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Background: Gallbladder and biliary tract diseases (GBDT) is a common 
digestive disorder; however, comprehensive epidemiological data from China 
are still limited.

Methods: This study utilized the Global Burden of Disease Study 2021 database 
to examine the burden of GBDT from 1990 to 2021. The key metrics analyzed 
included age-standardized incidence rate (ASIR), prevalence rate (ASPR), 
rate of mortality (ASMR), and age-standardized disability-adjusted life years 
rate (ASDR). Furthermore, the study analyzed trends and future projections 
concerning GBDT linked to high body mass index (HBMI). Joinpoint regression 
analyses were performed to evaluate trends in disease burden from 1990 to 
2021. Furthermore, the study analyzed trends in mortality and DALYs attributable 
to GBDT linked to high HBMI and made projections for HBMI-related GBDT 
mortality and disability-adjusted life years (DALYs) over the next 15 years.

Results: From 1990 to 2021, the ASPR and ASIR of GBDT in China showed 
fluctuating trends, and the ASPR and ASIR of GBDT in globally also fluctuated 
similarly, but with a smaller amplitude, and the overall trend showed a decreasing 
trend. The ASMR showed a lower level with a stable trend, and the ASDR also 
showed a lower level but slowly decreased annually. The incidence, prevalence, 
mortality and DALYs of GBDT were correlated with old age and female. The 
burden of disease attributable to GBDT due to HBMI was concentrated in the 
very old. The BAPC model predicts an increase in the DALYs and a decrease in 
mortality, deaths, and DALYs rate for GBDT attributable to HBMI over the next 
15 years.

Conclusion: GBDT remains a major global public health problem, and the 
development trend of GBDT in China has far-reaching global implications. In 
China, the number of incident cases of GBDT and ASIR increased between 1990 
and 2021, and GBDT, due to HBMI, poses a greater disease burden in China, 
both in the past and in the future.
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1 Introduction

GBDT, which include conditions such as cholelithiasis and 
cholecystitis, represent significant gastrointestinal disorders that 
frequently necessitate hospital admissions. Although these conditions 
typically have a low mortality rate, they often require surgical 
intervention, positioning them as a leading cause of healthcare 
expenditure in the United States, with annual costs reaching $16.9 
billion (1)—representing a 191.4% increase from $5.8 billion in 1998 
(2)—and contributing substantially to global health and economic 
burdens. Cholelithiasis, the most common form of GBDT, has 
prevalence rate of 10–15% for gallstones and 10–20% for 
choledocholithiasis in adults (3). Despite its increasing prevalence and 
considerable burden (4), approximately 70% of individuals with 
cholelithiasis remain asymptomatic, although 10–20% may develop 
symptoms over a decade (5). Asymptomatic gallstones can potentially 
lead to severe conditions such as acute or chronic cholecystitis, 
cholangitis, pancreatitis, and even cancers of the liver, biliary tract, 
and pancreas due to inflammation, altered bile flow, and hormonal 
changes (6).

In China, the prevalence of cholelithiasis is 11.0% (7). Gallstone-
related cystic duct obstruction accounts for 90–95% of acute 
cholecystitis cases, whereas 5–10% of patients with acute cholecystitis 
experience non-calculous cholecystitis (8). Noncalculous cholecystitis 
poses greater risks of gallbladder perforation and complications than 
does calculous cholecystitis (9).

Overweight and obesity are significant public health concerns 
globally, and the number of overweight and obese adults could reach 
1.35 billion and 573 million, respectively, by 2030 (10). Specifically, in 
China, these numbers are projected to reach 540 million overweight 
and 150 million obese adults (11). By 2035, the worldwide economic 
impact of overweight and obesity could reach $4.32 trillion, nearly 3% 
of the world’s GDP, creating a financial burden equivalent to the impact 
of the COVID-19 pandemic in 2020 (12). HBMI criteria, which are 
based on mixed-effects modeling and consider factors such as country, 
year, age, and sex (13), define obesity in China as a BMI over 28 kg/m2 
and are associated with an increased risk of gallbladder diseases (14, 15).

Currently, GBD-based reports on GBDT focus on global and 
regional macro assessments, identifying trends and risks at these 
levels from 1990 to 2021 (16, 17). However, a deeper exploration of 
the variations between countries and regions is often overlooked, and 
specific national crude incidence rate circumstances are neglected. 
Given China’s position as the world’s second most populous country, 
understanding its GBDT burden is crucial for the global context. 
Using up-to-date GBD data, this study investigates China’s GBDT 
status and trends from 1990 to 2021, focusing on the gender- and 
age-related burdens linked to HBMI, and projects the future burden 
attributable to high BMI over the next 15 years. This comprehensive 
analysis supports healthcare planning, health promotion, and 
effective resource allocation.

2 Methods

2.1 Data

The Global Burden of Disease, Injury, and Risk Factor Study is 
managed by the Institute for Health Metrics and Evaluation at the 
University of Washington. This essential resource analyzes global 
health challenges and offers in-depth insights into 371 diseases and 
88 risk factors across 204 countries and territories from 1990 to 2021 
(18, 19). Available data can be accessed through the Global Health 
Data Exchange platform,1 enabling researchers to track health trends, 
evaluate risk factors, and pinpoint critical areas for health 
interventions. The methodologies and statistical models used in the 
GBD are thoroughly detailed in the scholarly literature to ensure 
transparency and facilitate replication (18, 19).

