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Objective: This study evaluates global burden, disparities, and trends of female

cancers (breast, cervical, uterine, ovarian) from 1990 to 2021, and identifies key

contributing factors and intervention strategies.

Methods: Data from the Global Burden of Disease (GBD,1990–2021) Study and

recent reports were analyzed to assess incidence, mortality, and disability-

adjusted life years (DALYs) across 204 countries stratified by Socio-

demographic Index (SDI). Regression and spatiotemporal analyses explored

links with risk factors (e.g., obesity, HPV) and healthcare access.

Results: Breast cancer dominated the burden, with age-standardized incidence

rates (ASIR) rising by 28% (2.08 million new cases in 2021), driven by lifestyle

factors (high BMI, alcohol use) and showing a strong connection with higher SDI

(r=0.82). Cervical cancer remained a critical challenge in low- and middle-

income regions, showing a strong negative correlation with SDI(r = -0.75),

though Age-Standardized Mortality Rate (ASMR) declined globally (-1.4%

annual change). Uterine cancer incidence rose steadily (0.7% annual increase;

473,614 cases in 2021), primarily attributable to obesity, while ovarian cancer

mortality remained high (207,000 deaths) due to late diagnosis. Key modifiable

risks included HPV infection (85% of cervical cancers), tobacco use, and

reproductive behaviors.

Conclusion: The global burden of female cancers presents a significant public

health challenge. Disparities in female cancer burden reflect inequities in

healthcare access and rising metabolic risks. Priority actions include HPV

vaccination, low-cost screening, and obesity control. Equity-focused, data-

informed policies are crucial to reduce global disparities.
KEYWORDS

female cancers, Global Burden of Disease, breast cancer, cervical cancer, ovarian

cancer, uterine cancer, global health equity
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1 Introduction

The global burden of female cancers exhibits significant regional

disparities and evolving epidemiology patterns. Breast cancer, the

most prevalent cancer in women, accounted for 25% of all female

cancer cases with 2.3 million new instances worldwide in 2022 (1).

Projections suggest that, by 2050, breast cancer incidence will rise

by 38% and mortality by 68% relative to 2022 levels (2). Cervical

cancer remains a major public health challenge in sub-Saharan

Africa and South America, where low- and middle-income

countries (LMICs) account for 94% of global cervical cancer

deaths, and exhibit a mortality rate of 12.4 per 100,000

population (3). This disproportionate burden is primarily

attributable to with insufficient HPV vaccination coverage (<10%

in many LMICs) and limited cervical screening implementation

(<20% in high-burden regions). Gynecological malignancies

demonstrate heterogeneous patterns across different levels of

socioeconomic development (4). Uterine cancer incidence

increased by 148% from 1990 to 2021, reaching 474,000 new

cases in 2021, with high-income countries exhibiting an age-

standardized incidence rate (ASIR) of 10.36 per 100,000 (5).

Ovarian cancer, though less frequent (340,000 new cases in 2022),

accounts for 50% of gynecological cancer mortality due to late-stage

diagnosis and limited therapeutic advances (6).

There are significant disparities in female cancers across

different regions and countries. The uneven distribution of

medical resources has led to nearly one-third of breast cancer

cases in sub-Saharan Africa being diagnosed at advanced stages at

diagnosis, compared to only 5% in Europe and North America

(7).Changes in lifestyle have introduced substantial health risks,

with breast cancer accounting for over 40% of obesity-related

malignancies. Studies indicate that each 5-unit increase in body

mass index (BMI) is associated with a 12% increased risk of

postmenopausal breast cancer, an effect more pronounced in

Asian populations (8). Environmental factors contribute to the

increasing burden of tumor-related diseases. For instance, the

COVID-19 pandemic has severely disrupted global cancer control

systems. During the pandemic in India in 2020, the missed

diagnosis rate for tumors reached 83,600–111,500 cases, which is

projected to cause an additional 98,650–131,500 cancer-related

deaths over the next five years (9).

The Global Burden of Disease (GBD) Study database integrates

comprehensive data spanning 1990 to 2021 across 204 countries

and territories, encompassing disease incidence, mortality,

disability-adjusted life years (DALYs), and exposure to 88 risk

factors and injuries (10, 11). Leveraging a multidimensional

analytical framework, this study systematically investigates the

distribution patterns and temporal trends of female neoplasms

across age strata, geographic regions (204 nations and 21 GBD

subregions), and socioeconomic development levels, utilizing core

metrics of incidence, mortality, and DALYs. These findings offer

strategic insights for prioritizing resource allocation to achieve

global cancer control targets, particularly in addressing disparities

in healthcare access and optimizing early detection strategies.
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2 Methods

2.1 Data acquisition

The data utilized in this study were obtained from the GBD

2021 database (https://vizhub.healthdata.org/gbd-results), a

cutting-edge interdisciplinary platform integrating public health

and data science. Our analysis extracted epidemiological

indicators for breast, ovarian, uterine, and cervical cancers

across 204 countries/territories and 21 super-regions. These

metrics encompass annual incidence, prevalence, mortality,

DALYs, and Age-Standardized Rates (ASR). Uncertainty

quantification was implemented through Bayesian hierarchical

modeling, generating 95% uncertainty intervals (UIs) from 1,000

posterior distribution samples (2.5thsutiono percentiles) to

enhance statistical robustness.

The Socio-demographic Index (SDI) -a composite measure of

national development–was calculated as the geometric mean of

three standardized components: lag-distributed income per capita,

average educational attainment among individuals aged ≥15 years,

and total fertility rate under age 25. Following GBD stratification

protocols, SDI values (range: 0-1) were categorized into five

developmental tiers based on global population quartiles: high

(0.805-1.000), high-middle (0.689iddle0), middle (0.608-0.689),

low-middle (0.455-0.608), and low (0-0.455). This hierarchical

classification enables systematic comparisons of health disparities

across socioeconomic gradients (11).
2.2 Statistical analysis

This study utilized data from the GBD 2021 study to conduct a

spatiotemporal trend analysis of the disease burden for four female-

specific cancers (breast, ovarian, uterine, and cervical cancers) from

1990 to 2021. All disease burden metrics were reported per 100,000

population, including age-specific incidence and ASR. The ASR was

calculated using the formula:

ASR = o
n

i=1
wi :

Di

Pi

 !
x105

Where Direpresents the number of cases in the i-th age group,

Pidenotes the corresponding person-years, and wirefers to the GBD

standard population weights. Disease burden estimates incidence,

mortality, and disability-adjusted life years, DALYs were reported

as means with 95% uncertainty intervals (UI), derived from the

2.5th–97.5th percentiles of posterior distributions

For risk factor attribution, the population attributable fraction

(PAF) was employed to quantify the proportion of deaths (%) and

DALYs (%) attributable to specific risk factors, along with 95% UIs.

The estimated annual percentage change (EAPC) and its 95%

confidence interval (CI) were calculated using a natural log-linear

regression model:

In(ASR) = a + b :Year + e
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where b is the regression coefficient, and EAPC=100×(exp(b)−1).
Statistical significance was assessed via two-tailed t-tests (p<0.05) (12).

Nonlinear relationships between the SDI and cancer burden

across 21 GBD regions and 204 countries/territories were modeled

using locally weighted scatterplot smoothing (LOESS)

(implemented via the geom_smooth function in R’s “ggplot2”

package, smoothing parameter span=0.75). All statistical analyses

and data visualizations were performed using R (version 4.4.2) and

JD_GBDR (V2.37, Jingding Medical Technology Co., Ltd.). In this

study, the R software package (version4.2.3) and JD_GBDR (V2.22,

Jingding Medical Technology Co., Ltd.) was used for the drawing of

the figures.
3 Results

3.1 Global, regional, and national burden of
overall female cancers

Over the past three decades, breast cancer has persistently ranked

as the most prevalent malignancy among women globally (Table 1).

