Zhan et al. World Journal of Surgical Oncology ~ (2024) 22:296 World Journal of
https://doi.org/10.1186/512957-024-03582-4

Surgical Oncology

: . ®
Impact of high body mass index ey

on gallbladder and biliary tract cancer burden
in China: a comprehensive analysis of trends
from 1990 to 2021

Zhouwei Zhan', Xiamei Chen?, Shaohua Xu?, Qifei Li', Jiami Yu', Zengging Guo' and Bijuan Chen*’

Abstract

Background Gallbladder and biliary tract cancer (GBTC) is a significant health burden in China, exacerbated
by the rising prevalence of high body mass index (BMI). Understanding the trends and factors contributing to mortal-
ity and disability associated with GBTC is crucial for targeted public health interventions.

Methods We utilized data from the Global Burden of Disease (GBD) Study to assess the burden of GBTC attribut-
able to high BMI in China from 1990 to 2021. Age-standardized rates of deaths, disability-adjusted life years (DALYs),
years lived with disability (YLDs), and years of life lost (YLLs) were analyzed. Joinpoint regression and decomposition
analyses were conducted to evaluate trends and identify contributing factors, including aging, population growth,
and epidemiological changes. Gender-specific differences were also assessed.

Results In 2021, GBTC deaths attributable to high BMI in China reached 4,053, with males experiencing a higher
overall burden than females, particularly in older age groups. While females showed a higher mortality and over-

all burden in the 60 to 79 age range, this trend reversed in older age brackets, with males experiencing steeper
increases in mortality and disability-related indicators beyond age 80. The age-standardized DALYs rate mirrored

this pattern, with higher rates in males in advanced age groups. From 1990 to 2021, China saw a steady increase

in GBTC burden attributable to high BMI, contrasting with a global decline. Joinpoint analysis indicated marked rises
in mortality and DALYs rates after 2005, especially in males. Decomposition analysis identified population growth
and aging as major drivers of increased deaths, while epidemiological changes primarily contributed to rising DALYS,
with a stronger impact observed in males.

Conclusions The burden of GBTC attributable to high BMI in China has increased substantially over the last three
decades, driven by population growth, aging, and epidemiological shifts. The trends highlight a growing gender
disparity, with males experiencing a greater rise in mortality and disability. Public health strategies targeting obesity
and metabolic risk factors are critical to mitigating the increasing GBTC burden.
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Introduction
Gallbladder and biliary tract cancer (GBTC) is a relatively
rare but highly fatal malignancy, accounting for a signifi-
cant portion of gastrointestinal cancer deaths worldwide
[1, 2]. In recent decades, an increasing number of stud-
ies have linked the rising prevalence of obesity and meta-
bolic disorders, including high body mass index (BMI), to
various cancers, including GBTC [3-5]. High BMI, now
considered a major global health challenge, is strongly
associated with chronic inflammation, insulin resistance,
and altered hormone regulation, all of which contribute
to cancer development [6—8]. Recent epidemiological
studies have demonstrated a significant increase in can-
cers attributable to high BMI globally, with cancer-related
deaths and disability-adjusted life-years rising by 35%
and 34%, respectively, between 2010 and 2019 [9]. High
BMI is a major risk factor for cancer, accounting for 5.1%
of the attributable disability-adjusted life years (DALYs),
as reported in the research on the burden of cancers and
their attributable risk factors among Iranian adults aged
70 and above from 1990 to 2019 [10]. Additionally, early-
onset biliary tract cancer (EOBTC) has emerged as a sig-
nificant concern, accounting for nearly 7% of all BTC cases
worldwide. Notably, the age-standardized rate (ASR) of
EOBTC-related deaths and disability linked to high body
mass index has increased in most regions [11]. As the
rates of obesity continue to rise, particularly in developing
countries like China, understanding the role of high BMI
in GBTC incidence and mortality is essential for shaping
public health policies and preventive strategies [12, 13].
China has witnessed a rapid epidemiological transi-
tion, with increasing rates of obesity and related non-
communicable diseases over the last three decades [14].
This trend parallels a growing burden of obesity-asso-
ciated cancers, including GBTC. Several studies have
demonstrated that GBTC incidence is rising in China,
a trend attributed largely to increasing BMI levels and
metabolic risk factors [15, 16]. Unlike global trends,
where GBTC mortality has remained relatively stable or
even declined, China has seen a sharp rise in both inci-
dence and mortality attributable to high BMI [17]. This
pattern is particularly concerning in the context of Chi-
na’s aging population, where older adults with high BMI
are at greater risk for developing GBTC [18]. Population
aging, which is accelerating worldwide, particularly in
countries like China, adds another layer of complex-
ity to cancer burden trends. The growing proportion of
older adults in the population, as highlighted in recent
research [19], poses additional challenges for manag-
ing non-communicable diseases such as GBTC, as older
individuals face a heightened risk due to age-related
physiological changes and increased exposure to risk
factors such as obesity [19].
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Despite advances in diagnostic and therapeutic tech-
nologies, the prognosis for GBTC remains poor, with
survival rates typically lower than other gastrointestinal
cancers [20, 21]. The pathophysiological mechanisms
linking high BMI to GBTC are complex, involving met-
abolic dysregulation, increased adiposity, and chronic
inflammation, which promote carcinogenesis [22]. Fur-
thermore, the geographic variation in GBTC incidence,
particularly the higher rates in East Asia, underscores the
need for region-specific epidemiological studies to better
understand the interplay between genetic, environmen-
tal, and lifestyle factors [23]. This study aims to assess the
trends in mortality and disease burden of GBTC attribut-
able to high BMI in China, providing insights into poten-
tial public health interventions to address this growing
challenge.

