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Background: High body mass index (BMI) is a well-established risk factor for

ovarian and uterine cancer. However, the global, regional, and national burden of

these cancers attributable to high BMI remains underexplored. This study

quantifies the trends and disparities in the burden of ovarian and uterine

cancer due to high BMI from 1990 to 2021 using the Global Burden of Disease

(GBD) 2021 dataset.

Methods:We extracted data fromGBD 2021 to estimate themortality, incidence,

and disability-adjusted life years (DALYs) attributable to high BMI for ovarian and

uterine cancer across different locations and time periods. We focused on the

burden of ovarian and uterine cancers among women aged 20-49. Age-

standardized rates (ASRs) were calculated, and temporal trends were analyzed

using the estimated annual percentage change (EAPC). Regional and national

disparities were assessed using sociodemographic index (SDI) classifications.

Forecasts employed the exponential smoothing (ES) and autoregressive

integrated moving average (ARIMA) models.

Results: Globally, the burden of ovarian and uterine cancer attributable to high

BMI increased substantially from 1990 to 2021, with variations across regions and

countries. High-income and upper-middle-income regions exhibited the highest

ASRs, whereas low-SDI countries showed increasing trends in recent years. The

EAPC analysis indicated a growing burden in developing regions, reflecting the

rising prevalence of obesity. Age-stratified analysis revealed that middle-aged

and older adults bear the highest burden.

Conclusions: The global burden of ovarian and uterine cancer attributable to

high BMI has increased significantly over the past three decades. Targeted
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interventions, including obesity prevention and cancer screening, are crucial for

mitigating this burden, particularly in emerging high-risk regions. These findings

underscore the need for urgent public health strategies to address obesity-

related cancer risks worldwide.
KEYWORDS

ovarian cancer, uterine cancer, obesity epidemiology, global health disparities,
preventive interventions
1 Introduction

According to the latest GLOBOCAN 2020 estimates, ovarian

and uterine cancers together constitute a substantial burden of

cancer-related morbidity and mortality among women worldwide

(1, 2). Ovarian cancer is the eighth most common malignancy,

while uterine cancer ranks sixth.Despite advances in early detection

and treatment improving outcomes for certain malignancies, the

burden of ovarian and uterine cancers remains alarmingly high,

particularly in high-income countries (3, 4). Ovarian cancer is often

diagnosed at an advanced stage due to its subtle symptoms, making

it one of the deadliest gynecological cancers with poor survival rates

(5, 6). In contrast, uterine cancer is typically detected earlier due to

symptomatic presentation; however, its incidence is rising in many

regions, mirroring the global increase in obesity and metabolic

disorders (7, 8). These epidemiological trends highlight the urgent

need to identify modifiable risk factors to mitigate the growing

burden of these cancers, particularly in the context of evolving

demographic and lifestyle patterns.

The Global Burden of Disease (GBD) study is a systematic and

scientific international collaborative project that aims to

comprehensively quantify health losses caused by diseases,

injuries, and risk factors at the global, regional, and national

levels (9).Led by the Institute for Health Metrics and Evaluation

(IHME) at the University of Washington in the United States, the

project brings together thousands of researchers worldwide and

represents the most comprehensive and authoritative database and

research framework on population health in the world today

(10).The GBD 2021 study offers detailed estimates of cancer-

related mortality and disability-adjusted life years (DALYs),

helping clarify the role of risk factors such as high body mass

index (BMI) in cancer outcomes (11, 12). Over the last thirty years,

overweight and obesity rates have climbed sharply—more than 1.9

billion adults are now overweight, and over 650 million are obese

(13, 14). This global surge in excess adiposity has been implicated in

numerous chronic diseases, including cardiovascular disorders,

diabetes, and multiple malignancies (15, 16). Among

gynecological cancers, uterine cancer exhibits the strongest

association with obesity, with epidemiological studies attributing

approximately 40–60% of cases to elevated BMI (17, 18). In

contrast, the relationship between BMI and ovarian cancer is
02
more complicated and varies by subtype (19). While high BMI is

consistently associated with an increased risk of endometrioid and

clear cell ovarian carcinomas, its role in high-grade serous ovarian

cancer—the most common and lethal subtype—remains uncertain

(20, 21). Still, meta-analyses indicate that each unit increase in BMI

raises ovarian cancer risk by 6–10%, highlighting obesity’s

significant impact at the population level (22).

The socio-demographic index (SDI), which combines income,

education, and fertility rates, provides a valuable framework for

examining the intersection of obesity and cancer burden (23). High-

SDI countries have better healthcare but also higher rates of obesity

due to sedentary lifestyles and high-calorie diets (24, 25).

Paradoxically, low- and middle-SDI regions are experiencing the

most rapid increases in obesity rates due to urbanization,

nutritional transitions, and declining physical activity (24, 25).

This shift suggests that obesity-related cancers may increasingly

affect populations with limited access to cancer prevention and

treatment. Although previous GBD analyses have quantified the

impact of high BMI on cancers such as breast, colorectal, and

pancreatic malignancies, and some studies have addressed

attributable risk factors for gynecological cancers (26) a

systematic assessment of the effect of high BMI on gynecological

cancers—particularly ovarian and uterine cancers—remain notably

scarce in the literature (27, 28).

