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Summary
Background Obesity represents a major global health challenge with important clinical implications. Despite its recognized
importance, the global disease burden attributable to high body mass index (BMI) remains less well understood.

Methods We systematically analyzed global deaths and disability-adjusted life years (DALYs) attributable to high BMI
using the methodology and analytical approaches of the Global Burden of Disease Study (GBD) 2021. High BMI was
defined as a BMI over 25 kg/m2 for individuals aged ≥20 years. The Socio-Demographic Index (SDI) was used as a
composite measure to assess the level of socio-economic development across different regions. Subgroup analyses
considered age, sex, year, geographical location, and SDI.

Findings From 1990 to 2021, the global deaths and DALYs attributable to high BMI increased more than 2.5-fold for
females and males. However, the age-standardized death rates remained stable for females and increased by 15.0%
for males. Similarly, the age-standardized DALY rates increased by 21.7% for females and 31.2% for males. In 2021,
the six leading causes of high BMI-attributable DALYs were diabetes mellitus, ischemic heart disease, hypertensive
heart disease, chronic kidney disease, low back pain and stroke. From 1990 to 2021, low-middle SDI countries
exhibited the highest annual percentage changes in age-standardized DALY rates, whereas high SDI countries
showed the lowest.

Interpretation The worldwide health burden attributable to high BMI has grown significantly between 1990 and 2021.
The increasing global rates of high BMI and the associated disease burden highlight the urgent need for regular
surveillance and monitoring of BMI.
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Research in context

Evidence before this study
High BMI has been extensively documented as a major global
health issue by sources such as the Global Burden of Disease
(GBD) Study and various epidemiological reports. We
conducted a comprehensive literature search across PubMed
and Scopus databases from January 1990 to May 2024, using
terms like “high BMI,” “global burden of disease,” and “obesity.”
Our search yielded that varying evidence quality, with some
studies exhibiting potential biases or limited generalizability.

Added value of this study
This study provides an updated and comprehensive analysis of
global deaths and disability-adjusted life years (DALYs)

attributable to high BMI from 1990 to 2021, using the latest
GBD 2021 data. It reveals that global deaths and DALYs due
to high BMI have more than doubled over this period, with
low-middle SDI countries experiencing the highest annual
percentage increases in age-standardized DALY rates.

Implications of all the available evidence
The GBD 2021 study highlights the growing global burden of
high BMI and significant regional disparities. This indicates a
pressing need for targeted interventions and monitoring. The
study calls for ongoing surveillance and research to refine
strategies and enhance health outcomes across different
socio-economic contexts.

Articles
Introduction
Obesity is a modifiable metabolic risk factor character-
ized by chronic positive energy balance that results in
excess adiposity.1 The etiology of obesity is multifacto-
rial, involving genetics, environmental, socioeconomic,
and behavioral factors. These factors contribute to low-
grade chronic inflammation, abnormal hormonal and
immune responses, and, ultimately, systemic metabolic
dysregulation.1–3 Obesity is a major public health chal-
lenge, impacting over 2 billion individuals, and its
prevalence is on the rise globally.4–7

Obesity significantly increases the risk of developing
type 2 diabetes, hypertension, cardiovascular disease
(CVD), chronic kidney disease, chronic respiratory dis-
ease, cirrhosis, and various types of cancers.8–12 This
significantly strains many countries’ health care systems
and other social resources, leading to substantial direct
and indirect societal costs.13,14 The global medical care
costs of obesity were nearly 1.96 trillion, or 2.4% of the
global Gross Domestic Product in 2020.13,14 If current
trends persist, it is expected that by 2035, the economic
impact of obesity could reach nearly 3% of the global
Gross Domestic Product.14 Managing obesity is chal-
lenging due to the difficulty patients experience main-
taining strict dietary and exercise regimens. Obesity
pharmacotherapy and bariatric surgery are expensive
and may lead to various adverse effects, such as nausea,
vomiting, diarrhea, and neuropathy.15

