported data may leave residual bias. We excluded datasources on
populationsubgroups whose anthropometric status may differ system-
atically fromthe general population, including studies that had included
orexcluded peoplebased ontheir health status; and femaleindividuals
15-19years of agein surveys that sampled only ever-married women or
measured height and weight only among mothers. We excluded studies
whose participants were only from specific educational, occupational,
socioeconomic or ethnic subgroups of the general population, with the
exceptions of school-based studies in countries and age—sex groups
withschool enrolment of 80% or higher. We also excluded studies that
recruited participants through contact with health facilities; the excep-
tions to this exclusion criterion were studies whose sampling frame was
healthinsurance schemes whose membership is not based on occupa-
tion or socioeconomic status in countries where at least 80% of the popu-
lation were insured, and studies based on the primary-care systemin
high-income and Central European countries with universal insurance,
as contactwith the primary-care systemsin these countries tends tobe
asgood asor better thanresponserates for population-based surveys.

Data cleaning and management

We excluded participants whose age was younger than 18 years if
their data were not reported by single year of age (less than 0.01% of
all participants), because the age associations of height and weight
may be non-linear in these ages, especially during growth spurts. We
excluded BMI data for female individuals who were pregnant at the
time of measurement (0.33% of participants), because weight changes
during pregnancy. We excluded 0.23% of participants with recorded
values outside of the following predefined ranges: recorded height
below 60 cm or above 180 cm for those younger than 10 years of age;
below 80 cm or above 200 cm for those 10-14 years of age; and below
100 cm or above 250 cm for those 15 years of age or older; recorded
weight below 5 kg or above 90 kg for those younger than 10 years of
age; below 8 kg or above 150 kg for those 10-14 years of age; and below
12 kg or above 300 kg for those 15 years of age or older; or recorded
BMI below 6 kg m™2orabove 40 kg m™for those younger than 10 years
of age; below 8 kg m™ or above 60 kg mfor those 10-14 years of age;
andbelow 10 kg m™or above 80 kg mfor those 15 years of age or older.
Asin previous uses of these data*'%%*”, we excluded these participants
because values outside these ranges were likely to reflect measurement
or datarecordingerrors.

Anonymizedindividual datafromthe studies from1980t02024 inthe
NCD-RisC database were reanalysed according toacommon protocol.
We calculated prevalencein the following BMI ranges: for children and
adolescents, the prevalence of BMI lessthan -2 s.d., -2 s.d. tolessthan
-1s.d.,-1s.d.tols.d.,morethanls.d.to2s.d.,and morethan2s.d.from
the median of the WHO growth reference®; for adults, the prevalence
of BMlI less than 18.5 kg m2,18.5 kg m2toless than 20 kg m 2,20 kg m™
tolessthan 25 kg m,25 kg m>tolessthan30 kg m?,30 kg m~toless
than35 kg m? 35kg m2tolessthan40 kg m™,and 40 kg m~or higher.
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Of the studies with BMI data, 79% were included in the NCD-RisC
database asindividual participant data; another 14% were provided as
summary statistics, thatis, age-sex-specific prevalence of relevant BMI
categories. When summary statistics were prepared by study investiga-
tors, detailed instructions were provided, as was computer code when
requested, to ensure analysis was conducted according to the study
protocol. The cut-offs for calculating prevalence in the BMI categories
for school-aged children and adolescents were all age-specific and
sex-specific and were applied to data in single years of age. All analy-
ses incorporated sample weights and complex survey design, when
applicable, in calculating summary statistics. Information on survey
design and sample weights were provided by participating studies.
For studies that used multistage (stratified) sampling, we accounted
for survey design features when calculating standard errors, including
clusters, strata and sample weights, using Taylor series linearization
asimplemented in the R package ‘survey’ (v4.4.2).

We used two additional types of studies, accounting for 7% of all stud-
ies. First, we included some datafroma previous pooling analysis®®. We
invited these studies tojoin NCD-RisC, as stated above. However, data
fromsome studies were no longer available, for example, because the
authorshadretired or moved, datahad been permanently archived or
data were stored using older storage technologies that could not be
easilyretrieved. Second, summary statistics for nationally representa-
tive data from sources that were identified but not accessed via the
above routes were extracted from published reports. Data were also
extracted for two STEPS surveys that were not publicly available”’8,
The two additional types of studies made up 0.7% of our data points
for childrenand adolescents and 8.4% for adults (adatapointisanage-
sex-study-specific prevalence in a BMI category, which is used in the
Bayesian meta-regression model as described below to make estimates
for allage groups, countries and years). These studies had information
onmean BMIand/or onasubset of BMI categories that were analysedin
thiswork. Toenable us to use these data, we used previously validated
conversionregressions to estimate the missing primary outcome from
the available BMI metric (or metrics). Additional details on conver-
sion regression model specifications and the model coefficients are
reported on GitHub (https://github.com/NCD-RisC/ncdrisc-methods/
blob/main/NCD-RisC-conversion-model-for-prev-bmi.pdf).