Compounding this knowledge gap is the disruptive impact of

the COVID-19 pandemic on cancer care pathways. Delays in

diagnosis, surgery, and treatment for gynecological cancers may

lead to more advanced stages at detection and higher mortality (29,

30). Although the long-term effects are still unknown, the pandemic

has revealed how vulnerable healthcare systems are in managing

chronic diseases—a challenge that will grow as obesity-related

cancers increase (31). Against this backdrop, the present study

aims to address three key objectives. First, it quantifies the global,

regional, and national burden of ovarian and uterine cancers

attributable to high BMI from 1990 to 2021 using GBD 2021

data. Second, it examines temporal trends in age-standardized

mortality rates (ASMRs) and DALYs through join point

regression, identifying periods of significant acceleration or

deceleration. Third, it explores disparities in BMI-attributable

cancer burden across SDI quintiles, geographic regions, and age

groups, with a focus on women, who are primarily affected by these
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cancers. By integrating epidemiological, demographic, and risk

factor data, this analysis aims to inform targeted prevention

strategies and optimize resource allocation in alignment with

global health priorities.
2 Method

2.1 Data sources

The GBD 2021 database offers comprehensive and comparable

modeling of epidemiological parameters for 371 diseases across 204

countries from 1990 to 2021. It integrates diverse data sources like

census files, household health surveys, vital event registration

systems, consultation databases in health-care facilities, satellite

remote sensing observation data, and infectious disease

surveillance networks. The database uses the DisMod-MR 2.1

system, a tool based on Bayesian meta-regression algorithms, for

disease burden assessment. In this study, we focused on extracting

data related to the disease burden of uterine and ovarian cancers

caused by high BMI, aiming to analyze the disease burden in a

multifaceted manner. In particular, our research concentrated on

the data concerning the disease burden of uterine and ovarian

cancers among women in the 20–49 age group. The GBD risk factor

hierarchy and accompanying exposure define exposure to high BMI

(>25 kg/m2) using a theoretical minimum risk exposure level of 20–

25 kg/m2 for BMI values (27).
2.2 Statistical analysis

Our temporal analysis of uterine and ovarian cancers due to

high BMI began by calculating case numbers and age-standardized

rates (ASRs) - covering Deaths, DALYs, YLDs and YLLs -

throughout the 1990–2021 period. The formula for calculating the

age-standardized rate (ASR) is as follows:

ASR = (o
A

i=1
ðaiwiÞ=o

A

i=1
wiÞ � 100, 000 

wi :  the people number in the matching ith age group among the

 standard population;  

ai :  the age� specific rate in ith age group;  

A :  the number of age groups

By fitting the natural logarithm of ASR with the calendar year,

y=ln (rate), x=calendar year, and e=error term, the estimated

average percentage change (EAPC) was calculated to illustrate the

secular trend in ASRs of GERD burden based on a regression

model. The positive or negative ASR trends are denoted by b in this

formula. EAPC and its 95% confidence interval (CI) were computed

using the formula 100� ðexp ðbÞ� 1Þ. We examined burden

variations through demographic stratification across gender, age,

development levels (SDI quintiles), regional disease clusters (GBD

regions), and national administrative divisions, with emphasis on

2021’s cross-sectional data. For future projections, ARIMA and ES
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models forecasted the trajectory of high BMI-related uterine and

ovarian cancers to 2050, enhanced by ensemble methods for

prediction stability. Analytical validity was maintained through

uncertainty quantification (95% UI) with p < 0.05 thresholds,

implemented in R version 4.2.2.
3 Results

3.1 Temporal trend for GBD of uterine
cancer or ovarian cancer due to high BMI
from 1990 to 2021

Globally, the number of cases of uterine cancer due to high BMI

has shown a steady upward trend over time, with DALYs, Deaths,

YLDs, and YLLs increasing from 372641 (95% UI: 264224-500197),

13893 (95% UI: 9874-18653), 27755 (95% UI (95%UI: 17250-

40423) and 344887 (95%UI: 243486-461586) in 1990 to 880147

(95%UI: 631165-1160930), 33134 (95%UI: 23878-43299), 88263

(95%UI: 56066-125024), and 791884 (95%UI: 791884). The ASRs of

the other indicators fluctuated slightly before 2007 and rose after

2007, except for the ASR of YLDs, which showed an upward trend,

with EAPCs of 0.86 (95%UI: 0.68 to 1.05), 0.82 (95%UI: 0.62 to

1.03), 1.97 (95% UI: 1.79 to 2.15) and 0.76 (95% UI: 0.57 to 0.94) for

DALYs, Deaths, YLDs, and YLLs, respectively. The number of cases

of ovarian cancer due to high BMI also showed an upward trend

over time. Their DALYs, Deaths, YLDs, and YLLs increased from

1888874 (95% UI: 38401-355691), 6850 (95% UI: 1423-12865),

5269 (95% UI: 1012-10441), and 183605 (95% UI: 37368-345920) in

1990 growing to 477248 (95% UI: 113449-840002), 17344 (95% UI:

4141-30810), 14149 (95% UI: 3284-26704), and 463099 (95% UI:

110442-815411) in 2021. Each ASR has an overall slight upward

trend except for a downward change between 2009–2010 and 2014-

2015. The EAPCs of ASR for DALYs, Deaths, YLDs and YLLs were

1.09 (95% UI: 0.93 to 1.25), 1.03 (95% UI: 0.85 to 1.21), 1.3 (95% UI:

1.14 to 1.45) and 1.08 (95% UI: 0.92 to 1.24), respectively (Figure 1

and Table 1).

Since the diseases studied were uterine and ovarian cancers,

which occur only in women, and since the target population of

this study was women of childbearing age, the burden of disease

was analyzed only in women aged 20–49 years. From the results, it

was observed that the ASR levels of uterine cancer due to high

BMI were low and not very variable in all the age groups 20-34,

and the trend in the age group 45–49 was consistent with the

global trend and had the highest levels; the number of cases in all

the age groups was also consistent with the global trend, and the

slopes of the growth curves were proportional to the age groups.

Changes in ovarian cancer due to high BMI by age group were

characterized similarly to uterine cancer due to high BMI, with

women under 39 years of age experiencing smaller changes and a

high degree of concordance with global trends. In contrast,

changes in the 45–49 age group were more volatile, experiencing

a decade-long downward trend between 2005 and 2015. Changes

in the number of cases were consistent with uterine cancer

(Figure 2 and Supplementary Table S1).
frontiersin.org

https://doi.org/10.3389/fonc.2025.1623926
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Han et al. 10.3389/fonc.2025.1623926
Changes in different SDI regions varied significantly depending

on the development of each region. The changes in ASR for uterine

cancer due to high BMI were more consistent in High SDI, Middle

SDI, Low-middle SDI, and Low SDI regions, showing a rise with

increasing years, while the High- middle SDI region had a more

zigzagging trend, with a fluctuating decline until 2007 and a

zigzagging rise thereafter. Changes in the number of cases were

consistent with the global trend, except for the High- middle SDI

region, which had fluctuating year intervals in the middle. For

ovarian cancer due to high BMI, ASR increased steadily over time in

Middle SDI, Low-middle SDI, and Low SDI regions, fluctuated but

rose slightly in High- middle SDI region, and only High SDI region

showed a downward trend after 2002. From a caseload perspective,

all regions have generally increased, with the slope of increase being

greatest in Low-middle SDI and smallest in Low SDI (Figure 3 and

Supplementary Table S2).

