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Background: High body mass index (BMI) is a significant modifiable risk factor
for cancer, yet its global burden in older adults (aged >60 years) remains
incompletely understood.

Methods: Using Global Burden of Disease Study 2021 data, we estimated
disability-adjusted life-years (DALYs) and age-standardized DALY rates (ASDRs)
for total and 11 high BMI-related cancers from 1990 to 2021. Trends were
assessed using average annual percentage change. Inequalities were measured
using the slope index of inequality and concentration index. Additionally,
decomposition and frontier analyses were utilized to examine driving factors and
explore improvement potential.

Results: Global cancer-related DALYs attributable to high BMI in older adults
increased from 2.11 million in 1990 to 5.40 million in 2021, with ASDR rising
from 439.99 to 497.15 per 100,000 population. Males showed greater increases
despite lower ASDR. From 1990 to 2021, Asia and Africa experienced the steepest
increases, while Europe and America recorded the highest ASDRs in 2021. High
Socio-demographic Index (SDI) regions consistently reported the highest ASDRs
in both 1990 and 2021, whereas low-middle SDI regions exhibited the most
rapid increase during this period. The global ASDRs for most cancers increased
from 1990 to 2021, with colorectal cancer demonstrating the highest ASDR
among men and breast cancer among women in 2021. DALY growth was largely
attributed to population expansion (133.04%) through decomposition analysis.
Inequalities have narrowed but remained predominantly concentrated in higher
SDI countries. Frontier analysis identified several high SDI countries, such as
the United Arab Emirates, Slovakia, and Qatar, with substantial potential for
burden reduction.

Conclusion: The cancer burden attributable to high BMI in older adults has risen
substantially since 1990, with marked geographic, socioeconomic, and cancer-
site disparities. Targeted high BMI reduction strategies in aging populations are
critical to mitigating future cancer burden and reducing inequalities.

KEYWORDS

global burden of disease, cancer, disability-adjusted life years, high body mass index,
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1 Introduction

Cancer constitutes a significant and growing global public
health challenge, ranking among the leading causes of mortality
and disability worldwide (1). The roughly 10 million cancer-related
deaths in 2022 underscore the increasing burden on health systems,
particularly in the context of population changes such as aging
(2). Age is a major risk factor for cancer, with the incidence and
mortality rates rising markedly after the age of 60, largely due
to cumulative exposure to carcinogens, immune senescence, and
increased prevalence of comorbidities (3, 4). It is estimated that by
2050, the global population of older adults will exceed 2 billion,
making up more than 20% of the global population (5). This
demographic change is likely to drive an increasing proportion
of the global cancer burden among older individuals. Therefore,
understanding the cancer burden in this population, especially that
related to modifiable risk factors, is crucial for developing effective
public health interventions.

High body mass index (BMI), a measure of overweight and
obesity, is a well-documented modifiable risk factor for various
chronic diseases, including cancer (6-8). The global prevalence
of obesity has increased significantly, with the age-standardized
prevalence in men rising from 3.2% in 1975 to 10.8% in 2014, and
in women from 6.4% to 14.9% (9). Additionally, over 640 million
adults were classified as obese in 2014 (9). This trend is particularly
concerning for older adults, who are more likely to have excess
body weight and face heightened health risks associated with it
(10-12). Furthermore, high BMI has been linked to an increased
risk of various cancers, such as breast, stomach, colorectal, liver,
gallbladder, thyroid, and kidney cancers (7, 8, 13). The mechanisms
underlying this association are multifaceted, involving chronic
inflammation, insulin resistance, and alterations in sex hormone
levels, all of which are exacerbated by excess body fat (14-16).

Despite the established link between high BMI and cancer risk,
previous research has primarily focused on global cancer burden
across all age groups or on specific cancer subtypes. For instance,
a 2019 study estimated deaths from cancers attributable to high
BMI increased by 35% between 2010 and 2019 (17). Similarly,
recent reports have examined high BMI attributable breast cancer,
colorectal cancer and liver cancer (18-20), but these studies were
limited to single cancer types. A comprehensive population-level
analysis assessing the burden and temporal trends of high BMI
attributable cancers in older adults, especially across various cancer
subtypes, remains a gap in current research. This is particularly
critical given the demographic shift toward an aging population and
the higher prevalence of both cancer and obesity in this group.

To address these gaps, we performed a comprehensive
secondary analysis of the latest 2021 Global Burden of Disease
(GBD) study data, assessing the cancer burden, temporal trends,
and inequalities attributable to high BMI among adults aged 60
years and older. We focus on disability-adjusted life-years (DALYs)
associated with total cancer and 11 specific cancer types that have
been identified as causally or potentially related to high BMI:
breast, ovarian, uterine, colon and rectum, gallbladder and biliary
tract, liver, multiple myeloma, non-Hodgkin lymphoma, leukemia,
kidney, and thyroid cancers. Additionally, we estimated the burden
across multiple spatial and sociodemographic levels, including
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global, continental (Africa, Americas, Asia, Europe), GBD regions,
204 countries and territories, and Socio-demographic Index (SDI)
levels. These findings might inform public health strategies focused
on aging populations, prioritize cancer prevention efforts targeting
modifiable risk factors, and support policies aimed at mitigating
the impact of the obesity epidemic on aging societies. Collectively,
these measures could promote healthy aging, reduce cancer-related
DALYs, and enhance global equity in cancer outcomes.

2 Methods

2.1 Data sources

We used data from the GBD Study 2021, coordinated by
the Institute for Health Metrics and Evaluation, which provides
systematic and comparable estimates of disease burden across
204 countries and territories from 1990 to 2021. The GBD 2021
database includes age- and sex-specific estimates for 371 diseases
and injuries, and 288 causes of death, as well as comparative
risks for 88 risk factors (21-23). In this study, we selected
specific parameters: Risk factor under GBD Estimate; DALYs under
Measure; and number and rate under Metric. High BMI was
chosen as the risk factor. The causes included neoplasms, breast,
ovarian, uterine, colorectal, gallbladder and biliary tract, liver,
multiple myeloma, non-Hodgkin lymphoma, leukemia, kidney,
and thyroid cancers. All data used can be accessed publicly through
the Global Health Data Exchange online platform at https://ghdx.
healthdata.org/gbd-results-tool. Further methodological details
and the comparative risk assessment specifically for high BMI
are publicly available through the GBD 2021 data repository
(https://ghdx.healthdata.org/gbd-2021) and have described in prior
publications (21-24).

2.2 Definitions

In this study, we defined older adults as individuals aged
60 years or older, consistent with the age group stratification
recommended by the World Health Organization (WHO) and used
in previous GBD studies (5, 25, 26). DALYs were calculated as
the sum of YLLs due to premature mortality and YLDs, thereby
reflecting the overall health loss from disease or injury. High BMI
was considered a key metabolic risk factor in this study and defined
according to GBD 2021 as a BMI greater than 25 kg/m? (27),
following WHO guidelines for overweight and obesity.

The SDI, developed by the Institute for Health Metrics and
Evaluation, was used to assess country-level development status
(28). It is a composite indicator that integrates three dimensions of
socio-economic development: (1) total fertility rate under age 25,
(2) mean educational attainment in the population aged 15 years
and older, and (3) lag-distributed income per capita. Two hundred
four countries and territories were grouped into five SDI quintiles
(low, low-middle, middle, high-middle, and high) based on their
2021 SDI values (Supplementary Tables S1, 52).

Cancer in this study was categorized to include total cancer
(neoplasms) and 11 specific site-level subtypes as defined in
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the GBD 2021 cause list. The International Classification of
Diseases codes used to define each cancer type is provided in
Supplementary Table S3 (21).

2.3 Statistical analysis

Subgroups were analyzed across age groups (60-64, 65—
69, 70-74, 75-79, 80-84, 85-89, 90-94, and 95+ years), sex,
and multiple geographical levels, including global, continental
(Africa, Americas, Asia, Europe), SDI levels, GBD regions, and
204 countries/territories.

2.3.1 Age-standardized DALYs rates

Age-standardized DALY rates (ASDRs) for cancer attributable
to high BMI among adults aged 60 years and older were
calculated using the direct standardization method (29). ASDRs
were expressed per 100,000 population and computed using the
following formula:

1)

where a; denotes the age-specific rate in the ith 5-year age group
and w; is the corresponding age-group weight from the GBD global
reference population (21). N, in this study, was 8, representing the
total number of age groups. This method enables comparison of
disease burden across populations by adjusting for differences in
age structure.

2.3.2 Joinpoint regression analysis

Joinpoint regression analysis was conducted to examine
temporal trends in cancer and its subtypes attributable to high BMI
from 1990 to 2021. This segmented regression technique identifies
inflection points (“joinpoints”) where statistically significant shifts
in trend occur. ASDRs were analyzed using the Joinpoint
Regression Program (30). Annual percentage change (APC) and
average annual percentage change (AAPC) were computed for each
segment and across the full interval. The Monte Carlo permutation
method (4,499 permutations) was applied to assess the significance
of identified joinpoints. A trend was defined as increasing or
decreasing if the APC or AAPC and its 95% confidence interval (CI)
were entirely above or below zero, respectively. Non-significant
trends were identified if the 95% CI included zero.

2.3.3 Decomposition analysis

To identify the underlying drivers of the observed changes
in DALYs from 1990 to 2021, we conducted a decomposition
analysis based on the Das Gupta method (31, 32), which partitions
the net change in total DALYs into three additive components:
population growth, population aging, and epidemiological changes.
Here, “epidemiological changes” refer to shifts in age-specific
DALY rates that may arise from evolving incidence, treatment
outcomes, survival, healthcare accessibility, and public health
interventions. The decomposition was conducted for both sexes
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and across global, continental, SDI regional, and GBD regional
levels. This approach has been widely adopted in GBD-based
research to provide quantitative insights into the demographic and
epidemiologic transitions that shape disease burden across time and
regions (32, 33).