In 2021, the global incidence of breast cancer reached 2.08 million

cases (95% UI: 1.94-2.23 million), significantly exceeding cervical

(667,400; 95% UI: 613,030-726,422), uterine (473,600; 95% UI:

429,916-513,667), and ovarian cancers (298,900; 95% UI: 270,730-

324,501). By comparison, 1990 incidence figures were substantially

lower: breast cancer (865,900; 95% UI: 824,338-900,794), cervical

(409,500; 95% UI: 383,207-438,506), uterine (191,300; 95% UI:

175,003-201,941), and ovarian cancers (159,100; 95% UI: 145,709–

174,055). The ASIR in 2021 further emphasized this disparity, with

breast cancer demonstrating the highest ASIR at 46.4 per 100,000

population (95% UI: 43.26–49.56), followed by cervical (15.32; 14.08-

16.68), uterine (10.36; 9.42-11.24), and ovarian cancers (6.71; 6.07-

7.28). Longitudinal analysis revealed divergent trends: breast

and uterine cancers exhibited significant ASIR increases (EAPC

0.40 [95% CI: 0.35-0.45] and 0.54 [0.50-0.58], respectively)

(Supplementary Figures 1A, C), while cervical and ovarian

cancers showed declines (EAPC -0.54 [-0.64 to -0.44] and -0.38

[-0.43 to -0.32]), such as Supplementary Figures 1B, D.

Mortality patterns demonstrated similar complexity, with

breast cancer deaths increasing from 350,600 (1990) to 660,900

(2021) yet showing declining ASMR (EAPC -0.55 [-0.60 to -0.50]),

reflecting therapeutic advancements. Cervical cancer mortality

decreased from 350,600 to 296,700 (EAPC -1.27 [-1.37 to -1.18]),

likely attributable to HPV vaccination and screening, while uterine

cancer deaths surged from 26,000 to 97,700 despite ASMR

reductions (EAPC -0.78 [-0.85 to -0.70]). Ovarian cancer

mortality nearly doubled (100,600 to 185,600) with gradual

ASMR decl ine (EAPC -0.62 [-0.68 to -0.57]) . These

epidemiological shifts underscore the dual challenges of

population growth and aging against progress in cancer control,

highlighting the urgent need for targeted prevention strategies and

therapeutic innovations to address persistent disparities in women’s

cancer burden.
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3.2 Regional disparities in the burden of
female cancers

In 2021, breast cancer exhibited the ASIR in High-income

North America (94.93 per 100,000; 95% CI: 89.02-98.93), while

South Asia had the lowest ASIR (24.62; 21.52-28.32)

(Supplementary Table 1). Antigua and Barbuda, Greece, and

Jamaica reported the highest national incidence rates, whereas

China recorded the largest number of new cases (385,838),

followed by the United States (269,012) and India (156,160).

From 1990 to 2021, ASIR trends rose globally, with North Africa

and the Middle East showing the steepest increase (EAPC=4.04;

95% CI:3.80-4.28). High-income regions consistently had the

highest ASIR (77.08; 71.83-79.93), contrasting with low-income

regions (24.09; 21.34-26.87). Breast cancer mortality declined from

16.60 to 14.55 per 100,000 during this period, yet deaths nearly

doubled (350,577-660,925), driven by demographic shifts. Southern

Sub-Saharan Africa had the highest mortality rate (24.93; 22.64-

27.46), while South Asia reported the most deaths (105,497), with

China (88,107), India (78,879), and the U.S. (52,869) bearing the

highest national burdens (Figure 1A, Table 2).

Cervical cancer ASIR decreased globally from 19.13 (95% UI:

17.50-20.19) in 1990 to 15.32 (14.08-16.68) in 2021, inversely

correlating with socioeconomic development (High SDI: 10.3 vs.

Low SDI: 25.47) (Supplementary Table 1, Figure 1B). Central Sub-

Saharan Africa had the highest regional ASIR (42.4; 37.16-47.85),

whereas North Africa and the Middle East reported the lowest (4.72;

4.04-5.50). Mortality trends paralleled incidence declines (Age-

Standardized Mortality Rate [ASMR] EAPC =-1.27), though low

SDI regions remained disproportionately affected, with Central

Sub-Saharan Africa having the highest mortality rate (25.1; 17.45-

33.97) and South Asia the most deaths (703,100).

Uterine cancer, the fastest-growing female malignancy, saw

global ASIR rise at an EAPC of 0.54 (0.50-0.58), with High-

income North America (31.78; 29.88-33.21) and Eastern Sub-

Saharan Africa (4.1; 3.00-5.59) representing the highest and

lowest regional rates, respectively (Supplementary Table 1,

Figure 1C). ASMR declined modestly (EAPC =-0.78), with the

Caribbean having the highest mortality rate (5.38; 4.63-6.24) and

East Asia the most deaths (14,233), predominantly in

China (13,599).

Ovarian cancer, with a global ASIR of 6.71 (6.07-7.28) in 2021,

showed rising trends in Low-middle SDI regions (EAPC = 1.51)

(Supplementary Table 1, Figure 1D). Central Europe had the

highest regional ASIR (10.8; 9.93-11.68), while China reported the

most cases (41,236). ASMR slightly declined (EAPC =-0.62), with

Central Europe having the highest ASMR(7.4) and South Asia the

largest death toll (30,585). These trends underscore persistent

disparities in cancer burden, emphasizing the need for region-

specific prevention and control strategies aligned with

socioeconomic and epidemiological contexts.

The research team conducted a decomposition analysis on

breast cancer, cervical cancer, endometrial cancer, and ovarian

cancer to assess the contributions of population growth, aging,
frontiersin.org
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TABLE 1 Global burden of female cancers in the year 1990 and 2021.

Breast cancer Cervical cancer Uterine cancer Ovarian cancer

)
Number of cases Age-standardized

rate (per 100,000)
Number of cases Age-standardized

rate (per 100,000)
Number of cases

667426 (613030,726422) 10.36 (9.42,11.24) 473614 (429916,513667) 6.71 (6.07,7.28) 298876 (270730,324501)

3384544 (3108399,3697258) 75.73 (69.37,81.78) 3451750 (3165257,3724779) 28.08 (25.26,30.64) 1222425 (1102106,1332112)

296667 (272059,321906) 2.11 (1.87,2.34) 97672 (86516,108062) 4.06 (3.67,4.4) 185609 (167962,201013)

) 9911653 (9053317,10798306) 56.15 (50.07,62.37) 2562943 (2291154,2846493) 115.15 (104.58,125.21) 5163256 (4692423,5608304)

282159 (206449,365881) 5.18 (3.74,6.94) 236511 (170823,316688) 3.51 (2.56,4.53) 155646 (113443,201143)

) 9629494 (8809749,10511769) 50.97 (45.63,56.69) 2326432 (2084670,2586804) 111.64 (101.64,121.5) 5007611 (4561040,5448922)

409548 (383207,438506) 8.87 (8.12,9.35) 191291 (175003,201941) 7.22 (6.65,7.87) 159096 (145709,174055)

1826379 (1726564,1929080) 61.17 (56.35,64.14) 1333278 (1226415,1398593) 27.62 (25.26,30.26) 629090 (571666,693215)

211484 (195724,229841) 2.60 (2.32,2.80) 54849 (48804,59116) 4.73 (4.38,5.12) 100584 (92971,109087)

) 7416287 (6841378,8071400) 69.17 (59.85,75.30) 1501433 (1297885,1637756) 132.48 (121.34,145.63) 2909236 (2662221,3199426)

160794 (119725,211438) 4.36 (3.18,5.82) 94670 (68926,126172) 3.66 (2.69,4.71) 81264 (59856,104604)

7255493 (6694016,7905017) 64.81 (56.33,70.52) 1406762 (1220397,1533061) 128.82 (118.13,141.47) 2827972 (2589457,3106976)
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Variable
Age-standardized
rate (per 100,000)

Number of cases Age-standardized
rate (per 100,000

2021

Incidence 46.4 (43.26,49.56) 2082737 (1940351,2225083) 15.32 (14.08,16.68)

