Received: 8 July 2022

Revised: 7 October 2022

Accepted: 2 November 2022

DOI: 10.1002/hsr2.936

ORIGINAL RESEARCH

Health Science Reports

OpenAccess

WILEY

The global, regional and national epidemiology, incidence,
mortality, and burden of ovarian cancer

Afrooz Mazidimoradi' |
Azita Tiznobaik? |

1Shiraz University of Medical Sciences,
Shiraz, Iran

2Qom University of Medical Sciences,
Qom, Iran

3Ministry of Health and Medical Education,
Tehran, Iran

“Department of Midwifery and Reproductive
Health, Mother and Child Care Research
Center, School of Nursing and Midwifery,
Hamadan University of Medical Sciences,
Hamadan, Iran

5Student Research Committee, Iran University
of Medical Sciences (IUMS), Tehran, Iran

Social Determinants of Health Research
Center, Birjand University of Medical
Sciences, Birjand, Iran

7Kiel School of Gynaecological Endoscopy,
University Hospitals Schleswig-Holstein, Kiel,
Germany

Correspondence

Hamid Salehiniya, Social Determinants of
Health Research Center, Birjand University of
Medical Sciences, Birjand, Iran.

Email: alesaleh70@yahoo.com

Zohre Momenimovahed? |
Negar Hajinasab® |

Leila Allahqoli® |

Hamid Salehiniya® ® | Ibrahim Alkatout’

Abstract

Background: Ovarian cancer has the highest mortality rate among gynecological
malignancies and is associated with poor prognosis. Since the accurate assessment
of the global burden along with the trend of cancers contributes to the development
of policies, this study aimed to explain the incidence, mortality, and burden of
ovarian cancer using the global burden of disease (GBD) 2019 study.

Methods: Epidemiological data have been collected from the study of the GBD
2019. Data were extracted globally for 204 countries and groups based on a socio-
demographic index (SDI), WHO regions, continents, World Bank regions, and 22
GBD regions.

Results: In 2019, a total of 294,422 new cases of ovarian cancer were reported. The
highest age-standardized incidence rate (ASIR) was reported in areas with higher
SDI, World high-income countries, continental Europe, and then America. In GBD
regions, the highest age-standardized incidence is in Central Europe. In 2019, a total
of 198,412 deaths due to ovarian cancer were reported. The highest ASR death is
related to countries with high SDI and the World Bank high-income countries. In
2019, adjusted years of life with disabilities (DALYs) due to ovarian cancer were
reported to be 5,359,737, of which 5,205,660 were related to lost years of life
(YLLs), and 154,077 were related to years of life with disabilities (YLDs).
Conclusions: In 2019, the highest age-standardized incidence of ovarian cancer, ASR
death, and DALYs ASR belong to the high SDI countries. Designing interventions
based on risk factors as well as providing preventive approaches to reduce the risk of
this cancer, improving the treatment of ovarian cancer, and using appropriate and

invasive treatments are recommended.
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1 | INTRODUCTION

Cancer is the most common cause of death in many countries.
Ovarian cancer is the most common gynecological cancer after cervix
and uterine cancers.! Ovarian cancer has the highest mortality rate
among gynecological malignancies and is associated with poor
prognosis, low survival rate, and is the most deadly reproductive
cancer among women.? It is estimated that by 2040, the incidence
rate of ovarian cancer will increase significantly.® Statistics have
shown that the ovarian cancer mortality rate increased by 84.2%
between 1990 and 2017.* Asymptomatic growth of the tumor,
delayed onset of symptoms, and lack of proper screening methods
for this cancer have prevented more than 70% of ovarian cancer
sufferers from early diagnosis until the advanced stages of the
disease. All these factors have led to this cancer being named the
“secret killer.”>>

According to epidemiological data, the incidence of ovarian
cancer varies in different parts of the world. According to the global
burden of disease (GBD 2017), Central Europe showed the highest
incidence, adjusted years of life with disabilities (DALYs), and
standardized mortality rate by age. South and East Asia accounted
for the largest percentage increase in incidence rate from 2007 to
2017 which can be attributed to several factors such as the
prevalence of risk factors.®