After the data access and cleaning procedure described above, we
used 4,050 population-based studies that measured height and weight
in232 million participants Syears of age and older from197 countriesin
thisstudy. The dataincluded 2,582 studies for children and adolescents
from 189 countries, and 2,980 studies for adults from 196 countries.
We had atleast one study for 197 (99%) of the 200 countries for which
estimates were made (Supplementary Fig. 1), at least two studies for
188 countries (94%) and at least three studies for 177 countries (89%).
189 countries had at least one national study, of which 181 had at least
two national studies and 166 had atleast three national studies. Coun-
triesin the high-income western super-region (withan average of 53.3
studies per country) and the East and Southeast Asia super-region (with
an average of 33.5 studies per country) had the most data, and those
in Pacific Island nations (6.0 studies per country) and sub-Saharan
Africa (8.6 studies per country) had the least data (Supplementary
Figs.1and2). Other super-regions onaverage had 12.1-26.7 studies per
country. Details of the studies are provided in Supplementary Table 2.

Statistical model

Overview. We used a Bayesian hierarchical meta-regression model to
estimate trends in the prevalence of different BMI categories by sex,
age, country and year from 1980 to 2024. The statistical methods for
analysis of pooled data, including itsimplementation and computation,
are described in detail in a statistical paper” and related substantive
papers*1036718081 NModel specification is summarized here and des-
cribed using statistical notation in the sections below. Insummary, the
model had a hierarchical structure, in which countries were nested in

regions, whichwere nested in super-regions, which were nested in the
globe (Supplementary Table 1). Estimates for each country and year
wereinformed by its own data, if available, and by data from other years
inthe same country and from other countries, especially those in the
same region with data for similar time periods. The extent to which es-
timates for each country-year were influenced by datafrom other years
and other countries depended on whether the country had data, the
sample size of data, whether the sources were at national, subnational
or community level, and the within-country and within-region vari-
ability of the available data. The model incorporated non-linear time
trends through the combination of linear and second-order random
walk terms, all modelled hierarchically.

The age association of BMI was modelled using a cubic spline to
allow for non-linear age patterns, which might vary across countries.
The coefficients of the splines were modelled hierarchically*'*®., For
adults, we allowed the coefficients to vary over time to reflect chang-
ing age associations®., For children and adolescents, model testing
showed that asimpler model without age-time interaction had better
performance™. For adults, two knots were placed at 45and 60 years,
and for children and adolescents, at 10 and 15 years, on the basis of
exploratory analyses"'%%,

The modelaccounted for the possibility that BMIin subnational and
community samples might systematically differ from, and have larger
variation than, nationally representative surveys through theinclusion
of fixed-effect and random-effect terms. The fixed effects adjusted for
systematic differences between subnational or community studies
and national studies and allowed these differences to vary over time.
The random effects allowed national data to have a larger influence
on the estimates than subnational or community data with similar
sample sizes. The model also accounted for urban-rural differences
inthe prevalence of aBMlI category, through data-driven fixed effects
for urban-only and rural-only studies. These urban and rural effects
were weighted by the difference between study-level and country-level
urbanization in the year when the study was conducted and were also
permitted to vary across time.

We fitted the statistical model using Markov chain Monte Carlo
(MCMC). For model fitting, data on participants 5-19 years of age were
included in the analysis of trends in children and adolescents, and on
participants 18 years of age and older in the analysis of trends in adults.
Dataon participants18 and 19 years of age were included inboth sets of
models because these groups formatransitional age from adolescence
to adulthood, hence these data are informative for estimates in both
groups. Allanalyses were done separately by sex because age, geographi-
cal and temporal patterns of BMI differ between sexes****2, Computa-
tional details, including on initialization of MCMC chains and model
convergence, are provided in the section on model implementation.

Model specification. Each study contributed up to 15 data points for
each BMI category and sex, with the exact number depending on the
age groups represented in the study. In the model specification, an
observationy,; thatis, the number of peoplein the prevalence category
fromage group hof study i, carried outin country,at time ¢, was speci-
fied to have abinomial distribution conditional on the sample size n,,;
and prevalencep,,

Yp,iln,ir Py~ BNy, P ).