In this study, we focus on Chinese and global GBD data related to 
GBDT from 1990 to 2021. GBDT, as categorized by the GBD, includes 
conditions such as gallstones, cholecystitis, and cholangitis while 
excluding cancers of the gallbladder and biliary tract. The relevant 
ICD-10 codes for these diseases are K80-K83.9 (20). The importance 
of this dataset lies in its capacity to offer a detailed overview of disease 
prevalence, inform public health strategies, and guide resource 
allocation without requiring ethical approval or patient consent, as it 
does not contain identifiable personal information.

2.2 Risk factors

The 2021 GBD study utilized a comparative risk assessment 
framework to compare mortality and DALYs associated with 87 
different risk factors and combinations of these factors at different 
levels, countries, and regions around the world (18). These risk factors 
were grouped into three broad categories: environmental, metabolic, 
and behavioral. Among the risk factors assessed in this study, HBMI 
was considered the most critical risk factor for GBDT.

2.3 Disease burden

In this study, prevalence, morbidity, mortality, and DALYs were 
utilized to evaluate the disease burden associated with 
GBDT. DALYs serve as a standardized measure to quantify the 
disease burden, representing the total years of healthy life lost due 
to the disease, which includes both years of life lost (YLLs) and 
years lived with disability (YLDs). This value is calculated via the 
following formula:

 = +DALYs YLLs YLDs

2.4 Statistical analysis

From 1980 to 2021, the GBD database utilized age-standardized 
rate (ASR) population estimates to represent the average global 

1 http://ghdx.healthdata.org/gbd-results-tool

Abbreviations: GBDT, Gallbladder and biliary tract diseases; HBMI, High body mass 

index; DALYs, Disability-adjusted life years; ASIR, Age-standardized incidence rate; 

ASPR, Age-standardized prevalence rate; ASMR, Age-standardized mortality rate; 

ASDR, Age-standardized disability-adjusted life years rate; GBD, Global Burden 

of Diseases; BAPC, Bayesian age-period-cohort; APC, Age-Period-Cohort.

https://doi.org/10.3389/fmed.2025.1528608
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://ghdx.healthdata.org/gbd-results-tool


Zhao et al. 10.3389/fmed.2025.1528608

Frontiers in Medicine 03 frontiersin.org

population while eliminating the influence of population size changes 
over time. The ASR is computed via the following equation (21):
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To describe the disease burden for GBDT from 1990 to 2021, 
ASIRs, ASPRs, ASDRs, and DALYs were utilized. The central estimate 
for each variable was calculated by averaging all sampled values, while 
the 95% uncertainty intervals (UIs) were derived from the 2.5th and 
97.5th percentile value (22). Data visualization included heatmaps and 
bubble plots to illustrate trends in the burden of disease attributed to 
HBMI, categorized by sex throughout this period.

To analyze trends in disease burden, the mean annual percentage 
change (AAPC) along with the associated 95% confidence intervals 
(95% CI) were calculated via the joinpoint software developed by the 
National Cancer Institute in Rockville, MD, USA (23).

To estimate the burden of GBDT in China from 2022 to 2036, a 
BAPC analysis was conducted. This analysis relied on mortality data 
and DALYs from the GBD database, which covers the period from 
1990 to 2021. The population size for 2036 was estimated via 
standardized population figures from the 2017 GBD database. The 
BAPC model is founded on the Age-Period-Cohort (APC) framework, 
which is a commonly applied method for analyzing trends in 
morbidity and mortality associated with chronic diseases. In our 
BAPC model implemented using the BAPC package (v0.0.36) in R 
software, we  employed default prior settings consistent with 
established practices in epidemiological forecasting: a second-order 
random walk prior (RW2) with its precision parameter assigned an 
inverse gamma distribution. This prior specification controls 
smoothness to prevent overfitting, and its validity has been previously 
described (24). By addressing the linear relationships among age, 
period, and cohort inherent in traditional APC models, BAPC 
enhances the standard model by incorporating prior information 
about unknown parameters and using sample data to generate 
posterior distributions. The non-identifiability issue inherent in the 
APC model was resolved through the linear extrapolation mechanism 
of the RW2 prior. The RW2 prior assumes similarity between adjacent 
effects and extrapolates future values via their conditional distribution. 
This approach ensures the identifiability of the APC model. Within 
this Bayesian framework, the integrated nested Laplace approximation 
algorithm is frequently utilized to estimate models that provide direct 
approximations of the posterior marginal distribution. The prediction 
process typically involves the use of the BAPC and INLA packages in 
the R programming environment (25).

3 Results

3.1 Description of the burdens of GBDT in 
China and globally

3.1.1 Incidence of GBDT in China and globally
In China, the number of incidence cases of GBDT has increased 

dramatically, from 1,261,128 cases (95% CI: 1,074,443–1,486,844) in 
1990 to 24,043,973 cases (95% CI: 20,428,128–28,111,022) in 2021, 
representing a cumulative growth of 90.66%. Comparatively, the 

global incidence of GBDT rose from 45,747,542 cases in 1990 (95% 
CI: 39,294,104–53,777,201) to 73,246,893 cases in 2021 (95% CI: 
63,105,084–84,905,970), resulting in a cumulative increase of 60.11%. 
However, the global ASIR decreased from 992.88 cases per 100,000 
people in 1990 (95% CI: 854–1,165.06) to 865.4 cases per 100,000 
people in 2021 (95% CI: 747.64–1,000.77). In China, the ASIR 
exhibited a different trend, increasing from 1,202.91 cases per 100,000 
people in 1990 (95% CI: 1,028.36-1,419.64) to 1,296.12 cases per 
100,000 people in 2021 (95% CI: 1,114.27–1,496.44). Moreover, the 
incidence of AAPC in China from 1990to 2021 increased by 0.26% 
(95% CI: 0.23–0.29), whereas the global AAPC decreased by 0.45% 
(95% CI: −0.46–0.44) during the same period (Table 1).