2.3.4 Cross-country inequality analysis

To quantify global disparities in ASDR of high BMI-attributable
cancers across 204 countries and territories, we employed two
established inequality metrics recommended by the WHO: The
Slope Index of Inequality (SIT) and the Concentration Index (CIX)
(34). The SII measures absolute inequality by regressing ASDR
on a relative rank based on each countrys SDI, defined by the
midpoint of its cumulative population distribution. A positive
SIT indicates that ASDRs are concentrated among higher SDI
countries, whereas a negative SII implies higher burdens in lower
SDI countries. Relative inequality was assessed using the CIX,
calculated by numerically integrating the area under the Lorenz
curve that plots the cumulative proportion of ASDR against the
cumulative population share ranked by SDI. The CIX ranges from
—1 to +1; values closer to zero denote equality, while positive (or
negative) values indicate disproportionate burden among higher-
(or lower-) SDI countries, respectively. Both indices were calculated
using robust regression models to account for heteroscedasticity
and to ensure stability against outliers. This dual-metric approach
enables a nuanced assessment of the magnitude and direction of
global inequality in ASDR of high BMI-related cancer among
older adults.

2.3.5 Frontier analysis

To assess the minimum achievable burden of cancer
attributable to high BMI across varying levels of socio-economic
development, we performed frontier analysis incorporating
the Free Disposal Hull (FDH) model and locally estimated
scatterplot smoothing (LOESS) (35). Based on GBD 2021
data from 204 countries and territories, we performed 100
bootstrap iterations to estimate average ASDRs at each SDI
value. A nonparametric frontier curve was generated using
LOESS (local polynomial degree = 1, span = 0.2) to capture
the nonlinear relationship between ASDR and SDI. The vertical
distance between each country’s observed ASDR and the
estimated frontier, termed the “effective difference;” quantified
the gap between actual and optimal performance. Countries
achieving frontier-level performance were assigned an effective
difference of zero. This approach enabled identification of
countries with unrealized health potential at similar levels
of socio-economic development, highlighting regions with
the greatest opportunities for targeted intervention and
resource optimization.

Statistical analyses were conducted utilizing R software (version
4.4.1; The R Foundation for Statistical Computing, Vienna, Austria)
for data processing and visualization. Joinpoint regression analysis
was performed using Joinpoint software (version 5.1.0; National
Cancer Institute, Bethesda, MD, USA). Figures were generated with

the ggplot2 package.
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3 Results

3.1 Burden of total cancer attributable to
high BMI among older people

3.1.1 At global levels

In 2021, the global number of cancer-related DALYs
attributable to high BMI among older adults reached 5.40
million, increasing by more than 2.5-fold from 2.11 million in
1990 (Table 1). The global ASDR increased modestly from 439.99
per 100,000 population (95% CI: 177.29-724.52) in 1990 to 497.15
per 100,000 population (95% CI: 197.77-813.05) in 2021, with an
AAPC of 0.51% (95% CI: 0.40-0.62) (Table 1, Figure 1A). Males
experienced a more pronounced increase in ASDR, with an AAPC
of 0.91% (95% CI: 0.81-1.02) (Table 1, Figure 1B). In contrast,
females had higher ASDRs across both years but a slower increase
over time (AAPC: 0.28%, 95% CI: 0.16-0.40) (Table 1, Figure 1C).

3.1.2 At continental and SDI regional levels

Among the four continental regions, Europe and America
bore the greatest ASDRs in 2021 (Table 1, Figure 2A). However,
their AAPCs remained relatively modest (0.24% and 0.36%,
respectively). By contrast, Asia, despite lower absolute ASDR
in 2021, experienced a more rapid increase with an AAPC of
1.85% (95% CI: 1.77-1.93). Africa exhibited both the lowest
absolute burden in 1990, yet showed the highest AAPC, rising
at 2.20% (95% CI: 2.06-2.34) over the period. Additionally,
Asias DALYs proportion nearly doubled from 16.49% to 31.60%
between 1990 and 2021, Europe’s decreased from 52.37% to
35.61%, while America remained stable around 27%, and
Africa’s share rose modestly from 3.26% to 6.06% (Figure 2B,
Supplementary Table S5).

Across five SDI regions, high-SDI region continued to report
the highest ASDR in 2021, yet showed a slight, non-significant
decline over time (AAPC: —0.02%, 95% CI: —0.17-0.14) (Table 1,
Figure 2C). Conversely, low-middle SDI regions demonstrated the
most rapid increase, with an AAPC of 2.48% (95% CI: 2.38
to 2.58), and their ASDR more than doubled from 118.16 to
256.72 per 100,000 population. Middle SDI and low SDI regions
also showed sustained upward trends, with AAPCs of 1.92% and
1.64%, respectively. From 1990 to 2021, the proportion of DALYs
attributable to high BMI decreased markedly in high SDI regions
from 52.10% to 38.75%, and slightly declined in middle SDI regions
from 32.44% to 30.40% (Figure 2D, Supplementary Table S6).
In contrast, low-middle SDI and low SDI regions experienced
substantial increases. High-middle SDI regions maintained a
relatively stable proportion around 30% to 32%, positioning
between the high and middle SDI groups.

3.1.3 At GBD regional and national levels

Substantial heterogeneity was observed across the 21 GBD
regions. In 2021, the highest ASDRs were found in Central Europe,
Eastern Europe, and Southern Latin America (Table 1, Figure 3A).
However, growth in these regions remained modest (AAPC: 0.28%
to 0.91%) (Table 1, Figure 3B). Notably, South Asia exhibited the
highest AAPC, increasing at 3.12% (95% CI: 2.96-3.27), followed
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by Central Sub-Saharan Africa (AAPC: 2.49%; 95%CI: 2.43-2.56)
and Southeast Asia (AAPC: 2.48%, 95%CI: 2.41-2.55) (Table 1,
Figure 3B). In contrast, ASDR declined or remained stable in
certain high-income regions, such as Western Europe (AAPC:
—0.21%, 95% CI: —0.29 to —0.13) and high-income Asia-Pacific
(AAPC: —0.04%, 95% CI: —0.10 to 0.02) (Table I, Figure 3B).
Among Latin American regions, Central Latin America, Tropical
Latin America, and the Caribbean exhibited steady increases in
ASDR (AAPCs ranging from 1.28% to 1.43%). Similarly, Andean
Latin America showed an AAPC of 1.16% (95% CI: 0.61-1.71).
Meanwhile, Oceania reported a lower AAPC of 0.69% (95% CI:
0.61-0.77) and moderate increase in ASDR (Table 1, Figure 3B).

At national levels, the highest ASRs for cancer-related
DALYs attributable to high BMI were observed in United Arab
Emirates in 2021, followed by Mongolia and Slovakia (Figure 3C,
Supplementary Table S7). Conversely, the lowest ASDRs were
recorded in Bangladesh, Timor-Leste, and Nepal. From 1990 to
2021, the AAPC in ASDRs revealed significant increases in several
countries, with Zimbabwe exhibiting the highest increase (AAPC:
3.97%, 95% CI: 3.39-4.55), followed by Lesotho (AAPC: 3.70%,
95% CI: 3.49-3.92) and Kenya (AAPC: 3.35%, 95% CI: 3.17-3.53)
(Figure 3D, Supplementary Table S7). In contrast, notable declines
were observed in San Marino (AAPC: —1.32%, 95% CI: —1.60 to
—1.32), Czechia (AAPC: —1.05%, 95% CI: —1.17 to —0.93), and
Austria (AAPC: —0.96%, 95% CI: —1.19 to —0.74).

3.2 Burden of 11 specific cancer types
attributable to high BMl among older
people

In 2021, the global ASDR for 11 investigated cancer types varied
substantially by site and sex (Figure 4, Supplementary Table S8).
ranked first,
(Figure 4A,
Supplementary Table S8). Among women, breast cancer had

Among men, colon and rectum cancer

followed by liver cancer and kidney cancer

the highest global ASDR, followed by colon and rectum cancer
and uterine cancer (Figure 4B, Supplementary Table 58). Thyroid
cancer exhibited the lowest global ASDR in both sexes. From 1990
to 2021, the global ASDR for most cancers showed an upward
trend, although the extent varied by site and gender (Figures 5A, B;
Supplementary Table S8). Among men, liver cancer recorded
the most pronounced increase, followed by multiple myeloma,
and thyroid cancer (Figure 5A, Supplementary Table S8). Colon
and rectum cancer, non-Hodgkin lymphoma, and leukemia
showed smaller changes, with leukemia exhibiting a slight
decline. In women, the largest increases were seen in liver cancer,
followed by multiple myeloma, and ovarian cancer (Figure 5B,
Supplementary Table S8). Kidney cancer and colon and rectum
cancer remained stable, while leukemia and gallbladder and biliary
tract cancer decreased steadily.

Marked disparities in ASDRs were observed across the
four continents, with Europe and the Americas consistently
exhibiting the highest ASDRs for most solid tumors, particularly
colorectal, breast, uterine, and kidney cancers, whereas Africa
disproportionately bore the burden of liver cancer in both sexes
(Figure 4, Supplementary Table 58). Hematologic malignancies,
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TABLE 1 DALYs and ASDR for total cancer attributable to high BMI among older people in 1990 and 2021, with AAPC of ASDR from 1990 to 2021.

