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Background: High body mass index (BMI) is a well-established modifiable 
risk factor for multiple cancer types. However, the long-term trends and 
demographic patterns of total cancer burden attributable to high BMI in China 
have not been fully characterized. This study aimed to assess the magnitude, 
temporal trends, and demographic drivers of BMI-related cancer burden in 
China from 1990 to 2021.

Methods: Data on total cancer burden attributable to high BMI were obtained 
from the Global Burden of Disease Study 2021. Key indicators included deaths, 
disability-adjusted life years (DALYs), years lived with disability (YLDs), and years 
of life lost (YLLs). Age-standardized rates (ASRs) were estimated by sex and 
age group. Joinpoint regression and age-period-cohort (APC) analyses were 
performed to assess trends, and decomposition analysis was used to quantify 
the contributions of population growth, population aging, and epidemiological 
changes.

Results: In 2021, high BMI accounted for 58,745 cancer deaths and 1.66 million 
DALYs in China. Compared with 1990, age-standardized death and DALY rates 
increased by approximately 1.7-fold and 1.6-fold, respectively. Males had higher 
age-standardized rates of deaths, DALYs, and YLLs, while females exhibited 
higher YLD rates. The burden peaked in the 50–69 age group and varied by sex 
across age strata. Colorectal, liver, kidney, and breast cancers were the largest 
contributors to the BMI-related cancer burden. APC analysis revealed growing 
burden across age and period dimensions, with higher DALY and mortality rates 
observed in more recent birth cohorts. Decomposition analysis showed that the 
increase in deaths was mainly driven by epidemiological change and population 
growth, while DALY increases were influenced by all three components, with a 
stronger impact in males.

Conclusion: The burden of cancer attributable to high BMI in China has risen 
substantially over the past three decades, with clear sex, age, and cohort-
specific differences. Comprehensive public health strategies targeting obesity 
prevention and cancer control are urgently needed.
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Introduction

Over the past few decades, the prevalence of overweight and 
obesity has risen dramatically worldwide, emerging as a major public 
health concern (1, 2). In China, the shift in dietary patterns, increased 
urbanization, and sedentary lifestyles have led to a rapid escalation in 
high body mass index (BMI) among the adult population (3–5). 
According to estimates from the Global Burden of Disease (GBD) 
Study, high BMI is now a leading modifiable risk factor for a range of 
non-communicable diseases, including type 2 diabetes, cardiovascular 
conditions, and multiple cancers (6–8). While the causal links between 
high BMI and specific cancers such as colorectal, breast, endometrial, 
and kidney cancers are well-established (9, 10), comprehensive data 
on the overall cancer burden attributable to high BMI, particularly 
within the context of China’s aging population, remain limited. Given 
the rising prevalence of obesity and the increasing incidence of cancer 
in China, quantifying this burden is critical to inform public health 
strategies and guide targeted interventions.

Existing epidemiological evidence suggests that excess body 
weight influences cancer development through several mechanisms, 
including chronic inflammation, insulin resistance, altered levels of 
sex hormones, and dysregulated adipokine signaling (11, 12). 
Mendelian randomization studies have provided further support for 
a causal relationship between elevated BMI and site-specific 
cancers, notably colorectal, pancreatic, and breast cancers (13–15). 
In addition to increasing incidence, high BMI has been associated 
with worse cancer prognosis and reduced survival, particularly 
among individuals with central adiposity and metabolic syndrome 
(16, 17). Moreover, sex-based and age-specific differences in 
BMI-associated cancer risk have been documented, emphasizing 
the need for disaggregated analysis (18). These patterns point to the 
importance of a nuanced understanding of how high BMI 
contributes to cancer burden across diverse demographic strata. 
However, most available studies have focused on single cancer types 
or select regions, and comprehensive assessments at the national 
level remain scarce.

To address this gap, we conducted a systematic analysis of the 
burden of total cancer attributable to high BMI in China from 1990 to 
2021, using data from the GBD 2021 study. Our study aimed to 
quantify the burden in terms of deaths, disability-adjusted life years 
(DALYs), years of life lost (YLLs), and years lived with disability 
(YLDs), disaggregated by sex, age, and cancer type. Additionally, 
we analyzed temporal trends using joinpoint regression, examined 
underlying drivers through decomposition analysis, and explored 
age-period-cohort effects to understand generational shifts. By 
leveraging standardized and comparable data, this study provides 
updated evidence on the evolving impact of high BMI on cancer 
burden in China. These findings have important implications for 
cancer prevention policies, weight control strategies, and long-term 
public health planning. As the obesity epidemic continues to expand, 
addressing the cancer burden associated with high BMI is crucial to 
mitigating the future health and economic costs in an aging 
Chinese society.

