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Abstract

Background Female-specific cancers, particularly breast, cervical, ovarian, and uterine cancers, account for nearly
40% of all cancers in women. This study aimed to analyze the global epidemiological trends of these cancers from
1990 to 2021, offering insights into their evolving patterns and providing valuable information for health policymakers
to allocate healthcare resources more effectively.

Methods Data from the Global Burden of Disease Study 2021 (GBD 2021) were used to comprehensively assess the
global incidence, mortality, and disability-adjusted life years (DALYs) of female-specific cancers. Age-standardized rates
facilitated cross-regional comparisons, accounting for differences in population size and demographics. The socio-
demographic index (SDI) was employed to categorize regions and evaluate correlations between cancer burden and
economic level. In addition, risk factors attributable to female-specific cancer deaths and DALYs were assessed based
on the comparative risk assessment model of the GBD project.

Results From 1990 to 2021, the global burden of female-specific cancers increased at varying rates. In 2021, breast
cancer accounted for 2.08 million incident cases, 0.66 million deaths, and 20.25 million DALYs globally. In comparison,
cervical, ovarian, and uterine cancers had lower burdens, with 0.67 million, 0.30 million, and 0.47 million incident
cases, respectively. Age-standardized rates of breast, ovarian, and uterine cancers showed positive correlations with
SDI, while cervical cancer exhibited a negative correlation. Attributable risk factors for breast cancer-associated deaths
in 2021 included dietary risks, high body-mass index (BMI), high fasting plasma glucose, alcohol use, tobacco use,

and low physical activity. Additional risk factors were unsafe sex and tobacco use for cervical cancer, high BMI and
occupational risks for ovarian cancer, and high BMI for uterine cancer.
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Conclusions The burden of female-specific cancers has increased in recent decades, with significant demographic
and regional discrepancies. These findings highlight the urgent need for targeted public health interventions to

mitigate the global impact of these cancers.

Keywords Female-specific cancer, Breast cancer, Cervical cancer, Ovarian cancer, Uterine cancer, Socio-demographic

index, Cancer epidemiology

Background

According to the latest World Health Organization
(WHO) estimates, breast cancer is the most common
malignant tumor in women worldwide, accounting for
23.8% of new cases in 2022 [1]. Cervical cancer ranks
as the fourth most frequently diagnosed cancer among
women (6.8%), followed by uterine (4.3%) and ovarian
(3.4%) cancers [1]. Together, these four female-specific
cancers represent nearly 40% of all cancers affecting
women [1]. Notably, the epidemiological patterns of can-
cer incidence, mortality, and morbidity exhibit signifi-
cant geographical variations and temporal shifts [2, 3].
For instance, while breast cancer is the most commonly
diagnosed cancer among women in most countries [1],
cervical cancer surpasses breast cancer in incidence in
certain regions of sub-Saharan Africa, South America,
and South-Eastern Asia [1]. This is closely linked to the
high prevalence of human papillomavirus (HPV) infec-
tion and limited access to cervical cancer vaccination
and screening programs [1]. Thus, analyzing the epide-
miological characteristics of female-specific cancers is
critical to understanding their public health implications
across diverse populations.

In our previous work, we systematically analyzed the
epidemiological trends of these four female-specific can-
cers using the Global Burden of Disease 2019 (GBD 2019)
database [4]. The burden of all four cancers has increased
over the past three decades, with breast cancer being
the most prominent. Its high incidence and strong posi-
tive correlation with socioeconomic development have
posed substantial challenges to global cancer prevention
and treatment efforts [4]. In contrast, the incidence of
cervical cancer has been effectively controlled in many
regions, particularly in developed economies, due to the
widespread implementation of HPV vaccination pro-
grams and other preventive measures [4]. Nevertheless,
two years later, an updated analysis is necessary, espe-
cially considering the profound impact of the coronavi-
rus disease 2019 (COVID-19) pandemic on global public
health resources.

As the updated version of GBD 2019, GBD 2021 data-
base provides comprehensive epidemiological data on
371 diseases and 88 attributable risk factors across 204
countries and territories, spanning the years 1990 to 2021
[5-7]. In this study, we leveraged the latest GBD 2021
database to examine the global and regional epidemio-
logical trends of female-specific cancers. These findings

aim to provide a critical foundation for evaluating the
global and regional cancer burdens and supporting poli-
cymakers in designing targeted public health interven-
tions that address the specific needs of their populations.

Methods

Data acquisition

GBD 2021 is a comprehensive epidemiological study
providing data on 371 diseases and injuries worldwide.
Its extensive data sources include vital registration sys-
tems, epidemiological surveys, disease surveillance sys-
tems, cancer registries, police records, and open-source
databases. Detailed methodologies for data collection
and processing have been described in previous publica-
tions [8, 9]. Downstream data analysis is performed using
advanced statistical models such as meta-regression-
Bayesian, regularized, trimmed (MR-BRT), DisMod-MR
2.1, and spatiotemporal Gaussian process regression (ST-
GPR). All disease terms were standardized using Inter-
national Classification of Diseases (ICD) codes to ensure
accuracy and comparability. The project adheres to the
Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER).

This study utilized data from the GBD 2021 database,
including the number of incident cases, deaths, and dis-
ability-adjusted life years (DALYs) for breast, cervical,
ovarian, and uterine cancers from 1990 to 2021, along
with their corresponding age-standardized rates (ASRs).
These metrics were extracted via the GBD visualization
platform  (https://vizhub.healthdata.org/gbd-results/).
ICD codes for female-specific cancers are listed in Sup-
plementary Table S1.

Moreover, to assess the level of development across
regions, the socio-demographic index (SDI) was
employed, with values ranging from 0 to 1. This param-
eter was calculated as the geometric mean of three key
indicators: fertility rate, mean years of education, and
per capita income. Based on the SDI values, countries
and territories were categorized into five distinct groups:
low, low-middle, middle, high-middle, and high SDL
These classifications were sourced from the Institute for
Health Metrics and Evaluation, covering the period of
1990-2021.

Disease-attributable risk factors
The GBD 2021 database provides a comprehensive eval-
uation of the impact of risk factor exposure on specific
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health outcomes [10]. This analysis covers 88 risk fac-
tors categorized into four hierarchical levels. At Level 1,
risk factors are grouped into environmental and occu-
pational, behavioral, and metabolic categories. Level 2
further subdivides these into 20 specific factors, with
additional granularity provided at Levels 3 and 4. For this
study, Level 2 risk factors associated with female-specific
cancers were summarized as follows: (1) Breast cancer:
dietary risks, high alcohol use, high body-mass index
(BMI), high fasting plasma glucose, low physical activ-
ity, and tobacco; (2) Cervical cancer: tobacco and unsafe
sex; (3) Ovarian cancer: high BMI and occupational
risks; (4) Uterine cancer: high BMIL.

The GBD 2021 database employs advanced statistical
models to estimate exposure levels, relative risks, popula-
tion attributable fractions (PAFs), and disease burden in
terms of DALYs and deaths. To address interdependence
among risk factors, mediation effects are accounted for to
prevent the overestimation of PAFs. This ensures accu-
rate attribution of disease burdens to individual and com-
bined risk factors.

Statistical analysis

Annual incident cases, deaths, and DALYs were analyzed
to assess the burden of female-specific cancers. ASRs
were used to account for differences in age distribu-
tion and population size, enabling meaningful compari-
sons over time and across regions. To evaluate temporal
trends, the estimated annual percentage change (EAPC)
of ASRs, including age-standardized incidence rate
(ASIR), death rate (ASDR), and DALY rate (ASDALYR)
per 100,000 female population, was calculated. The
formula Y=aX+p was used, where Y represents the
Logl0(ASR) value, and X denotes the calendar year. EAPC
values were derived from the formula EAPC= 100 x (10%-
1). Positive EAPC values with 95% confidence intervals
(ClIs) above zero indicated increasing trends, while nega-
tive values signified decreases [11, 12]. Statistical analy-
ses were conducted using R software (version 4.4.0), with
data visualization performed via the ggplot2 package.
A two-tailed P-value<0.05 was considered statistically
significant.

Results

Breast cancer burden

Over the past three decades, breast cancer has consis-
tently been the female-specific cancer with the high-
est global burden in terms of incidence, mortality, and
DALYs (Fig. 1a). Between 1990 and 2021, global incident
cases rose from 0.87 million to 2.08 million, with the
ASIR increasing from 39.99 to 46.40 (EAPC=0.40). The
highest incidence and ASIR were observed in high SDI
countries (Fig. 1b). East Asia reported the largest num-
ber of incident cases in 2021, totaling 401,076 (Table 1).
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However, high-income North America had the highest
ASIR at 94.93, nearly double the global average. Nation-
ally, China recorded the highest number of new cases
(385,838), followed by the United States (269,012) and
India (156,160) (Fig. 2a), collectively accounting for
nearly 40% of global incident cases.

Between 1990 and 2021, breast cancer-related deaths
increased from 350,577 to 660,925, although the ASDR
declined from 16.60 to 14.55 (EAPC = -0.55) (Table 2).
Middle SDI countries recorded the highest number of
deaths in 2021 (181,470), surpassing high SDI coun-
tries, while low SDI countries had the highest ASDR at
16.00. Significant geographical disparities were observed
across the 21 global regions. South Asia reported the
highest number of deaths (105,497), while southern sub-
Saharan Africa had the highest ASDR at 24.93. Nation-
ally, China (88,107), India (78,879), and the United States
(52,869) (Fig. 2b) accounted for approximately 33% of
global breast cancer deaths. Interestingly, Palau and the
United Arab Emirates had the highest ASDRs globally,
while Western European countries and the United States,
despite high incidence rates, reported relatively lower
ASDRs (Fig. Sla-1b).

DALY trends mirrored those of mortality. In 2021,
global DALYs for breast cancer reached 20.25 million,
with an ASDALYR of 455.56. Middle SDI countries
recorded the highest DALYs (6.04 million), whereas low
SDI regions had the highest ASDALYR (488.24). South
Asia contributed 3.71 million DALYs, while southern
sub-Saharan Africa had the highest ASDALYR at 728.94
(Table 3). Nationally, China, India, and the United States
had the highest DALYs (Fig. 2c). Notably, American
Samoa recorded the highest ASDALYR worldwide in
2021 (Fig. Slc).