To explore changes in burden across GBD regions, we

performed a hierarchical cluster analysis of ASRs for all

indicators, as shown in Figure 4. For uterine cancer due to high

BMI, there were only five regions with significant decreases,
Frontiers in Oncology 04
including Tropical Latin America, Andean Latin America, World

Bank Upper Middle Income, Southern Latin America, and Central

Asia. There are many more significant increases in South Asia -WB,

South-East Asia Region, South Asia, Southern Sub-Saharan Africa,

Southern Africa, Southeast Asia, Commonwealth, Middle Income,

Eastern Mediterranean, and South Asia. Middle Income, Eastern

Mediterranean Region, Limited Health System, Central Sub-

Saharan Africa, Commonwealth Low Income, Commonwealth

High Income. Caribbean, Minimal Health System, Eastern Sub-

Saharan Africa, North America, High-income North America,

Western Sub-Saharan Africa, Central Africa, Sub-Saharan Africa

-WB, African Region and Western Africa. For uterine cancer due to

high BMI, there were 12 regions with significant decreases,

including North America, High-income North America, Western

Europe, World Bank High Income, European Region, Europe &

Central Asia - WB, Europe, Region of the Americas, America,

Advanced Health System, Commonwealth High Income, and

Australasia. There were many more significant increases,

including Limited Health System, Central Sub-Saharan Africa,

Commonwealth Low Income, Southeast Asia, Commonwealth
TABLE 1 The change of uterine cancer or ovarian cancer due to high BMI-related GBD of deaths, YLDs, YLLs and DALYs globally between 1990 and 2021.

Disease Indicators Number in 1990 ASR in 1990 Number in 2021 ASR in 2021 EAPC

uterine cancer

DALYs 372641 (264224-500197) 17.26 (12.25-23.16) 880147 (631165-1160930) 19.23 (13.8-25.38) 0.86 (0.68-1.05)

Deaths 13893 (9874-18653) 0.66 (0.47-0.89) 33134 (23878-43299) 0.72 (0.52-0.94) 0.82 (0.62-1.03)

YLDs 27755 (17250-40423) 1.28 (0.8-1.87) 88263 (56066-125024) 1.93 (1.22-2.73) 1.97 (1.79-2.15)

YLLs 344887 (243486-461586) 15.98 (11.29-21.39) 791884 (567897-1041295) 17.31 (12.4-22.75) 0.76 (0.57-0.94)

ovarian cancer

DALYs 188874 (38401-355691) 8.72 (1.78-16.41) 477248 (113449-840002) 10.56 (2.5-18.57) 1.09 (0.93-1.25)

Deaths 6850 (1423-12865) 0.32 (0.07-0.61) 17344 (4141-30810) 0.38 (0.09-0.67) 1.03 (0.85-1.21)

YLDs 5269 (1012-10441) 0.24 (0.05-0.48) 14149 (3284-26704) 0.32 (0.07-0.6) 1.3 (1.14-1.45)

YLLs 183605 (37368-345920) 8.48 (1.73-15.96) 463099 (110442-815411) 10.24 (2.44-18.02) 1.08 (0.92-1.24)
ASR, age-standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
FIGURE 1

The trend of uterine cancer or ovarian cancer due to high BMI-related GBD of deaths, YLDs, YLLs and DALYs between 1990 and 2021. ASR, age-
standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
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Middle Income, Northern Africa, Eastern Sub- Saharan Africa,

Central Africa, Saharan Africa and Australasia. Saharan Africa,

Central Africa, Eastern Mediterranean Region, Asia, Andean Latin

America, East Asia & Pacific - WB, South Asia - WB, South-East

Asia Region, South Asia and East Asia (Figure 4 and Supplementary

Table S3).

As the burden of disease varies across countries due to economic

and policy changes over time, it is useful to trace the history of

countries with large burden reductions in order to improve reference

for the development of disease prevention and control measures. For

uterine cancer caused by high BMI, Taiwan (Province of China) had

the greatest increase in burden, with EAPC values of 5.96 (5.46 to 6.47),

5.78 (5.26 to 6.3), 7.44 (6.91 to 7.98), and 5.79 (5.28-6.29) for DALYs,

Deaths, YLDs, and YLLs, respectively. Except for YLDs (EAPC=0.01,

95%UI: -1.24 to 1.27), which were the least burdensome (all countries

had positive YLDs), Ethiopia had DALYs (EAPC=-1.4, 95%UI: -2.63 to

-0.16), Deaths (EAPC=-1.12, 95%UI: -2.5 to 0.28) and YLLs (EAPC=-
Frontiers in Oncology 05
1.44, 95%UI: -2.67 to -0.2) were the most reduced burdens. For ovarian

cancer due to high BMI, the country with the largest increase in burden

was Viet Nam, with all EAPC values > 10. The countries with the

largest decreases in burden were all Sweden, with EAPC values for

DALYs, Deaths, YLDs and YLLs of -1.09 (95%UI: -1.79 to -0.38), -0.73

(95%UI: -1.61 to 0.17), -1.11 (95%UI: -1.74 to -0.48) and -1.09 (95%UI:

-1.79 to -0.38), respectively (Figure 5 and Supplementary Table S3).
3.2 The disease burden of uterine cancer
or ovarian cancer due to high BMI in 2021

In order to visualize the burden of uterine cancer or ovarian

cancer due to high BMI in recent times, we have elaborated on the

burden in 2021. The global burden in 2021 has been described

above, and next we analyze it in terms of different age groups, SDI

regions, GBD regions, and countries.
FIGURE 2

The trend of uterine cancer or ovarian cancer due to high BMI-related GBD of deaths, YLDs, YLLs and DALYs between for different age groups
between 1990 and 2021. ASR, age-standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
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Among women of childbearing age, it can be visualized that the

number of cases and ASR for DALYs, Deaths, YLDs, and YLLs are

positively correlated with age, regardless of whether it is uterine cancer

or ovarian cancer due to high BMI, and the values converge to zero in

the 20–29 age group, with the burden in the 45–49 age group were the

most burdensome, with specific values shown in Supplementary Table

S1 (Supplementary Figure S1 and Supplementary Table S1).

