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Abstract

Background: Ovarian cancer (OC) is a major cause of cancer-related deaths among women. The aim of this study
was to estimate and report data on the current burden of ovarian cancer worldwide over the past 30 years.

Method: Based on the data provided by GBD 2019, we collected and interpreted the disease data of ovarian cancer
by incidence, mortality, disability-adjusted life-years (DALYs), and used corresponding age-standardized rates as
indicators. Also, we categorized the data by attributed risk factors and captured deaths due to high fasting plasma
glucose, occupational exposure to asbestos and high body-mass index, respectively. All outcomes in the study were
reported using mean values and corresponding 95% uncertainty intervals (95% Ul).

Results: Globally, there were 294422 (260649 to 329727) incident cases in 2019, and the number of deaths and
DALYs were 198412 (175357 to 217665) and 5.36 million (4.69 to 5.95). The overall burden was on the rise, with a
percentage change of 107.8% (76.1 to 135.7%) for new cases, 103.8% (75.7 to 126.4%) for deaths and 96.1% (65.0 to
120.5%) for DALYs. Whereas the age-standardized rates kept stable during 1990-2019. The burden of ovarian can-

cer increased with age. and showed a totally different trends among SDI regions. Although high SDI region had the
declining rates, the burden of ovarian cancer remained stable in high-middle and low SDI regions, and the middle and
low-middle SDI areas showed increasing trends. High fasting plasma glucose was estimated to be the most important
attributable risk factor for ovarian cancer deaths globally, with a percentage change of deaths of 7.9% (1.6 to 18.3%),
followed by occupational exposure to asbestos and high body mass index.

Conclusions: Although the age-standardized rates of ovarian cancer didn't significantly change at the global level,
the burden still increased, especially in areas on the lower end of the SDI range. Also, the disease burden due to differ-
ent attributable risk factors showed heterogeneous, and it became more severe with age.
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Introduction

Ovarian cancer (OC) is a type of aggressive gynecologic
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[1]. Ovarian cancer has an insidious onset, and the prog-
nosis is often poor because it is usually difficult to treat
with conventional therapies due to recurrence and drug
resistance [2]. For example, in Europe, the average five-
year survival rate was only 29% [3].

Today, in a global perspective, the number of people
with the disease varies greatly from country to country.
Many variabilities add to the fact that ovarian cancer is a
complex disease that has emerged as major global public
health concern. In order to better understand the enor-
mous public health impact of this disease, it is necessary
to identify relevant global trends through statistics and
analysis.

Ovarian cancer can be attributed to multiple risk fac-
tors (e.g., a history of smoking, nulliparity, and so on) [4].
But few comprehensive reviews have been conducted
on ovarian cancer risk factors in the context of global
data, and some studies that showed no association were
included at the same time [5]. Several studies on ovar-
ian cancer about GBD 2017 have been published before
[6-8]. Besides the data version need to be updated,
whether a step-change in the disease burden is meaning-
ful remains to be determined [8]. Also, one study did not
address changes in disability-adjusted life years [7], and it
can be seen that there was no overall grasp of age-stand-
ardized rates changes over the past 30 years [6, 7]. The
same as this study, some researches show that the trend
in some absolute numbers may be opposite to the trend
in related ASRs during past 30 years, such as cardiovas-
cular diseases [9], so it is necessary to discuss absolute
numbers in conjunction with ASRs.

As part of GBD 2019, this study provided the informa-
tion of distribution and trends in the burden of ovarian
cancer globally, regionally, and in 204 countries, between
1990 and 2019. Different from previous GBD studies
on ovarian cancer [6-38], in this study we focus not only
on the details of geographic and long-term patterns of
OC incidence and mortality over the past 30 years. Our
objectives were to estimate the number of ovarian can-
cer new cases, deaths, and corresponding disability-
adjusted life years (DALYs) between 1990 and 2019 based
on country, age, and sociodemographic status, to explore
age trends in ovarian cancer and to analyze the major risk
factors that contributed to the deaths of OC.

