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Abstract

Background Female breast cancer, cervical cancer, uterine cancer, and ovarian cancer (FBCUO) pose a significant
threat to global public health. Data from the Global Burden of Disease, Injuries, and Risk Factors Study (GBD) 2021
provide critical insights that can guide the understanding and management of these cancers. Our study aims to offer
comprehensive global, regional, and national estimates of the FBCUO cancer burden and its attributable risk factors
from 1990 to 2021, as well as project future incidence trends up to 2050. These projections are essential for develop-
ing targeted prevention and control strategies, thereby informing more effective public health interventions.

Methods Incidence, age-standardised incidence rate (ASIR), deaths, age-standardised mortality rate (ASMR), disabil-
ity-adjusted life years (DALYs), age-standardised rate of DALYs (ASDR), and the burden due to risk factors associated
with FBCUO cancer were analysed from 1990 to 2021, and the Bayesian APC model was utilized for forecasting future
epidemiological trajectories. All statistical analyses were performed using Join-point software (version 4.9.1.0).

Results Between 1990 to 2021, the global incidence, death, and DALYs, of female breast, cervical, uterine and ovar-
ian cancer both to varying degrees of elevation. However, the ASMR and ASDR both showed a decreasing trend

for FBCUO cancer. In 2021, diet high in red meat was a major risk factor for female breast cancer DALYs, but the attrib-
utable ASDR for diet high in red meat decreased from 1990 to 2021. Unsafe sex was the leading risk factor for cervical
cancer DALYs, high body-mass index were the leading risk factor for uterine cancer and ovarian cancer. Projections
indicate a global increase in the total number of female breast cancer and ovarian cancer cases from 2021 to 2050. In
contrast, both cervical cancer and uterine cancer are expected to show downward trends over the same period.
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to address these growing challenges.

Disability—adjusted life years

Conclusions The burden attributable to FBCUO cancers has increased significantly in female populations from 1990
to 2021, underscoring the urgent need for targeted measures to mitigate this trend. Meanwhile, Annual Percent-
age Change (APC) analysis indicates that the age-standardized incidence rates (ASIR) for female breast and ovarian
cancers may continue to rise from 2022 to 2050. This projection highlights the importance of timely interventions

Keywords Female breast cancer, Cervical cancer, Uterine cancer, Ovarian cancer, Risk factors, Incidence, Mortality,

Introduction

Cancer remains one of the most pressing challenges for
public health, society, and the global economy in the
twenty-first century. A recent study has underscored
the disproportionate impact of cancer mortality on
women, revealing that nearly half of all orphans world-
wide are due to maternal deaths from breast or cervical
cancer [1]. This statistic highlights the profound social
and familial consequences of these diseases. Accord-
ing to data from the International Agency for Research
on Cancer (IARC), in 2022, there were an estimated
3,294,316 new cases of breast, cervical, and ovarian
cancer, representing 16.5% of all diagnosed cancers
globally. Moreover, these cancers resulted in 1,220,712
deaths, accounting for 12.6% of all cancer-related fatali-
ties [2]. The incidence and mortality rates associated
with these malignancies not only pose a significant
threat to women’s health and longevity but also impose
a considerable economic burden on healthcare sys-
tems and societies at large. Addressing this challenge
requires comprehensive strategies that encompass pre-
vention, early detection, treatment, and support for
affected individuals and their families.

Regarding the risk factors for female-specific can-
cers—breast, cervical, uterine, and ovarian—several key
elements stand out. Family history and inherited muta-
tions in the BRCA1 and BRCA2 genes are particularly
significant for breast and ovarian cancers [3]. Addition-
ally, long-term exposure to estrogen, obesity, smoking,
alcohol consumption, and physical inactivity are impor-
tant contributors to the development of these malignan-
cies [4]. The prevalence and impact of these risk factors
can vary significantly across different regions and popu-
lations [5], underscoring the need for tailored prevention
strategies. Understanding the latest trends and burdens
associated with these risk factors is crucial for developing
effective interventions and mitigating the overall impact
of female-specific cancers. Comprehensive research
into regional variations and population-specific influ-
ences can inform more targeted screening programs,
early detection methods, and personalized treatment
approaches, ultimately improving outcomes and reduc-
ing the global burden of these diseases.

In this study, we analyzed data from the 2021 Global
Burden of Disease, Injuries, and Risk Factors Study
(GBD) to investigate trends in the incidence, mortal-
ity, and associated risk factors for female breast, cervi-
cal, uterine, and ovarian cancers (FBCUOQ) at regional
and national levels from 1990 to 2021. Our goal was to
assess the patterns and trends in the incidence, mortal-
ity, and disability-adjusted life years (DALYs) related to
these cancers within women’s cancer associations. By
doing so, we aim to provide valuable insights that can
inform more targeted screening programs and enhance
preventive measures. This will also contribute to the for-
mulation of pertinent policies and strategies. Ultimately,
our work seeks to improve women’s reproductive health
and the overall well-being of populations by address-
ing their specific needs. However, it is important to rec-
ognize the limitations of our study, due to limited data
access, we used data from the GBD database for 2021
only to estimate the cancer burden in women; second,
many countries in the GBD database (especially low-
and middle-income countries) did not have raw data and
some data were missing; and the risk factors considered
were limited to those included in the database and may
not have covered all relevant risk factors. In addition,
our study focused on female breast, cervical, uterine, and
ovarian cancers, excluding other types of female cancers
and specific tumor pathologies. These may have influ-
enced our findings.

Methods
Data source
This study leverages data from the Global Burden of
Disease, Injuries, and Risk Factors Study (GBD) 2021,
which evaluates health risks associated with 371 diseases,
injuries, and 88 risk factors [6]. Our analysis focused on
female breast, cervical, uterine, and ovarian (FBCUOQ)
cancers across all age groups from 1990 to 2021. How-
ever, since the GBD 2021 does not include data on
FBCUO cancer burden for individuals under 15 years
old, our primary focus was on those aged 15 and older.
We collected comprehensive data on incidence, mortal-
ity, and disability-adjusted life years (DALYs) for FBCUO
cancers, along with their corresponding 95% uncertainty
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intervals (UIs). All estimates used in this study are pub-
licly available through the GBD Results Tool at http://
ghdx.healthdata.org/gbd-results-tool. The international
classification of disease (ICD) codes for these four can-
cers, as defined in the GBD 2021, are provided in the sup-
plementary appendix (Table S1).

All estimates for this study are stratified by age, loca-
tion, population, and nation, covering the period from
1990 to 2021. The GBD database encompasses 21 GBD
regions and 204 countries or territories, classified into
quintiles based on the Socio-Demographic Index (SDI).
The SDI is a composite measure that reflects a country’s
overall social and economic development, incorporat-
ing per capita income, total fertility rate (for those under
25 years), and average educational attainment (for those
aged 15 years and older) [7, 8]. The regional division of
the SDI can be obtained from the Institute for Health
Metrics and Evaluation (IHME) at https://ghdx.healt
hdata.org/search/site/SDL

Age-period-cohort (APC) model analysis

The Age-Period-Cohort (APC) model is widely recog-
nized as an advanced research methodology that sur-
passes traditional analytical approaches in health and
socioeconomic development studies. This model enables
the determination of both net drift, representing overall
time trends, and local drift, capturing specific temporal
variations, while quantifying the influence of three fun-
damental time dimensions: age, period, and birth cohort
[9-11].