Methods

Study design and data sources

This study utilized data from the Global Burden of Dis-
ease (GBD) 2021 Study to assess the burden of GBTC
attributable to high BMI in China from 1990 to 2021.
The GBD study leverages diverse data sources, including
vital statistics, national health surveys, disease registries,
and other relevant health-related datasets. These sources
provide robust estimates of disease burden using stand-
ardized methodologies across regions and time periods
[24]. The GBD study applies the Cause of Death Ensem-
ble modeling (CODEm) approach, a statistical frame-
work used to estimate disease burden when data quality
or availability is inconsistent [25]. Specifically, the GBD
database includes metrics such as deaths, DALYs, years
of life lost (YLLs), and years lived with disability (YLDs),
which were extracted for GBTC and high BMI using the
Global Health Data Exchange (GHDx) tool (http://ghdx.
healthdata.org/gbd-results-tool). The analysis included
ASRs and age-specific data for both genders across mul-
tiple age groups, ensuring comprehensive coverage for
trend analysis. These data were modeled to assess tempo-
ral changes and their contributing factors.

Definitions

In the GBD study, GBTC are identified using the Inter-
national Classification of Diseases 10th revision (ICD-
10) codes C23 for gallbladder cancer and C24-C24.9
for biliary tract cancers. The burden of these cancers is
analyzed in relation to high BMI, a known risk factor.
For adults aged 20 and older, high BMI is defined as a
BMI greater than 20-23kg/m? depending on country-
specific thresholds. For children aged 2-19, high BMI is
classified as being overweight or obese, according to the
standards set by the International Obesity Task Force
[26]. These definitions are crucial for standardized global
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comparisons, particularly when analyzing risk factor-
related cancer burdens over time.

Modeling techniques and assumptions

The GBD study uses DisMod-MR 2.1, a Bayesian meta-
regression tool, to estimate disease incidence, prevalence,
and duration in the absence of complete data [24]. The
DisMod-MR 2.1 model is employed to pool data from
different sources, using covariates such as sex, age, and
healthcare access and quality indices. To estimate mor-
tality-to-incidence ratios (MIRs), cancer registries were
matched by sex, age, year, and region, and then modeled
using cause-specific logistic regressions. These MIRs
were subsequently pooled with cancer-specific mortality
data to generate estimates of incidence and prevalence,
along with 95% uncertainty intervals (Uls) [25]. The mor-
tality-to-incidence ratio is a crucial parameter, reflecting
both diagnosis accuracy and cancer progression.

To ensure the robustness of the models, the GBD study
applies the Spatiotemporal Gaussian Process Regression
(ST-GPR) framework to smooth out noise and estimate
burden trends over time and space [24]. The GBD meth-
odology assumes uniformity in disability weights across
all regions, and cancer-related disability is modeled using
the Global Health Estimates from the World Health
Organization (WHO). This modeling strategy allowed
for the decomposition of GBTC burden into four phases:
diagnosis and primary therapy, controlled, metastatic,
and terminal stages. Each phase was assigned specific
disability weights, enabling a comprehensive assessment
of YLDs and DALYs.

Joinpoint regression analysis

Joinpoint regression was applied to identify significant
changes in trends over time. The joinpoint model esti-
mates inflection points where trends change direction
or magnitude, allowing for the calculation of annual per-
cent change (APC) and average annual percent change
(AAPC). Joinpoint regression models were fitted using
Joinpoint software (version 5.2.0; National Cancer Insti-
tute, USA), and the statistical significance of each join-
point was tested at a 95% confidence interval [27, 28].
The model fits an initial linear trend, followed by permu-
tations of the data to detect potential inflection points,
after which the AAPC is computed as a weighted average
of the APCs from each segment.