From 1990 to 2017, the global burden attributable to
high body mass index (BMI) more than doubled in over
70 countries and is expected to continue increasing.16 It
is anticipated that the global prevalence of obesity will
increase further across all age groups due to the recent
COVID-19 pandemic.17–19 The measures taken to
enforce social distancing during the COVID-19
pandemic have reduced physical activity, increased
sedentary behavior, and altered eating habits.20,21
www.thelancet.com Vol 76 October, 2024
Moreover, people have been more inclined to purchase
and consume processed, unhealthy foods.22 Thus, the
surveillance of high BMI prevalence is crucial for
developing and implementing public health initiatives
designed to mitigate or eliminate the occurrence and
impact of obesity. As part of the risk factor assessment
for the Global Burden of Disease Study (GBD) 2021, we
comprehensively analyzed global trends and burden of
high BMI from 1990 to 2021, broken down by country.
This manuscript presents the updated findings of a
systematic analysis conducted for the recent and pub-
licly available GBD 2021 database.
Methods
Data sources
The data regarding the impact of high BMI on the
burden of disease was gathered from the Global Health
Data Exchange GBD Results Tool (http://ghdx.
healthdata.org/gbd-results-tool). GBD collaborators
developed this tool to conduct a comprehensive evalua-
tion of age- and sex-specific mortality for 288 causes,
prevalence and years lived with disability for 371 dis-
eases and injuries, and comparative risks for 88 risk
factors across 204 countries and territories and 811
subnational locations from 1990 to 2021. The detailed
methodologies of GBD 2021 and the comparative risk
assessment specifically for high BMI have been
described elsewhere.23,24 The protocol used for GBD
2021 was published on the Institute for Health Metrics
and Evaluation website. The GBD study provides the
baseline data and methodology, including comprehen-
sive disease categorization and burden estimates.
Additional analysis performed by the authors involves
applying the GBD framework to specific research
questions, focusing on subgroups or regions not
extensively covered. All GBD 2021 analyses complied
3
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with the Guidelines for Accurate and Transparent
Health Estimates Reporting statement.

Definitions
The GBD 2021 study estimated the impact by
comparing actual health outcomes to hypothetical out-
comes under historical exposure scenarios. High BMI
was defined as BMI, calculated by dividing a person’s
weight in kilograms by the square of their height in
meters (kg/m2) and was over 25 kg/m2 for individuals
aged 20 years and older.6 Detailed information about the
data selection process and inputs have been provided
previously.6 In the GBD study, the classification of dis-
ease attributable to high BMI is organized into a four-
level hierarchical system to ensure comprehensive and
precise categorization. Level 1 includes broad groupings
such as communicable and non-communicable diseases,
and injuries. Level 2 breaks these into 22 specific
categories, e.g. cardiovascular diseases within non-
communicable diseases. Level 3 further specifies
conditions within these categories, e.g. stroke under
cardiovascular diseases. Level 4 provides even finer detail,
identifying subcategories e.g. ischemic stroke within the
general stroke category, allowing for a detailed and
exhaustive analysis of global health metrics. This study
uses Disability-Adjusted Life Years (DALYs) to measure
disease burden. DALYs are a commonly used metric that
combines the years of life lost due to premature mortality
and the years lived with disability. Typically, DALYs are
considered over an extended period, such as a lifetime,
but in our analysis, we quantified DALYs annually, spe-
cifically for 2021. When referring to “DALY cases” in our
study, we refer to the total number of DALYs accumu-
lated within 2021 due to various health conditions. This
approach provides a snapshot of the disease burden for
that particular year. By focusing on DALYs within a
single year, we can assess and compare the immediate
impact of health issues and their contribution to the
overall disease burden for that period. The quantification
of cause-specific deaths and DALYs across various de-
mographics, including age, sex, temporal dimensions,
and geographical locations, has been meticulously gath-
ered from an extensive dataset. DALYs serve as a
comprehensive metric, encapsulating the total health
burden attributable to disease by amalgamating the years
of life forfeited through premature mortality and the
years spent living with disability. Each DALY is inter-
preted as a loss of one year of optimal health. In previous
GBD studies and in this study, we have focused on the
attributable burden of disease using the concept of the
theoretical minimum risk exposure level (TMREL).17

TMREL represents the level of risk exposure that mini-
mizes the risk at the population level, effectively
capturing the maximum attributable burden if the expo-
sure were reduced to this ideal level.17 To estimate the
burden of high BMI, we calculated DALYs by multiplying
DALYs for the health outcomes related to high BMI by
the population attributable fraction (PAF) for high BMI.
This approach is also used to estimate high BMI-
attributable deaths. Risks are categorized based on how
BMI exposure is measured: dichotomous, polytomous, or
continuous. The PAF indicates the proportion of risk that
would be reduced if BMI was reduced to TMREL. The
socio-demographic index (SDI) is introduced as a com-
posite measure reflecting the development status of
various geographic locales. This index is derived from
three indicators: the total fertility rate among women
under 25, educational attainment for individuals aged 15
and above, and per capita income adjusted for time lag.
The SDI scale, ranging from a value close to zero (indi-
cating low development) to a maximum value (indicating
high development), categorizes countries and territories
into five quintiles, from low to high developmental status,
providing a nuanced understanding of the interplay be-
tween socioeconomic factors and health outcomes.

Statistical analysis
We analyzed the disease burden attributable to high
BMI, considering metrics such as the total number and
rate of deaths or DALYs, age-standardized rates, and
percent changes. The age-standardized rates were
calculated by adjusting to the global age structure,
which is essential for comparing different populations
or changes over time. The 95% uncertainty intervals
(UIs) were delineated by the 2.5th and 97.5th percen-
tiles, representing the 25th and 975th values, respec-
tively, from the ordered set of 1000 estimates.
Population-attributable fractions were used to mea-
sure the proportion of age-standardized DALYs that
could have been prevented with reduced exposure to
high BMI. Furthermore, we explored the relationship
between the SDI and the disease burden attributable to
high BMI across different locations and years. A 95%
UI excluding zero was considered statistically signifi-
cant. The mapping figures were created using
mapchart.net.