Cervical cancer

Among the four female-specific cancers, cervical cancer
ranks second in global cancer burden after breast cancer.
The total incidence of cervical cancer remains substan-
tial and continues to grow slowly, reaching 0.67 million
cases in 2021. However, when accounting for popula-
tion size and structure, its ASIR has shown a declining
trend, decreasing from 18.11 in 1990 to 15.32 in 2021
(EAPC = -0.54) (Table 4). Stratified by SDI region, mid-
dle SDI areas recorded the highest incidence, while low
SDI regions had the highest ASIR. Geographically, East
Asia reported the largest number of incident cases in
2021, totaling 137,864, while southern sub-Saharan
Africa had the highest ASIR at 42.40, nearly three times
the global average. At the national level, China, India,
and the United States accounted for the highest num-
ber of cervical cancer cases globally in 2021, reporting
132,788, 112,103, and 27,262 cases, respectively (Fig. 3a).
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Region

Global

High SDI

High-middle SDI

Middle SDI

Low-middle SDI

Low SDI

Region

Global

High SDI

High-middle SDI

Middle SDI

Low-middle SDI

Low SDI

Fig. 1 Global and regional trends in female cancer incidences, deaths, and disability-adjusted life years (DALYs). a. The absolute numbers for incidences,
deaths, and DALYs across different socio-demographic index (SDI) regions and globally were displayed. b. displays the age-standardized incidence rates
(ASIRs), age-standardized death rates (ASDRs), and age-standardized DALY rates (ASDALYR), showcasing the varying trends by SDI regions
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Table 1 The incidence of breast cancer in 1990 and 2021
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Region 1990 incident cases 1990 ASIR (95% Cl) 2021 incident cases 2021 ASIR(95% Cl)  1990-2021 EAPC
(x1000, 95% Cl) (%1000, 95% Cl) (95% CI)

Global 865.88 39.99 (38.01~41.60) 2082.74 4640 (43.26~49.56) 0399 (0.348~0.451)
(824.34~900.79) (1940.35~2225.08)

SDI

High SDI 456.07 79.28 (76.17~80.97) 724.29 (661.77~75643) 77.08(71.83~79.93) -0.12(-0.247 ~0.008)
(434.96 ~ 466.93)

High-middle SDI 212,69 38.85(36.86~40.71) 50649 (457.36~565.10)  51.05 (46.06~57.18)  0.816 (0.747 ~0.884)
(201.93~222.71)

Middle SDI 123.71 20.55 (1891 ~22.56) 539.06 (484.45~597.13) 37.16(33.42~41.13) 1.822 (1.768~1.876)
(113.64~136.09)

Low-middle SDI 5222 (46.89~59.10) 1472 (13.21~16.62) 23545 (212.86~257.15) 2829 (25.52~30.93)  2.126 (2.078~2.174)

Low SDI 20.12 (17.07 ~23.65) 15.59(13.28~18.15) 7529 (66.49~84.81) 24.09 (21.34~26.87) 1.367 (1.219~1.516)

Geographic region

Andean Latin America 2.34(2.01~2.72) 19.81 (16.98~22.94) 10.81 (8.46~13.76) 33.61(26.29~42.87) 1.512(1.354~1.671)

Australasia 9.82(9.29~10.35) 82.12(78.10~86.35) 19.63(17.43~21.87) 80.89 (72.46~90.05)  -0.082 (-0.27~0.107)

Caribbean 6.03 (5.64~6.45) 4347 (40.67 ~46.46) 15.00(12.74~17.18) 53.78 (45.62~61.72)  0.773 (0.683 ~0.864)

Central Asia 9.82(9.24~10.31) 3539(3331~37.23) 1536(13.71~17.20) 3097 (27.75~34.61) -0.19

(-0.263~-0.116)

Central Europe 36.08 (34.60~37.57) 4540 (43.55~47.26) 64.59 (59.37 ~69.90) 61.24 (56.41~66.53)  0.905 (0.752~1.058)

Central Latin America 14.97 (14.51 ~ 15.40) 29.84 (28.87~30.67) 76.89 (66.94~86.94) 55.03 (47.96~62.21) 1.778 (1.669~ 1 887)

Central Sub-Saharan Africa 243(1.71~3.32) 1746 (12.63~23.16) 9.87(7.33~12.94) 27.13(20.26~3541) 1487 (1.255~1.72)

East Asia 88.62 (72.20~107.16) 1792 (1467 ~21.59) 401.08 (311.44~503.57) 2(28.82~46.70) 2349 (2.267~2 432)

Eastern Europe 64.43 (6241 ~6633)  40.65(39.36~41.83) 100.23(90.10~111.44) 52.53(47.15~5860) 0489 (O 36~0.618)

Eastern Sub-Saharan Africa 847 (6.94~10.26) 19.35(16.07~23.18) 32.05 (26.93~ 38.66) 29.33(25.14~34.59) 1.269 (1.1 1.41)

High-income Asia Pacific 31.23(29.58~32.78) 28.83(27.31~30.19) 96.69 (84.85~104.79) 55.62 (50.49~5945) 2222 (1.976~2.468)

High-income North America  219.84 121.98 29445 (271.12~308.29) 9493 (89.02~9893)  -0.971
(208.81~226.43) (116.68~125.23) (-1.072~-0.87)

North Africa and Middle East

16.28 (14.53~18.62)

16.37 (14.69~18.53)

12698 (113.31~143.15)
1.57 (1.28~1.96)

205.36 (179.41 ~235.44)
138.06 (115.12~167.27)

22.70(20.87~24.51)
15.04 (13.50~16.66)

4835 (43.13~54.48
33.39(27.74~40.88
24.62 (21.52~28.32

50.25 (46.22~54.26
4212 (37.89~46.56

4.041 (3.802~4.281)
0.22 (0.093 ~0.348)
1.971 (1.806~2.137)
1.84 (1.768~1.912)
0.186 (0.036~0.336)
221(1.978~2.443)

Oceania 0.54 (0.43~0.68) 29.90 (23.80~37.16)
South Asia 43.74 (38.84~49.29) 1(11.57~14.78)
Southeast Asia 3237 (27.34~3892) 20.30(17.19~24.16)
Southern Latin America 12.04 (11.36~12.66) 4793 (45.22~50.36)
Southern Sub-Saharan Africa  4.22 (3.53~4.91) 3(20.85~29. 48)
Tropical Latin America 16.18 (15.57~16.79)  29.98 (28.74~31.15)
Western Europe 236.44 83.23 (79.75~8541)
(225.09~243.38)
Western Sub-Saharan Africa  9.99 (8.13~11.90) 2128 (17.42~25.23)

61.67 (57.71 ~65.33)
331.71(299.15~352.01)

43.87 (41.05~46.50
81.81

0.948 (0.842~1.054)

( )
( )
( )
36.15 (30.20~43.68)
( )
( )
( )
( 1) -002(-0215~0.175)

76.45~86.1

43.02(32.32~56.63) 3459 (2692~4438) 1643 (1519~1.767)

Annotations ASIR: Age-standardized incidence rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

Conversely, the highest ASIRs were observed in Kiribati
and Lesotho (Fig. S2a).

The number of deaths from cervical cancer increased
from 211,484 in 1990 to 296,667 in 2021, while the ASDR
declined from 9.68 to 6.62 (EAPC = -1.27) (Table 5). Mid-
dle SDI regions reported the highest number of deaths,
whereas low SDI regions consistently exhibited the
highest ASDR over the past three decades. Geographi-
cally, South Asia recorded the largest number of cervical
cancer deaths in 2021, while central sub-Saharan Africa
reported the highest ASDR worldwide. At the national
level, China, India, and Brazil had the highest cervical
cancer mortality in 2021, with 49,841, 60,041, and 11,248
deaths, respectively (Fig. 3b). Conversely, Kiribati and
Lesotho reported the highest ASDRs globally (Fig. S2b).

The trends in cervical cancer DALYs closely mir-
rored those of cervical cancer mortality. Globally, cervi-
cal cancer DALYs increased from 7.42 million in 1990
to 9.91 million in 2021, while the ASDALYR declined
from 330.11 to 226.28 (EAPC = -1.27) (Table 6). Low SDI
regions consistently exhibited the highest ASDALYR.
Geographically, South Asia recorded the highest total
DALYs in 2021, while southern sub-Saharan Africa,
including countries like Lesotho, reported the highest
ASDALYR (Fig. S2c). Notably, southern sub-Saharan
Africa remains the only region where cervical cancer
ASIR, ASDR, and ASDALYR are still rapidly increasing.
At the national level, China, India, and Brazil had the
highest cervical cancer DALYs in 2021, with 1.55 mil-
lion, 2.06 million, and 0.38 million DALYs, respectively
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breast cancer mortality. ¢. The breast cancer DALYs



Li et al. Journal of Hematology & Oncology

(2025) 18:5

Table 2 The death of breast cancer in 1990 and 2021
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Central Latin America

5.61(544~575)

1218 (11.75~12.52

19.33 (16.88~21.78)

14.06 (12.28~15.82

0.354 (0.238~047)

Region 1990 Death cases 1990 ASDR (95% CI) 2021 Death cases 2021 ASDR (95% CI) 1990-2021 EAPC
(%1000, 95% Cl) (x1000, 95% Cl) (95% CI)
Global 350.58 16.60 (15.60~17.45)  660.93 (609.17~707.18)  14.55(1345~1556)  -0.55 (-0.604~-0.495)
(330.51~36843)
SDI
High SDI 143.89 2363 (2246~2431) 17146 (15134~182.07) 1544 (14.01~1621)  -1459 (-1.502~-1.416)
(135.64~148.57)
High-middle SDI 03.26(88.19~97.89) 17.10(16.11~17.96) 14594 (132.53~158.86) 13.87 (1263~15.13)  -0.863 (-0.97~-0.756)
Middle SDI 64,52 (59.30~71.14) 1144(1053~1251) 18147 (163.85~201.76) 1268 (11.44~14.10) 0.18(0.12~0.24)
Low-middle SDI 33,67 (29.97~38.29) 10.09 (894~1141) 115.82(103.99~127.35) 14.59 (1307~1604) 1.2(1.15~1.249)
Low SDI 1474 (12.51~17.32) 1222(1048~14.13) 4542 (40.17~50.79) 16.00 (14.15~17.91)  0.846 (0.721~0.971)
Geographic region
Andean Latin America 137 (1.17~1.59) 12.18(1037~14.16)  4.07 (3.22~5.15) 1291 (10.20~16.33)  -0.038 (-0.167~0.091)
Australasia 3.26 (3.06 ~345) 2639 (24.87~27.88) 4.32(3.70~4.88) 1553 (13.68~17.26)  -1.786 (-1.849~-1.723)
Caribbean 261 (240~2.85) 19.39(17.88~21.12) 559 (4.72~6.57) 19.62 (16.51~23.09)  0.154 (0.085~0.223)
Central Asia 5.16 (486 ~5.43) 1865 (17.57~19.61)  6.61(591~7.37) 1383 (1241~1537) -0.715(-0.811~-0.62)
Central Europe 1749 (16.76~18.24) 2146 (2056~2240) 24.87 (22.63~26.98) 20.26 (1854~2198)  -0.355 (-0.453~-0.256)
( ) ( )
) )

Central Sub-Saharan Africa
East Asia

Eastern Europe

Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America
North Africa and Middle East
Oceania

South Asia

Southeast Asia

Southern Latin
America

Southern Sub-Saharan Africa
Tropical Latin America
Western Europe

Western Sub-Saharan Africa

1.82(1.29~247)
4212 (34.52~51.05)
29.62 (28.66~30.48)
6.31(5.17~7.68)
777 (741~8.01)
53.61(50.17~55.61)
6.77 (6.06~7.73)
0.32(0.25~0.40)
29.53 (26.08~33.36)
20.12 (16.81 ~24.44)
7.09 (6.68~7.43)

269(2.23~3.17)
845 (8.10~8.76)
91.46 (85.68~94.79)
740 (6.08~8.74)

14.02 (10.28~18.25
9.00(7.42~10.82)
17.89 (17.33~18.40)
15.61(1295~18.71)
7.09(6.76~7.31)
28.07 (26.51~28.97)
7.35(6.61~8.30)
19.69 (15.69~24.68)
941 (821~10.65)
1341 (11.24~16.12)
28.14 (2648 ~29.46)

17.06 (13.98~20.16)
16.64 (15.83~17.33)
29.11 (27.58~29.98)
16.63 (13.72~19.51)

6.20 (4.59~8.21)
92.96 (73.23~115.38)
35.83(31.99~40.50)
19.59 (16.71 ~23.39)
20.09 (16.72~22.02)
5894 (52.68~62.51)
29.52 (26.06~33.51)
0.95(0.78~1.18)
105.50 (92.01~121.29)
65.44 (54.27 ~79.83)
9.96 (8.96~10.83)

841 (7.61~9.30)
23.99 (22.18~2549)
92.83 (79.70~100.09)
25.93(20.17~33.02)

18.73 (14.12~24.76
8.38 (6.59~10.40)

17.37 (1549~19.72)
20.18(17.52~23.63)
9.26 (8.26~9.86)

17.02 (15.54~17.93)
12.20(10.79~13.79)
2222 (1844~2697)
13.24(11.54~15.28)
17.72 (14.76~21.52)
20.59 (18.69~22.27)
24.93 (22.64~27 46)
16.96 (15. 70~1802)
18.01 (16.15~19.11)
23.07 (18.69N28,77)

1.002 (0.824~1.18)
-0.541 (-0.672~-0411)
-0.551 (-0.789~-0.312)
0.781 (0.669~0.893)
0.867 (0.722~1.012)
-1.742 (-1.803~-1.68)
2.113(1.888~2.337)
0414 (0336~ 0491)
1.019(0.89~1.148)
0.855(0.777~0.933)
-0.943 (-1.065~-0.821)

1 673( 439~1.907)

1

27 (-0.193~-0.062)
615( 664~-1.565)
1.126 (1.03~1.222)

Annotations ASDR: Age-standardized death rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

(Fig. 3c). Kiribati and Lesotho continued to sustain the
highest ASDALYRs worldwide in 2021 (Fig. S2c).