Age-Period-Cohort (APC) analysis

An APC analysis was conducted to explore the effects
of age, period, and birth cohort on the burden of GBTC
attributable to high BMI. The APC analysis helps to dis-
entangle the complex interplay between these factors by
isolating the independent effects of each. The method
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was implemented using an APC model, which adjusts
for the confounding effects of age, period, and cohort
to assess trends more accurately. The age effect reflects
the biological changes related to aging, the period effect
captures temporal changes due to interventions or expo-
sures, and the cohort effect reflects the impact of dif-
ferent risk exposures at different life stages [29]. APC
analysis was conducted using R software, with the results
providing insight into the distinct impacts of aging, birth
cohorts, and period-specific factors on GBTC burden
[30].

Decomposition analysis

Decomposition analysis was performed to identify the
contributions of aging, population growth, and epide-
miological changes to the trends observed in deaths
and DALYs. The analysis decomposed the total change
in these indicators into the effects of each factor using
standard demographic techniques. Population aging was
calculated by examining changes in the age structure,
while epidemiological change was defined as shifts in the
rates of GBTC attributable to high BMI independent of
population dynamics. Population growth was determined
by changes in the overall size of the population. This
approach allows for the disentanglement of demographic
and epidemiological contributions to the rising burden of
GBTC in China.

Ethical considerations

This study utilized publicly available data from the GBD
Study, and thus did not require ethical approval. All
methods were carried out in accordance with relevant
guidelines and regulations.

Results

Burden of GBTC attributable to high BMI in China in 2021
The 2021 data on the burden of GBTC attributable to
high BMI in China demonstrate notable age- and sex-
specific patterns across deaths, DALYs, YLDs, and
YLLs. In younger age groups, females generally show
lower values for these indicators. However, from the
age group of 60—69 and beyond, females exhibit higher
counts than males across deaths, DALYs, YLDs, and
YLLs (Table 1, Fig. 1). In terms of overall deaths due to
GBTC attributable to high BMI, females surpass males
in older age groups, reversing the pattern seen in ear-
lier ages. This age-related shift becomes evident at 60
years and continues in older age groups, where female
values remain higher. For DALYs, a similar trend is
observed, with lower values in younger females but a
clear reversal beginning at 60-64 years, where females
consistently display higher burdens. YLDs and YLLs
also follow this age and sex-specific trend. In younger
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Table 1 All-age cases and age-standardized deaths, DALYs, YLDs, and YLLs rates in 2021 for GBTC attributable to high BMIin China

Measure  All-ages cases Age-standardized rates
per 100,000 people
Total Male Female Total Male Female
Deaths 4053 (2279, 6034) 1896 (1005, 3058) 2158(1202,3372) 0.2 (0.11,0.29) 0.2(0.11,0.31) 0.19(0.11,0.3)
DALYs 95576 (53908, 142812) 46,733 (24,213,76628) 48,843 (26,995,75912) 445 (2.51,6.66) 457(239,74)  436(241,678)
YLDs 1461 (824, 2384) 731 (375,1262) 730 (375, 1255) 0.07 (0.04,0.11) 0.07 (0.04,0.12)  0.07(0.03,0.11)
YLLs 94,115 (53,089, 140713) 46,002 (23,868, 75306) 48,113 (26,575, 74645)  4.38(2.48,6.57) 45(235,727)  4.29(2.37,6.66)

DALYs Disability-adjusted life-years, YLDs Years lived with disability, YLLs Years of life lost, GBTC Gallbladder and biliary tract cancer, BMI Body mass index
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age brackets, males and females show relatively simi-
lar YLD values, yet as age increases, particularly from
65 years onward, female YLLs dominate, reflecting
a higher burden among older females. This change
highlights the transition point at which female GBTC
burden surpasses that of males, especially in mortality-
related outcomes like YLLs, underlining the substantial
impact of high BMI on GBTC among older female pop-
ulations (Table 1, Fig. 1). In 2021 in China, colon and
rectum cancer had the largest proportion among high
BMI-related gastrointestinal cancers, followed by liver

cancer and GBTC, with pancreatic cancer having the
smallest proportion (Supplementary Fig. 1).