Ethics
The institutional review board granted an exemption for
this study, as it utilized publicly accessible data that
contained no confidential or personally identifiable pa-
tient information.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
The overall impact and temporal trend of high BMI
In 2021, there was an estimated incidence of 3.7 million
deaths and an estimated prevalence of 128.5 million
cases of DALYs (Tables 1 and 2). Globally, there has
www.thelancet.com Vol 76 October, 2024
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1990 2021 Relative change in
age-standardized
death rate, 1990–2021
(95% CI)

No. death cases (95% UI) Age-standardized
death rates per
100,000 (95% UI)

No. death cases (95% UI) Age-standardized
death rates per
100,000 (95% UI)

Global 1,459,533 (723,043–2,287,052) 40.90 (19.87–64.16) 3,709,063 (1,847,840–5,658,334) 44.23 (22.01–67.64) 0.08 (0.01–0.15)

Sex

Female 828,147 (407,103–1,302,480) 41.57 (20.18–65.25) 2,013,089 (979,000–3,076,045) 43.26 (21.08–66.05) 0.04 (−0.03 to 0.12)

Male 631,386 (315,453–988,214) 39.03 (19.35–60.80) 1,695,974 (861,972–2,635,343) 44.90 (23.01–70.17) 0.15 (0.06–0.23)

SDI

Low SDI 70,040 (42,195–110,220) 32.89 (20.11–51.01) 204,362 (114,078–318,520) 43.22 (24.93–66.40) 0.31 (0.14–0.50)

Low-middle SDI 177,919 (100,108–281,095) 31.91 (18.22–49.61) 671,617 (349,426–1,011,204) 49.59 (26.29–74.99) 0.55 (0.35–0.74)

Middle SDI 306,277 (185,062–452,734) 33.78 (20.37–50.30) 1,126,388 (581,131–1,700,642) 44.80 (23.60–67.57) 0.33 (0.10–0.46)

High-middle SDI 430,095 (194,645–685,431) 48.62 (22.28–77.66) 904,396 (417,515–1,428,690) 46.71 (21.70–73.63) −0.04 (−0.12 to 0.05)

High SDI 472,370 (199,898–767,235) 43.07 (18.21–69.90) 797,416 (368,146–1,253,107) 35.13 (16.59–54.47) −0.18 (−0.24 to −0.07)

Causes

Cardiovascular diseases 863,066 (477,898–1,316,551) 37.30 (0.36–13.63) 1,904,239 (1,072,732–2,864,242) 34.24 (7.36–12.87) −0.07 (−0.14 to 0.02)

Chronic respiratory diseases 38,041 (16,523–59,933) 1.58 (1.36–0.43) 62,363 (26,317–100,543) 1.19 (8.36–0.31) −0.26 (−0.35 to −0.14)

Diabetes and kidney diseases 330,122 (170,826–489,762) 13.57 (2.36–4.53) 1,142,121 (602,169–1,666,047) 19.81 (9.36–7.14) 0.50 (0.39–0.64)

Digestive diseases 21,103 (4725–35,436) 1.06 (3.36–0.14) 46,716 (10,268–79,844) 0.98 (10.36–0.13) −0.09 (−0.19 to 0.12)

Musculoskeletal disorders 137,353 (57,450–225,297) 6.03 (4.36–1.51) 356,738 (146,116–581,012) 6.80 (11.36–1.71) 0.14 (0.07–0.20)

Neoplasms 31,577 (−1617–142,814) 5.43 (5.36 to −0.07) 139,439 (−21,838–580,290) 7.44 (12.36 to −0.27) 0.47 (−0.47 to 2.67)

Neurological disorders 38,272 (8106–107,542) 2.62 (6.36–0.20) 57,447 (12,864–150,517) 1.75 (13.36–0.15) −0.29 (−0.40 to −0.08)

Respiratory infections and
tuberculosis

863,066 (477,898–1,316,551) 37.30 (0.36–13.63) 1,904,239 (1,072,732–2,864,242) 34.24 (7.36–12.87) −0.07 (−0.14 to 0.02)

Sense organ diseases 38,041 (16,523–59,933) 1.58 (1.36–0.43) 62,363 (26,317–100,543) 1.19 (8.36–0.31) −0.26 (−0.35 to −0.14)

Regions

Southeast Asia, East Asia, and
Oceania

209,280 (133,212–314,962) 21.31 (13.51–31.76) 843,126 (434,145–1,321,468) 32.18 (16.72–50.06) 0.51 (0.03–0.87)