Methods

Data source

This study utilized data from the GBD 2021 study, coordinated by 
the Institute for Health Metrics and Evaluation (IHME). The GBD 
provides comprehensive, standardized estimates of mortality and 
morbidity attributable to a wide range of risk factors across 204 
countries and territories (6, 19). All data used in this analysis were 
accessed through the Global Health Data Exchange (GHDx) results 
tool,1 which allows disaggregation by country, year, sex, age group, and 
cause. The GBD 2021 study employs a rigorous and standardized 
methodology to estimate disease burden attributable to various risk 
factors, including high BMI. For mortality estimates, GBD synthesizes 
data from vital registration systems, cancer registries, and verbal 
autopsy records, applying statistical models such as Cause of Death 
Ensemble modeling (CODEm) to adjust for data incompleteness and 
misclassification (6, 20). Non-fatal outcomes, including prevalence 
and YLDs, are estimated using DisMod-MR 2.1, a Bayesian meta-
regression tool that integrates data from epidemiological studies, 
national surveys, and hospital records. Risk-attributable burden is 
calculated by comparing the observed exposure distribution to a 
theoretical minimum risk exposure level (TMREL), applying a 
comparative risk assessment framework. This approach quantifies the 
proportion of disease burden that could be avoided if all individuals 
had a BMI within the TMREL range. All estimates are generated with 
95% uncertainty intervals (UIs), reflecting uncertainty from data 
sources, model selection, and parameter estimation.

Definition and estimation

In GBD 2021, high BMI was defined based on age. For adults 
aged 20 years and older, high BMI was classified as a BMI greater 
than the TMREL of 20–23 kg/m2. This range represents the BMI 
associated with the lowest risk of death and disability from all causes 
in large pooled epidemiological studies and serves as a reference 
point in the comparative risk assessment framework used by GBD 
(6). For children and adolescents aged 2–19 years, high BMI was 
defined as overweight or obesity, according to age- and sex-specific 
thresholds established by the International Obesity Task Force 
(IOTF) (6). This approach captures both population-wide risk 
exposure and age-specific vulnerability to elevated BMI across the 
life course. Total cancer was defined using International 
Classification of Diseases, 10th Revision (ICD-10) codes C00-C97, 
encompassing all malignant neoplasms, including non-melanoma 
skin cancers. Benign, in situ, and unspecified neoplasms were 
excluded. Twelve site-specific cancers with known associations to 
high BMI were also assessed, including cancers of the colon and 

1  http://ghdx.healthdata.org/gbd-results-tool
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rectum, liver, gallbladder and biliary tract, pancreas, kidney, thyroid, 
breast (female), uterus, ovary, non-Hodgkin lymphoma, multiple 
myeloma, and leukemia (6). The cancer burden attributable to high 
BMI was estimated using the comparative risk assessment (CRA) 
framework employed by GBD. This involves calculating population 
attributable fractions (PAFs) by integrating the relative risk of cancer 
associated with BMI levels above the TMREL and the population 
exposure distribution.

Descriptive analysis

Attributable burden was quantified for four main metrics: number 
of deaths, DALYs, YLLs, and YLDs. DALYs represent the sum of YLLs 
and YLDs, capturing both fatal and non-fatal consequences of disease. 
Age-standardized rates per 100,000 population were computed using 
the GBD world standard population to allow comparability over time 
and between sexes. All estimates were stratified by sex, age group, and 
cancer type. The all-age and age-standardized burden of total cancer 
attributable to high BMI was first summarized for males and females 
in 2021. The sex- and age-specific distributions of deaths, DALYs, 
YLLs, and YLDs were visualized to identify peak burden groups and 
to explore sex-specific differences in fatal and non-fatal components. 
Temporal trends from 1990 to 2021 were described in terms of both 
absolute numbers and ASRs. Key turning points and shifts in 
sex-specific burden over time were noted. For site-specific analyses, 
the cancer types contributing the largest burden in 2021 were 
identified, and changes in age-standardized rates over time were 
evaluated to highlight rapidly increasing cancers. In addition, the 
proportional distributions of deaths, DALYs, YLLs, and YLDs by sex 
and cancer type were depicted to characterize differences in burden 
structure. All burden estimates were reported with 95% UIs, which 
were generated based on 1,000 posterior draws from the GBD 
modeling framework (6, 19).

Joinpoint regression analysis

Joinpoint regression analysis was performed to examine temporal 
trends in the ASRs of deaths, DALYs, YLLs, and YLDs for total cancer 
attributable to high BMI in China from 1990 to 2021. The Joinpoint 
Regression Program (version 5.2.0; National Cancer Institute, 
United States) was used for all analyses. This method allows for the 
identification of statistically significant changes in trend, referred to 
as “joinpoints,” where the slope of the regression line changes 
significantly (21, 22). A maximum of five joinpoints was allowed for 
each model, and the best-fitting model was selected based on the 
permutation test and Bayesian Information Criterion. For each 
segment between joinpoints, the annual percentage change (APC) and 
corresponding 95% confidence intervals (CIs) were estimated. The 
average annual percent change (AAPC) over the entire period (1990–
2021) was also calculated to summarize the overall trend for each 
indicator. All analyses were stratified by sex to assess sex-specific 
differences in temporal patterns. A log-linear model was applied to the 
ASRs, and statistical significance was determined at a two-sided 
p-value < 0.05. The direction and magnitude of trends, whether 
increasing, decreasing, or stable, were reported for each indicator and 
for both sexes.