Age and sex differences in disease rates

The age-specific rates illustrated in Fig. 2 reveal pro-
nounced sex and age-related differences across mortality,
DALYs, YLDs, and YLLs for GBTC attributable to high
BMI. Among individuals under 60, males and females
generally exhibit comparable mortality rates. However,
in populations over 60, mortality rates become notably
higher in females than in males, particularly between
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ages 60 and 64, indicating a shift in the burden at this age
group. As age advances, especially in the 80—84 age range,
mortality rates among males experience a sharp increase,
ultimately surpassing those of females in the oldest age
groups. For DALYs, YLDs, and YLLs, the trends follow
similar age-related patterns. There is minimal variation
between sexes in the younger age groups, s, with males
showing slightly higher values than females. At the 60—64
age bracket, females experience higher rates than males,
marking a transition point. However, in the 80-84 age
range, males again exhibit a marked rise, particularly for
YLLs, which indicates an elevated burden of life lost due
to GBTC in aging males. This age-specific increase under-
scores the growing impact of high BMI on GBTC-related
mortality and disability in older males, while females
experience a higher burden in earlier older age groups.

Trends in burden attributable to high BMI in GBTC

from 1990 to 2021

Figure 3 shows a consistent year-on-year increase in the
number of deaths, DALYs, YLDs, and YLLs attributable
to high BMI in GBTC for both males and females from
1990 to 2021. While the overall number of cases for these
indicators increased for both sexes, females tended to
have higher numbers than males throughout much of the

time period. However, when looking at the rates, females
had higher ASRs for all four indicators during the earlier
years of the analysis, particularly before 2006—-2007. After
this period, a turnaround occurred, with males showing
higher ASRs for deaths, DALYs, YLDs, and YLLs com-
pared to females. This shift highlights a growing burden
on males in more recent years, while females had a more
prominent burden in the earlier period (Fig. 3).

Comparison of GBTC burden attributable to high BMI
between 1990 and 2021 by age group

Figure 4 demonstrates the increased burden of GBTC
attributable to high BMI across different age groups in
China from 1990 to 2021. The growth in crude rates of
deaths, DALYs, YLDs, and YLLs is particularly evident
beginning in the 60—64 age range, with the most sub-
stantial increases concentrated in the elderly popula-
tion. In both deaths (Fig. 4A) and DALYs (Fig. 4B), the
crude rates show accelerated growth starting at this age
group, with older populations experiencing the highest
rise. Although YLDs (Fig. 4C) are comparatively smaller
in magnitude, they display a steady increase across age
groups, reflecting a consistent rise in the burden of non-
fatal health outcomes associated with high BMI. The
YLLs (Fig. 4D) show the steepest increase among older



Zhan et al. World Journal of Surgical Oncology ~ (2024) 22:296

0

Number

—

W vae

Rate

Deaths Number

Female

— Male

3
8
8
°

000001 Jod 81e1 Syleaq) paZIpiepuUE)s-aby

1990 2000 2010 2020
Year

Number

Female

N vee

1000 0.10
Rate
500

L

1990 2000 2010 2020
Year

YLDs Number

Female

— Male

Yy
000'001 Jod 8je1 SQTA pazIpiEpUBlS-oBY

Female

Page 6 of 15
B 80000 8
>
&
60000 69
a
5
3 Number
2
™~ a Female
5 N
g | 2 [ vee
5
3 40000 . 49
o z
> & Rate
g 8
a T Female
B — Mae
20000 23
S
8
5
o CHCNCNCNENCNLRCR RN NN CHNERLRLRER R 0
1990 2000 2010 2020
Year
>
60000 6‘?‘,
a
5
ng:' Number
. 3 Female
o N
2 [ [ o Male
E 40000 L 2 ||
z [
4 o Rate
I~ 8
> T Female
°
& — Male
20000 23
8
8
8
0

1990 2000 2010 2020
Year

Fig. 3 Trends in the number and age-standardized rates of deaths, DALYs, YLDs, and YLLs attributable to high BMI in GBTC in China, 1990-2021,

by sex. A The number of deaths and age-standardized death rates. B The number of DALYs and age-standardized DALY rates. C The number of YLLs
and age-standardized YLL rates. D The number of YLDs and age-standardized YLD rates. DALYs, disability-adjusted life years; YLDs, years lived

with disability; YLLs, years of life lost; BMI, body mass index; GBTC, gallbladder and biliary tract cancer

individuals, further emphasizing the growing impact of
high BMI on premature mortality in the aging popula-
tion. This age-specific trend highlights a notable shift
in the disease burden, with older age groups dispropor-
tionately affected by the increased rates observed in 2021
compared to 1990.

