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Abstract

Background: The Kingdom of Saudi Arabia faces one of the highest
prevalence rates of type 2 diabetes mellitus (T2DM) in the world. However,
there are no credible local data on the trends and future projections of the
disease, and the relevant international studies underestimated the true
prevalence rates. This thesis used epidemiological modelling to study the trends
in T2DM prevalence in Saudi Arabia, predicted its future levels, and quantified

the impact of reducing some risk factors on the disease prevalence trends.

Methods: This thesis developed and validated the “Saudi IMPACT Diabetes
Forecast Model”, which integrates data on the population, obesity and smoking
prevalence trends in Saudis aged 225 years to estimate the trends in T2DM
prevalence (1992-2022) using a Markov modelling approach. The model
considers different reasonable scenarios of future trends in obesity prevalence,
and incorporates a number of parameters to model the disease epidemiology.
These parameters include the estimated diabetes incidence, case-fatality, total
mortality, relative risk of diabetes if obese, and relative risk of diabetes if a
smoker. The model data inputs and parameters were obtained from different
sources, including local departments, medical literature and assumptions. The
model results were validated against local data from the STEPwise survey in
2005, and against the model of the Global Burden of Disease study, where the

model produced reasonably close results to both of these studies.

Results: The prevalence of T2DM among the Saudi population aged =225 years
was estimated to rise substantially during the 30-year period of 1992-2022 from
8.5% to 39.5%, assuming some levelling off of obesity trends (capping), or to
44.1%, assuming uncapped increasing obesity trends. In men, T2DM
prevalence was estimated to increase from 8.7% to 39.2% with capped obesity
trends, or to 41.3% with continuing linear increase in obesity trends. In women,
T2DM prevalence was estimated to increase from 8.2% to 39.8% with capping
of obesity trends, or to 47.7% without such a capping. The model showed that if
the trends in obesity start to decline by 10% in 12 years (2010-2022), a relative
reduction of 13% in diabetes prevalence could be achieved. If the prevalence of
obesity was halted at the 2010 levels, a 10% relative reduction in diabetes

prevalence could be attained by 2022.



Conclusion: T2DM is currently a major public health challenge in Saudi Arabia,
and this thesis predicted that its burden will increase substantially in the next
decade. Intensive and aggressive preventive measures directed to reduce the
levels of risk factors, particularly obesity and smoking, can result in reasonable

reduction of the disease prevalence, and therefore should be an urgent action.
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Chapter 1. Introduction
1.1. Background

Diabetes mellitus (DM) as a disease was first recognised around 3000 years
ago by the ancient Egyptians and Indians who described some clinical features
very similar to what is now known as DM. The Greek word “diabetes” means “a
siphon” referring to excessive urination, while the word “mellitus” means “honey
sweet” referring to a sweet taste of urine. In 1776, excess sugar in blood and

urine was first confirmed in Great Britain.* 2

With passage of time, an extensive understanding of DM aetiology and
pathogenesis has been achieved. Currently, DM is defined as “a group of
metabolic diseases characterised by hyperglycaemia resulting from defects in
insulin secretion, insulin action or both. The chronic hyperglycaemia is
associated with disturbances in carbohydrate, fat, and protein metabolism and
can lead to long-term damage, dysfunction and failure of various organs,

especially the eyes, kidney, nerves, heart and blood vessels”.?

DM is classified into four major types based on aetiology and clinical picture:
type 1 DM, type 2 DM (T2DM), gestational DM, and other specific types. Type 1
DM usually results from absolute insulin deficiency and is caused by destruction
of B cells in the pancreas mostly due to a cellular mediated autoimmune
process. T2DM is characterised by insulin resistance and relative insulin
deficiency. Gestational DM is a glucose intolerance of varying degrees of
severity which starts or is first recognised during pregnancy. There are also
many other specific types of DM which can result from specific genetic

syndromes, surgery, drugs, malnutrition, infections, and other illnesses.* °

T2DM is the most common type of the disease, accounting for around 85-95%
of all diagnosed cases of DM.* ® The diagnosis of T2DM usually occurs after the
age of 40 years,® but can occur in younger adults and even children. People
with T2DM can remain asymptomatic for many years and the diagnosis is often
made incidentally or when complications occur.> ’ In contrast to type 1 DM,
T2DM patients are not dependent on insulin therapy and are not prone to



ketosis, but may require insulin for control of their hyperglycaemia if this is not

achieved with diet alone or with oral hypoglycaemic agents.>°

The aetiology of T2DM is complex, and is known to be multifactorial. T2DM is
associated with several risk factors which influence the disease occurrence, but
are not necessarily causal factors. These risk factors can be demographic (e.qg.
age), genetic, or behavioural (e.g. obesity, physical inactivity, diet, smoking).?
Behavioural risk factors are often known as ‘modifiable risk factors’, as changes
to these factors have been found to change the disease occurrence in high-risk

individuals.®

T2DM is now one of the most common non-communicable diseases (NCDs)
globally, and its levels are progressively increasing. It has been estimated that
around 366 million people worldwide, or 8.3% in the age group 20-79 years had
T2DM in 2011.° This number has been projected to rise to 552 million (9.9%) by
2030.° The disease is associated with severe complications which affect health
and productivity. More than 50% of people with diabetes die of cardiovascular
disease (primarily heart disease and stroke). T2DM is the single most common
cause of end stage renal disease which requires either dialysis or kidney
transplantation.® People with T2DM carry a risk of lower limb amputation that
may be more than 25 times greater than that seen in those without the disease.
T2DM is also a major cause of adult blindness due to retinal damage.® The
disease (in 2011) caused around 4.6 million deaths in the 20-79 age group, and
at least US$ 465 billion in healthcare expenditures, which was equivalent to

11% of total healthcare expenditures in adults.*

1.2. What is this thesis about?

This thesis used ‘epidemiological modelling’ as a tool to examine the trends in
prevalence of T2DM in the Kingdom of Saudi Arabia during the 30-year period
of 1992-2022. The thesis developed the ‘Saudi IMPACT Diabetes Forecast
Model’ which integrates information on trends in the structure of the Saudi
population with trends in the prevalence of two risk factors for T2DM: obesity
and smoking. Also, this thesis estimated the impact of reducing the levels of
obesity and smoking in Saudi Arabia on the future projections of T2DM

prevalence.



1.3. Why is this thesis important?

It is now well recognised that it is the low and middle income countries that face
the greatest burden of T2DM.™ This has been attributed mainly to the rapid and
progressive urbanisation and socioeconomic development in these countries,
which has resulted in great changes in the lifestyle of their populations toward
sedentary life and consuming ‘Westernised’ diets."* Among all low and middle
income countries, the World Health Organisation (WHQO)'s Eastern
Mediterranean Region (EMR) has been recognised as a major hot-spot for
T2DM, where the estimates and projections of its burden exceed those of other
world regions. The International Diabetes Federation (IDF) has ranked the
region of Middle East and North Africa (MENA), which comprises the largest
part of EMR, to have the highest global prevalence of diabetes in 2011 (12.5%)
and 2030 (14.3%).° However, the health care systems in these countries are
generally not yet ready to deal with such an increasingly worrisome health
problem. Public health planners and decision makers in these countries need to
be more aware of the current high burden posed by T2DM and its complications

and, crucially, prepare for its most likely increase during the coming decades.'®
12

The Kingdom of Saudi Arabia is one of the largest and richest countries in the
EMR. It has witnessed substantial socioeconomic development in recent
decades, as it is a leading oil-producing country. The levels of T2DM in Saudi
Arabia have been estimated to be among the highest in the world. The IDF has
ranked Saudi Arabia to be among the top 10 countries globally with the highest
projected prevalence of diabetes in 2011 (19.6%) and 2030 (22.3%).°
Furthermore, the prevalence of some risk factors for T2DM in Saudi Arabia (e.qg.
obesity) has also been estimated to be among the highest globally.** Although
there are currently efforts undertaken by the Saudi Ministry of Health (MOH)
toward creating T2DM prevention strategies, it appears that these strategies
require further developments and more aggressive implementation. The lack of
a structured national risk factors and morbidity surveillance systems in the
Kingdom makes understanding past trends and making future projections of the

diabetes burden a very urgent and difficult task.



Nevertheless, there are some studies that provided useful estimates and
projections of the prevalence of T2DM in Saudi Arabia.” ***" These studies
based their estimates and projections solely on the demographic changes
(urbanisation and ageing), and did not directly take into account major
determinants of T2DM, such as obesity. Therefore, it is most likely that such
studies underestimated the actual trends and future projections of T2DM
prevalence in Saudi Arabia, and their estimates have been well surpassed by
the ‘observed’ data from national surveys.'® *° On the other hand, there is only
one international study?® that attempted to incorporate the trends in body mass
index (BMI) to inform the estimates of T2DM in Saudi Arabia. However, that
study only provided estimates to 2008, with no future projections. Furthermore,
all these available studies did not provide ‘what if’ policy analyses to examine
the likely impact of reducing the levels of some risk factors on the disease future
projections (which is an essential feature in order to engage with policy
makers).

Thus, this thesis uses ‘epidemiological modelling’ as a logical analytical
framework to make inferences about past trends and future projections in T2DM
prevalence in Saudi Arabia. These inferences are based primarily on integrating
demographic trends, as well as the trends in two risk factors for T2DM (obesity
and smoking). In addition, this thesis uses this framework to explore health care
policy strategies to reduce T2DM prevalence, by providing different ‘what if’
analyses to estimate the likely impact of reducing obesity and smoking on the
T2DM prevalence projections in Saudi Arabia.

1.4. Why does this thesis use modelling?

Modelling is being increasingly used in the fields of epidemiology and public
health. Models are used mainly to guide policy decisions in many areas that
affect human life and health. Since models combine data from various local
sources with trial based effectiveness evidence, they can form a helpful tool for
decision making process.”> Models permit policy makers to examine and
compare between various future policy options and intervention scenarios within
a population; hence they provide a helpful tool for appropriate planning and

resource allocation.?® 22



There is a large number of published diabetes modelling studies.?*?° Most of
these models have been related to the ‘clinical’ and ‘health economics’ aspects
of T2DM (e.g. modelling the disease clinical progression and complications,
modelling the health care costs of diabetes, and modelling the cost-
effectiveness of some drug treatments and interventions).?* > These modelling
studies have utilised a large variety of data on the disease complications and
health care costs from several developed countries.?® 2" There are fewer
published diabetes models that attempted to study the trends in the prevalence
of T2DM and forecast its future burden in specific populations.>**? However,
most of these models are proprietary, and all of them have been used in
developed countries and require different types of data inputs that might not be

available in less developed settings.

Recently, the IMPACT Diabetes Forecast Modelling methodology was originally
developed for use in settings with limited data, and was initially piloted in four
developing countries of the EMR (Tunisia, Syria, Turkey, and Palestinian
areas).®®* An appealing aspect of the methodology is its focus on validation of
the model exploring recent past trends in diabetes; a feature not often explored
in other modelling approaches.® This important aspect helps in creating models
that are relevant to specific populations, each one with different demographic
and epidemiologic characteristics. Therefore, a “Saudi version” of the IMPACT
Diabetes Forecast Model has been created (with assistance of my supervisor;
Dr Martin O’Flaherty, University of Liverpool) specifically for this thesis. The
model integrates data on trends in population structure, obesity prevalence and
smoking prevalence in order to estimate the trends in T2DM prevalence and

predict the likely future levels of the disease in Saudi Arabia.

In this thesis, a number of substantial improvements/ developments were
undertaken to the original IMPACT model. First, the section of “sensitivity
analyses” was significantly developed to involve further rigorous types of
analyses. In the original IMPACT model, the uncertainties around the modelling
parameters were examined by applying only the ‘analysis of extremes’ method
(discussed in detail in chapter 4) to produce uncertainty intervals. In
comparison, the Saudi IMPACT Diabetes Forecast Model used, in addition, the
method of ‘scenario analysis’ to explore uncertainty in the future trends of key

model inputs. So, all the model results were presented in different scenarios
5



and with uncertainty intervals. Second, the section of ‘what if policy analyses’ in
the original IMPACT model was extensively developed and expanded in this
thesis. In the original IMPACT model, there were only two policy reduction
targets (one for obesity prevalence and another for smoking prevalence), and
both of them were ‘theoretical’ targets. On the other hand, the Saudi IMPACT
Diabetes Forecast Model used local policy targets, in addition to other
international targets set by leading authorities. Hence, several policy scenarios/
options were analysed in this thesis, which should offer more comprehensive
and ‘realistic’ intervention options for policy makers. The approach which |
created and used in my thesis for the ‘what if’ policy analyses is currently being
considered as a framework for use in the four EMR countries, in which the
original IMPACT model is being used (personal communication, Julia Critchley
and Martin O’Flaherty, March 2013). Third, the original IMPACT model was
validated only by comparing its estimates to the observed national data. In
comparison, this thesis undertook, in addition, a substantially detailed
‘concurrent validation’ comparing the model estimates to other existing models
of the same purpose, such as that of the most recent IDF Diabetes Atlas,’ a

recent Global Burden of Disease (GBD) project,?’ and other studies.***’

1.5. Why does this thesis use only obesity and smoking as risk factors

for T2DM?