3.1.2 Prevalence of GBDT in China and globally
The number of prevalent cases of GBDT has significantly changed 

over the past few decades. In China, prevalent cases increased from 
approximately 41.8 million in 1990 to approximately 82.8 million in 
2021, reflecting a cumulative growth of 98.1%. Similarly, global 
prevalent cases rose from approximately 150.4 million in 1990 to 
approximately 251.6 million in 2021, representing a cumulative 
increase of 67.3%. When the ASPR was examined, the global rate per 
100,000 people declined from 3,422.23 in 1990 to 2,966.67 in 2021. In 
contrast, China’s ASPR slightly decreased from 4,350.36 to 4,305.47 
during the same period. From 1990 to 2021, the AAPC in global 
prevalence showed a modest decline of 0.45%. However, in China, the 
AAPC showed only a marginal decrease of 0.03% (Table 1).

3.1.3 Deaths of GBDT in China and globally
In 2021, GBDT resulted in 131,110 deaths globally (95% CI: 

113,367–155,750), reflecting a 71.71% increase since 1990. In China, the 
ASMRs of these diseases increased by 25.39% during the same period. 
The ASMR decreased from 2.25 deaths per 100,000 people in 1990 (95% 
CI: 1.82–2.51) to 1.62 per 100,000 in 2021 (95% CI: 1.40–1.92). In China, 
the ASMR also decreased from 2.99 deaths per 100,000 (95% CI: 1.59–
3.86) in 1990 to 1.20 deaths per 100,000 (95% CI: 0.89–1.84) in 2021. 
Furthermore, the AAPC of global mortality decreased by 1.04% (95% 
CI: −1.15-0.94) from 1990 to 2021, whereas China’s AAPC declined by 
2.99% (95% CI: −3.19–2.78) during the same timeframe (Table 1).

3.1.4 DALYs of GBDT in China and globally
Globally, the number of DALYs attributed to GBDT rose from 

4,929,503 in 1990 (95% CI: 3,734,854–6,474,067) to 7,734,159 in 2021 
(95% CI: 5,859,796–10,306,276), indicating a 56.90% increase. In China, 
DALYs associated with GBDT increased by 61.96% between 1990 and 
2021. The ASDR decreased from 116.09 per 100,000 people in 1990 
(95% CI: 89.07–150.8) to 91.73 per 100,000 in 2021 (95% CI: 69.6–
122.11). Similarly, in China, the ASDR declined from 145.35 per 100,000 
(95% CI: 102.9–195.13) in 1990 to 109.61 per 100,000 (95% CI: 75.98–
155.14) in 2021. The AAPC of DALYs globally decreased by 0.76% (95% 
CI: −0.83-0.70) from 1990 to 2021, whereas in China, it declined by 
0.92% (95% CI: −0.98–0.86) during the same period (Table 1).

3.2 Global and Chinese trends in the GBDT 
disease burden

Between 1990 and 2021, the ASPR of GBDT in China displayed a 
fluctuating pattern. It initially declined slowly from 1990 to 1995, 
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followed by a gradual increase after 1995. The rate decreased again in 
2000 and then significantly increased from 2005 to 2010, exceeding 
the levels recorded in 1990. By 2021, the ASPR had slightly decreased 
compared with its 1990 values. In contrast, the global ASPR for GBDT 
steadily declined from 1990 to 2000, remained stable during the next 
phase, and continued to decrease after 2000, with a modest increase 
between 2005 and 2010 before showing an overall downward trend. 
The ASIR for GBDT in China also exhibited an overall slow 
fluctuation, mirroring the trends observed in the ASPR. By 2021, the 
ASIR remained relatively stable, with a slight increase. Conversely, the 
global ASIR for GBDT demonstrated a consistent downward trend 
throughout the same period. From 1990 to 2021, the ASMR for GBDT 
remained relatively low both in China and worldwide, showing stable 
trends without significant changes. Similarly, the ASDR for GBDT in 
China and worldwide were also low but gradually declined annually 
(Figure 1).

3.3 Joinpoint regression analysis of the 
burden of GBDT in China and worldwide

Figure  2 depicts a dual-sided graph generated from joinpoint 
regression analysis, showing the ASIR, ASPR, ASMR, and DALYs for 
GBDT in both China and globally from 1990 to 2021. The figure 
highlights the trends in the annual percentage change (APC). Both the 
ASIR for China and the global GBDT significantly declined from 1990 
to 1995 (p < 0.05). However, from 1995 to 2000, China’s ASIR 
significantly increased (p < 0.05), whereas the global rate remained 
stable. From 2000 to 2005, both China and the global ASIR 
experienced significant declines (p < 0.05). In the following period, 
from 2005 to 2010, both rates rose significantly (p < 0.05), with China’s 
ASIR in 2010 exceeding the 1990 levels. After 2010, the ASIR 
experienced a steady decline (p < 0.05, Figure 2A).