Similar to the trend for age, the burden of each SDI region was

positively proportional to the SDI level, as shown by High SDI> High-

middle SDI> Middle SDI> Low-middle SDI> Low SDI, in both uterine

and ovarian cancers due to high BMI. The DALYs, Deaths, YLDs and

YLLs of uterine cancer in the High SDI region were 284156 (95%UI:

206127-368034), 11838 (95%UI: 8412-15583), 39181 (95%UI: 25137-

56020) and 244975 (95%UI: 177672-318124), with ASR of 27.91 (95%

UI: 20.5-36.15), 1.02 (95%UI: 0.74-1.34), 4.05 (95%UI: 2.57-5.79) and

23.86 (95%UI: 17.53-30.88) respectively. The number of cases of

DALYs, Deaths, YLDs and YLLs of ovarian cancer in Low SDI
Frontiers in Oncology 06
region were 14943 (95%UI: 2349-28748), 433 (95%UI: 68-840), 355

(95%UI: 55-710) and 14588 (95%UI: 2294-28056) with ASR of 4.68

(95%UI: 0.74-9.04), 0.15 (95%UI: 0.02-0.29), 0.11 (95%UI: 0.02-0.22)

and 4.57 (95%UI: 0.72-8.85), respectively (Supplementary Figure S2

and Supplementary Table S2).

Significant differences occur between different regions due to

uneven development of social, economic and medical levels. For

uterine cancer due to high BMI, except for YLDs, the maximum

value of ASR was fixed in High-income North America (7.42, 95%UI:

4.76-10.5) and North America (7.42, 95%UI: 4.76-10.5), the rest of the

maximums were encompassed by Eastern Europe, with 60.22 (95%UI:

42.49-79.04), 2.1 (95%UI: 1.47-2.75), and 53.36 (37.28-70.27) for

DALYs, Deaths, and YLLs, respectively. South Asia occupied the

minimum. The largest number of cases of uterine cancer due to high

BMI were in the Advanced Health System, with DALYs of 475080

(95%UI: 342,833-615,426). Deaths of 19359 (95% UI: 13740-25369),

YLDs of 61469 (95% UI: 40045-88086), and YLLs of 413611 (95% UI:
FIGURE 3

The trend of uterine cancer or ovarian cancer due to high BMI-related GBD of deaths, YLDs, YLLs and DALYs between for different SDI regions
between 1990 and 2021. ASR, age-standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
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FIGURE 4

Results of cluster analysis based on the EAPC values of uterine cancer or ovarian cancer due to high BMI-related age-standardized rates for deaths
and DALYs from 1990 to 2021. EAPC, estimated annual percentage change; DALYs, disability-adjusted-life-years.
FIGURE 5

The trend of uterine cancer or ovarian cancer due to high BMI-related numbers and ASRs of deaths, YLDs, YLLs and DALYs between for different
countries between 1990 and 2021. ASR, age-standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-
life-years.
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297935-537225).While Oceania had all the smallest values. For ovarian

cancer due to high BMI, the ASR maxima and minima were

predominantly located in Eastern Europe and High-income Asia

Pacific, whereas the maxima of number of cases, consistent with

uterine cancer, were localized in the Advanced Health System, whose

DALYs, Deaths, YLDs, and YLLs were 232787 (95% UI: 58637-

405205), 9605 (95% UI: 2406-16919), 7235 (95% UI: 1857-13556),

and 225551 (95% UI: 57009-393775), respectively (Supplementary

Figure S3 and Supplementary Table S3).

Differences were analyzed from the administrative country

perspective. uterine cancer due to high BMI, United Arab Emirates

had the largest ASR values for all of them, which were 112.77 (95%UI:

73.91-170.03), 5.35 (95%UI: 3.45-8.09), 8.92 (95%UI: 5.47-14.13) and

103.85 (95%UI: 67.73-155.94) for DALYs, Deaths, YLDs and YLLs.

While the minimum values were scattered in Viet Nam and Nepal. In

terms of number of cases, United States of America are all the largest

with 136850 (95%UI: 99557-171971), 5242 (95%UI: 3707-6683), 22397

(95%UI: 14367-31515) and 114453 (95%UI: 83173- 144011) for

DALYs, Deaths, YLDs and YLLs. The largest country with ASR for

ovarian cancer due to high BMI was United Arab Emirates as with

uterine cancer. while the smallest value was positioned in Burkina Faso

with 0.82 (95%UI: -0.15-2.21), 0.02 (95%UI: -0.01-0.06), 0.02 (95%UI:

0-0.05) and 0.8 (95%UI: -0.15-2.16) for DALYs, Deaths, YLDs and

YLLs. In addition, the United States of America also had the highest

burden number for Ovarian cancer, consistent with uterine cancer

(Supplementary Figure S4 and Supplementary Table S4).
3.3 The predicted results of disease burden
for uterine cancer or ovarian cancer due to
high BMI from 2022 to 2050

In order to better formulate prevention and control policies for

uterine cancer or ovarian cancer due to high BMI, we used ARIMA and

ES models to predict the future burden. Both ARIMA and ES models

showed that the number of cases of each indicator of uterine cancer due

to high BMI increased over time, while the ASR showed a constant or

small upward trend, while ASR showed a constant or slight upward

trend. For ovarian cancer due to high BMI, the ARIMA results showed

an increase in all indicators except for the number of deaths, and the ES

model showed an increase in all indicators except for the number and

the ASR of deaths, which were stable or even trending downward. These

results suggest that the burden of uterine cancer or ovarian cancer due

to high BMI is still increasing, and there is an urgent need to develop

effective measures to mitigate its impact on human health (Figure 6).
4 Discussion

Our analysis provides critical insights into the escalating burden of

uterine and ovarian cancers attributable to high BMI across diverse

populations, geographic regions, and socioeconomic strata. Globally, the

burden of these cancers has increased substantially over time, driven by

a steady rise in case numbers. ASR for DALYs, Deaths, YLDs and YLLs.