Location

DALYs in 1990 (95%Cl)

DALYs in 2021 (95%Cl)

ASDR in 1990 (per

100,000 population,
95%Cl)

ASDR in 2021 (per

100,000 population,

95%Cl)

AAPC of ASDR (95%Cl)

Global 2,106,306 (850,646 to 3,464,747) 5,398,720 (2,150,802 to 8,822,883) 439.99 (177.29 to 724.52) 497.15 (197.77 to 813.05) 0.51 (0.40 t0 0.62)
Male 674,837 (304,835 to 1,100,145) 2,043,909 (882,175 to 3,321,092) 317.63 (143.93 to 516.74) 411.60 (177.82 to 668.72) 0.91 (0.81 to 1.02)
Female 1,431,469 (548,330 to 2,379,743) 3,354,811 (1,258,005 to 5,541,201) 537.07 (205.41 to 893.51) 571.74 (214.22 to 944.29) 0.28 (0.16 to 0.40)
Asia 346,110 (167,848 to 552,443) 1,700,997 (707,180 to 2,763,100) 145.69 (70.88 to 232.01) 270.00 (112.35 to 438.63) 1.85(1.77 to 1.93)
America 585,379 (219,787 to 976,001) 1,439,257 (572,914 to 2,374,024) 753.22 (282.66 to 1,256.36) 819.46 (326.06 to 1,351.61) 0.36 (0.27 to 0.45)
Europe 1,099,516 (435,642 to 1,817,419) 1,916,666 (740,491 to 3,195,552) 803.83 (318.03 to 1,329.19) 910.96 (352.46 to 1,517.28) 0.24 (0.05 to 0.43)
Africa 68,365 (26,184 to 111,419) 325,975 (120,380 to 544,055) 207.94 (79.21 to 339.71) 441.35 (163.15 t0 736.77) 220 (2.06 to 2.34)
High SDI 1,095,387 (417,054 to 1,824,885) 2,088,693 (806,778 to 3,457,569) 758.03 (288.18 to 1,263.11) 753.40 (291.41 to 1,244.91) —0.02 (—0.17 t0 0.14)

High-middle SDI

681,967 (285,637 to 1,116,198)

1,638,810 (653,959 to 2,701,854)

539.80 (225.78 to 883.44)

638.35 (254.44 to 1,053.07)

0.49 (0.29 to 0.69)

Middle SDI

212,357 (97,144 to 342,250)

1,109,676 (453,532 to 1,834,919)

175.65 (80.54 to 282.71)

332.67 (136.12 to 550.09)

1.92 (1.83 to 2.00)

Low-middle SDI

83,933 (38,268 to 132,586)

449,316 (184,706 to 736,548)

118.16 (54.10 to 186.67)

256.72 (105.99 to 421.00)

2.48 (2.38t0 2.58)

Low SDI

28,651 (12,374 to 45,954)

104,123 (40,372 to 172,587)

106.41 (45.94 to 170.57)

178.94 (69.28 to 296.48)

1.64 (1.57 to 1.71)

High-income Asia Pacific

69,905 (36,125 to 109,165)

192,036 (83,961 to 315,204)

275.59 (142.76 to 430.22)

311.70 (133.70 to 513.40)

—0.04 (—0.10 to 0.02)

High-income North America

431,674 (155,237 to 727,594)

869,221 (337,525 to 1,424,523)

928.60 (333.43 to 1,564.76)

979.31 (380.40 to 1,603.99)

0.15 (—0.11 to 0.41)

Western Europe

615,230 (227,702 to 1,037,435)

963,954 (351,861 to 1,644,874)

803.75 (296.40 to 1,356.86)

782.88 (286.66 to 1,334.69)

—0.21 (—0.29 to —0.13)

Australasia

24,550 (8,792 to 41,636)

60,266 (22,396 to 100,836)

791.64 (282.95 to 1,342.84)

845.90 (314.50 to 1,413.62)

0.13 (—0.07 to 0.34)

Andean Latin America

9,616 (4,730 to 15,701)

44,235 (19,956 to 73,883)

400.28 (197.45 to 653.26)

612.84 (276.56 to 1,023.61)

1.16 (0.61 to 1.71)

Tropical Latin America

42,086 (17,262 to 69,563)

187,841 (72,116 to 315,636)

386.96 (159.31 to 639.36)

581.34 (223.16 t0 976.63)

1.28 (1.16 to 1.41)

Central Latin America

39,359 (17,627 to 63,830)

192,127 (80,021 to 319,170)

407.26 (182.82 to 660.48)

618.59 (257.62 to 1,028.23)

1.43 (1.36 to 1.50)

Southern Latin America

53,811 (21,923 to 89,870)

113,552 (45,406 to 187,322)

907.97 (369.93 to 1,516.73)

1,008.78 (403.52 to 1,663.08)

0.28 (0.18 to 0.39)

Caribbean

12,161 (4,757 to 20,014)

41,259 (16,692 to 68,651)

378.67 (147.97 to 623.28)

614.73 (248.71 to 1,022.81)

1.43 (1.18 to 1.67)

Central Europe

183,503 (78,565 to 297,962)

349,074 (143,209 to 577,826)

934.23 (399.82 to 1,517.31)

1,155.44 (473.22 to 1,913.36)

0.43 (0.29 to 0.57)

Eastern Europe

275,945 (115,280 to 449,004)

506,572 (202,156 to 823,496)

740.58 (309.34 to 1,203.25)

1,048.83 (418.77 to 1,704.99)

0.91 (0.42 to 1.40)

Central Asia

32,099 (13,311 to 52,657)

59,681 (24,190 to 99,361)

555.95 (231.03 to 911.05)

590.18 (239.74 to 983.02)

0.04 (—0.20 to 0.28)

North Africa and Middle East

68,388 (30,941 to 109,047)

335,061 (138,713 to 546,499)

347.62 (157.87 to 555.25)

639.06 (264.76 to 1,043.17)

1.60 (1.51 to 1.70)

South Asia 34,109 (16,721 to 56,157) 249,213 (105,712 to 410,715) 51.21 (25.39 to 84.01) 136.35 (58.28 to 225.01) 3.12 (2.96 to 3.27)
Southeast Asia 30,578 (14,715 to 48,609) 197,286 (81,571 to 327,001) 100.99 (49.09 to 160.37) 241.46 (100.65 to 400.01) 2.48 (241 to 2.55)
East Asia 139,181 (68,505 to 223,537) 845,921 (345,231 to 1,443,795) 133.02 (65.29 to 213.50) 302.04 (123.47 to 515.53) 2.34 (2.16 t0 2.52)
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DALYs, disability-adjusted life years; ASDR, age-standardized DALY rate; CI, confidence interval; AAPC, average annual percentage change; SDI, socio-demographic index.
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including leukemia, non-Hodgkin lymphoma, and multiple
myeloma, showed a more balanced but still geographically
variable distribution. Across five SDI levels, high and high-
middle SDI regions consistently demonstrated the greatest ASDR
for most sites, while low SDI regions had the lowest (Figure 4,
Supplementary Table 58). For example, among men, the ASDR
for colon and rectal cancer in high SDI regions was more than
sevenfold higher than in low SDI regions. Among women, ovarian
cancer-related ASDR in high SDI regions was nearly fivefold higher
than low SDI regions. Within 21 GBD regions, the most extreme
ASDRs were observed in high-income areas for many solid tumors,
particularly colon, rectal, breast, uterine, and kidney cancers, as
well as in selected middle-income regions for specific cancers,
such as gallbladder cancer in Andean Latin America (Figure 4,
Supplementary Table 58). In contrast, sub-Saharan Africa generally
exhibited lower ASDRs, except for breast cancer in women. Overall,
substantial sex disparities were noted in several cancers (Figure 4,
Supplementary Table 58). Female-specific cancers (breast, ovarian,
and uterine) dominated the ASDR profile in women. In contrast,
liver, kidney, and colorectal cancers disproportionately affected
men, particularly in Europe, the Americas, and high-income
Asian regions.

Across 204 countries and territories, the leading cancer type
in terms of ASDR attributable to high BMI among older adults
varied substantially (Figure 5C, Supplementary Table S8). Breast
cancer emerged as the predominant contributor, representing
the highest ASDR in 87 countries and territories across all
continents. Colon and rectum cancer ranked second, leading in
74 countries, particularly in Europe, the Americas, and parts of
Asia-Pacific. Liver cancer was the leading type in 22 countries,
with a concentration in East Asia, the Pacific Islands, and selected
African settings. Uterine cancer was the most burdensome in 18
countries, largely in Latin America, the Caribbean, and parts of
Africa. Gallbladder and biliary tract cancer and kidney cancer were
less common as the leading types, observed in only two and one
countries, respectively.

3.3 Across different age groups

In 2021, the global DALY of total cancer attributable to high
BMI among older adults showed substantial increases across all age
groups compared with 1990 (Figure 6A, Supplementary Table S9).
For those aged 60 to 64 years, DALY increased from 585,316 (95%
UL 236,528-964,786) to 1,353,072 (95% UL 523,619-2,202,283),
with the age-specific DALY rate rising from 364.43 to 422.77 per
100,000 population, corresponding to an AAPC of 0.48% (95% CI:
0.31-0.66) (Figures 6A, B; Supplementary Table 59). The highest
age-specific DALYs rates were observed in the oldest age groups,
peaking at 793.04 per 100,000 (95% UI: 285.65-1360.39) in those
aged 95 years and older, with an AAPC of 0.76% (95% CI: 0.56—
0.96). Sex-stratified analysis revealed that males experienced greater
relative increases in DALYs rates compared to females across all age
groups (Figure 6B, Supplementary Table S9). For example, males
aged 70 to 74 showed an increase from 327.76 to 437.70 per 100,000,
with an AAPC of 0.95% (95% CI: 0.80-1.09), while females in
the same group had a smaller increase (AAPC: 0.35%, 95% CI:
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Joinpoint regression analysis of global ASDR for total cancer attributable to high BMI among older people from 1990 to 2021, by sex. (A) In both
sexes. (B) In male. (C) In female. DALYs, disability-adjusted life years; ASDR, age-standardized DALYs rate; AAPC, average annual percent change.
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0.23 to 0.48). Males aged 85 to 89 and older cohorts exhibited the
steepest rises, with AAPCs exceeding 1.20%. Conversely, females
maintained higher absolute rates but lower annual increases.

Figure 6C presents the proportion of DALYs attributable to
BMI in 2021 across age groups stratified by global, continental,
SDI level, and regional levels. Globally, the burden was most
concentrated in the 60-64 (25.06%) and 65-69 (24.82%) age groups
(Supplementary Table S10). Africa, South Asia, and Southeast
Asia exhibited a higher proportion of DALYs among those
aged 60-64 years (34.96%—37.25%), while Western Europe,
Australasia, and High-income Asia Pacific demonstrated a more
balanced distribution, with elevated proportions in older groups
(Figure 6C, Supplementary Table 510). Among males, colorectal
cancer consistently accounted for the largest proportion of
DALYs across all age groups, rising from 36.60% (60-64 years)
to 47.04% (=95 years) (Figure 6D, Supplementary Table S11).
This was followed by liver and kidney cancer. Breast cancer
was the leading contributor among women aged 60-64 years
(27.37%), but its relative contribution declined with age, while the
proportion of DALYs due to colorectal cancer increased steadily
from 17.72% (60-64 years) to 33.49% (=95 years) (Figure 6D,
Supplementary Table S10).