To calculate the age effect, period effect, and cohort
effect, we utilize intrinsic estimator (IE) methods which
allow for unbiased estimation of these effects by over-
coming the identification problem inherent in APC
models. Specifically, the age effect is determined by ana-
lyzing the differences in AHE incidence rates across vari-
ous age groups within the same period and birth cohort,
reflecting changes due to biological aging or life stage.
The period effect is calculated by examining deviations
in AHE incidence rates during different time periods,
regardless of age or birth cohort, which may be influ-
enced by factors such as medical advancements, pub-
lic health policies, or environmental changes. Lastly,
the cohort effect is estimated by observing variations
in AHE incidence among individuals born in different
years, accounting for unique exposures or characteristics
shared by a birth cohort throughout their lifetime.

In this study, we employed the APC model to analyze
trends in AHE incidence across different age groups,
time periods, and birth cohorts. The APC model provides
a comprehensive view of AHE incidence rates and their
trends, identifying shifts in disease patterns across vari-
ous age groups, periods, or birth cohorts. By isolating the
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independent effects of age, period, and cohort, the model
can hypothesize how changes in factors such as life-
style, medical advancements, and environmental condi-
tions influence AHE incidence, offering a more nuanced
understanding of the underlying drivers of disease
trends. Additionally, the APC model reveals epidemio-
logical shifts in AHE and analyzes how socioeconomic
factors impact its onset through different birth cohorts
and time periods, which is crucial for understanding
the broader determinants of health. Ultimately, the APC
model enhances our understanding of AHE epidemiol-
ogy, helping to identify potential gaps in disease preven-
tion, control, and treatment strategies, and supports the
development of more targeted and effective public health
interventions.

Statistical analysis
Joinpoint regression is a statistical method used to
analyze trend changes in time series data by identify-
ing "joinpoints” that split the data into multiple phases,
each with its own annual percent change (APC). In this
study, we utilized the Joinpoint software (version 4.9.1.0,
https://surveillance.cancer.gov/joinpoint/), developed by
the National Cancer Institute’s Division of Cancer Con-
trol and Population Sciences, to perform this analysis. To
assess the rate trends, we applied a log-linear joinpoint
regression model (Iny=xb) to calculate the APC along
with its 95% confidence interval (CI). The mean annual
percent change (AAPC) was then computed based on the
APC trends over the specified time frame. An upward
trend is indicated when both the AAPC estimate and its
95% CI upper and lower bounds are greater than zero.
Conversely, a downward trend is identified if both the
AAPC estimate and its 95% CI limits are less than zero.
For visual representation of the results, we used the R
software package (version 4.4.2) to generate the figures.

Results

Burden of female breast, cervical, uterine, ovarian cancer

in 2021

In 2021, the total incidence of female breast cancer was
2.0 million (95% UI, 1.9-2.2). Total deaths were 0.6 mil-
lion (0.6—0.7). Female breast cancer contributed 20.2 mil-
lion (18.9-21.5) DALYs in 2021. The total incidence of
cervical cancer was 0.6 million (0.6—0.7), and total deaths
were 0.2 million (0.2-0.3), and cervical cancer contrib-
uted 9.9 million (9.0-10.7) DALYs in 2021. The total inci-
dence of uterine cancer was 0.4 million (0.4-0.5), and
total deaths were 0.09 million (0.08—0.10), and uterine
cancer contributed 2.5 million (2.2-2.8) DALYs in 2021.
The total incidence of ovarian cancer was 0.2 million
(0.2—0.3), and total deaths were 0.1 million (0.1-0.2), and
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ovarian cancer contributed 5.1 million (4.6-5.6) DALYs
in 2021 (Table S2).

In 2021, the ASIR of female breast cancer was 46.4
(95% UI, 43.3-49.6) per 100,000, cervical cancer was
15.3 (14.1-16.7) per 100,000, uterine cancer was 10.4
(9.4-11.2) per 100,000, and ovarian cancer was 6.7 (6.1—
7.3) per 100,000. The ASMR of female breast cancer was
14.5 (13.5-15.6) per 100,000, cervical cancer was 6.6
(6.1-7.2) per 100,000, uterine cancer was 2.1 (1.9-2.3)
per 100,000, and ovarian cancer was 4.1 (3.7-4.4) per
100,000 per 100,000. The ASDR for female breast cancer
was 455.6 (426.6—485.3) per 100,000, cervical cancer was
226.3 (206.5-246.9) per 100,000, uterine cancer was 56.1
(50.1-62.4) per 100,000, and ovarian cancer was 115.1
(104.6-125.2) per 100,000 (Table S3, Figure S1, Figure S2,
Figure S3, and Figure S4).

The regions with the highest ASIR for female breast
cancer in 2021 were those in the High SDI quintile. Con-
versely, the highest ASMR and ASDR for female breast
cancer in 2021 were observed in the Low SDI quintile.
Specifically, Monaco recorded the highest ASIR at 163.8
(95% UI, 120.6—221.9), Palau reported the highest ASMR
at 46.7 (36.9-59.3), and American Samoa had the highest
ASDR at 1232.9 (966.4—1529.4) (Fig. 1 and Table S3).

The regions with the highest ASIR, ASMR, and ASDR
for cervical cancer in 2021 were the Low SDI quintile.
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Kiribati had the highest ASIR, ASMR, and ASDR (Fig. 2
and Table S3). Meanwhile, the regions with the highest
ASIR, ASMR, and ASDR for uterine and ovarian can-
cer in 2021 were the High SDI quintile, and the United
Arab Emirates had the highest ASIR, ASMR, and ASDR
for both uterine and ovarian cancer (Fig. 3, Fig. 4 and
Table S3).

For female breast cancer, the incidence, death, and
DALYs numbers peaked at 55-59 years. The highest
age group for the ASIR was 85-89 years, and the ASMR
and ASDR)peaked at 95+years (Fig. 5). For cervical
cancer, the incidence and DALYs numbers peaked at
50-54 years, while deaths peaked at 55-59 years. The
highest age group for ASIR and ASDR was 55-59 years,
and ASMR peaked at 95+years (Fig. 6). For uterine
cancer, the incidence peaked at 60-64 years, while
deaths and DALYs numbers peaked at 65-69 years. The
highest age group for ASIR and ASDR was 70-74 years,
and ASMR peaked at 95+years (Fig. 7). For ovarian
cancer, the incidence and DALYs numbers peaked at
55-59 years, while deaths peaked at 65-69 years. The
highest age group for ASIR was 90-94 years, ASMR
peaked at 95+ years, and ASDR peaked at 70-74 years
(Fig. 8).
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Fig. 1 Age-standardised incidence (A), mortality (B) and DALYs rate (C) of female breast cancer in 204 countries around the world. DALYs,
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Fig. 2 Age-standardised incidence (A), mortality (B) and DALYs rate (C) of cervical cancer in 204 countries around the world. DALY,

disability-adjusted life-years
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Fig. 3 Age-standardised incidence (A), mortality (B) and DALYs rate (C) of uterine cancer in 204 countries around the world. DALYs,

disability-adjusted life-years

Fig. 4 Age-standardised incidence (A), mortality (B) and DALYs rate (C) of ovarian cancer in 204 countries around the world. DALY,

disability-adjusted life-years

The trend of female breast cancer burden from 1990

to 2021

From 1990 to 2021, the incidence number of female
breast cancer increased from 0.8 million (95% UI, 0.8—
0.9) to 2.0 million (1.9-2.2), marking 140.5% (126.5—
156.4) increase. The number of deaths due to female
breast cancer increased by 88.5% (77.6-99.9), from
0.3 million (0.3-0.3) to 0.6 million (0.6-0.7). DALYs
increased from 11.0 million (10.4-11.6) to 20.2 million
(18.9-21.5), an increase of 83.5% (71.5-96.5).