Almost all ovarian tumors originate from one of three types of
epithelial cells (90%), stromal cells (5%-6%), and germ cells (2%-3%).”
According to the epidemiological studies, the known risk factors for
ovarian cancer include higher age, genetic susceptibility, infertility
treatments, and family history. Pregnancy, lactation, and oral
contraceptive pills have been mentioned as protective factors.? By
eliminating risk factors, the incidence of ovarian cancers will be
reduced by one-third to two-fifths.®

Since the accurate assessment of the global burden along with
the trend of cancer contributes to the development of policies,
efficient management planning, improved service delivery, targeted
resource allocation for diagnostic and treatment measures, and better
healthcare decision-making, the use of epidemiological studies is
instrumental in achieving these goals.® In the present study,
epidemiological data including incidence cases, deaths, age-
standardized rate (ASR) incidence, lost years of life (YLLs), years of
life with disabilities (YLDs), and DALYs, have been collected from the
GBD 2019 and presented separately.

2 | MATERIALS AND METHODS

ASRs of the incidence, deaths, disability-adjusted life years (DALYs),
YLLs, and YLDs of OC were extracted from the online GBD database
2019. This year is the calendar year in which the most recent data for
epidemiological indices are available at http://ghdx.healthdata.org.
The GBD has estimated epidemiological indicators of 369 diseases
and injuries for both sexes in 204 countries and territories based on

various divisions of countries. For an accurate interpretation, we

extracted OC data for 204 countries and for a variety of classifica-
tions based on the age groups, socio-demographic index (SDI), World
Health Organization (WHO) regions, continents, World Bank regions,
and GBD regions.! The SDI is a summary measure that identifies the
position of countries or geographic areas on a scale of development
from O (lowest) to 1 (highest). The SDI is the geometric mean of three
factors including per capita income; average years of schooling, and
total fertility rate (TFR).2 The World Bank categorizes economies for
analysis into four income groups: low, medium-low, medium-high,
and high. It does this by using per capita gross national income (GNI)
data in the United States dollars, converted into local currency using
the World Bank's Atlas method, which applies to smooth changes in
exchange rates.®

For GBD, an internationally standardized form of QALY has been
developed, known as the adjusted year of life (DALY). DALY is defined
as the years of life lost due to premature death and the years lived with
a disability of specified severity and duration. A DALY is therefore a
wasted year of healthy living. “Premature” death is defined as a death
occurring before the age at which the dying person would have
expected to survive if they were part of a standardized population with
a life expectancy at birth equal to that of the longest surviving
population in the world, Japan. For calculating the total number of
DALYs for a given condition in a population, YLLs and years of
disability of known severity and duration (YLDs) for this condition
should be estimated and then added together.”

The data were reported as values at a 95% confidence interval
(ClI). ASRs were expressed in figures per 100,000 population to
remove the influence of different ages in the patient population and
to ensure comparability of statistical indicators. Definitions of the
terminology used can be found at https://www.healthdata.org/
terms-defined and https://www.healthdata.org/gbd/ (Figure 1).”

This study was approved by the ethics committee of the Birjand
University of Medical Sciences (ethics committee approval code IR.
BUMS. REC.1400.316). Because we routinely used anonymous
electronic data, there was no need for patient consent.

3 | RESULTS

In 2019, a total of 294,422 new cases and 198,412 death due to
ovarian cancer were reported. Most incidence cases, death cases, and
burden number of ovarian cancer are observed in the age group of
50-69 years, but the highest crude rates is reserved for the age group
above 70 years. The highest age-standardized incidence rate (ASIR)
was reported in areas with higher SDI, World high-income countries,
continental Europe, and then America. In GBD regions, the highest
age-standardized incidence is in Central Europe. In 2019, a total of
198,412 deaths due to ovarian cancer were reported. The highest
ASR death is related to countries with high SDI and the World Bank
high-income countries. In 2019, adjusted years of life with DALYs
due to ovarian cancer were reported to be 5,359,737, of which
5,205,660 were related to YLLs, and 154,077 were related to YLDs.
More details have presented in the following.
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FIGURE 1 Global crude rate of incidence, death, and disabilities (DALYs) of ovarian cancer (per 100.000) in 2019. [Color figure can be

viewed at wileyonlinelibrary.com]

3.1 | The global incidence rate of ovarian cancer

In 2019, a total of 294,422 new cases of ovarian cancer were
reported with a 95% Cl of (329,727-260,649) in women worldwide,
with an ASR incidence of 6.87 per 100,000 people.