We modelled the prevalence p,; from age group h of study iviaa
latentvariablea ; = (D‘l(ph ;) representing probit-transformed prev-
alence, through the following Gaussian distribution:

- 2
ap, i~ Ny + bt [+ wypgy iy + 1 (20) + XiB + €, T7),

wherej, the country in which a study was carried out, and ¢, the study
year, are uniquely determined by the study index i; we denote this
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determination of jand toniby j[i]land t[{], respectively. The country-
specific intercept and linear time slope from countryjare denoted
a;and b, respectively, withje{l, .. /},where/=200is the totalnumber
of countries and territories in our analysis. We describe the hierarchi-
calmodelused forthea’sandtheb’sinthesection ‘Linear components
of country time trends’. Letting 7= 45 be the total number of years from
198002024, the T-length vector u;captures smooth non-linear change
over timein country, as described in the section ‘Nonlinear change’.
The contribution of the age term for age group & (with mid-age z,) in
study iis denoted by Vizn); these are described in detail in the section
‘Age model’. The matrix X contains terms describing whether studies
were representative at the national, subnational or community level,
and whether they were urban only, rural only or covered both areas,
and B contains the associated fixed effects. In addition, arandom effect
e; was estimated for each study. These study-specific terms are
describedinthe section ‘Study-level terms and study-specific random
effects’. The variance term 72 captures variability not accounted for by
the study-specific random effects, described in the section ‘Residual
age-by-study variability’. Priors assigned to model hyperparameters
are summarized in Supplementary Table 3. Details on model fitting
and convergence are given in the section ‘Model implementation’.
Finally, details on how country-level inference was performed are given
inthe section ‘Inference and post-processing’.

Linear components of country time trends. The model had a hierar-
chicalstructure, in which studies were nested in countries, which were
nested in regions (indexed by /), which were nested in super-regions
(indexed by m), which were all nested in the globe (see Supplemen-
tary Table 1 for alist of countries in each region and regions in each
super-region). This structure allowed the model to shareinformation
across unitstoagreater degree when data were non-existent or weakly
informative (for example, had a small sample size or were not nation-
ally representative) and, to a lesser extent, in data-rich countries and
regions®,

The a and b terms are country-specific linear intercepts and time
slopes with terms at each level of the hierarchy, denoted by the super-
scripts ¢, r,sand g, respectively:

@=a; + ajp+ apg *+ a%,

_c r s g

b;=b; + by + by + b7,
a*~N(0, k),

b*-N(0, k),

where x € {c, r, s}. The k terms were each assigned a flat prior on the
standard deviation scale®*. We also assigned flat priors to a€ and b®.

Nonlinear change. The prevalence of aBMI category may change non-
linearly over time"®2, We captured smooth nonlinear change in timein
countryjusingthe vector u;. Justas a;and b;are each defined as the sum
of country, region, super-region and global components, we defined

— 1€ r s g
Uj=uj + Uy Upjytus.

To allow the model to differentiate between the degrees of nonlin-
earity thatexistat the country, region, super-region and global levels,
we assigned the four components of each u a discrete second-order
Gaussian autoregressive prior8%, In particular, the vectors
ui,je{l, . byl L€, ... L} uy, medl, ..., M}, and u®, all of length
T, are each given a Gaussian prior with mean zero and precision AP,
AP, AP and AP, respectively, where the scaled precision matrix Pin
the Gaussianautoregressive prior penalizes first and second differences
as follows:

1 0 0 -0
-21 0 01 -2 1 0O0- 0
1 -21 .-0)j01 -21 0.0
P=f0 1 -2 - 0[O O 1 21 -0
0O 0 1 -~ 0f: & & &t i o
Pt w100 0 00 -1

LO 0 O - 1]

1 -21 0 0 - O
-2 5 -41 0 -0
1 46 41 -0
=0 1 -4 6 -4 - 0]
-0

0O 01 -4 6

LO 0 0 0 0 -1

Pismultiplied by the estimated precision parameters 1., A,, A;and
Ag, thus upweighting or downweighting the strength of its penalties
and ultimately determining the degree of smoothing at each level.
For each of the four precision parameters, we used a truncated flat
prior on the standard deviation scale (1/¥1)5¢. We truncated these
priorssuchthatlogl <20 for each of the fourA’s. This upper boundis
enforced as a computational convenience, so that models with
logA > 20 are treated as equivalent to a model with logA = 20, as they
essentially have no extra-linear variability in time. In practice, this
upper bound had little effect on the parameter estimates. Further-
more, we ordered the A’sa prioriasfollows: A, <A, <A; <A,. This prior
constraint conveys the expectation that the global trend in the prev-
alence of aBMI category has less extra-linear variability than the trend
of any given super-region, which has less than those of constituent
regions, which in turn has less variability than the trends of constitu-
ent countries.