As indicated earlier, this thesis used the trends in prevalence of obesity and
smoking in Saudi Arabia to inform the estimates and future projections of T2DM
prevalence. However, other important ‘modifiable’ risk factors, such as physical
inactivity and diet, were not included in this thesis. Reliable nationwide data on
the prevalence of obesity and smoking in Saudi Arabia at different points in time

are available!® 343°

, and could be used to estimate the likely trends and future
projections of these two risk factors. On the contrary, prevalence data on
physical inactivity and dietary patterns in the Saudi population are scarce, with
only one published national study™® measuring these two conditions. In general,
even in more developed countries, the assessment of physical activity and
dietary patterns in population studies is difficult, as there are variations in the
methods of measurement of these two conditions, and most of such methods

are of highly ‘subjective’ nature.*°



Nevertheless, this thesis captured well the most important determinant of T2DM
(i.e. obesity), considering different reasonable scenarios of the future obesity
trends in Saudi Arabia, and the model was validated against both local data and

other models.
1.6. The overall aim of this thesis

This thesis aims to support the Saudi Ministry of Health by providing robust
estimates and future projections of T2DM prevalence, and providing quantified
policy options, likely to be the most effective in reducing the disease burden in

the Kingdom.

1.7. Specific objectives

1. To identify and evaluate the existing local data on prevalence of T2DM,
obesity and smoking, as well as population and demography in Saudi
Arabia.

2. To develop and use the Saudi IMPACT Diabetes Forecast Model to estimate
the trends and likely future projections of T2DM in Saudi Arabia.

3. To conduct extensive sensitivity analyses of the modelling results to

examine the uncertainties around the model parameters.

4. To validate the Saudi IMPACT Diabetes Forecast Model against local
observed data, and carry out detailed comparisons of the model estimates

and projections against previous existing modelling studies.

5. To conduct a series of ‘what if analyses to quantify the estimated reduction
in the projected T2DM prevalence, that can be attributed to specific targeted

reductions in the prevalence of obesity and smoking in the Kingdom.

6. To make recommendations regarding the appropriate preventive

interventions for Saudi Arabia in order to reduce the prevalence of T2DM.



1.8. Overview of the chapters
This thesis contains 10 chapters, including this introduction chapter (chapter 1).

Chapter 2 summarises the criteria used to diagnose T2DM, and provides
definitions of the relevant terms. It also presents a detailed discussion of the
several risk factors associated with T2DM. Also, it discusses the available
evidence regarding the role of ‘modifying’ the two risk factors studied in this
thesis (obesity and smoking) in the prevention of T2DM.

Chapter 3 presents a literature review regarding the size of the problem of
T2DM in different settings. Firstly, the chapter starts with presenting the
different global estimates and projections of T2DM in the total world population.
Secondly, it discusses the disease prevalence estimates in the developing
countries, with a particular focus on the EMR. Thirdly, the chapter also presents
a comprehensive review of the national prevalence studies of T2DM, obesity
and smoking in the countries of Gulf Cooperation Council (GCC), which are
neighbouring to Saudi Arabia and share similar social, cultural and economic
characteristics. Finally, chapter 3 ends with an extensive discussion of the
Saudi context, in terms of demography, health care system, levels of NCDs,
diabetes care, and the national studies on the prevalence of T2DM, obesity and

smoking.

Chapter 4 offers a theoretical discussion on modelling in terms of definition,
uses, types, structure, and limitations. This chapter also discusses the steps
involved in developing a model, and the existing diabetes models in the

literature.

Chapter 5 provides an extensive description and discussion of the model
developed for this thesis (the Saudi IMPACT Diabetes Forecast Model), data
inputs used to construct the model, data sources with their strengths and
limitations, assumptions, and methods of estimating and projecting T2DM

prevalence in Saudi Arabia.

Chapter 6 presents the past and current trends in T2DM prevalence in Saudi
Arabia (for the period 1992-2013), as estimated by the Saudi IMPACT Diabetes



Forecast Model. All results are presented with uncertainty intervals and in

different modelling scenarios as methods of extensive sensitivity analyses.

Chapter 7 presents the future projections of T2DM prevalence in Saudi Arabia
(for the period 2014-2022), as estimated by the Saudi IMPACT Diabetes
Forecast Model. Again, all results are presented with uncertainty intervals and

in different modelling scenarios as methods of extensive sensitivity analyses.

Chapter 8 discusses the available local and international policy targets to
reduce the prevalence of adult obesity and smoking. Also, this chapter presents
the likely impact of applying such targets on the future projections of T2DM

prevalence in Saudi Arabia, as predicted by the model.

Chapter 9 provides detailed comparisons of the results of the Saudi IMPACT
Diabetes Forecast Model against previous modelling studies of diabetes

prevalence estimates for Saudi Arabia.

Chapter 10 presents the overall discussion and conclusions. It presents a
summary of the main findings, strengths and limitations of the thesis,
implications of the results, recommendations for policy action and further

research, and conclusion.



Chapter 2. Type 2 diabetes: diagnosis and risk factors

In this chapter, two main topics are discussed: a) the criteria used to diagnose
T2DM with defining some relevant terms, and b) the risk factors associated with
the occurrence of T2DM, and the role of modifying the two risk factors studied in
this thesis (obesity and smoking) in prevention of the disease.

2.1. Diagnosis of type 2 diabetes (brief overview)

Diagnosis of T2DM requires an appropriate and uniform system of classification
to identify and differentiate the various forms and stages of glucose
abnormalities. Such a classification is a major requirement for epidemiological
and clinical research as well as for the clinical management of the disease.?
However, the knowledge regarding diabetes aetiology and pathogenesis is still
growing progressively. As a result, the criteria used to diagnose/ define T2DM
have been repeatedly revised by leading organisations, such as the WHO and
the American Diabetes Association (ADA), as more information relevant to the

diagnosis has become available.?
2.1.1. Relevant definitions

2.1.1.1 Oral Glucose Tolerance Test (OGTT)

OGTT refers to the measurement of blood glucose values while fasting and at
two hours (2 h) after a 75-grams oral glucose load. For children, the oral
glucose load is related to body weight (1.75 g/kg).°®

2.1.1.2. Impaired Glucose Tolerance (IGT) and Impaired Fasting Glucose (IFG)

Both of these terms refer to a metabolic stage intermediate between normal
glucose homeostasis and diabetes. This metabolic stage is often referred to as
pre-diabetes or intermediate hyperglycaemia.® IGT and IFG are not clinical
entities, but rather risk factors for future diabetes and adverse outcomes.** IGT
Is associated with muscle insulin resistance and defective insulin secretion,
while IFG is associated with impaired insulin secretion and impaired

suppression of hepatic glucose output.*
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2.1.2. Diagnostic criteria

Table 2.1 summarises the different criteria used at different time points to
diagnose diabetes. In 1965, the WHO first published criteria for the diagnosis
and classification of diabetes. These criteria were based on specific defined
values for fasting blood glucose and/or OGTT, and were revised several times
by the WHO, in 1980, 1985 and 1999.*

In 1997, the ADA revised the available diagnostic criteria. While the threshold of
OGTT remained unchanged (11.1 mmol/l), the ADA recommended lowering the
threshold of fasting glucose for diagnosis of diabetes from 7.8 mmol/l (140
mg/dl) to 7.0 mmol/l (126 mg/dl) (Table 2.1).°> Moreover, the ADA recommended
that for epidemiological studies, estimates of diabetes prevalence and incidence
should be based only on fasting plasma glucose (FPG) of 2126 mg/dl. This
recommendation was justified by the interest of standardisation and facilitating
the field work, particularly where the OGTT may be difficult to perform and
where the cost and demands on participants' time may be excessive.® In 1999,
the WHO accepted the ADA’s recommendations of using the revised threshold
of fasting glucose to diagnose diabetes and using such a threshold alone for

epidemiological purposes.*

The use of OGTT for clinical purposes is an issue of continuing debate.
Although the ADA acknowledges the OGTT as a valid method to diagnose
diabetes, the use of the test in clinical practice is discouraged in favour of FPG.
This is due to inconvenience, greater cost and less reproducibility. On the other
hand, the WHO recommends that OGTT should be retained as a diagnostic test
for diabetes in clinical practice because it has been found by various studies
that FPG alone fails to diagnose approximately 30% of undiagnosed diabetes
cases.*! In addition, OGTT is the only means of identifying people with IGT.
Thus, the WHO recommended that OGTT should be used in individuals with an
FPG of 6.1-6.9 mmol/l (110-125 mg/dl) to determine glucose tolerance status.**

More recently, a WHO consultation report (published in 2011) recommended
that glycated haemoglobin (HbAi;) can be used as a diagnostic test for
diabetes.”® Normally, A certain amount of haemoglobin is glycated (to form

HbA;.) as a result of exposure to plasma glucose. As the average amount of
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plasma glucose increases, the fraction of HbA;¢ also increases, so that it serves
as a marker for average blood glucose levels over the previous period (8-12
weeks) prior to the measurement.** HbA;. was introduced into clinical practice
in the 1980s, and recently, there has been substantial interest in using it as a
diagnostic test for diabetes and as a screening test for persons at high risk of

the disease.®®

The recent WHO consultation report has recommended HbA;; as a diagnostic
test “providing that stringent quality assurance tests are in place and assays are
standardised to criteria aligned to the international reference values, and there
are no conditions present which preclude its accurate measurement. An HbA ;.
of 6.5% is recommended as the cut point for diagnosing diabetes. A value of
less than 6.5% does not exclude diabetes diagnosed using glucose tests”.*?
This report recommended that the previous 1999 diagnostic criteria should not
be changed. In addition, “the diagnosis of diabetes in an asymptomatic person
should not be made on the basis of a single abnormal plasma glucose or HbA ;¢
value. At least one additional HbA;. or plasma glucose test result with a value

in the diabetic range is required, either fasting or from the OGTT".*®

In some laboratories, the precision of HbA;. measurement is similar to that of
plasma glucose. In addition, evidence reviewed by the WHO consultation
suggests that HbA;. gives equal or almost equal sensitivity and specificity to a
fasting or OGTT measurement as a predictor of prevalent microvascular
complications of diabetes (e.g. retinopathy).** Furthermore, compared to
plasma glucose and OGTT, HbA;. is more convenient, performed at any time of
the day, does not require any special preparation such as fasting, and has no
day-to-day variability in glucose. These advantages have made HbAi; a
preferred test for diagnosing diabetes and for assessing glycaemic control in
diabetic individuals in some countries. Also, these properties have implications
for early identification and treatment which have been strongly advocated in

recent years.*?

However, HbA;. has some limitations. First, the cost of the test is much higher
than measuring plasma glucose. Second, there are many genetic, haematologic
and other factors that influence the measurement of HbA .. For instance, some
genetic haemoglobinopathies, in addition to iron and vitamin B12 deficiency
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may increase or decrease HbAi. levels. Third, for many countries, the test is
unavailable, the HbA,. assay is not currently well enough standardised, or there
are high prevalences of conditions such as haemoglobinopathies, which affect
HbA;. measurement.** Therefore, the WHO consultation has indicated that
these limitations make it difficult to recommend using HbA;. as a diagnostic test
universally at this time. It has been concluded that the choice of diabetes
diagnostic method will depend on local considerations such as cost, availability
of equipment, population characteristics, presence of a national quality

assurance system, etc.*®
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Table 2.1. The WHO and ADA diagnostic criteria for diabetes and intermediate hyperglycaemia at different points in time

41,43

WHO 1965 WHO 1980 WHO 1985 ADA 1997 WHO 1999 WHO 2011
Normal
Fasting glucose Not specified Not defined Not defined < 6.1 mmol/l The WHO 1999
criteria retained
2 h glucose < 6.1 mmol/l - Not specified but <7.8
. mmol/l implied (HbA,.) can be
Diabetes used as a
i ifi > > > >
Fasting glucose Not specified > 8.0 mmol/I > 7.8 mmol/I > 7.0 mmol/I > 7.0 mmol/I diagnostic test for
and / or or or or diabetes with a
> > > > >
2 h glucose > 7.2 mmol/l >11.0 mmol/l >11.1 mmol/l >11.1 mmol/l >11.1 mmol/! recommended
value of 6.5% as
or the cut point for
Random blood glucose: . p
Plasma (venous)211.1 mmol/I d!agnosmg
Plasma (capillary) 212.2 mmol/! diabetes
Whole blood (venous) 210.0
;(capillary) 211.1 mmol/|
IGT

Fasting glucose
2 h glucose
IFG

Fasting glucose

2 h glucose

6.1—-7.1. mmol/l

Not defined

< 8.0 mmol/l
and

>8.0and

< 11.0 mmol/l

Not defined

<7.8 mmol/I
and
>7.8and
<11.1 mmol/l

Not defined

Not required

>7.8and
<11.1 mmol/l

5.6 to 6.9 mmol/I

Measurement not
recommended (but if
measured should be <
11.1 mmol/l)

< 7.0 mmol/l
and
>7.8and
<11.1 mmol/l

>6.1and
<7.0 mmol/I
and

< 7.8 mmol/l
(if measured)
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It is important to mention that in this chapter and others, a distinction was made
between “developed” and “developing” countries. This distinction was based on
the classification of countries by the World Economic Situation and Prospects
(WESP), United Nations.** WESP has classified countries as developed
economies, economies in transition and developing countries, based on a
combination of different criteria that reflect the living standards, industrial base,
and other indicators. According to this classification, European countries, US,
Canada, Japan, Australia, and New Zealand have been classified as developed
countries, and the remaining countries (including Saudi Arabia) as developing.
However, for some countries, the dichotomy of developed versus developing
might be too restrictive to capture the diversity in development outcomes.
Therefore, WESP and other organisations (e.g. the World Bank) have
developed an additional classification of the level of development of countries,
as measured by per capita gross national income (GNI).** Accordingly,
countries have been grouped as high-income (GNI per capita >$12,276), upper
middle income (GNI per capita between $3,976 and $12,275), lower middle
income (GNI per capita between $1,006 and $3,975) and low-income (GNI per
capita <$1,005). According to that classification, Saudi Arabia has been
classified among the high-income countries.**

In this thesis, for the purpose of simplicity, the first classification of WESP
(developed and developing countries) is used.

