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Abstract – Objective: Epidemiologic studies link obesity with a wide range of cancers, and 
ovarian cancer is one of the most common malignancies associated with BMI. The aim of this study 
was to investigate the relationship between Body Mass Index (BMI), Human Developmental Index 
(HDI) and ovarian cancer.

Materials and Methods: The study was based on World Cancer Information and World Bank 
information (including HDI and its components). In this population-based study, we estimated the 
Population Attribution Frequency (PAF) by using BMI in adult communities. The prevalence and 
mortality rates and distribution maps for ovarian cancer were extracted for different countries. To 
analyze the data, correlation and regression tests were used to examine the relationship between 
prevalence and mortality with HDI. Statistical analysis of data was performed by stata-14 and the 
significance level was considered as 0.05.

Results: The results showed that there was a positive and significant correlation between inci-
dence, mortality, ovarian cancer and BMI and HDI ratio (p<0.05). Linear regression model showed 
that the increment of HDI, MYS and EYS increases the incidence of ovarian cancer. This increase was 
statistically significant only in MYS (p>0.05). Analyzing the degree of mortality, regression analysis 
showed that the increase in HDI reduced motility.  However, this decrease was not statistically sig-
nificant, and the increase in MYS significantly increased mortality (B=0.24). High HDI significantly 
increased BMI-related cancers (B=11.7, p<0.05). Also, the results showed that high HDI was associ-
ated with an increase in the risk of cancer (B=4.9, p<0.05).

Conclusions: Overweight and obesity are risk factors for ovarian cancer, which is associated 
with the HDI. Therefore, to prevent this cancer, implementing an intervention program to control 
obesity is important for each country’s developmental indicator. 
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INTRODUCTION

High Body Mass Index (BMI) is a known risk fac-
tor for a variety of chronic diseases and death due to 
chronic diseases. Although the prevalence of over-
weight and obesity varies from country to country, the 
high prevalence of overweight and obesity around the 
world has increased the concern about its impact on 
health1. Recent statistics showed that in the population 
aged 20 and over, 35% of the world’s overweight pop-
ulation (BMI ≥ 25 kg/m²) and 12% were classified as 
obese (BMI ≥ 30 kg/m²) 2. Various studies have shown 
that there is a relationship between the high BMI and 
the risk of chronic diseases such as arterial adenocar-
cinoma and colon, rectum, kidney, pancreas, gallblad-
der, breast, ovarian and endometrial cancers3-6. Studies 
have shown that the risk of developing cancers increas-
es by 3 to 10% per unit of BMI 7. Ovarian cancer is 
one of the most common cancers associated with BMI, 
accounting for about 4% of cancers in women. Ovar-
ian cancer is the 8th cancer among women, and it is 
one of the most commonly diagnosed cancers in the 
female genitalia8. Due to the lack of a specific tumor 
marker for early diagnosis of this type of cancer, the 
diagnosis of the disease occurs at its advanced stag-
es, significantly increasing the risk of recurrence and 
early death9,10. There is a close relationship between 
the onset of disease and survival; so, early diagnosis of 
ovarian cancer is the best way to reduce mortality and 
long-term control of the disease. The risk of a woman 
suffering from ovarian cancer over a lifetime is 1.5% 
and the death rate is approximately 50% 11. The inci-
dence and mortality of this disease vary in different 
parts of the world due to differences in genetic and en-
vironmental factors. Age and genetics, family history, 
and BMI are risk factors for ovarian cancer12. One of 
the important factors associated with the incidence of 
BMI-related cancers is the Human Development Index 
(HDI), which indicates the social and economic sta-
tus of people in different countries13,14. HDI is a useful 
category for comparing cancer worldwide. Lifestyle in 
low-income and middle-income countries, as well as 
high-income countries, will have a major impact on 
the incidence and mortality of all cancers, including 
cancers associated with BMI in the decades to come15 
. Therefore, we aimed at evaluating the association be-
tween BMI, HDI, and ovarian cancer.

Materials and Methods
In each country, the method used to estimate the in-
cidence and mortality rate is unique and the quality 
of this estimate depends on the quality and amount 
of information available about each country. Al-
though there are many ways to determine these 
rates, it is almost impossible to determine a compre-
hensive quality score for the outbreak and mortality 
due to the wide variety of these methods.

INCIDENCE

The estimation of the prevalence of age-related and 
gender-specific cancer in a particular country depends 
on one of the following categories, in order of priority:
1. Expected amount by 2012 (38 countries).
2. The most recent rate for the 2012 population (20 

countries).
3. Estimation of mortality by modeling: Using the 

mortality rate derived from the data of specific 
cancers occurring in each country (13 countries).

4. Estimation of mortality by modeling: Using the 
mortality rate derived from the recorded data of 
local cancers occurring in neighboring countries 
(9 European countries).

5. Estimating national mortality using survival 
modeling (32 countries).

5. Estimated average weight at local level (16 coun-
tries).

7. A registered cancer program that covers part of a 
country is used as a representative of the country 
(11 countries).

8. The specific age / gender for “all cancers” have 
been broken down by data from relative frequen-
cy of various cancers (based on age and sex).