Methods and materials

Overview

Data for this study was obtained from the Global Bur-
den of Diseases, Injuries, and Risk Factors Study 2019
(GBD 2019). The GBD study provides a tool to quan-
tify the health losses from hundreds of diseases, inju-
ries, and risk factors to improve health systems and
eliminate disparities [10]. GBD is now widely used to
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understand the global burden of diseases. We searched
the GBD database for global female ovarian cancer data
from 1990 to 2019 through the GBD Results Tool of
IHME (GHDx, a large database of health-related data
maintained by the Institute for Health Metrics and
Evaluation, http://ghdx.healthdata.org).

The codes corresponding to cancer in the GBD etiology
hierarchy were derived from the ICD-9 and ICD-10 code
books of the International Classification of Diseases,
which is consistent with Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER) [11],
and could be used to identify OC data. Incidence, mor-
tality, and disability-adjusted life years and their corre-
sponding age-standardized rates were selected as disease
burden evaluation parameters, and the data obtained
were subdivided according to geographic location, age
groups, and attributable risk factors. The specific GBD
study design and methods have been described in detail
in previous literature [10, 12], and here we briefly review
the methods used to assess the burden of ovarian cancer
and its attributable risk factors.

Geographic units and age groups
In addition to natural geographic location, these coun-
tries and regions were divided into five regions based on
different Socio-demographic indexes (SDI): high, high-
middle, middle, low-middle, and low SDI regions. The
SDI is a composite indicator of national and regional
development status, expressed on a scale of 0 to 1,
and is a measure of per capita income, average educa-
tional attainment (15 years and older), and total fertility
(25 years and older) for all regions in the GBD study, and
is strongly correlated with health outcomes [13, 14].

GBD provides multiple age groupings, and in this
study, we focused on data on the burden of ovarian can-
cer in three groups: 15-49, 50-69, and > 70 years.

Statistical analyses

The first step in estimating cancer burden calculations
is modeling for specific mortality rates [15]. Although
mortality data are available from a wide range of
sources (vital registration, verbal autopsies, mortality
surveillance, census, etc.), there are still instances where
mortality data are not available for certain locations and
time points [16, 17]. Accordingly, in GBD study, sepa-
rately modeled mortality-to-incidence ratios (MIRs)
was generated to maximize the availability of data
obtained from cancer registries. Subsequently, the mor-
tality estimates were used as inputs to Cause of Death
Ensemble model (CODEm), which predicts single-cause
mortality based on available data and causal covari-
ates, allowing estimation of the number of deaths due
to ovarian cancer by location, age, sex, and year. The
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specific modeling strategy has been described in detail
in other literature [16].

Methods for estimating disease incidence in GBD 2019
study have been described in detail in previous study [10].
Ovarian cancer incidence data in GBD study was deter-
mined by using a literature review and studies jointly
generated from a wide range of population representa-
tive data sources covering microdata, such as scientific
reports from a large number of cohorts and registries, as
well as macro-administrative data from health systems
administrative. According to related studies, the estima-
tion of all available data on incidence was calculated by
Bayesian meta-regression software DisMod-MR 2.1 [18],
and the values were estimated by dividing the mortality
estimates of OC by the corresponding MIRs [15].

Disability is widely used in burden of disease analy-
sis nowadays and refers to deviations from good or
ideal health in any important area of health. Disability-
adjusted life years (DALY) is a composite measure of
time lost due to premature death and time spent living
in less-than-optimal health, can fully analyze the popu-
lation impact in of disease burden [19]. It is measured
by summing the number of years of life lost (YLL) due
to premature death, and the number of years of life
disabled (YLD) due to nonfatal health loss [20]. In this
case, YLL is estimated using each death multiplied by
the standard life expectancy at each age, while YLD is
estimated from the prevalence of sequelae and disabil-
ity weights derived from population-based surveys [21].
For most sequelae, the same as the estimation of inci-
dence, GBD 2019 study used the Bayesian meta-regres-
sion method DisMod MR 2.1 [18], to address some of
the limitations in descriptive epidemiological data, such
as missing, or inconsistent data.