2.2. Risk factors for type 2 diabetes

T2DM is a disease with a multifactorial aetiology, and is associated with a
variety of risk factors which influence the disease occurrence. Modifications of
some risk factors, particularly behavioural factors (e.g. obesity, physical activity,
diet, smoking), have been found to change the disease occurrence in high-risk
individuals.? However, evaluation of risk factors requires careful attention, since
the aetiology of T2DM is complex and involves interaction between various risk
factors. In addition, the disease is heterogeneous in different families and

populations.

The following sections summarise the major known risk factors for T2DM.
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2.2.1. Demographic risk factors

2.2.1.1. Age

The incidence and prevalence of T2DM are generally low before age of 30
years.® 8 |t has been well documented that the prevalence of T2DM rapidly
increases with increasing age in a large number of studies conducted in
different populations and ethnic groups.® **>* However, this increase in T2DM
levels by age has been noticed to vary between ethnic strata of a population.
For example, in the United States (US), prevalence of diabetes in Pima Indians
aged 25-29 years (13%) is as high as that for non-Hispanic whites aged 60-64
years.? Ethnicity, as a risk factor, is discussed in detail in section 2.2.1.3.

Increasing global life expectancy, which has resulted in ageing populations, has
been suggested as one of the most important reasons for the epidemic levels of
T2DM in the world.> *®> This might be more evident in developing countries
during the last few decades. These countries have witnessed ‘demographic

transition’>®

, Which has taken place due to several factors. First, there has been
a massive reduction in infant and childhood mortality due to infectious diseases,
which has been achieved through many effective control programmes of
communicable diseases (e.g. vaccination) that have allowed for survival during
the early years of childhood and adolescence. Second, the extensive
improvements in sanitation and drinking water supplies have resulted in marked
decrease in death at all ages. Third, the socioeconomic advances in developing
countries have led to considerable progress in health care, including preventive
and curative services. Consequently, life expectancy has increased in most
developing countries and placed larger proportions of population in the 260-year
age group, in which chronic degenerative diseases (e.g. T2DM) become the

major determinants of health status.*®

King et al.*® and Wild et al.™ reported marked differences in the age structure of
the diabetic populations of developed and developing countries. For developed
countries, the largest number of people with diabetes was in the age group of
265 years in 1995 and 2000, and this age group was estimated to experience
the greatest increase in number of cases by the year 2025 and 2030. On the
other hand, for the developing countries, the age group of 45-64 years

contained the largest number of people with diabetes in 1995 and 2000, and
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this tendency is predicted to be further accentuated by the year 2025 and 2030
(Figure 2.1)."® These differences in prevalence by age structure might be
explained by the shorter life expectancy of individuals with diabetes in
developing countries.'® In addition, the disease incidence has been noticed to
be higher at younger ages in developing compared to developed countries.>’
Moreover, ethnicity might be another explanation of these differences in age of
onset of the disease across populations as discussed in section 2.2.1.3.

It has been suggested that people tend to exercise less, lose muscle mass and
gain weight as they age.”® As a result, they are likely to have concomitant
increases in insulin resistance related to obesity and physical inactivity.>® Then,
as time passes, B-cells in the pancreas fatigue from the increased insulin
secretion needed to compensate for increasing levels of insulin resistance.
However, the onset of diabetes at younger ages in many developing (e.g.
Asian) countries may be attributed to an earlier decline in metabolic

homeostasis and/or a shorter latency to the development of diabetes.*®
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Figure 2.1. Estimated number of adults with diabetes by age group and year for the developed and
developing countries and for the world (Wild et al.b)

2.2.1.2. Sex

There is now good evidence on sex differences in susceptibility to a number of
adverse health outcomes, particularly autoimmune disorders, such as
rheumatoid arthritis, systemic lupus erythematosus and multiple sclerosis.*
However, there is no similar considerable evidence on sex differences in
diabetes. This lack of evidence has been based mainly on the observation that

the overall sex balance in diabetes is almost equal.

Gale and Gillespie® carried out a comprehensive review of more than 100
studies on sex differences in diabetes. They have pointed out a pronounced
excess of T2DM in women in the first half of the 20™ century, but the disease

has now an almost equal prevalence in both sexes, although there is still some
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little excess in women. However, men seem more susceptible than women to
the consequences of obesity and physical inactivity, which has been attributed
to possible differences in insulin sensitivity and regional deposition of fat.*°

An example of old studies, included in the review by Gale and Gillespie,® is the
United States National Health Survey in 1935-1936.%" In that study, the sample
was 2.5 million people from 83 cities, and it was found that prevalence of T2DM
was higher by 20% in women than men of the age group 25-34 years. This
excess in women increased by 60% for the age group 35-44 years and almost
by 100% in the age group of 45-64 years.

King et al.®

suggested that the likely explanation for such a ‘female bias’ in
developed countries is the greater longevity of women than men. However, as
mentioned earlier, diabetes in developing countries is more common in the
middle-aged individuals than elderly, which makes the previous explanation less
likely. In this case, it has been suggested that differential distribution of risk
factors (especially diet, physical inactivity, and central obesity) in men and
women may explain such sex differences.’® This explanation is supported by
results of several studies from developing countries. For instance, the Turkish
Diabetes Epidemiology Study (TURDEP)** showed that the adult Turkish
women have a significantly higher BMI (mean 27.45 + 5.76 kg/m?) than men
(mean 25.47 + 4.58 kg/m?). Prevalence of diabetes was also significantly higher
in women (8%) compared to men (6.2%). Authors suggested that ‘lack of
employment outside the home’ might contribute to the higher prevalence of
obesity in Turkish women. According to that study, physical activity of women in
Turkey, like most of countries in the EMR, is confined to house-work and they

have no tradition for sporting activities due to social and cultural restrictions.

Some data currently showed that the male/female ratio started to increase
considerably by the second half of the last century.®® For instance, in the United
Kingdom (UK), the ratio in the age group of 35-49 years increased from 0.65
during 1945-1949 to 1.78 during 1960-1963.°% ® Moreover, although African
Americans showed a clear female excess in diabetes prevalence over the
period 1963-1985, the prevalence in black males increased more rapidly
relative to their female counterparts over the same period.®® * More recently,
the estimates of IDF for both 2011 and 2030 showed little sex difference in the
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predicted number of people with diabetes. For 2011, it has been estimated that
there were about four million more men than women with diabetes (185 million
men versus 181 million women). However, this difference is expected to

decrease to two million (277 million men versus 275 million women) by 2030.*°
2.2.1.3. Ethnicity

As mentioned earlier in chapter 1, modernisation and adopting ‘western’
lifestyles have been suggested to be the major reasons for the epidemic levels
of T2DM in the world, particularly in developing countries. Such lifestyles are
associated with low physical activity, consuming high-caloric foods and
increasing levels of obesity. This has been supported by many studies that
compared the prevalence of T2DM in ethnic groups living in different
environments/societies. For example, in South Korea, the prevalence of T2DM
in rural and small town areas was 2% and 4% respectively, compared with 13%
and 16% found in Seoul.®® In addition, African Americans have a prevalence of
diabetes (12%) at least 12 times higher than that observed in Native African
Black people (1%).% Furthermore, Schulz et al. reported a substantially higher
prevalence of T2DM among Pima Indians living in Arizona (38%), compared to
those living in a ‘primitive’ rural mountain region in Mexico (6.9%) although they

were genetically related.®®

Nevertheless, a large number of studies in multi-ethnic populations revealed
that some ethnic groups have a higher prevalence of T2DM than other
ethnicities living in the same environment and sharing similar lifestyles and
dietary habits.®® These observations suggest that some ethnic groups have a
higher predisposition/ susceptibility to develop T2DM compared with others,
when exposed to similar adverse environmental conditions.®® In the US, for
example, T2DM is approximately twice as common in blacks and Hispanics as
in non-Hispanic whites.® Another study reported a high prevalence of diabetes
(20.1% in males and 15.5% in females) and IGT (29.7% in males and 16.8% in
females) among the minority of Arab Americans.®” According to the authors,
these rates were considerably higher than those reported for the white, African-
American, and Hispanic populations in the US and for rural Arab populations.
However, they are consistent with rates reported in urban Arab populations.®” In

South Africa, Indian immigrants were found to have higher prevalence of DM
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(7.6% in males and 13.5% in females) and IGT (7.1% in males and 4.8% in
females) than the original native population.®® In Singapore, DM prevalence was
higher among citizens of Indian origin (13.3% in males and 12.3% in females)
than their counterparts of Chinese (8.5% in males and 7.7% in females) and

Malay origins (8.6% in males and 10.1% in females).®®

However, the previous studies did not adjust their results for some important
potential confounders such as age, sex, obesity, etc. So, although they were
carried out among ethnic groups within the same environments, the differences
in diabetes prevalence can still be explained by variations in prevalence of
obesity and other behavioural risk factors among these ethnicities.® On the
other hand, there are several studies that undertook adjustments for known
demographic and behavioural risk factors, and still found a significant part of
ethnic differences unexplained.”” " For instance, Haffner et al. determined
prospectively the eight-year incidence of T2DM in 617 Mexican Americans and
306 non-Hispanic whites. Results of this study showed that 40 Mexican
Americans (6.5%) and 6 non-Hispanic whites (2%) developed T2DM. The age-
adjusted ethnic odds ratio (OR) [Mexican Americans/non-Hispanic whites] for
diabetes incidence was 8.13 in men (95% confidence interval (Cl): 1.10-59.9)
and 3.62 in women (95% CI: 1.37-9.55). The authors adjusted for age, sex,
ethnicity, BMI, and level of educational attainment with multiple logistic
regression analyses. Again, it was found that Mexican Americans continued to
show a statistically significant increase in diabetes incidence (OR: 2.72; 95% CI:
1.02-7.28).”° These findings were supported by Marshall et al. who conducted a
case-control study in Colorado among 279 cases (diabetics) and 488 controls
(normal glucose tolerance) with almost equal ethnic distribution (183 non-
Hispanic white vs. 157 Hispanic males; and 208 non-Hispanic white vs. 219
Hispanic females). In this study, Hispanics were found to be twice as likely as
non-Hispanic whites to have T2DM, after adjusting for age, sex, obesity, family
history of diabetes, education, and income.”* These observations might indicate
existence of some genetic (discussed in the next section) or other unknown risk
factors which differ by ethnicity.® However, these two studies might be

constrained by the relatively small sample sizes.
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2.2.2. Genetic risk factors

T2DM is a heterogeneous syndrome that appears to be composed of subtypes
where genetic susceptibility is strongly associated with environmental factors at
one end of the spectrum, and highly genetic forms at the other end.”” The
hereditary basis of diabetes has been suspected for more than 2000 years, and
since the middle of the last century, extensive research has been conducted to
investigate the genetics of this disorder.”® The evidence of a genetic component
in the aetiology of T2DM comes primarily from the observations of its familial
clustering and ethnic differences.”

Although some monogenic forms of diabetes have been identified such as
Maturity Onset Diabetes of the Young (MODY), T2DM seems to be a polygenic
disorder in the majority of cases.’? The disease shows a clear and reproducible
familial aggregation, with a complex interaction between genetic defects and
environmental factors such as obesity. Such interaction complicates the task of

identifying any single genetic susceptibility factor to T2DM."?

Recently, several twin studies have suggested that T2DM is highly concordant
among monozygous (MZ) twins (who are genetically identical) and less so
among dizygous (DZ) twins (who share on average only half their genes).® ”® In
their extensive literature review on the risk factors for T2DM, Rewers and
Hamman® have reported many twin studies that revealed such a concordance.
In these studies, the concordance ranged between 34-100% in MZ twins, and
16-40% in DZ twins.® However, according to the reviewers, most studies had
potential ascertainment biases. For example, twins in these studies were found
because they were diabetics; not because they were twins, i.e. there were no
systematic surveys of all twins in study areas because ‘twin registers’ were not
available.”® Twins were referred for investigation from hospitals, other
collaborated organisations and as self-referral after programmes in radio or
television. This method of twin ascertainment led to a bias towards discovery of
concordant as against discordant twin pairs as they had a double chance of
recognition.”® In the only study which had no ascertainment bias, as indicated
by the reviewers, concordance rate was the lowest among all reviewed studies

(34% in MZ twins and 16% in DZ twins).®
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In addition to the role of twin studies in identifying a possible genetic component
in T2DM aetiology, there are also many studies of various candidate genes.®
Candidate genes are those genes selected as having a plausible role in the
control of glucose homeostasis.”> Reasons for candidacy are numerous: (1)
known or presumed biological function in glucose homeostasis or energy
balance in human; (2) gene implicated in subtypes of diabetes, such as MODY;
(3) gene associated with diabetes or associated traits in animal models; (4)
gene responsible for an inherited disease which includes diabetes; (5) product
differentially expressed in diabetic and normal tissues.”® Study of candidate
genes is the most commonly used approach to tackle the genetic determinants
of T2DM. However, almost all identified candidate genes have only small effect
on the polygenic forms of diabetes. No genes with major effects/ associations
have been identified.® * Possible explanations for failure to identify such genes
include the possibility that they do not exist. Moreover, it is also possible that
the incomplete understanding of pathophysiological mechanisms of T2DM (and

the genes that control them) has misled the choice of candidate genes."?