The highest standardized incidence rate of ovarian cancer per
100.0000 population was reported to be in Monaco (22.75), Brunei
Darussalam (16.12), Pakistan (15.85), Seychelles (15.66), American
Samoa (15.60), United States Virgin Islands (14.13), Greenland
(13.57), United Kingdom (13.22), Samoa (13.12), and Ireland (12.84).

Also, the lowest standardized incidence rate of ovarian cancer
per 100.0000 population was in Niger (2.15), Chad (2.25), Mali (2.50),
Dominican Republic (2.53), Yemen (2.59), Central African Republic
(2.66), Fiji (2.95), the Democratic Republic of the Congo (2.98), Sudan
(3.07), and Egypt (3.27).

Most cases of ovarian cancer occure in the age group of
50-69 years, but the highest crude incidence rate is reserved for the
age group above 70 years.

Statistics show that the higher the SDI index is, the higher the
ASIR of ovarian cancer per 100.0000 population would be, and the
highest age-standardized incidence of ovarian cancer is in countries
with high SDI.

According to the World Bank classification, ASR incidence rate
has the highest value (9.50) in the World Bank high-income countries
and the lowest value in the World Bank low-income countries (4.88).

Among continents, the highest ASR incidence rate has been
reported in continental Europe and then America, and the lowest has
been observed in Africa.

Among the regions of the World Health Organization, the highest
ASR incidence rate is related to Europe with 10.29 and the United

States with 8.42, and the lowest value is related to the African Region
with 4.94 per 100,000 people.

In GBD regions, the highest ASIR is in Central Europe (11.73) and
the lowest is in Central Sub-Saharan Africa. More details was

presented in Table 1.

3.2 | The global mortality rate of ovarian cancer

In 2019, a total of 198,412 deaths due to ovarian cancer were
reported in women worldwide (95% Cl: 175,357-217,665), with its
ASR being equal to 4.56 (95% ClI: 4.03-5.00). The highest
standardized deaths from ovarian cancer have been reported in
Monaco (13.67), Pakistan (11.84), Brunei Darussalam (10.08),
American Samoa (10.00), United States Virgin Islands (9.84),
Greenland (9.51), Latvia (9.22), Lithuania (9.09), Poland (9.05), and
Seychelles (8.87).

The lowest standardized death rate from ovarian cancer has also
been reported in the Dominican Republic (1.70), Niger (1.72), Chad
(1.83), Fiji (1.93), Mali (1.93), Yemen (1.94), Sudan (2.18), Egypt (2.18),
Central African Republic (2.24), and Syrian Arab Republic (2.29).

Most death cases of ovarian cancer are observed in the age
group of 50-69 years, but the highest crude death rate is reserved for
the age group above 70 years.

The highest ASR death is related to countries with high SDI so, in
high SDI countries, the value of ASR death is 5.67. Also, the lowest
ASR death is related to medium SDI level countries (3.66) and low
SDI level countries (4.01).

According to the World Bank classification, the highest ASR
death belongs to the World Bank high-income countries.
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(Continued)

TABLE 1

YLDs ASR

DALYs ASR
per 10°

Deaths ASR
per 10°

Incidence ASR

per 10°

per 10°

YLLs ASR per 10° YLDs number

YLLs number

DALYs number

Deaths cases

Incidence cases

(95% confidence
interval [CI])

(95% ClI) (95% ClI)

(95% CI)

(95% CI) (95% CI) (95% CI) (95% ClI)

(95% ClI)

(95% Cl)

4.49

1015

123.59

5.29 29,637 128.09 28,622

1384

8.24

1931

Australasia

(665-1481) (2.97-6.67)

(107.33-143.7)