From 1990 to 2021, the overall global ASIR for female
breast cancer has trended upward (AAPC, 0.4 [95% CI,
0.3-0.5]). Additionally, the ASIR has shown a increas-
ing trend in all four SDI quintiles except for the high SDI
region. Meanwhile, among the 204 countries and regions
worldwide, only 22 countries or regions have experienced
a declining trend in the ASIR of female breast cancer
(Table S4).

The ASMR of female breast cancer showed an over-
all decreasing trend (AAPC, -0.5 [95% CI, -0.6 to -0.5]).
Specifically, the ASMR for high SDI quintile (-1.5 [-1.5
to -1.4]) and high-middle SDI quintile (-0.9 [-1 to -0.8])
has decreased. In contrast, the ASMR for female breast
cancer showed increasing trends across the middle, low-
middle and low SDI quintiles (Table S4).

Similarly, the ASDR of female breast cancer showed
an overall decreasing trend (AAPC, -0.5 [95% CI, -0.5 to
-0.4]). Specifically, the ASDR for high SDI quintile (-1.5
[-1.5 to -1.4]) and high-middle SDI quintile (-0.1 [-1 to
-0.9]) has decreased. In contrast, the ASMR for female
breast cancer showed increasing trends across the mid-
dle, low-middle and low SDI quintiles (Table S4).

From 1990 to 2021, the incidence of female breast
cancer,divided into 5-year age groups, showed a decreas-
ing trend in 75-79 years and 80-84 years groups, and
an increasing trend in other age groups. The most
pronounced increase were in the 15-19 years and
20-24 years groups (there have the same AAPC, 2.2 [95%
CI, 2.1-2.3]), while the most significant decrease was
seen in the 80-84 years group (AAPC, -0.2 [-0.3-0.0]).
Female breast cancer mortality and DALYs rate showed
a decreasing trend among individuals aged 235 years,
a flat trend in the 30-34 years group, and an increasing
trend in those aged < 30 years. Mortality and DALYs rates
increased most significant for ages 15-19 (ASMR AAPC,
1.4 [1.3-1.5]; ASDR AAPC, 1.4 [1.3-1.5]), and 20-24
(ASMR AAPC, 1.4 [1.2-1.5]; ASDR AAPC, 1.4[1.3-1.5]).
The 75-79 years group had the most significant decrease
in mortality rate (AAPC, -0.8 [-0.8 to -0.7]). DALYs rates
decreased most significantly for ages 75-79 (AAPC,
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-0.7 [-0.8 to -0.6]), and 80-84 (AAPC, -0.7 [-0.7 to -0.6])
(Table 1).

The trend of cervical cancer burden from 1990 to 2021
From 1990 to 2021, the incidence number of cervical
cancer increased from 0.4 million (95% UlI, 0.3-0.4) to
0.6 million (0.6-0.7), marking 62.9% (47.9-79.2) increase.
The number of deaths due to cervical cancer increased
by 40.2% (27.1-54.7), from 0.2 million (0.1-0.2) to 0.2
million (0.2-0.3). DALYs increased from 7.4 million
(6.8—8.0) to 9.9 million (9.0-10.7), an increase of 33.6%
(20.4-47.9).

From 1990 to 2021, the overall global ASIR for cervical
cancer has trended downward (AAPC, -0.5 [95% CI, -0.6
to -0.4]). Additionally, the ASIR has shown a decreasing
trend in all four SDI quintiles except for the high-middle
SDI quintile. Meanwhile, among the 204 countries and
regions worldwide, only 35 countries or regions have
experienced a increasing trend in the ASIR of cervical
cancer (Table S4).

The ASMR of cervical cancer showed an overall
decreasing trend (AAPC, -1.3 [95% CI, -1.4 to -1.2]).
Meanwhile, the ASMR for all SDI quintiles has decreased.
At the regional and national levels, only 19 countries or
regions have experienced a increasing trend in the ASIR
of cervical cancer(Table S4).

Similarly, the ASDR of cervical cancer showed an over-
all decreasing trend (AAPC, -1.3 [95% CI, -1.4 to -1.2]),
and the ASMR for all SDI quintile has decreased. At the
regional and national levels, only 15 countries or regions
have experienced a increasing trend in the ASDR of cer-
vical cancer(Table S4).

From 1990 to 2021, the incidence of cervical
cancer,divided into 5-year age groups, showed a increas-
ing trend in 20-24 years group, and a decreasing trend
in other age groups. The only increase were in the
20-24 years group (AAPC, 0.1 [95% CI, 0.0-0.2]), while
the most significant decrease was seen in the 85-89 years
(AAPC, -09 [-1.0 to -0.9]), and 90-94 years (AAPC,
-0.9 [-0.9 to -0.8]) groups. Cervical cancer mortality and
DALYs rate showed a decreasing trend among all of age
groups. Mortality rate decreased most significant for ages
50-54 (AAPC, -1.5 [-1.6 to -1.3]). DALYs rates decreased
most significantly for ages 45-49 (AAPC, -1.4 [-1.5 to
-1.3]), and 50-54 (AAPC, -1.4 [-1.6 to -1.3]) (Table 1).

The trend of uterine cancer burden from 1990 to 2021

From 1990 to 2021, the incidence number of uterine can-
cer increased from 0.1 million (95% Ul, 0.1-0.2) to 0.4
million (0.4-0.5), marking 147.6% (132.9-166.4) increase.
The number of deaths due to uterine cancer increased by
78.1% (65.1-94.0), from 0.05 million (0.04—0.05) to 0.09
million (0.08-0.10). DALYs increased from 1.5 million
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(1.3-1.6) to 2.6 million (2.3-2.8), an increase of 70.7%
(56.7-90.6).

From 1990 to 2021, the overall global ASIR for uter-
ine cancer has trended upward (AAPC, 0.5 [95% CI,
0.5-0.6]). Additionally, the ASIR has shown a increas-
ing trend in all SDI quintiles. Meanwhile, among the 204
countries and regions worldwide, only 11 countries or
regions have experienced a decreasing trend in the ASIR
of uterine cancer (Table S4).

The ASMR of uterine cancer showed an overall
decreasing trend (AAPC,-0.8 [95% CI, -0.8 to -0.7]).
Meanwhile, the ASMR for high-middle SDI quintile
(AAPC, -1.2 [-1.3 to -1.1]), middle SDI quintile (AAPC,
-1.2 [-1.4 to -1.1]), and low SDI quintile (AAPC, -0.1
[-0.2 to 0.0]) has decreased. A flat trend in ASMR was
high SDI quintile (AAPC, 0.0 [-0.1-0.2]). Moreover, the
ASMR increased for uterine cancer in low-middle SDI
quintile(Table S4).

