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Abstract

Background and Objective: The Gulf Cooperation Council (GCC) is agroup member of states, namely, Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia and the United Arab Emirates (UAE), which are currently high-income countries according to the World Bank. Several studies
have been performed on cause-specific mortality in high-income and developed countries all over the world but no studies exist on
cause-specific mortality in the GCC region. The aim of this study is to carry out a multivariate analysis and provide empirical (explanative)
evidence regarding the most critical, frequent causes of mortality in GCC countries. Materials and Methods: The study was based on
cause-specific mortality data for GCC countries from the World Health Organization (WHO). By applying a multiple correspondence
analysis and heat maps, we investigate associations between a set of 19 types of non-communicable diseases for six GCC countries.
Results: Mortality caused by non-communicable diseases show different prevalence and intensities on each country, however, two factors
are identified as primary risk for all GCC countries: (i) Harmful habits and lifestyles (smoking, lack of physical activity, etc) and (i) Extreme
weather conditions that characterize the region. Conclusion: There are common risk factors causing mortality in GCCregion. Policy makers
in the healthcare, life insurance and actuarial sectors should find this work useful for improving decision making processes, since GCC
countries have joint agreements in these areas.
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INTRODUCTION

In several high-income countries, such as the
Organization for Economic Cooperation and Development
(OECD) countries, experts believe that general trends in life
expectancy and mortality have been steadily changing for
decades'? In the late 1980s, researchers began to study
trends in mortality and life expectancy, with the objective of
obtaining measures for constructing and analyzing various
social policies, which were related to social health, insurance
and pensions.

The Cooperation Council for the Arab States of the
Arabian Gulf region, often referred to as the GCC, is a group of
six countries, namely, Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia and the United Arab Emirates. A cooperative group
framework for the GCCwas formedin 1981. The GCC countries
arerapidly developing wealthy nations with many similarities.
They are some of the most rapidly increasing economiesin the
world due to growth in oil and natural gas incomes?. The GCC
states have generally experienced continued population
growth from the time when oil was first discovered in this
region in the 1960s3. Moreover, the GCC countries’
demographics and health outcomes have changed
significantly over the past three decades*. While the lowest
growth was registered in Oman, the biggest was shown in
UAE. The population in these countries grown by a factor of
6.6 and 97 4, respectively. The foregoing can be explained in
terms of the changes that both countries had experienced on
their economies. In the early 1960s, oil resources generate
approximately the 90% government’s revenue for both
countries. Six decades later, this number changed to 85% for
Oman and 30% for UAE. Economy diversification and jobs
creations have been a priority for UAE during the mentioned
period. It has attracted families from all over the wold but
specially from neighbour countries, which is manifested on
rapid population growth.

Life expectancy and mortality have changed dramatically
in GCC countries due to their growth and evolution. For this
indicator, the lowest value is for Saudi Arabia with 76 years, in
contrast with the highest, equal to 76 reported by Bahrain
and Qatar*5. Moreover, alongside economic changes and
geopolitical developments of the GCC nations, health
problems have been increasing. Certain groups of specific
diseases are believed to be responsible for the majority of
deaths378. For instance, indicators and measures that better
describe causes of mortality by type, gender, region, season,
etc.are necessary to provide policy makers with more accurate
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information. Better-informed decisions will inevitably be
reflected in the prevention of diseases and improvements to
the health and pension systems. To the best of our knowledge,
in contrast with other regions around the world, research on
cause-specific mortality for causes of death in GCC countries
has been non-existent.

According to the World Health Organization report in
2010, mortality records indicate the numbers of individual
deaths by place, time and specific cause such as
non-communicable diseases®'". The literature provides a very
long history and a growing range of studies on mortality
modelling, prediction and analysis. Lee and Carter'? and McN
own and Rogers'3, conducted two of the earliest works on the
stochastic modelling of mortality. These reports were followed
by numerous studies on mortality modelling and forecasting,
which were reviewed by several authors''>, Researchers
such as statisticians, actuaries and demographers have used
three broad methodological development approaches:
Expectation, extrapolation and explanation’ 2. Despite this
progress, studies on cause-of-death mortality are lacking for
many developing countries and GCC states.