Prevalence 450.64 (427.02,475.96) 2082737 (1940351,2225083) 79.3 (72.81,86.58)

Deaths 14.55 (13.45,15.56) 660925 (609171,707182) 6.62 (6.07,7.18)

DALYs 455.56 (426.64,485.3) 20254802 (18963376,21574429) 226.28 (206.51,246.86

YLDs 32.2 (23.13,43.8) 1446370 (1040481,1968394) 6.54 (4.77,8.48)

YLLs 423.36 (394.91,451.68) 18808432 (17539335,20067430) 219.75 (200.87,239.71

1990

Incidence 39.99 (38.01,41.60) 865881 (824338,900794) 18.11 (16.94,19.4)

Prevalence 404.54 (377.02,439.95) 8689255 (8120449,9473540) 78.15 (73.89,82.51)

Deaths 16.6 (15.60,17.45) 350577 (330510,368425) 9.68 (8.97,10.51)

DALYs 503.81 (475.91,532.23) 11036402 (10434964,11671317) 330.11 (304.67,359.10

YLDs 28.46 (20.45,37.95) 616131 (442046,822494) 7.01 (5.21,9.19)

YLLs 475.35 (449.86,501.75) 10420271 (9863282,11010048) 323.1 (298.20,351.99)

DALYs, Disability-Adjusted Life Years; YLDs, Years Lived with Disability; YLLs, Years of Life Lost.
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and epidemiological changes to their global incidence trends

(Figure 2, Supplementary Table 2). For breast cancer, population

growth accounted for 55.37% of the global incidence increase,

followed by aging(25.62%) and epidemiological changes (19.01%);

however, in High SDI regions, population growth contributed

117.9% (offset by a -10.72% decline from aging), while

epidemiological changes dominated in Middle and Low-middle

SDI regions(41.44% and 43.66%, respectively). For cervical

cancer, population growth contributed 101.12% globally, with

aging (34.04%) and biological factors (-35.16%, e.g., HPV

prevention) playing contrasting roles; in High SDI regions,

epidemiological changes (e.g., vaccination programs) drove a

340.15% increase despite a -355.1% offset from population

decline. Endometrial cancer incidence growth was primarily

linked to population growth (53.44%), aging (28.2%), and

epidemiological changes (18.36%), with the latter’s adverse effects

diminishing at lower SDI levels. For ovarian cancer, population

growth contributed 79.02% globally in 2021, alongside aging

(32.1%) and epidemiological changes (-11.12%); economic

development amplified demographic impacts, with population

growth contributing 42.25% in Low SDI regions versus 698.64%

in High SDI regions, likely due to delayed reproductive patterns.

These findings highlight significant regional disparities in cancer

burden drivers, emphasizing the interplay of demographic shifts,

socioeconomic development, and evolving risk factors.
3.3 Burden of female cancers by SDI

The SDI serves as a comprehensive indicator for evaluating

regional development levels. Between 1990 and 2021, regions across

varying SDI categories (excluding high SDI regions) demonstrated

upward trends in the ASIR, age-standardized prevalence rate (ASPR),

and ASMR, and for breast cancer, uterine cancer, and ovarian cancer

(Figure 3). In contrast, cervical cancer exhibited a negative correlation

with SDI across all four metrics. Notably, high SDI regions, including
Frontiers in Oncology 05
Western Europe, Central Europe, high-income North America, and

Australasia, displayed declining patterns in ASIR, ASPR, ASMR, and

ASDR for these cancers. By 2021, this divergence persisted: breast,

uterine, and ovarian cancers maintained positive correlations with

SDI as regions developed economically, while high SDI regions

remained exceptions to this trend, continuing to show reductions

in disease burden metrics. This phenomenon highlights the complex

interplay between socioeconomic development and cancer

epidemiology, particularly the distinct trajectory of cervical cancer

compared to hormone-sensitive cancers like breast, uterine, and

ovarian malignancies.
3.4 Attributable burden of female cancers
caused by risk factors

According to the GBD 2021 data, the attributable risks for

breast cancer, cervical cancer, uterine cancer, and ovarian cancer

exhibit distinct epidemiological patterns. For breast cancer

(Figure 4A), seven primary risk factors were identified: smoking

(0.22 per 100,000 population), secondhand smoke (0.16 per

100,000), high body-mass index (BMI, 0.95 per 100,000), high

alcohol use (0.39 per 100,000), diet high in red meat (1.76 per

100,000), high fasting plasma glucose (0.66 per 100,000), and low

physical activity (1.76 per 100,000). Globally, the ASMR attributable

to diet high in red meat remained the highest contributor to breast

cancer mortality, though it showed a slight downward trend.

Notably, high and high-middle SDI regions demonstrated

declining ASMR for red meat-related breast cancer deaths over

the past three decades, while low SDI regions experienced

increasing trends. Concurrently, the other six risk factors

exhibited rising ASMR in low, middle, and low-middle SDI regions.

Cervical cancer mortality was predominantly driven by unsafe

sexual behavior across all SDI categories, with this factor

contributing an ASMR reduction from 9.68 (95% UI 8.96-10.52)

in 1990 to 6.62 (95% UI 13.94-19.38) in 2021 (Figure 4B). Tobacco
FIGURE 1

The ASIR for female cancers in 204 countries, 2021. (A) The ASIR for breast cancers of 204 countries in 2021; (B) The ASIR for cervical cancers of
204 countries in 2021; (C) The ASIR for uterine cancers of 204 countries in 2021; (D) The ASIR for ovarian cancers of 204 countries in 2021. ASIR,
age-standardized incidence rate.
frontiersin.org
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use emerged as a secondary but persistent risk factor, particularly in

high SDI regions. For uterine cancer (Figure 4C), high BMI stood as

the sole Level 2 risk factor, with its ASMR increasing globally from

2008 to 2021 (reaching 0.72 per 100,000 in 2021). This upward

trajectory was most pronounced in low SDI regions, reflecting

accelerated adiposity-related epidemiological transitions in

developing economies. Ovarian cancer mortality showed dual

attribution to high BMI and occupational hazards. High BMI

accounted for the majority of ASMR burden, particularly in low-

and middle-income SDI regions where its contribution increased

steadily (Figure 4D). In contrast, occupational risks exhibited

divergent trends: high-income regions demonstrated declining

ASMRs for occupation-related ovarian cancer, while middle SDI

regions maintained stable patterns. These findings underscore the

critical need for SDI-stratified prevention strategies, emphasizing

dietary modifications for breast cancer, HPV vaccination and

smoking cessation for cervical cancer, weight management for

uterine cancer, and occupational safety regulations combined with

metabolic interventions for ovarian cancer.
3.5 Attribution analysis of risk factors in
different regions and ages of female
tumors

3.5.1 Breast cancer
Researchers further analyzed the attributable risk differences

across 21 global regions and various age groups in female breast

cancer mortality. The study revealed that smoking, secondhand

smoke exposure, high body-mass index (BMI), high alcohol use,

diet high in red meat, high fasting plasma glucose, and low physical

activity were significant risk factors contributing to increased breast

cancer mortality (Supplementary Figure 2). In 2021, a diet high in

red meat emerged as the predominant risk factor, accounting for

6.6% to 13.7% of attributable mortality risk across the 21 regions,

with the lowest impact observed in South Asia and the highest in

Australasia. High alcohol use exhibited substantial regional

variability, contributing to elevated mortality risks in Australasia

(8.4%), Western Europe (7.5%), and High-income Asia Pacific

(6.3%). Other risk factors showed no significant regional

variations across the 21 regions.