Age-period-cohort analysis

To evaluate the independent effects of age, time period, and birth 
cohort on the temporal trends in DALY and mortality rates of total 
cancer attributable to high BMI, an APC model was applied. This 
analytical framework enables the separation of overlapping influences 
among the three time-related dimensions and provides insights into 
how each factor contributes to the observed patterns. Due to the 
inherent collinearity among age, period, and cohort variables, the 
intrinsic estimator (IE) method was adopted to generate statistically 
stable and interpretable effect estimates. Mortality and DALY data 
were categorized into consecutive 5-year age groups (e.g., 20–24, 
25–29, …, 90–94, 95+), 5-year periods (e.g., 1992–1996, 1997–2001, 
…, 2017–2021), and corresponding birth cohorts (e.g., 1902–1907 to 
1997–2001) (23, 24). The 2002–2006 period was used as the reference 
group for estimating period effects, and the 1952–1956 birth cohort 
served as the reference for cohort effects. Cumulative incidence and 
mortality rates were standardized to account for variations across age 
groups and were used as outcome variables in the APC model. The 
APC analysis was conducted using the Epi package (version 2.46) in 
R software (version 4.3.1). Model diagnostics, including residual plots 
and Akaike Information Criterion (AIC) values, were examined to 
evaluate model fit and ensure robustness.

Decomposition analysis

A decomposition analysis was conducted to quantify the relative 
contributions of three main factors (population growth, population 
aging, and epidemiological changes) to the increase in total cancer 
deaths and DALYs attributable to high BMI in China between 1990 
and 2021. The decomposition was based on a counterfactual scenario 
approach. First, the total change in the number of deaths and DALYs 
between 1990 and 2021 was calculated. This change was then 
partitioned into three components: (1) population growth, 
representing the increase in burden due to a larger total population; 
(2) population aging, representing shifts in the age distribution of the 
population; and (3) epidemiological changes, defined as changes in 
age-specific mortality or DALY rates, which may reflect changes in 
exposure to high BMI, healthcare access, diagnostic practices, or 
treatment outcomes (25). The contributions of each factor were 
estimated using a stepwise replacement algorithm that isolates each 
component while holding the others constant. The decomposition was 
performed separately for males and females to assess sex-specific 
differences in driving forces behind the burden increase. All 
calculations were conducted using R software (version 4.3.1). This 
method provided insight into the extent to which demographic shifts 
and changing risk profiles have shaped the rising cancer burden 
attributable to high BMI in China.

Results

Burden of total cancer attributable to high 
BMI in China, 2021

In 2021, high BMI was associated with a notable burden of total 
cancer in China, as reflected in both mortality and disability 
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metrics (Table 1). A total of 58,745 all-age deaths were attributed 
to high BMI, with males and females contributing 27,732 and 
31,013 deaths, respectively. Despite the higher absolute number of 
deaths in females, the age-standardized death rate was slightly 
higher in males (2.87 per 100,000) than in females (2.79 per 
100,000), with a combined rate of 2.81 per 100,000 for the total 
population. The overall DALYs attributable to high BMI reached 
1,658,721, with similar sex-specific distributions, though the 
age-standardized DALY rate was marginally higher in males (81.74 
per 100,000) than in females (76.55 per 100,000). YLDs accounted 
for 71,314 of the DALYs, with females showing a higher 
age-standardized YLD rate (4.08 per 100,000) compared to males 
(2.52 per 100,000). In contrast, YLLs, which represented the 
majority of the burden, totaled 1,587,406 and showed higher 
age-standardized rates in males (79.22 per 100,000) than in females 
(72.48 per 100,000), with an overall rate of 75.87 per 100,000. These 
findings indicate a considerable cancer burden attributable to high 
BMI in China, with differences in fatal and non-fatal outcomes 
between sexes.

Age and sex distribution of cancer burden 
attributable to high BMI in China, 2021

The burden of total cancer attributable to high BMI in China in 
2021 showed distinct patterns by age and sex (Figures  1, 2). In 
Figure 1, the number of deaths, DALYs, YLDs, and YLLs was lower 
for females than for males in individuals under 50 years of age. 
However, this trend reversed in the older population, with females 
showing higher absolute numbers than males in those aged 50 and 
above. For both sexes, the burden peaked between the ages of 50 and 
69, indicating this age range as the most heavily affected group. 
Similarly, Figure  2 reveals that age-standardized rates of deaths, 
DALYs, and YLLs were higher in females than in males between the 
ages of 50 and 79, while YLDs showed higher rates in females between 
50 and 84 years. In contrast, males had higher age-standardized rates 
across all indicators in the population under 50 years old and in those 
aged 80 years and above. These findings suggest that the cancer 
burden attributable to high BMI differs not only in magnitude but also 
in distribution between sexes across the lifespan, with women bearing 
a greater burden in the postmenopausal age range and men 
experiencing higher burden earlier and in older age.

Temporal trends and age-specific changes 
in cancer burden attributable to high BMI 
in China from 1990 to 2021

From 1990 to 2021, the burden of total cancer attributable to high 
BMI in China increased significantly in both absolute numbers and 
age-standardized rates across all major indicators, including deaths, 
DALYs, YLLs, and YLDs (Figure 3). The total number of cases rose 
steadily in both sexes, with a more pronounced increase observed in 
females. Notably, age-standardized rates of deaths, DALYs, and YLLs 
were higher in females than in males before 2012, but this pattern 
reversed thereafter, with males showing higher rates in the subsequent 
years. In contrast, the age-standardized YLD rate remained 
consistently higher in females throughout the entire period. These 
sex-specific shifts suggest changing epidemiological dynamics in the 
cancer burden related to high BMI. Supplementary Figure S1 further 
illustrates that between 1990 and 2021, both the number and crude 
rates of all indicators rose substantially across nearly all age groups, 
particularly among those aged 50–74 years. The increases were more 
pronounced in 2021, reflecting not only population aging but also an 
escalating impact of high BMI on cancer outcomes over time.

