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Objective
The aim of this study was to determine the association between the incidence of and mortality due to corpus uteri
cancer (CUC) and the human development index (HDI) across the world.
Methods
This was an ecological study. The incidence and mortality rates of CUC along with HDI data were extracted from the
Global Cancer Data in 2018. Subsequently, correlation coefficient and linear regression model were used to determine
the association between the incidence and mortality rates of CUC and the HDI. STATA-14 was used for data analysis.
Results
There was a positive and significant correlation between the incidence (r=0.693; P<0.001) and mortality (r=0.284;
P<0.001) rates of uterine cancer and the HDI. A positive and significant correlation was also observed between the
incidence rate and the gross national income per 1,000 capita (r=0.440; P<0.001), mean years of schooling (MYS)
(r=0.740; P<0.001), life expectancy at birth (LEB) (r=0.590; P<0.001), and expected years of schooling (r=0.650; P<0.001).
The results of the linear regression model showed a significant statistical association between MYS and the incidence
of CUC (β=1.10; 95% confidence interval [CI], 0.60–1.70) and LEB and mortality due to uteri cancer (β=0.40; 95% CI,
0.10–0.90).
Conclusion
The results of this study suggest a significant statistical association between the incidence and mortality rates of CUC
and the HDI.
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Introduction
Endometrial cancer is the sixth most common cancer worldwide. Moreover, it is the most common female genital cancer
in developed countries such as Europe, the United States,
Russia, and Canada [1]. More than 90% of corpus uteri
cancers (CUCs) are epithelial tumors. There are 2 types of
endometrial cancers which can be differentiated according
to clinical, tissue, and molecular characteristics. The type I is
estrogen-dependent and accounts for 85% of all endometrial cancers, often occurs in the younger women and has a
www.ogscience.org
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good prognosis. On the other hand, type II including nonendometriosis cancers occurs predominantly at age ≥70
years and are characterized by lower survival rates [2].
Approximately 290,000 new cases of endometrial cancer
occur annually worldwide. The incidence rate of this cancer
is higher in high-income countries than in low-income countries (5.5% vs. 4.2%). However, its mortality rate is higher
in low-income countries. The cumulative risk of endometrial
cancer by age 75 for high-income and low-income countries
is 1.6% and 0.7%; respectively [3]. In 2012, the highest incidence was reported for North America (19.1 per 100,000),
and Western and Northern Europe (12.9–15.6 per 100,000).
The lowest incidence rates were reported for South Asia
(2.7 per 100,000) and Africa (<5 per 100,000) [4]. In the
United States, there were 49,560 new cases and 8,190
deaths due to endometrial cancer in 2013 [5].
The epidemic of obesity and physical inactivity are 2 important risk factors for endometrial cancer in high-income countries [6]. On the other hand, physical activity, prolonged use
of estrogen and progesterone therapy are associated with a
reduction in the risk of endometrial cancer [7,8]. Studies have
shown that menstrual-related risk factors, childbirth at older
ages, consumption of external hormone (contraceptive pills
and hormone replacement therapy), nutrition (alcohol consumption) and anthropometrics (more weight, weight gain
during adulthood and body fat distribution) are important risk
factors related to the high incidence of this cancer in countries with a high human development index (HDI) [9,10]. In
other words, HDI which reflects the social and economic status of people in different countries, may be associated with
the incidence of endometrial cancer [11-13]. HDI is a function
of health, quality of life, access to healthcare, lack of anxiety,
relaxation, economic and social security. Studies have shown
that the HDI can be an important factor for classification and
comparison of cancer in different communities [14,15]. However, limited studies have examined the relationship between
the HDI and CUC. Therefore, the aim of this study was to determine the association between the incidence and mortality
rates of CUC and the HDI across the world.

Materials and methods
1. Incidence rate
The methods used to estimate the sex- and age-specific
142