The ASPR for China and the global GBDT displayed similar 
trends (Figure 2B). China’s ASPR demonstrated notable fluctuations, 
following a clear downward trajectory after 1995 and 2005 (p < 0.05). 
It also experienced significant increases after 2000 and 2010 (p < 0.05). 
Conversely, the global ASPR generally showed a downward trend, 
with a brief period of sharp increase occurring only between 2005 and 
2010 (p < 0.05).

From 1990 to 2021, both China and the global GBDT showed a 
declining trend in the ASMR (Figure 2C). China’s ASMR decreased 
most rapidly between 2004 and 2007 (APC = −6.50, p < 0.05), 
followed by a gradual decline after 2014 (APC = −1.06, p < 0.05). In 
comparison, the global ASMR declined more steadily, with the 
steepest reduction occurring from 1990 to 1998 (APC = −2.10, 
p < 0.05), before stabilizing after 2007.

The ASDR for both China and the global GBDT exhibited an 
overall decline from 1990 to 2021 (Figure 2D). Only between 2006 and 
2010 were there varying degrees of increase, which was particularly 
pronounced in China (p < 0.05). A review of the dual-sided graphs 
shows that significant changes in China’s GBDT-related ASIR, ASPR, 
ASMR, and ASDR correspond with similar directional trends in 
global metrics, indicating shifts between increasing and decreasing 
patterns. This connection highlights the link between the disease 
burden in China and global trends, particularly because China is the 
most populous country. Additional line graphs from the joinpoint 
regression analysis can be found in the Supplementary materials.T
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3.4 The burden of GBDT in different age 
groups in China in 1990 and 2021

Figure  3 presents a comparison of the incidence, prevalence, 
mortality, and DALYs of GBDT across various age groups in China, 
covering the period from 1990 to 2021. This comparison also includes 
the crude rates for these measures, providing a clear depiction of the 
epidemiological trends and health burden of GBDT over the 31-year 
interval. GBDT impacts people of all age groups, with the incidence 
of cases increasing as individuals age from birth. In 1990, the 
35–39 years age group reported the highest number of cases, whereas 
by 2021, this number shifted to the 50–54 years age group, after which 
the number of cases declined. The crude incidence rate for GBDT 
demonstrated a steady increase across age groups, rising from those 
under 5 years to 85–89 years in both analyzed years, with a decline 
observed after the age of 90. Notably, in 1990, the highest incidence 
rate was recorded in the 80–84 years age group, whereas by 2021, the 
age group with the highest incidence rate was delayed by 5 years. All 
19 + age groups had higher incidence rate in 2021 than they did in 
1990 (Figure 3A).

The crude prevalence rate for GBDT also displayed an increasing 
trend across all age groups in both 1990 and 2021, with the highest 
prevalence observed in the 55–59 age group (Figure 3B).

In terms of mortality, the age group with the most deaths 
transitioned from 75 to 79 years in 1990 to 85–89 years in 2021. For 
individuals aged 75 and older, GBDT-related deaths in 2021 exceeded 
those recorded in 1990. While the crude mortality rate increased with 
age, it is important to note that for those aged 65–69 years and older, 
the mortality rate was higher in 1990 than in 2021. Throughout both 
years, the 95 years and older age group consistently presented the 
highest mortality rate (Supplementary Figure S1C).

With respect to DALYs, in 1990, the highest number of DALYs 
was observed in the 55–59 age group, whereas in 2021, the peak 

shifted to the 65–69 age group (Figure 3D). The crude DALY rate 
increases progressively with age, accelerating significantly after age 85, 
with 1990 data generally exceeding 2021 data for all age groups. 
(Supplementary Figure S1D).

3.5 Gender disparities in the burden of 
GBDT across various age groups in China

The incidence data presented in Figure  4A reveal that GBDT 
occurred more in females than in males across all age groups in both 
1990 and 2021. Additionally, for individuals older than 29 years, the 
incidence in 2021 exceeded that in 1990. In both 1990 and 2021, males 
had the greatest number of GBDT episodes in the 55–59 age group, 
whereas females had the greatest number of episodes in the 35–39 age 
group in 1990 and in the 50–54 age group in 2021.

The prevalence results shown in Figure 4B indicate that GBDT 
primarily affects middle-aged individuals. In 1990, the highest 
prevalence for both sexes was in the 55–59 years age group; however, 
in 2021, females maintained their peak prevalence in this group, 
whereas males peaked in the 65–69 years age group. Consistent with 
the incidence trends, females presented a greater prevalence of 
GBDT than males across all age groups. Additionally, the prevalence 
figures in 2021 were gradually higher than those in 1990 as 
age increased.

The mortality trends for GBDT are compared between sexes in 
Figure 4C. In 1990, mortality peaked in the 75–79 years age group 
for both males and females, subsequently decreasing with age. By 
2021, the peak mortality rate had shifted to 85–89 years for both 
sexes. Notably, female mortality surpassed that of 1990 for individuals 
aged 79 and older, whereas the mortality of males increased starting 
at age 64. In 2021, males under 65 years of age experienced higher 
mortality rate than females did, except in the 10–14 years age group. 

FIGURE 1

Comparison of trends in ASIR, ASPR, ASMR, and ASDR for GBDT in China and global from 1990 to 2021.
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Conversely, males over 65 years had lower mortality rate than 
females did—in contrast to 1990, when male mortality was 
consistently lower than female mortality in all age groups above 
40 years. Before age 40, both experienced their own highs and lows 
in mortality rate.

