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Abstract

Background This study aims to assess the long-term trends in the burden of three major gynecologic cancers(GCs)
stratified by social-demographic status across the world from 1990 to 2019. To assess the trends of risk factor
attributed mortality, and to examine the specific effects of age, period, cohort behind them in different regions.

Methods \We extracted data on the mortality, disability-adjusted life years(DALYs), and age-standardized rates(ASRs)
of cervical cancer(CC), uterine cancer(UQC), and ovarian cancer(OC) related to risks from 1990 to 2019, as GCs burden
measures. Age-period-cohort analysis was used to analyze trends in attributable mortality rates.

Results The number of deaths and DALYs for CC, UC and OC increased since 1990 worldwide, while the ASDRs
decreased. Regionally, the ASDR of CC was the highest in low SDI region at 15.05(11.92, 18.46) per 100,000 in 2019,
while the ASDRs of UC and OC were highest in high SDI region at 2.52(2.32,2.64), and 5.67(5.16,6.09). The risk of CC
death caused by unsafe sex increased with age and then gradually stabilized, with regional differences. The period
effect of CC death attributed to smoking showed a downward trend. The cohort effect of UC death attributed to high
BMI decreased in each region, especially in the early period in middle, low-middle and low SDI areas.

Conclusions Global secular trends of attributed mortality for the three GCs and their age, period, and cohort effects
may reflect the diagnosis and treatment progress, rapid socioeconomic transitions, concomitant changes in lifestyle
and behavioral patterns in different developing regions. Prevention and controllable measures should be carried out
according to the epidemic status in different countries, raising awareness of risk factors to reduce future burden.
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Background

Cervical cancer (CC), uterine cancer (UC), and ovarian
cancer (OC) are the three most common gynecologic
cancers (GCs) of the female reproductive system, which
are also contributing significantly to female cancer-
related deaths and imposing a heavy burden on health-
care [1]. According to GLOBOCAN 2020 database, all
these three tumors of the female reproductive system are
among the top 10 most common cancer types [2].

Epidemiological data suggests that the prevalence
trends of GCs vary across different regions over time [3—
5]. CC exhibits an uneven distribution of incidence and
mortality in the world, with the highest rates in Eastern
and Southern Africa [6]. OC has a poor prognosis as it
is often diagnosed at an advanced stage due to its hid-
den onset, and the lack of effective screening and early
diagnostic methods [7]. With the economic transforma-
tion and social development, GC has gradually occupied
the dominant position in the cause of disease in underde-
veloped regions, bringing heavy burden [8]. The United
Nations’ Sustainable Development Strategy aims to
reduce premature mortality from NCDS by at least 30%
by the middle of this century [9]. As GC is an important
component of the burden on women, it is crucial to dis-
cuss regional disparities and explore its risk factors.

Risk factors for GC generally include behavioral, envi-
ronmental, genetics, reproductive factors and there are
also regional differences. UC and OC are usually associ-
ated with increased obesity, and estrogen-related expo-
sures, which seem to be more common in developed
countries [3, 10]. CC is associated with chronic sexu-
ally transmitted human papillomavirus(HPV) infection,
which mainly affects women in less developed regions
[11]. However, it is unclear whether this trend has
changed in recent years. Zhao et al. studied the risk fac-
tors for four types of cancer, but it was conducted on
specific populations [12]. Zhou et al. believed that the
increase in OC incidence was mainly attributed to popu-
lation growth and changes in age structure [10]. There-
fore, decomposing GC trends from the perspectives of
age, period, and cohort can help us to further explore the
reasons behind these trends more deeply.

In this study, based on the age-period-cohort(APC)
framework, we used data from the global burden of
disease study (GBD) 2019 to analyze the distribution
and the long-term trends of death, disability-adjusted
life years (DALYs), and risk factors for GCs in different
regions around the world over the past three decades,
and analyze their age, period and cohort effects. The
results can provide valuable information for improving
the allocation of healthcare resources in different regions,
especially for vulnerable populations, and also provide
insights for etiological research on GC.
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Methods

Data source

Annual data on death, DALYs, and their corresponding
age-standardized rates (ASRs) and risk factors attribut-
able to GCs (CC, UC and OC) for women were obtained
from the GBD 2019 database (https://ghdx.healthdata.
org/). The GBD 2019 study provides annual estimates of
incidence, prevalence, mortality, years of life lost, years
lived with disability, and DALYs for 369 diseases and
injuries from 1990 to 2019. General methodology details
were available on the website help page and in previous
publications [13].

Definitions

The causes of death for CC, UC and OC were identified
according to the 10th revision of the international clas-
sification of diseases. The variables included death cases,
DALYs numbers, and their corresponding crude and
ASRs at the global and regional levels. Disability-adjusted
life year (DALY), as a comprehensive indicator that
reflects the health status of a certain population across
time and periods, is equal to the sum of years of life lost
(YLL) and years lived with disability (YLD) [14]. One
DALY is equivalent to one year of healthy life lost. The
number of YLL due to GCs was obtained by subtracting
the age at death from the life expectancy for a person of
that age. YLD was derived by multiplying the prevalence
of each sequela of GCs by its disability weight. Age-stan-
dardized rates of mortality and DALYs were based on the
GBD 2019 global age-standard population.

These data were extracted and stratified by age (15—
19, every 5-year age group up to 95 years), calendar
year (1990-2019), country and territory. Geographi-
cally, all 204 countries and territories were divided into
five quintiles according to socio-demographic index
(SDI) [15] in the GBD study, which we also used as the
basis for regional grouping. SDI is used to measure the
social development level, it is a composite indicator of
per capita income, average education for individuals
aged 15 and older, and the total fertility rate for females
under 25, which ranges from 0 to 1 [15]. Based on SDI
values, countries and territories are classified into 5 quin-
tiles: high (countries with SDI levels between 0.805 and
1.000, such as USA, England, and Germany); high-mid-
dle (0.689 to 0.805, such as Malaysia, Spain, and Portu-
gal); middle (0.608 to 0.689, such as China, Mexico, and
Brazil); low-middle (0.455 to 0.608, such as Bangladesh,
India), and low (less than 0.455, such as Central African
Republic and Ethiopia) SDI regions.

Attributable risk factors to GCs

In GBD 2019, risk factors were organized into five hier-
archical levels, level 0 reports estimate for all risk fac-
tors combined, level 1 includes three risk categories
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(behavioral, environmental or occupational, and meta-
bolic risks), this hierarchical structure continues, with
each subsequent level (level 2-4) containing more
detailed risk factors in the broader categories nested
within it [16]. Unsafe sex, smoking, high body-mass index
(BMI), high fasting plasma glucose (FPG), and occupa-
tional asbestos exposure (OAE) are the five important
risk variables that will be concerned in this study.

