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Abstract

Background: This study aimed to identify the role of human development index (HDI) in the inci-
dence and mortality rates of breast cancer (BC) worldwide. Methods: Data on the age-standardized
incidence and mortality rates of BC for 184 countries were obtained from the GLOBOCAN. Data
about the HDI and other indices were obtained from the World Bank Report 2013. Linear regres-
sion model was used for assessment the effect of HDI on BC occurrence rates. Results: In 2012, BCs
were estimated to have affected a total of 1,671,149 individuals (crude rate: 47.8 per 100,000 in-
dividuals), and caused 521,907 deaths worldwide (crude rate: 14.7 per 100,000 individuals).
Nearly half of total female BC cases (46.3%) with the highest risk of incidence (age-standardized
Rate (ASR): 128 per 100,000) had occurred in very high HDI regions. The most proportion of the
mortality burden was in low HDI and medium HDI areas. Linear regression analyses showed a di-
rect significant correlation between the incidence of BC and HDI at the global level (B = 104.5, P <
0.001). The mortality rate of BC was not significantly associated with HDI (B = 3.26, P = 0.160).
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Conclusion: Our study showed that the burden of female BC is enormous in very high HDI and low
HID regions. Targeted interventions have the ability to reduce this number significantly through
resource-dependent interventions. Moreover, further reductions in mortality could be brought
about by increasing access to curative treatment for patients with BC.

Keywords

Breast Cancer, Human Development Index, Incidence, Age-Standardized Incidence and Mortality
Rates

1. Introduction

Cancer, already the leading cause of death in many high-income countries, is set to become a major cause of
morbidity and mortality in the rest of the world irrespective of level of resources [1]. Breast cancer (BC) is re-
garded as the most common health problem in women worldwide. In 2012, BC was considered as the fifth cause
of cancer death, having caused 1.67 million new cases which accounted for 25% of all new cancer cases in the
world [2]. BC has been occurred in substantial variation ranging from 27 cases in Middle Africa and Eastern
Asia to 96 cases in Western Europe countries (per 100,000 population) [3]. Every year, BC causes 324,000
deaths (14.3% of total cancer deaths in these countries) in underprivileged societies, and 198,000 deaths (15.4%
of total cancer deaths in these countries) in privileged ones [3].

Changing patterns of demographic, social, and economical aspects of life has led to changes in reproductive
patterns, ageing and increases of life-expectancy in most regions of the world. Therefore, cancers associated
with infectious causes have been replaced by cancers associated with life style factors such as diet, and hormon-
al factors [4] [5]. Despite the high incidence in developed countries, BC mortality imposes the greater burden in
developing world due to urbanizations, westernization, and increased life expectancy [6] [7], as well as unequal
distribution of resources such as access to medical care, physician distribution; and psychological factors such as
stress, or lack of social support [8]-[11] as important related factors have been reported.

BC has become a prominent cause of morbidity and mortality all around the world, necessitating the tendency
towards incorporation of the socio-economic status into diagnostic measures. Having investigated several factors
associated with BC, unequal distribution of Human Development Index (HDI) has been widely studied [12]-[14].
HDI is comprised of three components namely education, life expectancy and gross national income (GNI) with
ranges between 0 to 1, and is appropriate for defining socio-economic status of the societies. This index has ca-
tegorized countries into four categories namely very high, high, medium, and low by linking geographical pat-
terns of BC with corresponding levels of HDI. An overview of this type of cancer is provided in the present
study. Our intention is to draw attention to variations in BC-specific rates in each HDI region.

2. Methods

This is an ecological study on the relation of the age-specific incidence and mortality rate (ASR) of BC and the
HDI.

HDI has several main components that include: life expectancy at birth, mean years of schooling, and gross
national income (GNI) per capita; and also some ancillary indexes including total fertility rate (number of child-
ren that would be born to a woman if she were to live to the end of her child-bearing years and bear children at
each age in accordance with prevailing age-specific fertility rates), percent of urbanization, and age standardized
obesity (defined as BMI > 30) in adults (the weighted average of the age-specific obesity rate among adults ages
20 and older). ASR is a summary measure of the rate that having a standard age structure, a population distribu-
tion would have since age has a powerful influence on the risk of cancer, standardization is necessary when
comparing several populations that differ with respect to age.