Estimation of risk factors

Since 2002, the GBD has followed a comparative risk
assessment (CRA) approach to quantify the attribut-
able burden [22, 23], in which risk factors are classified
into four tiers, ranging from the broadest risk category
(e.g. behavioral, environmental and occupational, and
metabolic) to the most detailed classification (e.g. dis-
continued and non-exclusive breastfeeding). 87 risks or
risk clusters were provided in GBD 2019, and to ensure
the persuasiveness of risk-outcomes on the relevant evi-
dence, researchers excluded risk-outcome pairs with cor-
relation results p-value>0.1 from the existing studies.
And ultimately 12 risk-outcome pairs in GBD 2017 were
excluded from GBD 2019 after final reviews and meta-
analysis [24]. This study mainly focused on the change in
mortality, and related age-standardized rate by the most
prominent risk factors for ovarian cancer, and included
all risk factors, and top three most detailed risk factors.
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Results

Burden of incidence

In 2019, the number of ovarian cancer incident cases
was 294422 (260649 to 329727). The overall burden of
ovarian cancer was on the rise, especially in the number
of cases, with a percentage change of 107.8% (76.1 to
135.7%) compared to 1990 (Table 1, Fig. 1). But the per-
centage changes of global age-standardized incidence
rate kept stable during the same time period. All three
groups (15-49, 50-69, and 70+ age groups) showed an
increasing trend in the number of cases between 1990
and 2019, with the highest cases number in 2019 in the
50-69 age group. The age group of largest percentage
change in the number of incident cases was 70+ age
group, were 119.9% (92.9 to 143.9%) (Table 1, Fig. 2a).

The disease burden of ovarian cancer varies sig-
nificantly across SDI regions. In 2019, the number of
ovarian cancer incident cases was highest in the high
SDI region, corresponding to value of 80454 (70504 to
91461), and lowest in the low SDI region. All regions
showed an increasing trend during 1990-2019, while
the high SDI region was the region with the lowest
increase in morbidity burden, but the low-middle SDI
region was the highest one, increased by 326.0% (158.8
to 470.5%) (Table 1) for new cases.

Similarly, the high SDI quintile had a negative change
of ASIR during this period, accounting for 18.8% (-28.6
to -3.8%). In contrast, the disease burden in low-mid-
dle SDI quintile increased substantially (91.3% (17.8 to
157.1%) for ASIR) (Table 2, Fig. 3).

The region with the highest number of incident cases
was Western Europe in 1990, while East Asia and South
Asia in 2019. And the age-standardized incidence rate
of Central Europe was the highest among all world
regions, reached 11.7 (10.0 to 13.7), while the rate of
Central sub-Saharan Africa seemed lowest at the same
time, showed 3.2 (2.1 to 5.1) (Table 2). In both regions,
the highest number of incident cases was found in the
50-69 age group (Supplementary Table 1). However,
from 1990 to 2019, Caribbean—the third lowest num-
ber of morbidity and mortality among all regions in
2019, showed the highest percentage increase in inci-
dent cases, with a number of 444.5% (152.5 to 582.7%).
At the same time period, Western Europe turned out
to be the region with no change (Table 1, Fig. 1, Sup-
plementary Fig. 1a). From 1990 to 2019, United States
of America and China were consistently the top coun-
tries with the highest number of cases (Table 1, Fig. 4),
while Guatemala has seen an incredible increase in
the number of cases in 30 years (1150.3% (469.1 to
1652.0%)) (Fig. 1). Focusing on age-standardized inci-
dence rate per 100,000 people, Monaco ranked first
both in the past 1990 and 2019, while Pakistan and
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Fig. 1 Map of percentage change of incident cases due to ovarian cancer, 1990-2019

The Balkans

Southeast Asia

Brunei Darussalam also climbed rapidly in recent years
(Table 2, Supplementary Table 2, Fig. 3).