Site-specific burden of cancer attributable 
to high BMI in 2021 and long-term trends

In 2021, among all site-specific cancers attributable to high BMI 
in China, colorectal cancer contributed the largest number of deaths 
(19.4 thousand) and DALYs (507.3 thousand), with substantial 
increases in age-standardized mortality (109.4%) and DALY rates 
(103.9%) from 1990 to 2021 (Table 2). Liver cancer followed, with 12.7 
thousand deaths and 379.3 thousand DALYs, accompanied by the 
highest rise in age-standardized mortality (204.6%) and DALY rates 
(192.6%) among major cancers. Kidney cancer also exhibited marked 
increases, particularly in age-standardized DALYs (162.2%) and YLDs 
(438.9%), suggesting a growing burden associated with prolonged 
survival and disability (Supplementary Table S1). In contrast, 
pancreatic cancer was the only type showing declines in both mortality 
and DALYs, with negative growth in age-standardized rates. Female-
specific cancers such as breast, uterine, and ovarian cancers showed 
moderate to substantial increases in both fatal (YLLs) and non-fatal 
(YLDs) burdens, particularly in breast cancer, where age-standardized 

TABLE 1  All-age cases and age-standardized deaths, DALYs, YLDs, and YLLs rates in 2021 for total cancer attributable to high BMI in China.

Measure All-ages cases Age-standardized rates per 100,000 people

Total Male Female Total Male Female

Deaths 58,745 (24,601, 

99,889)

27,732 (12,216, 

47,942)

31,013 (12,237, 

55,357)

2.81 (1.2, 4.76) 2.87 (1.29, 4.89) 2.79 (1.12, 4.97)

DALYs 1,658,721 (693,186, 

2,831,308)

816,759 (364,272, 

1,430,644)

841,961 (329,680, 

1,507,632)

79.17 (33.82, 

134.14)

81.74 (37.41, 

141.7)

76.55 (30.7, 136.27)

YLDs 71,314 (25,942, 

123,844)

25,739 (11,121, 

44,703)

45,575 (14,907, 

81,984)

3.3 (1.23, 5.7) 2.52 (1.1, 4.35) 4.08 (1.37, 7.28)

YLLs 1,587,406 (667,393, 

2,708,992)

791,021 (353,047, 

1,382,532)

796,386 (313,263, 

1,423,820)

75.87 (32.6, 

128.48)

79.22 (36.14, 

137.17)

72.48 (29.26, 128.93)

Values in parentheses indicate 95% UIs, estimated using Monte Carlo simulations. DALYs, disability-adjusted life-years; YLDs, years lived with disability; YLLs, years of life lost; BMI, body 
mass index; UI, uncertainty interval.
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FIGURE 1

Age- and sex-specific numbers of deaths, DALYs, YLDs, and YLLs for total cancer attributable to high BMI in China in 2021. (A) Number of deaths 
attributable to high BMI by age group and sex. (B) Number of DALYs by age group and sex. (C) Number of YLDs by age group and sex. (D) Number of 
YLLs by age group and sex. DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life lost; BMI, body mass index.

FIGURE 2

Age-specific and sex-specific rates of deaths, DALYs, YLDs, and YLLs for total cancer attributable to high BMI in China in 2021. (A) Age-standardized 
mortality rate per 100,000 population by age group and sex. (B) Age-standardized DALY rate per 100,000 population by age group and sex. (C) Age-
standardized YLD rate per 100,000 population by age group and sex. (D) Age-standardized YLL rate per 100,000 population by age group and sex. 
DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life lost; BMI, body mass index.
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DALY and YLD rates rose by over 100 and 322.8%, respectively. 
Figure 4 further illustrates the variation in age-standardized rates 
across different cancer types, highlighting that colorectal, liver, kidney, 
and breast cancers have become the dominant contributors to the total 
cancer burden attributable to high BMI. Supplementary Figure S2 
further highlights marked sex differences in cancer burden. Males 
accounted for the majority of deaths and YLLs from cancers such as 
liver, colorectal, and kidney, while females bore nearly all the burden 
from breast, uterine, and ovarian cancers. Additionally, females had a 
higher proportion of YLDs for thyroid cancer and gallbladder and 
biliary tract cancer, indicating a greater non-fatal burden.

Joinpoint and APC analysis of trends in 
cancer burden attributable to high BMI in 
China from 1990 to 2021

Joinpoint regression analysis revealed distinct temporal patterns 
in the age-standardized burden of total cancer attributable to high 
BMI in China from 1990 to 2021 (Figure 5; Supplementary Table S2). 
Overall, the AAPC for age-standardized mortality, DALYs, YLDs, and 
YLLs rates showed significant upward trends in both sexes, with 
AAPCs of 2.40, 2.33, 4.62, and 2.25%, respectively. In the early years 
(1990–1997), mortality and DALYs rates grew steadily, followed by a 
sharper increase between 1997 and 2001. After 2014, another phase of 
accelerated growth was observed, particularly in YLDs, which surged 
between 2016 and 2019 (APC: 6.17%). Sex-specific analyses indicated 

that males experienced consistently higher AAPCs across most 
indicators compared to females, especially in the earlier periods. For 
example, the AAPC for age-standardized DALYs was 2.88% in males 
versus 1.82% in females, and the YLD rate rose by 5.30% annually in 
males compared to 4.27% in females. The age-standardized YLL rate 
also increased more rapidly in males. These trends demonstrate a 
sustained and accelerating rise in the cancer burden attributable to 
high BMI over the past three decades, with notable differences by sex 
and by period, highlighting the growing public health challenge posed 
by obesity-related cancers in China.