The results for DALYs shown in Figure 4D exhibit a spindle 
shape, revealing that females had higher DALYs than males across 
all age categories. In 1990, women had the highest number of DALYs 

in the 55–59 age group, whereas the peak for men was delayed by 
5 years to the 60–64 age group. By 2021, females maintained their 
highest DALYs in the 55–59 years age group, whereas males reached 
their peak in the 65–69 years age group. In addition, as shown in 
Figure 4, the incidence, prevalence, and DALYs for both men and 
women in the 60-65-year-old group in 2021 were lower than those 
for the adjacent age groups on either side, a trend not evident 
in 1990.

FIGURE 2

Annual percentage changes (APCs) in the ASIR, ASPR, ASMR, and ASDR for GBDT in China and globally from 1990–2021. (A) ASIR; (B) ASPR; (C) ASMR; 
(D) ASDR.
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3.6 The disease burden of GBDT in China 
by sex from 1990 to 2021

Figure 5 presents the disease burden of GBDT among all age 
groups by sex in China from 1990–2021, including age-standardized 
rates. Figure  5A shows the ASIRs of GBDT for both genders, 
revealing similar trends characterized by fluctuations. From 1990 
to 1995, there was a gradual decline, followed by a moderate 
increase from 1996 to 2000 and another decrease from 2000 to 
2005. Notably, a significant increase in the ASIRs occurred between 
2006 and 2010, followed by a slow decline over the past decade. 
Throughout this period, the ASIRs for females consistently 
exceeded that for males, with overall new cases rising annually and 
female cases outpacing male cases. The ASPR for both sexes also 
fluctuated from 1990–2021, reflecting a pattern similar to that of the 
ASIR. Annual case numbers increased for both genders, with female 
ASPRs and prevalent cases consistently higher than those of males 
(Figure 5B).

In contrast, the ASMRs for both males and females showed a 
distinct downward trend between 1990 and 2021, with a more rapid 

decline observed in females. The gap in the ASMR between genders 
narrowed from 1990 to 2006. After this period, the female ASMR 
shifted from being higher than the male ASMR to being lower. 
Throughout this timeframe, the overall number of deaths for both 
genders exhibited only minor fluctuations without a significant trend 
(Figure  5C). While there was a slight increase in the ASDRs for 
females between 2006 and 2009 and modest increases for males from 
1996 to 2000 and again from 2006 to 2010, the overall trend 
decreased. Both sexes experienced a gradual annual increase 
in DALYs.

3.7 Risk factors for GBDT

On the basis of the GBD 2021 database, the influence of behavioral 
and metabolic factors on the incidence of GBDT increases with age, 
with metabolic factors exerting a significantly greater impact than 
environmental factors. Between 1990 and 2021, high BMI consistently 
emerged as the leading risk factor among metabolic influences, with 
its effect on GBDT substantially increasing from 19.18 DALYs per 

FIGURE 3

This figure compares the incidence, prevalence, number of deaths, and DALY counts for different age groups in China from 1990 to 2021. The 
following sections are included: (A) incidence cases; (B) prevalence cases; (C) death cases; and (D) counts of DALYs.
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100,000 in 1990 to 48.6 DALYs per 100,000 in 2021, an increase of 
153.46%.

3.7.1 Deaths and DALYs due to HBMI
Figure  6 illustrates a gradual increase in DALYs from GBDT 

associated with HBMI over the years. This trend is particularly 
pronounced in individuals aged 50–69 years, where the impact of 
HBMI is most significant. In contrast, deaths related to GBDT and 
HBMI are predominantly observed in the older adult population aged 
75 years and older over the past 5 years, with comparatively few 
fatalities reported in those aged 95 years and older.

Figure 7 reveals that as age increases, the rate of DALYs from 
GBDT linked to HBMI also increases steadily, especially among 
individuals aged 75 years and above. The highest increase in DALYs 
due to HBMI occurred in the 95-year-old and older age groups. 
Additionally, the mortality rate from GBDT associated with HBMI 
tends to increase with age, significantly increasing in those aged 
85 years and above and reaching its peak in those 95 years and older. 
Analysis on the basis of balloon size and density revealed slight 

fluctuations in the mortality rate over time, accompanied by a gradual 
increase over the past 5 years.

3.7.2 Projections of age-standardized deaths and 
burden of disease in GBDT due to HBMI over the 
next 15 years

The key assumptions underlying the 15-year projection are as 
follows: there will be no breakthroughs in medical technologies (such 
as the further dissemination and universal adoption of screening), no 
public health interventions (such as new screening guidelines), and no 
alterations in the living environment. The BAPC model revealed that 
over the next 15 years, the number of deaths from GBDT due to 
HMBI in both males and females, although elevated in the short term, 
showed an overall decreasing trend, and the decrease was greater in 
females than in males. Over the next 15 years, mortality rate for both 
males and females showed a gentle downward trend as well (Figure 8). 
In terms of DALYs, the number of DALYs due to HBMI-induced 
GBDT trended upward over the next 15 years in both men and 
women, whereas DALYs rate slowly declined (Figure 9).