Data of the ASR for 184 countries about incidence and mortality rate of BC for the year 2012 was obtained
from the global cancer project available at http://globocan.iarc.fr/Default.aspx. GLOBOCAN also provided re-
gional estimates for each continent. Data about the HDI and other indices of 169 countries were obtained from
the World Bank Report 2013 available at http://databank.worldbank.org/data/reports.aspx. The analysis was re-
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stricted to 169 countries which both the epidemiologic data from the GLOBOCAN database and HDI were
available. These countries categorized to: Very High Human Development (27 countries), High Human Devel-
opment (37 countries), Medium Human Development (89 countries) and Low Human Development (16 coun-
tries). In this study, we used linear regression models for assessment of the HDI effect on BC occurrence rates.
Multiple linear regression models were exempt due to extreme collinearity of predictors. The level of 0.05 was
considered as statistical significance. Data were analyzed by Stata software version 12 (StataCorp, College Sta-
tion, TX, USA).

3. Results

In 2012, BCs were estimated to have affected a total of 1,671,149 individuals (crude rate: 47.8 per 100,000 indi-
viduals), and caused 521,907 deaths worldwide (crude rate: 14.7 per 100,000 individuals). According to
GLOBOCAN database, female BC was responsible for 36.3% of total cancer cases (Figure 1).

The lifetime cumulative risk of female BC in very-high and high developed regions were as high as 78.2 and
45.2 cases per 100,000, respectively (Table 1). As development index decreases, the number of cases decreases
as well. In this regard, female BC occurred in 26.5 cases (per 100,000 females) in medium developed, as well as
32.6 cases in low developed countries.

The highest cumulative risks are belonged to developed countries including Latin Americas, Europe and Aus-
tralia. In addition, nearly half of total female BC cases (46.3%) with the highest risk of incidence (age-standar-
dized Rate (ASR): 128 per 100,000) in 2012 had occurred in very high HDI regions (Figure 2). A greater pro-
portion of the mortality burden is seen in low HDI and medium HDI areas. Table 2 describes the different com-
ponents of HDI along with occurrence of BC according to different development status of countries.

Using linear regression model, increment of HDI various components have all a positive effect on increase in
incidence and mortality rates of BC. Specifically, increasing one unit in HDI can increase the mean of incidence
rate by 104.5. The same conclusion can also be drawn for the impact of HDI on mortality risk. It can be seen that
increasing one unit in HDI can cause increasing of mean mortality of BC by 3.26 though not significant. The in-
crement of mean years of schooling had the strongest effect of significantly increasing mean incidence and mor-
tality risk by 5.13 and 0.25, respectively. Furthermore, while the impact of total fertility rate on increase in oc-
currence rates of BC was in opposite direction, only its impact on incidence rate yielded significant coefficient.

B Very High Human Development
m High Human Development
Medium Human Development

B Low Human Development

Figure 1. Percent of total breast cancer cases in adult population by HDI regions in 2012.

Table 1. Breast cancer incidence and mortality and HDI component by different HDI regions in 2012.

Region Breast cancer incidence Breast cancer mortality HDI component
CR ASR CR ASR LEB MYS GNI HDI
Very high human development 128 78.2 29 14.1 80.2 11.7 40,046 0.89
High human development 53.2 45.2 18 14.6 745 8.1 13,231 0.74
Medium human development 285 26.5 10 9.8 67.9 55 5960 0.61
Low human development 22.7 326 115 17 59.4 42 2904 0.49

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.
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Figure 2. Incidence age-standardized rates per 100,000 of breast cancer in the world in 2012.

Table 2. Effect of HDI components and demographic variables on breast cancer incidence and mortality.

N Breast cancer incidence Breast cancer mortality
B Cl P-value B Cl P-value
Life expectancy at birth 1.67 1.37,1.97 <0.001 0.04 —-0.037,0.12 0.23
Mean years of schooling 5.13 4.3,5.97 <0.001 0.25 0.02,0.48 0.033
Gross national income per 1000 capita 0.74 0.57,0.9 <0.001 0.01 -0.03, 0.04 0.66
HDI 104.5 87.7,120.2 <0.001 3.26 -1.3,7.8 0.16
Urbanization level (%) 0.57 0.45, 0.7 <0.001 -0.15 —0.65, 0.34 0.54
Total fertility rate -8.47 -10.5,-6.4 <0.001 0.02 -0.01, 0.05 0.27
Age standardized obesity in adults 0.97 0.66, 1.27 <0.001 0.085 0.02,0.15 0.014

The impact of increasing age-standardized adulthood obesity on BC incidence and mortality risk was worth-
mention as well. Increasing one unit in age-standardized obesity in adults would resulted in significantly in-
creased in mean incidence by 0.97 and in mean mortality by 0.08.