Age-period-cohort effects on DALY and 
mortality rates of high BMI-related cancer 
in China

The age-period-cohort analyses revealed important temporal 
patterns in DALY and mortality rates for total cancer attributable to 
high BMI in China from 1990 to 2021 (Figure 6; Supplementary  
Figure S3). Both DALY and mortality rates increased with age, 
peaking at 85–90 years for DALYs and 65–74 years for mortality, and 
then declined slightly in the oldest age groups. Period effects showed 
a consistent upward trend, with more recent calendar years associated 
with higher burden, suggesting the cumulative impact of rising BMI 
levels over time. Notably, the cohort-specific trends indicated that 
more recent birth cohorts experienced higher DALY and mortality 
rates compared to earlier cohorts, reflecting a shift in burden toward 

FIGURE 3

Temporal trends in the number and age-standardized rates of deaths, DALYs, YLDs, and YLLs for total cancer attributable to high BMI in China from 
1990 to 2021. (A) Number and age-standardized mortality rate per 100,000 population by sex over time. (B) Number and age-standardized DALY rate 
per 100,000 population by sex over time. (C) Number and age-standardized YLL rate per 100,000 population by sex over time. (D) Number and age-
standardized YLD rate per 100,000 population by sex over time. DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life 
lost; BMI, body mass index.
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younger generations born after the 1960s. The local drift analyses 
confirmed that the annual percentage increases were most 
pronounced in the 55–74 age group, but the elevated burden among 
recent cohorts underscores the growing influence of high BMI on 
cancer risk across successive generations. These findings suggest that 
both aging and generational exposure to obesogenic environments 
are contributing to the escalating burden of BMI-related cancer 
in China.

Drivers of change in cancer burden 
attributable to high BMI in China

The decomposition analysis revealed that the increase in cancer 
burden attributable to high BMI in China from 1990 to 2021 was 
driven by different combinations of epidemiological and demographic 
factors for deaths and DALYs, with notable sex differences (Figure 7). 
For deaths, the primary contributors were epidemiological change, 
reflecting shifts in exposure, disease risk, or treatment outcomes, and 
population growth. In contrast, population aging showed a negative 
contribution, suggesting that aging alone did not lead to more cancer 
deaths and may have offset some of the increase. For DALYs, all three 
components (epidemiological change, aging, and population growth) 
contributed to the rising burden, with epidemiological change again 
being the largest factor, followed by aging and population. Importantly, 
the effects of both aging and epidemiological change were more 

pronounced in males than females, indicating that men experienced 
a steeper rise in both fatal and non-fatal cancer outcomes associated 
with high BMI. These findings highlight the urgent need to address 
worsening risk exposures and reinforce prevention efforts, particularly 
among high-risk male populations.

Discussion

This study presents a comprehensive overview of the burden 
and temporal trends of total cancer attributable to high BMI in 
China from 1990 to 2021, revealing a substantial and sustained 
increase over the past three decades. In 2021 alone, high BMI was 
estimated to be responsible for 58,745 cancer-related deaths and 
approximately 1.66 million DALYs, highlighting a significant public 
health concern. The burden was observed to be  higher among 
males for mortality and YLLs, while females exhibited greater 
YLDs, indicating sex-specific differences in disease outcomes. 
Age-specific analyses showed that individuals aged 50–69 years 
bore the highest burden, and age-standardized rates rose more 
steeply in recent decades, particularly among men. Site-specific 
assessments identified colorectal, liver, kidney, and breast cancers 
as the dominant contributors to the total burden, with colorectal 
and liver cancers demonstrating the most rapid growth in 
age-standardized rates. Joinpoint regression revealed significant 
upward trends in all major indicators, and age-period-cohort 

TABLE 2  Mortality and DALYs for total cancer attributable to high BMI in China, 2021, with trends in ASRs per 100,000 population, 1990–2021.

Deaths DALYs

Cancer 
type

No, in 
thousands

Age-
standardized 

rate per 100,000

Percentage 
change from 
1990 to 2021

No, in 
thousands

Age-
standardized 

rate per 100,000

Percentage 
change from 
1990 to 2021

Total cancers 58.7 (24.6, 99.9) 2.8 (1.2, 4.8) 107 (53.8, 162.3) 1658.7 (693.2, 

2831.3)

79.2 (33.8, 134.1) 102.3 (48.8, 159.7)

Colon and 

rectum cancer

19.4 (8.1, 32.5) 0.9 (0.4, 1.6) 109.4 (59.8, 196.7) 507.3 (209.3, 853.8) 24.2 (10, 40.7) 103.9 (54.8, 187.5)

Liver cancer 12.7 (5.1, 22.7) 0.6 (0.2, 1.1) 204.6 (113.7, 306.9) 379.3 (148.7, 695.9) 18.3 (7.2, 33.5) 192.6 (103.7, 300.7)