3.4 Decomposition of the changes in DALYs
for total cancer

From 1990 to 2021, the global DALYs for total cancer
attributable to high BMI among older adults increased by
3.29 million, corresponding to a 156.31% rise. This increase
was largely driven by population growth (133.04%) and,
to a lesser extent, epidemiological change (21.04%), with
population aging contributing modestly (2.23%) (Figure 7A,
Supplementary Table S12). Males experienced a greater relative
increase (202.87%), largely attributed to demographic expansion
(151.11%) and an epidemiological shift (48.05%), with population
aging accounting for 3.71%. Among females, the rise was slightly
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lower (134.36%) mainly driven by demographic expansion
(122.93%), with only 10.20% attributable to epidemiologic changes
and 1.24% to aging.

Among four continental regions, the greatest relative
increases were observed in Asia (391.46%) and Africa (376.82%),
mainly due to population growth and changes in epidemiology
(Figure 7B,  Supplementary Table S12).  Europe  experienced
a modest increase (74.32%), with epidemiological change
(17.19%) contributing more than aging (1.37%). By SDI level,
low-middle and middle SDI regions experienced the highest
proportional increases (435.33% and 422.55%, respectively).
In contrast, high SDI regions showed a smaller increase
(90.68%), mainly explained by population growth (89.44%),
with minimal contributions from aging (1.72%) and a slight
decline from epidemiological change (—0.48%). Across the
21 GBD regions, the most pronounced DALYs increases
occurred in South Asia, Southeast Asia, and East Asia, each
exceeding 500%, primarily driven by population growth and
epidemiologic shifts (Figure 7C, Supplementary Table S12). In
contrast, regions like Western Europe, Central Asia, and Central
Europe experienced more moderate growth (<100%), primarily
driven by population growth, with limited or negative input from
aging and epidemiologic shifts.

3.5 Cross-country inequalities analysis of
ASDR for total cancer

Globally, the DALY burden of total cancer attributable to
high BMI among older adults was predominantly concentrated
in higher SDI countries in both 1990 and 2021 (Figures 8A, B).
During the study period, the SII for ASDR declined from 794.26
(95% CI: 714.86-873.65) to 671.51 (95% CI: 565.04-777.98) per
100,000 population, reflecting a reduction in absolute inequality.
Similarly, the CIX decreased from 0.3772 (95% CI: 0.3373-0.4171)
to 0.2393 (95% CI: 0.1972-0.2813), indicating a narrowing of

frontiersin.org


https://doi.org/10.3389/fnut.2025.1683893
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al. 10.3389/fnut.2025.1683893

AAPC of ASDR for total cancer in Asia AAPC of ASDR for total cancer in America AAPC of ASDR for total cancer in Europe
o5 o7 2008 Joinpoint 3(2003) Joinpgits(2018)
5 § _—— s froea o
5 F 1o APC:0.2463" 5 104107, bl
2 H e s g A A
8 APC:1.9481" 2 Joinpoint 2(2002) ™ "™APC: 02086 @ 8. 170+ Joinpoint 1(1g94) ‘mJoinpoint 4(2007)
8 8 8 mJoinpoint 2(1897) L]
S S S
§ 55 g 1% 2002 Joinpoint 3(2007) g
5] 5 160 5
g g g
2 2 2
B50 2001 - 2007 eRpORES(E00T) g S 165
T APC: 1.4471" o o
EA’ ,3 Joinpoint 1(1994) .nu)
bl k<l bl
§ % Joinpoint 2(2001) -§ 155 §
< < <
2 B 1990 - 1994 ®
1 1 APC: 1.0827" 1
S0 3 S 160
< Joinpaint 1(1993) < b
O T 150
L D v $ N > A o D © & H o > A s © QL ] > A ©
KGR R i FFEE S S S
B Asia . America . Europe . Africa
AAPC of ASDR for total cancer in Africa
100%
2015 - 2021 -
‘5 90 APC: 1.2677"
]
= Joinpoint 3(2015)
2
g 75%
8 80
S
8 ]
3 3
270 g so%
©
S R 5
3 03000 <
S £
860 Joinpoint 1(2000) g
é 1990 - 2000 o 25%
B APC: 2.4280°
3
o 50
FFF IS F IS TSP ”
S N 1990 2000 2010 2030
C1 AAPC of ASDR for total cancer in High SDI C2 AAPC of ASDR for total cancer in High-middie SDI C3 AAPC of ASDR for total cancer in Middle SDI
153
= oinpoint2(2002) ) 80 R m
s 15042002 2002 - 2005 s 2007 - 2021 s sinpoin 5019) g
£ APC: 0.1792" APC: 05141 T 130 APC:0.3436 £ e
2 - 2 3 APC: 2.2254"
Q Q aQ
§ 151 g’ 1997 - 2003 5’
8 o 8 APC:0.7233" S0
S Joinpoint 3(2005) S S 2010 - 2013 -
=53 =3 B\ Joinpoint 4(2007) = APC: 1.7728" i Joinpoint 4(2013)
2 2125 oyl 2
g 2005 2014 N . . 3 o B 2007 52000 " Joinpoint a(2010)
2 5-2014 R 3 3
o™ APC-0teel ooz " 9 | anpoin 10k e miompant2(1997) 2 2008 - 2007
g g © P APC: 1.2105" Joinpoint 2(2007)
3 ) L] 3 3
N Joinpoint 4(2014) N o N Joinpoint 1(2003)
° - ° °
‘(i ISSQ-I?BA. ‘ﬁ ‘ﬁ
€14 APC: 0.7108" L] k! 2 1990 - 2003
s ‘(! S % APC: 1.9556"
% B g a
& R m & APC: 2.1359" T s
3 3 3
e < 115 <
145 L]
D » g S > A D 2 $ N > QA 3 N2 $» P o~ > Q
K K A S S S S
C4 AAPC of ASDR for total cancer in Low-middle SDI C5 AAPC of ASDR for total cancer in Low SDI D High SDI . High-middle SDI . Middle SDI . Low-middle SDI . Low SDI
© e " | oo
< 3 "
S S 2014 - 2021
k5 Joinpoint 3(2016) T 40 APC:22192" 4
] H u
2 2
2 2 d
S S u 75%1
S 50 hnd S "
1= g Joinpoint 5(2014) | __
g E 2011 -2014 S
5 i 35 APC: 2.5109" 5
2 2 I
g g o Joinpoint 4(2011) é 50%1
[s3
E 40 1999 - 2003 § 2002 - 2008 Joinpoint 3(2008) g
5 APC: 3.6837" 5 APC: 1.1484" £
g é 30 1996 - 2002 inpair 8-
= & APC. 0.9259" “Joinpoint 2(2002) S 25%-
< Joinpoint 1(1999) i) T
® 1990 - 1999 @ o
Y APC:2.3243" > point;1(199)
2 <
30 1990 - 1996
APC: 16604 0%
25 T
L P ) 2 $ g N > A o N 3 © 3 2 » <3 i > A QO
S &q'b T e T Al P L & F S s SS 1990 2000 2010 2020
FIGURE 2
(A) Joinpoint regression analysis of ASDR for total cancer attributable to high BMI among older people from 1990 to 2021 across four continental
regions. (B) Proportion of DALYs for total cancer attributable to high body mass index from 1990 to 2021 across four continental regions. (C).
Joinpoint regression analysis of ASDR for total cancer attributable to high BMI among older people from 1990 to 2021 across five SDI regions. (D)
Proportion of DALYs for total cancer attributable to high body mass index from 1990 to 2021 across five SDI regions. DALYs, disability-adjusted life
years; ASDR, age-standardized DALYs rate; AAPC, average annual percentage change; SDI, socio-demographic index.
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relative inequality while the burden remained disproportionately
higher in high-SDI settings.

Significant absolute and relative SDI-related inequalities in
ASDR were also observed across 11 cancer types (Figures 8C, Dj
Supplementary Table S13). Breast and colorectal cancers showed
the largest absolute inequalities in both 1990 and 2021. From
1990 to 2021, the SII of breast cancer declined from 239.24
(95% CI: 209.91-268.58) to 141.23 (95% CI: 102.14-180.33) and
that of colorectal cancer from 262.09 (95% CI: 236.91-287.26)
to 220.55 (95% CI: 193.09-248.02), indicating a narrowing gap
between the highest and lowest SDI countries. The CIX for
both cancers also decreased, from 0.3652 (95% CI: 0.3182-
0.4122) to 0.1732 (95% CIL: 0.1259-0.2206) and from 0.4038
(95% CIL: 0.3615-0.4461) to 0.2688 (95% CI: 0.2287-0.3089),
respectively. Notably, kidney cancer showed a slight increase
in absolute inequality [SII: 71.73 (95% CI: 63.39-80.08) to
83.75 (95% CI: 73.25 to 94.25)], despite a decrease in relative
inequality, and exhibited the largest relative inequality in 2021
(CIX: 0.3515, 95% CI: 0.2943-0.4088). Multiple myeloma also
ranked high in relative inequality in 2021 (CIX: 0.3310, 95% CI:
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0.2707-0.3913). Conversely, thyroid cancer showed the smallest
inequalities in 2021, with both the lowest absolute (SII: 3.82,
95% CI: 1.98-5.66) and relative (CIX: 0.0469, 95% CI: 0.0113-
0.0826) measures.