Central Europe, Eastern Europe,
and Central Asia

313,169 (127,541–516,522) 70.50 (28.19–116.6) 482,197 (206,766 - 766,422) 73.46 (31.57–116.87) 0.04 (−0.06 to 0.18)

High-income 495,925 (211,655–800,301) 41.52 (17.71–67.04) 815,587 (370,336–1,288,209) 33.19 (15.69–51.55) −0.20 (−0.25 to −0.09)

Latin America and Caribbean 121,529 (62,408–183,615) 58.07 (30.04–87.81) 390,581 (200,873–593,116) 63.83 (32.60–97.11) 0.10 (0.01–0.19)

North Africa and Middle East 139,628 (80,646–204,715) 94.42 (54.85–138.13) 444,512 (248,383–651,458) 111.09 (62.99–165.05) 0.18 (0.05–0.30)

South Asia 91,954 (46,062–155,163) 16.58 (8.74–27.79) 448,678 (214,705–698,248) 31.70 (15.44–49.7) 0.91 (0.56–1.33)

Sub-Saharan Africa 88,048 (53,414–136,421) 45.76 (27.18–70.37) 284,382 (160,256–427,513) 67.34 (38.78–102.13) 0.47 (0.29–0.66)

World Bank regions 825,830 (405,994–1,298,931) 24.19 (11.59–37.98) 3,701,337 (1,843,736–5,646,169) 44.19 (21.98–67.58) 0.83 (0.72–0.97)

WHO region 1,448,757 (717,769–2,270,841) 40.84 (19.84–64.08) 3,684,012 (1,835,234–5,618,806) 44.25 (22.01–67.65) 0.08 (0.01–0.15)

European union 300,328 (130,095–482,020) 50.23 (21.68–80.72) 419,910 (198,142–672,566) 37.28 (17.88–59.34) −0.26 (−0.32 to −0.15)

League of Arab States 93,700 (54,474–138,019) 101.80 (58.54–149.61) 314,703 (177,705–467,749) 130.76 (75.14–195.39) 0.28 (0.11–0.45)

Commonwealth 221,787 (107,464–356,741) 28.87 (14.05–46.35) 741,090 (356,775–1,136,519) 38.31 (18.41–59.14) 0.33 (0.20–0.48)

OECD Countries 608,719 (263,354–978,455) 45.88 (19.90–73.72) 1,077,196 (511,582–1,688,391) 39.26 (19.08–60.51) −0.14 (−0.20 to −0.02)

G20 1,045,845 (498,668–1,651,416) 38.33 (17.91–60.41) 2,508,139 (1,216,695–3,877,430) 38.98 (18.96–60.30) 0.02 (−0.05 to 0.09)

African union 151,517 (90,193–228,330) 60.15 (35.72–89.11) 491,144 (275,282–731,417) 86.48 (49.45–129.8) 0.44 (0.26–0.60)

Four World regions 1,453,713 (720,260–2,278,004) 40.82 (19.84–64.04) 3,698,546 (1,842,234–5,642,121) 44.19 (21.98–67.58) 0.08 (0.01–0.15)

World bank income levels 1,456,672 (721,695–2,282,563) 40.86 (19.86–64.11) 3,704,134 (1,845,217–5,650,715) 44.21 (21.99–67.61) 0.08 (0.01–0.15)

Nordic region 14,360 (5312–23,981) 37.09 (13.88–61.66) 16,769 (7097–27,654) 25.05 (10.77–41.28) −0.32 (−0.39 to −0.16)

Organization of Islamic
Cooperation

244,516 (137,488–372,008) 52.41 (29.85–78.55) 806,667 (439,001–1,198,877) 71.57 (39.42–107.21) 0.37 (0.24–0.49)

Association of Southeast Asian
Nations

53,733 (32,894–83,980) 21.96 (13.48–33.99) 222,760 (118,705–342,708) 35.86 (19.44–55.15) 0.63 (0.37–0.88)

Gulf Cooperation Council 7520 (3992–11,670) 105.29 (56.86–163.13) 35,910 (20,177–51,894) 137.46 (76.71–201.14) 0.31 (0.07–0.63)

Sahel region 28,578 (16,831–44,670) 48.03 (28.28–74.92) 80,107 (44,088–123,263) 62.89 (34.89–96.41) 0.31 (0.10–0.56)

Health system grouping levels 1,456,701 (721,713–2,282,604) 40.86 (19.86–64.11) 3,704,180 (1,845,244–5,650,779) 44.21 (22–67.61) 0.08 (0.01–0.15)

Abbreviations: BMI, high body mass index; CI, confidence interval; SDI, Socio-demographic Index; UI, uncertainty intervals.