Gallbladder and 

biliary tract 

cancer

4.1 (2.3, 6) 0.2 (0.1, 0.3) 46.2 (7.5, 92) 95.6 (53.9, 142.8) 4.5 (2.5, 6.7) 41.8 (2.4, 87.7)

Pancreatic 

cancer

0.1 (−1.4, 2.8) 0 (−0.1, 0.1) −104.9 (−412.9, −6.2) 7.7 (−32.8, 76.5) 0.3 (−1.6, 3.5) −115 (−437.5, −13.5)

Kidney cancer 3.6 (1.3, 6.3) 0.2 (0.1, 0.3) 154.8 (96.3, 224.6) 96.7 (36, 170.3) 4.6 (1.7, 8.2) 162.2 (98.3, 238.4)

Thyroid cancer 0.9 (0.6, 1.2) 0 (0, 0.1) 21.4 (−4.5, 56.1) 23.7 (16.1, 32.5) 1.1 (0.8, 1.6) 26.2 (−0.6, 65.1)

Non-Hodgkin 

lymphoma

1.7 (0.6, 3.1) 0.1 (0, 0.1) 55.9 (15.1, 100.2) 51.9 (16.6, 91.8) 2.5 (0.8, 4.5) 58.3 (16.4, 105.6)

Multiple 

myeloma

0.7 (−0.2, 1.8) 0 (0, 0.1) 639.4 (179.5, 2089.3) 19.2 (−6.4, 49.1) 0.9 (−0.3, 2.3) 641 (173.9, 2025.6)

Leukemia 4.4 (2.9, 6.1) 0.2 (0.1, 0.3) 7.5 (−15.7, 37) 144 (96.9, 198.8) 7.8 (5.3, 10.8) 6 (−17.5, 35.7)

Breast cancer 5.7 (−0.2, 12.4) 0.3 (0, 0.6) 93.8 (37.6, 164.1) 169.4 (−5.5, 363.3) 7.3 (−0.2, 15.7) 105 (42.6, 184.2)

Uterine cancer 3.6 (2.2, 5.6) 0.2 (0.1, 0.3) 20.4 (−15, 71.1) 111 (66, 173.6) 5.1 (3.1, 8) 23.2 (−13.5, 77.2)

Ovarian cancer 1.7 (0.3, 3.6) 0.1 (0, 0.2) 422.8 (−1831, 2388.6) 53 (10.5, 108.3) 2.4 (0.5, 5) 409.9 (−1793.1, 2,834)

Values in parentheses indicate 95% UIs, estimated using Monte Carlo simulations. Extreme percentage changes may occur when baseline ASRs in 1990 are close to zero. DALYs, disability-
adjusted life years; BMI, body mass index; ASRs, Age-standardized rates; UI, uncertainty interval.
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analysis indicated rising DALY and mortality risks in more recent 
birth cohorts and calendar periods. Decomposition analysis 
showed that increases in deaths were largely driven by 
epidemiological changes and population growth, while DALY 
increases were most influenced by changes in age-specific rates, 
followed by aging and population expansion.

Collectively, these findings underscore the growing influence of 
high BMI on cancer burden in China and reveal complex temporal 
and demographic patterns that warrant targeted prevention and 
control strategies. Compared to Western countries, China has 
experienced a more rapid rise in BMI-related cancer burden in recent 
decades. While the global average annual increase in age-standardized 
mortality and DALY rates due to high BMI was modest (0.35 and 
0.42%, respectively), China exhibited notably steeper increases, 
particularly after 2014, reflecting an accelerated accumulation of risk 
and disease onset. In contrast, high-SDI regions such as Western 
Europe and North America have shown plateauing or even declining 
trends in such burden, likely due to earlier implementation of effective 
obesity and cancer control programs (26). In China, rising high 
BMI-related cancers, including colorectal, liver, kidney, and uterine, 
generally mirror global patterns but are increasing more rapidly in this 
middle-income context. Furthermore, significant regional disparities 
in both obesity and cancer incidence have been documented within 
China, with higher obesity prevalence in northern and urbanized 
provinces and correspondingly greater burden of non-communicable 
diseases, including certain cancers (27). These patterns emphasize the 
need for region-specific strategies and underscore the urgency of early 

and sustained public health interventions. Drawing on lessons from 
countries where BMI-related cancer trends have stabilized, China’s 
national and subnational policies must address both the scale and 
heterogeneity of this growing challenge.

The biological mechanisms linking high BMI to increased cancer 
risk are multifactorial and well-documented. Excess adiposity induces 
a state of chronic low-grade inflammation, which promotes DNA 
damage, oxidative stress, and pro-tumorigenic signaling pathways (28, 
29). Adipose tissue, particularly visceral fat, secretes a diverse array of 
bioactive molecules including cytokines, chemokines, and adipokines. 
These molecules play critical roles in modulating immune surveillance 
and remodeling the tumor microenvironment, thereby promoting 
cancer initiation and progression (29–31). Hyperinsulinemia and 
insulin resistance, common in individuals with obesity, further elevate 
cancer risk by increasing circulating insulin-like growth factor 1 
(IGF-1), which has mitogenic and anti-apoptotic properties (32–34). 
Hormonal imbalances are also implicated: in postmenopausal women, 
elevated BMI is associated with increased peripheral conversion of 
androgens to estrogens in adipose tissue, raising the risk for estrogen 
receptor-positive breast and endometrial cancers (35, 36). 
Additionally, obesity alters bile acid metabolism and gut microbiota 
composition, which may contribute to hepatobiliary and colorectal 
carcinogenesis (37, 38). Notably, the relative importance of these 
mechanisms may vary by cancer type and sex; for example, estrogen-
related hormonal pathways play a larger role in female-predominant 
cancers such as breast and uterine cancer, whereas insulin resistance 
and visceral adiposity may be more relevant to cancers more common 