(24,903-33,016)

(111.45-149.4)

(25,738-34,301)

(1182-1592) (4.58-6.1)

(6.52-10.64)

(1524-2472)

7042 4.20

96.98

16,072

101.18

6.85 7341 345 167,714

11,882

Asia Pacific

(86-103.22) (4823-9558) (2.88-5.8)

(141,691-172,749)

(89.47-107.95)

(147,322-181,069)

(3.03-3.72)

(6205-8064)

(5.55-8.16)

(9655-14,073)

15,336 5.28

151.06

457,654

156.34

9.85 21,631 6.41 472,990

29,785

North

America

(3.68-7.19)

(10,653-20,823)

(140.83-164.41)

(424,624-497,875)

(145.58-170.22)

(7.96-12.05)  (19,536-23,591) (5.85-6.95) (439,017-512,580)

(24,355-36,248)

1848 4.42

150.51

5.64 65,518 154.93 63,670

2553

8.53

3631

Southern

Latin

(1180-2666) (2.81-6.41)

(142.56-173.7) (58,671-71,159) (138.73-168.3)

(60,158-73,658)

(5.19-6.35)

(2344-2877)

(6.61-10.9)

(2833-4644)

America

22,348 5.85

148.99

604,016

154.84

30,612 6.28 626,364

10.38

42,235

Western
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(136.83-161.39)  (15,499-29,649) (4.08-7.8)

(142.25-167.85) (552,397-651,502)

(36,189-49,048) (8.98-12.1) (27,024-33,277) (5.7-6.76) (569,657-678,617)

Europe

®Rates for age groups are crude rate.

Among the continents, the highest number of ASR deaths have
been reported in continental Europe followed by America, and have
lowest has been reported in Africa.

According to the World Health Organization, the highest ASR
death rate belongs to the European Region, followed by the American
region, and the lowest belongs to the Western Pacific Region.

Also based on GBD regions, the highest ASR death rate is in
Central Europe and the lowest is in Central Sub-Saharan Africa. More

details was presented in Table 1.

3.3 | The global burden of ovarian cancer

In 2019, DALYs number due to ovarian cancer were reported to be
5,359,737 (95% Cl: 4,692,949-5,954,993), of which 5,205,660 (95%
Cl: 4,579,409-5,768,211) were related to YLLs cases and 154,077
(95% CI: 111,432-199,195) were related to YLDs cases. The DALYs
ASR for women with ovarian cancer was reported to be 124.68 per
100.000 worldwide, and the value for YLLs ASR and YLDs ASR was
121.08 and 3.60 per 100,000, respectively.

The highest DALYs ASR have been reported in Pakistan (348.37),
Monaco (342.07), Brunei Darussalam (9281.99), American Samoa
(278.73), Seychelles (263.45), United States Virgin Islands (262.27),
Greenland (258.85), Latvia (256.61), Lithuania (255.91), and Guyana
(247.63).

The lowest ASR DALYs have been observed in Niger (49.54),
Dominican Republic (50.30), Chad (52.55), Yemen (56.53), Fiji (56.99),
Mali (57.64), Sudan (63.40), Central African Republic (64.30), Egypt
(64.79), and Syrian Arab Republic (66.46).

The highest YLDs ASR have been also reported in Monaco
(12.63), Brunei Darussalam (8.63), Seychelles (8.57), American
Samoa (8.04), Croatia (7.71), United Kingdom (7.38), Pakistan
(7.33), Ireland (7.15), United States Virgin Islands (7.12), and
Czechia (7.02). Meanwhile, the lowest YLDs ASR have been
observed in Niger (1.06), Chad (1.1), Mali (1.25), Central African
Republic (1.27), Yemen (1.34), Dominican Republic (1.36),
Democratic Republic of the Congo (1.46), Angola (1.57), Burkina
Faso (1.6), and Benin (1.6).