Age-stratified analyses demonstrated distinct patterns:

smoking, secondhand smoke, and high alcohol use caused

mortality risk increments of 1%-3%, 1%-2%, and 1%-3%,

respect ive ly , with no marked age-re lated dispari t ies

(Supplementary Figure 3). High BMI did not elevate mortality

risk in individuals aged<50 years but significantly increased it

(8.6%-9.3%) in those ≥50 years. Conversely, diet high in red

meat, high fasting plasma glucose, and low physical activity

exhibited age-progressive effects, with attributable risks rising

incrementally across older age groups. Among individuals aged

≥80 years, these three factors contributed 12.8%, 5.7%, and 3.7% of

breast cancer mortality risk, respectively, in 2021. These findings

underscore the critical interplay of modifiable lifestyle factors and

age-specific biological mechanisms in breast cancer mortality,
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highlighting the necessity for regionally tailored and age-stratified

prevention strategies.

3.5.2 Cervical cancer
The risk factors for cervical cancer include unsafe sexual

behaviors and alcohol consumption (Supplementary Figure 4).

Across 21 distinct regions and various age groups, unsafe sexual

behaviors consistently emerge as the predominant risk factor for

cervical cancer mortality, with no significant regional or age-related

disparities observed. In contrast, the impact of alcohol consumption

exhibits substantial regional variations. Notably, regions such as

High-income North America (22.5%), Western Europe (21.7%),

and Southern Latin America (23.4%) demonstrate alcohol-related

mortality risk increases exceeding 20%. Regarding smoking, its

association with cervical cancer mortality varies significantly
Frontiers in Oncology 07
across age groups. Specifically, smoking does not elevate mortality

risk in individuals under 30 years of age, whereas it becomes a

contributory factor in older demographics (Supplementary

Figure 5). These findings underscore the universal significance of

sexual health interventions while highlighting the need for region-

specific strategies targeting alcohol consumption and age-tailored

smoking cessation programs.

3.5.3 Uterine cancer
High BMI is identified as the sole risk factor contributing to

increased mortality risk from uterine cancer, such as Supplementary

Figure 6. The population attributable fraction of uterine cancer

deaths linked to elevated BMI exhibits significant regional

heterogeneity, with Western Europe, Australasia, and High-

income North America demonstrating markedly higher risk
FIGURE 2

The decomposition analysis of global female tumor incidence from 1990 to 2021. (A) breast tumor; (B) cervical tumor; (C) uterine tumor; (D) ovarian
tumor. Black dots represent the overall changes in disease burden due to aging, epidemiological changes, and population growth. For each
component, an increase in the disease burden of tumor related to that component is indicated by positive values, whereas a decrease is indicated by
negative values. SDI, socio-demographic index.
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FIGURE 3

The trends of ASMR for female cancer from 1990 to 2021, by SDI groups across 21 regions and globally. (A) breast tumor; (B) cervical tumor;
(C) uterine tumor; (D) ovarian tumor. ASMR, age standardized mortality rate; SDI, socio-demographic index.
FIGURE 4

The contribution and changing trends of female cancer risk factors to ASMR from 1990 to 2021. (A) breast tumor; (B) cervical tumor; (C) uterine
tumor; (D) ovarian tumor. ASMR, age standardized mortality rate; SDI, socio-demographic index.
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burdens compared to other geographic regions. Furthermore, age-

stratified analyses reveal a progressive escalation in mortality risk

associated with excess BMI across successive age cohorts. This risk

trajectory peaks within the 60–64 years age group, where 36.2% of

uterine cancer deaths are attributable to elevated BMI-the highest

proportion observed across all demographic segments

(Supplementary Figure 7). The differential regional risk profiles

and age-dependent risk amplification underscore the critical

interplay between metabolic derangements, population-specific

lifestyle patterns, and biological aging processes in shaping

uterine cancer outcomes.

3.5.4 Ovarian cancer
In the context of ovarian cancer, high BMI and occupational

risk factors are identified as predominant contributors to mortality

(Supplementary Figure 8). Elevated BMI consistently increases

ovarian cancer mortality risk across all 21 analyzed regions, with

the North Africa and Middle East region exhibiting a 16.3% rise in

mortality risk. Furthermore, the contribution of elevated BMI to

ovarian cancer mortality escalates progressively with advancing age.

Occupational risk factors, however, demonstrate marked regional

heterogeneity. In 2021, these factors significantly heightened

ovarian cancer mortality in Australasia (9.8%) and Western

Europe (7.1%), while their impact remained statistically non-

significant in other regions. Age-stratified analyses reveal that

occupational exposures do not substantially elevate mortality risk

in individuals under 35 years, whereas in populations aged 35 and

above, the mortality risk attributable to occupational factors

exhibits a progressive age-dependent increase, reaching 7.5% in

those over 80 years old(Supplementary Figure 9). These findings

underscore the dual influence of metabolic and environmental
Frontiers in Oncology 09
determinants on ovarian cancer outcomes, with age modulating

both biological susceptibility and cumulative exposure duration.
3.6 Projections of the future global burden
of female cancers

Based on projections from the Bayesian Age-Period-Cohort

(BAPC) model, which integrates age, period, and cohort effects

using full Bayesian inference with integrated nested Laplace

approximations, the epidemiological trends for female-specific

cancers from 2022 to 2035 reveal distinct patterns (Figure 5). For

breast cancer (Figure 5A), the ASIR is projected to gradually

increase, reaching 49.83 per 100,000 population by 2035, while

the ASMR is expected to rise slightly to 12.25 (95% CI: 11.61tlyonci

in the same period. In contrast, uterine and ovarian cancers exhibit

divergent trends: uterine cancer ASIR is anticipated to climb to 10.0

(95% CI: 6.09-6.83) by 2035, and ovarian cancer ASIR is projected

to rise to 6.47 (95% CI: 9.38-10.61), whereas their mortality rates

show declines, with uterine cancer ASMR decreasing to 1.40 (95%

CI: 1.28-1.51) and ovarian cancer ASMR dropping to 3.31 (95% CI:

3.12-3.48) by 2035 (Figures 5C, D). Cervical cancer demonstrates

sustained reductions in both incidence and mortality, with ASIR

forecasted to decline from 14.73 (95% CI: 14.48-14.99) in 2021 to

14.26 (95% CI: 14.49-15.04) in 2035, and ASMR slightly decreasing

from 5.93 (95% CI: 5.81-6.06) to 5.15 (95% CI: 4.81-5.49) per

100,000 population (Figure 5B). These trends may reflect evolving

risk factors such as lifestyle changes, delayed childbirth, and

advancements in screening for breast, uterine, and ovarian

cancers, alongside the success of HPV vaccination programs and

early detection efforts in reducing cervical cancer burden. Mortality
FIGURE 5

The global trends in ASIR of female tumors from 1990 to 2035. (A) breast tumor; (B) cervical tumor; (C) uterine tumor; (D) ovarian tumor. ASIR, age-
standardized incidence rate.
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declines for uterine and ovarian cancers further suggest progress in

therapeutic interventions, underscoring the need for targeted

prevention and treatment strategies.
4 Discussion

This study utilized the GBD database to systematically elucidate

global epidemiological evolution trends of breast, cervical, uterine,

and ovarian cancers, revealing multidimensional heterogeneity in

incidence, mortality, and risk characteristics. These cancers

collectively account for approximately 40% of the total female

cancer burden, demonstrating divergent trends due to differences

in regional development levels, modifiable exposure factors, and

healthcare accessibility (2). This study analyzed disparities in

female malignancies across global and regional dimensions from

1990 to 2021. In 2021, breast cancer demonstrated the highest ASIR,

DALYs, and ASMR among female malignancies. From 1990 to 2021,

breast and uterine cancers showed continued upward trends in ASIR,

while cervical and ovarian cancers exhibited declining ASIR trends;

meanwhile, the ASMR for all four cancer types consistently

decreased. This research provides a comprehensive assessment of

the global burden of female-specific cancers, aiming to lay the

groundwork for healthcare service planning and interventions.