Table 1: Deaths and age-standardized death rates of high BMI in 1990 and 2021 and the temporal trend of age-standardized death rates from 1990 to 2021.
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been a significant increase in global deaths and DALYs
attributable to high BMI for both males and females
(number of deaths: from 1.5 million to 3.7 million;
DALYs: from 48.0 million to 128.5 million), corre-
sponding to a nearly 2.5-fold increase (Fig. 1A and B).
Specifically, the global deaths attributable to high BMI
have risen from 0.8 million (95% UI 0.4 million, 1.3
million) in 1990 to 2.0 million (95% UI 0.9 million, 3.2
million) in 2021 for females, and from 0.6 million
(95% UI 0.3 million, 1.0 million) in 1990 to 1.7 million
(95% UI 0.9 million, 2.6 million) in 2021 for males.

From 2019 to 2020, the age-standardized death
rates increased slightly from 44.1 to 44.13 per 100,000
population, and the age-standardized DALY rates rose
from 1464.6 to 1477.85 per 100,000 population. Dur-
ing the COVID-19 pandemic (2020–2021), the death
rates slightly increased from 44.13 to 44.23 per
100,000 population, while the DALY rates further rose
from 1477.85 to 1493.24 per 100,000 population.
These increases during the COVID-19 pandemic were
more pronounced than in previous periods. Further-
more, the global DALYs attributable to high BMI have
increased from 26.1 million (95% UI 11.0 million,
42.2 million) in 1990 to 67.2 million (95% UI 28.4
million, 105.6 million) in 2021 for females, and from
21.9 million (95% UI 10.1 million, 35.1 million) in
1990 to 61.3 million (95% UI 94.9 million, 27.6
million) in 2021 for males. Despite these increases,
the age-standardized rates of high BMI-attributable
deaths remained stable for females and increased by
15.0% for males between 1990 and 2021. Similarly,
the age-standardized rates of high BMI-attributable
DALYs only increased by 21.7% for females and
31.2% for males during the same period.

The rates of high BMI-attributable deaths and
DALYs increased with age, and this pattern was
consistent for both females and males (Fig. 1C and D).
In age groups younger than 75 years, high BMI-
attributable death and DALYs rates were lower in fe-
males than males, but in age groups 65 years and older,
these rates were higher in females than in males. The
number of high BMI-attributable deaths peaked in the
70–74 age group for females, while for males, the peak
was observed in the 65–69 age group. The number of
high BMI-attributable DALYs peaked in the 65–59 and
60–64 age groups for females and males. Additionally,
the numbers of high BMI-attributable deaths and
DALYs were lower in females than in males in age
groups under 60 years, while the numbers were higher
in females than males in age groups 60 years and older.

Impact of high BMI on GBD level 2 and 3 causes
In 2021, across GBD level-2 causes, cardiovascular
disease and the composite of diabetes and kidney
diseases were the two primary contributors to high
BMI-attributable DALYs. The absolute number of
DALYs for cardiovascular disease and the composite
7
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Fig. 1: (A) Temporal trend of death numbers and rates attributable to high BMI by females and males from 1990 to 2021; (B) Temporal trend of
DALYs numbers and rates attributable to high BMI by females and males from 1990 to 2021; (C) Death numbers and rates attributable to high
BMI by sex and age distribution; (D) DALYs numbers and rates attributable to high BMI by sex and age distribution. Abbreviations: DALYs, deaths
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of diabetes and kidney diseases was 1.9 million and 1.1
million, respectively. The age-standardized DALY rates
were 497.3 (95% UI 271.8, 699.5) per 100,000 people for
cardiovascular disease and 496.7 (95% UI 347.2, 679.6)
per 100,000 people for the composite of diabetes and
kidney diseases (Fig. 2). This was followed by muscu-
loskeletal disorders, with a DALY rate of 134.0 (95% UI
104.8, 287.2) per 100,000 people, and neoplasms, with a
DALY rate of 88.9 (95% UI 37.5, 143.9) per 100,000
people. Together, these accounted for 91.4% of all high
BMI-attributable DALYs. Additionally, 39.6% (95% UI
21.3%, 54.6%) of all diabetes and kidney diseases age-
standardized DALYs worldwide were attributable to
high BMI. In comparison, the corresponding pro-
portions were 38.3% (95% UI 28.4%, 48.7%) for car-
diovascular disease and 4.6% (95% UI 2.7%, 7.1%) for
musculoskeletal disorders. Similar patterns were
observed for deaths. GBD level 2 causes of high BMI-
attributable DALYs and deaths with age distribution
are shown in Supplement Figure S1. From 1990 to
2010, age-standardized death and DALYs rates of dia-
betes significantly increased and became comparable to
those of CVD (Supplement Figure S2A and C). High
BMI contributes significantly to the burden of several
GBD level-3 causes (Supplement Tables S1 and S2).
Specifically, for every 100,000 people, the attributable
DALYs due to high BMI were highest for diabetes
mellitus, ischemic heart disease, hypertensive heart
disease, chronic kidney disease, low back pain, and
stroke. The absolute numbers of DALYs for these con-
ditions were 39.3 million for diabetes mellitus, 23.9
million for ischemic heart disease, 12.6 million for hy-
pertensive heart disease, 10.4 million for chronic kidney
disease, 8.3 million for low back pain, and 7.6 million
for stroke. For every 100,000 people, the absolute
number of deaths due to high BMI was highest for
ischemic heart disease, diabetes mellitus, hypertensive
heart disease, chronic kidney disease, stroke, and Alz-
heimer’s and other dementias. The absolute numbers of
deaths for these conditions were, respectively, 1.0
million for ischemic heart disease, 0.7 million for dia-
betes mellitus, 0.6 million for hypertensive heart dis-
ease, 0.4 million for chronic kidney disease, 0.3 million
for stroke, and 0.1 million for Alzheimer’s and other
dementias.

