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Abstract

The prevalence of obesity in the world has nearly tripled since 1975. Obesity clearly known as risk factor for
various diseases, including many types of cancer. This study aims to determine the obesity attributable fraction
(OAF) of seven cancers based on the relative risk of esophageal cancer, colorectal, pancreatic, endometrial,
ovarian, prostate and kidney cancer and also to estimate the burden of cancer caused by obesity with disability
adjusted life years (DALY) indicator. This study is a descriptive epidemiological study with prevalence-based
method, which the prevalence data obtained from Indonesian National Health Insurance (BPJS) 2016. The OAF is
calculated by combining both data of obesity prevalence and relative risk and the DALY indicator is calculated as
the sum of years of life lost due to premature mortality (YLL) and the equivalent healthy years lost due to disability
(YLD). Based on OAF calculation, three highest proportions OAF in men were in colorectal cancer (6.02%),
kidney (4.91%) and pancreatic cancer (4.55%), while in women were from kidney cancer (13.92%), endometrial
(12.63%) and colorectal cancer (7.49%). Meanwhile the burden priorities of cancer by obesity in Indonesia were
come from colon cancer (23,051), ovarian cancer (21.911), and pancreatic cancer (4,564). Burden of cancer
attributable to obesity in Indonesia mostly related to digestive organ and high prevalence in female population. It is
the impact of life changes and less activity due to globalization. All cancers attributable to obesity should be
considered and have to controlled by the government through health programs and policies.
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1. Introduction

Obesity is a health problem that is increasing in almost all parts of the world (Rapp et al., 2005). Obesity defined as
a condition that indicates an imbalance between body height and body weight due to fatty tissue in the body
resulting in excess of weight beyond the ideal value. The most common obesity measurements use a body mass
index (BMI), a person's weight in kilograms divided by the square of his height in meters (Centers for Disease
Control and Prevention, 2016). According to WHO, a person who has 25-29.9 kg/m” of BMI is classified as
overweight and someone who has >30 kg/m” of BMI is classified as obese.

According to the WHO report on February 2018, the prevalence of obesity in the world has nearly tripled since
1975. By 2016, there are more than 1.8 billion adults aged >18 in the world were classified as overweight and
obese. World Obesity Federation estimates that there are 2.7 billion people in the world who will be obese by 2025.
Indonesia is one of the top ten countries with the highest prevalence of obesity in the world (Ng et al., 2014). The
results of Indonesia National Basic Health Research in 2013, the prevalence of obesity in the male population was
19.7%, while the prevalence of obesity was 32.9% of adult females.

Furthermore, the obesity pandemic will continue to increase along with globalization. Increasing socioeconomic
status in society leads to changes in lifestyle and lack of activity that affects the onset of obesity (Bhurosy &
Jeewon, 2014). Obesity is a major risk factor for cardiovascular disease, stroke, diabetes, hypertension,
musculoskeletal disease and cancer (Park et al., 2006). Besides increasing morbidity, obesity can also increase
early mortality, decrease productivity and decrease quality of life (Pitayatienanan et al., 2014). Obesity therefore
poses a huge economic burden on individuals, families and countries. By 2014, the global economic impact of
obesity was estimated to be US$ 2.0 trillion or 2.8% of global gross domestic product (Tremmel, Gerdtham Ulf-G.,
Nilsson, & Saha, 2017).
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Many studies have also reported obesity as being strongly correlated with modification in the physiological
function of adipose tissue, which causes insulin resistance, chronic inflammation, and changed adipokine secretion.
Some of these factors, such as insulin resistance, increaseded leptin levels, plasminogen-1 activator and
endogenous sex steroids inhibitors, made chronic inflammation, also involved in carcinogenesis and cancer
metastasis (van Kruijsdijk, van der Wall, & Visseren, 2009). Weight gain and obesity accounted for about 20% of
all cancer cases (Calle & Kaaks, 2004). Some cancers associated with obesity include esophageal, thyroid, colon,
kidney, liver, melanoma, multiple myeloma, rectal, gallbladder, leukemia, lymphoma, and prostate in men; and
breast postmenopausal and endometrial cancer in women (Wolin, Carson, & Colditza, 2010). Data published over
the past 25 years emphasize that obesity responsible for about 20% of cancer deaths in women and about 14% in
men (De Pergola & Silvestris, 2013).