Breast cancer epidemiological characteristics demonstrate close

association with socioeconomic development (13). In 2021, 2.08

million new breast cancer cases were reported globally, with

substantial geographical disparities. High SDI regions such as

North America exhibited an ASIR of 95.1 per 100,000 population,

more than three times that of low-SDI regions like South-central

Asia (26.67 per 100,000), with North America and Western Europe

consistently exceeding the global average (2). However, high-SDI

regions demonstrated a decline in ASMR from 16.60 per 100,000 in

1990 to 14.55 per 100,000 in 2021 (2). Age distribution analysis

shows that 71% of global cases occur in individuals ≥50 years old,

whereas 47% of new cases in sub-Saharan Africa concentrate in

those<50 years (14), which is associated with multiple factors

including the region’s high proportion of young population,

elevated BRCA mutation frequency, insufficient screening, and

diagnostic delays (15, 16). Notably, China experienced an annual

incidence growth rate of 3.7% among women<40 years, significantly

higher than the 2% observed in older populations, with both ASIR

and ASMR exhibiting marked age-dependent increases (17).

Risk attribution analysis confirms that smoking, secondhand

smoke, high BMI, alcohol use, red meat consumption, elevated

fasting plasma glucose, and physical inactivity are the main death

drivers of breast cancer, all of which are associated with modern

lifestyle and urbanization (18). Diet high in red meat contributed to

the highest ASMR among these factors, though with a slight

downward trend. High-SDI regions were predominantly

influenced by alcohol consumption (population attributable

fraction: 21.3%) and red meat intake (19, 20), While low-SDI

regions faced elevated risks from secondhand smoke exposure

(>30% increased risk) and alcohol use. These disparities reflect

socioeconomic contexts: rising meat consumption parallels wealth
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accumulation in high-SDI countries (21), Whereas inadequate

tobacco control policies and high male smoking rates exacerbate

passive smoking risks among young women in low-SDI areas (22).

Intriguingly, high BMI may confer protective effects against breast

cancer in young women via ovarian hormone suppression.

Prevention strategies require regional adaptation: high-SDI

regions should prioritize alcohol and red meat consumption

controls (23), while low-SDI areas require enhanced public no-

smoking policies and health education to improve risk awareness.

Despite a 1.2% annual mortality reduction in high-income

countries through targeted therapies like CDK4/6 inhibitors (e.g.,

palbociclib, ribociclib, abemaciclib), low- and middle-income

regions face challenges due to inadequate trastuzumab coverage

(<5%, with annual costs equivalent to 300% of per capita GDP),

underscoring the urgent need for globally differentiated resource

allocation and risk intervention strategies (24–26).

Cervical cancer, as the only malignancy with well-defined

etiology, exhibits a disease burden closely correlated with the

accessibility of HPV vaccination and screening programs (27).

The global ASIR is declining at an annual rate of 1.5%, yet

significant regional disparities persist: Sub-Saharan Africa exhibits

an ASIR as high as 27.5 per 100,000 (compared to merely 4.6 per

100,000 in Western Europe), with 94% of deaths concentrated in

LMICs, a phenomenon closely linked to inadequate resources for

screening, vaccination, and treatment in these areas (28, 29). Age-

specific analyses reveal a notable ASIR reduction of 2.2% per annum

among women under 50 years, though low-income areas face

persistent challenges with HPV vaccination coverage below 5% in

young females, perpetuating high incidence rates (30). Primary risk

factors encompass unsafe sexual practices (multiple sexual partners,

early sexual debut) and tobacco use, with persistent infection by

high-risk HPV types 16 and 18 being the principal carcinogenic

drivers (31, 32). The three-tiered prevention framework

demonstrates substantial efficacy: Countries achieving >70%

coverage of 9-valent HPV vaccination (e.g., Australia) report 90%

reductions in precancerous lesions (33), and HPV self-sampling

techniques elevate screening participation to 60% in resource-

limited settings (34). Immunotherapeutic advancements,

particularly pembrolizumab, have extended the median survival

time of metastatic cervical cancer patients by 10.35 months (35).

Yet, global HPV vaccine coverage remains critically low at 12.2%

(2018 data), compounded by 41% treatment discontinuation rates

in Central Africa, underscoring systemic fragility in healthcare

delivery (36, 37). Smoking increases cervical cancer risk 2–3 fold

and worsens lesion severity in a dose-dependent manner, with

synergistic interactions between smoking and HPV persistence

accelerating progression to cervical intraepithelial neoplasia grade

3 or higher (32, 38). These insights underscore the need for

integrated behavioral and biomedical prevention strategies.

Uterine cancer, a metabolic syndrome-driven “disease of

affluence”, exhibits a strong positive correlation between its ASIR

and SDI, with high-SDI countries reporting an ASIR of 10.36 per

100,000 compared to 3.23 per 100,000 in low-SDI countries. Across

all age groups, individuals aged 60–80 years account for 65% of cases,

while a concerning annual growth rate of 4.7% in ASIR is observed
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among young females (<50 years), closely associated with obesity

(BMI ≥30 elevates risk by 300%) (39). In high-income regions such as

North America, dietary patterns characterized by fat contributing

>35% of total energy intake and sedentary lifestyles (prolonged

sedentary behavior >6 hours/day increases risk by 40%) have

established these areas as epidemiological hotspots, where high

BMI accounts for 38.7% of population-attributable risk. Prevention

strategies require dual approaches: high-SDI regions should prioritize

GLP-1 receptor agonists (e.g., semaglutide) demonstrating 18% risk

reduction in obesity-related cases, alongside minimally invasive

surgical techniques that reduce complication rates by 50% (40).

Conversely, low-SDI regions necessitate enhanced community-

based diabetes management protocols and standardized BMI

surveillance systems to mitigate emerging risks.

Ovarian cancer is characterized by its insidious nature and high

mortality rate, with 70% of patients diagnosed at an advanced stage

(5-year survival rate<30%), and BRCA1/2 mutation carriers facing a

lifetime risk of 44%-17% (41, 42). High-SDI countries have achieved

an annual average 0.9% decline in ASDR through widespread

adoption of PARP inhibitors such as olaparib (utilization rate

>60%), whereas middle- and low-SDI regions experience a 0.7%

annual ASDR increase due to genetic testing coverage below 5%

(43). Elevated BMI and occupational exposures remain major risk

factors for ovarian cancer mortality, with multiple large-scale

studies confirming a 6%-10% increase in ovarian cancer risk per 5

kg/m² BMI increment (44). This is especially pronounced in women

not using hormone replacement therapy, where postmenopausal

estrogen from adipose tissue promotes carcinogenesis (45).

Therapeutic innovations like hyperthermic intraperitoneal

chemotherapy have extended median survival by 16 months in

advanced-stage patients (46), yet global disparities in pathologist

distribution (4.5 per 100,000 population in North America vs. 0.1

per 100,000 in Sub Saharan Africa) significantly constrain

diagnostic and therapeutic capabilities (47). Future strategies

necessitate establishing regional BRCA mutation databases (e.g.,

the African VUS-AC1 type) to guide precision interventions such as

risk-reducing salpingectomy (48).

Our findings reveal divergent trends in the incidence of female-

specific cancers across socio-demographic strata. Specifically, the

rising ASIR of breast and endometrial cancers in high-SDI regions

appears to be driven by increasing obesity prevalence and shifting

reproductive behaviors, including delayed childbearing, reduced

parity, and shorter breastfeeding duration—all of which are

recognized hormonal and metabolic risk factors. These trends are

further compounded by lifestyle changes such as physical inactivity

and high-fat dietary patterns. In contrast, the declining ASIR of

cervical cancer observed in some low- and middle-income countries

may reflect the early impact of modest HPV vaccination uptake and

enhanced awareness of cervical cancer prevention (49).

Nonetheless, this encouraging trend coexists with persistent

screening limitations, especially in rural and underserved

populations where cytology-based or HPV DNA testing remains

inaccessible or underutilized. These patterns underscore the dual

burden of epidemiological transition: rising hormone- and lifestyle-

related cancer incidence in high-SDI settings and ongoing structural
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barriers to infectious cancer control in resource-limited regions.