Ovarian cancer

From 1990 to 2021, the global incidence of ovarian cancer
increased from 159,096 to 298,876 cases, while the ASIR
declined from 7.22 to 6.71 (EAPC = -0.38) (Table 7). Mid-
dle SDI regions experienced rapid growth in ovarian can-
cer incident cases, surpassing high SDI regions in 2021
to rank first in total incident cases. However, high SDI
regions continued to report the highest ASIR for ovar-
ian cancer. Regionally, South Asia recorded the largest
number of cases (49,664) in 2021, while Central Europe
reported the highest ASIR at 10.80. Nationally, China
accounted for the highest number of new ovarian cancer
cases in 2021 (41,236), followed by India (36,777) and the
United States (25,213) (Fig. 4a). Collectively, these three
countries represented approximately 35% of global new

cases. The highest ASIRs were observed in the United
Arab Emirates and Seychelles (Fig. S3a).

In the past 32 years, ovarian cancer-related deaths
increased from 100,584 to 185,609, while the ASDR
declined from 4.73 to 4.06 (EAPC = -0.62) (Table 8).
Mortality increased across all SDI regions, with high
SDI regions reporting both the highest number of deaths
and the highest ASDR in 2021. Among the 21 global
regions, South Asia recorded the largest number of ovar-
ian cancer deaths (30,585), while Central Europe had the
highest ASDR at 7.40. Nationally, China led in ovarian
cancer deaths (25,144), followed by India (23,219) and
the United States (17,229) (Fig. 4b). The United Arab
Emirates exhibited the highest ASDR globally (Fig. S3b).

Ovarian cancer DALYs followed a similar trend,
increasing steadily from 1990 to 2021, while the
ASDALYR declined (EAPC = -0.59) (Table 9). In 2021,
global DALYs reached 5.16 million, with an ASDALYR
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Table 3 The DALY of breast cancer in 1990 and 2021
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Region 1990 DALY (x1000, 1990 ASDALYR (95% 2021 DALY (x1000, 2021 ASDALYR (95% 1990-2021 EAPC
95% Cl) Cl) 95% Cl) Cl) (95% CI)

Global 11036.40 503.81(47591~532.23) 20254.80 455.56 (426.64~48530) -0459 (-0.518~-0.4)
(10434.96~11671.32) (18963.38~21574.43)

SDI

High SDI 4035.88 718,69 (692.65~744.01) 4323.11 467.07 (437.15~493.59) -1.472(-1.51~-1433)
(3869.69~4187.23) (3982.60 ~4606.05)

High-middle SDI 2926.00 535.73 (504.24~565.74)  4190.12 42481 (387.63~47197) -0.955
(2755.03~3087.07) (383041 ~4646.70) (-1.047~-0.863)

Middle SDI 2302.01 371.04 (339.73~409.18)  6040.96 415.76 (375.54~461.93) 0.279(0.15
(2103.23 ~2548.04) (5448.28~6714.09) ~0.279)

Low-middle SDI 1233.45 331.98 (296.62~377.97) 4061.11 478.06 (430.12~525.81)  1.173 (1.121 ~1.225)
(1099.56 ~ 1403.56) (3659.39~4465.15)

Low SDI 523.81(441.49~620.57)  380.05(32242~44789) 1616.94 488.24 (43145~54792) 0.755(0.634~0.877)

Geographic region
Andean Latin
America
Australasia
Caribbean

Central Asia

Central Europe

Central Latin
America

Central Sub-Saha-
ran Africa

East Asia
Eastern Europe

Eastern Sub-Saha-
ran Africa
High-income Asia
Pacific
High-income
North America

North Africa and
Middle East

Oceania
South Asia

Southeast Asia

Southern Latin
America
Southern Sub-
Saharan Africa
Tropical Latin
America
Western Europe

Western Sub-
Saharan Africa

46.51 (3941 ~54.21)

9452 (89.35~99.61)
82.57 (75.14~91.47)
172.58 (163.12~181.55)

516.68 (494.99 ~ 540.07)
194.72 (189.32~200.53)
64.41 (45.51~88.03)
1530.66
(1238.54~1864.75)
932.67 (901.49~962.96)
22437 (181.24~276.57)
282.74 (270.99 ~295.99)
1547.48
(1473.48~1618.77)
25197 (222.75~291.04)
12.27 (944~ 15.49)
1106.16

(979.67 ~ 1249.65)
733.10 (608.73 ~890.82)
203.06 (192.93 ~212.46)
89.79 (75.79~104.17)
282.85(272.84~292.58)
242471

(2323.87~2512.02)
242.56 (197.20~291.10)

379.97 (323.46 ~444.09)

808.55 (765.86~850.99)
587.75 (535.83~650.32)
618.67 (584.14~651.16)

654.18 (626.93 ~682.96)

377.85 (367.03 ~389.50)

429.94 (309.02~578.03)

302.75 (246.16~367.91)

599.00 (580.01~618.67)

471.25 (385.61~575.62)

262.83 (251.76~275.13)

885.64 (846.87 ~923.17)

247.17 (220.16~284.18)

639.30 (503.35~808.25)
31491 (278.56~355.58)

445.55 (370.50 ~ 540.44)

813.73 (772.98~851.79)

515.08 (429.93 ~600.45)

508.71 (489.88 ~527.42)

874.68 (842.50~905.23)

49261 (402.68 ~586.39)

(141447 ~1832.52)

128.30(101.49~161.61)

112.26 (100.17 ~125.18)
164.24 (137.00~194.97)
218.12 (193.87 ~245.24)

601.49 (554.53 ~650.98)

631.82 (546.30~712.82)

220.89 (162.60 ~290.79)

307742
(2410.86~3867.30)
982.06 (875.90~1114.90)

696.92 (580.91~850.82)

539.25 (480.46~585.17)

1556.04
(1449.56 ~1659.97)

1066.15
(928.28~1226.83)

36.05 (29.02~45.91)

371090
(3235.64 ~4263.86)

22317
(1841.70~2734.84)

260.52 (239.74~280.14)
267.24 (238.40 ~298.69)
747.27 (700.61~785.92)
2124.40

(1917.42~2287.18)
882.28 (663.00~1145.79)

396.61 (313.90~498.23)

46724 (421.83~517.78)
595.42 (495.22~709.33)
435.31(387.95~487.61)

568.54 (521.85~618.20)

451.67 (390.99~509.57)

570.70 (422.23 ~755.79)

286.25 (223.86~360.41)

528.83 (468.97 ~603.45)

592.34 (503.90~706.84)

320.10 (294.49~344.12)

515.66 (484.07 ~546.49)

396.09 (347.10~453.96)

722.36 (592.29~892.63)
436.69 (380.59~501.46)

577.98 (476.91 ~706.99)

584.98 (538.52 ~628.69)

728.94 (653.43~810.05)

532.52 (499.38 ~559.90)

519.33 (479.72 ~554.46)

668.25 (516.54 ~854.90)

-0.09 (-0.218~-0.09)

-1.857 (-1.91~-1.804)
0.138 (0.08~0.196)

-0.995
(-1.089~-0.901)
-0.598
(-0.697~-0.499)
0436 (0.326~0.546)

0.981(0.799~1.162)

-0458
(-0.572~-0.343)

-0.901
(-1.134~-0.667)

0.645 (0.528
~0.762)

0.616 (0.449
~0.783)

-1.86 (-1.923~-1.797)

1.923 (1.723~2.124)

0.406 (0.325~0.487)
0.964 (0.833 ~1.096)

0.79(0.713~0.867)

-1.012
(-1.103~-0.922)

1.704 (1.419~1.989)

-0.087
(-0.157~-0.017)

-1.742
(-1.796~-1.689)

1.045 (0938 ~1.151)

Annotations DALY: disability-adjusted life-year; ASDALYR: age-standardized disability-adjusted life-year rate (per 100,000 females); EAPC: Estimated annual

percentage change; SDI: Socio-demographic index
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Table 4 The incidence of cervical cancerin 1990 and 2021
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Region 1990 incident 1990 ASIR (95% CI) 2021 incident cases 2021 ASIR(95% Cl)  1990-2021 EAPC
cases (x1000, 95% (x1000, 95% ClI) (95% CI)
Cl)
Global 409.55 18.11(1694~1940) 66743 (613.03~72642) 1532(1408~16.68) -0.536 (-0.636~-0.436)
(383.21~43851)
SDI
High SDI 87.38 (84.82~8925) 1643 (1604~1677) 7801 (73.68~81.04) 1030(9.91~1066)  -1411(-1571~-1.25)
High-middle SDI 7363 (6869~7872) 1337(1247~1429)  120.15(103.65~137.73) 1327 (11.44~15.16)  0.206 (0.113~0.3)
Middle SDI 114.37 1809 (1667 ~19.56)  228.24 (204.62~25421) 1594 (1430~17.75)  -0.469 (-0.544~-0.395)
(105.12~123.88)
Low-middle SDI 84.75(73.56~9734) 2248(1949~2579) 15272(136.72~169.31) 17.79(1594~19.70)  -0.784 (-0.932~-0.635)
Low SDI 4887 (41.63~59.34) 3434(29.27~4162) 87.63(73.98~103.87) 2547 (2157~30.12)  -1.169 (-1.29~-1.048)
Geographic region
Andean Latin America 5 (3.64~4.66) 33.19(29.05~3734)  9.76 (7.48~12.36) 29.79(22.83~37.66)  -0.646 (-0.819~-0.472)
Australasia 200(1 86~2.18) 17. W8(1598~1867) 75(1.58~1.92) 851 (7.66~9.35) -1.923 (-2.188~-1.657)
Caribbean 464 (4.19~5.20) 31.51(2852~3521)  7.38(6.19~871) 27.58(23.09~3263)  -0449 (-0.527~-0.371)
Central Asia 5.17 (495~542) 1821(1743~19.11)  7.18(6.27~8.08) 7(1238~1592) -0.445 (-0.614~-0.276)
Central Europe 16.32(1559~17.02) 21.66 (20.68~22.61) 14.20 (12.93~15.55) 1593 (1445~17.53)  -1.1(-1.321~-0.879)
Central Latin America 2243 (21.86~23.00) 85 (40.60~42.84)  40.34 (34.55~46.25) 28.89(24.76~33.10)0  -1.581 (-1.766~-1.396)
Central Sub-Saharan Africa 6.10 (4.56~7.96) 39.39(29.59~51.35) 15.33 (10.59~20.55) 38.00(26.28~50.98)  -0.167 (-0.197~-0.137)
East Asia 61.91 (5041~76.00) 12.16 (9.94~14.88) 137.86 (101.14~177.75) 1340 (9.86~17.38) 0.727 (0.557 ~0.898)
Eastern Europe 2350 (22.66~24.26) 1494 (1442~1545)  25.34(22.88~27.76) 1649 (1480~18.10)  0.309(0.187~0.431)
Eastern Sub-Saharan Africa 2264 (1882~2748) 4569 (37 95~5548)  41.37(33.12~52.88) 3345 (27.17~42. 12) -1.343 (-1.47~-1.217)
High-income Asia Pacific 12.72(1201~13.52) 1.85(11.18~1258)  15.58(14.04~16.88) 03(10.25~11.95)  0.021 (-0.091 ~0.134)
High-income North America  32.70 (31.77~33.48) 19.65 (19 1~20.10) 3042 (29.10~31.62) 12,69 (12.19~13. 22) 1339 (-1.558~-1.12)
North Africa and Middle East ~ 6.24 (546~7.54) 598 (5 25~7.24) 1291 (11.01~15.18) 472 (4.04~5.50) -0.732 (-0.779~-0.685)
Oceania 067 (0.51~0.93) 7(26.78~47.56)  1.37(1.07~2.02) 2731 (2147~3968)  -0.802 (-0.867~-0.738)
South Asia 83.51(69.58~96.97) 23.70(19.53~27.50) 13248 (11454~151.29) 1554 (13.47~17.71) 1476 (-1.808~-1.142)
Southeast Asia 30.36 (26.33~34.80) 18.06 (15.61~20.64) 5802 (49.19~67.75) 7(1291~17.65)  -0.777 (-0.888~-0.665)
Southern Latin America 6.03 (5.64~6.41) 2443 (22.84~2599) 930(857~10.07) 22.80(21.07~24.73)  -0.218(-0.385~-0.052)
Southern Sub-Saharan Africa  5.53 (4.62 ~6.83) 29.89 (25.13~37.34) 16.25 (14.19~1842) 4240 (37.16~47. 85) 1.895 (1.387 ~2.405)
Tropical Latin America 13.35(12.84~13.86) 23.08(22.14~2396) 27.82(26.28~29.20) 20.27 (19.1 27)  -0.846 (-1.021~-0.672)
Western Europe 3562 (3439~36.71) 14.25(13.83~14.66)  27.92 (26.00~29.39) 8.71 (825 ~9.1 1) 1271 (-1.488~-1.053)
Western Sub-Saharan Africa 13.97 (1142~17.09) 2620 (2140~31.65) 34.84(26.67~42.61) 24.11(1893~29.10)  -0.243 (-0.284~-0.202)