Nowadays, the level of awareness of most people about the risk of obesity related to cancer is still low (Bhurosy &
Jeewon, 2014). In fact, the economic burden for the treatment of cancer is a big matter. Therefore, there is a need
for intervention to prevent the increased incidence of obesity in order to suppress the occurrence of cancer.
Research related to burden of cancer due to obesity in Indonesia not available, so this study is important as
consideration of public health promotion using Disability Adjusted Life Years (DALY) indicator developed by
WHO and World Bank which calculate disease burden and injury to human population in Global Burden of
Disease Study. As an indicator of disease burden, DALY combines estimated life time with disability and time lost
due to premature death (Gao, Wang, Chen, Ngo, & Guo, 2015). This DALY indicator can be used to measure the
level of health within a population, establish national policy priorities and evaluate cost-effectiveness of public
health interventions (Park et al., 20006).

2. Methods

This research was using descriptive epidemiological prevalence-based research design to estimate the burden of
cancers due to obesity in Indonesian population. There were four steps to gain the data, first we selected
obesity-related cancers from meta-analysis study. Second, we estimated obesity attributable fraction (OAF) using
relative risks and prevalence of obesity in Indonesia. Third, we estimated obesity attributable morbidity and
mortality from the number of morbidity and mortality multiplied by OAF as the percentage of cancers incidence or
mortality attributed to obesity. Fourth, using that analysis result, we calculated the Years Lived with Disability
(YLD), Years Life Lost (YLL), and Disability Adjusted Life Years (DALY values of cancers related to obesity in
Indonesia.

2.1 Selection of Obesity-Related Cancers

The selection of obesity-related cancers included in this study was based on a systematic review. According to the
previous systematic review (Guh et al., 2009) as well as the availability of morbidity and mortality of cancers in
Indonesia, we decided to include 7 obesity-related cancer diseases. The prevalence of obesity was obtained from
WHO Global Observatory Data 2010 (World Health Organization, 2015b).

2.2 Estimation of Obesity Attributable Fraction (OAF) of Cancers

To calculate OAF values due to cancers, two parameters were considered: 1) the relative risks of overweight and
obesity for the different related cancers, and 2) prevalence of obesity for male and female. The relative risks for
most cancers were obtained from meta-analysis by meta-analysis study of Guh (Guh et al., 2009). The formula of
OAF is shown below,

2

P,(RR;-1)
OAF; = ==
3 P(RR-1) + 1
i=0
Where:
i =Body Mass Index (BMI) level (i = 1 if BMI > 25.0-29.9 kg/m” and i = 2 if BMI > 30 kg/m?)
J = Co morbidity or disease related to obesity (j =1 -12)

Pi = Prevalence of obesity based on BMI level

RRij = Relative risk of co morbidity j related to obesity compared with non-obese Population
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2.3 Calculation of DALY for Cancer

To estimate years lived with disability (YLD), input parameters were estimated as follows. First, to estimate the
number of incidence and mortality of cancers by age, we used the Indonesian health assurance system, 2016 which
projected into GLOBOCAN data in the current year (2012) (International Agency for Research on Cancer, 2012).
Second, to estimate disability weight of each cancer, we used a recent study conducted in Korea (Choi, Park, & Lee,
2013) which is predicted had similar characteristics among Asia Pacific population. Third, we measured duration
of selected types of cancers by using DISMOD 1I software developed by WHO (World Health Organization,
2015a).

Under the DISMOD II model, it is assumed that any individual or group that is susceptible to a specific cancer at a
certain point in time will trigger the incidence of the cancer as they become infected. It is also assumed that the
remission of all cancers is not occurred. The fourth, we calculated YLD from the number of obesity related cancer
incidence, duration, and disability weight. To estimate years life lost (YLL), we used WHO standard expected
years of life in 2012 (World Health Organization, 2012) to calculate the years of prematurely death. To estimate
age-specific YLL we applied the YLL formula as number of obesity attributable deaths multiplied by number of
years remaining to lives. To determine DALY values, we summed YLD with YLL results.

[ DALY =YLL+ YLD ]

3. Results

Obesity attributable fraction (OAF) shows the proportion of cancer incidence or mortality rates due to obesity.
OAF values range from 0 - 1, which 0 has meaning that obesity has no association to the onset of the disease, while
1 has meaning that obesity totally associated to the incidence of the disease. Table 1 shows that the three most
common cancers due to obesity in males were colorectal cancer (6.02%), kidney cancer (4.91%) and pancreatic
cancer (4.55%), whereas in female came from kidney cancer (13.92%), uterine cancer (12.63%) and colorectal
cancer (7.49%).