The matrix PhasrankT -2, corresponding to a flat, improper prior
on the mean and the slope of the u’s, the u/”’s, the u,,’s and u#, and is
notinvertible®. Thus, we had a proper prior in a reduced-dimension
space®, with the prior expressed as follows:

2 A
P(uflA.) = Ac 2 exp{—fuf’Puf}.

lfuj had a non-zero mean, this would introduce nonidentifiability
withrespectto af. By the sametoken, bf would not beidentifiable ifuj
had anon-zero timeslope, and similarly for the other means and slopes.
Thus, to achieve identifiability of the a’s, b’s and u’s, we constrained
the mean and slope of each of ué, u®, u” and u® to be zero. Enforcing
orthogonality between the linear and nonlinear portions of the time
trends meant that each can be interpreted independently.

For the cases in which we have observations for at least two different
time points, thisimproper prior will notlead to animproper posterior
because the data will provide information about the mean and slope.
Toenforce the desired orthogonality between the linear and nonlinear
portions of the model, we used the Rue and Held correction®. For the
countries without data (for adults, 4 for women and 8 for men;
for children and adolescents, 11 for girls and 19 for boys), we took
the Moore-Penrose pseudoinverse of P, setting to infinity those
eigenvalues that correspond to the non-identifiability. This effecti-
vely constrained the non-identified portions of the model to zero, as
the corresponding variances are set to zero®; in this case the Rue
and Held correction® is not needed. An intermediate case occurs
when data are observed for only one time point in a country. In this
case, the full conditional precision has rank 7 — 1 because the mean
but not the linear trend of u; is identified by the data. We therefore
constrained the linear trend of u; to zero in this case, by taking the
generalized inverse of the full conditional precision. We then con-
strained the mean ofuf to zero using the one-dimensional version of
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the Rue and Held correction®. Computational details have been given
in previous papers’’.

Age model. We sought a smooth function that could characterize
gradual changes in the prevalence of BMI categories over age, as seen
inthe data. To achieve this, we modelled age using cubic splines, with
the number and position of the knots of the spines selected based on
epidemiological and physiological knowledge about changes inbody
shape®® and statistical considerations, as previously described"*¢%2,
Statistically, we used age-stratified residuals to confirm the number
and position of knots.
For age group h with mid-age z,, in study i, the age term is given by

V(2 =V 2tV 2+ Vs 2 Y (2= k)T Vs (2= k),

where for children and adolescents, the two knots were placed at ages
(ky, k,) = (10,15) and for adults at (k;, k,) = (45, 60) years. To reduce
dependence among model parameters, we centred the age variable.

We used different age models for children and adolescents and for
adults, as explained below, following previous analyses'®**®, and visual
inspection of results as well as formal model testing carried out using
the Watanabe-Akaike information criterion®’,

For adults, each of the spline coefficients was allowed to vary across
countries and was modelled hierarchically, and was further allowed to
vary across time, to reflect different trends in prevalence across age
groups. We modelled spline coefficients as follows, consistent with
previous analyses"®, with the k-th age term coefficients for study i
given as follows:

Vei = ¢ Yot Yonn* Yomin + @ * P P * Do) eI
‘/’/f,j[i] -N(O, ng,k,c)'
Ui~ NO, 0j k.0,
Vet~ NO, 0 1.5),
PN O, g 1,0,
D¢ qin~NO, Ué,k.r%
D miin~N(O, Udik.s)'

Herey®,¢°, ¢ andy*areglobal, country, region and super-region
intercepts, and ¢4, ¢¢, ¢" and ¢° are global, country, region and
super-region time slope parameters. A flatimproper prior was placed
oneachoftheg,sandagy’s.

For children and adolescents, use of the model comparison criteria
Watanabe-Akaike information criterion showed that the age-time
interactionterms, ¢, did notimprove model fit. Therefore, each of the
spline coefficients was still allowed to vary across countries and was
modelled hierarchically but was held constant over time, consistent
with previous analyses"'. The k-th age term coefficients for study i
were given as follows:

_ e c r s
Vei= ¢ T ejin* Yoant Yeomur
c 2
wa[i] ~N(0, 0y 4.0,

¥~ NO, O k)

B iy~ VO, Opis)-

with flatimproper prior placed on each of the g,'s.

Study-level term and study-specific random effects. The prevalence
of aBMI category as measured inindividual studies may vary from the
true unobserved country-year prevalence owing to study implemen-
tation factors such as those associated with sampling, participation
and response, and measurement. We included time-varying offsets
(referred to above as fixed effects) to help account for potential sys-
tematic differences associated with datasources that are representative
of subnational or community populations, and data sources that are
representative of urban-only or rural-only populations, through the
term X;B:

X;B=B,1{X""® =subnational} + 8,1{X;*"® = subnational} ¢ [{]
+B,1 {X'"® =community} +[34|{Xi°‘”g =community}¢[i]

+/35Xf['i‘jf'[’[i]l{xf'”'b =rural} +ﬁ6Xj‘[§']tl}[i]l {X,-S'”rb =rural}¢[i] !