Impact of high BMI on GBD super-region
Temporal trends of age-standardized death and DALY
rates in each region from 1990 to 2021 are shown in
Fig. 3. The burden of high BMI increased worldwide
www.thelancet.com Vol 76 October, 2024
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Fig. 2: (A) Temporal trend of the number of deaths by GBD level 2 causes attributable to high BMI from 1990 to 2021; (B) Temporal trend of
the contribution of GBD level 2 causes for deaths attributable to high BMI from 1990 to 2021; (C) Temporal trend of the number of DALYs
attributable to high BMI by GBD level 2 causes from 1990 to 2021; (D) Temporal trend of the contribution of GBD level 2 causes for DALYs
attributable to high BMI from 1990 to 2021. Abbreviations: DALYs, deaths and disability-adjusted life years; GBD, global burden of disease study.
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between 1990 and 2021, especially in the Middle East,
and it remains a significant challenge in those regions
and others (Fig. 4). The countries with the highest age-
standardized rates of high BMI-attributable deaths and
DALYs are those in the high-SDI quintile, with 44.9
(95% UI 29.3, 62.2) deaths per 100,000 people and
1462.3 (95% UI 1007.4, 1963.7) DALYs per 100,000
people, as well as the low SDI quintile with 38.8 (95%
0 - 30
30 - 35
35 - 45
45 - 60
60 - 65
65 - 75
75 - 90
90 - 105
105 - 140
140 - 230

Age-standardized high
BMI-attributable death rate
per 100, 000

0 - 1000
1000 - 1200
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1500 - 1800
1800 - 2100
2100 - 2400
2400 - 2700
2700 - 3200
3200 - 4200
4200 -4500

Age-standardized high
BMI-attributable DLAYs rate
per 100, 000

A

B

Fig. 4: (A) Age-standardized DALY rates attributable to high BMI in 2021
Abbreviations: BMI, high body mass index; DALYs, deaths and disability-a
UI 19.8, 63.1) deaths per 100,000 people and 1240.2
(95% UI 672.0, 1912.3) DALYs per 100,000 people.
Conversely, the countries with high SDI had the lowest
age-standardized DALY rates, and those with low-
middle SDI had the highest. Fig. 5 shows the associa-
tion between DALY rates and SDI across countries. As
SDI increases, the age-standardized DALY rates initially
rise until SDI reaches approximately 0.50, which begins
; (B) Age-standardized DALYs rates attributable to high BMI in 2021.
djusted life years.
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Fig. 5: (A) Age-standardized DALYs rates attributable to high BMI across GBD super-region by SDI from 1990 to 2021; (B) Age-standardized
DALYs rates attributable to high BMI across 204 countries and territories by SDI in 2021 Abbreviations: DALYs, deaths and disability-adjusted life
years; GBD, global burden of disease study; SDI, Socio-demographic Index.
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to decrease with higher SDI values exceeding 0.65. The
age-standardized death and DALY rates attributable to
high BMI in 2021 by 204 countries and territories were
shown in Supplement Tables S3 and S4. Across coun-
tries, six countries (Nauru, Fiji, Marshall Islands,
Kiribati, Egypt, and Eswatini) had the highest mortality
rates. The DALYs and age-standardized DALYs rates
were the highest in Nauru, Fiji and the Marshall
Islands. From 1990 to 2021, most GBD super regions
experienced an increase in age-standardized rates of
high BMI-attributable deaths and DALYs. Only the
Nordic region and European Union experienced a
decline in the age-standardized rate of high BMI-
attributable deaths during the study period. Across all
countries and territories, six countries (Zimbabwe,
Lesotho, Pakistan, India, Indonesia, and Libya) experi-
enced the highest increase in the age-standardized rates
of high BMI-attributable deaths and DALYs. Six coun-
tries (Ethiopia, Norway, Greenland, Czechia, Ireland,
and Germany) experienced the highest decline in the
age-standardized rate of high BMI-attributable DALYs
during the study period. Age-standardized deaths and
DALYs rates by GBD level-2 causes and GBD super-
region in 2021 were shown in Supplement Figure S2B
and D.
Discussion
Our systematic analysis of the recent and publicly
available GBD 2021 database on the disease burden and
trends attributable to high BMI indicates a significant
and constant increase in the global rates of high BMI
over the past 30 years among individuals aged ≥20
years. There are significant differences between coun-
tries and diseases in the levels and changes in high BMI,
with specific regional trends.