Similarly, the ASDR of uterine cancer showed an
overall decreasing trend (AAPC, -0.8 [95% CI, -0.8 to
-0.7]). Meanwhile, the ASDR for high-middle SDI quin-
tile (AAPC, -1.3 [-1.4 to -1.2]), middle SDI quintile
(AAPC, -1.3 [-1.4 to -1.2]), and low SDI quintile (AAPC,
-0.2 [-0.3 to 0.1]) has decreased. Moreover, the ASDR
increased for uterine in high SDI and low-middle SDI
quintile(Table S4).

From 1990 to 2021, divided into 5-year age groups, the
uterine cancer deficiency under 20 years old. Then, our
focus was primarily on those aged 20 years and older.
The incidence of uterine cancer, showed a increasing
trend in all of age groups. The most significant increase
was seen in the 55-59 years (AAPC, 0.8 [0.7-0.9]), and
60—-64 years (AAPC, 0.8 [0.7-0.9]) groups. Uterine can-
cer mortality and DALYs rate showed a decreasing trend
among individuals aged =94 years, a flat trend in the
95 +years group. The 35-39 years group had the most
significant decrease in mortality rate (AAPC, -1.7 [-1.8
to -1.5]) and DALYs rates (AAPC, -1.5 [-1.7 to -1.4])
(Table 1).

The trend of ovarian cancer burden from 1990 to 2021
From 1990 to 2021, the incidence number of ovarian can-
cer increased from 0.1 million (95% UI, 0.1-0.1) to 0.2
million (0.2-0.3), marking 87.8% (60.1-106.9) increase.
The number of deaths due to ovarian cancer increased
by 84.5% (62.5-101.1), from 0.1 million (0.09-0.10) to
0.1 million (0.1-0.2). DALYs increased from 2.9 million
(2.7-3.2) to 5.2 million (4.7-5.6), an increase of 77.5%
(50.9-97.1).

From 1990 to 2021, the overall global ASIR for ovarian
cancer has trended downward (AAPC, -0.4 [95% CI, -0.4
to -0.3]). Meanwhile, the ASIR has shown a decreasing
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trend in high SDI and high-middle SDI quintiles. Other
three SDI quintiles has trended upward (Table S4).

The ASMR of ovarian cancer showed an overall
decreasing trend (AAPC,-0.6 [95% CI, -0.7 to -0.6]).
Meanwhile, the ASMR for high SDI quintile (AAPC, -1.3
[-1.4 to -1.2]), and high-middle SDI quintile (AAPC, -0.7
[-0.8 to -0.6]) has decreased. Additionally, the ASMR
increased for ovarian cancer in middle SDI, low-middle
SDI, and low SDI quintiles(Table S4).

Similarly, the ASDR of ovarian cancer showed an
overall decreasing trend (AAPC, -0.6 [95% CI, -0.6 to
-0.5]). Meanwhile, the ASDR for high-middle SDI quin-
tile (AAPC, -1.5 [-1.6 to -1.4]), high-middle SDI quin-
tile (AAPC, -0.9 [-1.0 to -0.8]). Additionally, the ASDR
increased for ovarian cancer in middle SDI, low-middle
SDJ, and low SDI quintiles(Table S4).

From 1990 to 2021, the incidence of ovarian
cancer,divided into 5-year age groups, showed an increas-
ing trend in individuals aged =39 years, and a decreasing
trend in those aged 240 years. The most pronounced
increase was in the 20-24 years group (AAPC, 0.9 [95%
CI, 0.9-1.0]), while the most significant decrease was
seen in the 75-79 years (AAPC, -0.7 [-0.8 to -0.5]), and
80—-84 years (AAPC, -0.7 [-0.9 to -0.5]) groups. Ovar-
ian cancer mortality and DALYs rate showed a increas-
ing trend in individuals aged =34 years, and a decreasing
trend in those aged 235 years. The 20-24 years group had
the most significant increase in mortality rate and DALYs
rates with same AAPC (0.5 [0.4-0.6]). Mortality and
DALYs rate decreased most significant for ages 50-54
(AAPC, -0.8 [-0.9 to -0.8]; -0.8 [-0.8 to -0.7]) (Table 1).

Disability-adjusted life years from female breast cancer
attributable to risk factors

In 2021, female breast cancer was estimated to cause
5.1 million (95% UlI, 1.6—8.0) DALYs attributable to risk
factors exposure. Table 2 illustrates the contribution of
7 factors across overall global, five SDI quintiles, and 21
GBD regions in 2021 to DALYs caused by female breast
cancer.Diet high in red meat is the primary risk factor for
female breast cancer DALYs (11.9% [95% UI, 0.0-25.3]),
followed by Alcohol use (2.7% [1.9-3.7)]) and Low physi-
cal activity (2.0% [0.4-3.6)]) (Table 2).

Diet high in red meat is the leading risk factor across
all of five SDI quintiles and 21 GBD regions. Moreover,
risk factor proportions varied across different SDI quin-
tiles. Alcohol use was the second highest risk factor in
high (6.5% [4.6—8.6]), high-middle (3.2% [2.2-4.4]) and
low SDI quintiles (1.6% [0.9-2.3]). However, in middle
and low-middle quintiles, Low physical activity was the
second greatest contributor to DALYs from female breast
cancer (Table 2).

Page 12 of 20

Similarly, in 2021, diet high in red meat was the leading
risk factor for attributable ASDR for female breast can-
cer globally, with an ASDR of 54.0 (95% UI, 0-115.1) per
100,000. This was consistent across all SDI quintiles and
204 countries and territories. High alcohol use was the
second highest risk factor for female breast cancer ASDR
of 12.4 (8.7-16.5) per 100,000. However, in middle SDI
and low-middle SDI quintiles low physical activity was
the second highest risk for ASDR. Details on the attribu-
tion of 7 risk factors to ASDR by 5 SDI quintiles and 204
countries or territories level are provided in Table S5.

Disability-adjusted life years from cervical, uterine

and ovarian cancer attributable to risk factors

About cervical cancer, in 2021, cervical cancer was esti-
mated to cause 9.9 million (95% UI, 9.0-10.8) DALYs
attributable to risk factors exposure. Table 3 illustrates
the contribution of 2 factors across overall global, five
SDI quintiles, and 21 GBD regions in 2021 to DALYs
cause by cervical cancer. Unsafe sex is the primary risk
factor for cervical cancer DALYs (100% [95% UI, 100—
100]), followed by Smoking (7.3% [4.3—10.5]) (Table 3).

Unsafe sex is the leading risk factor across all of five
SDI quintile and 21 GBD regions, and of all percent and
95% UI were 100% (100-100). Smoking was the second
highest risk factor in other SDI quintiles, and as SDI
decreased, the proportion of DALYs from smoking grad-
ually reduced (Table 3).

Similarly, in 2021, unsafe sex was the leading risk factor
for attributable ASDR for cervical cancer globally, with
an ASDR of 226.2 (95% UI, 206.4—246.6) per 100,000.
This was consistent across all SDI quintiles and 204 coun-
tries and territories. Smoking was the second highest risk
factor for cervical cancer ASDR of 16.2 (9.8-23.8) per
100,000. Details on the attributable of 2 risk factors to
ASDR by 5 SDI quintiles and 204 countries or territories
level are provided in Table S6.