Burden of deaths and DALYs

In 2019, the number of deaths for women due to ovar-
ian cancer was 198412 (175357 to 217665), and the num-
ber of DALYs was 5.36 million (4.69 to 5.95), compared
to 2.73 million (2.49 to 3.17) in 1990, and a percentage
of DALYs increased by 96.1% (65.0 to 120.5%) (Table 1).
Meanwhile, the percentage change of global age-stand-
ardized death rate and DALY rate were relatively flat. The
age-standardized death rate due to ovarian cancer was
4.6 (4.0 to 5.0) per 100,000 in 2019 (Table 2). Of these,
all three age groups were trending upward in the number
of deaths and DALYs, with the highest number of deaths
and DALYs in 2019 in the 50-69 age group(Table 1,
Fig. 2b-c), but the largest percentage change was in
the 70+ age group, with the number of 121.3% (95.7 to
140.3%) (Table 1). For DALYs, only the 15—49 age group
in high SDI region showed a decrease in DALYs. And
it should be noted that among all regions, the greatest
increase in the percentage of DALYs was all observed
in the 70+ group, with the highest number being in

the low-middle SDI region (384.1% (209.8 to 546.5%)),
followed by the middle SDI region (338.9% (215.1 to
431.3%)) (Supplementary Table 3).

From a global perspective, the burden of ovarian can-
cer reflected in DALYs and mortality was similar to that
of morbidity. The high SDI region saw the highest deaths
and DALYs in 2019, with the number of 56639 (50391 to
61318) and 1.23 million (1.13 to 1.32), and lowest in the
low SDI area, while the high SDI region was the area that
DALYs and death burden of which changed least, rising
by 15.8% (6.5 to 35.4%) and 30.3% (19.1 to 47.3%). But the
area with the largest deaths and DALYs number increase
was low-middle SDI quintile with a percentage change of
308.6% (151.3 to 445.8%) and 282.1% (129.6 to 412.9%),
respectively (Table 1). As for age-standardized rates of
deaths and DALY, from 1990 to 2019, the high SDI region
was in a decreasing trend, and with a significant decrease
corresponding to 24.0% (-30.3 to -12.3%), and 27.5%
(-33.1 to -14.2%), respectively. The same as the burden of
incidence, the low-middle SDI quintile showed a striking
increase (75.1% (10.1 to 134.4%) for ASDR and 75.1% (6.9
to 134.6%) for ASDALYR) (Table 2).
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Fig. 2 Incident cases (a), Deaths (b) and DALYs (c) of three age groups in different SDI regions in 2019
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Fig. 3 Map of age-standardized incidence rate due to ovarian cancer in 2019

In 1990, Western Europe had the highest burden of
both deaths and DALYs globally with 26356 (23607 to
27318) and 624896 (553975 to 645271), while in 2019,
the region with the highest DALYs was South Asia
(32105 (24894 to 39896)) for deaths and 982473 (748576
to 1238008) for DALYs). Central Europe had the high-
est ASDR (7.6, 6.6 to 8.9) while Central sub-Saharan
Africa had the lowest ASDR (2.6, 1.7 to 4.1). Caribbean
became the region with the highest percentage increase
in both deaths and DALYs during this period, with
changes of 432.7% (152.6 to 569.4%) and 388.3% (138.4
to 518.2%), respectively, while Western Europe had the
flattest change in values, with little increase of 16.1%
(4.9 to 30.2%) and the value of DALY showed no change.
(Table 1, Table 2). High-income North America and
Central sub-Saharan Africa had the highest and low-
est age-standardized DALY rate, respectively. Similar to
the results shown in Fig. 5 and Supplementary Fig. 2b,
the values of deaths and DALYs in most of the regions
showed numerically bigger with the increase of SDIs
(Fig. 5, Supplementary Fig. 1b).