According to the WHO Global status report on non-
communicable diseases, up to 50% of people die before the
age of 60 years from non-communicable diseases, which are
characterized by long duration and very slow progression,
such as heart disease, cancer, diabetes, chronic lung disease
and other chronicrespiratory diseases®. Thereis evidence that
these non-communicable diseases constitute the majority
of the diseases in GCC countries due to unhealthy lifestyles
in GCC countries, which involve physical inactivity, high
caloric intake, insufficient focus on disease management
and prevention, a lack of early-stage disease interventions
and insufficient treatment alternatives for managing
non-communicable diseases and their complications.
However, most developing countries still have limited data
and information about mortality and causes of death of their
populations as reported by WHO?*". The GCC states have a poor
history of demographic and mortality data collection?>%,
Suppressive governmental policies or neglect by some
governments of data collection and archiving were the main
reasons behind the poor historical data availability in the
GCC™M,

To the extent that the available data allow, this study has
three specific objectives. The first objective is to perform an
exploratory data analysis regarding the most frequent causes
of death in GCC countries. The second is to propose a
classification of the GCC countries according to which
cause-specific mortality is most critical. Finally, this paper
provides empirical (explanative) evidence regarding the most
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critical causes of deaths, to support policy makers in fields
such as healthcare, pensions and health and social insurance.
At the time that this study was conducted, no other research
had been conducted with these objectives within the context
of GCC countries.

MATERIALS AND METHODS

This study focuses on mortality data based on The
International Statistical Classification of Diseases and Related
Health Problems (ICD) in the six GCC countries, Fig. 1
illustrates a map indicating GCC states and Table 1 shows total
populations. The latest version is the 10th Revision, which
was authorized by the Forty-third World Health Assembly in
May 1990. For GCC countries, the WHO mortality
database (www.who.int/healthinfo/mortality_data) provides
data for the period 2000-2014. The ICD-10 was designed as

Table 1: Total populations of GCC countries?

a system of diagnostic codes for classifying diseases into 19
major categories, each of which includes a set of similar
diseases. These categories are listed in Table 2. For the sake of
simplicity, in this study, the 19 categories of ICD-10 are
coded from T1-T19 as shown in Table 2.

However, the ICD-10 data on mortality are missing for
some calendar years in some GCC countries, from these data
can be inferred that Bahrain and Kuwait had implemented
better data management systems, in contrast with UAE and
Qatar.

Multiple correspondence analysis (MCA) is a multivariate
statistical method that is suitable for investigating data
composed of categorical variables. While principal component
analysis is more appropriate for continuous data, MCA enables
exploring relationships among discrete data. The factor scores
in the MCA algorithm are obtained through the singular value
decomposition by applying Eq. 1:

Total population (Thousands)

Country 1960 1970 1980 1990 2000 2010 2015
Bahrain 162 213 360 496 665 1241 1372
Kuwait 270 747 1372 2100 2051 2998 3936
Oman 552 724 1154 1812 2268 3041 4200
Qatar 47 110 224 476 592 1780 2482
Saudi Arabia 4087 5836 9741 16327 20764 27426 31557
UAE 93 235 1042 1860 3155 8271 9154

Saudi Arabia

Fig. 1: Map indicating GCC member states (Sources: https://www.worldatlas.com/articles/qulf-cooperation-council-gcc-

countries.html)
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Table 2: International classification of diseases and related health problems,
10th revision

Codes Type of disease

T Certain infectious and parasitic diseases

T2 Neoplasms

T3 Diseases of the blood and blood-forming organs

T4 Endocrine, Nutritional and Metabolic and Immunity disorders
T5 Mental disorders

T6 Diseases of the nervous system

17 Diseases of the eye and adnexa

T8 Diseases of the ear and mastoid process

T9 Diseases of the circulatory system

T10 Diseases of the respiratory system

T Diseases of the digestive system

T12 Diseases of the skin and subcutaneous tissue

T13 Diseases of the musculoskeletal system and connective tissue
T14 Diseases of the genitourinary system