Uterine cancer was estimated to cause 0.9 million
(95% UI, 0.6-1.2) DALYs attributable to risk factors
exposure. High body-mass index is the only risk factor
for uterine cancer across overall global, five SDI quin-
tiles, and 21 GBD regions in 2021. As SDI decreased,
the proportion of DALYs from high body-mass index
gradually reduced (Table 3). Similarly, in 2021, high
body-mass index was the only risk factor attributable
ASDR for uterine cancer globally, with an ASDR of 19.2
(13.8-25.4) per 100,000. Furthermore, the higher the
SDI quintile, the greater the impact of high body-mass
index (Table S7). Meanwhile, ovarian cancer was esti-
mated to cause 0.6 million (0.2—0.9) DALYs attributable
to risk factors exposure. Table 3 illustrates the contri-
bution of 2 factors across overall global, SDI quintile,
and 21 GBD regions in 2021 to DALYs cause by ovarian
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Table 2 Percentage contribution of risk factors to all-age DALYs of female breast cancer in 2021, for SDI, and by regions

Location Risk factors
Alcohol use, Diet highinred High body- High fasting Low physical Secondhand Smoking, %(95%
%(95% Ul) meat, %(95% mass index, plasma activity, %(95% smoke, %(95% Ul)
ul) %(95% UI) glucose, %(95% Ul) ul)
ul)
Global 7(191t03.7) 11.9(00t0253) 5.1(-0.2to0 10.0) 0(-12109.5) 20(04103.6) 2(-03t02.8) 5(1.2t01.9)
High SDI 5(4.6t086) 136(00t0288) 79(-03t0 15.3) 9(-14t0115) 27(05t04.6) 7(-02t0 1.5) 1(231t03.8)
High-middle SDI 2(22t044) 134 (0.0t0285) 74(-02t0 14.6) 2(-1.21t09.8) 21(041t036) (-041t03.4) 9(141t023)
Middle SDI 3(091t01.8) 11.5(0.0t0246) 44(-02t08)5) 9(-1110923) 2.1(041t03.6) 15(-04t034) 09(0.7t01.2)
Low-middle SDI 9(06t01.3) 9.6 (0.0t0 20.6) 24(-03t04.9) 7(-1.1t08.5) 1.7(031t03.0) 3(-03t029) 7(061t00.9)
Low SDI 6(091023) 103(00t021.7) 13(-04t02.8) 7 (-0.81t06.5) 1.2(03t02.2) 9(-0.2t0 2.0) 6 (0.5t00.8)
Andean Latin 0(1.8t04.6) 13.3(0.0t028.1) 49(-04t09.3) ( 1.0t0 8.6) 14 (0.3t0 2.6) 6 (-0.1t0 1.4) 0(0.7t01.2)
America
Australasia 0(66t011.5) 13.7 (0.0 to 29) (-0.3to 16.0) 6(-141t010.5) 3.3(0.7t05.9) (-01to0 1.1) 32(241t040)
Caribbean 1(13t03.1 ) 13.1(0.0t0 27.8) (-04t0 10.1) 7(-14t011.1) 26(05t046) 7(-02t01.7) 19(141t025)
Central Asia 6(1.0t024) 6(0.0t0288) 6.1(-04t011.7) 5(-10t082) 13(03t023) 16(-041t03.6) 06(041t00.8)
Central Europe 6(3.1t06.5) .7 (0.0to0 28.9) 0(-03t0 17.5) 4(-16t0125) 23(05t04.1) 0(-0.2t0 2.3) 35((2.7t044)
Central Latin 5(09t022) 5(0.0t0 285) 7 (-041t010.9) 1(-15t0120) 20(04t03.5) 9(-0.2t0 2.0) 14(1.1t01.8)
America
Central Sub- 26(0.6t04.0) 90(0.0t0193) 22(-03t04.6) 34(-10t08.1) 1.3(0.3t02.5) 08(-02t018) 04(03t00.6)
Saharan Africa
East Asia 1.0(0.6t0 1.6) 136(00t0288) 57(-02to115) 37(-1.1t087) 19(0.3t03.3) 22(-05t05.0) 08 (0.6to 1.1)
Eastern Europe  4.5(2.9t0 6.4) 136(0.0t0289) 95(-03t0182) 36(-1.0t083) 1.7(03t03.0) 12 (-0.3t026) 16(1.2t02.0)

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

23(12t03.2)
6.3 (44108.2)
6.1 (4.2t084)
0.1(0.1t00.2)

4(0.2100.6)
.3(0.2t00.5)
9(0.61t01.3)
9((4.1t07.8)

29(19t03.9)
30(21t04.)

7.7 (5610 10)
29 (1910 40)

11.8(0.0t0 25.2)

134 (0.0t0 285)

13.7 (0.0 t0 28.9)

13.0(0.0t0 27.6)

13.2(0.0t0 27.8)
6.5(0.0t0 14.3)

11.6 (0.0 to 24.9)
13.6(0.0t0 28.9)

13.5(0.0to0 28.6)

13.6 (0.0t0 28.8)

13.6(0.0t0 28.9)
12.0(0.0 to 25.5)

1.1(-04t02.7)
46(-0.1t09.2)
9.3(-03t017.8)
48(-0.5t09.0)

1(-021t010.2)
4(-03t03.1)
0(-0.1t08.1)
0(-03t015.2)

55(-04t0104)
5.0(-041t09.8)

7.8(-0.3t0 15.6)
30(-03106.3)

1.8 (-0.5t04.1)
42(-13t09.7)
6.1 (-1.8t0 14.3)
50(-1.5t011.6)

5(-13t010.3)
1(-121t09.5)
.1(-09t07.5)
8(-141t010.9)

36(-1.0t0 84)
43(-1.3to10.1)

41(-1.1t098)
2.8 (-0.8106.6)

1.0(0.2t0 1.8)
29(051t05.0)
24(05t043)
29(061t05.0)

6(0.5t04.7)
5(03t027)
20(04103.6)
7(041t03.)
25(0.5t04.2)

26(0.5t04.6)

29(061t05.1)
16(031t029)

0.8(-0.2t0 1.8)
0.9 (-0.2t0 2.0)
0.5 (-0.1t0 1.0)
1.6 (-04to0 3.5)

9(-05t0423)
2(-03t027)
19(-05t04.3)
0(-0.2t02.3)

14(-03t03.0)
0.7 (-0.2t0 1.6)

0.6 (-0.1to 14)
06 (-0.1to0 1.3)

0.7 (0.5t0 0.8)
1.5(1.1t0 2.0)
35(2.7t044)
1.0(0.7t01.3)

5(1.8t03.3)
5(041t00.7)
08 (0.6to 1.1)
0(3.0t050)

1.5(1.1t01.9)
29(21103.6)