Overall, this study provides a comprehensive, SDI-stratified analysis

of female cancers over three decades, identifying key regional

disparities and risk factor trends. These findings support

evidence-based decision-making for national cancer prevention

and control programs, facilitating development of equity-focused

precision strategies. Simultaneously, the GBD database analysis of

female cancers demonstrates certain limitations including uneven

regional coverage (cancer registries in low-income countries<5%),

missing subtype information (e.g., HPV typing and molecular

subtypes of breast cancer), and high model dependency

(extrapolation increases uncertainty). Regarding attributional

causality inference, challenges include incomplete coverage of risk

factors (omitting key variables like genetics and hormones) and

confounding factor interference, necessitating strategies like

enhancing data quality and stratified disease burden reporting.
5 Conclusions

To address these challenges, current prevention strategies must

implement region-specific interventions. In high sociodemographic

index (SDI) regions (>0.81), priorities should focus on enhancing

metabolic disease management (given that obesity-associated breast

cancer accounts for over 40% of cases) and improving access to

targeted therapies (with ovarian cancer DALYs reaching 5.16

million). In low and middle-income regions, immediate actions

should focus on adopting single-dose HPV vaccination regimens,

which offer 70% cost savings and 90% efficacy, alongside

establishing community-based screening systems. HPV self-

sampling methods could help increase cervical cancer screening

coverage to 60% in preserved populations. A global collaborative

mechanism modeled after the COVAX vaccine procurement

alliance is critical for reducing HPV vaccine costs from $50 per

dose to $4.5 per dose in resource-limited settings. Technological

advancements, such as AI-assisted mammography—using neural

networks like TMuNet and adaptive normalization algorithms—

have the potential to lower false-negative rates by 40% and improve

diagnostic capacity in low-resource areas (50). The WHO’s 2030

cervical cancer elimination target (ASIR<4 per 100,000) is being

validated through multinational initiatives, exemplified by Brazil’s

60% cervical cancer mortality reduction via its Unified Health

System and China’s Ordos pilot program achieving 90% HPV

vaccination coverage through government-funded immunization

(51). Updated GBD 2021 data reveal diverging trends: while breast

cancer DALY rates declined annually by 0.73% from 1990-2021,

uterine cancer ASIR increased by 0.16% annually, necessitating

region-specific prioritization. Central Latin America requires

intensified breast cancer early detection (ASIR 46.5/100,000)

through organized population-based screening programs, whereas

sub-Saharan Africa must prioritize cervical cancer control (DALY

rates exceeding 300/100,000) via integrated HPV vaccination and

VIA/VILI screening networks. By synergizing tiered screening

optimization, vaccine policy innovation, and technological

empowerment, a 50% reduction in breast cancer disparities across
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regions could be achieved by 2030, establishing a concrete pathway

toward global health equity for women.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Author contributions

YM: Writing – original draft, Funding acquisition, Investigation,

Data curation, Conceptualization. YG: Methodology, Writing –

review & editing. YH: Writing – review & editing, Validation,

Visualization. ZW: Writing – original draft, Visualization, Data

curation, Software. SL:Writing – original draft, Visualization, Data

curation. ZD: Writing – review & editing, Conceptualization. BH:

Writing – review & editing, Supervision, Validation. LF: Writing –

review & editing, Visualization. CL:Writing – original draft, Formal

analysis. SZ: Conceptualization,Writing – review & editing. WC:

Conceptualization, Writing – review & editing.
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This study was supported

by the National Natural Science Foundation of China

(No.82405165); the Natural Science Foundation of Hunan

Province of China (NO.2023JJ40497 and NO.2023JJ60483),the

Excellent Youth Fund Project of Hunan Provincial Education

Department (NO.22B0356), the Changsha Municipal Natural

Science Foundation (No. kq240310);the Key Project of Hunan

University of Chinese Medicine (No. 2022XYLH020).
Frontiers in Oncology 12
Acknowledgments

We appreciate the works by the Global Burden of Disease study

2021 collaborators. This study was generously supported by

Jingding Medical Tech, to whom we extend our sincere gratitude.

We especially thank them for providing authorization and technical

support for the JD_GBDR software. The team at Jingding Medical

Tech offered invaluable assistance in data processing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1633894/

full#supplementary-material
References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834

2. Kim J, Harper A, McCormack V, Sung H, Houssami N, Morgan E, et al. Global
patterns and trends in breast cancer incidence and mortality across 185 countries. Nat
Med. (2025) 31:1154–62. doi: 10.1038/s41591-025-03502-3

3. Ajah MI, Dibua M, Ajah LO, Chigor NV, Ezeh CK, Eleje GU, et al. Exploring the
role of cervicovaginal microbiota as risk factor for cervical cancer in sub-saharan africa:
a systematic review and meta-analysis: by. BMC Womens Health. (2025) 25:160.
doi: 10.1186/s12905-025-03688-1

4. Abbas K, Yoo KJ, Prem K, Jit M. Equity impact of hpv vaccination on lifetime
projections of cervical cancer burden among cohorts in 84 countries by global, regional,
and income levels 2010-22: a modelling study. Eclinicalmedicine. (2024) 70:102524.
doi: 10.1016/j.eclinm.2024.102524

5. Clarke MA, Deshmukh AA, Suk R, Roberts J, Gilson R, Jay N, et al. A systematic
review and meta-analysis of cytology and hpv-related biomarkers for anal cancer screening
among different risk groups. Int J Cancer. (2022) 151:1889–901. doi: 10.1002/ijc.34199

6. Hawley ST, Haymart MR. The potential of wearable devices in cancer care
delivery. JAMA Oncol. (2024) 10:573–4. doi: 10.1001/jamaoncol.2024.0001
7. Benitez FJ, Morgan E, de Luna AA, Mafra A, Shah R, Giusti F, et al. Global stage
distribution of breast cancer at diagnosis: a systematic review and meta-analysis. JAMA
Oncol. (2024) 10:71–8. doi: 10.1001/jamaoncol.2023.4837

8. Sun Y, Bao W, Liu B, Caan BJ, Lane DS, Millen AE, et al. Changes in overall diet
quality in relation to survival in postmenopausal women with breast cancer: results
from the women’s health initiative. J Acad Nutr Diet. (2018) 118:1855–63. doi: 10.1016/
j.jand.2018.03.017

9. Ranganathan P, Sengar M, Chinnaswamy G, Agrawal G, Arumugham R, Bhatt R,
et al. National Cancer Grid of India. Impact of COVID-19 on cancer care in India: a
cohort study. Lancet Oncol. (2021) 22:970–976. doi: 10.1016/S1470-2045(21)00240-0

10. GBD 2021 Diseases and Injuries Collaborators. Global incidence, prevalence,
years lived with disability (ylds), disability-adjusted life-years (dalys), and healthy life
expectancy (hale) for 371 diseases and injuries in 204 countries and territories and 811
subnational locations 1990-2021: a systematic analysis for the global burden of disease
study 2021. Lancet. (2024) 403:2133–61. doi: 10.1016/S0140-6736(24)00757-8

11. Global burden of 288 causes of death and life expectancy decomposition in 204
countries and territories and 811 subnational locations 1990-2021: a systematic analysis
for the global burden of disease study 2021. Lancet. (2024) 403:2100–32. doi: 10.1016/
S0140-6736(24)00367-2
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2025.1633894/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1633894/full#supplementary-material
https://doi.org/10.3322/caac.21834
https://doi.org/10.1038/s41591-025-03502-3
https://doi.org/10.1186/s12905-025-03688-1
https://doi.org/10.1016/j.eclinm.2024.102524
https://doi.org/10.1002/ijc.34199
https://doi.org/10.1001/jamaoncol.2024.0001
https://doi.org/10.1001/jamaoncol.2023.4837
https://doi.org/10.1016/j.jand.2018.03.017
https://doi.org/10.1016/j.jand.2018.03.017
https://doi.org/10.1016/S1470-2045(21)00240-0
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00367-2
https://doi.org/10.1016/S0140-6736(24)00367-2
https://doi.org/10.3389/fonc.2025.1633894
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Mao et al. 10.3389/fonc.2025.1633894
12. Hankey BF, Ries LA, Kosary CL, Feuer EJ, Merrill RM, Clegg LX, et al.
Partitioning linear trends in age-adjusted rates. Cancer Causes Control. (2000)
11:31–5. doi: 10.1023/a:1008953201688