T15 Pregnancy, childbirth and the puerperium

T16 Conditions originating in the perinatal period

T17 Congenital malformations, deformations and abnormalities
T18 Symptomes, signs and abnormal clinical and laboratory findings
T19 External causes of morbidity and mortality

D =(Z-rc")D = PAQT (M

On expression (1), the diagonal matrix of singular values
is denoted by A and the matrix of eigenvalues by A% Note that
in formula (1), P is related to the rows and Q is related to
columns. After performing some algebra operations, the
former expression is transformed on Eq. 2 and 3, which allow
to obtain numerical approximations for factor scores:

F=D"PA )

G=D{"QA (3)

According to Abdi and Valentin?, a remarkable property
of MCA is its capacity for generating intuitive and “easy-to-
read” visualizations, taking Eq. 2 and 3 as a starting point. Let
f.; be the absolute frequency for row i on variable j. Then, the
squared cosines between i and factor | and j and factor | are
obtained by the Eq. 3 and 4:

FZ

o, d%‘ 4)
G

Ou=g (5)

In literature is suggested that only those factors with
eigenvalues greater than 1.0 should be considered in the
analysis?. Thus, only the first | factors, which satisfy, A>1 are
retained.
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For proximities between column-points (variables),
some authors distinguish between two cases?’. If the distance
between different categorical variables is small, then they
tend to have similar values for the investigated individuals.
Second, if the distance between levels of the same categorical
variable are not small, the existence of groups (clusters) of
observations is indicated and each group might be related to
a different category.

Based on previously presented formulations, this study
applies MCAtoinvestigate relationships among mortality data
in GCC. Moreover, data is represented by using heat maps,
which are ingenious formats for displaying data®.

RESULTS

The MCA output, which comprises the 19 types of
diseases for six countries, is presented in Fig. 2. The diseases
are presented in blue and the countries are highlighted in red.

Additionally, results enabled us to cluster the investigated
countries into three groups, according to the diseases that are
most prevalent. Cluster |, which includes Bahrain and Oman,
is highlighted in Fig. 2. Note that these countries are more
closely related to diseases T3, T12, T13, T4 and T5. A second
cluster is formed with three countries: Kuwait, Qatar and UAE.
Weidentify these countries asrelated to diseases T1,T2,T6,T9,
T10, T11, T17 and T19. Finally, Saudi comprises the third
cluster, which is most closely related to diseases T14,T15,T16
and T18.

In brief, from these results, the following main findings are
stand out:

Conditions thatoriginate in the perinatal period (T16) and
symptoms, signs and abnormal clinical and laboratory
findings (T18), show higher prevalence in Saudi Arabia
Neoplasms (T2) and diseases of the circulatory system (T9)
are more prevalent in Kuwait

Diseases of the respiratory system (T10) and congenital
malformations, deformations and abnormalities (T17) are
more prevalent in UAE

Second part of results comprises heat maps. Head maps
are obtained with two principal axes of the Multiple
Correspondence Analysis. On figure 3,an aggregated measure
of all diseases is given by red and blue colours. While the most
intense red indicates higher presence of the studied diseases;
the darkest blue refers to the least sick countries. In between,
different tones and diseases levels. Clusters are highlighted
with black lines). To visually distinguish between countries
based on the prevalence of diseases, two colours were used.
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Fig.2: Multiple correspondence analysis for diseases and
countries

Dim1

Dim1

Fig.3: Heat map for countries based on total numbers of
diseases. An aggregated measure of all diseases is
given by red and blue colours. While the most intense
red indicates higher presence of the studied diseases;
the darkest blue refers to the least sick countries. In
between, different tones and diseases levels. Clusters
are highlighted with black lines

Different tones of red are employed to indicate higher levels
of all diseases, whereas blue tones indicate lower levels.
Kuwait is identified as the country with the highest number of
prevalence of diseases, followed by Saudi and UAE. More than
50% of the total number of diseases occur in these countries.
In contrast, in blue, Oman is identified as the country with the
fewest illnesses, followed by Qatar and Bahrain (Fig. 3).
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Maps of the region on Fig. 4a-fare provided. Each country
is coloured according to the prevalence of each disease. For
the sake of simplicity, only the six diseases with the highest
prevalence are projected onto the region maps. According to
Fig. 4a, Kuwait clearly has most occurrences of disease T10,
followed by Saudi Arabia and UAE. In the case of disease T15,
Saudi Arabia has the highest percentage. Kuwait also has the
highest percentage for disease T9. In the case of disease T13,
Bahrain has the highest percentage. For disease T4, Kuwait has
the highest percentage. Finally, in the case of disease T16,
Saudi has the highest percentage.