The highest YLLs ASR have been reported in Pakistan (341.04),
Monaco (329.45), Brunei Darussalam (273.35), American Samoa
(270.69), United States Virgin Islands (255.14), Seychelles (254.87),
Greenland (252.07), Latvia (250.89), Lithuania (249.90), and Guyana
(241.86). Meanwhile, the lowest YLLs ASR have been reported in
Niger (48.48), Dominican Republic (48.94), Chad (51.45), Yemen
(55.19), Fiji (55.34), Mali (56.39), Sudan (61.79), Central African
Republic (63.03), Egypt (63.05), and Syrian Arab Republic (64.54).

Most burden number of ovarian cancer are observed in the age
group of 50-69 years, but the highest crude burden rate is reserved
for the age group above 70 years.

According to the SDI classification, the highest DALYs ASR
belong to the high SDI countries, and the lowest DALYs ASR belongs
to the medium-low SDI countries. High SDI countries also have the
highest values of YLLs and YLDs.
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In terms of World Bank classification, the highest DALYs ASR
and YLLs ASR belong to the World Bank high-income and lower-
middle-income countries, respectively. The highest ASR YLDs belong
to the World Bank high-income countries and the lowest ASR YLDs
belong to the World Bank low-income countries.

On different continents, the highest DALYs ASR values belong to
Europe and then American continents. Regarding YLLs ASR and YLDs
ASR, the highest value is related to continental Europe and the lowest
value is related to Africa.

According to WHO regions, the highest DALYs ASR and YLLs
ASR have been reported in the European Region, followed by the
Eastern Mediterranean Region, while the lowest DALYs ASR and
YLLs ASR have been reported in the Western Pacific Region.
Regarding YLDs ASR, the highest value belongs to the European
Region and the lowest value belongs to the African Region.

Regarding the GBD regions, the highest DALYs ASR, YLLs ASR,
and YLDs ASR of ovarian cancer have been reported in Central
Europe and the lowest have been reported in Central Sub-Saharan
Africa.

More details was presented in Table 1.

4 | DISCUSSION

According to the results of this study, in 2019, a total of 294,422
cases of ovarian cancer occurred in the world and 19,841,212 deaths
were recorded due to this cancer. Ovarian cancer caused 5,359,737
DALYs worldwide, of which 5,205,660 were from YLLs and 154,077
were from YLDs. Also, incidence and mortality rates of ovarian cancer
vary according to SDI, with the highest rates occurring in high SDI
countries.

Compared to the results of GBD 2017, the incidence of this
cancer has been increasing,10 which is associated with various factors
such as changes in the risk factors, improved disease registration, and
lifestyle changes. About 50% of ovarian cancers occur in high SDI
countries, and a significant proportion of DALYs/YLLs belong to
these countries. However, the share of low SDI countries in this
disease is also significant. Analysis of statistics shows that to achieve
and guarantee sustainable development, identifying and eliminating
health inequalities has a high priority because when access to cancer
care increases and medical treatment improves, the mortality rate
decreases.!?

According to GBD results, the incidence, mortality, and
DALYs associated with ovarian cancer have been increasing from
1990 to 2019, and this increase has been greater in recent
decades. Although changes in ASIR, ASDR, and age-standardized
DALY rates are generally not significant, they show a significant
decrease in high SDI areas. This trend has been slowly increasing
in the medium-low SDI and low SDI regions.12 ASIR, ASDR, and
age-standardized DALY rates are positively correlated with SDI.
However, when the SDI value is greater than 0.7, ASIR, ASDR,
and the age-standardized DALY rate decrease rapidly with

increasing SDI.12

Open Access

Ovarian cancer is more common in postmenopausal women and
the European and Western Pacific regions than in Africa and the
Eastern Mediterranean Region.’® Some of these statistical differ-
ences can be justified by considering the risk factors associated with
this disease.