34(261043)
03(0.2t00.3)

cancer. Same with uterine cancer, high body-mass index
also is the primary risk factor for ovarian cancer DALYs
9.3 (2.3-16.5), and they have the same trend. Occupa-
tional exposure to asbestos was the second highest risk
factor for ovarian cancer DALYs 1.9 (0.9-3.1). Similarly,
in 2021, high body-mass index was the leading risk fac-
tor for attributable ASDR for ovarian cancer globally,

with an ASDR of 10.6 (2.5-18.6) per 100,000. This was
consistent across all SDI quintiles and 204 countries
and territories. Occupational exposure to asbestos was
the second highest risk factor for ovarian cancer ASDR
of 2.1 (1.0-3.4) per 100,000. Details on the attribution
of 2 risk factors to ovarian cancer ASDR by 5 SDI quin-
tiles and 204 countries or territories level are provided
in Table S8.
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Table 3 Percentage contribution of risk factors to all-age DALYs of cervical cancer, uterine cancer, and ovarian cancer in 2021, for SD,

and by regions

Location Risk factor of cervical cancer Risk factor of uterine Risk factor of ovarian cancer
cancer
Smoking, %(95% Ul) Unsafe sex, %(95% Ul) High body-massindex, High body-mass Occupational exposure
%(95% Ul) index, %(95% to asbestos, %(95% Ul)
S])}
Global 7.3 (4310 10.5) 100.0 (100.0 to 100.0) 343 (25.0t044.2) 93(231t016.5) 9(09to03.1)
High SDI 193 (11.6t0 27.3) 100.0 (100.0 to 100.0) 38.7 (28.3t049.5) 11.3(28t020.3) 3(2.1t06.6)
High-middle SDI 122(7.5t0174) 100.0 (100.0 to 100.0) 393 (28410 50.8) 11.6 (2.8 t0 20.8) (1 1t03.8)
Middle SDI 6.1(3.5t09.0) 100.0 (100.0 to 100.0) 30.8 (22.2t039.7) 86 (2.0to 15.5) 9(041t01.5)
Low-middle SDI 533.0t079) 100.0 (100.0 to 100.0) 269 (18.81034.8) 63(14t0114) 4(0.2t00.7)
Low SDI 40(23t059) 100.0 (100.0 to 100.0) 21.9 (15.1 t0 28.6) 43(0.7t082) (OOtoOZ)
Andean Latin America 6.0(341t090) 100.0 (100.0 to 100.0) 40.2 (290to 52.0) 124 (32t0223) 2(0.5t024)
Australasia 204 (12310 29.5) 100.0 (100.0 to 100.0) 423 (30.8to 54.4) 134 (35t0233) (4 0to13.1)
Caribbean 102 (6.0t0 15.2) 100.0 (100.0 to 100.0) 37.2(26.7 t0 48.7) 11.5(3.1t020.1) 7(03t01.2)
Central Asia 48(27107.1) 100.0 (100.0 to 100.0) 41.5(30.2 to 53.6) 12.8(3.3t022.9) 4(06t02.2)
Central Europe 24.1 (15.5t0 33.5) 100.0 (100.0 to 100.0) 415 (30.2 to 53.5) 129 (3.3t023.1) 23(1.1t03.7)
Central Latin America 83(49t012.1) 100.0 (100.0 to 100.0) 433 (3141t0554) 13.9 (3.7 t0 24.5) 2(06t01.9)
Central Sub-Saharan 28(1.6t043) 100.0 (100.0 to 100.0) 258 (17410339 6.1(1.2t0 10.6) 0(0.0t0 0.0)
Africa
East Asia 59331089 100.0 (100.0 to 100.0) 27.1(19.1t0 36.3) 701410 13.5) 100410 1.8)
Eastern Europe 134(83t019.1) 100.0 (100.0 to 100.0) 456 (33.3t057.7) 15.1 (42t026.1) 24 (1.1t04.0)
Eastern Sub-Saharan 40(231t06.0) 100.0 (100.0 to 100.0) 22.8(1581029.9) 51(091t09.7) 0.0(0.0t00.0)
Africa
High-income Asia Pacific  11.3 (6.2 to 16.9) 100.0 (100.0 to 100.0) 19.1 (13310 25.0) 37(04107.2) 1.9(09t0323)
High-income North 23.2(13910 33) 100.0 (100.0 to 100.0) 448 (33.0t0 56.7) 14.6 (40t0 25.2) 3.5(1.7t05.5)
America
North Africa and Middle 5.2 (3.0to 7.7) 100.0 (100.0 to 100.0) 48.0 (35.7t0 60.2) 16.7 (4.7 t0 28.2) 12(041t024)
East
Oceania 15.8(9.5t0224) 100.0 (100.0 to 100.0) 354 (2531t045.9) 103 (2610 18.6) 0(00t00.1)
South Asia 44 (24106.8) 100.0 (100.0 to 100.0) 20.6 (14.2 t0 26.9) 44(08t08.2) 2(0.1t00.5)
Southeast Asia 54(321t080) 100.0 (100.0 to 100.0) 23.1 (15910 30.1) 55(1.1t0 10.1) 0.2(0.1t00.5)
Southern Latin America 24.7 (159 t0 33.6) 100.0 (100.0 to 100.0) 43.9(31.9t0 56.0) 14.2 (3.8 t0 25) 9(14t04.7)
Southern Sub-Saharan 8.1(4.8t0120) 100.0 (100.0 to 100.0) 45.2 (33410 56.9) 155 (44 t0 26.7) 1(09t03.8)
Africa
Tropical Latin America 156(9.0t022.7) 100.0 (100.0 to 100.0) 39.2(28.1t0514) 116 (28t021.2) 26(1.3t04.1)
Western Europe 226 (142t031.3) 100.0 (100.0 to 100.0) 364 (26.1t047.7) 10.5(24t0194) 6.5(3.2t0 10.1)
Western Sub-Saharan 1.8(1.0t02.8) 100.0 (100.0 to 100.0) 30.2 (21.4t0 39.8) 82(1.9to 15.1) 0.0 (0.0t0 0.0)

Africa

The trend of risk factors of female breast cancer burden
from 1990 to 2021

The attributable DALYs for female breast cancer
increased from 2.9 million (95% UI, 1.2—4.4) in 1990 to
5.1 million (1.6-8.0) in 2021.From 1990 to 2021, the age-
standardized death rate (ASDR) for female breast cancer
attributable to a diet high in red meat decreased (AAPC,
-0.7 [95% CI, -1.1 to -0.2]). However, increasing trends
were observed in the low-middle and low SDI quin-
tiles, while the middle SDI quintile showed a flat trend
(Table S9).Additionally, the ASDR for female breast can-
cer attributable to alcohol use also decreased (AAPC, -2.0

[-2.9 to -1.1]).Most countries and SDI quintiles exhibited
a downward trend for this risk factor, with the exception
of the low-middle SDI quintile.Low physical activity lev-
els in most SDI quintiles, countries, and regions either
declined or remained stable (Table S9).

In 2021, smoking was a major risk factor for female
breast cancer DALYs across all SDI quintiles. Despite
this, the ASDR for female breast cancer attributable to
smoking either decreased or remained stable from 1990
to 2021.Overall, other risk factors for female breast can-
cer generally showed decreasing or stable trends globally
and within the five SDI quintiles (Table S9).
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The trend of risk factors of cervical, uterine and ovarian
cancer burden from 1990 to 2021

The attributable DALYs for cervical cancer increased
from 7.4 million (95% UI, 6.8—8.1) in 1990 to 9.9 million
(9.0-10.8) in 2021. Over this period, the age-standard-
ized death rate (ASDR) for cervical cancer attributable to
unsafe sex (AAPC, -1.3 [95% CI, -1.5 to -1.1]) and smok-
ing (AAPC, -2.5 [-3.3 to -1.8]) both showed a decreasing
trend. All SDI quintiles exhibited the same downward
trend for these two risk factors. In 2021, unsafe sex was
the leading risk factor for cervical cancer DALYs glob-
ally, across all five SDI quintiles, and in all 21 GBD
regions. However, in most countries and regions, the
trend for these risk factors was either decreasing or stable
(Table S10).