The ASRs for uterine cancer related to high BMI showed consistent
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increases across all SDI regions except for high SDI. In 2021, the disease

burden remained strongly age-dependent, with the highest DALYs,

deaths, YLDs, and YLLs observed in women aged 45–49. Model-based

projections suggest this trend will continue. Globally, ASR for DALYs of

uterine cancer cases attributable to high BMI surged from 17.26 in 1990

to 17.26 in 2021, accompanied by parallel increases in ASR for YLDs,

and YLLs. ASR for (32, 33). The increase in DALYs over three decades

underscores the compounding effects of population aging, rising obesity

prevalence, and prolonged exposure to adiposity-related carcinogenic

pathways (34). Rising ASRs for both cancers indicate limited progress in

obesity prevention and underscore the long delay between high BMI

exposure and cancer development (18, 35). Although absolute case

numbers have grown due to demographic changes, stable ASRs in some

high-SDI regions since 2002 suggest local successes in obesity control.

Still, global ASRs for uterine and ovarian cancers continue to rise

annually by 1.65% and 1.32%, respectively. Age-specific patterns were

also observed. Uterine cancer wasmost common in women aged 45–49,

likely due to hormonal and metabolic changes around menopause.

Younger women (20–34 years) had few cases, possibly because of less

obesity exposure and protective hormonal factors (36). Furthermore, the

steepest increase in case numbers occurred in older age groups,

reflecting both population aging and prolonged exposure to

obesogenic risk factors. Ovarian cancer showed similar age trends,

with the highest burden in the 45–49 age group. The transient decline in

case number between 2005 and 2015 for this age group may reflect

improvements in early detection or temporary fluctuations in obesity

prevalence, though further investigation is warranted. Notably, the rate

of case number growth correlated positively with age, underscoring the

cumulative carcinogenic impact of chronic obesity.

SDI regions exhibited distinct trajectories in the burden of uterine

cancer. High- and middle-SDI regions experienced steady increases in

ASRs, whereas high-middle-SDI areas showed greater variability, with

a nadir in 2007 followed by irregular fluctuations. This may reflect

economic changes, including urbanization and shifts to Western diets,

which disrupted traditional lifestyles. Low and low-middle-SDI regions

had sustained ASR growth, likely due to weak health systems and slow

adoption of obesity prevention programs (37). Conversely, high-SDI

regions experienced a decline in ASRs after 2002, attributed to robust

public health interventions—such as sugar taxes, fitness initiatives, and

early cancer screening programs. Although case numbers rose in all

SDI regions, the biggest increases were in low-middle-SDI areas, partly

due to population growth and shifts toward high-calorie diets. These

patterns highlight the challenge of managing obesity-related cancer risk

in developing economies while maintaining progress in wealthier

nations. We also noticed the geographic disparities were stark. For

uterine cancer, high-income North America and Eastern Europe

dominated ASR rankings, driven by obesity prevalence and aging

populations. Conversely, Australasia reported the lowest ASRs, possibly

due to culturally embedded active lifestyles and stringent food labeling

policies. For ovarian cancer, Eastern Europe and high-income Asia

Pacific had the highest ASRs, regions with high rates of metabolic

syndrome and genetic risks (e.g., BRCA mutations) (38, 39). At the

national level, the United Arab Emirates (UAE) led in ASRs for both

cancers, reflecting rapid urbanization, sedentary behaviors, and a 40%

adult obesity rate. Conversely, Burkina Faso and Nepal reported
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minimal burdens, consistent with lower obesity prevalence and

competing mortality risks (e.g., infectious diseases). The United

States accounted for the highest absolute cases (136,850 uterine;

52,420 ovarian), underscoring its large population and pervasive

obesogenic environment.

Obesity contributes to gynecological cancers through multiple

biological mechanisms. Fat tissue dysfunction leads to chronic

inflammation, insulin resistance, and high estrogen levels—all of

which can promote cancer (40, 41). In uterine cancer, excess fat

increases estrogen production and lowers sex hormone-binding

globulin (SHBG), leading to endometrial overgrowth and higher

cancer risk (42–45). For ovarian cancer, metabolic changes such as

high insulin and leptin levels may trigger cancer through pathways like

PI3K/AKT/mTOR and weaken immune responses (41, 42).

Additionally, adipokines such as adiponectin and leptin play key

roles in modulating cellular proliferation, angiogenesis, and

metastasis in both cancer types (46). These mechanisms highlight the

important role of obesity in uterine and ovarian cancers.
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Looking ahead, both ARIMA and ES models predict continued

growth in uterine cancer cases, with annual increases of 2.3% to 3.1%.

ASRsmay stabilize or rise slightly (EAPC: 0.8%–1.2%), balancing better

obesity control against aging populations. High SDI regions may

experience declining ASRs due to targeted interventions, whereas low

SDI regions face a concerning trajectory, with cases potentially

doubling by 2040. Model differences reflect uncertainties: ARIMA

predicts rising ASRs for most measures, while ES suggests stable or

declining ASRs. This may be due to better early detection reducing

death rates, while rising obesity drives new cases. By 2050, the global

DALYs for ovarian cancer attributable to high BMI could surpass

120,000, with the highest burden projected in Eastern Europe and

North America. Policymakers in these regions should prioritize actions

to reduce obesity-related cancers and their costs.

Several limitations should be considered when interpreting our

findings. First, BMI data come from surveys and exams, which may

include errors and misclassify individuals (47). Additionally, while

obesity is a known risk factor, different obesity phenotypes may have
FIGURE 6

The predicted results in uterine cancer or ovarian cancer due to high BMI -related GBD of deaths, YLDs, YLLs and DALYs from 2022 to 2050 by
ARIMA and ES model. ASR, age-standardized rate; YLDs, Years Lived with Disability; YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
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varying associations with the risk of these cancers (48). However, GBD

2021 did not account for these distinctions, which could influence the

observed trends. Furthermore, data quality varies by region, especially in

low-SDI countries where underreporting and limited healthcare may

underestimate the true burden. The lack of detailed information on

histological subtypes and anatomical locations of uterine and ovarian

cancers also constrained our ability to conduct a more nuanced analysis.