3.6 Frontier analysis of ASDR for total
cancer

In the frontier analysis, we compared each country’s ASDR
of total cancers attributable to high BMI among older adults
with the optimal rate predicted for its corresponding SDI
in 2021 (Figures 8E, F; Supplementary Table S14). The largest
effective differences occurred in several high- and high-middle
SDI countries, including the United Arab Emirates (1,581.21),
Mongolia (1,444.51), Slovakia (1,370.57), Eswatini (1,327.68), and
Qatar (1,324.10). The smallest effective differences were found
in Bangladesh (34.85), Timor-Leste (38.04), Nepal (56.88), Niger
(57.59), and Viet Nam (82.80).
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Ranking of ASDR for specific cancer types attributable to high BMI among older people globally and regionally in 2021, by sex. (A) Eight cancer types
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4 Discussion DALYs more than doubling and the global ASDR increasing
modestly. Notably, the relative increase was steeper in males than in

Our study provides the first comprehensive global analysis ~ females, even though older women still experienced higher absolute

of high BMI-attributable cancer burden specifically among older =~ ASDRs. Consistent with these sex differences, we found colorectal
adults, revealing several critical patterns and disparities. We  cancer contributed the highest ASDR in men, while breast cancer
observed a substantial overall rise in cancer burden linked to  contributed the most in women by 2021, aligning with known
high BMI in adults aged 60 and above since 1990, with total  obesity-related cancer patterns in each sex. Geographically, our

Frontiers in Nutrition 10 frontiersin.org


https://doi.org/10.3389/fnut.2025.1683893
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al. 10.3389/fnut.2025.1683893

© AAPC of ASDR by cancers in male ° AAPC of ASDR by cancers in female
g’ Temporal trends @ Stable e Decrease o Increase T g’ 2- Temporal trends @ Stable @ Decrease o Increase “Y“
= 21 -
= =
@ o 4
= 2 -
[ [} = T ()
o | N T a . [ L
[ ! T < - [ s [) .
g . - £ x - EO0F-—--=--- FoR--F -
S <j‘ - ® =
B == o mmmm s s s s e = g | 8
I : : : : : : . : I : . : : : : : : : . :
: £ & § & & & & % :$ & € B g§ & & & E &8 E 8
< o c S c c c S = < = o c c c c c S c S =
4 © = © ® © [ ®© @ X ®© © © © © = © [ @
=} o o o o o > o o =1 o o o o o o (&) L. o
FO 8 - z = - s 8 8 2z & £ £ § g °
E 3 =3 5 5 = > F ° 3
3 o = = e =] 151 =
= o © (ol T
° T c ° c T
= c o s o =
= =1 < i bS] S
5] z o 5] o z
el °
o e
8 kS|
] ]
K] =
0] S
h?_‘
Cancers with the highest ASDR
Breast cancer
Uterine cancer
B Kidney cancer
Colon and rectum cancer
. Gallbladder and biliary tract cancer
. Liver cancer
Caribbean and Central America Persian Gulf Balkan Peninsula Southeast Asia West Africa Eastern
Mediterranean
b I
ARG
%"
Northern Europe
&
FIGURE 5
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cancer types attributable to high BMI among elderly women at global from 1990 to 2021. (C) Map of the cancers with the highest ASDR attributable
to high BMI among the elderly across 204 countries and territories in 2021. ASDR, age-standardized DALY rate; DALYs, disability-adjusted life years;
SDI, socio-demographic index.

results highlighted stark disparities. The steepest ASDR increases  and epidemiological changes. Our findings align with other recent
occurred in Asia and Africa, whereas Europe and the Americas  analyses that have documented rising cancer burdens attributable
currently still bear the highest ASDR despite more modest growth.  to obesity. For instance, Tan et al. reported a 34% increase in cancer
Importantly, we documented persisting global inequalities. The =~ DALYs due to high BMI from 2010 to 2019 globally, reflecting a
burden remains disproportionately concentrated in higher SDI  worsening trend worldwide (17). Additionally, Zheng et al. revealed
countries in 2021, but the gap has narrowed over time as low- and  that the economic burden associated with high BMI—related
middle-SDI regions’ share of DALY's grew. cancers, as measured by total DALYs, has surged by 193% globally

The rising trend of high BMI-related cancer burden in older  (24). The primary driver we identified through decomposition
adults could be interpreted in light of both demographic shifts  analysis was population expansion, which accounted for the
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majority of the DALY rise. In brief, more elderly individuals
are now at risk of developing cancer due to high BMIL The
rising prevalence of overweight is another critical driver. Data
from the WHO recently demonstrated that the prevalence of
overweight among adults has surged from 25% in 1990 to 43%
in 2022 (6). Obesity is associated with chronic inflammation,
hormonal imbalances (notably increased estrogen), and metabolic
dysfunction (such as insulin resistance, hyperglycemia, and
dyslipidemia). These biological effects collectively facilitate the
development of cancer in multiple organs (36, 37). Today’s older
adults, having endured decades of the rising obesity epidemic,
enter their 60s and beyond with a greater cumulative exposure
to high BMI than previous generations. As a result, older adults
now have a greater intrinsic risk of developing cancers linked
to high BMI than those in earlier cohorts. Our finding of
increased age-specific DALY rates, especially pronounced in males,
supports this notion. Additionally, the past three decades of
advancements in cancer detection and treatment provide context
for this trend. Improvements in imaging, endoscopy, and screening
programs may have increased cancer diagnoses in aging and
obese populations (38, 39), thereby initially raising incidence
rates and DALYs. Concurrently, modern therapies, including
targeted treatments, immunotherapy, and advanced radiotherapy,
have extended survival for many cancer patients (39). Longer
survival means patients live more years with cancer (contributing
to YLDs), which can paradoxically increase DALYs even as
mortality is delayed. Our finding that men exhibited steeper rises
in ASDRs than women may be partly explained by historically
lower male obesity rates that are now converging with female
rates. Additionally, men tend to accumulate more visceral adipose
tissue, which is metabolically active and linked to cancers of the
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colon, liver, and kidney (40-42). These drivers underscore that the
observed global trends may not solely a function of demographic
change but also reflect lifestyle transitions, technological progress
and evolving risk exposures.

Our detailed cancer subtype analysis revealed that not all high
BMI-related cancers were rising equally, underscoring the need
to consider cancer-specific and sex-specific patterns. We found
that breast cancer and colorectal cancer stood out as the leading
contributors to high BMI-attributable DALY in women and men
respectively, consistent with established epidemiology. Obesity is
a well-known risk factor for postmenopausal breast cancer, likely
due to higher estrogen levels from adipose tissue after menopause
and other metabolic changes (36, 43), which explains why breast
cancer remains the top contributor among older women. Similarly,
excess body weight significantly raises the risk of colorectal cancer,
as well as cancers of the uterus and kidney (41, 44); this is reflected
in the high DALY contributions of these sites in our 2021 data.
We further identified a pattern that is worth highlighting. Liver
cancer exhibited one of the most substantial relative increases in
DALY rates from 1990 to 2021 in both sexes. This sharp rise likely
reflects the compounding impact of the global obesity epidemic,
particularly through the obesity—-non-alcoholic fatty liver disease
(NAFLD)-hepatocellular carcinoma (HCC) pathway. NAFLD, now
the most common chronic liver disease worldwide, could progress
to non-alcoholic steatohepatitis (NASH), cirrhosis, and ultimately
HCC, even in the absence of viral hepatitis (45-47). In regions
such as East Asia and sub-Saharan Africa, where chronic HBV
infection remains endemic, the rising prevalence of obesity and
diabetes has further intensified the liver cancer burden among older
adults. Previous cohort studies have demonstrated that obesity
significantly increases the risk of HCC, especially in the presence
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of metabolic syndrome and chronic hepatitis (48-50). Another
important observation was the marked increase in the BMI-
attributable burden of multiple myeloma, which, alongside liver
cancer, was among the fastest-growing cancer subtypes in older
adults. Accumulating evidence suggests that obesity influences
hematologic malignancies not only through systemic inflammation
but also via the bone marrow microenvironment. Adipocytes
within the bone marrow can modulate plasma cell proliferation
and survival by secreting adipokines, pro-inflammatory cytokines,
and free fatty acids, thereby creating a tumor-permissive niche
(51, 52). Moreover, recent work has highlighted that obesity
may accelerate the progression from monoclonal gammopathy
of undetermined significance (MGUS) to myeloma by disrupting
immune surveillance and promoting metabolic stress within the
marrow niche (51-54). On the other hand, a few cancers showed
stable or declining trends in high BMI-attributable ASDR. For
instance, leukemia in males and gallbladder and biliary tract
cancer in females exhibited modest decreases from 1990 to 2021.
These patterns may reflect multifactorial influences. Improved
treatment protocols and earlier detection may have contributed
to reduced leukemia-related mortality and DALYs, potentially
offsetting obesity-related risks. In the case of gallbladder and
biliary tract cancer, better management of gallstone disease and
reductions in other etiologic exposures, such as chronic infections
(e.g., Salmonella typhi, liver flukes, or hepatitis viruses), in
certain regions may have played a protective role. In addition,
these trends may partly result from diagnostic uncertainty
or data limitations. Gallbladder cancer, for example, is often
underdiagnosed or misclassified due to overlapping symptoms
with other hepatobiliary diseases and low diagnostic capacity in
many low-income regions. Therefore, while the observed declines
could reflect real epidemiologic shifts, they should be interpreted
cautiously given the potential for underestimation and incomplete
registry coverage. Our cross-country inequality analysis by cancer
type further highlighted that certain cancers were contributing
most to global disparities. Breast and colorectal cancers had the
largest absolute inequalities in ASDR between high- and low-SDI
countries, although these inequalities narrowed from 1990 to 2021
as developing countries caught up. This may indicate that the
high incidence of breast and colon cancer, historically prevalent in
high-income regions due to lifestyle factors such as diet, sedentary
behavior, and better screening, is now becoming more common
in transitioning countries as lifestyles change. Meanwhile, cancers
such as kidney cancer and multiple myeloma exhibited some of the
highest relative inequalities (concentrated in higher-SDI regions)
even in 2021. This suggests that these high BMI-related cancers
remain more prevalent in wealthier countries, possibly due to
dietary patterns, such as high animal protein intake, or disparities
in diagnostic capacity linked to economic development. In contrast,
thyroid cancer attributable to high BMI showed minimal inequality
and low burden, indicating a more uniform contribution globally.
These patterns suggest that prevention strategies should be tailored
by sex and cancer type. Weight management and colorectal
cancer screening are priorities for both sexes, while attention to
obesity’s role in breast and uterine cancers is crucial for older
women. The sharp rise in liver and myeloma burdens suggests a
need for research into targeted interventions, such as aggressive
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management of metabolic syndrome and NAFLD in midlife, to
curb the future burden of these cancers.