The attributable DALYs for uterine cancer rose from 0.4
million (95% UI, 0.3-0.5) in 1990 to 0.9 million (0.6-1.2)
in 2021. Between 1990 and 2021, the ASDR for uterine
cancer attributable to high body-mass index (AAPC, 0.3
[-0.6 to 1.2]) remained relatively stable. Notably, at the
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global level, within the five SDI quintiles, and among the
204 countries or territories, most countries and regions
experienced an increase or stability in the trend, with
exceptions including Czechia (-1 [-1.5 to -0.4]), Estonia
(-0.7 [-1.3 to -0.1]), Greenland (-1.3 [-2.3 to -0.2]), Hun-
gary (-0.9 [-1.4 to -0.3]), Kazakhstan (-1 [-1.6 to -0.4]),
Slovakia (-0.7 [-1.2 to -0.2]), Turkmenistan (-0.9 [-1.9 to
0.0]), and the United States Virgin Islands (-0.8 [-1.4 to
-0.2]) (Table S11).

The attributable DALYs for ovarian cancer grew from
0.3 million (95% U, 0.1-0.4) in 1990 to 0.6 million (0.2—
0.9) in 2021. From 1990 to 2021, the ASDR for ovarian
cancer attributable to occupational exposure to asbestos
(AAPC, -1.5 [95% CI, -3.6 to 0.8]) and high body-mass
index (AAPC, 0.5 [-0.7 to 1.7]) remained stable. This
trend was observed in all SDI quintiles, except for the
middle and low-middle SDI quintiles regarding the high
body-mass index risk factor. Due to data limitations for
some regions and years, ASDR results are not available
for certain areas (Table S12) (Fig. 9).

Cancer Type Breast cancer ---- Cervical cancer --- Ovarian cancer Uterine cancer
Global High SDI High-middle SDI
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Fig.9 Changes in total attributable DALYs for female breast, cervical, uterine and ovarian cancer in global and 5 SDI quintiles regions (1990-2021).

DALYs, disability—adjusted life-years; SDI, Socio-demographic Index
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Global disease burden prediction for female breast,
cervical, uterine and ovarian cancer to 2050

The Bayesian Age-Period-Cohort (BAPC) model was
employed to forecast the future trends in the age-stand-
ardized incidence rates (ASIR) and the number of cases
for female breast cancer, cervical cancer, uterine cancer,
and ovarian cancer from 2022 to 2050. Projections indi-
cate a global increase in the total number of female breast
cancer and ovarian cancer cases from 2021 to 2050. In
contrast, both cervical cancer and uterine cancer are
expected to show downward trends over the same period
(Fig. 10).

Discussion

This study provides a comprehensive estimation of the
incidence, deaths, and DALYs for female-specific can-
cers, female breast cancer, cervical cancer, uterine can-
cer, and ovarian cancer, and investigates their global
temporal trends, with projections to 2050. From 1990
to 2021, the global burden of these cancers generally
increased, although epidemiological trends varied by
country or region. Notably, the age-standardized DALYs
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rate decreased for all four cancers. Annual increases in
the age-standardized incidence rate were observed for
female breast cancer and uterine cancer, while cervical
cancer and ovarian cancer showed stable or decreasing
trends. Additionally, the age-standardized mortality rate
decreased across all four cancers. Female breast cancer
and cervical cancer were the most prevalent globally, fol-
lowed by uterine cancer and ovarian cancer, with signifi-
cant regional disparities in the burden of these cancers,
collectively referred to as FBCUO (Female Breast, Cervi-
cal, Uterine, and Ovarian) cancers. The age-standardized
incidence rates of female breast, ovarian, and uterine
cancers generally showed an upward trend with increas-
ing Socio-Demographic Index (SDI), whereas both the
age-standardized incidence and DALY rates for cervical
cancer exhibited downward trends with increasing SDIL
There is notable age-related heterogeneity in the preva-
lence of FBCUO cancers, with varying risk factors among
the different cancers; however, high body-mass index
(BMI) is the most common risk factor, except for cervi-
cal cancer, where it has not been identified as significant.
By 2050, the age-standardized incidence rates (ASIR) for
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female breast cancer and ovarian cancer are projected to
gradually increase, while those for cervical and uterine
cancer are expected to decrease. These variations reflect
regional heterogeneity, likely influenced by differences in
the distribution of risk factors for FBCUO cancers, levels
of economic development, and access to healthcare.

Our study indicates a global rise in the age-standard-
ized incidence rate of FBCUO cancers from 1990 to 2021,
primarily driven by increases in female breast, uterine,
and ovarian cancers. This finding aligns with previous
studies [2, 3, 12], underscoring the need for heightened
attention to the cancer burden in this population. Nota-
bly, high BMI emerged as a common risk factor for female
breast, uterine, and ovarian cancers, consistent with its
demonstrated effects on inflammatory, metabolic, and
hormonal pathways [13, 14], which may be closely related
to the increased incidence of these three cancers. Addi-
tionally, our results identified multiple risk factors for
each type of cancer: female breast cancer is influenced by
a diet high in red meat, high alcohol use, high BMI, high
fasting plasma glucose, low physical activity, secondhand
smoke, and smoking; cervical cancer is associated with
smoking and unsafe sex; uterine cancer is linked solely to
high BMI; and ovarian cancer is affected by high BMI and
occupational exposure to asbestos. These findings high-
light the importance of addressing specific risk factors
to develop targeted prevention and control strategies for
each type of cancer. Besides, researchers revealed num-
bers of adverse life-style behaviors (like high alcohol use,
low physical activity, unsafe sex, and obesity and so on)
arising from rapid social development are associated with
increased FBCUO cancers though diverse mechanisms
[15, 16]. At the same time, unsafe sex is the most impor-
tant risk factor for cervical cancer, posing a significant
threat to women’s health. Therefore, targeted interven-
tions focusing on modifiable risk factors can effectively
reduce the incidence of these cancers. Additionally, the
incidence of FBCUO cancers varies across different SDI
regions. Specifically, female breast, uterine, and ovar-
ian cancers are often more prevalent in high SDI quin-
tile compared to low SDI quintile, which may be related
to improvements in breast cancer screening and routine
gynecological examinations brought about by socio-
economic development. These findings underscore the
importance of addressing region-specific risk factors and
enhancing preventive measures in both high and low SDI
settings to mitigate the burden of FBCUO cancers [17].

From 1990 to 2021, the age-standardized DALYs rates
for FBCUO cancers showed a general decreasing trend,
however, significant variations were observed across
different SDI regions. Female breast cancer exhibited a
declining trend in high and high-middle SDI quintiles
but increased in the other three regions, likely due to
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differences in socio-economic development and access to
effective treatments, indicating that countries or regions
with lower socio-economic development lack adequate
methods for managing breast cancer. Uterine cancer, on
the other hand, showed an increasing age-standardized
DALYs rate (ASDR) in high SDI regions, possibly because
higher BMI levels (i.e., obesity) are more common in
more developed areas, highlighting the need for targeted
interventions to reduce this risk factor. Ovarian cancer
followed a similar pattern to breast cancer, with higher
ASDR rates in areas of low economic development. As
the fifth leading cause of cancer-related deaths in women
and the deadliest gynecological cancer [18], ovarian can-
cer has been treated historically with surgical removal of
the ovaries and fallopian tubes [19], which significantly
impacts patients’ quality of life and may contribute to
elevated DALYs. Additionally, the UK Collaborative Trial
of Ovarian Cancer Screening found that neither multi-
modal screening nor transvaginal ultrasound screening
significantly reduced ovarian cancer mortality compared
to no screening [20], underscoring the critical need for
effective screening methods to improve prevention,
cure rates, and survival rates. These findings highlight
the importance of region-specific strategies to address
the varying trends in FBCUO cancers, emphasizing the
need for targeted interventions, particularly in low socio-
economic regions, to improve treatment access and out-
comes, as well as addressing modifiable risk factors like
BMI. Additionally, from 1990 to 2021, the trends in age-
standardized mortality rates (ASMR) for FBCUO cancers
were similar to those observed for ASDR. Moreover, the
patterns across different SDI quintiles mirrored those of
the ASMR, suggesting that these trends may be influ-
enced by the same factors.