Annotations ASIR: Age-standardized incidence rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

of 115.15. Population in middle SDI regions sustained
the most DALYs in 2021 at 1.42 million, whereas high
SDI regions maintained the highest ASDALYR despite a
declining trend (EAPC = -1.48). Regionally, South Asia
reported the highest number of DALYs (960,208), while
Central Europe recorded the highest ASDALYR. Nation-
ally, China had the highest ovarian cancer DALYs in
2021 (750,549), followed by India and the United States
(Fig. 4c). The United Arab Emirates continued to report
the highest ASDALYR globally (Fig. S3c).

Uterine cancer

Uterine cancer is the fastest-growing female-specific can-
cer, with the number of cases rising from 191,291 in 1990
to 473,614 in 2021. Correspondingly, the ASIR increased
from 8.87 to 10.36 during this period (EAPC=0.54)
(Table 10). High SDI regions reported both the high-
est number of cases and the highest ASIR, with rates

continuing to rise significantly (EAPC =1.36). Geographi-
cally, high-income North America recorded the largest
number of cases in 2021, totaling 103,521, and the high-
est ASIR at 31.78. Nationally, the United States reported
the highest number of new cases in 2021 (96,331), fol-
lowed by China (72,019) and Russia (46,639) (Fig. 5a).
Collectively, these three countries accounted for approxi-
mately 45% of global new cases. The highest ASIRs were
observed in the United Arab Emirates and Russia (Fig.
S4a).

Between 1990 and 2021, global deaths from uter-
ine cancer increased from 54,849 to 97,672, while
the ASDR declined from 2.60 to 2.11 (EAPC = -0.78)
(Table 11). Mortality increased across all SDI regions,
with high SDI regions reporting both the highest num-
ber of deaths (31,632) and the highest ASDR. In 2021, the
East Asia region recorded the largest number of deaths
globally, totaling 14,233, while the Caribbean had the
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Fig. 3 Global distribution of cervical cancer incidences, deaths, and disability-adjusted life years (DALYs) in 2021. a. The cervical cancer incidences. b. The
cervical cancer mortality. ¢. The cervical cancer DALYs



Li et al. Journal of Hematology & Oncology (2025) 18:5

Table 5 The death of cervical cancerin 1990 and 2021
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Region 1990 Death cases 1990 ASDR (95% Cl) 2021 Death cases 2021 ASDR (95% CI) 1990-2021 EAPC
(x1000, 95% CI) (x1000, 95% Cl) (95% ClI)
Global 21148 9.68 (8.97~10.51) 296.67 6.62 (6.07~7.18) -1.269 (-1.357~-1.18)
(195.72~229.84) (272.06~321.91)
SDI
High SDI 29.78 (2834~30.63) 5.03(4.82~5.16) 25.89(23.32~27.33) 262(244~274) -2.048 (-2.162~-1.935)
High-middle SDI 37.77 (35.12~4043) 6.83(6.35~7.31) 46.30 (40.58~52.54) 4.59(4.02~5.20) -1.201 (-1.253~-1.148)
Middle SDI 60.36 (55.53~65.57) 1047 (9.64~11.37) 96.29 (86.73~10649) 6.72 (6.05~7.43) -1.505 (-1.57~-1.44)
Low-middle SDI 51.19(44.12~59.06) 14.70 (12.60~16.94) 78.18 (69.94~86.26) 9.71 (8.67~10.70) -1.35(-1.487~-1.213)
Low SDI 32.11(27.38~39.06) 24.51(20.89~29.82) 49.69 (42.21~59.25) 16.36 (13.94~19.38) -1.486 (-1.593~-1.379)
Geographic region
Andean Latin America 2.39(2.10~2.69) 20.85(18.31~23.48) 444 (343~5.55) 14,02 (10.85~17.51) -1.572 (-1.726~-1419)
Australasia 0.65(0.61~0.71) 534 (4.98~583) 047 (041~0.51) 1.85 (1.66~2.02) -3.207 (-3.443~-2.97)
Caribbean 2.30(2.03~2.62) 16.36 (1447 ~18.57) 340 (2.86~4.03) 12.31(10.33~14.68) -0.877 (-0.958~-0.796)
Central Asia 2.65(2.53~2.78) 9.53(9.08~10.02) 3.09 (2.73~3.50) 6.33(5.62~7.13) -1.059 (-1.212~-0.907)
Central Europe 8.15(7.80~846) 10.15 (9.73~10.54) 6.59 (6.05~7.12) 6.02 (5.53~6.53) -1.851 (-2.011~-1.692)
Central Latin America 9.52(9.23~9.74) 20.38 (19.63~20.92) 13.11(11.29~14.97) 952 (8.21~10.86) -2.783 (-2.932~-2.635)
Central Sub-Saharan Africa 406 (3.05~5.27) 2867 (21.87~37.26) 891 (6.17~12.10) 25.10(17.45~33.97) -0467 (-0.522~-0412)
East Asia 3363 (27.76~41.12)  7.10 (5.86~8.64) 5203 (3940~66.51)  4.68(3.55~5.98) -1.119 (-1.264~-0.975)
Eastern Europe 1290 (1242~13.34) 7.58(7.30~7.84) 9.93 (8.99~10.95) 5.50 (4.96~6.07) -1.218 (-1.31~-1.125)
Eastern Sub-Saharan Africa 14.86 (12.35~18.15) 3297 (2743~40.13)  23.27(1879~29.15) 2168 (17.79~26.85)  -1.668 (-1.786~-1.55)
High-income Asia Pacific 4.74 (4.40~5.06) 4.27 (3.96~4.57) 5.07 (4.30~5.60) 2.53(2.28~2.73) -1.675 (-1.778~-1.571)
High-income North America 6.83 (6.49~7.05) 3.75(3.59~3.85) 7.96 (7.39~8.35) 2.64(2.50~2.75) -1.003 (-1.113~-0.893)
North Africa and Middle East 372(3.24~451) 3.96 (3.43~4.86) 6.27 (533~7.27) 255(2.17~293) -1.391 (-1.437~-1.344)
Oceania 0.33(0.26~0.48) 19.77 (15.75~27.86) 0.66 (0.52~0.98) 15.27 (12.10~22.32) -0.824 (-0.876~-0.772)
South Asia 5212 (4281~60.83) 1597(13.02~18.72) 7031 (61.03~79.86) 8.72(7.57~9.88) -2.058 (-2.367~-1.749)
Southeast Asia 1646 (14.23~1881) 10.70 (9 27~12.18) 27.51(23.67~31.86) 7.45(643~8.59) -1.323(-143~-1.215)
Southern Latin America 3.02 (2.84~3.20) 12.10 (11 12.83) 3.83(3.52~4.17) 8.56 (7.89~9.28) -1.1 (-1.238~-0.962)
Southern Sub-Saharan Africa 294 (247~3.72) 1743 (14.74~22.24) 852 (748~9.54) 2390 (21.02~26.67) 1.705(1.22~2.194)
Tropical Latin America 6.93(6.63~7.21) 13.25(12.61~13.80) 11.76 (10.95~12.43) 838(7.82~8.386) -1.784 (-1.903~-1.666)
Western Europe 1437 (13.56~14.90) 4.70 (4.48~4.86) 10.36 (9.19~11.14) 2.29(2.11~243) -2.019 (-2.239~-1.798)

Western Sub-Saharan Africa 8.89(7.36~10.72)

18.33(15.26~21.84)

19.16 (1504~23.01) 1557 (1255~1853)  -0.475(-0.539~-0411)

Annotations ASDR: Age-standardized death rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

highest ASDR at 5.38. Nationally, China recorded the
highest number of deaths in 2021 (13,599), followed by
the United States (11,886) and Russia (7,356) (Fig. 5b).
The United Arab Emirates consistently exhibited the
highest ASDR globally (Fig. S4b).

Over the past 32 years, the DALYs for uterine can-
cer increased from 1.50 million in 1990 to 2.56 million
in 2021 (Table 12). Correspondingly, the ASDALYR
declined from 69.17 to 56.15 (EAPC = -0.78). High SDI
regions reported both the highest DALYs and ASDALYR.
In 2021, East Asia recorded the highest DALYs among
all regions, totaling 425,142, while the Caribbean had
the highest ASDALYR. Nationally, China reported the
highest DALYs in 2021 (405,490), followed by the United
States and Russia (Fig. 5c). Similarly, the United Arab
Emirates recorded the highest ASDALYR globally (Fig.
S4c).

Correlation between ASRs of female-specific cancers and
socio-demographics

To explore the role of socio-economic development
(measured by SDI) on the incidence and mortality
trends of female-specific cancers, we generated scatter
plots to illustrate the dynamic changes in SDI and age-
standardized rates (ASIR, ASDR, and ASDALYR) across
21 global regions over the past 32 years. Across most
regions, a positive correlation was observed between
SDI and the ASIRs of breast and uterine cancers, both of
which showed a gradual increase as SDI rose. However,
the relationship between SDI and ovarian cancer was
more complex: while higher SDI was generally associ-
ated with higher ASIR, in regions where SDI exceeded
0.7, such as high-income regions like North America,
Western Europe, and Australia, additional increases in
SDI were associated with a decline in ASIR. In contrast,
the incidence of cervical cancer consistently decreased
as SDI increased across different regions (Fig. 6). Addi-
tionally, a significant negative correlation was observed
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Table 6 The DALY of cervical cancerin 1990 and 2021
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Region 1990 DALY (x1000, 1990 ASDALYR (95% CI) 2021 DALY (x1000, 2021 ASDALYR (95% Cl) 1990-2021 EAPC
95% Cl) 95% Cl) (95% ClI)

Global 7416.29 330.11 (304.67~359.10)  9911.65 22628 (206.51~246.86)  -1.269 (-1.365~-1.173)
(6841.38~8071.40) (9053.32~10798.31)

SDI

High SDI 888.17 (860.27~911.52) 16346 (158.83~167.80)  707.65 (664.62~74191) 86.41 (82.45~90.30) -1.989 (-2.102~-1.877)

High-middle SDI'  1221.30 22234(20621~239.84)  1432.11 15290 (133.88~17432)  -1.119(-1.172~-1.066)
(1133.35~1316.83) (1252.62~1634.55)

Middle SDI 2165.69 342.74 (31441 ~372.39)  3167.32 21895 (197.60~242.31)  -1.521 (-1.6~-1.443)
(1982.38~2359.90) (2856.72~3510.38)

