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Abstract 
It is widely known that cancer is a disease of “old-age”. However available data show that this is 
not the case for many types of cancers. Incidences of breast and ovarian cancers have varying 
rates of change with age. Breast cancer data of Arabian-gulf women, show that the incidence rates 
increase with age and reach a maximum at 39 year. It then declines linearly with age to about 55 
years. The rate of increase and its changes with age are similar to those of many other countries. 
In the premenopausal phase the relationship between incidence and age could be adequately 
modeled using a linear model for the logarithmic transformations of age and incidence. Similar 
observations are made for the ovarian cancer incidences. Results: It is shown that the rate of in-
crease in breast and ovarian cancer incidence with respect to age is increasing in the premeno-
pausal ages. Moreover, the burden of the disease with respect to mortality and “Disability Ad-
justed Life Years” or DALY, varied considerably among the six gulf countries. Conclusions: We con-
clude, based on the age incidence relationship that the number of cancer cases may double in the 
next period that follows our study period (1998-2009). Moreover, if the six countries have iden-
tical relationship between age and the two types of cancer, there should be an integrated and uni-
fied effort to have a common strategy for prevention and control. 
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Linear Models 

 
 

1. Introduction 
Cancer is a disease in which cells in the body grow out of control. When cancer starts in the breast, it is called 
breast cancer. About 7 out of 100 women (or 7%) will be diagnosed with breast cancer by the time they turn 70 
years old. Ovarian cancer is far less common. About 1 out of 100 women (or 1%) will be diagnosed with ova-
rian cancer by age 70. Though it is less common than breast cancer, ovarian cancer causes more deaths than any 
other cancer of the female reproductive system [1]. 

While breast and ovarian cancers are most common in older women (about 89% of breast cancers occur in 
women older than 45 years of age), they can and do occur in younger women. However the rates of change in 
the incidence differ in both cancers. 

The main objective of this paper is to evaluate the burden of breast and ovarian cancers in the Arabian Gulf 
States (AGS): namely Bahrain, Kingdom of Saudi Arabia (KSA), Kuwait, Oman, Qatar, and United Arab Emi-
rates (UAE) in terms of mortality and disability. We also present the recent statistics of two important risk fac-
tors: obesity and diabetes. Since age is the most important risk factor for both types of cancer we develop linear 
models to investigate the relationship between cumulative incidence and age, and the changing rate of change. 
We use the cumulative incidence data from the Gulf Cancer Registry in the interval 1998-2009. We demonstrate 
that there is a considerable similarity among the AGS in the rate of change across age groups. The paper is 
structured as follows: In Section 2 we briefly discuss risk factors associated with breast and ovarian cancers. In 
Section 3 a comparison among the 6 AGS is made with respect to mortality and disability. The relationship be-
tween both types of cancers is examined in Section 4, and a general discussion is presented in Section 5. 

2. Risk Factors of Breast and Ovarian Cancers 
The main risk factors for both diseases are summarized as follows: 

Age. A woman’s risk of developing breast and ovarian cancer increases with age. Women of all ages have a 
risk of breast and ovarian cancer, but women over 50 are more likely to develop it. Sixty-eight percent (68%) of 
women with ovarian cancer are older than 55, and 32% are younger than 55 [2]. 

Family History. Women with a first-degree relative (mother, daughter, or sister) with either breast or ovarian 
cancer have about a three times higher risk of developing the disease. This risk increases when two or more 
first-degree relatives have been diagnosed with ovarian cancer. Therefore understanding the family history is 
paramount to reduce the risk of both diseases  

Genetics. About 10% to 15% of ovarian cancers occur because a genetic mutation (change) has been passed 
down within a family. A mutation in the BRCA1 or BRCA2 gene is associated with an increased risk of ovarian 
cancer and breast cancer [1] [2]. 

About 12 percent of women in the general population will develop breast cancer sometime during their lives 
[3]. By contrast, according to the most recent estimates, 55 to 65 percent of women who inherit a harmful 
BRCA1 mutation and around 45 percent of women who inherit a harmful BRCA2 mutation will develop breast 
cancer by age 70 years [4] Ovarian cancer: About 1.3 percent of women in the general population will develop 
ovarian cancer sometime during their lives [4]. By contrast, according to the most recent estimates, 39 percent of 
women who inherit a harmful BRCA1 mutation [5] [6] and 11 to 17 percent of women who inherit a harmful 
BRCA2 mutation will develop ovarian cancer by age 70 years [5] [6]. 

Components of Metabolic Syndrome: Obesity and Diabetes. Recent studies have shown that women who 
were obese in early adulthood are 50% more likely to develop ovarian cancer. One study, using NCI Surveil-
lance, Epidemiology, and End Results (SEER) data, estimated that in 2007 in the United States, about 34,000 
new cases of cancer in men (4 percent) and 50,500 in women (7 percent) were due to obesity. The percentage of 
cases attributed to obesity varied widely for different cancer types but was as high as 40 percent for some can-
cers, particularly endometrial cancer and esophageal adenocarcinoma. 