FIGURE 4

Comparison of the number of cases, prevalence, deaths, and DALYs of GBDT for males and females in different age groups in China in 1990 and 2021, 
grouped into five-year intervals. (A) Incidence (B) prevalence; (C) deaths; (D) DALYs.
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Furthermore, our analysis compared the distribution of GBDT-
related mortality and DALYs attributable to HBMI by sex and age 
group in China. The results indicated that middle-aged and older adult 
populations exhibited higher mortality rates and greater disease 
burdens (Supplementary Figures S6–S9).

4 Discussion

4.1 Key findings

This study offers a comprehensive assessment of the incidence, 
prevalence, deaths, and DALYs associated with GBDT in China and 
globally over the past 31 years, utilizing data from the GBD 2021 database.

The findings revealed that the ASPR and ASIR of GBDT in China 
exhibited fluctuating trends from 1990 to 2021. Similar fluctuations 
were observed globally during the same period; however, the magnitude 
of these changes was significantly smaller, with an overall decreasing 
trend. The ASMR remained low and stable, while the ASDR also 
remained low, gradually decreasing over time.

GBDT incidence, prevalence, mortality, and DALYs correlate with 
patient age, increasing notably in the older adult population, 
particularly mortality. With respect to sex, females are more frequently 
affected by GBDT, resulting in a greater overall burden. However, 
ASMRs was higher in females than in males prior to 2006, whereas the 
trend reversed after 2006. This is in contrast to the global trend where 
ASMRs have consistently been higher in females than in males (16). 
The disease burden from GBDT linked to HBMI is particularly 
pronounced in the older population. The BAPC model predicted a 
decline in the number of deaths and DALYs rate due to GBDT 
attributable to HBMI over the next 15 years, as well as an increase in 
the number of DALYs and female mortality.

Additionally, joinpoint regression analysis revealed significant 
similarities in the ASIR and ASPR trends between China and global 
figures, particularly at critical time points, suggesting a strong 
connection between China, the most populous country, and global 
trends in GBDT.

Notably, since the initiation of China’s national basic public 
health service program in 2009 (26), which focuses on health 
education and management, the increase in GBDT prevalence has 

FIGURE 5

This report compares the number of cases in all age groups and the ASIR, APSR, ASMR, and ASDR for males and females in China from 1990–2021. The 
analysis includes (A) incident cases and ASIRs, (B) prevalent cases and ASRs, (C) mortality cases and ASMRs, and (D) the number of DALYs and ASDRs. 
Bar charts depict counts, while line graphs illustrate age-standardized rates.
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slowed. This deceleration is attributed to improved public awareness 
of the disease. Additionally, when adjusting for population growth 
and aging via age-standardized rates, the prevalence of GBDT has 
demonstrated a downward trend since 2010.

4.2 Epidemiologic features of GBDT in 
global and China

GBDT exhibits significant geographical heterogeneity globally, 
with its incidence and risk factors closely associated with regional 

economic levels, dietary habits, and public health policies. Global 
gallstone prevalence reaches 6.1%, with South America reaching 
11.2% - significantly higher among females than males (27). China’s 
standardized prevalence is 5.13%, comprising gallbladder stones 
(76.3%), intrahepatic bile duct stones (24.3%), and extrahepatic bile 
duct stones (0.2%) (28).

East Asia is a high-prevalence region for primary hepatolithiasis 
(oriental cholangitis), where the prevalence in Taiwan, China once 
reached 20%, while secondary stones (e.g., complications from 
primary sclerosing cholangitis or biliary surgery) dominate in Western 
countries with incidence generally below 2% (29). Research from 

FIGURE 6

Distribution of the number of deaths and the number of DALYs from GBDT attributed to HBMI by age group from 1990 to 2021.
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Beijing Children’s Hospital in China showed that the hospitalization 
incidence rate for pediatric primary hepatolithiasis was only 1.7 per 
10,000, indicating its rarity among children (30). Unlike cholesterol 
gallstones in cholecystolithiasis, primary hepatolithiasis primarily 
consists of brown pigment gallstones composed of calcium 
bilirubinate, where bile metabolism appears to play a central role in 
intrahepatic stone development. Parasitic infections such as 
roundworms represent a unique etiological factor (31).

In contrast, another autoimmune disease, primary sclerosing 
cholangitis, shows higher prevalence in Northern Europe and North 

America, with incidence and prevalence rates increasing over time. 
Finland’s prevalence rose from 3.85 to 31.7 per 100,000 between 1990 
and 2015, while China’s overall prevalence remains lower 
(2.36/100,000) but has significantly increased post-2010, potentially 
related to improved diagnostic capabilities and economic 
development, though no BMI or weight impact was observed (32, 33). 
However, a two-sample Mendelian randomization study in China 
demonstrated that BMI serves as a causative factor for primary biliary 
cholangitis, with its prevalence rising from 2.16 per 100,000 during 
1991–2000 to 8.99 per 100,000 in 2011–2020 (34, 35).