Rewers and Hamman® reviewed more than 40 studies of 13 candidate genes in
different populations. The majority of these studies have not resulted in positive
association for candidate genes and T2DM. Although there were some isolated
positive findings, most of these were not replicated on repeated analysis in
other or larger populations. Examples of the most commonly studied candidate
genes are the insulin gene and glucokinase (GCK) gene - (GCK is an enzyme
that catalyses the formation of glucose-6-phosphate from glucose, and is the
major rate limiting step in glycolysis).? Mutations in various regions of candidate
genes have been reported by some studies. These mutations result in defects
in glucose homeostasis (e.g. hypoinsulinaemia due to mutations in the insulin
gene,’? and GCK dysfunction which impairs the process of glycolysis as a result

of mutations in the GCK gene®).

In conclusion, it appears unlikely that candidate genes are associated with a
substantial proportion of T2DM in the general population.® According to Velho
and Froguel,”® all the described genetic defects account for not more than a few
percent of all cases of T2DM. The majority of susceptibility genes to T2DM still
require investigation and detail description in order to improve the

understanding of molecular mechanisms that maintain glucose homeostasis
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and of the precise molecular defects leading to chronic hyperglycaemia. A
nosological classification of T2DM based on primary pathophysiological
mechanisms will then be possible. Also, this could lead to the development of

more specifically targeted anti-diabetic drugs or even gene-based therapies.”?
2.2.3. Behavioural and environmental risk factors

2.2.3.1. Background

Historically, the first evidence for an environmental factor in the aetiology of
T2DM was described by Indians in the sixth century. Three Hindu physicians
wrote of diabetes: “It is the disease of the rich and one that is brought about by
the gluttonous overindulgence in oil, flour and sugar”.”” Diabetes and its
relationship to overnutrition were also described in Chinese medicine in about
400 BC.”” One thousand years after that date, diet was implicated as an

important risk factor for T2DM by Thomas Willis.””

Migration studies and studies of secular trends indicate that a western lifestyle
is associated with a higher prevalence of T2DM.”® For example, a surge in the
prevalence of T2DM concomitant to the adoption of a western lifestyle occurred
when Japanese people emigrated to the US during the second half of the 20th
century. At the same period, there was a shift from traditional agriculture to a
modern American lifestyle characterised by lack of physical activity, a western
diet and high rates of obesity.”® Thus, it was suggested that environmental
factors played an important role in the aetiology of T2DM and the sharp
increase in its prevalence among this group, because genetic characteristics of

populations are unlikely to change in such a short period of time.”®

The role of environmental/ behavioural factors in the aetiology of T2DM may be
more obvious in populations living in transition. In the past, the disease was
more prevalent in the industrialised countries, which were far more affluent than
other countries. Later, when the developing countries started to witness
progressive and rapid socio-economic developments, the levels of T2DM in
such countries started to increase dramatically. However, this might be a
complex issue which requires further investigations. Although early studies in
the white US and UK populations showed that people with greater affluence,

education and social standing had a higher risk of diabetes, recent studies
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showed the highest rates of disease in the most deprived sections of the
community”® (discussed in section 2.2.3.6). Some researchers now postulate
that T2DM appears to be a disease of ‘newly’ affluent more than ‘established’

affluent populations.®°

Behavioural/ environmental risk factors for T2DM are often known as
‘modifiable’ risk factors. There is now increasing evidence supporting that some
lifestyle changes (e.g. weight loss, increased physical activity, dietary
restrictions) are associated with changes in the occurrence of T2DM.% 883
Section 2.2.4 discusses in more detail the role of modifying the two risk factors

studied in this thesis (obesity and smoking) in preventing T2DM.

In the following sections, the major behavioural/ environmental risk factors for
T2DM (obesity, physical inactivity, diet, smoking, and socioeconomic status) are

discussed.
2.2.3.2. Obesity

A. Background and definitions

Fat, stored in the adipose tissue, forms a normal physiological part of the body,
and has several functions.®* It acts as storage of energy in periods of lower
energy intake compared with energy expenditure (negative energy balance) and
has also a function as a thermal insulator. Furthermore, adipose tissue around
certain organs protects them against mechanical damage. The amount of body
fat is extremely variable in different individuals. The physiologically normal
amount of body fat depends primarily on age and sex. Newborns have 10-15%
body fat, which increases to 25% during the first year of life. However, body fat
starts to slowly decrease again to 15% of body weight at the age of 10 years,
when differences between the sexes become more apparent. During sexual
maturation, girls experience an increase in their body fat again, up to about
25%, whereas boys keep about the same body fat. During adulthood, body fat

increases slowly with age in both men and women.®

Obesity results when the amount of body fat exceeds normal physiological
values. The WHO defines obesity as the accumulation of adipose tissue to
excess and to an extent that impairs both physical and psychosocial health and

well-being.?> 8 There are various laboratory and imaging techniques that can
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accurately measure the amount of body fat. For example, the use of computed
tomography (CT) or magnetic resonance imaging (MRI) allows for three-
dimensional views of body composition, and are used to obtain information on
body fat distribution.?* However, these methods are expensive and time-
consuming. Hence, they are not suitable for field work, epidemiological studies
and most clinical work.® Instead, the WHO recommends the body mass index
(BMI) as a measure of obesity. BMI is a simple index of weight-for-height and is
defined as the weight in kilograms divided by the square of the height in metres
(kg/m?). It is the most widely accepted measure of obesity in populations and in
clinical practice.®® In adult populations, it has been found that the relationship
between morbidity/mortality and BMI is U-shaped, and the risk for adverse
health effects increases beyond a BMI of 25 kg/m?.2* Based on this relationship,
the WHO recommends its cut-off points for overweight and obesity in adults.
Overweight in adults is defined as a BMI greater than or equal to 25 kg/m?,
while obesity is defined as a BMI greater than or equal to 30 kg/m?®.%" BMI
provides the most useful population-level measure of overweight and obesity as
it is the same for both sexes and for all ages of adults, and has been widely

used in most studies worldwide.®’

However, BMI should be considered as a rough guide because its reliability is
prone to some limitations in persons with extremes of age, very muscular builds
(overestimates obesity), and extreme height.?> 8" 8 |n addition, it has been
found that in some ethnic groups, particularly Asians, the above-mentioned cut-
off values of BMI are not suitable for classification of overweight and obesity.
The mean or median BMI in Asians is lower than that observed for non-Asian
populations; so the BMI distribution is shifted to the left. This trend leads to the
concern that application of the standard WHO’s BMI cut-off points will
underestimate obesity-related risks in these populations.®® In 2002, the WHO
has recommended different BMI cut-off points for Asian populations. An expert
WHO consultation®® indicated that there were three specific factors which led to
development of new cut-off points in Asians. First, there was increasing
evidence of the emerging high prevalence of T2DM and increased
cardiovascular risk factors in parts of Asia where the average BMI is below the
cut-off point of 25 kg/m?. Second, there was increasing evidence that the

associations between BMI, percentage of body fat, and body fat distribution
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differ across populations. In particular, in some Asian populations a specific BMI
reflects a higher percentage of body fat than in white or European populations.
Some Pacific populations also have a lower percentage of body fat at a given
BMI than do white or European populations. Third, there had been two previous
attempts to interpret the WHO BMI cut-offs in Asian and Pacific populations,
which contributed to the growing debates on whether there are possible needs
for developing different BMI cut-off points for different ethnic groups.®® The
WHO recommended a BMI cut-off value of 23-27.5 kg/m? for overweight and

>27.5 kg/m? for obesity in Asians.®

Another limitation of BMI is that it only estimates the ‘total’ adiposity of the body.
Thus, it may miss many cases of ‘central / abdominal’ obesity, in which the body
fat accumulates mainly around the waist. Some studies revealed that central
obesity is associated with a greater prevalence of metabolic diseases, including
T2DM and dyslipidaemia.®® The simple clinical measure of central obesity is the
waist circumference (WC). The WHO recommends a cut-off point of WC 2102
cm in men and =88 cm in women for definition of central obesity.”® Again, Asian
populations, particularly people of South Asian origin (Indians, Pakistanis,
Bangladeshis), seem more prone to carrying excess fat centrally than the White
populations and show raised obesity-related risk although they may not be
considered obese by conventional WC criteria. Therefore, the WHO thresholds
for central obesity in Asians are a WC =90 cm in men and =80 c¢cm in women.®
In addition to WC, the waist-to-hip circumference Ratio (WHR) is another
measure of central obesity. A WHR >1.0 in men and WHR >0.85 in women are
used as cut-offs for identifying individuals with central obesity. However, WC is
more commonly used than WHR for measuring the abdominal obesity.*

B. Obesity and type 2 diabetes

According to the WHO,®’ the worldwide obesity has more than doubled since
1980. In 2008, for example, 1.5 billion adults, aged =20 years, were overweight.
Of these, over 200 million men and nearly 300 million women were obese,
which means that more than one in ten of the world’'s adult population was
obese in 2008. It has now been estimated that around 65% of the world's
population live in countries where overweight and obesity are associated with

more deaths than underweight. In 2010, around 43 million children under five
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were overweight. The vast majority of these overweight children (35 million) live
in developing countries, compared to 8 million in industrialised countries.?” The
estimated economic burden of obesity in developed countries ranges between
2% and 7% of health care costs, and is higher in developing countries.
However, these figures are likely to underestimate the true burden because of
the difficulties of attributing specific costs to associated obesity and the

exclusion of indirect costs from most studies.®*

The association between obesity and T2DM has been reproducibly observed in

|71 92 93,94 and has been consistent

both cross-sectiona and prospective studies,
across various populations even when using different measures of fatness and
different diagnostic criteria for T2DM.%® The current parallel global epidemics of
obesity and diabetes seem to be related.®® Such a relation is obviously evident
in children, who are increasingly affected by obesity and in whom the

prevalence of T2DM is currently approaching that of type 1 diabetes.®

Guh et al.®” have conducted a relatively recent systematic review and meta-
analysis, which included a total of 89 large prospective cohort studies reporting
risk estimates of any of 18 comorbidities related to overweight and obesity. The
first reviewed comorbidity was, of course, T2DM. The systematic review
covered studies that used BMI and/or WC to define overweight and obesity (by
the conventional definitions stated in section A above). The reported relative
risks (RRs) in studies were synthesised, and pooled RRs were estimated,
comparing the risk of the comorbidity in overweight (BMI 225-29.9 kg/m?) and in
obese (BMI 230 kg/m?) to the individuals with ‘normal weight'. Among the total
89 studies, there were nine studies reporting incident T2DM in overweight and
obese individuals. The estimated pooled relative T2DM risks related to being
overweight or obese are summarised in Table 2.2. In general, elevated BMI and
WC were significantly associated with T2DM in both men and women. The
association between increased WC and T2DM was similar but weaker in

comparison with BMI.
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Table 2.2. Poggled relative T2DM risks (with 95% ClIs) related to being overweight or obese, as estimated
by Guh et al.

Measure of Overweight Obesity

overweight/

obesity Men Women Men Women
BMI 2.40 (2.12-2.72) 3.92 (3.10-4.97) 6.74(5.55-8.19) 12.41 (9.03-17.06)
wC 2.27 (1.67-3.10) 3.40(2.42-4.78) 5.13(3.81-6.90) 11.10 (8.23-14.96)

However, Guh et al.%’

included studies from only western populations (countries
in Europe or North America, Australia or New Zealand). In addition, the number
of reviewed studies for T2DM was relatively small, and the pooled RRs were
reported as sex-specific only (no age-specific RRs). Moreover, as with all
systematic reviews, the reported results might be affected by potential

publication bias.