13. Harris MA, Savas P, Virassamy B, O’Malley M, Kay J, Mueller SN, et al. Towards
targeting the breast cancer immune microenvironment. Nat Rev Cancer. (2024)
24:554–77. doi: 10.1038/s41568-024-00714-6

14. Schantz C, Coulibaly A, Faye K, Traore D. Amazons in Mali? Women’s
experiences of breast cancer and gender (re)negotiation. Soc Sci Med. (2024)
348:116874. doi: 10.1016/j.socscimed.2024.116874

15. Agodirin O, Aremu I, Rahman G, Olatoke S, Olaogun J, Akande H, et al.
Determinants of delayed presentation and advanced-stage diagnosis of breast cancer in
africa: a systematic review and meta-analysis. Asian Pac J Cancer Prev. (2021) 22:1007–
17. doi: 10.31557/APJCP.2021.22.4.1007

16. Rweyemamu LP, Gultaslar BK, Akan G, Dharsee N, Namkinga LA, Lyantagaye
SL, et al. Breast cancer in east africa: prevalence and spectrum of germline snv/indel and
cnvs in brca1 and brca2 genes among breast cancer patients in Tanzania. Cancer Med.
(2023) 12:3395–409. doi: 10.1002/cam4.5091

17. Sun K, Lei L, Zheng R, Zhang S, Zeng H, Wang S, et al. Trends in incidence rates,
mortality rates, and age-period-cohort effects of female breast cancer - China 2013-
2017. China Cdc Wkly. (2023) 5:340–6. doi: 10.46234/ccdcw2023.065

18. Britt KL, Cuzick J, Phillips KA. Key steps for effective breast cancer prevention.
Nat Rev Cancer. (2020) 20:417–36. doi: 10.1038/s41568-020-0266-x

19. Yuan M, Zhu Y, Ren Y, Chen L, Dai X, Wang Y, et al. Global burden and
attributable risk factors of breast cancer in young women: historical trends from 1990
to 2019 and forecasts to 2030 by sociodemographic index regions and countries. J Glob
Health. (2024) 14:4142. doi: 10.7189/jogh.14.04142

20. Zhou X, Yu L, Wang L, Xiao J, Sun J, Zhou Y, et al. Alcohol consumption, blood
dna methylation and breast cancer: a mendelian randomisation study. Eur J Epidemiol.
(2022) 37:701–12. doi: 10.1007/s10654-022-00886-1

21. Anderson JJ, Darwis N, Mackay DF, Celis-Morales CA, Lyall DM, Sattar N, et al.
Red and processed meat consumption and breast cancer: uk biobank cohort study and
meta-analysis. Eur J Cancer. (2018) 90:73–82. doi: 10.1016/j.ejca.2017.11.022

22. Munafo M. What n&tr is doing to address racial equity. Nicotine Tob Res. (2023)
25:1623–4. doi: 10.1093/ntr/ntad123

23. Chera BS, Sheth SH, Patel SA, Goldin D, Douglas KE, Green RL, et al. Phase 1
trial of adavosertib (azd1775) in combination with concurrent radiation and cisplatin
for intermediate-risk and high-risk head and neck squamous cell carcinoma. Cancer.
(2021) 127:4447–54. doi: 10.1002/cncr.33789

24. Guan X, Li M, Ji X, Wang Y, Tian L. Confirming the efficacy and safety of cdk4/6
inhibitors in the first-line treatment of hr+ advanced breast cancer: a systematic review
and meta-analysis. Front Pharmacol. (2024) 15:1369420. doi: 10.3389/fphar.2024.1369420

25. Low JL, Lim E, Bharwani L, Wong A, Wong K, Ow S, et al. Real-world outcomes
from use of cdk4/6 inhibitors in the management of advanced/metastatic breast cancer
in asia. Ther Adv Med Oncol. (2022) 14:7415586. doi: 10.1177/17588359221139678

26. Zhu L, Wang M, Luo X, Li H, Shan H, Du Q, et al. Pharmacoeconomic
evaluations of cdk4/6 inhibitors plus endocrine therapy for advanced hormone
receptor-positive (hr+) and human epidermal growth factor receptor-2 negative
(her2-) breast cancer: a systematic review. Ann Transl Med. (2022) 10:233.
doi: 10.21037/atm-21-5110

27. Sausen DG, Shechter O, Gallo ES, Dahari H, Borenstein R. Herpes simplex virus,
human papillomavirus, and cervical cancer: overview, relationship, and treatment
implications. Cancers (Basel). (2023) 15. doi: 10.3390/cancers15143692

28. Lekoane K, Kuupiel D, Mashamba-Thompson TP, Ginindza TG. Evidence on
the prevalence, incidence, mortality and trends of human papilloma virus-associated
cancers in sub-saharan africa: systematic scoping review. BMC Cancer. (2019) 19:563.
doi: 10.1186/s12885-019-5781-3

29. Jaramillo L, Camussi E, Dotti M, Ferrante G, Segnan N, Castagno R, et al.
Euromed cancer network contributions to eliminating cervical cancer in low- and
middle-income mediterranean countries. East Mediterr Health J. (2023) 26:894–902.
doi: 10.26719/emhj.23.108

30. Ebrahimi N, Yousefi Z, Khosravi G, Malayeri FE, Golabi M, Askarzadeh M, et al.
Human papillomavirus vaccination in low- and middle-income countries: progression,
barriers, and future prospective. Front Immunol. (2023) 14:1150238. doi: 10.3389/
fimmu.2023.1150238
31. Luvian-Morales J, Gutierrez-Enriquez SO, Granados-Garcia V, Torres-Poveda

K. Risk factors for the development of cervical cancer: analysis of the evidence. Front
Oncol. (2024) 14:1378549. doi: 10.3389/fonc.2024.1378549

32. Jiang L,Ma S, Zhang G, Jiang L, Yan L. Analysis of tobacco exposures and high-risk
hpv infection in american women: national health and nutrition examination survey.
Environ Sci pollut Res Int. (2023) 30:110489–98. doi: 10.1007/s11356-023-30175-7
Frontiers in Oncology 13
33. Kjaer SK, Falkenthal T, Sundstrom K, Munk C, Sture T, Bautista O, et al. Long-
term effectiveness of the nine-valent human papillomavirus vaccine: interim results
after 12 years of follow-up in scandinavian women. Hum Vaccin Immunother. (2024)
20:2377903. doi: 10.1080/21645515.2024.2377903

34. Arbyn M, Smith SB, Temin S, Sultana F, Castle P. Detecting cervical precancer
and reaching underscreened women by using hpv testing on self samples: updated
meta-analyses. Bmj. (2018) 363:k4823. doi: 10.1136/bmj.k4823

35. Balan L, Cimpean AM, Nandarge PS, Sorop B, Balan C, Balica MA, et al. Clinical
outcomes and molecular predictors of pembrolizumab (keytruda) as a pd-1 immune
checkpoint inhibitor in advanced and metastatic cervical cancer: a systematic review
and meta-analysis. Biomedicines. (2024) 12. doi: 10.3390/biomedicines12051109

36. Brisson M, Kim JJ, Canfell K, Drolet M, Gingras G, Burger EA, et al. Impact of
hpv vaccination and cervical screening on cervical cancer elimination: a comparative
modelling analysis in 78 low-income and lower-middle-income countries. Lancet.
(2020) 395:575–90. doi: 10.1016/S0140-6736(20)30068-4

37. Spayne J, Hesketh T. Estimate of global human papillomavirus vaccination
coverage: analysis of country-level indicators. BMJ Open. (2021) 11:e52016.
doi: 10.1136/bmjopen-2021-052016