We found striking geographic and socioeconomic disparities
in high BMI-related cancer burden among older adults, which
have important implications for global health equity. High-income
regions, particularly Europe and parts of the Americas, had the
highest ASDRs in 2021, reflecting long-standing obesity prevalence
and older population structures. In contrast, the fastest growth
in ASDR occurred in Asia and Africa, where obesity prevalence
and life expectancy have increased rapidly in recent decades.
Many countries in these continents historically had lower obesity
and cancer rates, but are now experiencing an upsurge as diets
change, physical activity declines, and populations live longer.
For instance, South Asia and parts of Sub-Saharan Africa showed
some of the steepest ASDR increases, despite the low initial
baseline. This means that regions which once faced primarily
infectious diseases and undernutrition are now confronting the
dual challenge of rising obesity-related cancers in their senior
populations. Meanwhile, some high-income regions, such as high
SDI countries in the Asia-Pacific or Western Europe, may be
reaching a saturation point in obesity-related cancer incidence,
potentially due to early interventions like public health campaigns
and better primary prevention. Our analysis of the five SDI
regions underscores that in 2021, the high SDI region had the
highest ASDR, while the low SDI region exhibited the fastest
relative growth, with its ASDR more than doubling since 1990.
This indicates that socioeconomic development in countries is
frequently accompanied by modern lifestyle changes, including
sedentary behavior and high-calorie diets. These behaviors, coupled
with an aging population, significantly increase the cancer burden
among older adults with high BMI (55-58). Indeed, overweight
and obesity are rising quickly in many low- and middle-income
countries, effectively globalizing what was once thought to be
a rich-country problem (59). Our analysis of health inequities
indicates that global disparities in this burden have narrowed,
with absolute inequities shrinking and the concentration index
declining from 0.38 to 0.24. However, this convergence was largely
driven by worsening trends in lower SDI countries rather than
dramatic improvements in higher SDI countries. In other words,
the narrowing of disparities was due to the rising ASDR of high
BMI-related cancers in many lower SDI countries, rather than
to the resolution of the issue in higher SDI countries. Therefore,
despite the reduced disparity, significant inequities remained,
with the ASDR in high-SDI countries still being much higher
than in low-SDI countries. This cross-countries healthy inequities
underscore that no country is immune to this issue. Achieving
equitable healthy aging requires both sustained improvements in
higher SDI countries and proactive obesity and cancer control
strategies to help lower SDI countries “bend the curve” and avoid
replicating the high cancer burden observed in wealthier countries
(60, 61). Global initiatives should recognize that obesity and its
cancer consequences are now a worldwide problem, and resources
must be allocated accordingly to prevent widening disparities in the
coming decades.

The frontier analysis compared each country’s ASDR with the
optimal ASDR predicted for its SDI level, revealing substantial
variability beyond socio-economic development. Several higher
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SDI countries (e.g., United Arab Emirates, Slovakia, Qatar) had
burdens far above expectations. However, it is important to note
that countries above the frontier does not imply these countries
are “causing” the global burden. Instead, such deviations highlight
regions where outcomes could be improved. These disparities
may reflect multiple underlying factors, including exceptionally
high obesity prevalence, dietary patterns, insufficient screening,
or health system limitations. For instance, in Gulf states, cultural
and lifestyle factors, such as high-caloric diets and low physical
activity in affluent settings, have led to some of the world’s
highest obesity rates, which likely contributes to their elevated
cancer burden (62, 63). Conversely, Bangladesh, Timor-Leste,
Nepal, Niger, and Viet Nam were much closer to the frontier,
exhibiting lower-than-expected burdens. This could be attributable
to traditionally lower obesity rates or unmeasured protective
lifestyle factors, such as dietary components and increased physical
activity in daily life. It might also reflect younger age structure
within the older-adult category or underdiagnosis where health
systems were less developed. Nevertheless, studying these lower-
burden countries could provide lessons on protective factors or
successful interventions. For instance, Bangladesh has a high
prevalence of underweight in older ages (64), which might
partially protect against some obesity-related cancers, though
malnutrition carries its own risks. Countries that exceed the
frontier should be prioritized for in-depth investigation and
targeted interventions, such as integrating weight management into
elder care, enhancing cancer screening, and improving physical
activity infrastructure. Meanwhile, low-burden countries offer
opportunities to study cultural or policy factors that may help
reduce the impact of overweight and obesity. Crucially, our frontier
analysis demonstrates that economic development alone does
not guarantee low ASDR of cancer attributable to high BMI
among older adults. Without effective public health measures,
even resource-rich nations can underperform. Setting realistic
benchmark goals and promoting cross-country learning could
accelerate progress toward equitable cancer prevention.

Because high BMI is modifiable, the substantial burden we
identified represents a major prevention opportunity. Diet plays
a foundational role, as excessive intake of energy-dense, ultra-
processed foods rich in saturated fats and added sugars contributes
significantly to obesity. Replacing such diets with nutrient-dense,
high-fiber, plant-based alternatives has shown promise in reducing
cancer risk. Physical activity, even of low to moderate intensity,
plays a pivotal role in maintaining energy balance, preserving
muscle mass, and modulating inflammatory and hormonal
pathways linked to cancer development. Weight management
should go beyond short-term goals. It requires sustained,
structured interventions including personalized counseling, regular
weight monitoring, and community-driven support systems.
These strategies should be embedded in routine care for older
adults, integrated with national cancer screening programs.
Furthermore, screening programs for breast and colorectal
cancers could incorporate BMI as a stratification factor and link
overweight participants with weight-loss resources. High SDI
countries with persistent high ASDRs and those identified as
frontier outliers should implement aggressive obesity-prevention
campaigns among seniors. Low- and middle-SDI countries
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experiencing rapid increases need early interventions tailored
to their contexts, drawing on successful strategies from high-
income countries but adapted to local diets, resources, and cultural
norms. International collaboration would be essential to avert
a surge of high BMI-related cancers in emerging economies.
Beyond cancer, managing high BMI in older adults would
also reduce the burden of cardiovascular disease, diabetes, and
other chronic conditions, aligning with the broader goal of
healthy aging.

Several limitations should be acknowledged. First, GBD
estimates are based on modeled data, not direct observation, and
data quality varies widely, especially in low-income countries.
Incomplete cancer registries and BMI misclassification may bias
results. We interpreted findings from data-sparse regions with
caution and emphasized patterns that were consistent across
multiple geographic areas. Second, due to the ecological nature
of the GBD data, we were unable to establish causality or adjust
for individual-level confounders, such as diet, physical activity,
alcohol consumption, and smoking. Nonetheless, the comparative
risk assessment framework of GBD integrates extensive meta-
analytic evidence and global exposure distributions to strengthen
the interpretability of risk-outcome associations at the population
level. Third, we did not distinguish between subpopulations
within countries (e.g., urban vs. rural, or different socioeconomic
strata), which may mask important within-country disparities.
Future research using disaggregated subnational data could
help uncover these inequalities. Fourth, although BMI is a
widely used and practical proxy for adiposity in large-scale
epidemiological research, it does not differentiate between lean
mass and fat mass, nor does it capture visceral fat distribution,
which may be more relevant to cancer risk. Incorporating
alternative obesity metrics, such as waist circumference or
waist-to-hip ratio, might improve future risk estimations. Fifth,
although we focused on 11 high-BMI-related cancer types with
robust evidence from the GBD 2021 risk factor framework,
obesity may contribute to other malignancies not yet definitively
established. As evidence evolves, future iterations of GBD may
expand the scope of attributable cancer types. Despite these
limitations, our study provides a comprehensive global assessment
of high-BMI-related cancer burden among older adults using
standardized methods, with robust stratification by location, sex,
and cancer type. The integration of decomposition and inequality
analyses further enhances the policy relevance of our findings
by identifying key drivers of burden and highlighting cross-
national disparities.

5 Conclusion

In conclusion, our study demonstrates that the global burden
of cancer attributable to high BMI among older adults has
risen dramatically since 1990, with considerable variation by sex,
cancer site, geography, and socio-economic development. These
insights underscore the necessity of weight management in later
life, the importance of tailored prevention and screening by
cancer type and sex, and the urgency of addressing emerging
hotspots in low- and middle-SDI countries. The narrowing
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of global inequalities reflects a concerning convergence toward
higher burdens rather than meaningful reductions in high-income
countries. As the world strives to reduce the burden of non-
communicable diseases and promote healthy aging, investing in
high BMI control throughout the life course can significantly
decrease future cancer-related ASDR, narrow observed inequalities
between countries, and advance the global agenda of equitable and
healthy aging.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The GBD 2021 utilized de-identified aggregate data
for analysis. The University of Washington Institutional
Review Board reviewed and approved the waiver of
informed consent.

Author contributions
YH: Formal analysis, Visualization, Writing - original

draft, Methodology, Data curation, Investigation, Software,
Validation, Writing - review & editing, Conceptualization. DQ:
Methodology, Writing - original draft,
FX: Visualization, Methodology,
Project administration,

Conceptualization.
review &

Writing

editing, Software, Formal analysis,

Supervision, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

References

1. Bray E Laversanne M, Weiderpass E, Soerjomataram I. The ever-increasing
importance of cancer as a leading cause of premature death worldwide. Cancer. (2021)
127:3029-30. doi: 10.1002/cncr.33587

2. Bray E Laversanne M, Sung H, Ferlay ], Siegel RL, Soerjomataram I, et al.
Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin. (2024) 74:229-
63. doi: 10.3322/caac.21834

3. Nolen SC, Evans MA, Fischer A, Corrada MM, Kawas CH, Bota DA.
Cancer-Incidence, prevalence and mortality in the oldest-old. A comprehensive

review. Mech Ageing Dev. (2017) 164:113-26. doi: 10.1016/j.mad.2017.
05.002

4. Berben L, Floris G, Wildiers H, Hatse S. Cancer and aging:
two  tightly  interconnected  biological = processes.  Cancers.  (2021)

13:1400. doi: 10.3390/cancers13061400

5. Ageing and health: World Health Organization (2024). Available online at: https://
www.who.int/news- room/fact- sheets/detail/ageing-and-health (Accessed November
2,2024).