The biological link between obesity and T2DM relates primarily to the adipose

tissue in the body.*® Adipose tissue is not only a passive fuel storage, but has

been also recognised as an endocrine organ which secretes hormones and
communicates with the central nervous system in order to regulate appetite and
metabolism.?® The main biological/pathological pathways which link obesity and

T2DM are briefly summarised in the following points:

e Elevated leptin levels. Leptin is a protein produced by adipocytes. The
main role of leptin is to regulate food intake and energy expenditure by
reducing food intake and increasing sympathetic nervous system outflow,
therefore inducing weight loss.”* Leptin levels are elevated in obesity and
this has been found to positively correlate with insulin resistance. Leptin can
impair the production of insulin and reduce the effects of insulin on the
liver.%*

o Elevated levels of adipocyte-derived free fatty acids. In adipose tissues,
glucose is involved in lipogenesis via its conversion to glycerol-3-phosphate,
which is then combined with ‘non-esterified fatty acids (NEFAs)’ to form
triglycerides. An important role of insulin is to prevent the breakdown of
triglycerides (lipolysis), which liberates NEFAs.** In obese individuals, the

levels of these fatty acids are raised, which results in impairment of glucose
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metabolism by reducing insulin-stimulated glucose uptake in skeletal

muscle, and increasing the hepatic glucose output.®* %

e Elevated levels of proteins secreted by adipose tissue. In addition to
leptin, adipose tissue secretes many other proteins that modulate glucose
metabolism and insulin action. Examples of these proteins include
adiponectin, adipsin and resistin. Again, studies have generally suggested
that circulating levels of these proteins are elevated in individuals with
T2DM.%

e Elevated levels of adipocyte-nonspecific proteins. There are some
proteins which are secreted by adipocytes as well as other cells and tissues.
For instance, Cytokines such as tumour necrosis factor a (TNF a) and
interleukin-6 are produced by macrophages and also by adipocytes.?® These
proteins are involved in innate immunity and contribute to the process of
inflammation, either directly through acting on inflammatory cells or indirectly
by acting on the liver to produce acute phase proteins.’> ® Cytokines have
been found to induce ‘suppressor of cytokine signaling-3 (SOCS-3)’, which
Is an intracellular signalling molecule that impairs the signalling of both leptin
and insulin. In obesity, SOCS-3 levels are elevated and thus may result in

obesity-associated resistance to the actions of both leptin and insulin.*®

Nonetheless, not every obese individual develops diabetes and, therefore,
obesity alone is not sufficient to cause T2DM. The relationship between obesity
and T2DM is complicated by the effects of several modifying factors. These
factors include duration of obesity, distribution of body fat, physical activity,
ethnicity and genetics. The following sections concisely discuss these factors

and their possible modifying effects.
(i) Duration of obesity

There is little evidence that quantifies the relationship between duration of
obesity and risk of T2DM. Reasons for this paucity of information include the
difficulty to measure the actual onset of obesity, which can only be obtained by
recall or by detailed longitudinal follow up studies. Furthermore, it is also difficult
to differentiate between the effects of degree and duration of obesity in case the

weight is changing.®
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Examples of studies which have reported an association include one study
among Pima Indians, who have one of the highest levels of T2DM in the world.
In that study, Everhart et al.?® prospectively investigated 1057 individuals for a
total of 5975 person-years of follow up. The association of duration of obesity
with incidence of T2DM adjusted for age, sex, and current BMI was highly
significant. This adjusted incidence of T2DM in cases/1000 person-years of
obesity was 24.8 for people with less than 5 years of obesity, 35.2 for people
with 5-10 years of obesity, and 59.8 for people with at least 10 years of obesity.
In addition, another prospective study, conducted in Japan,”® observed 1598
men aged =30 years for a period of 10 years or more, and these participants
were free from serious disease conditions with initial BMI <25.0 kg/m?. Obesity
in this study was classified as ‘ordinary obesity’ if BMI >25.0 kg/m? and ‘extreme
obesity’ if BMI 227.8 kg/m®. Results showed that the age-adjusted ORs for
T2DM were significantly increased among individuals who were obese for 10-
19.9 years and 220 years (ORs 2.10 and 2.84 for ordinary obesity and 6.14 and
4.15 for extreme obesity, respectively). Additional adjustments for physical
activity, smoking, alcohol consumption, family history, and observation period

did not change the findings remarkably.
(ii) Body fat distribution

There is considerable evidence which suggests that both overall adiposity and
fat distribution are independently important risk factors for T2DM in both men
and women.'® However, both cross-sectional and longitudinal data are not
consistent as whether the total adiposity (measured by BMI) or abdominal
adiposity (measured by WC, WHR, etc) is a stronger predictor of T2DM. For

example, a meta-analysis'®

was conducted based on 32 published studies
from 1966-2004, and demonstrated that the three major obesity indicators
(BMI, WC, WHR) have similar associations with incident diabetes. The pooled
RRs for incident diabetes in this study were 1.87 (95% CI: 1.67, 2.10), 1.87
(95% CI. 1.58, 2.20), and 1.88 (95% CI: 1.61, 2.19) per standard deviation of

BMI, WC, and WHR respectively.

Nevertheless, as indicated earlier, the effect of body fat distribution in predicting
T2DM is more evident in some particular populations, such as people of South

Asian origin. South Asians are more prone to abdominal obesity and low muscle
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mass with increased insulin resistance compared with white western
individuals.®>” The risk of T2DM starts at a lower BMI for Asians, and they have
lower rates of overweight and obesity than their European counterparts, using
conventional definitions with the previously mentioned BMI cut-offs.>” These
observations have been supported by using the imaging technology of CT scan,
which showed that healthy Chinese and South Asian individuals have a greater
amount of visceral adipose tissue than Europeans with the same BMI or WC.>’

McKeigue et al.'®

carried out a population survey of around 3760 men and
women aged 40-69 years in London. The study showed that the prevalence of
diabetes was 4.3 times higher in the South Asian than European participants
(19% vs. 4% respectively). However, mean BMI was almost equal in European
and South Asian men (25.9 vs. 25.7 kg/m? respectively), and slightly higher in
South Asian women (27.0 kg/m? than their European counterparts (25.2 kg/m?).
On the other hand, WHR was clearly higher in South Asians (0.98 in men and
0.85 in women) than Europeans (0.94 in men and 0.76 in women). Within each
ethnic group, WHR was positively correlated with glucose intolerance, which
may confirm the existence of an insulin resistance syndrome, prevalent in South
Asian populations and associated with a pronounced tendency to central

obesity in this group.
(iii) Physical activity

Physical activity is generally defined as “bodily movement produced by the
contraction of skeletal muscle that requires energy expenditure in excess of
resting energy expenditure”.'? There is considerable evidence supporting that
physical activity is an important component on long-term weight control.*?#1%
Physical activity generally affects body composition and weight favourably by
promoting fat loss. However, the rate of weight loss is positively related, in a
dose-response manner, to the frequency and duration of the physical activity
session/ programme.*®? It has been observed by a large number of studies that
a minimum of 150 minutes/ week of moderate-intensity physical activity (e.g. 30
minutes of brisk walking daily) is associated with health-related benefits.'* 1%
However, higher levels of physical activity may be necessary to improve long-
term weight loss outcomes. For example, an additional 200—300 minutes/ week

of physical activity has been reported to improve weight loss in overweight and
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obese individuals. This is approximately equivalent to 65 minutes of moderate-
intensity physical activity per day.'® Moreover, studies have demonstrated that
exercise alone can have a significant impact on body weight when maintained
for 212 months, and that individuals who reduce their level of leisure-time
physical activity can have weight regain after a specific period of time. Thus, for
exercise to be effective long term, it should be maintained long term in
overweight and previously overweight individuals.'®* Another important
observation is that weight loss resulting from increased physical activity without
caloric restriction is relatively slow, while the combination of increased physical
activity and dieting appears to be more effective for long-term weight regulation

102

than is dieting alone™“ (discussed in the next section).

(iv) Diet

Obesity generally results from an imbalance between energy intake and energy
expenditure.'® Relative excessive energy intake can of course result from
excess dietary intake of fat, carbohydrates, proteins, etc. However, progress in
understanding the role of diet in the aetiology of obesity has been seriously
confounded by the profound under-reporting, which is now widely recognised as
a feature of obesity. Several studies have reported that obese individuals might
under-report their self-reported intake by an average of 30% due to many
reasons, such as forgetfulness, underestimation of portion size, inadequate
knowledge of food composition, or even self-deception.’’” The evidence is
inconsistent regarding the relation between intake of individual macronutrients
(fat, carbohydrate and protein) and obesity, with fat overconsumption being the
most commonly suggested dietary factor to have a role in the aetiology.'®” 1%
Many studies have found that each individual macronutrient exerts different
effects on eating behaviour, predominantly due to their effects on satiety. It has
been suggested that, in contrast to carbohydrate and protein, fat appears to
have a weak satiating capacity, and subjects readily overeat in response to high
fat foods. As fat has twice as much energy per gram as protein or carbohydrate,
this may eventually result in energy density.’® On the other hand,
carbohydrates are converted to fat only after several days’ consumption of
considerably large amounts (more than 500 grams of carbohydrates per day).
Thus, it has been postulated that the lipogenesis from carbohydrates does not

represent a major metabolic route in the development of obesity.'® According
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to the review of Vogele, several large field studies have shown a positive linear
relationship between body weight and fat consumption, but a negative
correlation with carbohydrate intake.’®® However, the results of prospective
studies of dietary fat intake and weight gain are clearly inconsistent, although
most cross-sectional studies do suggest an association. For instance, Seidell
reviewed many studies with different findings. While some studies found no
relation between percentage of energy from fat and weight gain prospectively,

others observed a positive association which was specific only to one sex.'®

Nevertheless, some researchers now suggest that the current epidemiologic
methods are likely to be inadequate for performing valid studies of the relation
between dietary intake of ‘individual’ macronutrients and obesity.’®® This is
mainly due to inaccurate estimates of energy intake and energy expenditure as
well as of dietary fat intake measurements, in addition to biases as a result of

under-reporting’” %

(as previously mentioned). Rather, it is believed that the
‘total’ energy intake is the factor which has a more obvious association in most
studies. The strongest evidence for that might come from several intervention
studies that compared the effects of exercise and that of reducing energy intake
on changes in body weight.®®® These interventions have reported that
reductions in energy intake (e.g. diet) have a greater impact on body weight
than changes in energy expenditure (e.g. exercise), although the combination of
diet plus exercise has the greatest impact on weight loss. For example, one
intervention study reported reductions in body weight of 11.4, 8.4, and 0.3% in
male participants with 12 weeks of diet plus exercise, diet alone, or exercise
alone, respectively. A similar pattern of weight losses of 7.5, 5.5, and 0.6% was

observed in women engaging in the same study.'®*

(v) Genetics and ethnicity

Evidence from some studies suggests that obesity interacts with family history
of diabetes in promoting T2DM risk. For example, Haffner et al.'® examined
549 non-diabetic persons with a parental history of diabetes and 1167 non-
diabetic persons without such a history. It has been found that, compared to
persons without a parental history of diabetes, those with such a history had a
more atherogenic pattern of cardiovascular risk factors, including higher BMI

and serum insulin concentrations. However, after adjustment for serum insulin
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concentration, BMI and WHR between the two parental history groups were no
longer statistically significant, which might suggest that the association was
mediated through hyperinsulinaemia.

On the other hand, several other studies have observed that the association
between T2DM and obesity was more apparent in individuals without a family
history of diabetes. For instance, in a study among Japanese Americans,** a
total of 79 non-diabetic and 78 type 2 diabetic men were investigated. Family
history of diabetes in a sibling or parent was found in 24 normal men and 45
type 2 diabetic men. Both general adiposity and body fat distribution were
significantly associated with T2DM. The relationships between diabetes and
both general adiposity and body fat distribution were more apparent in those
men without a family history of diabetes than in those with a family history. This
study and others™! might suggest that a higher level of obesity is required for
the development of T2DM in individuals without a genetic predisposition to the

disease.®®

Also, as described in detail in section 2.2.1.3, a large number of studies have
revealed that some ethnic groups have an elevated risk of T2DM compared to
other ethnicities.® > In all these studies, which have not adjusted for some
confounding variables (e.g. BMI), obesity might be a modifying factor for
increased levels of the disease. However, it has also been discussed that some
ethnic groups, particularly Asian Indians, appear to have an elevated risk of
T2DM compared to other ethnic groups at similar or lower levels of BMI.***
Asian Indians are more likely to have abdominal obesity than other ethnicities,
and this difference in body fat distribution has been proposed to have an
association with the risk of T2DM when adjusting for many other potential

confounding factors.***

2.2.3.3. Physical inactivity

As previously indicated, early suggestions of a relationship between physical
inactivity and diabetes emerged from the observation that societies that had
shifted their lifestyles from traditional (which included large amounts of regular
physical activity) to westernised sedentary habits experienced major increases
in the prevalence of T2DM.!%? The epidemiological transition (chapter 3) in

developing countries, during the last decades, is an obvious example which
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suggests such an association.'*> Moreover, several ecologic studies have
suggested that T2DM prevalence is consistently lower in populations with
higher levels of habitual physical activity.®

Also, a large number of cross-sectional as well as prospective and retrospective
observational studies have found a significant association between physical
inactivity and T2DM.® *° For example, a prospective study was carried out
among 1728 non-diabetic individuals from the high risk population of Pima
Indians. During an average follow-up period of 6 years, it was found that total
activity was related to diabetes incidence in women and men after adjusting for
age. After additional adjustment for BMI, the relation between activity and
diabetes incidence was weakened in both men and women. When the age-
adjusted diabetes incidence rates were examined by levels of activity stratified
by tertile of BMI, the diabetes incidence rate remained lower in more active than

in less active men and women from all BMI groups.*®

The available evidence suggests a number of possible biological pathways for
the protective effect of physical activity on development of T2DM. First, it has
been suggested that physical activity increases sensitivity to insulin. In a
comprehensive report of “Physical Activity and Health” by the US Department of
Health and Human Services,'% an extensive literature review has indicated that
physical activity is more likely to improve abnormal glucose tolerance when the
abnormality is primarily caused by insulin resistance than when it is caused by
deficient amounts of circulating insulin. Therefore, physical activity is likely to be
most beneficial in preventing the progression of T2DM during the earlier stages
of the disease process, before insulin therapy is required. The second
suggested protective mechanism of physical activity is that exercise appears to
have a synergistic effect with insulin. During a single prolonged session of
physical activity, contracting skeletal muscle has been suggested to enhance
glucose uptake into the cells. This effect appears to be related to both increased
blood flow in the muscle and enhanced glucose transport into the muscle cell.*%?
Third, physical activity has also been found to reduce intra-abdominal fat, which
is a known risk factor for insulin resistance. In many studies, physical activity
has been inversely associated with intra-abdominal fat distribution, and can

reduce those body fat stores.'%?
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2.2.3.4. Diet

The role of diet in the aetiology of T2DM was proposed by early Indians who, as
mentioned earlier, observed that the disease was almost confined to rich people
who consumed oil, flour and sugar in excessive amounts.’’ During the First and
Second World Wars, declines in the diabetes mortality rates were documented
due to food shortage and famines in the involved countries such as Germany
and other European countries. For example, in Berlin, diabetes mortality rate
declined from 23.1/100,000 in 1914 to 10.9 in 1919.'"° In contrast, no change in
diabetes mortality were described in other countries which had no shortage in
food at the same time period such as Japan and North American countries.**
Importantly, however, these observations only indicate a probable dietary
component in the aetiology of T2DM, and do not provide absolute evidence.
The reason is the existence of many potential confounding factors and

competing risks such as ethnicity, genetics and others.