Table 1 & Table 2 provide projections of the future health and economic burden of obesity in 2030 estimated 
that continuation of existing trends in obesity will lead to about 500,000 additional cases of cancer in the United  
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Table 1. Prevalence of obesity in the AGS. Adapted from [9].                                                                                       

Obesity level Bahrain Kuwait Oman KSA Qatar UAE 

Overweight 75.2 84.3 73.4 74.2 78.5 60.6 

Obese 42.9 58.6 36.9 44.4 54.7 44.2 

 
Table 2. Estimated and projected prevalence of diabetes in the AGS [10].                                            

Diabetes Bahrain Kuwait Oman KSA Qatar UAE 

2010 15.4 14.6 13.4 16.8 17 18.7 

2030 17.3 16.9 14.9 18.9 21 21.4 

 
States by 2030 [7] [8]. 

3. Burden of Breast and Ovarian Cancers in the AGS 
According to the National Institutes of Health, breast cancer was estimated to cost $209.9 billion a year in 2005, 
of which $118.4 billion was due to mortality cost (lost productivity by the death of patients), $74.0 billion was 
due to direct medical costs (money spent for healthcare), and $17.5 billion was due to morbidity cost (the cost of 
lost productivity due to illness [11]. 

On the other hand and due to poor prognosis and rigorous treatment protocols [11], ovarian cancer patients 
often suffer high distress at the time of diagnosis and during treatment [12] [13], potentially placing them at 
elevated risk for other co-morbidities. Another problem is that ovarian cancer surgery initiates menopause in 
pre-menopausal patients [12]. Depression is common among individuals with cancer and has been associated with 
decreased quality of life [14] [15]. In Table 3, adapted from [11] we show the changes between two selected years 
2009, and 2013 in age standardized death rates in the six AGS for both breast and ovarian cancers. 

As can be seen there are large variations in rates among the six countries. While there is decrease in age stan-
dardized mortality rates (ASMR) attributed to breast cancer in Bahrain, Qatar and UAE, the other three coun-
tries encountered increase. On the other hand, all the six states showed considerable decreases in the ASMR at-
tributed to ovarian cancer in 2013 as compared to 2009. However the decreases in the ASMR were quite differ-
ent among the six countries. 

The other burden caused by breast and ovarian cancer of importance is the Disability-adjusted life year 
(DALY). The disability-adjusted life year or DALY is a summary measure of public health widely used to quan-
tify burden of disease. In the DALY philosophy, every person is born with a certain number of life years poten-
tially lived in optimal health. People may lose these healthy life years through living with illness and/or through 
dying before a reference life expectancy. These losses in healthy life years are exactly what is measured by the 
DALY metric [16] [17]. Ten DALYs, for instance, correspond to ten lost years of healthy life, attributable to 
morbidity, mortality, or both. 

On a population level, diseases with a higher public health impact will thus account for more DALYs than 
those with a lesser impact. Table 4, adapted from [11] shows the variations in DALY figures for both cancers in 
the six countries. The main purpose of producing these figures, have been to assess and monitor regional health 
and to set priorities that should be shared among these six countries. As can be seen from Table 4, the rates in 
DALY decreased for both cancers in Bahrain, Qatar, KSA, and UAE, with varying rates of change. 

4. Relationship of Breast and Ovarian Cancer to Age 
4.1. Data and Methods 
In general, population-based registries are organizations for the systematic collection, storage, analysis, inter-
pretation and reporting of data on subjects with cancer. They seek to collect data on all new cases of cancer oc-
curring in a well-defined population. Usually, the population is that which is resident in a particular geographical 
region. As a result, and in contrast to hospital-based registries, the main objective of this type of cancer registry is  
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Table 3. Age standardized death rates in the six AGS. Breast cancer deaths are the first entry in the table, and the ovarian 
cancer deaths are in the second entry.                                                                                       

Country 
Age standardized rate/100,000 Death in thousands 

1990 2013 % change 1990 2013 % change 

Bahrain 
10.75 8.58 −20.19 0.03 0.07 133 

2.95 2.53 −14.24 0.01 0.01 0.00 

Kuwait 
5.85 6.02 2.91 0.05 0.10 100 

1.91 1.29 −32.5 0.01 0.02 100 

Oman 
3.71 4.11 10.78 0.03 0.07 133 

1.33 1.27 −4.50 0.01 0.02 100 

Qatar 
6.44 4.67 −27.48 0.01 0.04 300 

1.09 1.06 −2.75 0.00 0.00 0.00 

KSA 
3.14 3.55 13.06 0.22 0.49 123 

1 .9 −10 0.06 0.10 67 

UAE 
5.94 4.97 −16.33 0.04 0.16 300 

1.67 1.25 −25.6 0.01 0.03 200 

 
Table 4. The first entries are the DALY figures for breast cancer, and the second entry are the DALY figures for ovarian 
cancer.                                                                                                                                  