Comparison of global, Asia and Chinese trends and burden
in ASRs for GBTC attributable to high BMI between 1990
and 2021

In China, all indicators show marked increases over
this period. The ASRs for deaths and DALYs both rise
considerably, with deaths increasing from 0.13 to 0.2
per 100,000, and DALYs from 3.14 to 4.45 per 100,000.
YLLs similarly display a rising trend, moving from 3.11
to 4.38 per 100,000. YLDs, although lower in mag-
nitude, also exhibit a notable increase from 0.03 to
0.07 per 100,000, reflecting an upward trend in non-
fatal disease burden. In contrast, global trends show a
decline in ASRs for deaths, DALYs, and YLLs related to
high BMI in GBTC over the same period. Death rates
decrease from 0.26 to 0.24 per 100,000, and DALYs
show a decline from 5.74 to 5.2 per 100,000. YLLs

follow this downward trajectory globally, moving from
5.67 to 5.12 per 100,000. YLDs display a slight increase
worldwide, rising from 0.07 to 0.08 per 100,000, but
the growth remains modest compared to the increase
observed in China. These contrasting trends under-
score the ongoing rise in GBTC burden related to
high BMI in China, while global rates have generally
trended downward or stabilized over the past three
decades (Fig. 5, Table 2). In 2021, China’s high BMI-
related GBTC accounted for approximately 21% of the
global burden across key indicators, including deaths,
DALYs, YLDs, and YLLs, as shown in Supplementary
Fig. 2. Supplementary Fig. 3 illustrates that the age-
standardized death rates for high BMI-related GBTC
were highest in the Kingdom of Thailand, followed by
the Republic of Korea and Mongolia, with China’s rates
falling around the median level among Asian countries.
Similarly, Supplementary Fig. 4 shows that the age-
standardized DALYs rates for high BMI-related GBTC
were also highest in Thailand, with significant contribu-
tions from the Republic of Korea and Mongolia, while
China again ranked near the middle compared to other
countries in the region.
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Trends in ASRs for GBTC attributable to high BMI in China,
1990-2021

Figure 6 and Table 3 illustrate the trends in ASRs for
deaths, DALYs, YLDs, and YLLs attributable to high BMI
in GBTC in China, with a breakdown by gender and time
periods. Overall, males experienced a more substantial
increase across most indicators compared to females. The

joinpoint analysis identifies critical periods of change,
with significant accelerations in mortality and DALY
rates, particularly among males following 2005. From
2015 onward, however, females exhibited a more pro-
nounced increase in mortality rates compared to males,
marking a shift in the gender-specific burden of GBTC.
Table 3 further emphasizes these differences, showing
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Table 2 Change of age-standardized rates in deaths, DALYs, YLDs, and YLLs for GBTC attributable to high BMI between 1990 and 2021

in China and Global level

Measure China Global

1990 2021 Change 1990 2021 Change
Deaths 0.13(0.09,0.19) 0.2(0.11,0.29) 2 (0.89—1.54)* 0.26 (0.18,0.36) 0.24(0.16,0.33) -0.33 (-045—-0.21)*
DALYs 3.14(2.08,4.44) 445 (2.51,6.66) 112 (O 97—1.27)% 5.74(3.95,7.83) 5.2(3.56,7.17) -0.31 (-044—-0.19)*
YLDs 0.03 (0.02, 0.05) 0.07 (0.04,0.11) 271 (252—291)* 0.07 (0.04,0.1) 0.08 (0.05,0.12) 0.40 (0.27—0.54)*
YLLs 1(2.06,4.4) 438(248,6.57) 1.10 (0.95—1.26)* 5.67(3.9,7.73) 5.12(3.5,7.05) -0.32 (-0.45—-0.20)*

DALYs Disability-adjusted life-years, YLDs Years lived with disability, YLLs Years of life lost, GBTC Gallbladder and biliary tract cancer, BMI Body mass index

*P<0.05
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Fig. 6 Joinpoint analysis of age-standardized rates for deaths, DALYs, YLDs, and YLLs attributable to high BMIin GBTC in China from 1990 to 2021.
A The trend in age-standardized death rates. B The trend in age-standardized DALYs rate. C The trend in YLDs rate. D The trend in YLLs rate. DALYs,
disability-adjusted life years; YLDs, years lived with disability; YLLs, years of life lost; BMI, body mass index; GBTC, gallbladder and biliary tract cancer

that males had higher average annual percent changes
(AAPC) in age-standardized mortality and DALY rates
during earlier periods, particularly between 1999 and
2005, when the annual percent change (APC) for males
peaked at 3.10% for mortality and 2.88% for DALYs. In
contrast, females experienced slower increases or even
declines during these earlier years, with minimal growth
between 2005 and 2011. However, from 2015 onward,
the trend reversed as females exhibited steeper rises

in mortality rates compared to males, contributing to a
marked increase in the overall burden of GBTC attribut-
able to high BMI in China in recent years (Table 3, Fig. 6).