Again, the epidemiological transition in developing countries has always been
attributed to adopting a western lifestyle and high-calorie dietary habits.*** This
has been supported by studies (previously discussed in section 2.2.1.3) that
compared T2DM prevalence among urban societies and those societies that
remain to adopt a traditional physical activity and dietary habits.®> ® In the
EMR, for example, unhealthy diet has been reported among the main causes of
the alarming high rates of NCDs, including T2DM, in the region. The mean daily
caloric intake among countries of EMR in 2000 was 3000 kilocalories per capita,

and it seems there was no improvement between 1994 and 2000.'**

However, evidence on the role of diet in the aetiology of T2DM remains
controversial. While some studies have found an association between T2DM

and high intake of carbohydrates'™ and fats'*°

, other studies have not reported
such an association.”*” '® For over 40 studies, reviewed by Mann and
Toeller,”” half of them have been found to report a positive association between
high intake of sugars and development of T2DM, and a comparable number of
studies suggesting no association. An example of studies with a positive

association is the study of Ludwig et al.'*®

which investigated 548 ethnically
diverse schoolchildren for 19 months. It has been found that for each additional

serving of sugar sweetened drink consumed, both BMI (mean 0.24 kg/m?) and
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frequency of obesity (OR 1.60) increased after adjustment for anthropometric,
demographic, dietary, and lifestyle variables. On the other hand, Peterson et
al.''’ studied 23 diabetic patients: 12 with type 1 and 11 with T2DM, with
differing degrees of glycaemic control. Two diets, each lasting 6 weeks, were
compared. Both diets were high in fibre and low in fat. In one diet 45 grams of
complex carbohydrate was replaced by 45 grams of sucrose taken at
mealtimes. There were no significant biochemical differences between the two
diets in either type 1 or type 2 patients. In type 2 patients, the mean fasting
plasma glucose was 9.1 mmol/l on the control diet, and 8.9 mmol/l on sucrose.
Glycosylated haemoglobin for the type 2 patients was 9.3% on control and 9.0%
on sucrose. Moreover, there were no differences in mean daily plasma glucose

levels or diurnal glucose profiles.

As with carbohydrates, the relationship between dietary fats and T2DM is also
inconsistent. Several prospective studies have found associations between fat
intake and subsequent risk of developing T2DM. For example, in the San Luis
Valley Diabetes Study,'* a total of 1,317 subjects without a prior diagnosis of
diabetes were prospectively investigated for a period of 4 years. In that study,
24-hour diet recalls were reported prior to an oral glucose tolerance test.
Persons with previously undiagnosed diabetes (n= 70) and impaired glucose
tolerance (n= 171) were each compared with confirmed normal controls (n=
1076). The adjusted ORs relating a 40 grams/day increase in fat intake to
T2DM and impaired glucose tolerance were 1.51 (95% CI: 0.85-2.67) and 1.62
(95% CI: 1.09-2.41) respectively. Restricting cases to diabetic persons with
fasting glucose >140 mg/dl and persons with impaired glucose tolerance
confirmed on follow-up, the ORs increased to 3.03 (95% CI: 1.07-8.62) and
2.67 (95% CI: 1.33-5.36) respectively. In contrast, Colditz et al.*?° prospectively
followed up a large cohort of 84,360 US women for 6 years. They examined the
relations of the various diet components, including fat, fibre and sucrose and the
risk of T2DM among two groups of women (those with BMI of <29 kg/m? and
others with BMI 229 kg/m?). After controlling for BMI, previous weight change
and alcohol intake, no associations were found between intakes of fat, sucrose,
carbohydrate or fibre and risk of diabetes in both groups. However, as
mentioned earlier, these association studies might suffer from different

constraints, such as poor assessment of actual dietary intake, inability to
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disentangle dietary and other confounding factors, in addition to over-

interpretation of data derived from observational studies.”’

2.2.3.5. Smoking

Studying the effect of smoking on T2DM might be difficult, as those people who
smoke are more likely to be less active (sedentary), which is a risk factor for
T2DM. However, several studies have assessed the association between
smoking and incidence of glucose abnormalities, suggesting that active
smoking could be independently associated with IGT, IFG, and T2DM.*?*1%¢
According to these studies, smoking may be a modifiable risk factor for T2DM.

Some reviews!?"12°

of such studies revealed that they are generally large,
prospective and population-based, with a follow-up period greater than 10 years
in most studies. The results generally were presented after adjustments for
possible confounders such as age, BMI, WC, physical activity, blood pressure,

etc.

For instance, Perry et al.***

conducted a large prospective cohort study among
a sample of 7735 British men, aged 40-59 years from 24 towns in Britain. All
subjects were non-diabetic at baseline and followed up for a mean period of
12.8 years. Baseline values (adjusted for age and BMI) showed that current
smoking was significantly higher among men who developed T2DM during the
follow up period, compared to those who did not develop the disease. However,
in the multivariable analysis, the relative risk for diabetes was higher among
smokers (adjusted RR: 1.2; 95% CI: 0.8-1.8), but the association lost its
significance and was not independent of other risk factors (obesity and low
physical activity were the strongest). In the Osaka Health Survey in Japan,*?? a
total of 6250 middle-aged men were followed up for a period of 4-16 years
(60,904 person-years). Participants were free of T2DM, IFG and hypertension
at entry. The RR of T2DM among current smokers compared to non-smokers
was 1.47 (95% CI: 1.14-1.92) after adjustment for many covariates, including
age, BMI, alcohol consumption, physical activity, parental history of diabetes
and the level of fasting plasma glucose, total cholesterol, triglycerides, high-
density lipoprotein cholesterol and haematocrit. Importantly, a ‘dose-response’
relationship was found for this association; the number of cigarettes smoked

daily was significantly related to the development of T2DM.
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There are many other examples of prospective studies which reported a
positive association between smoking and T2DM among men. Rimm et al.'*®
reported a RR of 1.94 in smokers compared to non-smokers of a large cohort of

male health professionals across the US. Moreover, another study*?*

analysed
glycaemic status and smoking habits in 3718 Chinese men, and found that
smoking is independently associated with diabetes after adjustment for age,

BMI, alcohol, and family history of diabetes (OR: 1.7).

In women, not as many studies have been performed as in men. However, most
studies in women have also produced similar results.*®® One of the largest
prospective studies is the Nurses’ Health Study in the US.'® In this cohort
study, a total of 114,247 female nurses, who were free of diabetes at baseline,
were followed up for 12 years (1,277,589 person-years). Current smokers were
found to have an increased risk of diabetes, and a significant dose-response
trend for higher risk among heavier smokers was observed. The RR of
diabetes, adjusted for several covariates (e.g. age, BMI, alcohol consumption),
was 1.42 among women who smoked 25 or more cigarettes per day compared

with non-smokers. In another study, Hu et al.*®

carried out a new analysis of
results from the same cohort after 16 years of follow up. They followed 84,941
female nurses, who were confirmed non-diabetic at baseline, from 1980 to
1996. Overweight or obesity was the single most important predictor of diabetes
in this study. However, other risk factors, including current smoking, were
associated with a significantly increased risk of diabetes, even after adjustment
for BMI. The adjusted RR for diabetes in the smokers was around 1.4 when

compared with non-smokers.

Willi et al.**® have carried out a relatively recent systematic review and meta-
analysis of studies of association between active smoking (in contrast to
passive or second-hand smoking) and T2DM. They have identified 25 large
prospective cohort studies (n= 1.2 million participants) which reported risk of
IFG, IGT, or T2DM in relationship to smoking status and excluded persons with
T2DM at baseline. The reported incident cases of diabetes were 45,844 during
a study follow-up period ranging from 5 to 30 years. They found that 24 studies
reported adjusted RRs greater than 1 (range for all studies: 0.82-3.74). The
pooled adjusted RR of incident diabetes in smokers compared with non-

smokers was 1.44 (95% CI: 1.31-1.58). RRs in the involved studies were
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adjusted for a number of potential confounding factors, such as age, BMI, WC,
physical activity, alcohol consumption, heredity, education, and others. Results
were consistent with a “dose-response phenomenon”, where the risk of T2DM
was greater for heavy smokers (=20 cigarettes/ day; RR: 1.61) than for lighter
smokers (RR: 1.29) and lower for former smokers (RR: 1.23) compared with
active smokers. However, Willi et al. have not reported sex- or age-specific
RRs, and they have estimated only one adjusted pooled RR for both men and
women. In addition, potential publication bias could occur and affect the

reported results.

The metabolic effects of smoking have been examined mainly in non-diabetic
individuals by many studies. In these studies, insulin sensitivity has been
determined in order to test the effect of smoking on glucose metabolism. This is
most often performed by using the ‘euglycaemic hyperinsulinaemic clamp
technique’.*?® This technique is regarded as being the gold-standard method to
assess and quantify insulin sensitivity in most metabolic studies, and is often
used in clinics and laboratories to measure insulin action on glucose utilisation
in humans and animals for clinical and basic science research.* **? In brief,
the concept of this technique is measuring the steady state amount of glucose
metabolised per unit of body weight during a whole-body exposure to a
predetermined amount of insulin, while maintaining the plasma glucose within
the euglycaemic range.!®® After an overnight fast, insulin is infused
intravenously at a constant rate which results in a new steady state insulin level
that is above the fasting level (hyperinsulinaemic). Consequently, glucose
disposal in skeletal muscle and adipose tissue is increased, whereas the
endogenous hepatic glucose production is suppressed. Under these conditions,
a bedside glucose analyser is used to frequently monitor blood glucose levels,
while dextrose is given intravenously at a variable rate to “clamp” blood glucose
concentrations in the normal range (euglycaemic).'** The quantity of exogenous
glucose infused to maintain euglycaemia is a reflection of the amount of glucose
metabolised in peripheral tissues, and therefore reflects the sensitivity of target
tissues to insulin. The more glucose infused per unit of time, the more sensitive

the individual is to insulin.*®?

| 134

Eliasson et a examined 57 male smokers, who were middle-aged (40-60

years), non-obese and non-diabetic. The degree of insulin resistance in the
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participants was quantified using the euglycaemic clamp technique. In that
study, smoking was independently correlated with degree of insulin resistance,
even after multivariate analysis to adjust for age, lean body mass, body fat,
BMI, WHR and alcohol consumption. Furthermore, a review*?® has reported two
studies that compared the insulin sensitivity in smoking and non-smoking men.
It was shown that the measures of insulin sensitivity were significantly lower
(10% to 40%) in the smokers.

2.2.3.6. Socioeconomic status

The observed variations in diabetes prevalence across different levels of
socioeconomic status (SES) might be a complex issue, as these variations have
been attributed to several factors. In addition, SES is usually defined in studies
using different indicators (e.g. education level, income, occupation, area of
residence, etc). Currently, the relevant evidence often makes a distinction
between developing and developed countries regarding the relationship of SES
and the risk and prevalence of diabetes. Generally, in developing countries, a
number of studies have showed a higher prevalence of diabetes in groups of
high SES.”® # In contrast, in developed countries, the incidence and prevalence
of diabetes have been found to be inversely related to SES, with the highest
prevalence in those of lowest SES.” The commonest suggested contributing
factor to such variations has been the differential distribution of obesity (and
related factors such as diet and level of physical activity) across different strata

of SES in developed and developing countries.