Country 
Age standardized rate/100,000 DALY in thousands 

1990 2013 % change 1990 2013 % change 

Bahrain 
330.21 320.7 −30 1 2.54 154 

70.5 51.8 −26.6 0.17 0.42 147 

Kuwait 
158.79 163.6 3.04 2.13 3.76 77 

44 31 −29.6 0.5 0.62 24 

Oman 
108 118 9 1.03 2.38 131 

32.8 28.4 −13.3 0.26 0.46 76.9 

Qatar 
176 107 −39 0.54 1.4 161 

22.42 19.25 −14.1 0.04 0.14 250 

KSA 
94 75 −19 8 14.6 82.2 

24.34 16.1 −34 1.73 2.52 45.7 

UAE 
153.7 142.3 −7 1.61 7.22 348 

38.64 30.85 −20.16 0.3 1.15 283 

 
to produce statistics on the occurrence of cancer in a defined population and to provide a framework for assess-
ing and controlling the impact of cancer in the community. Thus, the emphasis is on epidemiology and public 
health. The uses of population-based cancer registration data may be summarized as follows: 

1) They describe the extent and nature of the cancer burden in the community and assist in the establishment 
of public health priorities. 

2) They may be used as a source of material for etiological studies. 
3) They help in monitoring and assessing the effectiveness of cancer control activities. 

4.2. Cancer Registry of the Arabian Gulf States 
The gulf center for cancer registration was established in 1998 as a collaborative venture to collect and provide 
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data for cancer incidence of the six gulf-states; Bahrain, Kingdom of Saudi Arabia (KSA), Kuwait, Oman, 
United Arab Emirates (UAE) and Qatar. In 2011 the gulf center for cancer registration was given the name 
“Gulf Center for Cancer Control and Prevention” (GCCCP) to monitor the cancer control and prevention strate-
gies of the six gulf-states. 

Between 1998 and 2009 the age adjusted cumulative incidence of cancer in the six countries was 119,000 [18]. 
The reported breast cancer cases were 14,700 cases or 12% of all cancers, and the reported ovarian cancer cases 
were 2265, or 1.9% of all cancers. Figure 1 shows the relationship between the log-count (natural logarithm of 
the number of cases) of breast cancer cases and the log-midpoint of age. As can be see, the rates and the rates of 
changes are clearly divided into two distinct phases separated at about age 49. The first phase represents the 
early years of reproductive life, and the second phase represents the post-menopausal years. This trend in phase 
(1) is in agreement with the suggestion of Lilienfeld and Johnson [19] that the incidence increases by the same 
rate with each increment of age. The constancy of the rate of change in phase 1) is of quantitative importance 
because if the rate of change remains the same in the age groups 35, 40, and 50, the lifetime and incidence of 
breast cancer in AGS would be more than doubled in the next 12 years to follow. In phase 2), the decline in in-
cidence as women ages increase is shown. 

We therefore decided to model the relationship between incidence and age separately for each phase of age 
(phase (1) = age less than 49, and Phase (2) = when age is above 49). Figure 2 & Figure 3 depict this relation-
ship. The relationship between age and ovarian cancer incidence are shown in Figure 4 and Figure 5. 

The relationship between age and the number of breast cancer (BC) cases for phase (1) is adequately modeled 
by a simple linear regression model. An indicative of the goodness of fit of this relationship is the value of the  

 

 
Figure 1. Cumulative breast cancer cases over the period 1998-2009 for all ages.                                            
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Figure 2. Cumulative count of breast cancer for the period 1998-2009 for phase (1).                                            

 

 
Figure 3. Incidence of breast cancer for the age phase (2).                                            
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Figure 4. Incidence of ovarian cancer for the age periods above below 50 years of age.                                            

 

 
Figure 5. Incidence of ovarian cancer for the age periods above 50 years.                                            
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coefficient of determination R2. Values of the coefficient of determination above 70% indicate a good fit, and 
this is the case except for Qatar and Kuwait. Since our focus is on young women we shall give special attention 
to the relationship between age and the count in phase (1). Using SPSS version 20, we fitted the relationship 
[20]: 

( ) ( )
( )

log count log age mid point .

or count age e, where

Y x
β α

α β α β

α α

= = + ≡ +

′ ′= =
                        (1) 

The results are presented in Table 5. Now we need to verify the hypothesis of homogeneity of the rates of 
change in the number of breast cancer cases with respect age. This hypothesis can be tested using the Cochran’s 
Chi-square test defined as follows: 