Trends in APC for death and DALYs rates attributable

to high BMI in GBTC

Figures 7 and 8 illustrate the trends in annual percent
changes (APC) for age-standardized death rates (Fig. 7)
and DALYs rates (Fig. 8) attributable to high BMI in
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Fig. 7 Age-specific annual percent changes (APC) in age-standardized death rates attributable to high BMI in GBTC in China. A The age-specific
APCs in death rates according to time periods; each line connects the age-specific APCs for a specific time period. B The age-specific APCs

in death rates according to birth cohorts; each line connects the APCs for a specific birth cohort over time. C The period-specific APCs in death
rates according to age groups; each line connects the APCs for a specific age group across different periods. D The birth cohort-specific APCs

in death rates according to age groups; each line connects the cohort-specific APCs for a 5-year age group across different birth cohorts. This
figure illustrates the varying trends in death rates due to high BMI by age, time period, and birth cohort. BMI, body mass index; GBTC, gallbladder

and biliary tract cancer

GBTC in China, analyzed across different age groups,
time periods, and birth cohorts. Both figures reveal dis-
tinct variations by age and time. In Fig. 7, the APCs for
death rates show sharp increases during specific time
periods, with particularly notable rises occurring after
2005. The increases are especially pronounced in older
age groups, where the rate of change becomes steeper.
Figure 8 displays similar trends for DALYs rates, where
the APCs reflect a clear upward trend, particularly in
older populations and more recent periods. The birth
cohort analysis in both figures highlights that more
recent cohorts have experienced steeper increases
in both death and DALYs rates, indicating a grow-
ing burden of GBTC attributable to high BMI among
these cohorts over time. These patterns emphasize the
increasing impact of high BMI on both mortality and
disability in GBTC across various demographic groups
and time periods.

Decomposition of changes in deaths and DALYs
attributable to high BMI in GBTC

Figure 9 shows the decomposition of factors contributing
to changes in deaths and DALYs attributable to high BMI
in GBTC in China from 1990 to 2021. For deaths, aging
emerges as the most significant driver, followed by epide-
miological changes and population growth. Aging has the
greatest impact across both sexes, with a slightly more
pronounced effect on males. Epidemiological change
also plays a crucial role, particularly impacting males
more than females, while population growth influences
both sexes similarly. In terms of DALYs, epidemiological
change is the dominant factor contributing to the overall
increase, followed by population growth. Aging, however,
exerts a diminishing effect on the increase in DALYs,
thereby moderating the overall burden. This moderat-
ing effect of aging is evident in both males and females.
However, the influence of epidemiological changes
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remains stronger in males compared to females. Popula-
tion growth is also a substantial contributor to the rise
in DALYs, with a slightly greater impact on males. The
analysis highlights the complex interplay of aging, epide-
miological shifts, and population growth in shaping the
trends in GBTC burden due to high BMI.

Discussion

This study highlights the increasing burden of GBTC
attributable to high BMI in China from 1990 to 2021,
which mirrors global trends but at a more accelerated
pace. Our findings show that both the number and
ASRs of deaths and DALYs due to high BMI-related
GBTC have risen significantly, with males experienc-
ing a steeper increase compared to females, particularly
after 2005. Joinpoint regression analysis revealed key
inflection points where mortality and DALY rates accel-
erated, while decomposition analysis identified popula-
tion growth and aging as primary drivers of the rising

death rates, with epidemiological changes contributing
more substantially to the rise in DALYs. Additionally,
APC analysis demonstrated that younger birth cohorts
are increasingly affected by high BMI, with recent
cohorts showing a steeper increase in both mortal-
ity and DALYs. These findings underscore the growing
public health impact of high BMI on GBTC in China,
particularly in the context of an aging population and
rising obesity rates.

Globally, high BMI is a well-established risk factor
for several types of cancer, including GBTC, with stud-
ies reporting a strong correlation between rising obesity
rates and increased cancer incidence and mortality [4].
Studies show that the cancer burden attributable to high
BMI varies significantly by region, with higher impacts
seen in developed and middle-to-high income countries
due to both higher obesity rates and aging populations. In
Brazil, for example, it’s projected that cancer cases attrib-
utable to high BMI could nearly double by 2025 [31].
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Importantly, the increase in BMI from 1982 to 2012 was
associated with a quarter of BMI-related cancer cases,
underscoring the need for public health efforts to address
the obesity epidemic as a cancer prevention strategy
[32]. High BMI accounts for 5.1% of the cancer burden
risk among Iranian adults aged 70 and above [10]. How-
ever, the burden in China has risen more sharply than in
many other countries, as shown in our findings. This can
be attributed to China’s rapid economic development,
leading to lifestyle changes that favor higher-calorie
diets and reduced physical activity [13, 33]. The increase
in the number and rate of deaths and DALYs related to
high BMI in China highlights the growing public health
challenge posed by obesity and its consequences. These
trends are exacerbated by demographic factors such as
population aging, which amplifies the burden of obesity-
related cancers in the older population, and by changes in
epidemiological patterns reflecting increased cancer risk
among more recent cohorts [34, 35].