incidence rates of cancer in a specific country fall into the
following broad categories, in order of priority: 1) Observed national incidence rates were projected to 2018 (45
countries). 2) The most recently observed incidence rates
(national or regional) were applied to the 2018 population
(50 countries). 3) Rates were estimated from national mortality data by modeling, using mortality-to-incidence ratios
derived from cancer registries in that country (14 countries).
4) Rates were estimated from national mortality estimates by
modeling, using mortality-to-incidence ratios derived from
cancer registries in neighboring countries (37 countries).
5) Age- and sex-specific national incidence rates for all cancers combined were obtained by averaging the overall rates
from neighboring countries. These rates were then partitioned to obtain the national incidence for specific sites using
available cancer-specific relative frequency data (7 countries).
6) Rates were estimated as an average of those from selected
neighboring countries (32 countries).
2. Mortality rate
The methods used to estimate the sex- and age-specific
mortality rates of cancer in a specific country fall into the
following broad categories, in order of priority: 1) Observed
national mortality rates were projected to 2018 (81 countries). 2) The most recently observed national mortality rates
were applied to the 2018 population (20 countries). 3) Rates
were estimated from the corresponding national incidence
estimates by modeling, using incidence-to-mortality ratios
derived from cancer registries in neighboring countries
(81 countries). 4) Rates were estimated as an average of those
from selected neighboring countries (3 countries) [16-18].
3. Human development index
The HDI provided by the GLOBOCAN provides the latest data
on global development, which includes national, regional,
and global estimates. According to the Human Development Report, countries are divided into 4 groups of very high
human development, high human development, medium
human development, and low human development based
on the level of the HDI. The numerical value of the HDI is between 0 and 1. It represents the efforts taken by each country to reach the highest possible HDI value and also allows
comparisons between countries. HDI represents diverse human development measures. It measures the mean success
of a country in 3 main dimensions of human development:
www.ogscience.org
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a long and healthy life, access to education and proper living standards. The different dimensions of HDI include the
following: 1) Mean years of schooling (MYS): average number of completed years of education of a population (HDI:
25 years and older). 2) Gross national income (GNI) per capita: the sum of value added by all resident producers plus any
product taxes (less subsidies) not included in the valuation of
output plus net receipts of primary income (compensation of
employees and property income) from abroad. 3) Expected
years of schooling (EYS): the number of years during which
a 2-year-old child can expect to spend in schooling, based
on the school enrolment rates at a given date. 4) Life expectancy at birth (LEB): the number of years a newborn infant
could expect to live if prevailing patterns of age-specific mortality rates at the time of birth stay the same throughout the
infant’s life [19-22].
4. Ethical considerations
This study is based on the Global Cancer Data Record, and
incidence and mortality data are generally reported for each
country.
5. Statistical analysis
In descriptive analysis, mean (standard deviation) and frequency (%) were reported for quantitative and qualitative
variables, respectively. In this study, correlation coefficient
and multiple linear regression model were used to determine
the association between the incidence and mortality rates of
CUC and the HDI and its dimensions (GNI per capita, MYS,
A

Estimated number of deaths in 2018, corpus uteri, all ages
Africa
5,568 (6.2%)

Oceania
872 (0.97%)

Latin America and
the Caribbean
7,493 (8.3%)

LEB, and EYS). Stata-14 software (StataCorp, College Station,
TX, USA) was used for data analysis. Statistical significance
was set at P<0.05.

Results
Based on 2018 records, 8,622,539 new cancer cases and
4,169,387 deaths due to cancer were recorded in women of
which 382,069 were new cases (4.4%) and 89,929 (1.10%)
deaths were due to CUC. The highest number of new CUC
cases (148,764 cases, 38.9%) and the highest number of
deaths resulting from it (34,460 cases, 38.3%) was reported
for Asia (Fig. 1).
Table 1 shows the incidence and mortality rate of CUC
in each continent. The results of our study demonstrated
that the highest incidence of CUC in the world was in Be-

Table 1. Corpus uteri cancer incidence and mortality rates in different human development Index (HDI) regions in 2018
Incidence rate

Mortality rate

CR

ASR

CR

ASR

Very high

26.5

14.5

6.1

2.6

High

HDI

13.0

9.4

3.7

2.4

Medium

3.7

4.4

1.1

1.5

Low

1.9

3.4

0.9

1.8

<0.001

<0.001

<0.001

<0.001

P-value (F-test)

CR, crude rate; ASR, age-standardized rate.

B

Estimated number of new cases in 2018, corpus uteri, all ages
Oceania
4,247 (1.1%)

Africa
12,919 (3.4%)

Asia
34,460 (38.3%)

North America
11,898 (13.2%)

Latin America and
the Caribbean
29,353 (7.7%)

Asia
148,764 (38.9%)

North America
65,208 (17.1%)

Europe
29,638 (33%)

Total: 89,929

Incidence rate

Europe
121,578 (31.8%)

Total: 382,069

Mortality rate

Fig. 1. Incidence (A) and mortality rates (B) of corpus uteri cancer in females in 2018, by continents [17].
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larus (24.9% in 100,000) and Samoa (24.8% in 100,000).
The highest incidence of CUC mortality in Samoa (4.6%
100,000) and Trinidad and Tobago (6.2 in 100,000) (Fig. 2).
Based on the 2018 cancer report, the highest incidence (7.15
per 100,000) and mortality (6.2 per 100,000) of the CUC
was found in the very high HDI regions (Fig. 3).
The variance analysis showed that the highest mean incidence (14.5 out of 100,000) was found in areas with very
high human development, and the lowest incidence (3.4
out of 100,000) was observed in areas of low human de-