The same as the trend of cases, top three countries with
the highest values of deaths and DALYs for ovarian cancer

in 1990 were United States of America, China and Rus-
sian Federation, while in 2019, China, India, United States
of America became the countries with the highest num-
ber, Guatemala had the highest change in the number
of deaths among all over the world, United Arab Emir-
ates had the biggest increase in DALYs as the same time
(Supplementary Table 2, Fig. 6, Supplementary Fig. 2a-
b). Based on an assessment conducted every five years,
Monaco consistently ranked first in ASDR. As for ASDA-
LYR, Greenland had the highest value in 1990, and then
was overtaken by Monaco in 2005. During this period,
the ranking changed a lot, and some countries with lower
ASDALYR caught up, such as Pakistan and Brunei Darus-
salam, but as of 2019, the country with the highest ASDA-
LYR was still Monaco (342.1 (248.9 to 436.0)) per 100,000
(Table 2, Supplementary Fig. 3a-b).

Burden of ovarian cancer attributable to leading risk
factors

In 2019, the ASDR due to all risk factors remained essen-
tially constant from 1990 to 2019, with the ASDALYR
increasing from 12.3 (5.8 to 20.7) per 100,000 to 13.9
(5.7 to 25.3) per 100,000. During the period 1990-2000,
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Fig. 4 Ranking changes in incident cases by country, 1990-2019
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1990 (a) 2019 1990 (b) 2019
|United States of America China | |United States of America China |
| China India | | China India |
| Russian Federation United States of America | I Russian Federation United States of America |
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| Italy | Japan | | Italy | United Kingdom |
| Ukraine | United Kingdom | | Ukraine Brazil |
Fig. 6 Ranking changes in number of deaths and DALYs by country, 1990-2019: (a) Number of DALYs; (b)Number of deaths

the global ASDALYR values were relatively stable, and
from 2001 a small increase occurred, and then a small
decrease followed by a yearly increase from 2010 to 2019
(Supplementary Table 4).

Among the most specific risk factors attributed to
all deaths of ovarian cancer globally in 1990, the top
three were high fasting plasma glucose, high body-mass
index, and occupational exposure to asbestos, respec-
tively. In 2019, the same pattern of risk factors for the
number of ovarian cancer deaths worldwide did not
change (Supplementary Table 5-6).

In 2019, of all the risk factors for ovarian cancer
death, the risk factor that led to the highest number
of deaths was high fasting plasma glucose, accounting
for 15736 (3023 to 36227) or age-standardized death
rate of 0.4 (0.1 to 0.8) per 100000, the corresponding
ASDR has shown an increase over the last 30 years
(34.7% (18.6 to 51.4%)) (Supplementary Table 6, 7).
Among the SDI regions, the numbers of ASDR due to
high fasting plasma glucose showed different dynam-
ics. The high SDI region has the highest ASDR but the
smallest overall change of 8.9% (0.6 to 27.8%), but low-
middle SDI and low SDI regions had the largest ASDR
growth of 169.4% (74.6 to 268.1%) and 151.4% (55.3 to
265.3%), respectively (Table 3). In total, the ASDR for
all world regions showed an upward trend over the last
30 years (Fig. 7), but Tropical Latin America showed
the smallest increase (10.8% (0.1 to 23.8%)), while

Caribbean showed the largest increase with 282.3%
(66.1 to 388.6%) (Supplementary Table 6).

Occupational exposure to asbestos was the second lead-
ing cause of ovarian cancer deaths globally (Supplementary
Table 5-6), with an ASDR of 0.1 (0.1 to 0.2) per 100000,
while from 1990 to 2019, value of ASDR caused by this
risk factor showed a decreasing trend year by year, and as
of 2019, ASDR has decreased by 24.9% (-46.7 to -7.4%).
Among all SDI quintiles, only high SDI quintile showed a
decreasing trend in ASDR, decreasing by 26.8% (-47.9 to
-7.1%), while the changes in other areas were not statisti-
cally significant in value (Table 3, Fig. 7, Supplementary
Table 6, 8). High body-mass index was the third leading
cause of ovarian cancer deaths globally, with an ASDR of
0.1 (0.0 to 0.3) per 100000 (Supplementary Table 6, 9), while
from 1990 to 2019, the value showed a slow upward trend
with a 16.4% (2.7 to 32.0%) increase (Table 3). However, the
middle and low SDI regions showed significant increasing
trends, with the number of 152.9% (90.6 to 229.4%) and
208.5% (77.9 to 451.5%), while other regions showed no
change (Table 3, Fig. 7).