The underlying mechanisms linking high BMI to
GBTC have been explored in several studies. Obesity
promotes chronic inflammation, insulin resistance, and
alterations in hormone levels, all of which contribute to
carcinogenesis in the biliary tract [5, 36, 37]. Adipose tis-
sue, particularly visceral fat, produces pro-inflammatory
cytokines and adipokines that can create a tumor-pro-
moting environment [38]. Furthermore, insulin resist-
ance and hyperinsulinemia, common in individuals with
high BMI, may increase the risk of cancer by stimulating
cell proliferation and inhibiting apoptosis [8, 39]. Given

these mechanisms, addressing high BMI through lifestyle
interventions—such as dietary modification, increased
physical activity, and weight management—should be
prioritized as part of cancer prevention strategies. Pub-
lic health policies promoting early screening, awareness
campaigns, and behavioral interventions could reduce
the incidence of GBTC in populations at risk.

Gender differences in the burden of GBTC attribut-
able to high BMI were evident, with males experiencing
a higher overall burden than females, particularly in the
older age groups. While females showed a higher mor-
tality and overall burden in the 60 to 79 age range, this
trend reversed in older age brackets, with males expe-
riencing steeper increases in mortality and disability-
related indicators beyond age 80. This discrepancy could
be due to biological, behavioral, and social factors. Bio-
logically, males tend to accumulate more visceral fat,
which is more metabolically active and associated with
an increased risk of inflammation and insulin resist-
ance. These metabolic changes are known to elevate
the risk of certain cancers, including GBTC. Visceral fat
releases pro-inflammatory cytokines and other bioac-
tive molecules that may contribute to a more aggressive
cancer environment, contrasting with the subcutane-
ous fat more commonly accumulated in females, which
is less metabolically active [40, 41]. Behavioral factors
also play a significant role in these gender differences.
Males generally have higher rates of smoking and alco-
hol consumption compared to females, both of which
are established risk factors for GBTC. These behaviors
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can compound the effects of obesity, potentially creat-
ing a more hostile environment for cancer development
and progression. This may explain the steeper rise in
the burden of GBTC observed in older men. Hormonal
factors further influence these differences. In females,
estrogen has a protective role, particularly in premeno-
pausal women, potentially reducing the impact of obe-
sity on cancer risk. Estrogen can modulate inflammatory
responses and metabolism, which may contribute to a
lower cancer risk. However, as women age and transition
through menopause, the decrease in estrogen levels may
increase their susceptibility to obesity-related cancers
like GBTC, explaining the higher burden observed in the
60—69 age group before it tapers off compared to males
[42]. These findings highlight the importance of tailored
prevention strategies that address gender-specific risk
factors.

The age-period-cohort analysis revealed that younger
birth cohorts in China are experiencing a greater
increase in GBTC burden due to high BMI compared to
older cohorts. This trend reflects the increasing preva-
lence of obesity in younger generations, likely driven by
lifestyle changes such as high-calorie diets and sedentary
behavior [43, 44]. The younger cohorts are also exposed
to these risk factors earlier in life, leading to a longer
cumulative exposure to obesity-related carcinogenic
processes. The period effects further suggest that recent
social and environmental changes have contributed to
the growing cancer burden, while the aging population
compounds the problem by increasing the number of
individuals at risk of developing GBTC. To mitigate the
rising burden of GBTC attributable to high BMI, spe-
cific preventive and control measures are needed. Pub-
lic health efforts should focus on reducing obesity rates
through targeted interventions that encourage healthier
diets, regular physical activity, and weight management,
especially among high-risk populations. Additionally,
implementing nationwide screening programs for early
detection of GBTC, particularly in individuals with a
high BMI, could significantly reduce mortality. Policies
aimed at reducing the consumption of processed foods,
promoting healthy food environments, and increasing
public awareness about the risks of obesity are essen-
tial. For gender-specific strategies, efforts should address
behavioral risk factors more prevalent among men,
such as smoking cessation and alcohol reduction, while
emphasizing the importance of weight management
across all demographics. Given the trends observed in
younger birth cohorts, early intervention in childhood
and adolescence to prevent obesity is critical for reduc-
ing future cancer risks [45].