Moreover, although we used the latest data, the COVID-19 pandemic’s

impact on cancer trends is not included. Finally, the ecological design of

this study presents inherent limitations, as it does not establish causality

at an individual level. Future research should focus on analytical

longitudinal studies incorporating individual-level data and additional

risk factors, such as hormonal influences, metabolic conditions, and

lifestyle factors, to further elucidate the complex relationship between

high BMI and the burden of uterine and ovarian cancers.
5 Conclusion

The GBD 2021 findings highlight the growing burden of high

BMI-related uterine and ovarian cancers, particularly among aging

populations and economies in transition. While some progress has

been observed in high-SDI regions, low-resource settings continue

to experience an unchecked rise in cases, underscoring the need for

urgent, equity-focused interventions. A comprehensive,

multidisciplinary approach encompassing prevention, early

detection, and treatment is essential to mitigating this emerging

public health crisis. Future research should investigate subtype-

specific disease burdens, such as differences between endometrioid

and serous carcinomas, as well as the potential impact of emerging

therapies, including GLP-1 agonists, on cancer incidence.
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The uterine cancer or ovarian cancer due to high BMI-related numbers and
ASRs of deaths, YLDs, YLLs and DALYs for different age groups in 2021.

Abbreviations: ASR, age-standardized rate; YLDs, Years Lived with Disability;
YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.

SUPPLEMENTARY FIGURE S2

The uterine cancer or ovarian cancer due to high BMI-related numbers and

ASRs of deaths, YLDs, YLLs and DALYs for different SDI regions in 2021.
Abbreviations: ASR, age-standardized rate; YLDs, Years Lived with Disability;

YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.

SUPPLEMENTARY FIGURE S3

The uterine cancer or ovarian cancer due to high BMI-related numbers and
ASRs of deaths, YLDs, YLLs and DALYs for different GBD regions in 2021.

Abbreviations: ASR, age-standardized rate; YLDs, Years Lived with Disability;
YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.

SUPPLEMENTARY FIGURE S4

The uterine cancer or ovarian cancer due to high BMI-related numbers and

ASRs of deaths, YLDs, YLLs and DALYs for different countries in 2021.
Abbreviations: ASR, age-standardized rate; YLDs, Years Lived with Disability;

YLLs, Years of Life Lost; DALYs, disability-adjusted-life-years.
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Zhang Y, Vaccarella S, Morgan E, Li M, Etxeberria J, Chokunonga E, et al. Global
variations in lung cancer incidence by histological subtype in 2020: a population-based
study. Lancet Oncol. (2023) 24:1206–18. doi: 10.1016/S1470-2045(23)00444-8

3. Hutchinson B, Euripides M, Reid F, Allman G, Morrell L, Spencer G, et al.
Socioeconomic burden of ovarian cancer in 11 countries. JCO Glob Oncol. (2025) 11:
e2400313. doi: 10.1200/GO-24-00313

4. Zhu B, Gu H, Mao Z, Beeraka NM, Zhao X, Anand MP, et al. Global burden of
gynaecological cancers in 2022 and projections to 2050. J Glob Health. (2024) 14:04155.
doi: 10.7189/jogh.14.04155

5. Ford CE, Werner B, Hacker NF, Warton K. The untapped potential of ascites in
ovarian cancer research and treatment. Br J Cancer. (2020) 123:9–16. doi: 10.1038/
s41416-020-0875-x

6. Sideris M, Menon U, Manchanda R. Screening and prevention of ovarian cancer.
Med J Aust. (2024) 220:264–74. doi: 10.5694/mja2.52227

7. Yang X, Wang J. The role of metabolic syndrome in endometrial cancer: A review.
Front Oncol. (2019) 9:744. doi: 10.3389/fonc.2019.00744

8. Yunusova NV, Kondakova IV, Kolomiets LA, Afanas’ev SG, Kishkina AY, Spirina
LV. The role of metabolic syndrome variant in the Malignant tumors progression.
Diabetes Metab Syndr. (2018) 12:807–12. doi: 10.1016/j.dsx.2018.04.028

9. Sun J, Qiao Y, Zhao M, Magnussen CG, Xi B. Global, regional, and national
burden of cardiovascular diseases in youths and young adults aged 15–39 years in 204
countries/territories, 1990-2019: a systematic analysis of Global Burden of Disease
Study 2019. BMC Med. (2023) 21:222. doi: 10.1186/s12916-023-02925-4

10. Yue C, Zhang Q, Sun F, Pan Q. Global, regional and national burden of
neuroblastoma and other peripheral nervous system tumors, 1990 to 2021 and
predictions to 2035: visualizing epidemiological characteristics based on GBD 2021.
Neoplasia. (2025) 60:101122. doi: 10.1016/j.neo.2025.101122

11. Murray CJL, Collaborators GBD. Findings from the global burden of disease
study 2021. Lancet. (2024) 403:2259–62. doi: 10.1016/S0140-6736(24)00769-4

12. Murray CJL. The Global Burden of Disease Study at 30 years. Nat Med. (2022)
28:2019–26. doi: 10.1038/s41591-022-01990-1

13. Collaboration NCDRF. Worldwide trends in underweight and obesity from 1990
to 2022: a pooled analysis of 3663 population-representative studies with 222 million
children, adolescents, and adults. Lancet. (2024) 403:1027–50. doi: 10.1016/S0140-6736
(23)02750-2

14. Collaboration NCDRF. Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and adults. Lancet. (2017)
390:2627–42. doi: 10.1016/S0140-6736(17)32129-3