+B, (1= X i) HX ™ = urban} + B (1- X §ii )X "™ = urban} ¢[i]

where X°'"8is the indicator for whether the coverage of study i, in coun-
tryjandyear¢, is subnational or community, X,-S"”bis theindicator for
whether the study i covered rural-only or urban-only populations, and
Xjfi‘jfgi] is the percentage of the national population of country jin
year tliving in urban areas, as obtained from the 2018 revision to the
United Nation’s World Urbanization Prospects®. We note that f
through g are all multiplied by zero for studies that are urban only in
countrieswhereallresidentslived inurbanareas (for example, Singa-
pore) and for studies that are rural only in countries where all residents
lived in rural areas (for example, Tokelau), that is, in such cases, the
model does not consider studies classified as urban (respectively rural)
to have potential systematic differences from the true underlying
prevalence in the country.

Even after accounting for sampling variability, national studies may
still not reflect the true prevalence of aBMI category in a country with
perfect accuracy, and subnational and community studies have even
larger variability. We include the study-specific random effect ¢, to
allow all age groups from the same study to have an unusually high or
anunusually low prevalence, after conditioning on the other termsin
themodel. Each g;is assigned a Gaussian prior with variance dependent
on whether study i is representative at the national, subnational or
community level. Random effects from national studies were con-
strained to have smaller variance (v,) than random effects of subna-
tional studies (y;), which were in turn constrained to have smaller
variance than community studies (v,).

Residual age-by-study variability. The age patterns across communi-
ties within a given country may differ from the overall age pattern of
that country. This within-study variability cannot be captured by the
¢;terms, which are equal across age-specific observations in each study,
sowe included an additional variance component for each study, T2.

Model implementation. The model was fitted through a bespoke
MCMC sampler coded in R, which uses a combination of Metropolis-
Hastings and Gibbs updates®. To generate starting values for the
model runs, we ran an initial set of eight MCMC chains. We generated
the starting values of each initial chain by first randomly generating
log variance parameter values from diffuse Gaussian distributions
centred on estimates from previous analyses, and then generating all
other starting values conditional on these variance parameters. Weran
each of the initial chains for 50,000 iterations after burn-in, thinned
and combined across chains to obtain 5,000 posterior draws. To esti-
mate a distribution from which to sample initial values for the final
model runs, we fitted a multivariate Gaussian distribution to the



posterior distribution of all non-study-specific parameters obtained
from the initial chains, scaling the variance-covariance matrix by a
factor of 1.5; this equates to an increase in the variance of the multi-
variate Gaussian distribution of approximately 50% relative to the
target posterior distribution. Thisis alarger overdispersion than that
of 10%, which is considered sufficient for the Rhat convergence diag-
nostic®, and allows a larger spread of initial values to be included. To
obtaininitial values for study-specific parameters, we first sampled a
study-specific random effect ¢;, for each study i, from a Gaussian dis-
tribution with mean zero and variance given by the sampled initial
values of v,,, y; or v, dependent on whether study i was representative
atthe national, subnational or community level. We then sampled ini-
tial values of the latent variable a;, ; for each age group h and study i
from its Gaussian distribution, conditional on all other sampled pa-
rameter values, including the study-specific random effecte;.

We had a target of eight converged MCMC chains for generating
our estimates, which is twice the recommended minimum number to
assess convergence using the Rhat diagnostic®®. The exact numbers
of chains used for the model runs are not critical so long as at least
four chains are run to enable us to estimate between chain variation,
which is needed for the Rhat convergence diagnostic to be meaning-
ful®, and so long as there are sufficient computational resources to
run chains to convergence and subsequently to collect samples. We
ran ten chains for each BMI category sex combination, with chains
ordered by their seeds. The additional two chains were runto allow for
asmall number of the first eight chains to be discarded if mixing was
slow. In practice, no chain was replaced. We did not run more chains
because the computational and time cost outweighed the gains, ifany,
inresults. Weidentified, through visual inspection of hyperparameter
trace plots,aburn-in period of 20,000 iterations for adult prevalence
categories, and 30,000 for child and adolescent categories. We took
50,000 post-burn-initerations from each of the eight target chains,
and combined and thinned to obtain afinal sample of 5,000 posterior
draws for each outcome.

Convergence was confirmed through visual inspection as well
as through calculated split-Rhat diagnostic for country-year—age
outcomes as implemented in the R package ‘rstan’ (v2.26.15)%¢. The
97.5th quantile of split-Rhat ranged across BMI categories and sexes
from 1.003 to 1.013 for adults, and from 1.004 to 1.014 for children
and adolescents. Over 99% of country-year-age outcomes across all
categories and sexes for adults and for children and adolescents had
split-Rhat <1.05.