Frontiersin Nutrition

17

10.3389/fnut.2025.1683893

Acknowledgments

The authors extend their appreciation to the collaborators of
the 2021 Global Burden of Disease, Injuries, and Risk Factors Study
(GBD) for their exemplary contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.
1683893/full#supplementary-material

6. Obesity and overweight: World Health Organization (2025). Available online
at: https://www.who.int/news-room/fact- sheets/detail/obesity-and- overweight
(Accessed May 20, 2025).

7. Patel AV, Patel KS, Teras LR. Excess body fatness and cancer risk: a
summary of the epidemiologic evidence. Surg Obes Relat Dis. (2023) 19:742-
5. doi: 10.1016/j.s0ard.2023.01.025

8. Larsson SC, Spyrou N, Mantzoros CS. Body fatness associations with cancer:
evidence from recent epidemiological studies and future directions. Metabolism. (2022)
137:155326. doi: 10.1016/j.metabol.2022.155326

9. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass
index in 200 countries from 1975 to 2014: a pooled analysis of 1698 population-
based measurement studies with 19-2 million participants. Lancet. (2016) 387:1377-
96. doi: 10.1016/S0140-6736(16)30054-X

10. Arnold M, Freisling H, Stolzenberg-Solomon R, Kee F, O’Doherty MG, Ordénez-
Mena JM, et al. Overweight duration in older adults and cancer risk: a study
of cohorts in Europe and the United States. Eur ] Epidemiol. (2016) 31:893-
904. doi: 10.1007/s10654-016-0169-z

frontiersin.org


https://doi.org/10.3389/fnut.2025.1683893
https://www.frontiersin.org/articles/10.3389/fnut.2025.1683893/full#supplementary-material
https://doi.org/10.1002/cncr.33587
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/j.mad.2017.05.002
https://doi.org/10.3390/cancers13061400
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/j.soard.2023.01.025
https://doi.org/10.1016/j.metabol.2022.155326
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1007/s10654-016-0169-z
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al.

11. Keramat SA, Alam K, Rana RH, Chowdhury R, Farjana F, Hashmi R, et al.
Obesity and the risk of developing chronic diseases in middle-aged and older adults:
findings from an Australian longitudinal population survey, 2009-2017. PLoS One.
(2021) 16:¢0260158. doi: 10.1371/journal.pone.0260158

12. Yuan L, Chang M, Wang J. Abdominal obesity, body mass index and the risk of
frailty in community-dwelling older adults: a systematic review and meta-analysis. Age
Ageing. (2021) 50:1118-28. doi: 10.1093/ageing/afab039

13. Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. Body
Fatness and Cancer-Viewpoint of the IARC Working Group. N Engl ] Med. (2016)
375:794-8. doi: 10.1056/NEJMsr1606602

14. Amin MN, Hussain MS, Sarwar MS, Rahman Moghal MM, Das A,
Hossain MZ, et al. How the association between obesity and inflammation may
lead to insulin resistance and cancer. Diabetes Metab Syndr. (2019) 13:1213-
24. doi: 10.1016/j.dsx.2019.01.041

15. Jin Q, Liu S, Zhang Y, Ji Y, Wu J, Duan H, et al. Severe obesity,
high inflammation, insulin resistance with risks of all-cause mortality and all-
site cancers, and potential modification by healthy lifestyles. Sci Rep. (2025)
15:1472. doi: 10.1038/s41598-025-85519-9

16. Zhang AMY, Wellberg EA, Kopp JL, Johnson JD. Hyperinsulinemia
in obesity, inflammation, and cancer. Diabetes Metab ]. (2021) 45:285-
311. doi: 10.4093/dmj.2020.0250

17. Tan DJH, Ng CH, Muthiah M, Yong JN, Chee D, Teng M, et al. Rising global
burden of cancer attributable to high BMI from 2010 to 2019. Metabolism. (2024)
152:155744. doi: 10.1016/j.metabol.2023.155744

18. Cai Y, Ye Y, Qian J. Global and regional burden of breast cancer attributable
to high BMI, 1990-2036: a comprehensive analysis. Public Health. (2025) 242:340-
51. doi: 10.1016/j.puhe.2025.03.025

19. Zeng J, Li W, Wu Z. Global disease burden of colorectal cancer attributable
to high BMI has more than doubled over the past 30 years. Front Oncol. (2025)
15:1580458. doi: 10.3389/fonc.2025.1580458

20. He KJ, Shu W, Hong Y. Global, regional and country burden of high BMI-related
liver cancer among individuals aged above 70: trends from 1990 to 2021 and projections
to 2044. Front Public Health. (2025) 13:1523578. doi: 10.3389/fpubh.2025.1523578

21. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence,
years lived with disability (YLDs), disability-adjusted life-years (DALYs), healthy life
expectancy (HALE) for 371 diseases, injuries in 204 countries and territories and
811 subnational locations, 1990-2021: a systematic analysis for the Global Burden
of Disease Study 2021. Lancet. (2024) 403:2133-61. doi: 10.1016/S0140-6736(24)
00757-8

22. GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of death
and life expectancy decomposition in 204 countries and territories and 811 subnational
locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021.
Lancet. (2024) 403:2100-32. doi: 10.1016/S0140-6736(24)00367-2

23. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence
for 88 risk factors in 204 countries and 811 subnational locations, 1990-2021: a
systematic analysis for the Global Burden of Disease Study 2021. Lancet. (2024)
403:2162-203. doi: 10.1016/S0140-6736(24)00933-4

24. Zheng J, Yao L, Lei K, Huang W, Luo YJZ, Tran PH, et al. Economic burden
attributable to high BMI-caused cancers: a global level analysis between 2002 and 2021.
BMC Med. (2025) 23:297. doi: 10.1186/s12916-025-04109-8

25. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The
World report on ageing and health: a policy framework for healthy ageing. Lancet.
(2016) 387:2145-54. doi: 10.1016/S0140-6736(15)00516-4

26. Xue J, Li X, Zhao Y, Jia W, Wu X, Jiang S, et al. Global, regional, and
national burden of idiopathic epilepsy in older adults, 1990-2021: a systematic
analysis for the Global Burden of Disease Study 2021. BMC Med. (2025)
23:443. doi: 10.1186/512916-025-04268-8

27. Zhou XD, Chen QF, Yang W, Zuluaga M, Targher G, Byrne CD, et al. Burden
of disease attributable to high body mass index: an analysis of data from the Global
Burden of Disease Study 2021. EClinicalMedicine. (2024) 76:102848.

28. Global Burden of Disease Study 2021 (GBD 2021) Socio-Demographic Index
(SDI) 1950-2021. Seattle, WC: Institute for Health Metrics and Evaluation (IHME):
Global Burden of Disease Collaborative Network (2024).

29. Sun P, Yu C, Yin L, Chen Y, Sun Z, Zhang T, et al. Global, regional, and
national burden of female cancers in women of child-bearing age, 1990-2021: analysis
of data from the global burden of disease study 2021. EClinicalMedicine. (2024)
74:102713. doi: 10.1016/j.eclinm.2024.102713

30. Joinpoint Trend Analysis Software: National Cancer Institute (2024). Available
online at: https://surveillance.cancer.gov/joinpoint/ (Accessed June 9, 2024).

31. Das Gupta P. Standardization and decomposition of rates : a user’s manual.
Washington, DC: US Dept of Commerce, Economics and Statistics Administration,
Bureau of the Census (1993).

32. Wafa HA, Marshall I, Wolfe CDA, Xie W, Johnson CO, Veltkamp R,
et al. Burden of intracerebral haemorrhage in Europe: forecasting incidence
and mortality between 2019 and 2050. Lancet Reg Health Eur. (2024)
38:100842. doi: 10.1016/j.]lanepe.2024.100842

Frontiersin

10.3389/fnut.2025.1683893

33. Cao E Xu Z, Li XX, Fu ZY, Han RY, Zhang JL, et al. Trends and cross-country
inequalities in the global burden of osteoarthritis, 1990-2019: a population-based study.
Ageing Res Rev. (2024) 99:102382. doi: 10.1016/j.arr.2024.102382

34. WHO. Handbook on health inequality monitoring with a special focus on low- and
middle-income countries. Geneva: World Health Organization (2013).

35. Chen J, Cui Y, Deng Y, Xiang Y, Chen J, Wang Y, et al. Global, regional, and
national burden of cancers attributable to particulate matter pollution from 1990
to 2019 and projection to 2050: Worsening or improving? | Hazard Mater. (2024)
477:135319. doi: 10.1016/j.jhazmat.2024.135319

36. Brown KA. Metabolic pathways in obesity-related breast cancer. Nat Rev
Endocrinol. (2021) 17:350-63. doi: 10.1038/s41574-021-00487-0

37. Iyengar NM, Gucalp A, Dannenberg AJ, Hudis CA. Obesity and cancer
mechanisms: tumor microenvironment and inflammation. J Clin Oncol. (2016)
34:4270-6. doi: 10.1200/JCO.2016.67.4283

38. Kalager M, Bretthauer M. Improving cancer screening programs. Science. (2020)
367:143-4. doi: 10.1126/science.aay3156

39. Ward ZJ, Scott AM, Hricak H, Abdel-Wahab M, Paez D, Lette MM, et al.
Estimating the impact of treatment and imaging modalities on 5-year net survival
of 11 cancers in 200 countries: a simulation-based analysis. Lancet Oncol. (2020)
21:1077-88. doi: 10.1016/S1470-2045(20)30317-X

40. Vongsuvanh R, George J, Qiao L, van der Poorten D. Visceral
adiposity in gastrointestinal and hepatic carcinogenesis. Cancer Lett. (2013)
330:1-10. doi: 10.1016/j.canlet.2012.11.038

41. Chaplin A, Rodriguez RM, Segura-Sampedro JJ, Ochogavia-Segui A, Romaguera
D, Barcel6-Coblijn G. Insights behind the relationship between colorectal cancer
and obesity: is visceral adipose tissue the missing link? Int J Mol Sci. (2022)
23:13128. doi: 10.3390/ijms232113128