Additionally, a systematic study concluded that delays
and barriers to cancer treatment are more common in
middle-income areas and below [21]. Our findings indi-
cate that the incidence of breast and ovarian cancer, as
well as the associated DALYs, are significantly higher
among women in poorer or lower-status regions, such as
Africa and the Middle East, compared to other regions.
This suggests that sociocultural factors also play a cru-
cial role in influencing the prevalence and effectiveness
of cancer treatment in women. Furthermore, both breast
and ovarian cancers have shown increasing trends in
middle SDI, low-middle SDI, and low SDI quintiles, con-
sistent with findings from other studies [22, 23]. Simi-
larly, research has shown that women with low income
and education levels rarely undergo routine breast exam-
inations [24], which significantly increases their risk of
developing malignant breast cancer compared to women
who receive regular check-ups [25, 26]. To effectively
address the regional disparities in female cancers, it is
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essential to implement policy reforms aimed at reducing
poverty and inequity by improving income distribution,
health education, and the social status of women [27].

In 2021, FBCUO cancers had the highest age-stand-
ardized incidence rates (ASIR), ASMR, and ASDR world-
wide, followed by cervical cancer. With socioeconomic
progress, our results show a decline in both ASMR and
ASDR for breast cancer from 1990 to 2021, which is con-
sistent with other studies [28]. In 2023, the World Health
Organization (WHO) launched the Global Breast Can-
cer Initiative Framework, aiming to reduce breast cancer
mortality by 2.5% and prevent 2.5 million breast cancer
deaths by 2040. However, our findings indicate a global
upward trend in breast cancer ASIR, suggesting that cur-
rent predictive measures for breast cancer are still inad-
equate. Additionally, we project that the ASIR of breast
cancer will continue to rise by 2050, underscoring the
need for further research to identify more effective pre-
vention methods and reduce the incidence of breast
cancer.

Regarding cervical cancer, our study shows that from
1990 to 2021, the ASIR, ASMR, and ASDR of cervical
cancer have been declining. The main risk factors for cer-
vical cancer are unsafe sex and smoking, with unsafe sex
being the most significant factor. At the same time, our
projections show that the incidence of cervix will decline
by 2050. This trend may be attributed to the introduction
of the HPV vaccine. To further reduce the incidence of
cervical cancer, it is essential to strengthen HPV vaccina-
tion programs and utilize high-performance detection
methods for cervical cancer screening to achieve "early
detection, early diagnosis, and early treatment." In addi-
tion, in 2021, the ASIR, ASMR, and ASDR for cervical
cancer increased as the SDI decreased. This trend is con-
sistent with a recent study that found a rapid increase in
cervical cancer rates among women in some low-income
areas, rising at an annual rate of 4.4% since 2007 [29].
Therefore, countries or regions with low SDI quintile
should actively promote HPV vaccination and publicize
health knowledge about safe sex to reduce the incidence
of cervical cancer and alleviate the associated social and
economic burdens.

Overall, although FBCUO cancers originate in differ-
ent tissues, they share common risk factors such as obe-
sity, age, and age at menarche. While our study did not
explicitly demonstrate these risk factors, broader risk
prediction models are needed to support prevention and
treatment strategies for FBCUO cancers. Additionally,
the ASIR of FBCUO cancers is higher among younger
middle-aged and young women, possibly due to factors
like higher levels of physical activity, greater life stress,
and poorer lifestyle habits. Therefore, initiatives promot-
ing more physical activity, healthy weight management,
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positive lifestyle habits, and stress reduction in women’s
lives are essential. Strengthening community-based pub-
lic health education on women’s cancers will also play a
crucial role in addressing these issues.

Our study shows that the incidence, mortality, and
DALYs rates of FBCUO cancers differ across age groups
from 1990 to 2021. For breast cancer, there is a downward
trend in incidence among women aged 75 and above,
while the ASIR with the highest annual average percent-
age change (AAPC) occurs in the age groups 15-19 and
20-24 to 34 years. This trend can significantly impact the
normal lives of young women, affecting aspects such as
work, marriage, and childbearing, and the ASMR and
age-standardized DALY rate (ASDR) were also higher in
these younger age groups. Cervical cancer has shown a
downward trend across all age groups, closely related to
the introduction of the HPV vaccine. Uterine and ovar-
ian cancers exhibit similar trends to breast cancer, pos-
ing significant challenges for society and the health of
women, who often play crucial roles in caring for chil-
dren, managing families, and performing important work
[1]. Therefore, it is particularly important to develop safer
and more effective treatment programs to reduce adverse
events in women. Historically, clinical trials have shown
that women experience more severe adverse reactions to
treatments for female tumors, including chemotherapy
and biotherapy [30], highlighting a significant gender dif-
ference in treatment responses. One study found that the
care needs of many young gynecological cancer patients
are not being adequately met [31], making these women
more susceptible to tumor-related depression.

Our study has several limitations. First, we only uti-
lized GBD data from 2021 to estimate the burden of
cancer among women, whereas the original data for
many countries, especially for low- and middle-income
countries, are incomplete and some of them are miss-
ing. In addition, the risk factors considered were limited
to those included in the GBD database, which may not
encompass all relevant risk factors. This may have influ-
enced the results of our study. Second, our study focused
on female breast, cervical, uterine, and ovarian cancers,
excluding other types of female cancers and specific
tumor pathological features. Third, given that the data
cover 204 countries or regions worldwide, different diag-
nostic and treatment methods across countries, regions,
and years may impact the comparability of results, mak-
ing it important to interpret the disease burden findings
with caution. Fourth, due to data access, we used data on
female cancers from only one database, GBD, and did not
include other databases. Finally, our predictions for the
age-standardized incidence of FBCUO cancers extend
only from 2022 to 2050 and are limited to incidence rates,
without including mortality or DALYs rates beyond this
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period. Therefore, continued observation and research
are necessary to better understand the future trends of
FBCUO cancers.

In conclusion, female cancers pose a significant threat
to women’s health. From 1990 to 2021, the global inci-
dence of cancer in women has continued to rise, despite a
downward trend in disability-adjusted life years (DALYs).
This trend varies across countries, highlighting the need
for tailored approaches. Over the past 30 years, health-
care providers have observed that social factors asso-
ciated with globalization may be contributing to the
increasing number of women at risk for gynecological
tumors. The heterogeneity at the national level under-
scores the importance of robust and nuanced health-
care and public health policies. To achieve a substantial
reduction in the incidence of female cancers by 2050, the
global health response must consider the specific needs
and challenges faced by women as a group. By address-
ing these issues comprehensively, we can work towards a
healthier future for women worldwide.
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