A

velopment, and the difference was statistically significant
(P<0.001). The highest rate of mortality (2.6 per 100,000)
was noted for areas with very high human development, and
the lowest mortality rate (1.5 per 100,000) was observed for
areas with medium human development and the difference
was statistically significant (P<0.001) (Table 1).
The results showed that there was a positive and significant correlation between the incidence (r=0.693; P<0.001)
and mortality (r=0.284; P<0.001) rates of CUC and the HDI
(Fig. 4). The results showed that there was a positive and

Incidence rate

ASR (World) per 100,000
≥14.4
8.7-14.4
5.0-8.7
2.7-5.0
<2.7

B

Not applicable
No data

Mortality rate

ASR (World) per 100,000
≥3.0
2.3-3.0
1.7-2.3
1.2-1.7
<1.2

Not applicable
No data

Fig. 2. Estimated age-standardized incidence and mortality rates for corpus uteri cancer across the world in 2018 [17]. ASR, age-standardized rate.
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significant correlation between the incidence rate and GNI
(r=0.44; P<0.001), MYS (r=0.74; P<0.001), LEB (r=0.59;
P<0.001) and EYS (r=0.65; P<0.001). There was a positive
and significant correlation between the incidence rate and
GNI (r=0.16; P<0.001), MYS (r=0.42; P<0.001), LEB (r=0.25;
P<0.001) and EYS (r=0.65; P<0.001) (Table 2).
The linear regression model showed that increased MYS
(β=1.1; 95% confidence interval [CI], 0.6–1.7) significantly
decreased the incidence of the CUC (P<0.05). According to
the regression analysis, the increase in MYS (β=0.2; 95%
CI, 0.1–0.4) and LEB (β=0.4; 95% CI, 0.1–0.9) significantly
increased mortality due to CUC (P<0.05) (Table 3).

1.6

Low HDI

1.2

Medium HDI

0
Mortality
Incidence

A

3.3

7.6
2.6

Very high HDI

According to the results of the present study, the highest incidence (15.7 per 100,000) and mortality (2.6 per 100,000)
of CUC were in areas with very high HDI, and a positive
and significant correlation between the incidence (r=0.693;
P<0.001) and mortality (r=0.284; P<0.001) rates of CUC and
HDI were observed.
The results of the HDI decomposition showed a significant
positive correlation between the incidence and mortality
rates and GNI, MYS, LEB, and EYS indices. In the developed
world, CUC is the most common female genital malignancy as well as the most common cancer among American

3.1

1.5

High HDI

Discussion

2

15.7

4

Very high HDI
2.6
15.7

6

8

High HDI
1.5
7.6

10

12

14

Medium HDI
1.2
3.3

15

18

Low HDI
1.6
3.1

R Sq. linear=0.693, P<0.0001

B

25

Fig. 3. Distribution of incidence and mortality rates for
corpus uteri cancer by human development index (HDI).

R Sq. linear=0.284, P<0.0001
6

15

Mortality rate

Incidence rate

20

10

4

2

5
0

0
0.4

0.6

0.8

1

0.4

0.6

HDI
inci

0.8

1

HDI
Fitted values

morta

Fitted values

Fig. 4. Correlation between the human development index (HDI) and the incidence (A) and mortality rates (B) of corpus uteri cancer
across the world in 2018.
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[3,27]. The incidence among white women is slightly higher
compared to black women. However, the mortality rate
among black women is almost twice as high compared to
other groups of women [28]. An increase in the incidence
of endometrial cancer after 2002 may be due to the widespread erosion of estrogen. On the other hand, the use of
progesterone meningococcal hormonal therapy reduces the
risk of endometrial cancer in women [29].
The differences in the incidence and mortality of cervical
cancer in different countries may be due to differences in
the incidence of human papillomavirus (HPV), cervical cancer
screening, and treatment rate of the cases. Since the introduction of prevention programs, in particular pap smear, vaccination against HPV and initial treatment, the incidence and
mortality of cervical cancer has declined steadily [30].
The analyses of cohort and case studies also support the
positive relationship between overweight and obesity and
the risk of CUC among both Asians and non-Asians [25,31].
Due to the strong association between endometrial cancer
and body weight and its prevalence in the United States,
Central and Eastern Europe and several other European
countries (Norway, England, Spain), obesity in these areas
may be considered a risk factor for endometrial cancer [32].