4. Discussion

BC has been recognized as important reproductive health problem for women in both developed and developing
countries [15]. Female BC accounts for about 46% of the cancer burden in very high and high, 29% in medium,
and 9% in low HDI regions. Specifically, age-standardized incidence of female BC ranged from 78 in high-
developed to 26.5 in medium-developed regions (per 100,000 women).

Research examining the correlation between macroeconomic determinants with BC incidence, and mortality;
and how the relation varies by country are scarce. Assessment of these burden indicators against the specific
components of HDI (education, health, and living standards) should enable examination of their relative impor-
tance [16]. Cancer is a heterogeneous mix of diseases. It has multiple causes, some of which are well understood
and some of which are poorly understood. In addition, differences in the regional and temporal distribution of
risk factors will determine the geographical and secular patterns of cancer. Availability of information about
disease incidence and mortality, understanding of the underlying causes and how these can change, and know-
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ledge of the demographics of populations in terms of size and age structure can attenuate barriers of under-
standing the patterns of cancer [12].

In both high and very high HDI regions, female BC explain almost half the overall incidence burden. Inci-
dence estimates will probably become more accurate by the expansion of high quality population-based cancer
registries in low- and middle-income countries, as well as improvements and completeness of valid registrations
in areas already covered. Similar to our results, Bray et.al has found that female BC is the most commonly di-
agnosed neoplasm in almost all countries [12]. Describing different components of HDI in these regions; it can
be seen that all HDI components have been raised in very high developed regions which might make the high
incidence of BC and the lower mortality of BC. This logic can be inferred for low developed region as well.

In medium HDI regions, age-standardized rate of incidence of female BC remains lowest. However, this type
of cancer along with cancers caused by infectious agents is considered among highest health problems in these
regions by other authors [17] [18]. Our study has shown that female BC is the only cancer that is common in all
regions, irrespective of level of HDI. Among the vast majority of the world, it is regarded as the most common
form of cancer in women, and thus the global control of BC through both early detection and primary prevention
is a high priority [12] [13] [19]. Depend on the availability of data; a tendency towards increases in BC exists in
the very high, high, and medium HDI regions. These effects are likely strongest in countries with very high HDI
levels relative to those of medium or high HDI, which might be indicative of an incidence plateau having being
reached. Nevertheless, the trends point to the westernization effect in countries with high HDI or medium HDI
levels, and with increasing average levels of social and economic development. The population prevalence of
several reproductive, dietary, metabolic, and hormonal risk factors could correspondingly increase the risk of
these cancers.

This study attempted to incorporate recorded data to inform on the future cancer burden, but even more im-
portant step would be further appraisal which takes into account the specific preventative actions in the respec-
tive countries and regions of the world. The present situation is extrapolated recorded rates by use of crude av-
erages of the estimated annual percentage change that are heterogeneous across registries in every HDI category,
and thus should be interpreted with caution.

One clear concern is the reliance on extrapolation in only six population-based cancer registries (including
two from China and India) to be representative of all medium-resource settings. Clearly, more data and greater
precision are needed. Despite the unified modeling framework by 187 countries in the globe, comparisons of
their modeled cumulative risk estimates (ages 15 - 79 years) of BC incidence showed a systematic overestima-
tion in all countries [20].

In terms of the global burden predictions, the low HDI populations constitute 57% of the world’s population
and 16% of the cancer burden, and the absence of this information will have a minor effect [21]. The incidence
and mortality estimates from GLOBOCAN are also subject to precision limitations. In the compilation of coun-
try-specific cancer incidence and mortality, a hierarchy of methods is used in GLOBOCAN which are relied on
the quality and availability of the source information [12] [22]. More generally, African, Asian, and Latin
Americas countries are suffered from high quality population-based cancer registries. Specifically, only 1%, 4%,
and 6% of the populations of these respective regions covered, and there are few if any national vital registration
systems with adequate mortality data especially in Africa and Asia.

GLOBOCAN is a comprehensive data source for examination of the cancer burden worldwide and in the
promotion of global cancer control. Nevertheless, population-based cancer registries have been shown to be a
crucial component in national cancer control strategies, where the registered incidence information provides the
tools to plan, monitor, and assess the effect of specific interventions in targeted populations [23].

5. Conclusion

Our study showed that the burden of female BC is enormous in very high HDI and low HID regions. Targeted
interventions have the ability to reduce this number significantly through resource-dependent interventions.
Such actions include primary prevention strategies to effectively control the prevalence of lifestyle factors in-
cluding tobacco avoidance and cessation of smoking, a reduction in alcohol consumption and obesity, and the
promotion of increased levels of physical activity; as well as the implementation of early detection programs.
Moreover, further reductions in mortality could be brought about by increasing access to curative treatment for

patients with BC.
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