38. Mangieri L, Cezar-Dos-Santos F, Trugilo KP, Watanabe M, de Jaime CR,
Castilha EP, et al. Cross-sectional analysis of human papillomavirus infection and
cytological abnormalities in Brazilian women. Pathogens. (2023) 12. doi: 10.3390/
pathogens12010148

39. Cheng LY, Zhao JQ, Zou TT, Xu ZH, Lv Y. Cervical cancer burden and
attributable risk factors across different age and regions from 1990 to 2021 and
future burden prediction: results from the global burden of disease study 2021. Front
Oncol. (2025) 15:1541452. doi: 10.3389/fonc.2025.1541452

40. Riedinger CJ, Sakach J, Maples JM, Fulton J, Chippior J, O’Donnell B, et al.
Glucagon-like peptide-1 (glp-1) receptor agonists for weight management: a review for
the gynecologic oncologist. Gynecol Oncol. (2024) 190:1–10. doi: 10.1016/
j.ygyno.2024.07.008

41. Tang L, Bian C. Research progress in endometriosis-associated ovarian cancer.
Front Oncol. (2024) 14:1381244. doi: 10.3389/fonc.2024.1381244

42. Oubaddou Y, Ben AF, Oubaqui FE, Qmichou Z, Bakri Y, Ameziane EHR. The
tumor suppressor brca1/2, cancer susceptibility and genome instability in gynecological
and mammary cancers. Asian Pac J Cancer Prev. (2023) 24:3139–53. doi: 10.31557/
APJCP.2023.24.9.3139

43. Liu Y, Shi W, Mubarik S, Wang F. Assessment of secular trends of three major
gynecologic cancers burden and attributable risk factors from 1990 to 2019: an age
period cohort analysis. BMC Public Health. (2024) 24:1349. doi: 10.1186/s12889-024-
18858-3

44. Qian F, Rookus MA, Leslie G, Risch HA, Greene MH, Aalfs CM, et al. Mendelian
randomisation study of height and body mass index as modifiers of ovarian cancer risk
in 22,588 brca1 and brca2 mutation carriers. Br J Cancer. (2019) 121:180–92.
doi: 10.1038/s41416-019-0492-8

45. Xiang H, Wang L, Sun L, Xu S. The risk of ovarian cancer in hormone
replacement therapy users: a systematic review and meta-analysis. Front Endocrinol
(Lausanne). (2024) 15:1414968. doi: 10.3389/fendo.2024.1414968

46. Lim MC, Chang SJ, Park B, Yoo HJ, Yoo CW, Nam BH, et al. Survival after
hyperthermic intraperitoneal chemotherapy and primary or interval cytoreductive
surgery in ovarian cancer: a randomized clinical trial. JAMA Surg. (2022) 157:374–83.
doi: 10.1001/jamasurg.2022.0143

47. Ruiz FJ, Saiz PA, Garcia-Portilla MP, Gonzalez-Blanco L, Garcia-Alvarez L,
Madera PZ, et al. Does covid-19 psychological fatigue exist? Results of three online
cross-sectional studies conducted in Spain from april 2020 to march 2021. J Glob
Health. (2022) 12:5001. doi: 10.7189/jogh.12.05001

48. Biancolella M, Ouedraogo N, Zongo N, Zohoncon TM, Testa B, Rizzacasa B,
et al. Breast cancer in west africa: molecular analysis of brca genes in early-onset breast
cancer patients in Burkina Faso. Hum Genomics. (2021) 15:65. doi: 10.1186/s40246-
021-00365-w

49. Sha R, Kong XM, Li XY, Wang YB. Global burden of breast cancer and
attributable risk factors in 204 countries and territories, from 1990 to 2021: results
from the global burden of disease study 2021. biomark Res. (2024) 12:87. doi: 10.1186/
s40364-024-00631-8

50. McKinney SM, Sieniek M, Godbole V, Godwin J, Antropova N, Ashrafian H,
et al. International evaluation of an ai system for breast cancer screening. Nature.
(2020) 577:89–94. doi: 10.1038/s41586-019-1799-6

51. Ribeiro A, Correa F, Migowski A, Leal A, Martins S, Raiol T, et al. Rethinking
cervical cancer screening in Brazil post covid-19: a global opportunity to adopt higher
impact strategies. Cancer Prev Res (Phila). (2021) 14:919–26. doi: 10.1158/1940-
6207.CAPR-21-0110
frontiersin.org

https://doi.org/10.1023/a:1008953201688
https://doi.org/10.1038/s41568-024-00714-6
https://doi.org/10.1016/j.socscimed.2024.116874
https://doi.org/10.31557/APJCP.2021.22.4.1007
https://doi.org/10.1002/cam4.5091
https://doi.org/10.46234/ccdcw2023.065
https://doi.org/10.1038/s41568-020-0266-x
https://doi.org/10.7189/jogh.14.04142
https://doi.org/10.1007/s10654-022-00886-1
https://doi.org/10.1016/j.ejca.2017.11.022
https://doi.org/10.1093/ntr/ntad123
https://doi.org/10.1002/cncr.33789
https://doi.org/10.3389/fphar.2024.1369420
https://doi.org/10.1177/17588359221139678
https://doi.org/10.21037/atm-21-5110
https://doi.org/10.3390/cancers15143692
https://doi.org/10.1186/s12885-019-5781-3
https://doi.org/10.26719/emhj.23.108
https://doi.org/10.3389/fimmu.2023.1150238
https://doi.org/10.3389/fimmu.2023.1150238
https://doi.org/10.3389/fonc.2024.1378549
https://doi.org/10.1007/s11356-023-30175-7
https://doi.org/10.1080/21645515.2024.2377903
https://doi.org/10.1136/bmj.k4823
https://doi.org/10.3390/biomedicines12051109
https://doi.org/10.1016/S0140-6736(20)30068-4
https://doi.org/10.1136/bmjopen-2021-052016
https://doi.org/10.3390/pathogens12010148
https://doi.org/10.3390/pathogens12010148
https://doi.org/10.3389/fonc.2025.1541452
https://doi.org/10.1016/j.ygyno.2024.07.008
https://doi.org/10.1016/j.ygyno.2024.07.008
https://doi.org/10.3389/fonc.2024.1381244
https://doi.org/10.31557/APJCP.2023.24.9.3139
https://doi.org/10.31557/APJCP.2023.24.9.3139
https://doi.org/10.1186/s12889-024-18858-3
https://doi.org/10.1186/s12889-024-18858-3
https://doi.org/10.1038/s41416-019-0492-8
https://doi.org/10.3389/fendo.2024.1414968
https://doi.org/10.1001/jamasurg.2022.0143
https://doi.org/10.7189/jogh.12.05001
https://doi.org/10.1186/s40246-021-00365-w
https://doi.org/10.1186/s40246-021-00365-w
https://doi.org/10.1186/s40364-024-00631-8
https://doi.org/10.1186/s40364-024-00631-8
https://doi.org/10.1038/s41586-019-1799-6
https://doi.org/10.1158/1940-6207.CAPR-21-0110
https://doi.org/10.1158/1940-6207.CAPR-21-0110
https://doi.org/10.3389/fonc.2025.1633894
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Global burden of cancer in women, 1990–2021: a systematic analysis from the GBD 2021 study
	1 Introduction
	2 Methods
	2.1 Data acquisition
	2.2 Statistical analysis

	3 Results
	3.1 Global, regional, and national burden of overall female cancers
	3.2 Regional disparities in the burden of female cancers
	3.3 Burden of female cancers by SDI
	3.4 Attributable burden of female cancers caused by risk factors
	3.5 Attribution analysis of risk factors in different regions and ages of female tumors
	3.5.1 Breast cancer
	3.5.2 Cervical cancer
	3.5.3 Uterine cancer
	3.5.4 Ovarian cancer

	3.6 Projections of the future global burden of female cancers

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