First, we define 6 6
1 1

ˆ
i i ii iw wβ β

= =
= ∑ ∑ , where ( )( ) 1ˆvari iw β

−
= . The chi-square test is:  

( )
6 2

1

ˆ
i i

i
Q w β β

=

= −∑  

And the hypothesis of homogeneity of rates of change is established when p-value of the above Q-statistics is 
above 5%. For BC cases the results are summarized in Table 7. We may conclude that all the AGS have the 
same rate of change in BC cases since all the p-values are above the cut-off value 5% of the type I error rate. 
The common estimate of the rates of change in BC count with respect to age are 2.68 0.228β = ± , and 

5.66 0.688β = − ±  for phases (1) and (2) respectively. 
The pattern of relationship between the OC incidence and age is similar to the relationship between BC and 

age as can be seen in Table 6. There is increase in the incidence rate with age in phase (1) and a decrease in the 
rates in phase (2). The results are shown in Table 4. Except for the country of Qatar, there is an excellent fit for 
the linear model in phase (1), and a very poor fit in phase (2). Similarly, the homogeneity test is accepted and 
the p-values are reported in Table 7. The common rates of change in the OC incidence with respect to age are 

1.02 0.08β = ± , and 3.07 0.697β = − ±  for phases (1) and (2) respectively. 
Homogeneity of rate of change in number of cancer cases among the 6 countries was established separately 

for each phase and for BC, and OC. 

5. Discussion 
Cancer poses a major threat to public health worldwide, and incidence rates have increased in most countries  

 
Table 5. Rates of change in BC count for the two phases of age.                                                                                       

Country Phase ( )log countY xα β= = +  
x = log(midpoint of the age intervals) 

SE(β) 2R  

UAE 
1 ( )5.2 2.4 log age− +  0.52 75% 

2 ( )32.2 6.9 log age−  2.2 62% 

BAH 
1 ( )5.7 2.5 log age− +  0.62 71% 

2 ( )33.04 7 log age−  2.8 50% 

KSA 
1 ( )8.2 4 log age− +  0.56 87% 

2 ( )38 7.7 log age−  3.2 50% 

Oman 
1 ( )5.7 2.7 log age− +  0.5 81% 

2 ( )23.8 4.7 log age−  0.9 82% 

Qatar 
1 ( )4.4 1.9 log age− +  0.52 66% 

2 ( )30.3 6.6 log age−  1.7 71% 

Kuwait 
1 ( )6 2.7 log age− +  0.71 68% 

2 ( )38 8.1 log age−  3.2 51% 



S. Al-Gahtani et al. 
 

 
181 

Table 6. Rates of change in OC count for two phases of age.                                                                                       

Country Phase ( ) ( )log count log age Y α β= = +  SE(β) 2R  

UAE 
1 ( )1.9 1.1 log age− +  0.19 81% 

2 ( )14.4 2.98 log age−  1.6 36% 

BAH 
1 ( )1.7 1 log age− +  0.19 81% 

2 ( )13.1 2.59 log age−  2 22% 

KSA 
1 ( )1.4 0.8 log age− +  0.19 70% 

2 ( )11.6 2.35 log age−  1.8 23% 

Oman 
1 ( )1.6 1.25 log age− +  0.31 70% 

2 ( )16.2 3.2 log age−  1.8 35% 

Qatar 
1 ( )0.67 0.48 log age− +  0.36 21% 

2 ( )15.6 3.4 log age−  1.3 52% 

Kuwait 
1 ( )1.7 1.14 log age− +  0.14 91% 

2 ( )18.3 3.76 log age−  2.2 33% 

 
Table 7. Results of testing homogeneity of rates of change in cancer counts with respect to age. P-values above 0.05 indicate 
that the hypothesis of homogeneity is supported by the data.                                                                  

Cancer Phase Chi-square p-value 

BC 
1 8.18 0.394 

2 2.97 0.704 

OC 
1 5.06 0.409 

2 0.39 0.995 

 
since 1990. The trend is a particular threat to developing nations with health systems that are ill-equipped to deal 
with complex and expensive cancer treatments. The annual update provided by the national cancer registries on 
the regional burden of cancer will provide all stakeholders with timely estimates to guide policy efforts in cancer 
prevention, screening, treatment, and palliation. Together with the registry of cancer incidence there is a need 
for an integrated system of surveillance of the associated risk factors. Therefore one can monitor the correlation 
between the trend of increase/decrease in the risk factors and the trend of increase/decrease in the cancer inci-
dence. Therefore a systematic investigation of cancer pattern and trends in the AGS over the next decades be-
come feasible, and such information will help the council of health ministers for the design, implementation, the 
evaluation, and intervention in the AGS. 
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