Low-middle SDI  1924.36 505.86 (438.95~583.11)  2751.15 32136 (287.11~356.77)  -1475(-1.618~-1.333)
(1669.28 ~2212.53) (2455.07 ~3056.56)

Low SDI 1207.23 83333 (711.27~1016.61)  1843.21 535.11 (454.02~638.34)  -1.64 (-1.748~-1.531)
(1031.67 ~1473.49) (1552.01~2199.87)

Geographic region
Andean Latin
America
Australasia
Caribbean
Central Asia
Central Europe
Central Latin
America
Central Sub-
Saharan Africa
East Asia

Eastern Europe
Eastern Sub-
Saharan Africa
High-income
Asia Pacific
High-income
North America
North Africa and
Middle East
Oceania

South Asia

Southeast Asia

Southern Latin
America
Southern Sub-
Saharan Africa
Tropical Latin
America
Western Europe
Western Sub-
Saharan Africa

8346 (73.06~94.12)

20.69 (19.37~22.51)
8243 (72.18~94.67)
89.74 (86.42~94.11)
26343 (252.75~272.81)
33067 (322.53~338.29)

150.92 (112.94~196.16)
117871
(958.92~1452.78)

378.04 (365.24~390.08)
564.51 (469.05~691.07)

144.58 (135.08 ~155.15)
22350 (215.89~230.64)
13747 (119.84~167.28)
12.84(9.71~1835)
1967.17
(1640.30~2286.75)
613.11 (526.60~699.79)
103.03 (97.01~109.28)
110.03 (92.07~137.14)
242.80 (233.83~252.34)

391.72 (376.29~403.41)
32743 (269.23~399.72)

667.44 (585.28 ~752.00)

17843
561.02 (491.47 ~642.93

(166.82~193.54)
( )
318.71 (30647 ~334.38)
( 9
( )

344.13 (330.25~356.1
627.39 (610.20~641.61

950.65 (718.75~1233.27)
231.92(189.37~285.51)
239.05 (230.85 ~246.89)
1117.94
(929.76~1367.77)

133.71 (124.78 ~143.46)
133.17(129.02~137.29)

131.01(113.82~159.07)

654.65 (511.97~937.93)
552.66 (457.21~642.70)

362.63 (313.26~413.29)
417.99 (393.15~442.82)
600.46 (503.72 ~750.80)
422.16 (406.02~438.79)

148.36 (143.69~152.94)
608.91 (502.55~737.46)

140.30 (107.73~176.56)

13.29(12.05~14.53)
115.95 (95.88~140.76)
108.29 (94.72 ~122.65)
181.66 (166.21~196.95)
441.93 (380.72~508.81)

330.69 (228.13 ~448.10)

1616.24
(119541 ~2080.06)
320.24 (289.15~353.81)
876.85

(701.73~1106.31)
132.81(119.52~144.70)

240.10 (229.39~250.58)
217.74(182.98 ~258.59)
25.25(19.49~37.77)

2432.06
(2097.85~2773.13)

931.50
(800.26~1086.33)
123.08 (114.52~133.16)
300.88 (260.87 ~338.89)
395.39 (372.67 ~414.91)

25741 (240.18~272.44)
710.00 (548.75 ~865.46)

431.74 (331.78~543.15)

61.68 (56.34~67.50)
433.17 (356.80~526.53)
213.84 (187.54~241.95)
83 (175.35~209.14)
31597 (272.32~363.77)
813.59 (562.84 ~
151.15(111.80~195.41)

200.77 (180.38~221.47)
70949 (572.26 ~890.60)

87.68 (81.63~94.36)
92.68 (88.88~96.91)
80.04 (67.65~93.68)

499.47 (390.49 ~739.25)
285.98 (247.23 ~325.23)

24192 (207.75~281.44)
296.76 (276.24~321.05)
788.82 (68547 ~885.31)
285.57 (269.19~299.68)

72.71(68.94~76.61)
490.75 (383.61~591.44)

1104.29)

-1.709 (-1.871~-1.546)

-3.126 (-3.401~-2.85)
-0.8 (-0.88~-0.721)
-1.051 (-1.209~-0.893)
-2.052 (-2.244~-1.859)
-2.546 (-2.713~-2.378)

-0.543 (-0.594~-0.491)
-1.128 (-1.271~-0.984)

-0.699 (-0.81~-0.587)
-1.805 (-1.931~-1.68)

-1.265 (-1.358~-1.172)

-1.054 (-1.18~-0.928)

-1.594 (-1.629~-1.559)

-0.864 (-0.916~-0.812)
-2.232 (-2.539~-1.925)

-1.478 (-1.588~-1.367)

-1.08 (-1.224~-0.935)

71(1.167~2.256)

-1.636 (-1.779~-1.492)

-2.017 (-2.227~-1.807)
-0.677 (-0.741~-0.613)

Annotations DALY: disability-adjusted life-year; ASDALYR: age-standardized disability-adjusted life-year rate (per 100,000 females); EAPC: Estimated annual
percentage change; SDI: Socio-demographic index
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Table 7 The incidence of ovarian cancer in 1990 and 2021
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Region 1990 incident cases 1990 ASIR (95% ClI) 2021 incident cases 2021 ASIR(95% 1990-2021 EAPC
(x1000, 95% CI) (x1000, 95% Cl) Cl) (95% CI)
Global 159.10 722 (6.65~7.87) 298.88 6.71(6.07~7.28)  -0375(-0.434~-0.317)
(145.71~174.06) (270.73 ~324.50)
SDI
High SDI 69.47 (66.20~71.85) 11.96 (11.45~12.34) 80.65 (73.42~85.36) 840(7.84~881)  -1.207 (-1.327~-1.087)
High-middle SDI 43.72 (39.64~47.14) 787 (7.13~849) 67.78 (60.03~75.75) 6.93 (6.10~7.76)  -0.534 (-0.615~-0.452)
Middle SDI 27.39(23.08~3267) 433(3.73~5.12) 8237 (71.88~9230) 581 (507~6.50)  0.728 (0.648~0.808)
Low-middle SDI 1341 (10.57~18.20) 3.69 (2.90~5.02) 50.27 (43.48 ~59.05) 6.01 (522~7.07) 1.513(1.447~158)
Low SDI 4.89(3.30~7.06) 367 (247 ~524) 1747 (13.14~20.89) 542 (4.12~643) 1.184 (1.086~ 1.283)
Geographic region
Andean Latin America 046 (0.36~0.61) 3,65 (2.93~4.78) 223( ~2.82) 6.90 (5.27 ~8.68) 2.122(1.723~2522)
Australasia 80 (1.66~1.91) 14.75 (13.63~15.69) 83(1.61~1.99) 8(651~781) -2212(-2.584~-1.839)
Caribbean 0.69 (O 63 ~0.85) 478 (4.37~5.88) 83 (1.57~2.22) 6.66 (5.70~8.07) 091 (0.726~1.094)
Central Asia 22 (1.11~1.34) 4.28 (3.90~4.68) 3.00 (2.60~3.42) 0(531~6.94) 1.224 (1.065~ 1.383)
Central Europe 8.65 (8 35~895) 10.92 (10.54~11.30) 1144 (1052~1232) 1080 0.001 (-0.172~0.174)
(9.93~11.68)
Central Latin America 2.85(2.77~293) 535(5.19~551) 11.43(9.94~12.92) 8.23(7.16~9.29) 1.379(1.289~1.47)
Central Sub-Saharan Africa 041(0.27~0.62) 2.83(1.87~4.32) 1.64 (0.95~2.33) 438(249~625  149(1.278~1.703)
East Asia 21.07 (1507~2740)  4.13(3.06~5.34) 4424 (33.12~57.36)  4.21(3.15~546)  -0.346 (-0.495~-0.197)
Eastern Europe 16.39 (1567~17.09)  10.30(9.83~10.75) 1802 (16.13~20.27)  9.83 (8 77~11.03) -0.22 (-0.402~-0.038)
Eastern Sub-Saharan Africa 241 (1.43~348) 523(3.16~747) 8.62(598~10.75) 748 (5.31~9.25) 1.083(0.994~1.171)
High-income Asia Pacific 6.80 (6.49~7.08) 6.28 (6.01 ~6.54) 11.23(9.78~12.24) 6.36 (5.69~6.75)  -0.008 (-0.165~0.15)
High-income North America 2399 (22.70~2474)  13.09 (12.52~13.44) 2798 (2561~2933)  888(829~927)  -1.333(-1.514~-1.151)
North Africa and Middle East 3.37 (2.68~4.79) 343 (2.72~4.84) 1244 (10.10~1442) 487 (3.96~5.63) 1257 (1.193~1.321)
Oceania 0.05 (0.03~0.07) 273(1.89~3.77) 0.19(0.11~0.26) 390(2.32~528)  1.136(1.012~1.261)
South Asia 12.51(9.36~16.33) 377 (280~4.87) 49,66 (42.26~59.35) 599 (5.13~7.14)  1.365(1.273~1.458)
Southeast Asia 10.05 (7.84~14.36) 5.85(4.63~8.13) 35.03 (26.27 ~45.64) 9.28(6.97~12.04) 1.386(1.273~1.499)
Southern Latin America 2.20(2.02~2.40) 8.71(8.00~9.49) 341 (3.15~3.64) 769 (7.14~823)  -0.253 (-0427~-0.079)
Southern Sub-Saharan Africa 0.87(0.72~1.07) 498 (4.05~6.25) 278(212~3.22) 7.71 (5.88~8.93) 1.606 (1.468 ~1.744)
Tropical Latin America 3,14 (3.02~3.25) 5.56 (5.34~5.75) 8.89 (8.35~9.35) 643 (6.05~6.77) 0202 (0.089~0.315)
Western Europe 39.09 (36.93~40.64)  1341(12.79~13.88) 3828(3449~40.72)  899(835~944)  -1.345(-1.443~-1.248)

Western Sub-Saharan Africa

1.11(0.76 ~1.40)

2.25(1.55~2.83)

4.73(3.18~6.13)

362 (240~4.64)

1.591 (1.504~1.677)

Annotations ASIR: Age-standardized incidence rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

between SDI and both ASDR and ASDALYR for cervi-
cal cancer, with both indicators decreasing markedly as
SDI increased (Fig. S5). For the other three cancers, both
ASDR and ASDALYR increased with SDI until it reached
0.7, after which they began to decline.

Age distribution

Age is a key factor influencing tumor burden. Therefore,
we interrogated the age distribution patterns for female-
specific cancers globally. Except for the super-elderly
population (aged 80 years and older), the incidence, mor-
tality, and DALYs for breast cancer peaked in the 55-59
year age group (Fig. 7a). For cervical cancer, the incidence
remained consistently high between the ages of 40 and
59 years, with mortality peaking at 55-59 years and the
DALY peak occurring at 50-54 years. In ovarian can-
cer, the incidence similarly peaked at 55-59 years, while
the highest mortality was observed in those aged 80
years and older. The DALY peak for ovarian cancer also

occurred in the 55-59 year age group. For uterine can-
cer, the incidence peaked at 60—64 years, with the highest
mortality observed in the population aged 80 years and
older, and the DALY peak occurring at 60—64 years.
Overall, the ASIRs, ASDRs, and ASDALYRs for most
female-specific cancers increased progressively with age
(Fig. 7b). Notably, both the ASIR and ASDALYR for cer-
vical cancer peaked at 55—59 years, while these indicators
for uterine cancer reached their highest values at 70-74
years. Additionally, the ASDALYR for ovarian cancer
also peaked at 70-74 years. Although the age distribu-
tion for cancer in regions with different SDI values might
vary slightly from the global trend, the overall pattern
remained largely consistent across regions (Fig. S6-S10).

Attributable risk factors

Based on GBD 2021 data, we analyzed the Level 2 attrib-
utable risk factors for female-specific cancers. Six Level
2 risk factors were identified for breast cancer mortality,
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Fig. 4 Global distribution of ovarian cancer incidences, deaths, and disability-adjusted life years (DALYs) in 2021. a. The incidences of ovarian cancer. b.