As it is detailed explained on the following section,
among the main causes for these results are some habits of
the civil population and extreme weather conditions on the
region.

DISCUSSION

One of the most intriguing findings is the increasing
number of non-communicable diseases occurring in GCC
countries, with special emphasis on Kuwait, Saudi Arabia and
UAE. This increase may be because the emergence of non-
communicable diseases is strongly correlated with certain
habits and lifestyles. Specifically, smoking, physical inactivity
and unhealthy diets are considered triggers for chronic
diseases such as lung cancer, hypertension and diabetes.

According to a 2017 WHO report on the global tobacco
epidemic®, higher rates of smoking (for youth and adult
tobacco use for both sexes) among GCC countries are found
in Kuwait, Saudi Arabia and UAE. Unsurprisingly, the
prevalence of certain diseases of the respiratory system is
increasing (T10), with the highest prevalence in Kuwait,
followed by Saudi Arabia and UAE (Fig. 4a). A second factor is
related to weather conditions in the region. Specifically, dust
storms and suspended particles are major sources of air
pollution in the GCC countries. Strong dust storms frequently
cover the entire region throughout the year®'. Moreover, gas
emissions, such as volatile and non-volatile organic carbon,
sulfide compounds, hydrocarbons and nitrogen oxides, which
result from energy production (e.g., oil and gas refineries) are
very common sources of air pollution in many industrial sites
in the GCC countries?'. Other authors provided evidence that
air quality and atmospheric pollution levels are associated
with daily variations in mortality®2. Probability of mortality
from certain diseases that are closely related to the respiratory
system (T10) is increasing in GCC countries, refer to Fig. 4a.

Meanwhile, regarding unhealthy dietary habits, in this
region women representalarger group and incorporate fewer
fruits and vegetables into their diets than men3. Women also
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(a)Diseases of respiratory system (T10), (b) Pregnancy, childbirth and the puerperium (T15), (c) Circulatory system

disease (T9), (d) Musculoskeletal disease (T13), (e) Immunity disorders (T4) and (f) Conditions originating in the
perinatal periodimmunity disorders (T16). Vertical axis refers to disease levels in six clusters and normalized between

0-1

engage in less physical activity. For this factor, Saudi Arabia
has the highest rates and Oman the lowest. The extreme
weather conditions that prevail in the region, which are
characterized by high humidity and temperature, might
explain why people are discouraged from engaging in
outdoor activities. This may be why Saudi Arabia ranks in the
top three in terms of prevalence of the following types of
diseases: pregnancy, childbirth and the puerperium (T15)
(45%), conditions originating in the perinatal period (T16)
(65%) and symptoms, signs and abnormal clinical and
laboratory findings (T18) (50%). In contrast, Oman has the
lowest percentages of people with pregnancy, childbirth and
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the puerperium (T15) (4%) and conditions originating in the
perinatal period (T16) (9%). Table 3 provides percentages for
all investigated countries.