The analysis shows that from 1990 to 2021, high
BMI-attributable deaths and DALYs have increased
significantly for both males and females, but with
www.thelancet.com Vol 76 October, 2024
notable differences. Females experienced a substantial
rise in the absolute numbers of deaths and DALYs,
while males showed a more significant increase in
age-standardized rates of these metrics. For females,
age-standardized rates remained substantially stable,
indicating a growing burden without a change in relative
risk, whereas males experienced a 15.0% rise in death
rates and a 31.2% rise in DALYs. These differences
highlight the need for gender-specific public health
strategies to address the rising global impact of high
BMI. Despite the widespread recognition of the obesity
epidemic, there is a significant gap in effectively
applying interventions for the prevention and manage-
ment of obesity.25 Efforts to explain the significant in-
crease in the global rates of high BMI over the past three
decades have focused on various factors, including
lifestyle changes, reduced physical activity, and dietary
changes.26,27 First, the rise in global high BMI rates
directly results from lifestyle changes accompanying
social and demographic transitions that started several
decades ago.28,29 The world is facing similar challenges
due to swift economic, demographic, and lifestyle
changes, such as changes in food consumption,
decreased physical activity, and increased sedentary
behavior.28,30 Second, the reduced energy expenditure
among adults because of changes in work and trans-
portation methods may also play a role in the increasing
global rates of high BMI. During the COVID-19
pandemic (2020–2021), the increases in age-
standardized death and DALY rates were more pro-
nounced compared to the pre-pandemic period
(2019–2020). This worsening may be likely due to
increased sedentary behaviors, healthcare disruptions,
and heightened stress, which likely exacerbate existing
health issues.31,32 Additionally, the prevalence of high
BMI is rising globally due to changes in global food
systems and consumption patterns driven by economic
and technological influences.33,34 High levels of ultra-
processed food (UPF), hyper-palatable foods (HPF),
11
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and high energy density (HED) are contributing to this
trend.35,36 These foods are affordable and convenient,
leading to increased consumption and coinciding with
rising obesity rates. In contrast, fiber-rich foods like
whole grains and fruits make up a smaller portion of the
food supply and are less consumed, resulting in the
intake of higher calories and subsequent weight gain.37

Our findings indicate that CVD and the composite of
diabetes and kidney diseases were the two leading cau-
ses of death and disability-adjusted life-years attributable
to high BMI. The DALYs for diabetes and kidney dis-
eases have increased significantly with an annual per-
centage change in age-standardized DALYs rates of 0.79
(0.67–0.94). Conversely, the DALYs for CVD have
remained stable with an annual percentage change in
age-standardized DALY rates of −0.01 (−0.09 to 0.06). At
the GBD level 3, diabetes mellitus has surpassed
ischemic heart disease and hypertensive heart disease,
becoming the leading cause attributable to high BMI.
The updated study on the global burden of diabetes also
reported that a high BMI is the primary risk factor for
type 2 diabetes, contributing to more than 50% of global
DALYs in 2021.38 In recent decades, there has been a
growing correlation between high BMI and type 2 dia-
betes, with exposure increased considerably between
2000 and 2021.6 Childhood obesity is a growing global
concern, with increasing prevalence in both high- and
low-income countries.39,40 This condition poses signifi-
cant health risks, including type 2 diabetes and cardio-
vascular disease, and can lead to long-term chronic
issues if not addressed.41 Additionally, childhood obesity
has psychosocial effects, such as stigma and lower self-
esteem, which may further complicate management and
treatment.42 However, the management of high BMI
seems to be a more significant challenge than glycemic
control, primarily because patients often find it difficult
to use effective and inexpensive drugs and adhere to
exercise programs consistently.43 Medical professionals
may use obesity medications or bariatric surgery as
alternative treatments.15,44 Despite their effectiveness in
reducing weight, these interventions have drawbacks
such as high costs and adverse effects like nausea,
vomiting, diarrhea, and neuropathy.15,25 Although phar-
maceutical interventions aimed at controlling hyper-
tension and reducing plasma low-density lipoprotein
cholesterol levels may provide partial benefit, they are
insufficient in significantly decreasing the majority of
metabolic disease risks attributable to high BMI.45