The attributable burden caused by risk factors was cal-
culated using the comparative risk assessment framework
(CRA) in GBD 2019, which was based on the statement
that the amount of disease burden can be reduced by
reducing exposure to a specific risk factor to the theoreti-
cal minimum risk exposure level [16]. According to CRA,
assuming that exposure levels of other risk factors remain
unchanged, the theoretical minimum risk exposure dis-
tributions of selected risks were compared with the
exposure distributions of a certain population, then the
population attributable fractions (PAF) of each risk was
estimated [17]. The burden of disease attributable to a
selected risk factor could be obtained by multiplying the
PAF by the corresponding disease burden indicator. GCs
deaths attributable to selected factors were calculated by
multiplying the PAFs and total disease-specific deaths.

Statistical analysis

To characterize the burden of CC, UC, and OC, we first
employed a descriptive analysis. The number and ASRs
of deaths and DALYs of these three GCs by SDI region
in 1990 and 2019 were reported, and the annual rates of
change were also reported to reflect the changes in the
ASRs of GCs over the past 30 years.

We used the age standardized rates (ASRs) and esti-
mated annual rate of change to quantify the trends of
disease burden. When comparing several different popu-
lations or the same population with different age struc-
tures, ASRs were required. The formula calculation ASR
is as follows:

A
i=1 @iWi

> im Wi

Where a; is the age-specific rate of age group i, and w; is
the number of persons in the same age group as the refer-
ence standard population. The ASRs were based on the
GBD 2019 global standard population. The annual rates
of change from 1990 to 2019 were directly extracted from
Global Health Data Exchange (GHDx).

As mortality and DALYs represented not only the risk
of death experienced by the population in a given year,
but also the cumulative health risk since birth. We used
the APC framework to assess the three effects of attrib-
utable mortality from three GCs among women globally
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and in different regions. The APC model was designed
to evaluate the contribution of age, period, and cohort
effects to outcomes [18, 19]. Due to the collinearity, the
model had the identification problem. Therefore, we
adopted an approach based on the intrinsic estimator
(IE) algorithm [18], which solved the APC model from
the point view of statistical methods, choosing a solution
with the smallest sum of squares of parameters among all
possible solutions [19]. Imposes a constraint on param-
eter estimation, the model based on IE was expressed as:
Y =log(M) = p+ aage; + Bperiod; + ycohort; + €

. M is defined as the mortality rates. a refers to the age
effect, the risk of death in a particular age group; f8 is the
period effect, which is mortality risk of the population in
a given period; y is the cohort effect, the risk of death for
all people in the same birth cohort. y is the intercept and
¢ is defined as the random error. The degree of model fit-
ting was evaluated by deviance, Akaike Information Cri-
terion (AIC), and Bayesian Information Criterion (BIC).
The standard error (SE) coefficient and risk ratios were
calculated. The above statistical description and analyses
were performed using the R program (Version 4.1.2, R
core team). Results with P<0.05 were considered statisti-
cally significant.

Results

Global burden of cervical, ovarian, and uterine cancer

In 2019, cervical cancer, ovarian cancer, and uterine can-
cer caused 280,479, 198,412, and 91,641 deaths globally,
with age-standardized death rates of 6.51, 4.56 and 2.09
per 100,000 people respectively (Table 1). From 1990 to
2019, ASDR declined for GCs in most regions except OC.
In contrast to areas with high SDI, ASDR of OC increased
in middle, low-middle and low SDI quintiles (annual rates
of change were 0.50,0.75, and 0.64 respectively).

The DALYs caused by CC was 8955,012.78 per-
son-years in 2019, followed by OC(5359,736.70) and
UC(2329,073.70) (Supplementary Table S1). The age-
standardized DALY rates decreased globally and in all
SDI quintiles from 1990 to 2019, with the largest reduc-
tion of -37.36% for CC in high SDI region. The age-
standardized DALY rates of OC increased in all areas
excepted high and high-middle SDI regions.

Temporal trends in the burden of GCs

Figure 1 shows the yearly ASRs of deaths and DALYs due
to CC, UC, and OC globally and in all SDI quintiles from
1990 to 2019. There were significant regional differences
in the death trends of the three cancers. The ASDR of CC
decreased in all SDI regions over the three decades, and
high SDI area remained the lowest level in all regions. For
OC, the ASDR was the highest in high SDI area in 1990,
with the largest decrease, but the burden in high SDI
area remained the highest. By 2019, the disparity of OC



Liu et al. BMC Public Health

(2024) 24:1349

Page 4 of 11

Table 1 The death cases and age-standardized death rate (ASDR) of cervical, ovarian, and uterine cancer in 1990 and 2019, and its
temporal trends from 1990 to 2019

Types Area

1990

2019

1990-2019

Death cases

ASDR per 100,000

Death cases

ASDR per 100,000

Annual rate of change

No.x103(95% UI)

No. (95% Ul)

No.x103(95% UI)

No. (95% Ul)

No. (95% Ul)

Cervical cancer

280.48(238.86,313.93)

6.51(5.55,7.29)

-0.23(-0.35,-0.12)

Overall 184.53(164.84,218.94)  8.48(7.59,10.07)
SDI
High SDI 25.22(23.28,26.19) 4.56(4.22,4.71)
High-middle SDI  41.35(38.69, 48.40) 6.95(6.50, 8.13)
Middle SDI 52.53(46.63,65.12) 9.32(8.31,11.54)
Low-middle SDI'  39.21(32.46, 50.05) 11.71(9.73,15.05)
Low SDI 26.08(20.23,32.11) 19.18(15, 23.66)

Uterine cancer

Overall 56.13(51.10, 60.20) 2.67(2.44,2.86)
SDI
High SDI 16.88(15.87,17.41) 2.73(2.57,2.81)
High-middle SDI 19.52(18.33, 20.67) 3.23(3.03,342)
Middle SDI 11.81(9.28,13.51) 2.22(1.77,2.52)
Low-middle SDI'  5.57(4.59, 6.75) 1.93(1.61, 2.36)
Low SDI 2.32(1.84,2.93) 2.08(1.64, 2.65)

Ovarian cancer

Overall 97.36(89.70, 109.76) 4.59(4.24,5.16)
SDI
High SDI 43.46(39.18,45.02) 746(6.74,7.71)
High-middle SDI  29.78(27.76, 31.76) 4.97(4.63,5.3)
Middle SDI 13.71(12.09,17.15) 244(2.16,3.05)
Low-middle SDI'  7.31(5.76, 11.58) 2.33(1.84, 3.60)
Low SDI 3.07(2.12,6.17) 245(1.71,4.72)