Regarding obesity and overweight problems, we
observe that all GCC countries show rates higher than the
threshold suggested by the WHO, except for Oman®%,
Kuwait has the highest obesity rate, followed by Saudi
Arabia3. Moreover, obesity is one of main causes of
circulatory system diseases (T9). Table 3 and Fig. 4c show
that Kuwait has the highest mortality percentage for
disease T9 (45%), followed by Saudi Arabia (22%) and UAE
(16%).
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Table 3: Disease prevalence by country

T T2 T3 T4 T5 T6 7 T8 T9
Country (%) (%) () (B () (0 (% (%) (%

T1I0  T11 T12 T13 T4 TI15 Tie T17 T18 T19 Total
%) (%) (%) (%) %) % (%) (%) (%) (%) (%

BHR 12 13 35 37 44 21 27 0 14
KWT 27 40 20 30 28 33 0 0 45
OMN 6 4 8 8 10 5 55 0 4
QAT 4 9 7 14 6 9 0 0 5
SAUDI 31 18 31 il 2 32 18 0 22
UAE 20 16 0 0 10 0 0 0 10

12 16 42 38 18 15 6 8 9 7 13
31 32 8 24 21 22 22 39 3 26 28
4 5 10 5 4 4 3 9 3 5
6 9 7 7 8 10 5 7 1 10 8
26 27 39 21 39 45 56 25 50 37 32
21 12 0 0 10 4 7 18 18 17 14

(%]

Several studies have found a correlation between rapid
economic growth and risk of diabetes. Other studies have
shown that physical inactivity and fatty food are associated
with an increased risk of diabetes33*3>. This perception is
compatible with our findings, in which Bahrain, Saudi Arabia
and Kuwait have the highest percentages of mortality due to
diseases related to blood and blood-forming organs (T3), refer
to Table 3. In the same context, Saudi Arabia, Kuwait and
Bahrain have the highest populations that eat less healthy
food and engage in less physical activity as documented in
literature®. Furthermore, Saudi Arabia's economy ranks third in
the Middle East and North Africa region and Kuwait ranks
5thinthelatest edition of the World Economic Forum’s Global
Competitiveness Report 2014-15%. Our results provide
complementary evidence supporting a relation between
diabetes risk and economic growth. Additional evidence
points to the existence of a strong relation between the risk of
non-communicable diseases and unhealthy habits (smoking,
high-calorie foods, physical inactivity and overweight)!”37:3,
This is consistent with the results of other studies, in which
strong correlations between smoking, lack of physical activity
and risk of lung cancer'”3” and between air pollution and
deaths associated with respiratory systems are
demonstrated32,

In GCC countries, the common systems of healthcare,
pension and health and social insurance were created when
the leaders of the GCC countries recognized the importance
of the social and economic impacts of pension and social
insurance policies on their citizens®. Based on the results of
this MCA study, which are shown in Fig. 2, Kuwait, Qatar and
UAE were identified as the countries that are most severely
affected by diseases T1, T2, T6, T9, T10, T11, T17 and T19.
Consequently, policy makers in the Secretariat General of the
GCCshould focus on those diseases when they write the laws
and regulations for the healthcare agreements.

However, thereis still a need to collect up-to-date data on
cause-specific mortality in the GCC region, which is essential
for decision makers in developing the regional healthcare
system, pension and health and social insurance. For
instance, until now, no reliable study has been reported on
predicting current and future cause-specific mortality rates of

non-communicable diseases. Such predictions are essential
because they enable decision makers and actuaries in GCC
countries to evaluate the impact of cause-specific mortality
rates on pension and social insurance policies.

CONCLUSION

This study was carried out to investigate the
cause-specific mortality in six GCC countries for a set of
19types of non-communicable diseases from WHO. This study
concluded that share common risk factors such as smoking,
physical inactivity, unhealthy diets. Dust storms and oil and
gas emissions are highly associated with cause-specific
mortality in GCC countries. This should help researchers and
policy makers in the healthcare, life insurance and actuarial
sectors to better understand and evaluate the risk of cause-
specific mortality.

SIGNIFICANCE STATEMENT

The present study applies a multivariate statistical
method and heat map to addresses most frequent causes of
mortality in the GCC region. It recommends a classification of
the GCC countries according to which cause-specific mortality
in order to provide explanative evidences for the common risk
factors associated with the mortality in GCC countries. This is
can be beneficial for policy makers in tackling the increased
risk of non-communicable diseases, which will lead to growing
cost and poorly quality in the healthcare and actuarial sectors
in the GCCregion. Critically, this can guide policy makers as to
where interventions and improvements are needed. Thus, a
new risk assessment model from an actuarial perspective will
be the subject of future study.
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