Table 1. Relative risks and OAFs for selected cancers in Indonesia

Relative risks OAF (%)
OAF(%)
Cancer Overweight Obese Overweight Obese
Male Female Male  Female Male Female Male Female Male Female

Esophagus 1.13 1.15 1.21 1.20 2.51 3.88 0.65 1.30 1.58  2.59
Colorectum 1.51 1.45 1.95 1.66 9.17 10.80 286 417 6.02 7.49
Pancreas 1.28 1.24 2.29 1.60 5.25 6.06 3.85 3.81 4.55 4.94
Uterine 0 1.53 0 3.22 0 12.48 0 12.78 0 12.63
Ovary 0 1.18 0 1.28 0 4.62 0 1.81 0 3.22
Prostate .14 0 1.05 0 270 0 0.15 0 1.43 0
Kidney 1.40 1.82 1.85 2.64 7.34 18.07 2.4 9.77 491 13.92

The data on morbidity and mortality of cancer in Indonesia due to obesity are presented in Table 2. The table shows
that the amount of morbidity due to obesity cancer was 2.682 cases while the number of cancer deaths due to
obesity of 1.908 persons, which 65% of cancer patients are women and cause 71% of mortality.
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Table 2. Obesity attributable morbidity and mortality for selected cancers in Indonesia

Cancer morbidity Canc.er Morbidity attributable Cancer. Canc'er Mortality attributable
Cancers obesity mortality obesity

Male Female Male Female Male Female Male Female
Esophagus 288 145 9 8 265 135 9 7
Colorectum 5,204 4,636 626 695 3,429 3,083 413 462
Pancreas 1,013 899 92 89 984 867 90 86
Uterine 0 36 0 9 0 11 0 2
Ovary 0 12,274 0 790 0 8,514 0 547
Prostate 5221 0 149 0 3512 0 100 0
Kidney 764 505 75 140 564 492 55 137
Total 12,490 18,495 951 1,731 8,754 13,102 667 1,241

The three most frequent of cancers caused by obesity in men were colorectal cancer 626 cases, 149 for prostate
cancer and 92 for pancreatic cancer. Meanwhile in women, 790 cases came from ovarian cancer, 695 from
colorectal cancer and 140 from kidney cancer. The three most common obesity related cancers that cause death in
men were colorectal cancer (413 persons), prostate cancer (100 persons) and pancreatic cancer (90 persons). While
in women were ovarian cancer (547 persons), colorectal cancer (462 persons) and kidney cancer (137 persons).

Table 3. YLD, YLL, DALY for obesity-related cancer

Years lived with disability Years of life lost due to premature Disability-adjusted life years
Cancer (YLD) death (YLL) (DALY)

Male Female Total Male Female Total Male Female Total
Esophagus 73 73 146 133 111 244 206 184 390
Colorectum 4,668 4,358 9,026 6,220 7,805 14,025 10,888 12,163 23,051
Pancreas 912 1,021 1,933 1,320 1,311 2,631 2,332 2,332 4,564
Uterine 0 26 26 0 45 45 0 71 71
Ovary 0 10,174 10,174 0 11,737 11,737 0 21,911 21,911
Prostate 403 0 403 847 0 847 1,250 0 1,250
Kidnye 330 684 1,014 860 2,046 2,906 1,190 2,730 3,920
Total 6386 16,336 22,722 9,380 23,055 23,993 7,324 39,391 46,715

Table 3 shows the number of year’s life lost due to disability (YLD) and early death (YLL). By multiplying the rate
of cancer incidence due to obesity, disability weight and duration of disease, the value of YLD obtained. The
highest YLD in males were colorectal cancer (4,668 person years), pancreatic cancer (912 PY), and prostate cancer
(403 PY). While in women, the three highest YLD were come from ovary cancer (10,174 PY), colorectal cancer
(4,358 PY) and pancreatic cancer (1,021 PY). In addition, the highest YLL in males is colorectal cancer (6,220 PY),
pancreatic cancer (1,320 PY) and kidney cancer (860 PY). While in women were ovarian cancer (11,737 PY),
colorectal cancer (7,805 PY) and pancreatic cancer (1,311 PY). Furthermore, the burden of cancer due to obesity in
Indonesia with the highest DALY in men was colorectal cancer (10,888 PY), pancreas cancer (2,332 PY) and
prostate cancer (1250 PY), while in women were ovary cancer (21,911 PY), colorectal cancer (12,163 PY) and
kidney cancer (2,730 PY). From Table 3, it can be concluded that the burden priorities for obesity related cancer in
Indonesia in both men and women were from colorectal cancer 23,051 PY, ovarian cancer 21,911 PY, and
pancreatic cancer 4,564 PY.