FIGURE 7

Distributions of death rate and DALYs rate from GBDT attributed to HBMI by age group from 1990 to 2021.
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4.3 Drivers of temporal trends

Between 2005 and 2010, advancements in medical technology and 
healthcare optimization led to increased detection of previously 
undiagnosed biliary tract and gallbladder diseases. During this period, 
a surge in disease reporting occurred due to enhanced diagnostic 
sensitivity. Over the years, the number of healthcare facilities in China 
has dramatically increased, growing from 2,803 in 1950 to 997,433 by 
2018, reflecting an expansion of more than 110 times (34). Moreover, 
China has seen substantial improvements in the HAQ (Healthcare 
Access and Quality) Index, with a notable increase of 35.3 points from 
1990 to 2016, marking the fastest improvement among 195 countries 
and regions during this time. In particular, from 2000 to 2016, the 
HAQ index rose by 24.6 point (36). Concurrently, health literacy 
among Chinese citizens has progressively improved; by 2023, the 
health literacy rate reached 29.70%. This metric encompasses an 
understanding of basic health concepts, healthy lifestyles and 
behaviors, and fundamental health skills. Increased health literacy has 
enhanced disease prevention, diagnosis, and treatment awareness, 
contributing to a decline in GBDT incidence after an initial increase 
from 2005 to 2010 (37, 38). The increase in hospital admissions, from 
0.22 billion in 1980 to 0.2 billion in 2018, also illustrates these trends 
(37). Despite the increasing annual prevalence rates, the ASMR has 
remained relatively low, which can be  attributed to China’s rapid 
advancements in healthcare infrastructure development and 
improvements in medical standards.

Recent statistics from China’s National Bureau of Statistics 
indicate a notable demographic change, revealing that as of January 
17, 2022, 267.36 million individuals aged 60 and older constitute 
18.90% of the total population. Among these, 200.56 million are 
65 years or older, representing 14.2% of the national populace. This 
demographic detail confirms that China has deeply entered an 
advanced stage of population aging, defined by more than 14% of the 
population being 65 years or older (39). GBDT clearly tends to 
increase in prevalence, mortality, and disease burden with age, which 
is consistent with findings from both 1990 and 2021 (7, 40). Our 
analysis has unraveled crucial disparities in the epidemiology of 
GBDT between the global paradigm and that of China. On a global 
scale, the ASIR has shown a decline, concurrently with an upward 
trend in the number of incident cases (Table 1). This phenomenon 
underscores the preeminent role played by population growth and 
aging in propelling the expansion of the disease burden. Notably, this 
occurs despite a marginal reduction in the age-adjusted disease risk. 
This pattern is consistent with the far-reaching influence of 
demographic transition on non-communicable diseases across the 
globe. In marked contrast, during the period from 1990 to 2021, 
China has exhibited a synchronous increase in both ASIR and the 
absolute incidence. This dual growth suggests that changes in 
population structure alone are insufficient to explain the escalating 
GBDT burden in China. Instead, it mirrors a tangible elevation in 
disease risk at the population level and enhanced screening efforts. 
This divergence positions China as a distinctive setting for 

FIGURE 8

Projections of age-standardized deaths and deaths over the next 15 years for GBDT attributable to HBMI in men and women. (A) Number of male 
deaths, (B) Number of female deaths, (C) Male death rate, and (D) Female death rate.
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epidemiological research. Specifically, the influence intensity of 
specific risk factors (notably the surge in obesity rates and the 
transformation of dietary patterns) on the pathogenesis of GBDT 
surpasses the levels commonly observed globally. However, our 
findings should be  interpreted with caution in individuals aged 
95 years or older due to potential underdiagnosis caused by limited 
mobility or the presence of comorbidities. With increasing age, hepatic 
cholesterol secretion increases, while bile acid synthesis decreases. 
This can lead to reduced cholesterol utilization in the liver and an 
increase in cholesterol saturation in bile, thereby raising the risk of 
cholesterol stone development in the older adult population (41). 
Older patients are particularly susceptible to severe outcomes due to 
increased comorbidities, rapid disease progression, and lower 
tolerance for surgical interventions. Surgical risks are compounded by 
higher rates of postoperative complications and mortality, primarily 
due to diminished immune responses and stress tolerance in older 
adult individuals.

The primary lethal outcomes of GBDT are caused by obstructions 
in the biliary system, leading to sepsis and uncontrollable infections 
(42). Medical advancements over the last three decades have 
significantly improved the management of GBDT. Since the first 
independent laparoscopic cholecystectomy in China in 1991, this 
minimally invasive technique has expanded widely, becoming the 
norm in many clinical settings and constituting more than 80% of 
such surgeries in some hospitals (37). Additionally, innovations such 
as 3D visualization, 3D printing, mixed reality displays, and 

indocyanine green fluorescence imaging have revolutionized 
hepatobiliary surgeries, enhancing precision, minimizing 
intraoperative blood loss, and reducing overall physical trauma (39). 
These advancements in diagnosis and treatment have contributed to 
a steady decrease in GBDT DALYs rates in China, with projections 
from the BAPC model indicating that this decline will continue over 
the next 15 years.

The global burden of disease due to obesity is increasing yearly 
(43), and the BAPC projections show the impact of obesity on the 
burden of disease in GBDT, with number of DALYs trending 
upward over the next 15 years. Obesity serves as a core risk factor 
for gallstones, with individuals having a BMI ≥ 30 kg/m2 exhibiting 
a 3.02-fold higher risk compared to those of normal weight. Visceral 
fat accumulation (e.g., elevated waist-to-hip ratio) further 
exacerbates this risk (44). Since 2014, China has become the country 
with the largest obese population globally (45). From 1961 to 2009, 
global per capita consumption of meat, refined sugar, and total 
calories increased significantly with rising incomes, with China 
experiencing particularly rapid growth—surpassing the global 
average and continuing to expand post-2009. This high-sugar, high-
fat, high-meat dietary pattern has promoted obesity and metabolic 
disorders, explaining why China’s GBDT prevalence has risen 
markedly faster than in other upper-middle-income regions 
(16, 46).