FIGURE 4

Temporal trends in age-standardized rates of mortality, DALYs, YLLs, and YLDs for site-specific cancers attributable to high BMI in China from 1990 to 
2021. (A) Age-standardized mortality rate per 100,000 population over time for different cancer types. (B) Age-standardized DALY rate per 100,000 
population over time for different cancer types. (C) Age-standardized YLL rate per 100,000 population over time for different cancer types. (D) Age-
standardized YLD rate per 100,000 population over time for different cancer types. DALYs, disability-adjusted life years; YLDs, years lived with disability; 
YLLs, years of life lost; BMI, body mass index.

https://doi.org/10.3389/fnut.2025.1606747
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhan et al.� 10.3389/fnut.2025.1606747

Frontiers in Nutrition 09 frontiersin.org

in males, such as liver and colorectal cancer. Importantly, obesity may 
also influence cancer prognosis and treatment outcomes, as excess 
adiposity can impair chemotherapy efficacy, complicate surgical 
procedures, and increase the likelihood of comorbidities that affect 
treatment tolerance (39, 40). Collectively, these mechanisms highlight 
the systemic impact of high BMI on cancer biology and support the 
observed increase in BMI-related cancer burden in the 
Chinese population.

The observed differences in BMI-attributable cancer burden 
across sex, age, and cancer type reflect a complex interplay of 
biological, behavioral, and societal factors. The higher mortality and 
DALY rates in males may be explained by sex-based differences in fat 
distribution, with men more likely to accumulate visceral adipose 
tissue, which is more metabolically active and pro-inflammatory than 
subcutaneous fat (41–43). Additionally, lower cancer screening rates, 
delayed diagnosis, and higher prevalence of behavioral risk factors 
such as smoking and alcohol use in Chinese men may exacerbate the 
burden (44–46). Conversely, the higher YLD rates in females may 
result from earlier detection and better survival in cancers such as 
breast and thyroid, leading to longer periods of cancer-related 
disability. Age-wise, the burden peaked between ages 50–69, consistent 
with latency periods of obesity-related carcinogenesis and 
accumulation of metabolic damage. Decomposition analysis 

demonstrated that epidemiological shifts, manifested through 
deteriorating age-specific mortality rates, constituted the primary 
driver of increasing mortality and DALY burden. This finding 
underscores the critical role of rising BMI prevalence, alongside 
potential declines in physical activity levels and dietary quality, as key 
contributing factors. The age-period-cohort analysis also highlighted 
elevated burden among more recent birth cohorts, consistent with 
rising childhood and adolescent obesity in China since the 1990s (47). 
Compared with Western countries, where high BMI-attributable 
cancer burden has begun to plateau or decline due to stabilization of 
obesity rates and improved preventive measures (10), China appears 
to be at an earlier stage in the obesity-cancer trajectory, with rising 
trends paralleling rapid socioeconomic transition (48). These findings 
emphasize the urgency of early interventions and targeted public 
health responses.

The growing burden of total cancer attributable to high BMI in 
China presents urgent implications for both clinical practice and 
public health policy. Clinically, body weight should be systematically 
incorporated into cancer risk assessment, particularly for high-risk 
malignancies such as colorectal, liver, kidney, and postmenopausal 
breast cancers. Healthcare providers are encouraged to routinely 
assess BMI, deliver individualized lifestyle counseling, and integrate 
weight management into survivorship care planning, especially for 

FIGURE 5

Joinpoint regression analysis of age-standardized rates for total cancer attributable to high BMI in China, 1990–2021. (A) Age-standardized mortality 
rate trends with APC and joinpoints. (B) Age-standardized DALY rate trends with APC and joinpoints. (C) Age-standardized YLD rate trends with APC 
and joinpoints. (D) Age-standardized YLL rate trends with APC and joinpoints. Each panel presents joinpoint regression trends for both sexes combined 
(blue line), females (green line), and males (gray line). Solid lines indicate fitted trends, and joinpoints represent statistically significant changes in trend 
direction over time. APC, annual percentage change; DALY, disability-adjusted life year; YLD, years lived with disability; YLL, years of life lost; BMI, body 
mass index.
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middle-aged and elderly adults who face the highest burden. From a 
public health perspective, the rising age-standardized DALY rate, 
which captures the combined burden of early death and prolonged 
disability, serves as a compelling indicator of the urgent need for 
strengthened intervention efforts. This metric captures the cumulative 
impact of rising cancer incidence and survivorship burden and should 
guide resource prioritization. The findings support embedding obesity 
prevention within national cancer control plans through multisectoral 
strategies that promote healthy diets, physical activity, and health 
literacy. Early-life intervention is particularly essential, given the 
elevated burden in recent birth cohorts, likely driven by early exposure 
to obesogenic environments. Public health campaigns, school-based 
education, and structural changes such as active urban design should 
be prioritized. Furthermore, obesity should be addressed alongside 
other modifiable non-communicable disease (NCD) risk factors 
within an integrated national framework to enhance program 
efficiency and equity. As the obesity-linked cancer burden intensifies, 

especially in resource-limited areas, a coordinated response uniting 
clinical care, health systems, and policy reform is vital to reversing 
these trends and protecting future population health.