4. Discussion

From this study, it was found that the burden of cancer due to obesity is greater in women than in men. This is
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directly proportional to the magnitude of the prevalence of obesity and also the relative risks are higher in women.
The greater relative risks, resulted on the greater value of obesity lead to cancer.

This study shows that obesity has a considerable effect on the onset of most cancers in the digestive system. This is
influenced by some of mechanisms like; first obesity is related to the amount of adipose in the body. Not only as
lipid storage, adipose tissue now known as a very active endocrine organ (Kershaw & Flier, 2004). Adipose tissue
contains adipocytes and vascular stromal tissues containing pre-adipocytes, some types of endothelial cells, and
macrophages (Trayhurn, 2007). These contents will release many products that will enter the circulatory system
and have effects on other tissue. Products released are including adipokines (leptin and adiponectin) and cytokines
(alpha-factor necrosis factor, interleukin-6 and plasminogen activator inhibitor-1) which involved in the
modulation of cancer risk (Dethlefsen, Hojfeldt, & Hojman, 2013; Guo et al., 2013). In addition, obesity has
consequences on the occurrence of insulin resistance that can cause changes in the circulation of insulin. These
changes have an effect on cellular proliferation and inhibit apoptosis, and have been associated with several types
of cancers (Calle & Kaaks, 2004).

Obesity is very influential on the incidence of colon cancer. This is due to the lack of physical activity and
unhealthy lifestyles that become powerful triggers of colon cancer. When a person has regular physical activity and
healthy diet, it will help to lower the risk of colon cancer (Bazensky, Shoobridge-Moran, & Yoder, 2007). Physical
activity will also increase the metabolic rate and lead to optimum oxygen uptake (de Jong et al., 2005). In the long
duration, regular activity can increase the body's metabolic capacity; lower blood pressure and insulin resistance
(Lee et al., 2007).

Research on cancer attributable to obesity has been done in several countries in the world. First, research in China
performed by Wang (Wang D et al., 2012) conducted in 2005, reported there was 0.65% incidence of cancer due to
obesity and 0.32% experience death. Second, research in Australia conducted by Kendall et al. (2015) showed
there were 3,917 cancers diagnosed in 2010 related with obesity and gives a result that 28% or 1,101 were colon
cancer. Furthermore, research in US and UK conducted by Wang et al. (Wang, McPherson, Marsh, Gortmaker, &
Brown, 2011) projected that cancer cases will be increased by 492,000 - 669,000 in 2030 which associated with
obesity. Cancer research with DALY measurement performed in India by Murthy (2010) reported DALY for colon
cancer was 79,065 in the men population and 69,856 in female in 2011 (Murthy, Nandakumar, Pruthvish, George,
& Mathew, 2010). Then, the study also projected by 2016, DALY for colon were increase by 121,043 in the male
population and 110,850 in female. In addition, the burden of cancer in ASEAN member countries with DALY has
also been done by Kimman et al. (Kimman, Norman, Jan, Kingston, & Woodward, 2012), mentioned that one of
cancers type which often be the cause of death is colon cancer as many as 44,280 DALY.

The economic burden of cancer due to obesity has also been done in several countries in the world. First, a
Canadian study conducted by Krueger et al. (Krueger, Andres, Koot, & Reilly, 2016) shows that the annual
economic burden of cancer due to some risk factors was $ 9.6 billion, which $ 1.7 billion is direct cost and $ 8.0 is
an indirect cost. Furthermore, Wang's (2011) study in US and UK estimates that the medical costs of obesity
related cancers can increase by $ 48 - 66 billion/year in the USA and by £ 1.9 - 2 billion/year in UK 2030.
Therefore, this research is useful as a consideration of the policy of controlling the incidence of obesity, so that the
economic burden of the government will not so high. This study has several limitations. First, the research is
limited only for seven cancers. Second, the available morbidity and mortality data in BPJS 2016 only covers about
80 percent of total population in Indonesia.

5. Conclusions

Burden of cancer attributable to obesity in Indonesia mostly related to digestive organ and high prevalence in
female population. It is the impact of life changes and less activity due to globalization. All cancers attributable to
obesity should be considered and have to controlled by the government through health programs and policies.
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