26.17(22.82,28.15) 2.90(2.60, 3.10) -0.36(-0.40,-0.33)
51.77(41.66,57.87) 4.89(3.92,547) -0.30(-0.46,-0.19)
90.10(71.33,103.2) 6.78(54,7.76) -0.27(-0.44,-0.13)
66.68(57.27,81.24) 8.85(7.62,10.83) -0.24(-0.35,-0.08)
45.54(35.80, 56.26) 15.05(11.92,18.46) -0.22(-0.34,-0.02)

91.64(82.39, 101.50) 2.09(1.88,2.32) -0.22(-0.27,-0.15)

26.63(24.00, 28.14) 2.52(2.32,2.64) -0.08(-0.11,-0.04)
26.43(23.96, 28.83) 2. 33( 12,2.55) -0.28(-0.33,-0.21)
20.95(17.53, 24.33) 61(1.36,1.87) -0.27(-0.37,-0.12)
12.25(10.43,15.28) 1. 75( 49,2.21) -0.10(-0.22, 0.06)
5.30(4.32, 6.64) 2.10(1.72,2.63) 0.01(-0.15,0.24)
198.41(175.36,217.66)  4.56(4.03, 5.00) -0.01(-0.14,0.10)

56.64(50.39, 61.32) 5.67(5.16,6.09) -0.24(-0.30,-0.12)
51.97(45.00, 57.25) 4.75(4.11,5.24) -0.04(-0.16, 0.06)
48.49(39.89, 56.53) 3.66(3.01,4.26) 0.50(0.09, 0.79)
29.87(24.42,37.62) 4. 09(3 36,5.15) 0.75(0.10, 1.34)
11.35(9.55, 13.93) 01(3.38,4.88) 0.64(-0.02, 1.34)

levels among different SDI regions had narrowly com-
pared with that in 1990. The ASDR of UC did not change
much during the past 30 years, with a slight increase only
in low SDI regions. Among all regions, the level of ASDR
in high SDI region increased slightly after a decline, mak-
ing it the first-ranked in 2019 compared to the second-
ranked in 1990. The age-standardized DALY rate showed
a similar trend as ASDRs.

Risk factors attributable to the death of GCs

Globally, unsafe sex behavior was the main risk factor for
CC, followed by smoking (Fig. 2). From 1990 to 2019, the
ASDR attributed to unsafe sex for CC had shown a con-
sistent decline across the different regions. Smoking con-
tributed relatively little to the burden of CC deaths and
has also exhibited a decreasing trend in recent years. In
1990, the ASDR attributed to smoking for CC was simi-
lar in low SDI region (1.431 per 100,000 person) and high
SDI region (1.430 per 100,000 person). However, during
the 30 years, the high SDI regions experienced a greater
decline compared to low SDI regions. By 2019, the low
SDI region still ranked first among all regions in terms of
the attributable mortality of CC.

Figure 2. The age-standardized rates of death attribut-
able to related-risk factors for cervical, ovarian, and uter-
ine cancer, globally and regionally, from 1990 to 2019.

High BMI was the risk factor for UC, with a stable
global trend. The highest level of ASDR was found in high
SDI region. For OC, high BMI, high FPG, and OAE were
the three risk factors, and the ASDR attributed to these
factors showed large fluctuations. The attributed ASDR
in high SDI region was at a high level among all regions.
In middle, low-middle, and low SDI regions, although the
attributable burden of OC was relatively low, it showed
an increasing trend during the 30 years, especially for
high FPG, as shown in Fig. 2.

Age, period and cohort effects by SDI regions and major
factors

Figure 3 shows the age, period, and cohort effects of
three GCs caused by different risk factors in various SDI
regions. For CC, the age and cohort effects of unsafe sex
and smoking on ASDR were similar globally, and the
segregation trends varied slightly among different SDI
regions. As shown in Fig. 3, the risk of death from CC
due to unsafe sex increased with age, and gradually sta-
bilized after reaching the 50—54 age group, with regional
differences then emerged. In high SDI region, the age
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Fig. 1 Trends of the age-standardized rate of death (ASDR) and DALYs per 100,000 population for cervical, ovarian, and uterine cancer from 1990 to 2019,

globally, and in different social-demographic index regions

effect became statistically significant after 65 years, and
reached the highest in the 85-89 age group, with RR
and 95%CI of 3.10(1.74, 5.54). The risk of CC death in
85-89 age group was about 4.84 and 1.49 times higher
than that of the 30-34 and 65-69 age groups (Table S2).
Globally, the period effect increased with years, and the
RR(95%CI) was 1.17(1.08,1.26) in 2019. While the period
effect was less pronounced in regions with high SDI, and
was only significant in low SDI region. The cohort effect
of CC mortality showed a downward trend. Later cohorts
experienced lower RRs than previous birth cohorts. For
CC mortality attributed to smoking, the period effect
showed a decreasing trend with fluctuation (Table S3).

Figure 3 Age-period-cohort related trends in mortality
for three cancers from 1990 to 2019, by global and SDI
quintiles attributable to risk factors.

The death risk of UC attributed to high BMI increased
with age, and declined steadily after the age group of
70-74 (4.10[2.22,7.59]) until the 90-94 age group, and
showed regional differences. The risk of UC death peaked

in the earlier age group (65-69) in the low and low-
middle SDI regions (4.47[2.65,7.54], and 3.80[2.52,5.74],
respectively) (Table S4). For the period effect, the area
with low SDI had the fastest growth rate, and the RR
value in 2019 was 3.55 times that in 1990. The cohort
effect showed that the effect had gradually decreased in
all regions since 1904, but the reduction of birth cohort
effect was only significant in the early period in middle,
low-middle and low SDI areas. For UC death risk due
to high BMI, the RR (95%CI) of death in the 1939-1943
birth cohort was 1.42 (1.02, 1.98), representing a 52%
reduction compared with the earliest birth cohort. For
the estimated RRs of OC deaths attributed to high BMI
and high FPG, the age, period, cohort effects were statis-
tically significant, but the estimated risks of OC mortal-
ity attributed to OAE were not significant, as shown in
Tables S5 to S7.
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Discussion

This study is a comprehensive analysis into the global
and regional CC, UC, and OC burdens under the APC
framework. And it also examined the long-term trends
of cancer mortality attributed to risk factors in the world
and regions, while decomposed their age-, period-, and
cohort-specific effects. Overall, the ASDRs and DALYs
for CC and UC generally showed a downward trend. The
ASDRs and DALY rates for OC showed the declining
trend in high SDI region, and an upward trend in middle,
low-middle, and low SDI regions, the age trends also dif-
fered in different regions, which further suggested that
the significant effects of age, period and cohort on the
mortality trends of CC, UC and OC caused by different
risk factors should be discussed in different regions.