While this study provides important insights into the long-term 
burden and trends of total cancer attributable to high BMI in China, 
several limitations should be acknowledged. First, as the analysis was 
based on data from the GBD 2021, the estimates rely on complex 
modeling techniques that integrate data from multiple sources of 
varying quality, which may introduce uncertainty and potential bias 
(6). While state-of-the-art modeling frameworks like DisMod-MR 
and CODEm are employed to account for inconsistencies, limitations 
in primary data availability, especially from rural and underserved 
regions, may compromise the accuracy of burden estimates. Second, 
high BMI was treated as a single, continuous exposure without 
accounting for differences in fat distribution (e.g., visceral vs. 
subcutaneous adiposity), duration of obesity, or metabolic health 
status, which are increasingly recognized as important modifiers of 

FIGURE 6

Age-period-cohort analysis of DALY rates for total cancer attributable to high BMI in China, 1990–2021. (A) The age-specific DALY rates according to 
calendar periods; each line connects the DALY rates for a given 5-year period. (B) The age-specific DALY rates according to birth cohorts; each line 
connects the DALY rates for a given 5-year birth cohort. (C) The period-specific DALY rates according to age groups; each line connects the DALY 
rates for a given 5-year age group. (D) The cohort-specific DALY rates according to age groups; each line connects the DALY rates for a given 5-year 
age group. DALY, disability-adjusted life year; BMI, body mass index.
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cancer risk (49). Third, the comparative risk assessment framework 
employed by GBD includes only cancer types with strong 
epidemiologic evidence linking them to high BMI; emerging 
associations with additional malignancies may not yet be reflected, 
potentially leading to an underestimation of the total burden. Fourth, 
the use of IOTF standards for children and adolescents, though 
globally accepted, may not perfectly align with Chinese-specific 
growth references, potentially introducing classification bias in youth 
populations. Moreover, the ecological nature of the study prevents 
causal inferences and limits the ability to adjust for individual-level 
confounders such as physical activity, diet, genetics, or access to 
healthcare. Future research should incorporate longitudinal cohort 
data to explore causal mechanisms, better account for biological 
heterogeneity, and examine intervention effects. Additionally, region-
specific analyses are needed to assess disparities in BMI-related cancer 
burden across China’s diverse socioeconomic and geographic contexts.

Conclusion

This study reinforces the urgent need to address high BMI as a 
critical and modifiable risk factor within the broader framework of 
cancer prevention and control in China. As the country undergoes 
rapid demographic and lifestyle transitions, the burden of BMI-related 
cancer including colorectal, liver, kidney, and postmenopausal breast 
cancers is likely to continue rising unless comprehensive and sustained 
interventions are implemented. Effective responses will require a 
multidisciplinary approach that integrates clinical care, public health 
policy, and health education. Future research should aim to clarify the 
biological and behavioral pathways linking obesity and cancer, with a 
particular focus on sex- and age-specific vulnerabilities. Additionally, 
greater emphasis should be placed on evaluating the effectiveness of 
population-based obesity prevention strategies in reducing long-term 
cancer outcomes. Attention should also be given to colorectal, liver, 

kidney, and breast cancers as they represent the most significantly 
impacted cancer types. Regional and socioeconomic disparities also 
warrant further investigation to inform equitable health policies. 
Strengthening surveillance systems and leveraging prospective cohort 
data will be  essential for guiding targeted, evidence-based 
interventions in the coming decades.
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FIGURE S1

Comparison of the number and crude rates of deaths, DALYs, YLDs, and YLLs 
for total cancer attributable to high BMI in China by age group in 1990 and 
2021. (A) Number and crude mortality rate per 100,000 population by age 
group in 1990 and 2021. (B) Number and crude DALY rate per 100,000 
population by age group in 1990 and 2021. (C) Number and crude YLL rate 
per 100,000 population by age group in 1990 and 2021. (D) Number and 
crude YLD rate per 100,000 population by age group in 1990 and 2021. 
DALYs, disability-adjusted life years; YLDs, years lived with disability; YLLs, 
years of life lost; BMI, body mass index.

FIGURE S2

Sex distribution of site-specific cancer burden attributable to high BMI in 
China in 2021. (A) Sex distribution by cause for deaths. (B) Sex 
distribution by cause for DALYs. (C) Sex distribution by cause for YLLs. 
(D) Sex distribution by cause for YLDs. DALYs, disability-adjusted life 
years; YLDs, years lived with disability; YLLs, years of life lost; BMI, body 
mass index.

FIGURE S3

Age-period-cohort analysis of mortality rates for total cancer attributable to 
high BMI in China, 1990-2021. (A) The age-specific mortality rates according 
to calendar periods; each line connects the mortality rates for a given 5-year 
period. (B) The age-specific mortality rates according to birth cohorts; each 
line connects the mortality rates for a given 5-year birth cohort. (C) The 
period-specific mortality rates according to age groups; each line connects 
the mortality rates for a given 5-year age group. (D) The cohort-specific 
mortality rates according to age groups; each line connects the mortality 
rates for a given 5-year age group. BMI, body mass index.
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