In developing countries, the observations of low levels of obesity among
individuals with low SES versus high levels among those with higher SES have
usually been explained by three main reasons. First, people with low SES
usually have lack of food and higher levels of physical activity and energy
expenditure. Second, people with higher SES are more likely to have a greater
capacity to obtain adequate food supplies. Third, cultural values in many
developing countries favour fat body shapes.'*® Monteiro et al.*** have indicated
that evidence from studies in the developing countries prior to 1989 strongly
suggested that obesity in the developing world would be essentially a disease of
the socioeconomic elite. However, between 1989 and 2003, a comprehensive

review of relevant studies showed a different picture. The authors adopted an
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income definition of developing countries used by the World Bank, and used
certain defined cut-offs of the annual gross national product (GNP) per capita in
order to classify such countries into three categories: low income countries,
lower-middle income countries, and upper-middle income countries.
Interestingly, they have found that the burden of obesity in a particular
developing country tends to shift towards the groups of lower SES as that
country’s GNP increases. The prevalence of obesity was found to be relatively
lower among groups with lower SES in most low-income and some of the lower-
middle income developing countries. On the other hand, there was an inverse
association between SES and obesity (especially among women), in lower-
middle income and upper-middle income developing countries.* The reviewers
have argued that the positive association between SES and levels of obesity in
the ‘poorer’ countries is probably attributed to the same three reasons indicated
above. On the other hand, the inverse association observed in the middle-
income countries could be a more complicated issue. Monteiro et al.”*® have
indicated several likely explanations for such an inverse association. It has been
argued that food scarcity and high energy expenditure patterns are likely to be
less common in a society after a certain stage of economic growth has been
reached, even among its poorer social classes. Individuals with lower SES are
more likely to have a lower level of education and health-related knowledge, in
addition to greater difficulty in obtaining the more expensive and less energy-
dense foods. Furthermore, people with lower SES are also likely to have less
leisure-time and recreational exercise. In contrast, people with a high SES are
more likely to have flexible choices of ‘healthy’ food and physical activity
patterns. Hence, such people might have environments with less ‘obesogenic’
factors than those with a low SES.'® These explanations have also been
suggested to justify the inverse association between SES and obesity/ diabetes

in the developed countries. '3 3

2.2.4. Role of modifying the behavioural/ environmental risk factors in

prevention of type 2 diabetes

There is evidence from a number of studies showing that interventions with
lifestyle changes have resulted in preventing (or at least delaying) T2DM.
Randomised trials revealed that lifestyle changes were approximately twice as

effective as metformin therapy in preventing the disease.?® **® These lifestyle
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changes included modifications of different behavioural/ environmental risk

8L 139 diet®™ 12° and smoking™*.

81, 141-148

factors such as obesity®®, physical activity

.82 in different

Tuomilehto et al.”™ reviewed a number of intervention trials
countries/ populations. In these trials, the incidence of T2DM was estimated in
the intervention and control groups, and the difference in incidence between the
two groups was quantified in each study. All these trials showed that the
incidence of T2DM was significantly lower among those participants in the
intervention groups, who received the lifestyle intervention (reducing weight,
increasing physical activity, intake of low-fat diets, etc.) alone or combined with

drugs, compared to those in the control groups.

The following two sections focus primarily on obesity and smoking, as the only

two risk factors studied in this thesis.

2.2.4.1. Obesity

.82 the Finnish Diabetes

Among the studies reviewed by Tuomilehto et a
Prevention Study®! was the only study in which the participants were recruited
based on being overweight/ obese with IGT at the baseline. According to the
reviewers, the Finnish Diabetes Prevention Study is the first ‘proper’ controlled
trial on prevention of T2DM where the study participants were individually
randomly allocated into intervention and control groups. The first part of this
study was conducted during the period 1992-2000 in five clinics in Finland, with
the aim to prevent T2DM with lifestyle modification alone. A total of 522
participants at “high risk” to develop diabetes were selected after screening for
IGT in middle aged (40-64 years), overweight (BMI >25 kg/m?) subjects. The
presence of IGT before randomisation was confirmed in two successive

OGTTs.818

The participants were randomly allocated into either the “intensive intervention”
group or the “control” group. Those in the intervention group had frequent
consultation visits with a nutritionist, and received individual advice about how
to achieve the intervention goals. Five goals were set for intervention, as
follows: 1) reduction in weight of 5% or more; 2) total fat intake less than 30% of
energy consumed; 3) saturated fat intake less than 10% of energy consumed,
4) fibre intake of at least 15 grams/1000 kilocalories; and 5) moderate exercise

for 30 minutes/day or more. Several dietary behaviours were recommended to
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participants in the intervention group (e.g. frequent ingestion of wholemeal
products, fruit and vegetables, low-fat milk and meat, etc). In addition, these
participants were individually guided to increase their level of physical activity,
through recommending endurance exercise (e.g. walking, jogging, swimming,
etc), and supervised and progressive circuit-type resistance training sessions.®"
8 On the other hand, participants in the “control” group were only given general
verbal and written advice about healthy lifestyle at the beginning of the trial.?" &2
All participants in both groups were followed up annually by performing a fasting
plasma glucose test and OGTT. If either fasting or OGTT values reached
diabetic levels, a second confirmatory OGTT was performed. Diagnosis of
T2DM was only recorded if the second test also reached diabetic levels.

Otherwise, the participants remained in their randomly allocated group.®"

The results of the study showed that during the first year, body weight
decreased on average 4.2 kg in the intervention group, compared to 0.8 kg in
the control group participants (the difference was statistically significant; p=
0.0001). It has been found that most of this weight reduction was maintained
during the second year of the trial. Furthermore, indicators of central adiposity
and fasting glucose and insulin, 2-hour post-challenge glucose and insulin, and
HbA ;. were also reduced significantly more in the intervention group than in the

control group during both the first and second year.?" &

In 2000, a total of 86 incident cases of diabetes were diagnosed among the 522
participants (27 in the intervention group + 59 in the control group). The
absolute risk of diabetes was 32/1000 person-years in the intervention group,
compared to 78/1000 person-years in the control group. Importantly, the effect
of the intervention was found to be rapid, where the difference in incidence of
diabetes between the two study groups was already statistically significant after
two years (6% in the intervention group and 14% in the control group).®*  The
study also showed that both sexes benefited from the lifestyle intervention. The
incidence of diabetes was reduced by 63% in men and by 54% in women in the
intervention group compared with the control group. All participants (in the
intervention and control groups) who reached all the five lifestyle targets by the
1-year visit did not develop diabetes. In contrast, around one third of those
participants who did not reach a single one of the targets developed type 2

diabetes.?! 82
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2.2.4.2. Smoking

The results have been inconsistent regarding the effect of smoking cessation on
the risk of developing diabetes. Theoretically, the reversal of the risk of diabetes
upon cessation of smoking supports the concept of causality. However, it has
been suggested that there are some lifestyle factors which may complicate the
applicability of such a concept among people who choose to quit smoking.**°
For instance, some studies have showed that smoking cessation is associated

with weight gain and a subsequent increase in the risk of diabetes.™® *>*

Most studies have observed that current smokers and ex-smokers showed a
higher risk for developing diabetes than non-smokers. Nevertheless, according

to Hur et al.,**°

the majority of such studies have not considered changes in
smoking habits during the follow-up period, and, hence, the effects of smoking
cessation on the risk of developing diabetes could not be properly assessed. In
addition, the reported increased risks of ex-smokers in these studies have not
been statistically significant, or have not been adjusted for some covariates
such as age, BMI, family history, etc. Moreover, the definition of ‘ex-smokers’
was inconsistent across studies. Thus, in their prospective study, Hur et al.
undertook repeated measurements of smoking status during the follow-up
period to assess the relationship between smoking status and fasting glucose
level changes.'® The study was started in 1990 in South Korea, with baseline
examinations in 1990 and 1992, and continued with follow-up examinations
every 2 years up to 1998 and 2000. A total of 27,635 non-diabetic men (aged
35-44 years) were enrolled at the baseline. They were randomly selected from
records of the Korea Medical Insurance Corporation, which provides health
insurance to government and private school employees and their dependants.
The participants were classified as non-smokers (those who reported not
smoking consistently from 1992 to 1996), ex-smokers (those who reported
smoking cessation at baseline or during the follow-up periods) and sustained
smokers (those who reported current smoking consistently from 1992 to 1996),
based on repeated self-reported questionnaires in 1992, 1994 and 1996.**° To
explore the effect of smoking cessation, ex-smokers were further classified as
having quit smoking before 1992, during 1992-1993 or during 1994-1995.

Baseline fasting serum glucose level and other risk factors were measured in
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1990 and 1992. The outcome was newly developed diabetes, defined as a

fasting glucose level of 7.0 mmol/l in 1998 and 2000 (averaged).**

When compared with non-smokers, the reported risk ratio was 0.98 (95% CI:
0.81-1.17) for ex-smokers and 1.62 (95% CI: 1.40-1.88) for current smokers,
when the participants were categorised based on baseline smoking status only.
However, when smoking status was re-defined based on the repeated
assessments at 2-year intervals, the diabetes risk ratio in ex-smokers was
found to vary by the length of time since smoking cessation. Compared with
non-smokers, the fully adjusted risk ratio for diabetes in participants who quit
smoking before 1992, during 1992-1993 and during 1994-1995 was 0.95 (95%
Cl: 0.72-1.25), 1.44 (95% CI: 0.96-2.15) and 2.13 (95% CI: 1.51-3.00),
respectively, after adjustment for age, baseline fasting serum glucose, weight
change, baseline BMI, family history of diabetes, alcohol consumption and
exercise status. The authors argued that there is a gradual reduction in the risk
for diabetes over time after cessation of smoking, and that ‘early’ smoking

cessation could decrease the risk to that of non-smokers in the long term.**°

Overall, this chapter demonstrates that T2DM is associated with several risk
factors, which interact with each other, making the aetiology of the disease
complex. The next chapter discusses the size of the problem of T2DM in the
world, developing countries (particularly EMR), GCC countries, and Saudi
Arabia.
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Chapter 3. Size of the problem of type 2 diabetes in the world,

developing countries, and Saudi Arabia

This chapter presents a literature review of the estimates and projections of
T2DM prevalence in the world. Further discussion focuses on levels of the
disease in the developing countries, the WHQO’s Eastern Mediterranean Region
(EMR), and then, more specifically, the countries of the Gulf Cooperation
Council (GCC). Lastly, this chapter presents a detailed discussion of the context
of Saudi Arabia, in terms of demography, health care system, levels of NCDs,
diabetes care, and the relevant studies on prevalence of T2DM and the two risk

factors studied in this thesis (obesity and smoking).
3.1. Global epidemiology of type 2 diabetes
3.1.1. Background

Historically, communicable diseases used to be the major threats to health
globally until the second half of the 19" century. Several devastating epidemics
of these diseases occurred in the past, including cholera, typhoid, smallpox, and
diphtheria, and killed huge numbers of people all over the world. While some of
these diseases are still epidemic in some developing countries, a very
significant drop in their levels occurred from the beginning of the 20" century as
a result of extensive improvements in sanitation, housing, nutrition and
cleanliness of water supplies. In addition, the discovery of antibiotics and

immunisation has also played a vital role.*>

With all these improvements, the
global life expectancy increased substantially. Eventually, the list of leading
causes of morbidity and mortality shifted from infectious diseases to NCDs,
such as cardiovascular disease, diabetes, hypertension, cancer, and stroke.'*
This phenomenon is known as the “epidemiological transition” which is typically
defined as “the series of interrelated and complex changes in the health and
disease patterns that occur in specific human populations over large periods of
time”.'*? In developing countries, this health transition has been attributed
mainly to rapid urbanisation and changes in the population lifestyles which
resulted in increased levels of various risk factors for NCDs (e.g. smoking,
4,154

unhealthy diet, obesity, and physical inactivity).
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T2DM is a global health problem. It affects a huge number of people globally
and its prevalence varies by age group, ethnicity, and socioeconomic status.®
The disease reduces both a person’s quality of life and life expectancy and
imposes a large social and economic burden on families as well as on health
care systems.® ** According to the WHO'’s Global Burden of Disease (GBD)
Study in 2004, high blood glucose is one of the 10 leading risk factors causing
death,” where it caused around 6% of deaths worldwide. (Table 3.1). This is
despite the fact that the true diabetes-related mortality is greatly
underestimated, as diabetes is frequently underreported on death certificates.*>
155 Diabetes results also in a great financial burden on health care departments.
The direct health care costs of the disease range from 2.5% to 15% of annual

health care budgets'*®

, and the indirect costs are more likely to be much higher.
This is due to the difficult measurement of indirect cost of diabetes since it

implicates not only patients but also the families and the society as a whole.**®

Table 3.1. Ranking of the 10 leading risk factor causes of death in the world, GBD 2004’

Deaths

Rank Risk factor e Percentage
(millions)
1 High blood pressure 7.5 12.8
2 Tobacco use 51 8.7
3 High blood glucose 3.4 5.8
4 Physical inactivity 3.2 55
5 Overweight and obesity 2.8 4.8
6 High cholesterol 2.6 4.5
7 Unsafe sex 2.4 4.0
8 Alcohol use 2.3 3.8
9 Childhood underweight 2.2 3.8
10 Indoor smoke from solid fuels 2.0 3.3

3.1.2. Global estimates and projections of type 2 diabetes prevalence

In the last two decades, several studies of global estimates and projections of
diabetes prevalence have been published. Generally, such estimates and
projections are highly dependent on many factors, such as data inputs, method
of estimation, assumptions, and variables used to inform the future projections.
The available studies mostly tended to produce different estimates and
projections of diabetes prevalence as a result of variations in those factors. In
addition, the available studies were carried out in different time periods, so that
they used different diagnostic criteria to define diabetes. As discussed in

chapter 2, such diagnostic criteria have been revised repeatedly over time,
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leading to different classification of people (as having diabetes or not). Table 3.2

summarises examples of studies of global projections of diabetes prevalence.