Cervical cancer

The burden of CC in women as the death number and
DALY rate exhibited an overall increasing trend, mak-
ing it an important disease affecting health. However, the

ASDR and AS-DALY rates showed a decreasing trend,
suggesting that population aging may exacerbate the
death risk and disease burden of CC. Our regional analy-
sis that followed revealed that although the ASDR for CC
has decreased in all areas in recent years, regions with
high SDI levels have experienced greater decrease, which
benefited more than those with lower SDI levels. It sug-
gests that the geographic factor and its socioeconomic
correlates are the key stratification parameter [20]. Singh
et al. suggested that there are global inequalities in CC
mortality due to human development, social inequali-
ties, and differences in living standards [21]. For example,
as reported by Jiang D et al. the ASDR of CC in China
was lower than that in most developing countries, but
higher than that of most developed countries [22]. The
5-year relative survival rate of CC patients in Uganda was
17.7%, much lower than that of black American patients
(63.9%) [23]. Women in urban areas were more likely to
be tested for CC and have better outcomes than those
in rural areas [24]. Research had predicted that if local
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Fig. 3 Age-period-cohort related trends in mortality for three cancers from 1990 to 2019, by global and SDI quintiles attributable to risk factors

disparities in hysterectomy incidence rates among high-
risk women remain unchanged by 2035, CC rates among
black women in older age groups will be significantly
higher than those among white women [25].

We found that the increase of CC death cases was rela-
tively high in middle, low-middle and low SDI regions.
Although the ASDRs decreased, the rate remained high
in low SDI area. The prevalence of CC varied greatly
among different regions [26]. Studies had reported that
CC was the leading cause of premature death in more
than 20 countries worldwide [27], most of which were
located in underdeveloped regions such as sub-Saharan
Africa, South America, and Southeast Asia, with over
80% of the burden occurring in developing countries [2,
8, 28]. Multiple factors may be associated with CC health
disparities, and leading to marked regional differences.
We therefore conducted attribution burden analysis for
different regions based on the two risk factors included in
GBD of CC, and separated the effects.

The age effect reflects the accumulation of various
risk factors within the body. After adjusting for period
deviations, the results showed that the attributed risk
of CC deaths among women in the same birth cohort
increased steadily with age, suggesting that women over
50 still faced significant risk of death compared to the
younger population. We found that the death risk of
CC attributable to smoking increased sharply in women
aged 30 and above, and the effect differed among dif-
ferent SDI regions. The attributable risk of death due to

unsafe sex started to rapidly increase from 15 years old,
and the risk of death was highest among older women
in high SDI region. The mortality of CC was positively
associated with human papillomavirus, human immu-
nodeficiency virus infection and negatively associated
with CC screening coverage [29]. CC most commonly
develops in women between 30 and 40 years of age, the
recommended age to stop CC screening generally var-
ies between age 50-70 years worldwide [30]. However
there is a second incident cases after 70 years of age [31],
people tend to reduce the frequency of CC screening or
choose not to get screened as they get older. On the other
hand, this may also be related to factors such as open-
mindedness, early sexual debut and excessive number of
sexual partners leading to increased HPV exposure [4].
For the period effect, the death risk of CC attributed
to smoking and unsafe sex had different performance. It
can be found that the risk was relatively lower in high SDI
region, which may in line with the development of medi-
cal technology in developed countries, the improvement
of screening level leading to early detection of infection,
as well as the implementation of tobacco control mea-
sures [32]. In contrast, in lower SDI regions with limited
healthcare resources and relatively backward screening
methods, led to poorer performance [33]. It has been
proposed that regions with low SDI often have higher
burden of CC, such as Brazil, where CC mortality is esti-
mated to be about twice that of developed countries [34].
With the economic development, the local government
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launched various action plans, such as to expanding the
scope of primary health care, improving screening cov-
erage and vaccination rates, but from the perspective of
the urban development process, the process may not be
enough to produce a clear and visible positive impact for
low SDI areas. For smoking, there was a small downward
trend in the period effect in areas with low SDI, which
although not statistically significant, may also be able to
explain the positive effect of local economic development
to some extent. For unsafe sex, it seems that the rapid
economic development and people’s increased accep-
tance of so-called new ideas, had led to changes in their
sexual behavior, and increased chance of HPV infec-
tion. Studies have reported higher risk of HPV infection
among women in sub-Saharan Africa, such as first sexual
intercourse and pregnancy at an early age, insufficient
condom uses, which increase the risk of HPV infection.
In many countries HPV vaccines have been included
in routine vaccination programs [35, 36]. For example,
in the European region, the target vaccination rate for
15-year-old girls with complete HPV vaccination by 2030
is 90% [35]. In China, the CC vaccine has been approved
and used since 2016, reducing the CC incidence caused
by HPV infection [37]. However, less than half of low-
income countries have implemented national-level vac-
cination programs for girls, and the vaccine coverage rate
is not ideal, CC remains a major public health issue in
many countries [38].

Ovarian cancer

Zhang et al. [3] reported that there were global differ-
ences in the incidence patterns of OC, with an increased
risk in birth cohorts in Asia, Europe, Central and South
America, suggesting a possible association with the prev-
alence of risk factors such as obesity and smoking, but
it did not consider the risk of OC death. Risk factors for
OC include breastfeeding, infertility, hormone therapy,
and obesity, however, many known risk factors cannot be
changed [7, 39]. Therefore, we analyzed the attributable
death risk of OC with high BMI, high FPG and OAE risk
factors from the perspective of modifiable risk factors.

In general, the age effect of attributed death risk for
OC showed a trend of initial increase and subsequent
decrease in all regions, with the highest risk occurring
between 75 and 85 years of age. Areas with high SDI level
had a relatively higher risk among the elderly population.
The aging population, along with increased underlying
diseases and declined physical fitness among the elderly,
will increase the risk of death from OC [40]. We believe
that this can be explained similarly to the risk effects of
CC.

Period effects reflect the risk caused by changes in the
social environment during a certain period. We found
that the period effects in all regions have been increasing
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since 1990, with the changes of social environment, espe-
cially in low SDI region. Changes in dietary structure and
increased diagnostic capabilities using CT, ultrasound,
MRI, and other technologies may lead to higher detec-
tion rates of OC [41]. For the birth cohort effect of OC,
we found that the later the birth cohort, the lower the
risk of death. The overall cohort effect of OC death risk
attributed to the three risk factors showed a decreasing
trend.