15. Perdomo CM, Aviles-Olmos I, Dicker D, Fruhbeck G. Towards an adiposity-
related disease framework for the diagnosis and management of obesities. Rev Endocr
Metab Disord. (2023) 24:795–807. doi: 10.1007/s11154-023-09797-2
16. Garvey WT. Is obesity or adiposity-based chronic disease curable: the set point
theory, the environment, and second-generation medications. Endocr Pract. (2022)
28:214–22. doi: 10.1016/j.eprac.2021.11.082

17. Onstad MA, Schmandt RE, Lu KH. Addressing the role of obesity in endometrial
cancer risk, prevention, and treatment. J Clin Oncol. (2016) 34:4225–30. doi: 10.1200/
JCO.2016.69.4638

18. Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer risk:
Emerging biological mechanisms and perspectives. Metabolism. (2019) 92:121–35.
doi: 10.1016/j.metabol.2018.11.001

19. Olsen CM, Nagle CM,Whiteman DC, Ness R, Pearce CL, Pike MC, et al. Obesity
and risk of ovarian cancer subtypes: evidence from the Ovarian Cancer Association
Consortium. Endocr Relat Cancer. (2013) 20:251–62. doi: 10.1530/ERC-12-0395

20. Ring KL, Mills AM, Modesitt SC. Endometrial hyperplasia. Obstet Gynecol.
(2022) 140:1061–75. doi: 10.1097/AOG.0000000000004989

21. Tworoger SS, Huang T. Obesity and ovarian cancer. Recent Results Cancer Res.
(2016) 208:155–76. doi: 10.1007/978-3-319-42542-9_9

22. Poorolajal J, Jenabi E, Masoumi SZ. Body mass index effects on risk of ovarian
cancer: a meta- analysis. Asian Pac J Cancer Prev. (2014) 15:7665–71. doi: 10.7314/
APJCP.2014.15.18.7665

23. Zhang Y, Abdin E, Sambasivam R, Shafie S, Roystonn K, Vaingankar JA, et al.
Changes in body mass index and its association with socio-demographic characteristics
between 2010 and 2016 in Singapore. Front Public Health. (2024) 12:1374806.
doi: 10.3389/fpubh.2024.1374806

24. Popkin BM, Ng SW. The nutrition transition to a stage of high obesity and
noncommunicable disease prevalence dominated by ultra-processed foods is not
inevitable. Obes Rev. (2022) 23:e13366. doi: 10.1111/obr.13366

25. Jaacks LM, Vandevijvere S, Pan A, McGowan CJ, Wallace C, Imamura F, et al.
The obesity transition: stages of the global epidemic. Lancet Diabetes Endocrinol. (2019)
7:231–40. doi: 10.1016/S2213-8587(19)30026-9

26. Li T, Zhang H, Lian M, He Q, Lv M, Zhai L, et al. Global status and attributable
risk factors of breast, cervical, ovarian, and uterine cancers from 1990 to 2021. J
Hematol Oncol. (2025) 18:5. doi: 10.1186/s13045-025-01660-y

27. Ilic I, Ilic M. Global burden of pancreatic cancer attributable to high body-mass
index in 204 countries and territories, 1990-2019. Cancers (Basel). (2024) 16.
doi: 10.3390/cancers16040719

28. Jin X, Dong D, Xu Z, Sun M. The global burden of colorectal cancer attributable to
high body-mass index in 204 countries and territories: findings from 1990 to 2021 and
predictions to 2035. Front Nutr. (2024) 11:1473851. doi: 10.3389/fnut.2024.1473851

29. Antunes D, Mendonca L, Melo A, Goncalves S, Nogueira Martins F, Nogueira
Martins N. Impact of the COVID-19 pandemic on diagnosis and management of
gynecological cancer: A single-center analysis. Med (Kaunas). (2022) 58. doi: 10.3390/
medicina58121862

30. Garrett AP, Seidman BC. The impact of the Covid-19 pandemic on the stage of
endometrial cancer at diagnosis. Gynecol Oncol Rep. (2023) 47:101191. doi: 10.1016/
j.gore.2023.101191
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S1470-2045(23)00444-8
https://doi.org/10.1200/GO-24-00313
https://doi.org/10.7189/jogh.14.04155
https://doi.org/10.1038/s41416-020-0875-x
https://doi.org/10.1038/s41416-020-0875-x
https://doi.org/10.5694/mja2.52227
https://doi.org/10.3389/fonc.2019.00744
https://doi.org/10.1016/j.dsx.2018.04.028
https://doi.org/10.1186/s12916-023-02925-4
https://doi.org/10.1016/j.neo.2025.101122
https://doi.org/10.1016/S0140-6736(24)00769-4
https://doi.org/10.1038/s41591-022-01990-1
https://doi.org/10.1016/S0140-6736(23)02750-2
https://doi.org/10.1016/S0140-6736(23)02750-2
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1007/s11154-023-09797-2
https://doi.org/10.1016/j.eprac.2021.11.082
https://doi.org/10.1200/JCO.2016.69.4638
https://doi.org/10.1200/JCO.2016.69.4638
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.1530/ERC-12-0395
https://doi.org/10.1097/AOG.0000000000004989
https://doi.org/10.1007/978-3-319-42542-9_9
https://doi.org/10.7314/APJCP.2014.15.18.7665
https://doi.org/10.7314/APJCP.2014.15.18.7665
https://doi.org/10.3389/fpubh.2024.1374806
https://doi.org/10.1111/obr.13366
https://doi.org/10.1016/S2213-8587(19)30026-9
https://doi.org/10.1186/s13045-025-01660-y
https://doi.org/10.3390/cancers16040719
https://doi.org/10.3389/fnut.2024.1473851
https://doi.org/10.3390/medicina58121862
https://doi.org/10.3390/medicina58121862
https://doi.org/10.1016/j.gore.2023.101191
https://doi.org/10.1016/j.gore.2023.101191
https://doi.org/10.3389/fonc.2025.1623926
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Han et al. 10.3389/fonc.2025.1623926
31. Tiotiu A, Chong Neto H, Bikov A, Kowal K, Steiropoulos P, Labor M, et al.
Impact of the COVID-19 pandemic on the management of chronic noninfectious
respiratory diseases. Expert Rev Respir Med. (2021) 15:1035–48. doi: 10.1080/
17476348.2021.1951707