9. Amounts are obtained from neighboring countries 
or registered in the same region (33 countries).

Mortality
Depending on the degree of detail and accuracy of 
the mortality data, six methods are used in the order 
of priority, as follows:
1. Expected amounts by 2012 (69 countries).
2. The most recent occurrence for the population in 

2012 (26 countries).
3. Estimate of the weighted average of regional 

rates (1 country).
4. Estimation of national prevalence using model-

ing, using specific survival (2 countries).
5. Estimation of national prevalence using survival 

modeling (83 countries).
6. Rates are obtained from neighboring countries 

or registered in the same region (3 countries).

BMi
We used average BMI and standard deviation based 
on gender and age for adults over 20 in each country 
in 1982 and 2002. The age groups were (34-20, 44-35, 
54-45, 64-55, 74-65, 75≤). BMI estimates were report-
ed in collaboration with the Global Responsibility Unit 
for Chronic and Metabolic Risk Factors (GBMRF).

relative risk (rr) estiMates
Relative gender risk estimates at different locations 
are derived from the analysis of the standard esti-
mates published by WCRF and its Continuous Up-
date Project (CUP).
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The incidence of cancer is related to the burden 
of cancer.

PoPulation attriButaBle Fraction (PaF)
The PAF was calculated using the method suggested 
by the Comparative Risk Assessment Collaborating 
Group, according to the formula below:

Where P(x) represents the population distribution 
of BMI, P*(x) the distribution of the theoretical mini-
mum BMI, and RR(x) the relative risk of cancer related 
to a BMI of value x. The distribution of the theoreti-
cal minimum BMI was defined as a BMI distribution 
with a mean of 22 kg/m² and a standard deviation of 
1, where the disease burden is assumed at lowest level 
in population level. A log-logit function was applied 
to characterize the shape of the RR across BMI units. 
No risk was assumed for a BMI under 22 kg/m² and no 
risk increase for BMI over 40 kg/m² 2,16.

cancer incidence and attriButaBle 
cancer Burden
Because of the lag time between having a high body 
weight and developing cancer (assumed to be 10 
years), the cancer burden related to excess weight 
among adults aged 20 and over will only be apparent 
among cancer cases 10 years later. Therefore, the num-
bers of incident cancers in 2012 by age (≥ 30 years), 
sex, and country were obtained from GLOBOCAN 
2012. The countries were grouped into 12 geograph-
ical regions: sub-Saharan Africa (Eastern, Middle, 
Southern, and Western Africa); Middle East (Western 
Asia) and northern Africa; Latin America (Central and 
South America) and the Caribbean; North America; 
East Asia (Eastern Asia, including China); South-East 
Asia; South-Central Asia (Central Asia and Southern 
Asia, including India); Eastern Europe; Northern Eu-
rope; Southern Europe; Western Europe; and Oceania 
(including Australia and New Zealand) 2.

hdi
HDI is a combination of indicators including three 
items: life expectancy, educational level, and mastery 
of the resources needed for a decent living. All the 
groups and regions that have better conditions for all 
components of HDI have made faster progress com-
pared to countries with low and intermediate HDIs. 
According to this indicator, the world has different in-
equalities because the national average reportedly ig-
nores many of the different experiences of human life. 
There are many unequal conditions in the countries of 
the North and South. Unequal income has increased in 
each country as well as among many countries.

statistical analysis
In this study, the two-dimensional correlation meth-
od was used to assess the correlation between the 
incidence and mortality rate of uterine cancer and 
HDI. We also used linear regression models to eval-
uate HDI and ECE factors on the incidence of uter-
ine cancer. The significance level was considered to 
be 0.05. Data were analyzed using Stata Software 
version 12.

RESULTS

The findings showed that the highest incidence of 
ovarian cancer has been observed in Fiji (14.9 per 
100,000) and Latvia (14.2 per 100,000), and the 
highest mortality rate has been observed in both 
countries (Fiji with 9.8 per 100000, and Latvia with 
8/8 at 100,000). Most of the cancer cases were at-
tributed to the BMI of Samoa (9.9 per 100,000) and 
Kuwait (9 per 100,000). The results showed that the 
most prevalent ratio of ovarian cancer was in Samoa 
(3.9 in 100,000) and Vanuatu (3.8 in 100,000) (Table 
1, Figure 1).

The results showed that there was a positive 
correlation between incidence, mortality, ovarian 
cancer ratio and BMI and HDI-preventable ratio. 
The correlation between incidence (R = 0.522, p 
<0.0001), mortality rate (R = 0.25, p = 0.001), BMI 
(R = 0.675, p = 0.0001) and preventable ratio (R = 
0.29, p = 0.0002) is significant with HDI (Figure 2).

The highest prevalence and mortality rate of 
ovarian cancer found in a large human population 
was 6.8 and 4.9 per 100,000 people. Also, the low-
est outbreak and death rate from nasopharyngeal 
cancer, seen in a moderate human population, were 
4.4% and 3.2% per 100,000 people. Also, the high-
est levels of EYS, GNI, MYS, LEB and HDI were 
estimated as 94/78, 02/11, 36597, 8/15 and 748/0, 
respectively. The highest ovarian cancer attributed 
to the very high HDI BMI and the highest perinatal 
ratio associated with high HDI (Table 2).