The use of oral contraceptives (OC) is associated with a
reduction in all histological types of ovarian cancer.2**> The results
of a study showed a reduction in ovarian cancer in cohorts born in
the 1920s in Australia and the United States, which could be due to
the onset of OC use in the 1960s.¢ In addition, the decline in cancer-
related statistics is greater in countries where OC use has a long
history and is more widely used. Reducing the use of OC and other
methods of contraception as well as changing the formulation of OC
may change the trend of ovarian cancer in recent years. In addition to
OC, the use of menopausal hormone therapy is also related to the
risk of ovarian cancer. In this regard, the result of a study showed the
successful experience of US in reducing the rate of ovarian cancer
after a marked reduction in the use of menopausal hormone
therapy.t”

The results of studies show that pregnancy plays a protective
role against ovarian cancer.'®72° A history of a full-term pregnancy or
multiple deliveries are associated with a reduction in the incidence of
ovarian cancer in individuals.? Therefore, an increase in the rate of
ovarian cancer in some countries may be due to a decrease in the
tendency of women to conceive in these areas. Adaptation to the
western lifestyle in some areas is associated with changes in ovarian
cancer rate.?! In this regard, the result of s study reported a gradual
increase in the ASR of ovarian cancer until 2012 in China (Shanghai),
Spain (Navarra) and Slovakia, which was closely related to the decline
in the TFR during the same period.??

There is an inverse relationship between the duration of
breastfeeding, the number of breastfed children, and the risk of
ovarian cancer.?® Studies show that promoting breastfeeding, in
addition to its benefits for the infant, is associated with a reduction in
ovarian cancer cases.? Due to the increase of working women and
the introduction and promotion of powdered milk around 1970, the
rate of breastfeeding among mothers born between 1935 and 1939
decreased to 44 percent. By 1975, the proportion of mothers who
were breastfeeding began to increase, and between 70% and 75% of
mothers born in 1960 or later were breastfeeding their children. This
evidence made breastfeeding to be included in the list of successful
experiences of countries to reduce the incidence of ovarian cancer®*
Today, in countries where breastfeeding is more common, ovarian
cancer is expected to be less.?®

Obesity is associated with an increased risk of ovarian cancer,
decreased survival rate, and increased mortality.26 The current
lifestyle and the increase in obesity in recent years have played a
role in increasing the incidence of ovarian cancer.?” Theoretically, red
meat is associated with an increased risk of ovarian cancer as it
contains several mutagens such as carcinogenic heterocyclic amines,
endogenous formation of nitroso compounds, fat, salt, and iron.?8
According to the study by Micha, the lowest consumption of
meat has been reported in South Asia (7.3 g/day), Southeast Asia
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(26.0 g/day), West Sub-Saharan Africa (33.0 g/day), East Sub-Saharan
Africa (34.1 g/day), and Caribbean (34.4 g/day).?° On the other hand,
the consumption of vegetables, vitamin supplements, beta-carotene,
and B-complex vitamins has been shown to reduce the risk of ovarian
cancer.®® Therefore, diet modification should be considered one of
the priorities.

Since ovarian epithelial cancer is an age-related disease and is

more common in postmenopausal Women,3°'31

increasing population
age in some areas has led to higher rates of ovarian cancer in these
areas.®? In addition, older age is associated with more severe diseases
and a lower survival rate.®®

Part of the increase in ovarian cancer-related mortality can be
justified by inequalities in disease-related care and treatment
protocols as well as the standards of these protocols, although
genetic susceptibility, comorbidity, and increased risk factors also
play a role in this regard.?>**> The use of modern diagnosis and
treatment methods for ovarian cancer can reduce its mortality rate,
although not enough data are available to compare different parts of
the world in this regard.35 However, it seems that this factor can
explain part of the ovarian cancer mortality rate. On the other hand,
differences in the treatment of ovarian cancer, followed by
differences in survival rates among people with equal access to care
can also be observed. Therefore, biological, individual, and social
factors are involved in the variation of ovarian cancer mortality and
survival rates.

Designing interventions based on risk factors as well as providing
preventive approaches to reduce the risk of this cancer is recom-
mended. Improving the treatment of ovarian cancer and using
appropriate and invasive treatments should also be considered. It
seems that the use of preventive methods and appropriate treatment
can play a role in reducing ovarian cancer cases.

This study had limitations that are mentioned below. First,
although the data were collected from various sources, the data from
some regions is limited, which could affect the results of the present
study. In addition, the data are based on a variety of data sources,
such as cancer registry data and cytological results, while access to
these sources is limited in some low-income countries, and statistical

estimates may be inaccurate.
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