High FPG is one of the important factors for OC. A
systematic review of 12 cohort studies suggested that
diabetes is associated with higher all-cause and cancer-
specific mortality in women with OC [42]. High glucose
provides energy to both tumor cells and normal cells
simultaneously, diabetes can lead to the occurrence and
adverse outcomes of cancer through various pathways,
such as programed cell death regulation [10, 43]. OC
mortality attributed to high BMI was high and relatively
stable in high SDI region, but it has been increasing in
middle, low-middle, and low SDI regions over the past
30 years. This may be closely related to socioeconomic
development and its uneven distribution. As economic
growth has changed the dietary habits of people in low
and middle SDI countries, red and processed meat has
become more affordable and accessible, the prevalence of
obesity or overweight has risen sharply [44, 45]. On the
other hand, economic growth had gradually shifted the
epidemic pattern of diseases in low- and middle-income
countries from infectious diseases, maternal and neona-
tal diseases, nutritional diseases to non-communicable
chronic diseases, with an increased risk of cancer. In
addition, improvements in testing with economic growth
have made OC easier to detect, but limited technology
improvements in low- and middle-income countries
may have allowed patients to be first diagnosed at a later
stage, resulting in poorer survival, which may also have
contributed. Period and cohort effects also indicated a
higher risk in low SDI region compared to the reference
year. The increase in obesity rate may partially explain the
period risk attributed to high BMI attributed OC deaths.
With factors such as declining fertility rates, later mar-
riages, and increased unhealthy lifestyles, the burden of
OC may rapidly increase in the future. There were signifi-
cant differences among birth cohorts. The lower mortal-
ity risk in the later birth cohort may be attributed to the
improvements of living environment and medical condi-
tions in the later birth cohort throughout the life course,
which makes it easier for individuals to survive for a lon-
ger time and have a lower risk of death.

Currently, OC deaths attributed to OAE still pose a sig-
nificant burden. Although our results did not show sig-
nificant age, period and cohort effects, the trends should
not be ignored. The risk of death from OC was highest
in high SDI regions in the early stage, and this effect has
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been decreasing in the past 30 years, and reaching its
lowest point in 2019. This may be attributed to restric-
tions on asbestos use and reduced asbestos exposure in
some countries. However, high SDI regions still have
the highest levels, indicating that governments in these
regions should continue their efforts to further restrict
the use of asbestos. In addition, the gradually increas-
ing attributable mortality of OC in low and low-middle
SDI areas should also be of concern. Conducting occu-
pational disease screening and physical examinations in
specific populations will also help to improve the early
detection rate and thereby reduce the risk of disease-
related deaths [10].

Uterine cancer

The mortality and DALY rate of UC were relatively
lower compared to the other two GCs, making it easy
for managers to overlook in disease prevention and
treatment work. However, we found that the UC bur-
den presented a higher burden in regions with relatively
high SDI level. Barbados in Latin America and the Carib-
bean, had the highest mortality among women, confirm-
ing the high burden in the high-middle SDI region. Even
worse, although the number of death cases from UC was
relatively low in the low and middle- low SDI areas, the
increase in the number of deaths exceeded 100% in both
areas. Studies suggests that the ASIR of UC will increase
over the next 25 years, also indicating that if correspond-
ing prevention strategies are not taken, the death risk
among UC patients will continue to rise [46].

High BMI and obesity are important risk factors for the
occurrence and mortality of UC, and the lipid metabo-
lism abnormalities that obesity may bring are also closely
related to the occurrence of UC [47, 48]. Compared with
UC patients with normal BMI, those with high BMI have
poorer clinical outcomes and higher mortality rates. We
found that the age effect of UC death risk attributed to
high BMI increases with age, and decreases after the
70-74 age group, except in low SDI region, where it
peaks one age group earlier.

The aging population and population growth have
contributed to the increase in the burden of UC deaths
attributed to high BMI over the past three decades. The
period effects showed increasing trends in all regions,
which may be related to external factors such as socio-
economic level, lifestyle, and medical technology level.
With social development, the consumption of unhealthy
foods such as high fat and calories has increased signifi-
cantly, leading to an increase in the obesity rate, which
further increases the adverse outcome of UC [49]. The
improvement of disease screening levels will also detect
more UC patients and report more attributed death
cases.
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The cohort effect showed that the different exposure
levels in different birth cohorts have led to changes in
the attributable UC mortality. The cohort effect gradually
decreased since the earliest birth cohort. The younger
the birth cohort, the higher awareness of health and dis-
ease prevention among young people. And they will con-
sciously adopt scientific lifestyles and diet style to control
weight. In addition, dietary factors can also affect ovarian
lifespan and hormone levels, affecting the age of meno-
pause, which also may reduce the risk of adverse out-
comes for UC patients [47].

Studies have reported that the public generally believes
that obesity can lead to hypertension, cardiovascu-
lar diseases, etc., but little is known about the relation-
ship between obesity and UC [50, 51]. Therefore, it may
be necessary to strengthen health education for people
in various regions, carry out more comprehensive edu-
cation on the risk of obesity, improve the population’s
awareness of risk factors for UC, and carry out targeted
public health interventions to reduce the overall preva-
lence of obesity in the population may be necessary.

Conclusions

The burden of GCs was increasing worldwide, with
regional differences. There were age, period and cohort
effects in the trends of attributed mortality for three GCs.
Cervical cancer had the heaviest burden, particularly
in low SDI region. Unsafe sex was still the largest influ-
encing factor for CC. Ovarian and uterine cancers were
more common in areas with higher SDI. High FPG and
BMI were most important risks for death in OC and UC
patients, respectively. Although the early burden of OC
and UC was relatively low, the increasing trend should
not be ignored due to population aging and the preva-
lence of risk factors in different regions. The burden of
UC and OC attributed to risks continues to rise in low
SDI area, and without strong intervention, the burden
will further increase, bringing a heavy burden in the
future. These findings on difference in GCs burden across
regions may help resource-limited countries consider
how to allocate their healthcare resources.

Abbreviations

AIC Akaike Information Criterion
ASR Age-standardized rate

BIC Bayesian Information Criterion
BMI Body-mass index

cC Cervical cancer

CRA Comparative risk assessment
DALYs  Disability-adjusted life years
FPG Fasting plasma glucose

GCs Gynecologic cancers

OAE Occupational asbestos exposure
oC Ovarian cancer

PAF Population attributable fraction
SDI Socio-demographic index

SE Standard error

uc Uterine cancer



Liu et al. BMC Public Health (2024) 24:1349

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-024-18858-3.

[ Supplementary Material 1

Acknowledgements
We would like to thank the Institute for Health Metrics and Evaluation for the
data.

Author contributions

Liu and Wang: Conceptualization and methodology; Wang and Mubarik:
Software and visualization; Liu, Shi, Mubarik, and Wang: Interpretation; Liu:
Writing—original draft preparation; Liu, Shi, Mubarik, and Wang: Writing—
review and editing. All authors reviewed the manuscript.