We analyzed the impact of metabolic risks and found
significant regional disparities. In May 2022, the World
Health Organization (WHO) reported that ∼60% of
European citizens are overweight or obese.46 Nearly one-
third of the global population could be classified as
overweight or obese, with a prevalence exceptionally
high in developed countries in the future.46 Our
research findings indicate that high BMI-attributable
DALYs have increased in almost every region over the
past 30 years, except for high SDI regions, where they
remain stable. We would like to be optimistic that the
obesity epidemic has peaked in the developed world.
The burden and increase in deaths and DALYs attrib-
utable to high BMI were more significant for countries
with low-middle SDI but not low SDI. In low-income
regions, most of the population lacks access to high-
protein dietary options. Instead, their diet predomi-
nantly includes carbohydrates sourced from rice and
other readily available food items. This nutritional
pattern is also marked by a higher intake of calories,
animal products, and sugars.47 These factors may lead to
a transition to less healthy food choices, which may
worsen issues related to high BMI. However, our anal-
ysis of the GBD 2021 database does not explain why the
low SDI region has experienced slower rates of increase
in high BMI. Thus, the complexity of the relationship
between high BMI and SDI reasonably suggests that
changes in the burden attributable to high BMI cannot
be fully explained by analyzing income levels or SDI
levels. Although high BMI-attributable death rates and
DALY rates have declined in some regions, such as
Ireland, this trend contrasts with broader data indicating
that CVD deaths have plateaued and obesity rates
continue to rise. Despite improvements in some health
metrics, many high-income nations, such as Ireland, are
experiencing stagnation in life expectancy, suggesting
that other factors may offset gains in high BMI-related
outcomes. This discrepancy underscores the need for
a nuanced analysis of regional health trends, consid-
ering factors such as healthcare advancements, public
health policies, and socioeconomic changes.

The increase in obesity has significant implications
for the disease burden worldwide, yet the current
approach to addressing obesity is often disjointed and
fragmented. There is a pressing global need to prevent
obesity (starting from childhood and adolescence),
promote weight loss, and reduce the risk of disease in
individuals struggling with high BMI.48 High BMI is a
whole-of-society and system-level problem requiring
multi-stakeholder actions.49 Governments and com-
munities must vigorously implement evidence-based
policies to achieve global targets for controlling high
BMI.50 Researchers should work on understanding
how high BMI is changing globally and develop stra-
tegies to encourage behavioral changes.51 However, the
effectiveness of ‘behavioral’ changes in tackling the
obesity epidemic is debatable vis-a-vis structural
population-level interventions.52 The debate between
behavioral changes and structural population-level in-
terventions in tackling obesity focuses on their
respective impacts and effectiveness.52 Behavioral
changes focus on individual habits and can yield short-
term results, but they often fail to produce long-lasting
effects without ongoing support.53 In contrast, struc-
tural interventions address broader environmental and
systemic factors, potentially leading to widespread
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public health improvements.54 While behavioral stra-
tegies are helpful, they are usually limited in scope
compared to structural changes that reshape the envi-
ronment to support healthier choices on a larger
scale.55 It is reasonable that a combined approach
might offer the most comprehensive solution to the
obesity epidemic.52 Public health policymakers should
allocate funding and prioritize this important issue on
their agendas.56 Early intervention is crucial, and ef-
forts should begin with parents and families to develop
education and awareness, starting with the youngest
members of society.57 This can be achieved through
targeted funding, food aid such as healthy food sub-
sidies or coupons, free healthy school meals, and pri-
mary care-based nutrition interventions.58

This study has significant limitations that should be
discussed. General limitations of the GBD methodology
are described in more detail elsewhere.6,16 First, the
methodology adopted for the GBD study involves the
inclusion of surveys based on self-reported data
regarding body weight and height. To mitigate this
issue, the GBD study incorporates a correction method
for the self-reported data, employing observed relation-
ships from datasets that include self-reported and
directly measured weights and heights. Second, while
BMI is a convenient measure of body fat, it does not
fully consider the differences in body composition and
regional fat distribution between different ethnic
groups. Specifically, BMI cannot distinguish between
lean and fat mass, as it does not consider bone density
and body composition. Additionally, the GBD 2021
database does not address disability weights or the life
expectancy methods used. Third, using a universal cut-
off point for BMI may underestimate the rates of high
BMI in some countries. However, BMI is based on
measures easily collected at the population level. Fourth,
the analyses employed in this manuscript are down-
loaded from the GBD Compare/GHDx database, which
is in public domain and we have included updated an-
alyses to 2021. Fifth, the GBD study does not provide
data on the prevalence of high BMI. Consequently, we
are unable to include this information in our analysis.
Sixth, childhood obesity was not a focus of the present
analysis despite its increasing global prevalence and
significance.

In conclusion, this study provides a comprehensive
update on the global trends and burden of high BMI to
2021 using the recent and publicly available GBD 2021
database. The prevalence of high BMI has increased
globally over the past 30 years (from 2019 to 2021) and is
a significant factor in the global burden of disease. The
increasing global rates of high BMI and the associated
disease burden highlight the urgent and continuing
need for regular surveillance and monitoring of BMI, as
well as the analysis and identification of the main risk
factors that may be different across regions and
countries.
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