Inference and post-processing. Allinference was done for country-
year-age combinations, through combining the a, b, u and y terms,
and setting =0 and ¢;= 0. We set f=0 as fixed effects associated
with study design are not relevant for country-level inference. We set
¢;=0as random effects arising from imperfections and variations in
study design and implementation, and from within-country variabil-
ity of the prevalence of aBMI category, are also not relevant for country-
levelinference.

Posterior estimates were made in 1-year age groups for 5-19 years
of age, because BMI changes rapidly in relation to age in these ages,
and in 5-year age groups for 20 years of age and older. As in previous
work"®2, we rescaled the estimated prevalence of different BMI ranges
sothattheirsumwas1.0ineachsex, age, country and year. The average
scaling factors across samples ranged from 1.00 to 1.02 for children
and adolescents and 0.99t01.03 for adults, that s, the sum of the sepa-
rately estimated prevalence categories was close to 1. We calculated the
prevalence of obesity at the draw level as the sum of the prevalence of
BMIof30 kg m™tolessthan35 kg m? 35 kg m2tolessthan40 kgm=,
and 40 kg m~or higher.

For presentation, we summarized results for 5-19 years of age for
children and adolescents, and for 20 years of age and older for adults,
as age-standardized results. Age standardization puts the population

foreach country-year onthe same (standard) age distribution, hence
enables comparisons to be made over time and across countries. Age
standardization was performed by taking the weighted means of age-
sex-specific estimates, separately for children and adolescents and for
adults, using age weights from the WHO standard population®”. We
calculated the velocity of obesity for agivenyear at the draw level as the
absolute difference in age-standardized obesity prevalence between
consecutive years. To simplify reporting notation, we refer to velocity
for each set of consecutive years by the terminal year: for example, the
2023-2024 velocity is referred to as velocity in 2024.

The uncertainties of our estimates, represented by their posterior
distributions, capture the following sources of uncertainty in true
obesity prevalence: uncertainty due to sampling in each data source;
uncertainty associated with the variability of national data beyond
what is accounted for by sampling; uncertainty associated with sub-
national and community data, which are more variable than national
data; and uncertainty due to making estimates by country, year and age
when data were missing, scarce or weakly informative. The reported
credibleintervals represent the 2.5-97.5th percentiles of the posterior
distributions, which contain the true estimates with 95% probability.
We obtained the PP that an estimated change in obesity represented a
trueincrease as the proportion of draws from the posterior distribution
thatindicated anincrease, thatis, a positive change. We obtained the PP
thatan estimated velocity of obesity was positive (that s, prevalenceis
increasing) as the proportion of posterior draws for which the velocity
was positive.

Validation of statistical model. To evaluate how well our statistical
model fitted the data, we calculated the difference between the pos-
terior estimates of obesity prevalence from the model and data from
national studies. Median errors were very close to zero (0.11 percent-
age points for children and adolescents and 0.06 percentage points
for adults) and median absolute errors were 1.09 percentage points
for children and adolescents and 1.11 percentage points for adults,
indicating that the estimates were unbiased and had small deviations
relative to national studies.

Although we had data for 189 out of 200 (95%) countries for children
and adolescents, and 196 of 200 (98%) for adults, we also conducted the
more challenging test of how well our statistical model predicts miss-
ing data, known as external predictive validity. We evaluated external
predictive validity in two different tests. In test 1, we held out all data
from 10% of countries with data (that is, created the appearance of
countries withno datawhere we actually had data), a higher percentage
thanthe actual missingness in the dataset that we used. The countries
whose data were withheld were randomly selected from the following
three groups: data-rich (12 or more data sources for girls, 10 or more
forboys, 13 or more for womenand 10 or more for men), data-poor (1-3
datasourcesfor girls,1-2 for boys, 1-4 for women and 1-2 for men) and
average data (4-11data sources for girls, 3-9 for boys, 5-12 for women
and 3-9 for men) availability. All data-rich countries had at least one
datasource after 2010. Wefitted the model to the data from the remain-
ing 90% of countries and made estimates of the held-out observations.
In test 2, we assessed other patterns of missing data by holding out
10% of our data sources, again from a mix of data-rich, data-poor and
average-data countries, as defined above. For agiven country, we either
held out a random one-third of the data of that country or all of the
2010-2024 data of that country to determine, respectively, how well
wefilledin the gaps for countries with intermittent dataand how well
we estimated in countries without recent data. Given that test 1 held
out10% of countries with dataand we had data for 95% of countries for
childrenand adolescents and 98% for adults, test 2is abetter reflection
of external predictive validity of our analysis.

We fitted the model to the remaining 90% of the dataset and
made estimates of the held-out observations. We repeated each test
five times, holding out a different subset of data in each repetition. In
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both tests, we calculated the differences between the held-out data
and the estimates. We also calculated the 95% credible intervals of
the estimates; in a model with good external predictive validity, 95%
of held-out values would be included in the 95% credible intervals, a
metric referred to as coverage.