women [23,24]. In western countries, it accounts for 9% to
6% of all cancers in women. In North America and Europe,
endometrial cancer is the most common female genital cancer and the fourth most common cancer after breast, lung,
and colorectal cancers. Several factors contribute to CUC.
Some of the risk factors are connected with lifestyle changes
in many countries [25]. The results of our study showed
that the highest incidence (15.7% in 100,000) and mortality (2.6 in 100,000) of CUC are in the areas with very high
HDI. There was a positive and significant correlation between
the incidence (r=0.693; P<0.001) and mortality (r=0.284;
P<0.001) rates of CUC and the HDI. Some cancers are positively correlated with the level of socioeconomic development [19].
In 2012, 13,1819 (6 per 100,000) new cases of cancers
and 34,247 (1.5 per 100,000) deaths were due to CUC. The
highest incidence of CUC in Asia was in Armenia (26.7 per
100,000) and Israel (15.4 per 100,000) in the age group of
60–64 years, respectively. Moreover, the highest death rate
from CUC was in Armenia (1.6 in 100,000) and Afghanistan
(1.4 in 100,000) [26]. Another study reported that 23,700
women who died in Europe in 2012 had endometrial cancer,
making it the eighth cause of death from cancers in women

Table 2. Pearson correlation between the human development index (HDI) components and ASIR and ASMR
HDI components

ASIR

ASMR

r

P-value

r

P-value

Gross national income per 1,000 capita

0.44

<0.001

0.16

<0.001

Mean years of schooling

0.74

<0.001

0.42

<0.001

Life expectancy at birth

0.59

<0.001

0.25

<0.001

Expected years of schooling

0.65

<0.001

0.65

<0.001

ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate.

Table 3. Determination of the association of human development index (HDI) and its components with the global incidence and mortality
rates of corpus uteri cancer by multiple linear regression model (2018)
Variables
HDI
Gross national income per 1,000 capita

Incidence rate

Mortality rate

β-coefficient

95% CI

β-coefficient

95% CI

3.3

−18.60–25.40

0.8

−4.80–6.50

−0.08

−8.20–3.60

−0.03

−7.90–4.10

Mean years of schooling

1.1

0.60–1.70

0.2

0.10–0.40

Life expectancy at birth

0.01

−0.10–0.20

0.40

0.10–0.90

Expected years of schooling

0.1

−0.40–0.70

0.07

−0.20–0.07

CI, confidence interval.
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Overweight is responsible for about 30% of cases of CUCs
in 30 European countries [33]. The increasing prevalence
of obesity is expected to be associated with an increase in
the incidence of CUC in the coming years [34]. Researchers
believe that many factors contribute to the development of
cancers, which in 90–95% of cases are due to environmental
and lifestyle factors. The importance of HDI in the incidence
and mortality of cancers has been confirmed in numerous
studies [35]. The incidence of endometrial cancer increases
with an increase in life expectancy [27].
Our results showed that there was a positive and significant correlation between the incidence rate of CUC and
GNI (r=0.44; P<0.001), MYS (r=0.74; P<0.001), LEB (r=0.59;
P<0.001) and EYS (r=0.65; P<0.001). There was a significant positive correlation between the mortality rate and GNI
(r=0.16; P<0.001), MYS (r=0.42; P<0.001), LEB (r=0.25;
P<0.001) and EYS (r=0.65).
In the present study, an increase in HDI, GNI, and average
years of education correlated with increased cancer morbidity
and mortality. Accurate recording systems for cancers, more
accurate screening tests, familiarity of women in society with
signs of the cancer, and the detection of cancer cases in the
early stages may have contributed to the findings in this
study. Moreover, considering the impact of a number of socioeconomic and cultural factors on the development of CUC
in different societies, it is necessary to raise the attention of
women to their health, improve their awareness about the
fatality of the disease and encourage them to participate in
cancer screening programs.
In conclusion, the results of this study showed that the incidence and mortality of CUC are high in the countries with
high HDI. Hence, considering the related risk factors in these
countries could play an important role in reducing the incidence and mortality of this cancer. On the other hand, the
high incidence and mortality of this cancer in countries with
low HDI to countries with high HDI may be due to the lack
of screening programs. This emphasizes the importance of
screening programs in these countries to improve case detection and treatment of the disease towards reducing mortality. Although we observed a positive correlation between the
incidence and mortality of CUC and HDI, other factors not
captured in the HDI, such as life expectancy, security disparity, and certainly quality of health care provided, may equally
affect cancer incidence and mortality and should be considered in the interpretation of results.
www.ogscience.org
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