Linear regression model showed that the in-
crement of HDI, MYS and EYS increases the in-
cidence of ovarian cancer. But this increase was 
statistically significant only in MYS (p> 0.05). The 
results of regression analysis showed that high HDI 
decreases mortality. However, this decrease was 
not statistically significant, while the increment in 
MYS significantly increased mortality (B = 0.24). 
The results of this study showed that the increment 
in HDI significantly increased the incidence of 
BMI-related cancers (B = 11.7, p<0.05). The results 
also showed that the increase in HDI was associat-
ed with an increase in the risk of cancer (B = 4.9, 
p<0.05) (Table 3).
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TABLE 1. Incidence, mortality, fraction (%) of ovary cancer and preventable fraction attributable to BMI.

Continued
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TABLE 1 (CONTINUED). Incidence, mortality, fraction (%) of ovary cancer and preventable fraction attributable to BMI.

Continued
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TABLE 1 (CONTINUED). Incidence, mortality, fraction (%) of ovary cancer and preventable fraction attributable to BMI.

Continued
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TABLE 1 (CONTINUED). Incidence, mortality, fraction (%) of ovary cancer and preventable fraction attributable to BMI.

Continued
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TABLE 1 (CONTINUED). Incidence, mortality, fraction (%) of ovary cancer and preventable fraction attributable to BMI.

Fig. 1. Distribution 
of ovarian cancer in 
the world in 2012 (a) 
incidence of cancer 
Ovary, (b) Fraction 
(%) of all Ovary can-
cer cases attributable 
to excess body mass 
index [Source: GLO-
BOCAN 2012].
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20, liver21, 22, ovaries23, pancreas24,25 and colon26. The 
prevalence of overweight and obesity has dramati-
cally increased in most parts of the world, and this 
increase in women is higher than in men. Therefore, 
the incidence of obesity-related illnesses is predict-
able27. The results of our study showed that most of 
the cancers attributed to the BMI were observed in 
Samoa (9.9 in 100,000) and Kuwait (9 in 100,000). 
Various studies have shown a positive relationship 
between ovarian cancer and BMI28, 29 . The risk of 
epithelial ovarian cancer in obese women may be 
30% and in overweight women 16% more than 
women with normal body mass index30. Several fac-
tors are involved in the development of ovarian can-
cer, the low number of low pregnancy, along with 
infertility, increases the incidence of disease. Im-
portant factors in increasing the risk of this disease 
include the duration of reproduction (early menstru-
ation and late menopause and history of infertility).  

DISCUSSION

Ovarian cancer is one of the most deadly genital 
warts in the genital tract, and statistically, in the 
United States, it accounts for 25% of genital neo-
plasms. Types of epithelial are the most common 
malignant ovarian cancers, and occur at postmeno-
pausal age mostly 17. Studies have shown that ovar-
ian cancer is one of the most important causes of 
death in women in developed countries. The inci-
dence of this disease is between 9 and 17 new cases 
per 100,000 women in one year. On the other hand, 
obesity is one of the most common disorders in med-
icine and one of the most important public health 
problems18. A study conducted in 2015 showed that 
about 3.6% of total cancer cases in 2012 correlated 
with high BMI 2. Previous studies have shown that 
obesity is associated with an increased risk of vari-
ous types of cancer; including cancers of stomach19, 

Fig. 2. Correlation between, incidence, mortality, fraction attributable to BMI and preventable fraction ovarian cancer to HDI in 
the World by country.
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TABLE 2. Ovarian cancer incidence, mortality, attributable to BMI, preventable fraction (%) and HDI component in different HDI.

Abbreviations: CR: Crude Rate; ASR, Age-Standardized Rates per 100,000; HDI, Human Development Index; LEB, Life Expectancy at Birth; MYS, Mean Years of Schooling; GNI, Gross 
National Income per capita, EYS: Expected years of schooling.

TABLE 3. Effect of HDI components on ovarian cancer, incidence, mortality, cancer attributable to BMI and preventable fraction (%)
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cause of death in high-income countries, Human 
Development Index (HDI) is one of the important 
factors that show the social and economic status of 
people in different countries. HDI can be an import-
ant factor in reducing the incidence and mortality 
of cancer. This indicator is a combination of basic 
dimensions, such as life expectancy at birth, edu-
cational level and income, which can be effective 
in the incidence and mortality of the cancer 14. The 
distribution of cancer in each country based on the 
HDI index can be used to control cancer.

CONCLUSIONS

Increasing the number of elderly people causes age 
and lifestyle changes and increases the prevalence 
of overweight and obesity in developing countries, 
leading to an increase in the high incidence of ill-
ness.

Failure to screen for this disease will delay de-
tection. Therefore, considering the HDI of coun-
tries and controlling overweight and obesity with 
non-lifestyle can be effective in reducing the inci-
dence and mortality of the disease. To prevent this 
cancer, implementing an intervention program to 
control obesity is important for each country’s de-
velopmental indicator.
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