While the obesity rate among Chinese men exceeds that among 
women (11), the incidence and prevalence of GBDT are higher in 

FIGURE 9

Projections of age-standardized rate of DALYs and number of DALYs over the next 15 years for males and females with GBDT attributable to HBMI. 
(A) Male DALYs number, (B) Female DALYs number, (C) Male DALYs rate, (D) Female DALYs rate.
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women than in men, which aligns with findings from previous 
studies (7, 47, 48). Globally, the prevalence of cholelithiasis is higher 
in women than in men across different countries and regions (49), 
which is consistent with our global-scale study. Estrogen and 
progesterone receptors are expressed in gallbladder tissue (50). 
Obese women exhibit reduced levels of sex hormone-binding 
globulin, lower bioavailability of sex hormones, and elevated 
concentrations of both estrogens and androgen (51). Estrogen can 
contribute to the formation of cholesterol stones through several 
pathways (52).

The sales of ultra-processed foods and sugary beverages in China 
have surged notably, with the number of fast-food chains increasing 
sixfold between 2004 and 2018, while domestic demand for empty 
calories like refined sugar and processed fats has progressively 
increased. This convergence of factors further elevates obesity rates 
among the population and indirectly drives the development of 
GBDT (46, 53). Although China initiated the China Health and 
Nutrition Survey in 1989 for long-term tracking and research, efforts 
to control healthy diets have remained limited to promotional 
guidance and health education, advocating balanced diets and 
reduced sugar intake without implementing targeted policies on 
sugary drinks or other foods. In 2010, China’s Ministry of Health 
released the Nutrition Improvement Work Management Measures, 
clarifying responsibilities for nutrition monitoring, education, and 
intervention. Simultaneously, the Ministry of Education introduced 
the “One Hour of Daily Campus Physical Activity” policy. These 
measures contributed to obesity reduction and may indirectly explain 
the declining trends in GBDT prevalence and incidence observed 
after 2010 in this study (54).

4.4 Implications for health policies

Considering the aforementioned findings, China’s disease burden 
of GBDT is influenced by multiple factors, including population 
aging, the obesity epidemic, and gender heterogeneity. In recent 
years, several measures have been implemented to address GBDT. In 
2019, China established a standardized database for hepatobiliary 
diseases, which has significantly advanced disease prevention, early 
screening, and standardized treatment in this field (55). In 2021, Wei 
et al. proposed a method using deep learning on ocular images to 
screen and identify hepatobiliary diseases, offering an innovative 
approach for GBDT detection (56). In 2024, the Shanghai Municipal 
Health Commission of China recommended measures for gallstone 
prevention, including weight control, increased physical activity, and 
reduced saturated fatty acid intake (57). Also in 2024, China launched 
a three-year “National Weight Management Year” campaign aimed 
at improving public awareness and skills related to weight 
management (58).

While advancements in medical technology and public health 
policies have partially mitigated the disease burden, targeted 
interventions remain essential to address future challenges. To this 
end, the following measures are recommended: (1) Integrate 
gallbladder ultrasound into annual free health checkups, extending 
coverage to underserved rural areas. Prioritize embedding advanced 
medical technologies in primary care facilities, with a focus on 
obese and female patients. (2) Enhance public education on rational 
dietary habits and systematic weight management, while providing 
incentives (e.g., grants or recognition) for social media platforms to 

promote relevant content through videos or articles. (3) Expand 
laparoscopic training programs to facilitate the widespread 
adoption of laparoscopic cholecystectomy. (4) Implement rational 
taxes on high-sugar and high-fat foods to reduce consumption and 
indirectly curb intake of such products, thereby supporting 
weight control.

4.5 Limitations and future perspectives

This study has several limitations that impact the reliability of 
the GBD estimates. The accuracy of these estimates is contingent 
upon the quality and comprehensiveness of the data, which requires 
precise disease diagnosis and thorough evaluation of long-term 
environmental risks. Notably, although GBDT involve multifactorial 
etiology (including dietary patterns and region-specific parasites 
like Clonorchis sinensis), these factors are not incorporated in the 
GBD 2021 risk assessment framework. Economically disadvantaged 
areas often face challenges such as limited healthcare access and 
economic disparities, leading to frequent misdiagnosis or 
underdiagnosis of diseases and, consequently, an underestimation 
of the true disease burden. Moreover, issues with diagnostic 
accuracy and coding may compromise the integrity of the data. 
Variability in diagnostic techniques and data collection methods 
across different times and regions can also introduce biases, 
underscoring the need for standardized diagnostic criteria to 
increase data precision.

While this study provides insights into the global and Chinese 
perspectives on GBDT, highlighting the importance of China’s vast 
population, it fails to account for several unique factors that could 
influence disease burden on a global scale. These factors include 
socioeconomic status, geographic and environmental conditions, 
genetics, ethnicity, and medical resource availability. Additionally, the 
study does not address the time lag in updating the GBD database, 
which may limit the applicability of these global data as a reference 
for assessing the disease burden in specific countries or regions. 
Future studies should therefore utilize national surveillance data to 
capture region-specific risk factors (e.g., parasite prevalence). A more 
targeted and comprehensive analysis using actual data from individual 
countries or regions is essential for a clearer understanding of the 
disease burden.
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