Funding

This work was supported by the Natural Science Fund for Colleges

and Universities in Jiangsu Province [grant number 22KJD310005]; the
Outstanding Talent Research Initiation Foundation of Xuzhou Medical
University [grant number D2021036]. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Data availability

The datasets generated and analysed during the current study are available
at the Global Health Data Exchange website: http://ghdx.healthdata.org/
gbd-results-tool.

Declarations

Ethics approval and consent to participate

The list of all data sources used in GBD 2019 is publicly available at the Global
Health Data Exchange website (http://ghdx.healthdata.org/gbd-results-tool),
therefore, ethical proof does not applicable to this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 31 October 2023 / Accepted: 15 May 2024
Published online: 19 May 2024

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin. 2022;72(1):7-33. https://doi.org/10.3322/caac.21708

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49. https://doi.org/10.3322/caac.21660

3. ZhangY,LuoG,LiM, GuoP XiaoY, Ji H, et al. Global patterns and trends in
ovarian cancer incidence: age, period and birth cohort analysis. BMC Cancer.
2019;19(1):984. https://doi.org/10.1186/512885-019-6139-6

4. Yang M, Du J, Lu H, Xiang F, Mei H, Xiao H. Global trends and age-specific
incidence and mortality of cervical cancer from 1990 to 2019: an interna-
tional comparative study based on the global burden of disease. BMJ Open.
2022;12(7):¢055470. https://doi.org/10.1136/bmjopen-2021-055470

5. Singh M, Jha RP, Shri N, Bhattacharyya K, Patel P Dhamnetiya D. Secular
trends in incidence and mortality of cervical cancer in India and its states,
1990-2019: data from the global burden of disease 2019 study. BMC Cancer.
2022;22(1):149. https://doi.org/10.1186/512885-022-09232-w

6.  Kyrgiou M, Arbyn M, Bergeron C, Bosch FX, Dillner J, Jit M, et al. Cervical
screening: ESGO-EFC position paper of the European Society of Gynaeco-
logic Oncology (ESGO) and the European Federation of Colposcopy (EFC). Br
J Cancer. 2020;123(4):510-7. https://doi.org/10.1038/541416-020-0920-9

20.

21.

22.

23.

24.

25.

Page 10 of 11

Webb PM, Jordan SJ. Epidemiology of epithelial ovarian cancer. Best

Pract Res Clin Obstet Gynecol. 2017;41:3-14. https://doi.org/10.1016/].
bpobgyn.2016.08.006

Randall TC, Goodman A, Schmeler K, Durfee J, Pareja R, Munkarah A, et al.
Cancer and the world's poor: what's a gynecologic cancer specialist to do?
Gynecol Oncol. 2016;142(1):6-8. https://doi.org/10.1016/j.ygyn0.2016.05.018
Foster AA, Murphy GT, Neufeld V. Facing a paradigm shift in the sustainable
development goal era. World Health Popul. 2017;17(3):4-10. https://doi.
0rg/10.12927/whp.2017.25310

Zhou Z,Wang X, Ren X, Zhou L, Wang N, Kang H. Disease burden and
attributable risk factors of ovarian cancer from 1990 to 2017: findings from
the global burden of disease study 2017. Front Public Health. 2021,9:619581.
https://doi.org/10.3389/fpubh.2021.619581

Huang J, Chan WC, Ngai CH, Lok V, Zhang L, Lucero-Prisno DE, et al. World-
wide burden, risk factors, and temporal trends of ovarian cancer: a global
study. Cancers (Basel). 2022;14(9). https://doi.org/10.3390/cancers14092230.
3rd.

Zhao, Qiu P Yan L, LiS, Yang Z, Zhang H, et al. Epidemiological trends of
female breast and gynecologic cancers in adolescents and young adults

in China from 1990 to 2019: results from the global burden of disease

study 2019. Front Oncol. 2022;12:1003710. https://doi.org/10.3389/
fonc.2022.1003710

GBD 2019 Cancer Risk Factors Collaborators. The global burden of cancer
attributable to risk factors, 2010-19: a systematic analysis for the global
burden of disease study 2019. Lancet. 2022;400(10352):563-91. https://doi.
0rg/10.1016/50140-6736(22)01438-6

GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases
and injuries in 204 countries and territories, 1990-2019: a systematic analysis
for the global burden of disease study 2019 [published correction appears in
Lancet. 2020;396(10262):1562]. Lancet. 2020;396(10258):1204-1222. https://
doi.org/10.1016/S0140-6736(20)30925-9

GBD 2019 Demographics Collaborators. Global age-sex-specific fertility,
mortality, healthy life expectancy (HALE), and population estimates in 204
countries and territories, 1950-2019: a comprehensive demographic analysis
for the global burden of Disease Study 2019. Lancet. 2020,396(10258):1160—
203. https://doi.org/10.1016/50140-6736(20)30977-6

GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204
countries and territories, 1990-2019: a systematic analysis for the global
burden of disease study 2019. Lancet. 2020,396(10258):1223-49. https.//doi.
0rg/10.1016/50140-6736(20)30752-2

Wang F, Mubarik S, Zhang Y, Shi W, Yu C. Risk assessment of dietary factors

in global pattern of ischemic heart disease mortality and disability-adjusted
life years over 30 years. Front Nutr. 2023;10:1151445. https://doi.org/10.3389/
fnut.2023.1151445. Published 2023 Jun 14.

Yang Y, Land FKC. A methodological comparison of age-period-cohort mod-
els: the intrinsic estimator and conventional generalized linear models. Sociol
Methodol. 2004;34:75-110.

Luo L. Assessing validity and application scope of the intrinsic estimator
approach to the age-period-cohort problem. Demography. 2013;50(6):1945-
67. https://doi.org/10.1007/513524-013-0243-z

Sung H, Nisotel L, Sedeta E, Islami F, Jemal A. Racial and ethnic dis-

parities in survival among people with second primary cancer in the

US. JAMA Netw Open. 2023;6(8):2327429. https://doi.org/10.1001/
jamanetworkopen.2023.27429

Singh GK, Azuine RE, Siahpush M. Global inequalities in cervical cancer
incidence and mortality are linked to deprivation, low socioeconomic status,
and human development. Int J MCH AIDS. 2012;1(1):17-30. https://doi.
org/10.21106/ijma.12

Jiang D, Niu Z, Tan X, He H, Ren L, Shen J, et al. The mortalities of female-
specific cancers in China and other countries with distinct socioeconomic
statuses: a longitudinal study. J Adv Res. 2023;49:127-39. https://doi.
0rg/10.1016/jjare.2022.09.002