Discussion

In this study, we estimated the distribution and trends
of the global and regional burden of ovarian cancer
from 1990 to 2019 using the latest GBD 2019 data, and
explored the latest statistics of ovarian cancer by the
major attributable risk factors.
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Table 3 Percentage change in number of deaths and age-standardized death rate due to leading risk factors, 1990-2019

High fasting plasma glucose Occupational exposure to asbestos High body-mass index

number of deaths age-standardized number of deaths age-standardized number of deaths age-standardized
rate of death rate of death rate of death
Global 180.9% (144.3 to 34.7% (18.6 to 62.7% (15.2 to -24.9% (-46.7 to 139.9% (111.5to 16.4% (2.7 to 32.0%)
218.8%) 51.4%) 101.2%) -7.4%) 172.5%)
High SDI 88.7% (72.7 to 8.9% (0610 27.8%)  34.2% (-49to -26.8% (479 to 61.0% (454 to -5.0% (-14.1 to 14.5%)
118.5%) 70.9%) -7.1%) 91.2%)
High-middle SDI' 148.2% (118.6 to 31.9% (16.2 to 62.4% (10.6 to -15.8% (-42.7 to 101.8% (80.1 to 10.4% (-1.5 to 24.6%)
177.2%) 47.1%) 111.5%) 8.9%) 127.4%)
Middle SDI 409.7% (284.9 to 98.1% (50.7 to 252.2% (1084 to 33.8% (-17.7 to 510.3% (357.6 to 152.9% (90.6 to
509.3%) 135.9%) 397.8%) 83.8%) 695.4%) 229.4%)
Low-middle SDI 574.1% (334.2 to 169.4% (74.6 to 328.8% (147.7 to 63.4% (-2.5 to 743.8% (427.0 to 5.3% (-2.5 to 26.6%)
820.8%) 268.1%) 556.5%) 141.6%) 1273.6%)
Low SDI 480.1% (253.7 to 151.4% (55.3 to 252.1% (70.0 to 583% (-224 to 602.8% (302.5 to 208.5% (779 to
753.6%) 265.3%) 575.4%) 188.0%) 1171.8%) 451.5%)
SDI Sociodemographic index
High fasting plasma glucose Occupational exposure to asbestos High body-mass index
(a)
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Fig. 7 The ovarian cancer ASDR (a) and ASDALYR (b) attributable to risk factors between 1990 to 2019 by SDI regions. ASDR, age-standardized
death rate; ASDALYR, age-standardized disability-adjusted life year rate

Globally, the total number of incident cases, deaths
and DALYs due to ovarian cancer increased significantly.
Studies of GBD 2017 showed the same trends of inci-
dence and mortality burden, while one of them didn’t
analyze related DALY data, which is a crucial indicator