32. Panahi S, Tremblay A. Sedentariness and health: is sedentary behavior more than just
physical inactivity? Front Public Health. (2018) 6:258. doi: 10.3389/fpubh.2018.00258

33. Raffin J, de Souto Barreto P, Le Traon AP, Vellas B, Aubertin-Leheudre M,
Rolland Y. Sedentary behavior and the biological hallmarks of aging. Ageing Res Rev.
(2023) 83:101807. doi: 10.1016/j.arr.2022.101807

34. Feng X, Li R, Yi H, Chen S, Liu M, Wu Y. Global cancer burden attributable to
excess body weight, 1990 to 2021, decomposed by population size, aging, and
epidemiological change. Obes (Silver Spring). (2025) 33:567–77. doi: 10.1002/oby.24219

35. Belladelli F, Montorsi F, Martini A. Metabolic syndrome, obesity and cancer risk.
Curr Opin Urol. (2022) 32:594–7. doi: 10.1097/MOU.0000000000001041

36. Dikaiou P, Edqvist J, Lagergren J, Adiels M, Bjorck L, Rosengren A. Body mass
index and risk of cancer in young women. Sci Rep. (2024) 14:6245. doi: 10.1038/s41598-
024-56899-1

37. Roelands J, Mall R, Almeer H, Thomas R, Mohamed MG, Bedri S, et al. Ancestry-
associated transcriptomic profiles of breast cancer in patients of African, Arab, and European
ancestry. NPJ Breast Cancer. (2021) 7:10. doi: 10.1038/s41523-021-00215-x

38. Toss A, Tomasello C, Razzaboni E, Contu G, Grandi G, Cagnacci A, et al.
Hereditary ovarian cancer: not only BRCA 1 and 2 genes. BioMed Res Int. (2015)
2015:341723. doi: 10.1155/2015/341723

39. Nicoletto MO, Donach M, De Nicolo A, Artioli G, Banna G, Monfardini S.
BRCA-1 and BRCA-2 mutations as prognostic factors in clinical practice and genetic
counselling. Cancer Treat Rev. (2001) 27:295–304. doi: 10.1053/ctrv.2001.0233
Frontiers in Oncology 12
40. Lengyel E, Makowski L, DiGiovanni J, Kolonin MG. Cancer as a matter of fat: the
crosstalk between adipose tissue and tumors. Trends Cancer. (2018) 4:374–84.
doi: 10.1016/j.trecan.2018.03.004

41. Brown KA, Scherer PE. Update on adipose tissue and cancer. Endocr Rev. (2023)
44:961–74. doi: 10.1210/endrev/bnad015

42. Shaw E, Farris M, McNeil J, Friedenreich C. Obesity and endometrial cancer.
Recent Results Cancer Res. (2016) 208:107–36. doi: 10.1007/978-3-319-42542-9_7

43. Kaaks R, Lukanova A, Kurzer MS. Obesity, endogenous hormones, and
endometrial cancer risk: a synthetic review. Cancer Epidemiol Biomarkers Prev.
(2002) 11:1531–43.

44. Ediriweera MK, Tennekoon KH, Samarakoon SR. Role of the PI3K/AKT/mTOR
signaling pathway in ovarian cancer: Biological and therapeutic significance. Semin
Cancer Biol. (2019) 59:147–60. doi: 10.1016/j.semcancer.2019.05.012

45. Rinne N, Christie EL, Ardasheva A, Kwok CH, Demchenko N, Low C, et al.
Targeting the PI3K/AKT/mTOR pathway in epithelial ovarian cancer, therapeutic
treatment options for platinum-resistant ovarian cancer. Cancer Drug Resist. (2021)
4:573–95. doi: 10.20517/cdr.2021.05

46. Kim JW, Kim JH, Lee YJ. The role of adipokines in tumor progression and its
association with obesity. Biomedicines. (2024) 12. doi: 10.3390/biomedicines12010097

47. Collaboration NCDRF. Trends in adult body-mass index in 200 countries from
1975 to 2014: a pooled analysis of 1698 population-based measurement studies with
19.2 million participants. Lancet. (2016) 387:1377–96. doi: 10.1016/S0140-6736(16)
30054-X

48. Lavie CJ, Pandey A, Lau DH, Alpert MA, Sanders P. Obesity and atrial
fibrillation prevalence, pathogenesis, and prognosis: effects of weight loss and
exercise. J Am Coll Cardiol. (2017) 70:2022–35. doi: 10.1016/j.jacc.2017.09.002
frontiersin.org

https://doi.org/10.1080/17476348.2021.1951707
https://doi.org/10.1080/17476348.2021.1951707
https://doi.org/10.3389/fpubh.2018.00258
https://doi.org/10.1016/j.arr.2022.101807
https://doi.org/10.1002/oby.24219
https://doi.org/10.1097/MOU.0000000000001041
https://doi.org/10.1038/s41598-024-56899-1
https://doi.org/10.1038/s41598-024-56899-1
https://doi.org/10.1038/s41523-021-00215-x
https://doi.org/10.1155/2015/341723
https://doi.org/10.1053/ctrv.2001.0233
https://doi.org/10.1016/j.trecan.2018.03.004
https://doi.org/10.1210/endrev/bnad015
https://doi.org/10.1007/978-3-319-42542-9_7
https://doi.org/10.1016/j.semcancer.2019.05.012
https://doi.org/10.20517/cdr.2021.05
https://doi.org/10.3390/biomedicines12010097
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1016/j.jacc.2017.09.002
https://doi.org/10.3389/fonc.2025.1623926
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Global burden of ovarian and uterine cancers attributable to high body-mass index in 204 countries and territories, 1990–2021
	1 Introduction
	2 Method
	2.1 Data sources
	2.2 Statistical analysis

	3 Results
	3.1 Temporal trend for GBD of uterine cancer or ovarian cancer due to high BMI from 1990 to 2021
	3.2 The disease burden of uterine cancer or ovarian cancer due to high BMI in 2021
	3.3 The predicted results of disease burden for uterine cancer or ovarian cancer due to high BMI from 2022 to 2050

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