Gondos A, Brenner H, Wabinga H, Parkin DM. Cancer survival in Kam-

pala, Uganda. Br J Cancer. 2005;92(9):1808-12. https://doi.org/10.1038/
5].0jc.6602540

Dickson KS, Boateng ENK, Acquah E, Ayebeng C, Addo IY. Screening for cervi-
cal cancer among women in five countries in sub-saharan Africa: analysis of
the role played by distance to health facility and socio-demographic factors.
BMC Health Serv Res. 2023;23(1):61. Published 2023 Jan 20. https://doi.
0rg/10.1186/512913-023-09055-w

Simms KT, Yuill S, Killen J, Smith MA, Kulasingam S, de Kok I, et al. His-

torical and projected hysterectomy rates in the USA: implications for


https://doi.org/10.1186/s12889-024-18858-3
https://doi.org/10.1186/s12889-024-18858-3
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.3322/caac.21708
https://doi.org/10.3322/caac.21660
https://doi.org/10.1186/s12885-019-6139-6
https://doi.org/10.1136/bmjopen-2021-055470
https://doi.org/10.1186/s12885-022-09232-w
https://doi.org/10.1038/s41416-020-0920-9
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.1016/j.bpobgyn.2016.08.006
https://doi.org/10.1016/j.ygyno.2016.05.018
https://doi.org/10.12927/whp.2017.25310
https://doi.org/10.12927/whp.2017.25310
https://doi.org/10.3389/fpubh.2021.619581
https://doi.org/10.3390/cancers14092230
https://doi.org/10.3389/fonc.2022.1003710
https://doi.org/10.3389/fonc.2022.1003710
https://doi.org/10.1016/s0140-6736(22)01438-6
https://doi.org/10.1016/s0140-6736(22)01438-6
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.3389/fnut.2023.1151445
https://doi.org/10.3389/fnut.2023.1151445
https://doi.org/10.1007/s13524-013-0243-z
https://doi.org/10.1001/jamanetworkopen.2023.27429
https://doi.org/10.1001/jamanetworkopen.2023.27429
https://doi.org/10.21106/ijma.12
https://doi.org/10.21106/ijma.12
https://doi.org/10.1016/j.jare.2022.09.002
https://doi.org/10.1016/j.jare.2022.09.002
https://doi.org/10.1038/sj.bjc.6602540
https://doi.org/10.1038/sj.bjc.6602540
https://doi.org/10.1186/s12913-023-09055-w
https://doi.org/10.1186/s12913-023-09055-w

Liu et al. BMC Public Health

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

(2024) 24:1349

future observed cervical cancer rates and evaluating prevention inter-
ventions. Gynecol Oncol. 2020;158(3):710-8. https://doi.org/10.1016/j.
ygyno.2020.05.030

Arbyn M, Gultekin M, Morice P, Nieminen P, Cruickshank M, Poortmans P,

et al. The European response to the WHO call to eliminate cervical cancer

as a public health problem. Int J Cancer. 2021;148(2):277-84. https://doi.
0rg/10.1002/ijc.33189

Ginsburg O, Bray F, Coleman MP, Vanderpuye V, Eniu A, Kotha SR, et al. The
global burden of women's cancers: a grand challenge in global health. Lan-
cet. 2017;389(10071):847-60. https://doi.org/10.1016/50140-6736(16)31392-7
Arbyn M, Weiderpass E, Bruni L, de Sanjosé S, Saraiya M, Ferlay J, et al.
Estimates of incidence and mortality of cervical cancer in 2018: a worldwide
analysis. Lancet Glob Health. 2020;8(2):191-203. https://doi.org/10.1016/
$2214-109x(19)30482-6

He WQ, Li C. Recent global burden of cervical cancer incidence and mortality,
predictors, and temporal trends. Gynecol Oncol. 2021;163(3):583-92. https://
doi.org/10.1016/j.ygyn0.2021.10.075

Malagodn T, Kulasingam S, Mayrand MH, et al,, et al. Age at last screening and
remaining lifetime risk of cervical cancer in older, unvaccinated, HPV-negative
women: a modelling study [published correction appears in Lancet Oncol.
2019;20(1):¢10]. Lancet Oncol. 2018;19(12):1569-78. https://doi.org/10.1016/
S1470-2045(18)30536-9

Azangou-Khyavy M, Ghasemi E, Rezaei N, et al. Global, regional, and national
quality of care index of cervical and ovarian cancer: a systematic analysis

for the global burden of disease study 1990-2019. BMC Womens Health.
2024;24(1):69. https://doi.org/10.1186/512905-024-02884-9

Singh D, Vignat J, Lorenzoni V, Eslahi M, Ginsburg O, Lauby-Secretan B, et

al. Global estimates of incidence and mortality of cervical cancer in 2020: a
baseline analysis of the WHO global cervical cancer elimination initia-

tive. Lancet Glob Health. 2023;11(2):e197-206. https://doi.org/10.1016/
$2214-109x(22)00501-0

Honarvar Z, Zarisfi Z, Salari Sedigh S, Masoumi Shahrbabak M. Comparison
of conventional and liquid-based Pap smear methods in the diagnosis of
precancerous cervical lesions. J Obstet Gynaecol. 2022;42(6):2320-4. https://
doi.org/10.1080/01443615.2022.2049721

Reis NVS, Andrade BB, Guerra MR, Teixeira MTB, Malta DC, Passos VMA. The
global burden of disease study estimates of Brazil's cervical cancer burden.
Ann Glob Health. 2020;86(1):56. https://doi.org/10.5334/aogh.2756
Lebanova H, Stoev S, Naseva E, Getova V, Wang W, Sabale U, et al. Eco-
nomic burden of cervical cancer in Bulgaria. Int J Environ Res Public Health.
2023;20(3). https://doi.org/10.3390/ijerph20032746

Ong SK, Abe SK, Thilagaratnam S, Haruyama R, Pathak R, Jayasekara H,

et al. Towards elimination of cervical cancer - human papillomavirus

(HPV) vaccination and cervical cancer screening in Asian National Cancer
Centers Alliance (ANCCA) member countries. Lancet Reg Health West Pac.
2023;39:100860https://doi.org/10.1016/j.lanwpc.2023.100860

Wang Z, Guo E, Yang B, Xiao R, Lu F, You L, et al. Trends and age-period-
cohort effects on mortality of the three major gynecologic cancers in China
from 1990 to 2019: cervical, ovarian and uterine cancer. Gynecol Oncol.
2021;163(2):358-63. https://doi.org/10.1016/j.ygyn0.2021.08.029