of the dynamics of OC disease burden. Similar with the
findings from previous study using 2017 GBD data, the
number of cases, deaths and DALYs of ovarian cancer
worldwide increased significantly, maintaining the trend
shown in the 2017 study [6, 8], but the age-standardized
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rates did not change. Thus, we speculate the reasons
caused this phenomenon were partly owing to the popu-
lation increase as well as aging. At the same time, rela-
tively stable ASIR could be explained as new risk factors
not to introduce or the variation of exposure to risk fac-
tors in different parts of the world. Differences in access
to health care in different regions of the world, and poor
implementation of interventions to address ovarian
cancer in some regions, could also contribute to a rise
in global ovarian cancer deaths while ASDR remained
unchanged. Moreover, the differentiation of OC bur-
den varies greatly among regions. The incidence of OC
in high SDI region was much more severe than in other
regions, but fortunately, the value in these regions con-
tinued to decline. Worryingly, in contrast, we found a
significant increase in OC morbidity and mortality in low
SDI quintile, although age-standardized morbidity, mor-
tality and DALY rates in these countries remained rela-
tively low. High SDI regions are more severe than other
regions, and East Asia has the highest burden of disease.
This is associated with social and economic development,
maternal number and the decrease of breastfeeding,
infertility and the increase in obesity is the promoting
factors of ovarian cancer [25-27], but fortunately, with
the progress of treatment technology in recent years,
and the active involvement of patients in treatment,
The mortality rate of OC in these regions continued to
decrease. In contrast, we found a significant increase in
most developing countries. According to the data of the
present study, disease burden of Caribbean showed an
extraordinary growth in the last 30 years. Besides the
influence of social and economic factors, genetic factors
also played a big role. Studies have confirmed that breast
and ovarian cancer patients who was born in the Carib-
bean, one in seven cases of ovarian/breast cancer was
inherited [28, 29]. At the same time, young patients have
a higher rate of genetic variation and the range of varia-
tion is very wide, which may be traced back to the period
of European colonization and slave trade.

In this study, we found that the overall burden of ovar-
ian cancer was heaviest in the age group 50-69, while the
increase was the largest in the age group 70+, which was
similar to the conclusion of previous studies [29]. Such a
result may be closely related to the emergence of aging,
which is the same as the reason for the stabilization of
age-standardized rates discussed above. For the two main
types of epithelial ovarian cancer, patients before the age
of 40 mostly belong to type I, which usually appears in the
early stage and has a good prognosis. In older patients,
type II epithelial neoplasms make up a large proportion,
accounting for approximately 75% of it, and are usually
present in advanced stages with poor prognosis [30]. At
the same time, the elderly has more underlying diseases
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and more adverse biological factors [31], which may also
be the reason for the difference in the incidence and
death burden of ovarian cancer in different age groups.

At the same time, of all the risk factors, high fasting
plasma glucose led to the most severe burden of ovarian
cancer, and the burden changed a lot during the limited
time period of this study. Therefore, this study confirms
that carrying out effective policies based on local condi-
tions and actively implementing prevention strategies for
different risk factors are of great significance for the pre-
vention and treatment of ovarian cancer.

Previous studies suggested that the high mortality
and low survival rates of ovarian cancer are mainly due
to the lack of screening [32], but a recent randomized
controlled trial of the UK Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS) [33], which has a high
compliance rate among women, showed that the num-
ber of deaths among patients who had undergone annual
multimodal screening (MMS), and annual transvaginal
ultrasound screening (USS) was not significantly higher
than those who did not, and could not be considered to
have a significant reduction in mortality from ovarian
cancer. This shows that future research still has a great
potential to select better methods for the detection and
treatment of ovarian cancer. At the same time, some pre-
vious analysis failed to take full advantage of the different
types of data on incidence, mortality, disability-adjusted
life years, and risk factors reported in the GBD [7].

If people consume high GI foods for a long time in
daily life, they will have a higher risk of high fasting glu-
cose. Some studies have shown that the overall insulin
response increases dramatically after eating high GI
foods, and insulin has been shown to be a cancer cell
growth factor and cancer promoter [34], and like sup-
plying energy to normal cells, ingested glucose can
also provide energy to tumor cells, thus promoting
tumor growth. Currently, diabetes is now proven to
be an independent risk factor for ovarian cancer mor-
tality [35], and age-standardized death rate of ovarian
cancer worldwide due to high fasting plasma glucose
was on the rise among all SDI quintiles, which may
be associated with death due to diabetes comorbid-
ity. And among them, over the past 3 decades, the age-
standardized death rate of OC had the smallest rise in
the high SDI region, which may be associated with the
declining diabetes mortality in women in this region,
with data showing a decreasing trend in female diabetes
mortality in 24 of 28 EU countries as of 2019 [36]. Simi-
larly, for Eastern Europe and Australasia, high fasting
plasma glucose was not the first risk factor for ovarian
cancer mortality. In contrast, high fasting plasma glu-
cose led to the largest increase in ASDR in low SDI and
low-middle SDI regions. In a nationally representative
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cross-sectional survey in Iran, researchers found that
the prevalence of diabetes and prediabetes increased at
an alarming rate among adults, with an age-standard-
ized prevalence rate of 25.4 (18.6 to 32.1) per 100000
[37]. In addition to regional differences in the preva-
lence of diabetes, unequal distribution of government
health resources may also contribute to this situation.
In highly developed countries, up to 75% of government
health care spending on diabetes is spent on hospital
treatment for its complications. In developing coun-
tries, however, the structure of diabetes-related spend-
ing varies considerably, with most of the costs shifting
to patients who must pay for their own treatment [38].