The ovarian cancer mortality. c. The DALYs of ovarian cancer



Li et al. Journal of Hematology & Oncology

(2025) 18:5

Table 8 The death of ovarian cancer in 1990 and 2021
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Region 1990 Death cases 1990 ASDR (95% 2021 Death cases 2021 ASDR(95%  1990-2021 EAPC
(x1000, 95% ClI) Cl) (x1000, 95% CI) Cl) (95% CI)
Global 100.58 (92.97~109.09) 4.73 (438~5.12) 185.61 4.06 (3.67 ~4.40) -0.624 (-0.682~-0.566)
(167.96~201.01)
SDI
High SDI 46.77 (44.01 ~48.56) 7.54(7.15~7.82 56.43 (50.33~60.25) 5.08 (4.62~5.37) -1.341 (-1.435~-1.246)
High-middle SDI 27.65 (25.35~29.47) 495 (4.54~5.29 44,09 (38.88~48.93) 6 (3.68~4.63) -0.699 (-0.801~-0.597)
Middle SDI 15.05(13.13~17.72) 267(235~3.12 45.54 (39.96~51.22) 8(2.78~3.57) 0.321 (0.234~0.408)
Low-middle SDI 7.83 (6.20~10.59) 243(1.93~3.25 28.94 (25.19~34.13) 3.72 (3.24~4.40) 1336 (1.272~1.401)
Low SDI 3.15(2.11~4.51) 2.65(1.78~3.76 10.38 (7.91~12.36) 3.74(2.87 ~4.43) 1.062 (0.972~1.152)
Geographic region
Andean Latin America 0.27 (0.22~0.36) 248 (1.99~3.22) 1.33(1.03~1.65) 422 (3.27~5.26) 1771 (1412~2.131)
Australasia 1.23(1.13~1.31) 9.64 (8 89~10.26) 1.34(1.15~1.46) 4.68 (4.12~5.08) -2.225 (-2.573~-1.876)
Caribbean 043 (040~0.53) 3.17 (291~3.85 1.18(1.02~1.40) 7 (3.59~4.95) 0.785 (0.634 ~0.936)
Central Asia 0.80(0.72~0.88) 2.86 (2 58~3.15 1.95(1.71~222) 4.08 (3.57~4.63) 1.253 (1.097 ~ 1.409)
Central Europe 598 (5.76~6.20) 722 (696~748 8.86(8.11~9.52) 740 (6.79~7.96) 0.111 (-0.049~0.271)
Central Latin America 62 (1.58~1.67) 3.54 (342~3.64 6.73 (5.93~7.56) 4.90 (4.32~5.50) 1.047 (0.963~1.131)
Central Sub-Saharan Africa 0.27 (0.18~041) 2.09(1.38~3.15 1.00 (0.56~1.43) 0(1.69~442) 1.361(1.166~1.556)
East Asia 12.26 (9.32~15.68) 2.61(02~331 26.34 (19.52~34.08) 233(1.72~3.01) -0.902 (-1.088~-0.716)
Eastern Europe 10.68 (10.19~11.13) 6.25 (5.96~6.52 12.18 (10.93~13.64) 6.00 (5.37~6.73) -0.206 (-0.394~-0.018)
Eastern Sub-Saharan Africa 1.54(0.92~2.20) 3.84(233~536 502 (3.55~6.18) 521(3.74~6.35) 0.946 (0.867 ~1.025)
High-income Asia Pacific 4.17 (3.94~4.34) 3.75(3.55~3.90 7.20 (6.06~7.97) 326 (2.87~3.50) -0.53 (-0.608~-0.451)
High-income North America 15.63 (14.55~16.22) 795 (7.50~8.21 19.23 (17.24~20.31) 544 (496~5.71) -1.282 (-1.468~-1.097)
North Africa and Middle East 2.03(1.64~2.85) 2.34(1.88~3.26 7.25(592~844) 4(2.54~3.65) 1.105 (1.033~1.177)
Oceania 0.02 (0.02~0.03) 149 (1.03~2.00 0.08 (0.05~0.11) 97 (1.23~2.64) 0.987 (0.895~1.079)
South Asia 7.79 (5.83~10.08) 263 (1.95~341 30.59 (26.42 ~36.40) 392 (3.39~467) 1.161 (1.066~1.255)
Southeast Asia 4.22(343~5.82) 2.84(232~3.85 14.52 (11.29~18.87) 396 (3.07~5.12) 1.01 (0.933~1.087)
Southern Latin America 3(139~1.67) 598 (5.46~6.54 2.28 (2.09~245) 482 (444~5.17) -0.515 (-0.678~-0.352)
Southern Sub-Saharan Africa 0.54 (042~0.68) 345(2.64~439 1.82(1.38~2.09) 5.38(4.05~6.16) 1.634 (1.502~1.765)
Tropical Latin America 1.88(1.80~1.95) 3.70 (3.50~3.84 561 (5.17~5.93) 397 (3.67 ~4.20) -0.003 (-0.121~0.115)
Western Europe 26.96 (25.35~28.15) 831 (7.85~8.65 28.24 (24.79~3047) 5.55(5.03~5.90) -1.35 (-1416~-1.284)
Western Sub-Saharan Africa 0.74 (0.51~0.94) 1.66 (1.14~2.10 2.87(1.91~3.69) 2.58(1.69~3.28) 1482 (1.404~1.56)

Annotations ASDR: Age-standardized death rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

including dietary risks, high alcohol use, high BMI, high
fasting plasma glucose, low physical activity, and tobacco
use. Among these, dietary risks were the most significant
contributor to breast cancer mortality globally and across
regions with different SDI values (Fig. 8a). Notably, high
alcohol use was a more significant contributor to breast
cancer mortality in high than in low SDI regions. For
cervical cancer, unsafe sex was the most important risk
factor, contributing substantially to cervical cancer mor-
tality. However, in high SDI regions, tobacco exposure
also played a role in cervical cancer mortality (Fig. 8b).
High BMI and occupational risks were the major risk
factors for ovarian cancer mortality. Globally, high BMI
contributed more to ovarian cancer mortality, but with
increasing SDI levels, the contribution of occupational
risks to ovarian cancer mortality gradually increased
(Fig. 8c). High BMI was the only Level 2 risk factor for
uterine cancer mortality. While its contribution to uter-
ine cancer mortality was higher in high SDI regions, the
growth rate was faster in low SDI regions (Fig. 8d). The

contribution of risk factors to cancer DALYs was similar
to their contribution to cancer mortality (Fig. S11).

Discussion

In this study, we report the epidemiological trends and
attributable risk factors for four major female-specific
cancers: breast, cervical, ovarian, and uterine cancer. The
key findings are as follows: First, breast cancer bears the
highest global disease burden, followed by cervical, ovar-
ian, and uterine cancer. Over the past three decades, both
incidence and mortality for these cancers have consis-
tently increased worldwide. Second, after accounting for
population growth and demographic changes, the ASIR
reveals distinct patterns. The ASIR for breast and uterine
cancer has risen, while that for cervical and ovarian can-
cer has declined. Simultaneously, ASDR and ASDALYR
for all four cancers have decreased. Third, the ASIR for
breast, ovarian, and uterine cancer increases with SDI,
while cervical cancer follows an inverse trend. Finally,
the ASIR and ASDR for all four cancers show a positive
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Table 9 The DALY of ovarian cancer in 1990 and 2021
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Region 1990 DALY (x1000, 1990 ASDALYR (95% 2021 DALY (x1000, 2021 ASDALYR (95% 1990-2021 EAPC
95% Cl) Cl) 95% ClI) Cl) (95% CI)

Global 2909.24 13248 5163.26 115.15(104.58~12521) -0.592
(2662.22~3199.43) (121.34~145.63) (4692.42 ~5608.30) (-0.642~-0.543)

SDI

High SDI 119142 208.23 1275.65 133.80(125.32~140.06) -1.483
(1141.76~1230.21) (200.58~214.57) (1173.21~1343.08) (-1.57~-1.395)

High-middle SDI 830.37 149.55 1194.24 119.79(105.13~134.14)  -0.871
(750.60~895.93) (135.03~161.63) (1054.54~1335.95) (-0.956~-0.786)

Middle SDI 513.12 82.58 (71.58~97.89) 1416.15 97.76 (85.77 ~109.48) 0.309(0.222~0.396)
(436.89~612.21) (1244.40~1587.04)

Low-middle SDI 265.37 73.74 (58.18~99.58) 925.85(802.38~1091.39) 111.40(96.54~131.20)  1.288(1.231~1.345)
(208.67 ~360.51)

Low SDI 104.80 (70.72~151.78)  7839(52.96~112.38) 34537 (259.74~413.46) 108.72 (8267 ~129.40)  0.985 (0.89~1.08)

Geographic region
Andean Latin America
Australasia

Caribbean
Central Asia
Central Europe

Central Latin America

Central Sub-Saharan
Africa

East Asia
Eastern Europe

Eastern Sub-Saharan
Africa

High-income Asia
Pacific

High-income North
America

North Africa and Middle
East

Oceania
South Asia

Southeast Asia

Southern Latin
America

Southern Sub-Saharan
Africa

Tropical Latin America

Western Europe

Western Sub-Saharan
Africa

9.01(7.22~11.92)
31.39(29.12~33.21)

13.27 (12.02~16.78)
25.76 (23.41~28.17)

175.95
(169.92~182.18)

54.24 (52.81~55.62)

8.89(5.89~13.78)

416.57
(301.04~542.96)
32143

(306.64 ~335.97)
51.35(30.35~74.64)

128.56
(123.65~132.90)

38843
(371.83~399.71)

66.81 (53.28 ~94.96)

0.78(0.52~1.09)
264.39
(200.20~344.16)

150.72
(119.30~213.94)

42.61(39.17~46.56)
16.95 (14.15~21.27)
61.10 (58.94~63.14)
658.05

(626.53~683.83)
2298 (15.95~29.31)

73.36 (58.97 ~96.23)

261.75
(242.26~276.49)

9347 (8491 ~116.94)
90.99 (82.60~99.60)

22123
(213.40~228.69)
104.05
(101.06~106.84)
60.64 (40.14~93.43)

82.65 (61.08~107.10)

20042
(191.08~209.58)
111.66 (66.58~160.61)

118.37
(114.08~122.28)

216.72
(208.63~222.32)

68.09 (54.20~96.89)

43.87 (29.72~60.65)
79.51 (59.99~102.65)

91.18 (73.07~126.59)

169.10
(155.56~184.70)

98.60 (79.59~124.62)

109.27
(105.00~113.00)

22751
(217.90~236.02)

47.14 (32.69~59.94)

40.48 (30.83~50.87)
29.40 (26.40~31.86)

3433 (29.35~41.70)
61.88 (53.81~70.56)
215.73 (198.22~232.09)

21043 (183.01~237.78)

33.66 (19.26 ~49.08)

787.10 (58091 ~1024.66)

332.15(296.37~371.97)

170.26 (117.55~211.89)

168.12 (148.70~180.43)

43944 (409.03 ~459.51)

22563 (183.82~261.75)

276 (1.58~3.79)
960.21 (822.85~1142.39)

484.77 (368.98~633.79)

60.64 (56.17 ~64.79)

5438 (41.72~63.22)

163.85 (153.85~172.30)

594.07 (542.48 ~629.98)

93.97 (63.29~121.19)

125.60 (95.71~158.01)

116.72 (106.15~125.99)

124.35 (106.00~151.66)
124.11 (108.08 ~ 141.31)
205.22 (189.37~221.33)

150.76 (131.25~170.19)

90.01 (50.59~129.58)

72.07 (53.13~94.15)

180.89 (160.79~203.55)

150.96 (106.18 ~ 185.66)

98.97 (89.26~104.57)

139.13 (131.42~145.12)

88.12(71.92~102.25)

59.04 (35.09~80.86)
116.00 (99.82~138.16)

126.63 (96.38~165.18)

137.30 (127.41 ~146.65)

150.23 (114.98~174.11)