Despite the valuable findings, this study has sev-
eral limitations that should be acknowledged. First, the
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reliance on the GBD database means the data is derived
from population-level estimates, which may not fully
capture regional variations or specific individual risk
factors, such as lifestyle choices and genetic predisposi-
tions. This could lead to an underestimation or overes-
timation of the true burden in certain regions of China.
Additionally, while the study provides an overview of
the contributions of high BMI to the GBTC burden, it
lacks detailed patient-level data, which limits the ability
to explore specific biological mechanisms or interactions
between high BMI and other risk factors like diet, physi-
cal inactivity, or metabolic disorders. Another limita-
tion is that the study is observational in nature and, as
such, cannot establish causality between high BMI and
GBTC risk or progression. Furthermore, the decomposi-
tion analysis does not account for the potential effects of
healthcare access or improvements in cancer treatment,
which may have influenced the outcomes observed.
Future studies should aim to address these limitations
by incorporating more detailed, individual-level data
that accounts for lifestyle factors, healthcare access, and
genetic variability. Prospective cohort studies with long-
term follow-up could provide more robust evidence on
the causal relationships between high BMI and GBTC.
Additionally, integrating molecular and genomic data
with epidemiological findings would enhance the under-
standing of how obesity contributes to cancer devel-
opment and progression, particularly in genetically
susceptible populations. Lastly, further research should
explore the effectiveness of public health interventions
focused on reducing obesity rates and their potential to
mitigate the burden of GBTC.

Conclusions

This study underscores the increasing burden of GBTC
attributable to high BMI in China, driven by demo-
graphic changes and rising obesity rates. The findings
highlight the need for urgent public health strategies
focused on reducing BMI-related risk factors. Preven-
tion efforts should emphasize weight management,
early screening, and lifestyle interventions tailored to
high-risk populations. Future research should aim to
incorporate individual-level data, including genetic
and molecular markers, to deepen the understanding
of the mechanisms linking high BMI to GBTC devel-
opment. Additionally, exploring the effectiveness of
public health interventions in reducing obesity rates
and their potential impact on GBTC incidence will be
crucial. Longitudinal studies with robust cohort data
could also provide greater clarity on the causal path-
ways and help refine cancer prevention and control
strategies, especially in rapidly aging populations.



Zhan et al. World Journal of Surgical Oncology ~ (2024) 22:296

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512957-024-03582-4.

Supplementary Material 1: Supplementary Figure 1. Proportion of high
BMl-related gastrointestinal cancers in China in 2021. (A) Proportion of
deaths due to high BMI-related gastrointestinal cancers, including liver
cancer, colon and rectum cancer, GBTC, and pancreatic cancer. (B) Propor-
tion of DALYs attributable to high BMI among these cancers. (C) Propor-
tion of YLDs for high BMI-related gastrointestinal cancers. (D) Proportion of
YLLs for high BMI-related gastrointestinal cancers. BMI, body mass index;
GBTC, gallbladder and biliary tract cancer; DALYs, disability-adjusted life
years; YLDs, years lived with disability; YLLs, years of life lost.

Supplementary Material 2: Supplementary Figure 2. Proportion of China’s
high BMI-related GBTC burden compared to the global total in 2021. (A)
Proportion of deaths from high BMI-related GBTC in China as a percentage
of the global total. (B) Proportion of DALYs attributable to high BMI-related
GBTC in China compared to the global burden. (C) Proportion of YLDs for
high BMI-related GBTC in China relative to global values. (D) Proportion

of YLLs for high BMI-related GBTC in China against global data. BMI, body
mass index; GBTC, gallbladder and biliary tract cancer; DALYs, disability-
adjusted life years; YLDs, years lived with disability; YLLs, years of life lost.

Supplementary Material 3: Supplementary Figure 3. Age-standardized
death rates for GBTC attributable to high BMI across Asian countries in
2021.The figure compares age-standardized death rates for high BMI-
related GBTC among various Asian countries, including China, Thailand,
Repubilic of Korea, and Mongolia. Thailand exhibits the highest death
rates, followed by the Republic of Korea and Mongolia, while China’s rates
are approximately at the median level among the analyzed countries.
GBTC, gallbladder and biliary tract cancer; BMI, body mass index.

Supplementary Material 4: Supplementary Figure 4. Age-standardized
DALYs rates for GBTC attributable to high BMI across Asian countries in
2021.This figure presents a comparison of age-standardized DALYs rates
for high BMI-related GBTC among Asian countries, highlighting the vari-
ations in the burden across the region. The Kingdom of Thailand shows
the highest DALYs rates, followed by the Republic of Korea and Mongolia,
whereas China’s burden is near the middle of the range compared to
other countries. DALYs, disability-adjusted life years; GBTC, gallbladder and
biliary tract cancer; BMI, body mass index.
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