Our statistical model also performed well in the external validation
tests, that s, in estimating obesity prevalence when data were missing.
The estimates of obesity prevalence had median errors that were close
to zeroorsmallglobally (for test1and test 2, respectively, 0.61and 0.17
percentage points for girls, 1.02 and 0.63 percentage points for boys,
1.82and 0.21 percentage points for women, and 1.46 and 0.15 percent-
age points for men), and +4 percentage points or lessin every subset of
withheld data except for Pacific Island nations in test 1for adults where
median error was —4.51 and 4.94 percentage points for women and
men, respectively (Supplementary Table 4). The 95% credible intervals
of estimated prevalence of obesity covered 92-97% of true data glob-
ally for children and adolescents and 87-91% for adults; coverage was
above 85% in most subsets of withheld data. Median absolute errors
globally ranged from 1.72 to 3.53 percentage points for children and
adolescents and from 2.21t0 4.57 percentage points for adults. Median
absolute errors were smaller in test 2, where a subset of data sources
from some countries are withheld, than in test 1, where all data from
some countries are withheld. For comparison, median absolute differ-
ences for prevalence of obesity between pairs of nationally representa-
tive surveys done in the same country and in the same year was 2.06
percentage points for children and adolescents and 1.76 percentage
points foradults, indicating that our estimates perform almost as well
as conducting two distinct surveys in the same country and year.

Clustering obesity prevalence time series

We used clustering analysis to identify national obesity prevalence
time series that have similar shapes in a data-driven (unsuper-
vised) approach. The input to the analysis was the posterior mean
age-standardized obesity prevalence for each country from 1980 to
2024 estimated via the Bayesian meta-regression model as detailed
above. Data preprocessing and clustering were performed separately
by sex and for children and adolescents and for adults.

We first normalized the posterior mean obesity prevalence in each
country by subtracting the mean and dividing by the standard deviation
sothatthe timeseries for each country had zero meanand unit variance.
This step allowed the subsequent clustering to be determined by the
shape of trajectory as opposed to its level and magnitude of change,
which are captured by prevalence and velocity metrics. We then, for
eachyear, subtracted the annual mean normalized prevalence across
all countries from the country-specific (normalized) prevalence to
remove the overalltemporal trend in normalized prevalence. We used
principal component analysis to identify the features that explained
most variance, hence removed low-variance features®. The first three
principal components explained more than 97.9% of the variance and
characterized the shape of the time series of each country.

We applied k-means clustering to the country scores of the first three
principal components. The k-means algorithm partitions the datainto
k mutually exclusive clusters that are relatively homogeneous while
maximizing the heterogeneity among clusters, by minimizing the sum
of Euclidean distances of all data points from the centre of the cluster
they belongto. Itisawidely used and computationally efficient cluster-
ing algorithm that produces non-overlapping clusters.

In k-means analysis, the number of clusters k must be pre-specified.
Various heuristics have been suggested for selecting a suitable number
of clusters such as the elbow method and the silhouette method. These
metrics compare measures of cluster cohesion and cluster separation
for different choices of k. We ran the k-means algorithm across arange
of k values from 3 to 20, and selected k = 6 based on these heuristics
as well as epidemiological interpretability of the results and consist-
ency between sexes and between children and adolescents and adults.

The k-means algorithm uses random starting values and iteratively
minimizes the sum of distances until reaching an optimum. To minimize
the risk of converging to local optima, we initiated with 50 different
random starting values and used the best cluster allocation, that is,
the one with the minimum sum of distances across the 50 runs®. We
labelled each cluster based on the typology of obesity prevalence trends
ofthe countries in the cluster.

We evaluated the stability of the resultant clusters by calculating the
meanJaccard index'° between the clustering results over all countries
and that of 1,000 subsamples of countries drawn without replacement
(Supplementary Table 5). The Jaccard index is a measure of similarity
betweentwo groups and ranges from O to1, with O indicating no overlap
andlindicatingidentical results. We calculated theJaccardindex across
arange of subsample proportions from 50%, whichis an extreme situa-
tioninterms of the share of countries removed, to 90%. We computed
acluster-wise Jaccard index for each cluster in a comparison with the
most similar cluster obtained in each subsample'®®. The meanJaccard
index across 1,000 subsamples reflects how consistently the same
cluster appears across repeated subsampling and reclustering. As a
practical guideline,ameanJaccard indexlarger than 0.75is considered
asshowing good recovery and overall stability, whereas values smaller
than 0.60 suggest that the cluster is not consistently recovered across
repeated subsampling'®°%2, Theresultsindicate highly stable clusters
with average Jaccard indices across the six clusters for the four age
group and sex combinations ranging 0.90-0.96 when 90% of coun-
tries were used, 0.84-0.92 when 80% were used and 0.77-0.83 in the
difficult task of clustering with only 50% of countries. For children and
adolescents, theJaccard index remained above 0.75for all clusters when
up to 20% of countries were dropped. When 30% or more of countries
were dropped, theJaccard index was above 0.75 for all but one cluster
each for girls (decelerating increase) and for boys (recent decline).
For adults, theJaccard index remained above 0.75 when up to 20% of
countries were dropped for all but one cluster (recent decline for men)
possibly because some of its constituent countries were absorbed
into the related clusters such as plateau as countries were dropped.
The average Jaccard index for the cluster of decelerating increase or
plateau for women also became lower than 0.75 when 30% or more of
countries were dropped, as it exchanged some constituent countries
withother clusters. Nonetheless, evenin the extreme situation of using
only 50% of countries, Jaccard index was over 0.60 for all but one cluster
for boys (recent decline) where it was just below the threshold (0.59).