117.39(110.28 ~123.42)

140.16 (131.08 ~ 146.93)

72.64 (48.64~93.39)

1.796 (1427 ~2.165)
-2.499
(-2.833~-2.164)
0.803 (0.649 ~0.958)
1.053(0.897 ~1.209)

-0.204
(-0.363~-0.045)
1.189(1.115~1.263)
1.368 (1.166~1.57)
-0.918
(-1.09~-0.745)
-0437

(-0.621~-0.253)
0.911(0.828~0.995)

-0.625
(-0.697~-0.554)

-1.488
(-1.648~-1.328)

0.945(0.882~1.008)

0.996 (0.905 ~ 1.087)
1.092 (1.003 ~1.182)

0.993(0.912~1.073)

-0.514
(-0.668~-0.36)

1.587 (1447 ~1.728)

-0.025
(-0.126~0.077)

-1.614
(-1.685~-1.544)

1462 (1.374~1.551)

Annotations DALY: disability-adjusted life-year; ASDALYR: age-standardized disability-adjusted life-year rate (per 100,000 females); EAPC: Estimated annual
percentage change; SDI: Socio-demographic index
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Region 1990 incident 1990 ASIR (95% CI) 2021 incident cases 2021 ASIR(95% Cl) 1990-2021 EAPC
cases (x1000, 95% (x1000, 95% Cl) (95% Cl)
cl)
Global 191.29 8.87(8.12~9.35) 47361 (429.92~513.67) 10.36(9.42~11.24) 0.54 (0497 ~0.584)
(175.00~201.94)
SDI
High SDI 82.78 (78.11~85.59) 13.74(13.06 ~14.18) 192.35(176.60~200.77) 19.55 (18.28 ~20.35) 1361 (1.274~1.449)
High-middle SDI 66.63 (6242~7041) 11.84(11.07~1251) 148.23 (134.70~163.71) 14.23(12.89~15.75)  0.561 (0452~0.67)
Middle SDI 2848 (21.37~33.25) 4.90(3.74~5.70) 89.60 (73.11~106.23) 6.09 (4.97 ~7.20) 0.534(0.439~0.629)
Low-middle SDI 9.62 (7.93~10.99) 2.96 (248 ~3.38) 32.82(28.27~40.11) 4.13(3.56~5.08) 0.985 (0.882~1.088)
Low SDI 349 (2.68~4.14) 295(229~3.51) 998 (7.95~12.81) 358 (2.87~4.59) 0.5(0.381~0619)

Geographic region
Andean Latin America
Australasia

Caribbean

Central Asia

Central Europe

Central Latin America
Central Sub-Saharan Africa
East Asia

Eastern Europe

Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America

0.94 (O 80~1.09)

1(1.10~1.32)
1.60 (147 ~1.75)
293(2.76~3.11)

1143 (10.64~1227)
2.01(1.93~2.09)
042 (0.31~0.58)
27.19(18.79~34.14)
34.19(32.97~35.20)
1.41(0.98~1.72)
483 (438~5.24)
37.68 (35.44~38.99)

845(7.22~9.87)

9.84 (8.99~10.67)
11.68 (10.71~1272)
1040 (9.79~11.00)

13.61(12.67~14.61)
442 (423~4.62)
3.17 (235~4.45)
5.60(3.92~6.99)
20.04 (19.34~20.62)
3.53(246~4.28)
4.35(3.94~4.72)
20.02 (18.98 ~20.66)

3.14(2.33~4.07)
3.75(3.25~4.22)
4.93 (4.28~5.67)

81 (4.25~545)

23.18 (20.85~25.38)
9.85(8.61~11.23)
1.33(0.86~1.94)
75.54 (56.83~103.40)
58.60 (52.90~64.77)
392 (2.83~544)

9.97 (740~12.90)
14.65 (12.84~16.34)
1748 (15.17~20.10)
9.71 (8.60~10.95)

20.70 (18.66~22.70)
7.08 (6.19~8.06)
4.07 (264~592)
6.73(5.02~9.23)
29.70 (26.77 ~32.90)
4.10 (3.00~5.59)

0411 (0.202~0.621)

1.377 (1.174~1.579)
1.071 (0.794 ~1.349)
-0.208
(-0.517~0.102)
1.369 (1.268~147)
1.511 (1.136~1.889)

0.797 (0.655~0.94)
0482 (0.159~0.807)
0.91 (0.466~1.355)
0.337 (0.223~045)

North Africa and Middle East 3.58 (2.81~4.30) 3.95(3.12~4.74)
Oceania 0.12(0.07~0.16) 6.93 (4.33~944)
South Asia 01 (4.77~7.12) 2.04(1.62~242)
Southeast Asia 722 (5.14~8.70) 471 (340~5.64)
Southern Latin America 1.87(1.72~2.01) 732 (6.74~7.87)
Southern Sub-Saharan Africa 0.57 (045 ~0.74) 3.61(2.86~4.65)

2.95(2.80~3.10)
42.06 (39.44 ~44.00)

Tropical Latin America 5.89(5.58~6.20)
Western Europe

Western Sub-Saharan Africa 247 (198~332)

13.60 (12.83~14.22)

13.82(12.30~15.05) 8.31(7.57~9.04) 2461 (2.328~2.594)
103.52 (96.17~108.66)  31.78(29.88~33.21)  1.655(1.561~1.75)

17.29 (1267 ~20.57) 7.07 (517 ~840) 2.069 (1.882~2.255)
0.35(0.20~0.54) 8.19(4.75~1227) 0.528 (0.466~0.59)

23.67(19.82~31.54) 299 (2.50~3.97) 1.035(0.819~1.252)
25.17(17.37~30.77) 6.55 (4.56~7.99) 0.927 (0.872~0.982)
333(3.01~3.67) 720 (6.50~7.96) -0.073 (-0.215~0.07)
2.24(1.69~2.63) 6.47 (4.86~7.56) 2373 (2.113~2.633)

10.34 (9.59~10.99)
80.97 (72.64~85.89)
3.84(2.95~4.94)

727 (6.74~7.72)
1848 (17.01~19.49)
3.55(2.73~4.50)

0.338(0.161~0.516,
1.409 (1.228~1.589
1.27 (1.224~1.316)

)
)

1.08 (0.87 ~145)
(

Annotations ASIR: Age-standardized incidence rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

correlation with age, highlighting the growing burden
in aging populations. The attributable risk factors for
these cancers vary significantly, with notable differences
between high and low SDI regions.

These findings align with our previous reports [4], nota-
bly the steady increase in global breast cancer incidence
between 1990 and 2021, while ASDR and ASDALYR
continued to decline. This increase in breast cancer inci-
dence can be attributed to the widespread implementa-
tion of screening technologies, such as mammography
and ultrasound, alongside improvements in cancer reg-
istries. These advancements have led to more diagnoses,
contributing to the persistent high prevalence of breast
cancer. Concurrently, progress in molecular subtyping,
targeted therapies, and immunotherapies has markedly
improved survival rates [13-15]. These developments
explain the contrast between rising ASIR and declining

ASDR, underscoring the positive impact of early detec-
tion and therapeutic innovations.

A close relationship between breast cancer incidence
and SDI is evident, with high-income regions such as
North America and Western Europe exhibiting breast
cancer ASIRs significantly higher than the global average.
Additionally, both ASIR and ASDR increase with age,
raising concerns as the global population ages. Six Level
2 risk factors, including dietary risks, alcohol use, high
BM]I, high fasting plasma glucose, low physical activity,
and tobacco use, were identified as major contributors
to breast cancer mortality. These risk factors are closely
associated with modern lifestyles, socio-economic devel-
opment, and urbanization, consistent with previous stud-
ies highlighting the influence of age, fertility, diet, and
tobacco exposure on breast cancer mortality [16—18].

Cervical cancer, though less burdensome globally
than breast cancer, exhibits a higher ASIR than breast
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Fig. 5 Global distribution of uterine cancer incidences, deaths, and disability-adjusted life years (DALYs) in 2021. a. The uterine cancer incidences. b. The

uterine cancer mortality. ¢. The uterine cancer DALYs
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Region 1990 Death cases 1990 ASDR (95% 2021 Death cases 2021 ASDR (95%  1990-2021 EAPC
(x1000, 95% CI) Cl) (x1000, 95% ClI) cl) (95% CI)
Global 54.85(48.80~59.12)  2.60 (2.32~2.80) 97.67 (86.52~108.06) 1(1.87~234) -0.776 (-0.849~-0.702)
SDI
High SDI 18.35(16.94~19.16) 279 (2.60~291) 31.63 (27.72~33.74) 269 (241~284) 0.038(-0.134~0.211)
High-middle SDI 1791 (1642~19.15) 3.18(292~341) 26.21 (23.40~29.08) 239 (213~ 266) -1.174 (-1.282~-1.065)
Middle SDI 11.84(8.89~13.83) 2.20(1.69~2.55) 22.90(19.10~26.70) 61(1.35~1.87) -1.238(-1.351~-1.125)
Low-middle SDI 466 (3.93~5.39) 1.58(1.33~1.84) 12.19(1048~15.34) 164 (142~2 07) 0.028 (-0.042~0.098)
Low SDI 1.99 (1.53~237) 1.84(1.42~221) 458 (3.65~591) 1.83 (1.46~2.36) -0.101 (-0.181~-0.02)
Geographic region
Andean Latin America 045 (0.38~0.53) 433(3.69~5.12) 0.98(0.73~1.26) 3.17(2.37~4.10) -1.111 (-1.313~-0.909)
Australasia 0.27 (0.24~0.30) 204 (1.84~2.22) 0.63(0.52~0.71) 2.12(1.78~2.39) 0.255(-0.01 ~0.521)
Caribbean 0.57 (0.52~0.64) 4.28(3.88~4.78) (1 33~1.79) 5.38(4.63~6.24) 0.708 (0.533~0.883)
Central Asia 02 (0.96~1.08) 3,67 (344 ~3.90) 4(1.11~1.40) 268 (240~3.01) -0.998 (-1.291~-0.704)
Central Europe 3.60(3.34~3.85) 4.18 (3.88~4.46) 552 (4 95~6.02) 417 (3.77~4.57) -0.092 (-0.289~0.105)
Central Latin America 0.88(0.84~0.92) 2.10(1.99~2.20) 292 (2.55~3.30) 2.15(1.88~2 42) 0.135(-0.24~0.51)
Central Sub-Saharan Africa 0.24 (0.18~0.33) 2.01(1.50~2.385) 0.62 (0.41 ~0.90) 2.14(1.41~3.16) 0.239 (0.176~0.303)
East Asia 10.90 (7.64~13.59) 237(1.71~295) 1423 (10.58~19.16) 1.25(0.93~1.69) -246 (-2.804~-2.116)
Eastern Europe 8.00 (7.66~8.28) 443 (4 25~4.59) 10.28 (9.28~1143) 4.65 (4.18~5. 20) -0.396 (-0.784~-0.006)
Eastern Sub-Saharan Africa 0.83(0.57~1.00) 2.27(1.58~2.76) 1.85(1.35~2.53) 217 (159~2. 95) -0.244 (-0.322~-0.166)
High-income Asia Pacific 2.09 (1.88~2.28) 1.84 (1.66~2.01) 394 (3.19~438) 1.65 (1.44~1.80) -0.111 (-0.309~0.086)
High-income North America 6.22 (5.67~6.52) 294 (2.72~3.07) 13.05 (11.66~13.87) 3.57(323~3. 77) 0.739 (0.571~0.907)
North Africa and Middle East 1(0.88~1.36) 1.37(1.09~1.71) 290 (2.19~3.44) 1.34(1.01 ~1.60) 0.107 (-0.106 ~0.32)
Oceania 0.05 (0.03~0.06) 3.16 (1.96~4. 25) 3(0.08~0.20) 3.55(2.06~5. 32) 0431 (0.393~0.469)
South Asia 3.21(2.56~3.84) 1.21 (0.96~1.45) 9.24 (7.69~12.34) 124 (1.03~1.66) -0.121 (-0.274~0.033)
Southeast Asia 2.80(2.01~3.398) 1.99 (147 ~2. 40) 38(5.31~9.00) 203(147~2 47) -0.064 (-0.149~0.021)
Southern Latin America 0.76 (0.70~0.81) 2.95(2.69~3.15) (O 89~1.09) 2.00(1.79~2.18) 1.258 (-1.379~-1.137)
Southern Sub-Saharan Africa 0.28 (O 22~0.36) 1.89 (1.46~2.44) 096 (0.71~1.11) 294 (2.15~341) 1.864 (1.521~2.21)
Tropical Latin America 3(1.26~1.40) 2.85(2.67~3.01) 342 (3.1 2~3.66) 240(2.19~257) -0.764 (-0.897~-0.631)
Western Europe 9.60 (8.84~10.17) 2.71(251~285) 14.03 (11.93~15.20) 2.53(2.23~271) 0.135 (-0.01~0.28)
Western Sub-Saharan Africa 0.64 (0.51~0.86) 1.55(1.25~2.10) 1.81(1.40~2.28) 1.90 (1.48~2.37) 0.802 (0.745~0.859)