Bruni L, Saura-Lézaro A, Montoliu A, Brotons M, Alemany L, Diallo MS,

et al. HPV vaccination introduction worldwide and WHO and UNICEF
estimates of national HPV immunization coverage 2010-2019. Prev Med.
2021;144:106399. https://doi.org/10.1016/j.ypmed.2020.106399

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

Page 11 of 11

Duan R, Zhang H, Yu J, Deng S, Yang H, Zheng YT, et al. Temporal trends and
projections of gynecological cancers in China, 2007-2030. BMC Womens
Health. 2023,23(1):346. https://doi.org/10.1186/512905-023-02384-2

Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China and
United States, 2022: profiles, trends, and determinants. Chin Med J (Engl).
2022;135(5):584-90. https://doi.org/10.1097/cm9.0000000000002 108

La Vecchia C, Rota M, Malvezzi M, Negri E. Potential for improvement in
cancer management: reducing mortality in the European Union. Oncologist.
2015;20(5):495-8. https://doi.org/10.1634/theoncologist.2015-0011

Zhang D, Zhao Y, Wang T, Xi Y, Li N, Huang H. Diabetes mellitus and long-term
mortality of ovarian cancer patients. A systematic review and meta-analysis
of 12 cohort studies. Diabetes Metab Res Rev. 2017;33(4). https://doi.
0rg/10.1002/dmrr.2868

Vrachnis N, lavazzo C, lliodromiti Z, Sifakis S, Alexandrou A, Siristatidis C,

et al. Diabetes mellitus and gynecologic cancer: molecular mechanisms,
epidemiological, clinical and prognostic perspectives. Arch Gynecol Obstet.
2016;293(2):239-46. https://doi.org/10.1007/500404-015-3858-z

Dai H, Alsalhe TA, Chalghaf N, Ricco M, Bragazzi NL, Wu J. The global burden
of disease attributable to high body mass index in 195 countries and ter-
ritories, 1990-2017: an analysis of the global burden of disease study. PLoS
Med. 2020;17(7):¢1003198. https://doi.org/10.1371/journal.pmed.1003198.
Published 2020 Jul 28.

Li X, Han F, Liu N, et al. Changing trends of the diseases burden attributable
to high BMIin Asia from 1990 to 2019: results from the global burden of
disease study 2019. BMJ Open. 2023;13(10):e075437. https://doi.org/10.1136/
bmjopen-2023-075437. Published 2023 Oct 21.

Yang L, YuanY, Zhu R, Zhang X. Time trend of global uterine cancer burden:
an age-period-cohort analysis from 1990 to 2019 and predictions in a 25-year
period. BMC Womens Health. 2023;23(1):384. https://doi.org/10.1186/
$12905-023-02535-5

LiW, XuY, Zeng X, Tan J, Wang Y, Wu H, et al. Etiological relationship

between lipid metabolism and endometrial carcinoma. Lipids Health Dis.
2023;22(1):116. https://doi.org/10.1186/512944-023-01868-2

Smrz SA, Calo C, Fisher JL, Salani R. An ecological evaluation of the increasing
incidence of endometrial cancer and the obesity epidemic. Am J Obstet
Gynecol. 2021;224(5):506e. https://doi.org/10.1016/j.3j0og.2020.10.042
Dunneram'Y, Greenwood DC, Cade JE. Diet, menopause and the risk of ovar-
ian, endometrial and breast cancer. Proc Nutr Soc. 2019,78(3):438-48. https://
doi.org/10.1017/50029665118002884

Beavis AL, Cheema S, Holschneider CH, Duffy EL, Amneus MW. Almost half
of women with endometrial cancer or hyperplasia do not know that obesity
affects their cancer risk. Gynecol Oncol Rep. 2015;13:71-5. https://doi.
0rg/10.1016/j.gore.2015.07.002

Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and
mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl
J Med. 2003;348(17):1625-38. https://doi.org/10.1056/NEJM0a021423

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.ygyno.2020.05.030
https://doi.org/10.1016/j.ygyno.2020.05.030
https://doi.org/10.1002/ijc.33189
https://doi.org/10.1002/ijc.33189
https://doi.org/10.1016/s0140-6736(16)31392-7
https://doi.org/10.1016/s2214-109x(19)30482-6
https://doi.org/10.1016/s2214-109x(19)30482-6
https://doi.org/10.1016/j.ygyno.2021.10.075
https://doi.org/10.1016/j.ygyno.2021.10.075
https://doi.org/10.1016/S1470-2045(18)30536-9
https://doi.org/10.1016/S1470-2045(18)30536-9
https://doi.org/10.1186/s12905-024-02884-9
https://doi.org/10.1016/s2214-109x(22)00501-0
https://doi.org/10.1016/s2214-109x(22)00501-0
https://doi.org/10.1080/01443615.2022.2049721
https://doi.org/10.1080/01443615.2022.2049721
https://doi.org/10.5334/aogh.2756
https://doi.org/10.3390/ijerph20032746
https://doi.org/10.1016/j.lanwpc.2023.100860
https://doi.org/10.1016/j.ygyno.2021.08.029
https://doi.org/10.1016/j.ypmed.2020.106399
https://doi.org/10.1186/s12905-023-02384-2
https://doi.org/10.1097/cm9.0000000000002108
https://doi.org/10.1634/theoncologist.2015-0011
https://doi.org/10.1002/dmrr.2868
https://doi.org/10.1002/dmrr.2868
https://doi.org/10.1007/s00404-015-3858-z
https://doi.org/10.1371/journal.pmed.1003198
https://doi.org/10.1136/bmjopen-2023-075437
https://doi.org/10.1136/bmjopen-2023-075437
https://doi.org/10.1186/s12905-023-02535-5
https://doi.org/10.1186/s12905-023-02535-5
https://doi.org/10.1186/s12944-023-01868-2
https://doi.org/10.1016/j.ajog.2020.10.042
https://doi.org/10.1017/s0029665118002884
https://doi.org/10.1017/s0029665118002884
https://doi.org/10.1016/j.gore.2015.07.002
https://doi.org/10.1016/j.gore.2015.07.002
https://doi.org/10.1056/NEJMoa021423

	﻿Assessment of secular trends of three major gynecologic cancers burden and attributable risk factors from 1990 to 2019: an age period cohort analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Data source
	﻿Definitions
	﻿Attributable risk factors to GCs
	﻿Statistical analysis

	﻿Results
	﻿Global burden of cervical, ovarian, and uterine cancer
	﻿Temporal trends in the burden of GCs
	﻿Risk factors attributable to the death of GCs
	﻿Age, period and cohort effects by SDI regions and major factors

	﻿Discussion
	﻿Cervical cancer
	﻿Ovarian cancer
	﻿Uterine cancer

	﻿Conclusions
	﻿References