All analyses were performed in statistical software R (v4.3.0).

Comparison with prior studies

Onestudy™ presented an obesity transition framework with four stages
and qualitatively applied the staging in 30 example countries. The
qualitative features of the four obesity transition stages are consist-
entwith our findings. However, the framework paper did not use data
after 2016 and found few countriesin the proposed fourth stage where
obesity prevalence declines. The study only qualitatively considered
the differences in trends between sexes and age groups inits appli-
cation and did not analyse the range of prevalences at which trends
plateaued. Prior global studies*®21°*!%* have reported changes in obe-
sity prevalence over multi-decadal periods but did not attempt to cat-
egorize or quantify dynamic trajectories, hence our results cannot be
directly compared with theirs. Two of these studies graphically showed
a continuing increase in obesity in most world regions from 1990 to
2021'%1%¢ different from our quantitative findings of plateauing of
the rise in obesity in many high-income countries. The plateauing of
obesity prevalence that we reported in many high-income countries for
one or both sexes is consistent with reports of prevalence time series
in specific countries'® ™ and reviews of published studies'*'?. Only
one study' has quantitatively classified obesity prevalence trends for
different US states, reporting mixed typologies of subnational trends
similar to what we found globally.
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Extended DataFig. 3 |Posterior distribution of velocity of obesityin children
and adolescentsin2024 by country. For each country, the shaded area
shows the posterior distribution of the velocity of obesity in 2024. Darker
shading denotes higher posterior probability and lighter shading denotes
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Extended DataFig. 4 |Posterior probability that velocity of obesity in certainty of a positive velocity, those towards O indicate more certainty of a
childrenand adolescents was positive in2024 by country. Ifapositive velocity = negative velocity, and those closer to 0.5indicate less certainty of a positive or
(i.e.anincreasein obesity) is statistically indistinguishable from a negative negative velocity.

velocity (i.e.adecreasein obesity), the PPis 0.5. PPs closer tolindicate more
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Extended DataFig. 5| Phenotypes of national obesity trajectories by
super-regioninwomen. Each coloured line shows age-standardized obesity
prevalence trends over time for one country belonging to a cluster and super-
region combination. They are coloured by super-region. Grey lines show all

countries belongingto a clusteracross all super-regions. The number at the
top of each panel shows the number of countries belonging to each cluster-super-
region combination. The trend line for the most populous countryineach super-
regionisidentified by their ISO 3166-1alpha-3 codes (Supplementary Note 1).
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Extended DataFig. 6 | Phenotypes of national obesity trajectories by super-
regioninmen. Each coloured line shows age-standardized obesity prevalence
trends over time for one country belonging to a cluster and super-region
combination. They are coloured by super-region. Grey lines show all countries

belongingtoacluster acrossall super-regions. The number at the top of each
panel shows the number of countries belonging to each cluster-super-region
combination. Thetrendline for the most populous countryineachsuper-region
isidentified by their ISO 3166-1alpha-3 codes (Supplementary Note1).
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Extended DataFig.7 | Posterior distribution of velocity of obesity in adults
in2024 by country. For each country, the shaded areashows the posterior
distribution of the velocity of obesity in 2024. Darker shading denotes higher
posterior probability and lighter shading denotes lower posterior probability.
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The point for each country shows the posterior mean of velocity in2024.
Countriesare ordered by region and the posterior mean velocity in2024.

Country names are coloured by super-region.
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Extended DataFig. 8| Posterior probability that velocity of obesityinadults  obesity), the PPis 0.5.PPsclosertolindicate more certainty of a positive velocity,
was positivein2024 by country. Ifapositive velocity (i.e.anincreasein obesity) ~ those towards O indicate more certainty of a negative velocity, and those closer
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Extended DataFig. 9 |Female and male velocity of obesity in2024. Relationship between velocity of obesity for girls and boys (a) and for women and men (b).
Each point shows one country, coloured by super-region. The solid grey line denotes equality of female and male velocity.
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