Annotations ASDR: Age-standardized death rate (per 100,000 females); EAPC: Estimated annual percentage change; SDI: Socio-demographic index

cancer in low SDI regions. Fortunately, the ASIR, ASDR,
and ASDALYR for cervical cancer are rapidly declin-
ing worldwide. As a virus-associated malignancy, cervi-
cal cancer is preventable through interventions targeting
HPV. The promotion of HPV vaccination, early screen-
ing, and treatment of precancerous lesions has led to sig-
nificant reductions in incidence and mortality [19-21].
However, there is a negative correlation between cervi-
cal cancer burden and SDI, with lower-income regions
bearing a heavier burden due to inadequate public health
resources. In certain areas, such as southern sub-Saharan
Africa, the incidence of cervical cancer continues to rise,
emphasizing the need for expanded international sup-
port for vaccination and screening programs, including
training healthcare professionals and improving facilities.

Ovarian cancer incidence and mortality have decreased
globally, with high SDI regions contributing the most to
this decline. In contrast, middle, low-middle, and low SDI
regions continue to experience rising ASIR and ASDR.
Despite a general positive correlation between ASIR and
SDI, ovarian cancer ASIR declines in regions with SDI

values above 0.7. As with breast cancer, both ASIR and
ASDR for ovarian cancer increase with age. Major risk
factors for ovarian cancer-related deaths include high
BMI and occupational risks. At the same time, some
behaviors, such as breastfeeding and tubal ligation, have
been identified as protective factors for ovarian cancer
[22, 23]. At the present stage, ovarian cancer remains
one of the female-specific cancers with a high mortality
rate, with limited effective early diagnostic and screen-
ing measures. Recent advancements in genetic testing for
patient stratification, neoadjuvant chemotherapy, hyper-
thermic intraperitoneal chemotherapy, targeted therapy,
immunotherapy, and advanced surgical techniques have
contributed to reductions in ovarian cancer mortality
[24-26].

Uterine cancer incidence has steadily increased, par-
ticularly in high SDI regions. In fact, the ASIR for uterine
cancer shows a positive correlation with SDI, with a nota-
ble rise in regions such as high-income North America.
High BMI is a key risk factor for uterine cancer death,
with overweight or obese women more likely to develop
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Region 1990 DALY (x1000, 1990 ASDALYR 2021 DALY (x1000, 2021 ASDALYR 1990-2021 EAPC
95% Cl) (95% ClI) 95% Cl) (95% ClI) (95% ClI)

Global 1501.43 69.17 (59.85~7530) 256294 56.15(50.07~62.37) -0.78 (-0.847~-0.713)
(1297.89~1637.76) (2291.15~2846.49)

SDI

High SDI 430.70 70.51 (66.85~73.87) 734.54 (66847 ~783.44) 71.79(66.24~76.26) 0.264 (0.106~0.422)
(407.15~451.44)

High-middle SDI 503.90 89.58 (80.92~96.87) 687.61(619.01~767.23) 6574 (5893~73.57) -1.266(-1.378~-1.154)
(456.10~544.05)

Middle SDI 368.06 6244 (4597 ~7343) 657.00(53731~770.07) 45.05(36.88~52.70) -1.293 (-1.404~-1.183)
(264.70~436.45)

Low-middle SDI 138.08 4192 (34.80~4838) 347.31(29531~429.62) 43.77 (3741 ~5437) 0.041(-0.031~0.112)
(114.27~159.54)

Low SDI 5822 (44.14~69.78) 4792 (36.72~57.18)  13239(10524~170.18)  46.80 (37.40~60.25) -0.186 (-0.271~-0.1)

Geographic region
Andean Latin America

Australasia
Caribbean

Central Asia
Central Europe

Central Latin America
Central Sub-Saharan Africa
East Asia

Eastern Europe

Eastern Sub-Saharan Africa
High-income Asia Pacific

High-income North
America

North Africa and Middle
East

Oceania

South Asia
Southeast Asia
Southern Latin America

Southern Sub-Saharan
Africa

Tropical Latin America
Western Europe

Western Sub-Saharan Africa

12.75 (10.88~15.00)

6.37 (5.82~6.95)
16.10 (14.46~18.03)

29.87 (28.02~31.66)
92.86 (86.49~99.77)

24.34(2335~2544)
7.18 (531 ~9.95)
353.04

(232.77 ~446.23)
22236
(21351~23121)
24.25 (1676~ 29.63)
53.34 (4743 ~58.59)

147.89
(138.37~156.79)

33.25 (26.25~40.40)
147 (0.89~2.05)

94.30 (75 54~11277)
0(61 108.41)

19.39 (1790 20.75)

747 (6.01~9.65)

35.14(33.19~37.07)
213.76

(20044 ~225.81)
17.20 (13.79~23.08)

113.77
(97.42~133.39)

50.82 (46.55~55.28)

116.00
(104.25~130.39)
106.10
(99.50~
110.21
(102.77~11842)
53.04 (50.68 ~55.52)
53.13(39.52~73.78)
71.74 (4848 ~89.95)

112.42)

129.19
(124.14~134.30)
58.82 (40.79~71.32)
4748 (42.05~52.23)
76.39 (71.95~80.84)

36.53 (28.96~44.38)

88.54
(54.41~122.11)
3144 (2510~37.60

( )
58.02 (41.01~70.58)
75.66 (69.88 ~80.87)
46.98 (37.35~60.86)

69.81 (65.68~73.63)
66.83 (63.19~70.50)

38.55(30.85~51.77)

26.09 (19.39~33.75)

14.29 (12.38~16.06)
40.33 (34.53~47.03)

36.94 (32.39~42.25)

124.60 (112.86~136.80)

81.39(70.36~92.79)
18.47 (11.86~26.67)
425.14 (320.03~571.29)

270.21 (242.69~303.33)

5331 (3847 ~74.53)
88.36 (77.56~96.56)
329.72 (303.83~353.33)

86.20 (65.58 ~103.00)

4.28 (240~6.67)

256.84 (214.34 ~344.46)
226.68 (156.60~279.32)
23.38(21.12~25.64)
25.00 (1891 ~2945)

87.48 (80.86~92.65)
294.93 (260.75~317.61)

49.29 (37.91 ~63.48)

82.94
(61.69~107.41)

53.92 (47.26~60.21)

144.02
(122.94~168.01)

7547 (66.42 ~85.96)

105.93
(95.65~116.22)
58.74 (50.83 ~66.90)
55.82(36.31~80.74)
3829 (28.87~51.57)

133.05
(118.82~149.61)

54.81(39.90~75.48)
47.34 (42.79~51.08)

98.72
(91.50~105.63)

35.71(27.12~42.52)

100.13

(56.81 ~
32.35(27.04~43.28)
59.51 (41.41~7297)
4991 (45.26~55.08)
72.06 (54.21~84.72)

152.20)

61.58 (56.94 ~65.20)
63.54 (57.66~68.10)

45.23 (34.73~57.30)

-1.135 (-1.339~-0.93)

0.316 (0.07 ~0.563)
0.639 (0.45~0.829)

-1.14 (-1.397~-0.884)

-0.191 (-0.363~-0.019)

0.384 (-0.014~0.783)
0.173(0.102~0.244)
-2.39 (-2.719~-2.059)

-0475 (-0.88~-0.069)

-0.356 (-0.443~-0.269)
0.303 (0.115~049)
1.004 (0.846~1.163)

0.023 (-0.171~0.217)
0.44 (0.402~0.478)

-0.105 (-0.265~0.055)
-0.05 (-0.138 ~0.039)
-1.308 (-1.456~-1.159)
1.897 (1.552~2.244)

-0.661 (-0.813~-0.508)
0.235 (0.085~0.385)

0.624(0.577~0.672)

Annotations DALY: disability-adjusted life-year; ASDALYR: age-standardized disability-adjusted life-year rate (per 100,000 females); EAPC: Estimated annual

percentage change; SDI: Socio-demographic index

uterine cancer [27-29]. A lack of physical activity and the
high prevalence of diabetes also contribute to increased
risk [30, 31]. Public health initiatives focused on weight
management and promoting physical activity could help
mitigate the growing burden of uterine cancer.

Over the past 32 years, the disease burden of female-
specific cancers has risen rapidly. Given the positive

correlation between age and cancer incidence rate, cou-
pled with the aging global population, the burden of
these cancers is expected to continue increasing in the
coming decades. Projections indicate that the economic
burden of female-specific cancers will account for 0.073%
of the global gross domestic product (GDP) from 2020
to 2050, further exacerbating economic pressure on
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Fig. 6 Global trends in age-standardized incidence rates (ASIRs) and socio-demographic index (SDI) from 1990 to 2021. The Rho values (Spearman’s rho
correlation coefficient) indicate the strength of the correlation between the SDI and ASIRs
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Fig. 8 Level 2 risk factors contributing to female-specific cancer-related death. The trends in risk factors contributing to deaths for breast, cervical, ovar-
ian, and uterine cancers globally and across different regions from 1990 to 2021, a. Breast cancer, b. Cervical cancer, c. Ovarian cancer d. Uterine cancer

individuals and healthcare systems [32]. The emergence
of new infectious diseases, such as COVID-19, may fur-
ther strain already limited public health resources, posing
additional challenges to cancer prevention and treat-
ment. Global mobilization of medical resources is crucial
to address these challenges, alongside the enhancement
of screening strategies, optimization of diagnostic tools,
and the development of targeted, personalized therapies.

This study has several limitations. First, data from the
GBD 2021 project, while comprehensive and statistically
refined, may underestimate cancer burden in underde-
veloped regions due to incomplete cancer registries and
limited public database resources. Second, there is a
paucity of epidemiological statistics of pathological sub-
type of each cancer, leading to a compromised analysis,
exemplified by the lack of data on non-HPV-associated
cervical cancer. Third, our analysis focuses on four major
female-specific cancers, excluding rarer cancer types.
Finally, the analysis of attributable risk factors is based on

the available Level 2 risk factors in the GBD 2021 data-
base, which may not capture all clinically relevant factors.
Therefore, caution should be exercised in interpreting
these results.

Conclusion

The present work provides a comprehensive overview of
the global burden and attributable risk factors for four
major female-specific cancers: breast, cervical, ovarian,
and uterine cancers. Our findings show that breast can-
cer bears the highest global disease burden, especially in
high-SDI regions, while the incidence of cervical cancer
remains high in low-income areas, despite declining in
most parts of the world. There are rising trends in the
incidence of ovarian and uterine cancer, with age and
lifestyle-related factors contributing significantly to their
burden. Addressing these challenges requires expand-
ing prevention and early detection programs, particu-
larly in resource-limited regions. With the aging global
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population, there is a pressing need for age-appropriate
interventions and improved cancer care infrastructure.
This study highlights the importance of targeted poli-
cies, lifestyle changes, and ongoing research to reduce
the global burden of female-specific cancers and improve
outcomes for women worldwide.
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