42. Greco E Mallio CA, Grippo R, Messina L, Vallese S, Rabitti C, et al. Increased
visceral adipose tissue in male patients with non-clear cell renal cell carcinoma. Radiol
Med. (2020) 125:538-43. doi: 10.1007/s11547-020-01146-6

43. Neuhouser ML, Aragaki AK, Prentice RL, Manson JE, Chlebowski R, Carty CL,
et al. Overweight, obesity, and postmenopausal invasive breast cancer risk: a secondary
analysis of the women’s health initiative randomized clinical trials. JAMA Oncol. (2015)
1:611-21. doi: 10.1001/jamaoncol.2015.1546

44. Fang X, Wei ], He X, Lian J, Han D, An P, et al. Quantitative association between
body mass index and the risk of cancer: a global Meta-analysis of prospective cohort
studies. Int ] Cancer. (2018) 143:1595-603. doi: 10.1002/ijc.31553

45. Perumpail BJ, Khan MA, Yoo ER, Cholankeril G, Kim D, Ahmed A. Clinical
epidemiology and disease burden of nonalcoholic fatty liver disease. World J
Gastroenterol. (2017) 23:8263-76. doi: 10.3748/wjg.v23.i47.8263

46. Streba LA, Vere CC, Rogoveanu I, Streba CT. Nonalcoholic fatty liver disease,
metabolic risk factors, and hepatocellular carcinoma: an open question. World |
Gastroenterol. (2015) 21:4103-10. doi: 10.3748/wjg.v21.i14.4103

47. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer

M. Global epidemiology of nonalcoholic fatty liver disease-Meta-analytic
assessment of prevalence, incidence, and outcomes. Hepatology. (2016)
64:73-84. doi: 10.1002/hep.28431

48. Shin HS, Jun BG Yi SW. Impact of diabetes, obesity, and dyslipidemia on the risk
of hepatocellular carcinoma in patients with chronic liver diseases. Clin Mol Hepatol.
(2022) 28:773-89. doi: 10.3350/cmh.2021.0383

49. Yip TC, Wong VW. Editorial: central obesity is a risk factor for hepatocellular
carcinoma in Asian patients with chronic hepatitis B on anti-viral therapy. Aliment
Pharmacol Ther. (2021) 54:722-3. doi: 10.1111/apt.16498

50. Minami T, Tateishi R, Fujiwara N, Nakagomi R, Nakatsuka T, Sato M, et al.
Impact of obesity and heavy alcohol consumption on hepatocellular carcinoma
development after HCV eradication with antivirals. Liver Cancer. (2021) 10:309-
19. doi: 10.1159/000513705

51. Manna L, Gelsomino L, Martino EA, Gentile M, Ando S, Bonofiglio D, et al.
Unraveling obesity and multiple myeloma: insights from epidemiology and molecular
mechanisms. Curr Obes Rep. (2025) 14:52. doi: 10.1007/s13679-025-00644-w

52. Tentolouris A, Ntanasis-Stathopoulos I, Terpos E. Obesity and multiple
myeloma: emerging mechanisms and perspectives. Semin Cancer Biol. (2023) 92:45-
60. doi: 10.1016/j.semcancer.2023.04.003

53. Marques-Mourlet C, Di Iorio R, Fairfield H, Reagan MR. Obesity and myeloma:
clinical and mechanistic contributions to disease progression. Front Endocrinol. (2023)
14:1118691. doi: 10.3389/fend0.2023.1118691

54. Morris EV, Edwards CM. Myeloma and marrow adiposity: unanswered
questions and future directions. Best Pract Res Clin Endocrinol Metab. (2021)
35:101541. doi: 10.1016/j.beem.2021.101541

55. Friedenreich CM, Ryder-Burbidge C, McNeil J. Physical activity, obesity
and sedentary behavior in cancer etiology: epidemiologic evidence and biologic
mechanisms. Mol Oncol. (2021) 15:790-800. doi: 10.1002/1878-0261.12772

56. Gilchrist SC, Howard V], Akinyemiju T, Judd SE, Cushman M, Hooker SP, et al.
Association of sedentary behavior with cancer mortality in middle-aged and older US
adults. JAMA Oncol. (2020) 6:1210-7. doi: 10.1001/jamaoncol.2020.2045


https://doi.org/10.3389/fnut.2025.1683893
https://doi.org/10.1371/journal.pone.0260158
https://doi.org/10.1093/ageing/afab039
https://doi.org/10.1056/NEJMsr1606602
https://doi.org/10.1016/j.dsx.2019.01.041
https://doi.org/10.1038/s41598-025-85519-9
https://doi.org/10.4093/dmj.2020.0250
https://doi.org/10.1016/j.metabol.2023.155744
https://doi.org/10.1016/j.puhe.2025.03.025
https://doi.org/10.3389/fonc.2025.1580458
https://doi.org/10.3389/fpubh.2025.1523578
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00367-2
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1186/s12916-025-04109-8
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1186/s12916-025-04268-8
https://doi.org/10.1016/j.eclinm.2024.102713
https://surveillance.cancer.gov/joinpoint/
https://doi.org/10.1016/j.lanepe.2024.100842
https://doi.org/10.1016/j.arr.2024.102382
https://doi.org/10.1016/j.jhazmat.2024.135319
https://doi.org/10.1038/s41574-021-00487-0
https://doi.org/10.1200/JCO.2016.67.4283
https://doi.org/10.1126/science.aay3156
https://doi.org/10.1016/S1470-2045(20)30317-X
https://doi.org/10.1016/j.canlet.2012.11.038
https://doi.org/10.3390/ijms232113128
https://doi.org/10.1007/s11547-020-01146-6
https://doi.org/10.1001/jamaoncol.2015.1546
https://doi.org/10.1002/ijc.31553
https://doi.org/10.3748/wjg.v23.i47.8263
https://doi.org/10.3748/wjg.v21.i14.4103
https://doi.org/10.1002/hep.28431
https://doi.org/10.3350/cmh.2021.0383
https://doi.org/10.1111/apt.16498
https://doi.org/10.1159/000513705
https://doi.org/10.1007/s13679-025-00644-w
https://doi.org/10.1016/j.semcancer.2023.04.003
https://doi.org/10.3389/fendo.2023.1118691
https://doi.org/10.1016/j.beem.2021.101541
https://doi.org/10.1002/1878-0261.12772
https://doi.org/10.1001/jamaoncol.2020.2045
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Huang et al.

57. Lima JTO, Mello MJG, Sales Lt, Santos LFMD, Silva FRdM, Rayol RMMC,
et al. Sedentary lifestyle as a predictor of early death in older adults with
cancer: a prospective cohort study with 2692 patients. J Clin Oncol. (2023)
41:12058. doi: 10.1200/JCO.2023.41.16_suppl.12058

58. Kerr J, Anderson C, Lippman SM. Physical activity, sedentary behaviour, diet,
and cancer: an update and emerging new evidence. Lancet Oncol. (2017) 18:e457-
e71. doi: 10.1016/S1470-2045(17)30411-4

59. Popkin BM, Slining MM. New dynamics in global obesity facing low- and
middle-income countries. Obes Rev. (2013) 14:11-20. doi: 10.1111/0br.12102

60. de Souza JA, Hunt B, Asirwa FC, Adebamowo C, Lopes G. Global
health equity: cancer care outcome disparities in high-, middle-, and low-
income countries. J Clin Oncol. (2016) 34:6-13. doi: 10.1200/JCO.2015.
62.2860

Frontiersin

19

10.3389/fnut.2025.1683893

61. Tucker-Seeley RD, Wallington
JM. Health equity for older adults
39:2205-16. doi: 10.1200/JCO.21.00207

62. Balhareth A, Meertens R, Kremers S, Sleddens E. Overweight and obesity
among adults in the Gulf States: a systematic literature review of correlates of
weight, weight-related behaviours, and interventions. Obes Rev. (2019) 20:763-
93. doi: 10.1111/0br.12826

63. S AL. Obesity in gulf countries.
83. doi: 10.12816/0006074

64. Rakhshanda S, Barua L, Faruque M, Banik PC, Shawon RA, Rahman A, et al.
Malnutrition in all its forms and associated factors affecting the nutritional status of
adult rural population in Bangladesh: results from a cross-sectional survey. BMJ Open.
(2021) 11:¢051701. doi: 10.1136/bmjopen-2021-051701

SE,
with

B,
J Clin Oncol.

Canin
cancer.

Tang W, McKoy
(2021)

Int ] Health Sci. (2014) 8:79-


https://doi.org/10.3389/fnut.2025.1683893
https://doi.org/10.1200/JCO.2023.41.16_suppl.12058
https://doi.org/10.1016/S1470-2045(17)30411-4
https://doi.org/10.1111/obr.12102
https://doi.org/10.1200/JCO.2015.62.2860
https://doi.org/10.1200/JCO.21.00207
https://doi.org/10.1111/obr.12826
https://doi.org/10.12816/0006074
https://doi.org/10.1136/bmjopen-2021-051701
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Global burden, trends, and inequalities in cancer and subtypes attributable to high BMI among older adults, 1990–2021: a secondary analysis of the global burden of disease study 2021
	1 Introduction
	2 Methods
	2.1 Data sources
	2.2 Definitions
	2.3 Statistical analysis
	2.3.1 Age-standardized DALYs rates
	2.3.2 Joinpoint regression analysis
	2.3.3 Decomposition analysis
	2.3.4 Cross-country inequality analysis
	2.3.5 Frontier analysis


	3 Results
	3.1 Burden of total cancer attributable to high BMI among older people
	3.1.1 At global levels
	3.1.2 At continental and SDI regional levels
	3.1.3 At GBD regional and national levels

	3.2 Burden of 11 specific cancer types attributable to high BMI among older people
	3.3 Across different age groups
	3.4 Decomposition of the changes in DALYs for total cancer
	3.5 Cross-country inequalities analysis of ASDR for total cancer
	3.6 Frontier analysis of ASDR for total cancer

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