Occupational exposure to asbestos was the second-
leading specific risk factor for deaths from ovarian cancer
in 2019, contributing to 3.3% (1.5 to 5.4%) of all deaths.
Current studies uniformly suggest that human meso-
thelial cells are highly sensitive to asbestos toxicity [39],
but further scientific investigation is needed urgently to
clarify the causal relationship between asbestos and ovar-
ian cancer. Ovarian cancer due to asbestos exposure was
listed as a new occupational disease in gynecology in
2017. Although asbestos has been banned in 55 coun-
tries or regions (e.g. Denmark, the USA) [40], it is still
widely used today. High SDI region showed extremely
high ASDR values in 2019, but the large decline in the
past 3 decades may reflect the industrialization and
cumulative occupational exposures of decades ago. For
other quintiles with rising ASDR, which may face con-
tinued national industrialization in the future, should
also introduce appropriate policies, which are not pro-
tective against cancer mortality reduction for the time
being only by controlling asbestos exposure limits [41],
but should ban the use of asbestos or manage the corre-
sponding structures that already contain asbestos.

Our study indicated that high body-mass index was the
third-leading specific risk factor for deaths from ovar-
ian cancer in 2019. Numerous studies have now shown
a correlation between obesity and ovarian cancer risk,
and obesity is also associated with reduced survival rates
specific to ovarian cancer at the same time. And in a
Women’s Health Initiative cohort study, low-fat dietary
patterns, and physical activity showed the possibility of
a negative association with ovarian cancer risk [42]. This
provides an effective solution for ovarian cancer risk
avoidance at the individual level.

The accuracy of the results of this study depends on the
quality and quantity of GBD data. In terms of quantity,
the GBD study cannot cover all regions of the world. In
terms of quality, the possibility of missing information
in less developed countries cannot be excluded. In addi-
tion, information bias is inevitable. Due to the limitation
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of information, we could not investigate further his-
tory to capture the influence of genetic factors on ovar-
ian cancer. Also, different risk factors may have different
effects on different histological subtypes of ovarian can-
cer, and we are currently unable to specifically distinguish
between these histological subtypes, and GBD still faces
some challenges in estimating the cause-specific non-
lethal and lethal burden of ovarian cancer [43]. In order
to develop more effective preventive measures, there is
a need to analyze the severity grading and subtypes of
ovarian cancer according to the etiology in the future.

Conclusion

GBD 2019 provides a more accurate source of data on
ovarian cancer incidence, mortality, and DALYs, and
the analysis of these data in this study revealed that the
burden of ovarian cancer remains relatively heavy glob-
ally, especially in some less developed regions and older
population. The findings suggest that ovarian cancer is
strongly linked to women’s lifestyles and occupational
exposure, making it important to reduce related expo-
sure to risk factors for both those women who already
have the disease and those who want to prevent it. Cur-
rently, reducing the disease burden of ovarian cancer
is still focused on primary prevention, and both gov-
ernments and individuals should pay high attention to
the early control of ovarian cancer, starting from both
national health resource allocation and targeted pre-
vention and treatment strategies.
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