One of the most recent estimates is that of the IDF Diabetes Atlas 2011.° In this
study, the IDF estimated and projected diabetes prevalence in adults aged 20-
79 years for 2011 and 2030 in different world regions and countries. Detailed
discussion of the methodology of this study is presented in chapter 9. In brief,
diabetes prevalence data were obtained from country-level data sources (e.qg.
national surveys, health statistics reports, and personal communications). If no
data were obtained for a country, data from neighbouring countries (with mostly
similar ethnicity and socioeconomic patterns) were used. A logistic regression
model was used to generate smoothed age-specific estimates which were
applied to the United Nations (UN) population estimates for 2011. Estimates
and projections were presented for each country separately, using changes in
age, sex and urbanisation as covariates. Globally, it was estimated that there
were 366 million people with diabetes in 2011, which was predicted to rise to
552 million by 2030.°

Another recent study is that of the WHO’s GBD Study, 2011 [Global Burden of
Metabolic Risk Factors of Chronic Diseases Collaborating Group (Blood
Glucose)].?° Again, the methodology used in this study is discussed in detail in
chapter 9. In this study, the trends in diabetes prevalence were estimated for
adults aged 225 years in 199 countries and territories around the world. Data on
diabetes prevalence were obtained from national surveys and statistics reports,
in addition to the WHO Global InfoBase. Trends in the diabetes prevalence
(during 1980-2008) were modelled using a multi-level statistical approach
(Bayesian hierarchical modelling). The estimates were age standardised to the
WHO reference population and were informed by several country-level
covariates: national income, urbanisation, age-standardised mean BMI, and
national availability of multiple food types for human consumption. The global
age-standardised adult diabetes prevalence was estimated at 8.3% in men and
7.5% in women in 1980, predicted to rise to 9.8% and 9.2% respectively in
2008. The number of people with diabetes was estimated to increase from153
million in 1980 to 347 million in 2008.%°
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Shaw et al.}*

used 133 population-based studies from 91 countries to estimate
age- and sex-specific diabetes prevalence in adults aged 20-79 years in 216
countries. Diabetes prevalence data were obtained from published national
studies and personal communications. Smoothed age- and sex-specific
diabetes prevalence estimates were generated by applying logistic regression
models, and then applying such estimates to each national population
distribution for 2010 and 2030 (UN population estimates) to estimate national
prevalence and numbers of adults with diabetes. The world prevalence of
diabetes among adults in 2010 was estimated at 6.4% (285 million adults), and

predicted to increase to 7.7% (439 million adults) by 2030."

Wild et al.'®> estimated the global prevalence of diabetes for all age groups in
2000 (as used in the WHO GBD Study) and made projections for 2030. They
obtained age- and sex-specific data on diabetes prevalence from population-
based prevalence studies from a limited number of countries. The diabetes
prevalence estimates were then extrapolated to all the 191 WHO member
states, using a combination of criteria including geographical proximity, ethnic,
and socioeconomic similarities. Smoothed age-specific estimates of diabetes
prevalence were produced using DISMOD 2 software. Information on DISMOD
2 software is extensively discussed in chapter 5, as it was also used in this
thesis. Concisely, DISMOD is a mathematical disease model designed to
supplement data on a disease epidemiology by exploiting the causal relations
between the various available variables that describe a disease process.™” Wild
et al. used as inputs into DISMOD the age- and sex-specific diabetes
prevalence (from country-specific prevalence studies), remission (assumed to
be zero), and estimates of relative risk of mortality among people with diabetes
(from literature). DISMOD provided as outputs estimates of prevalence,
incidence, and mortality that are ‘internally consistent’. The prevalence
estimates were then applied to the UN population estimates for individual
countries for 2000 and 2030. The future projections in diabetes prevalence were
informed by demographic changes alone. In addition, it was assumed that other
diabetes risk factor levels (e.g. obesity and physical activity) remain constant in
developed countries. In comparison, in developing countries, urbanisation was
used as a proxy measure of the levels of risk factors, as urbanisation in these

countries is associated with obesity, reduced physical activity, and changes in
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dietary habits. The estimated worldwide prevalence of diabetes (all age groups)
was 2.8% (171 million individuals) in 2000 and 4.4% (366 million individuals) in
2030 with higher rates among men than women.™

In a relatively older study, King et al.'® used age-specific diabetes prevalence
estimates from the WHO’s diabetes database (collected from 32 countries).
They applied these prevalence data to the UN demographic estimates for the
world’s population, in order to predict the global prevalence of diabetes in adults
aged 220 years for three points in time (1995, 2000, and 2025). As used in the
study of Wild et al.™, for countries lacking valid prevalence estimates, data were
extrapolated from neighbouring countries or those with most similar ethnic and
socioeconomic characteristics. Projections in diabetes prevalence were
informed by the trends in population size, age structure and levels of
urbanisation. Prevalence of diabetes in adults worldwide was estimated to be
4.0% in 1995 and was projected to rise by around 35% to reach 5.4% by 2025.
The number of adults with diabetes in the world was predicted to rise from 135
million in 1995 to 300 million in 2025, with the majority of this increase occurring

in developing countries.®

Another relatively old study is that of Amos et al.*’

, iIn which the global diabetes
prevalence was estimated for 1995 and projected to 2010. Country-specific data
on diabetes prevalence were obtained mainly from epidemiological studies
published during the period 1980-1997, which used the WHO 1980 and 1985
diagnostic criteria with OGTT to define diabetes. As with the previously
mentioned studies, when diabetes prevalence data were not available for a
given country, data were obtained from another country with a similar ethnic
composition and level of economic development. The country-specific diabetes
prevalence data were then applied to the corresponding national age
distribution, in order to estimate diabetes prevalence for 1995 and make
projections to 2010. The main variables used to inform projections were the
level of economic development [Gross National Product (GNP) per capita] and
urbanisation. The number of people with T2DM was estimated at around 115

million in 1995 and 215 million in 2010.

However, these estimates have some limitations, such as paucity of data,
particularly for many developing countries.™ In addition, it is possible that
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individual studies used for estimations and projections were not representative
of the whole country in which they were performed. Moreover, some country-
specific estimates were extrapolated to neighbouring countries, which might

give inaccurate estimates of DM prevalence.
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Table 3.2. Studies of estimates and projections of the global prevalence of diabetes

Study
(year published)

Main sources of data on
diabetes prevalence

Age (years)

Diagnostic criteria

Covariates used to inform
projections

Global estimates and
projections (of diabetes
prevalence and/or number
of people with diabetes)

year result
= Published prevalence 20-79 =  WHO 1985 Demographic changes (changes 2011 366 million
Whiting et al. [9] studies (1980-2011) = ADA 1997 in age, sex, and urbanisation) 2030 552 million
(IDF Diabetes Atlas, = Health statistics reports = HbA
2011) = Contacts with regional
diabetes researchers
*= Published national surveys 225 = ADA 1997 * National income 1980 8.3% (men)
Danaei et al. [20] * Health statistics reports * Urbanisation _ 7.5% (women)
(WHO, 2011) = The WHO Global Infobase . ;\'Oitéotr;%'ezva"ab"'ty of muliple 2008  9.8% (men)
=  Age-standardised mean BMI 9.2 (women)
=  Published prevalence 20-79 =  WHO 1985 Demographic changes (changes 2010 6.4% (285 million)
Shaw et al. [14] studies = ADA 1997 in age, sex, and urbanisation) 2030  7.7% (439 million)
(2010) = Contacts with regional = Self-reported
diabetes researchers
Population-based prevalence All age =  WHO 1985 Demographic changes (assuming 2000 2.8% (171 million)
studies groups (both constant levels of risk factors, 2030 4.4% (366 million)
Wild et al. [15] type 1 and such as obesity and physical
(2004) type 2 activity, in developed countries
diabetes) versus using urbanisation as a
proxy in developing countries)
King et al. [16] The WHO's diabetes database 220 =  WHO 1985 Trends in population size, age 1995 4.0%
\ structure and levels of 2025 5.4%
(1998) S
urbanisation
= Published epidemiological All age =  WHO 1980 = Level of economic 1995 115 million
Amos et al. [17] studies (1980-1997) groups =  WHO 1985 development [Gross National 2000 147 million
(2997) = Contacts with regional Product (GNP) per capita] 2010 215 million

diabetes researchers

= Urbanisation
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3.2. Diabetes burden in developing countries

In the past, the industrialised countries were the main focus for NCDs, and
these diseases were known for a long time as “diseases of affluence”.* *°®
However, in the last few decades, NCD levels (including T2DM) have increased
globally with higher morbidity and mortality numbers and rates in developing
countries. It has been estimated that NCDs are responsible for around 50% of
the total disease burden in these countries.'” *> The main reason for these
elevated levels is the increase in the major risk factors (e.g. obesity, physical
inactivity, smoking, changes in diet) in these countries, as a consequence of
rapid urbanisation and changes in the population lifestyle and nutrition. In
addition, increasing life expectancy has resulted in ageing populations and
elevation of the rates of chronic diseases.*® It has been well documented by
various studies that T2DM prevalence is lowest among people who still have a
more active ‘traditional’ or ‘primitive’ lifestyle in developing countries, in spite of

similarities in ethnicity and genetic characteristics (as discussed in chapter 2).>*
66, 159-161

The estimates and future projections of diabetes burden in developing countries
are rising progressively. Over the 30-year period from 1995 to 2025, the
increase was estimated to be around 170% in the number of adults with
diabetes in developing countries, from 84 to 228 million, compared to 42%
increase, from 51 to 72 million, in developed countries. Thus, by 2025, more
than 75% of people with diabetes will reside in developing countries, as
compared with 62% in 1995.'° Between 2000 and 2030, the estimated
percentage change in the number of people (all ages) with diabetes in
developing versus developed countries was estimated to range from 104-163%
and 20-54% respectively.’®> Another study estimated that between 2010 and
2030, there will be a 69% estimated increase in the numbers of adults with
diabetes in developing countries and a 20% estimated increase in developed
countries.™® These great differences in the projected numbers of diabetes cases
have been attributed to two main factors. First, the population demographic
differences have been projected to be large between developed and developing
countries. For developed countries, total population size has been projected to
remain relatively stable, with an 11% increase from 1995 to 2025 of 1 billion. On
the other hand, the population increase in developing countries will be around
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80%, from 2.5 billion in 1995 to 4 billion in 2025."° Second, the levels of
diabetes risk factors (particularly obesity) in developing countries have been
estimated to increase substantially over time. In a recent WHO study®, the
regions of Southern Africa, North Africa and Middle East, and Central Latin
America have been classified to have the highest prevalence rates of obesity
(particularly in women) globally in 1980 and 2008. However, most global
estimates and projections of diabetes prevalence did not directly account for the
increased prevalence of risk factors (e.g. obesity) in developing countries.
Instead, as mentioned in section 3.1.2, these global projections mainly relied on
demographic changes and urbanisation to inform future estimates. Some of
these studies (IDF° and Wild et al.’®) have acknowledged that the reported
projections of diabetes burden might be higher if the observed increasing levels

of obesity in some countries have been modelled directly.

The age distribution of people with diabetes has also been found to be different
in developing countries (discussed in chapter 2). While the majority of diabetes
cases in developed countries are in the older age groups, the majority of cases
in developing countries tend to be among young and middle-aged people.*®
This implies that the health, social, and economic burdens of the disease
extend to even younger ages and for a longer period of an individual’s life

span.'®?

Health services in most developing countries are organised to primarily tackle
acute communicable diseases. These services are often not ideally developed
to promote effective care and prevention for NCDs.'? As a result, unfortunately,
there are now many ‘poorer’ developing countries that face a double burden,
since the levels of infectious diseases (e.g. HIV/AIDS, tuberculosis, malaria,

etc) continue to be high, in addition to increasing levels of NCDs.*8 163

3.3. Diabetes burden in the Eastern Mediterranean Region

In the WHQO'’s Eastern Mediterranean Region (EMR) (Figure 3.1), the problem of
T2DM is mounting. There has been a rapid increase of the disease prevalence
rates in both sexes in the EMR."* The majority of countries in this region have
witnessed massive and rapid socioeconomic developments over the last four
decades. These improvements in social and economic standards have been

recognised as the major reason for the epidemiological transition of risk and
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disease burden in the region.'*? ***1% The WHO has estimated that around
47% of the EMR’s burden of disease is due to NCDs and that this figure is
expected to rise to 60% by 2020."*
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Figure 3.1. Map of the WHO'’s Eastern Mediterranean Region (EMR)

The prevalence of major risk factors for NCDs have been estimated to be very
high in this region.’** According to estimates of the regional WHO office in EMR
in 2004, 14.5% of adults (=20 year-old) in the region had diabetes, 43% were
overweight/obese, and 40% of men were smokers (Table 3.3)."** As with most
developing countries, many EMR countries have reported the onset of T2DM at
the second and third decades of age in a large proportion of cases, and in some

countries the disease is emerging in children.'®?

Table 3.3. Distribution of NCD risk factors among adults (= 20 years-old) in the countries of the EMR™*

Risk factor Regional adjusted mean (%) Range (%)

Smoking

Males 40 0-82

Females 13 -
Hypertension 26 7-48
Diabetes 14.5 3-36
Overweight/ obesity 43 11-79
Dyslipidaemia 50 4-57
Physical inactivity 79 18-97
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The IDF’s region of Middle East and North Africa (MENA), which is similar to the
WHO’s EMR with inclusion of Algeria and exclusion of Somalia and Djibouti,
has been recognised as the major hot spot for diabetes in the world. According
to the IDF, MENA had the highest estimated prevalence of diabetes (12.5%)
globally in 2011, and will remain to have the highest predicted prevalence
(14.3%) by 2030. This is equivalent to 32.8 million people with diabetes in 2011
and 60 million people in 2030.° In 2012, diabetes has resulted in 356,586
estimated deaths in MENA, and approximately US$ 12 billion have been spent

on treating diabetes in the region.*®’

The majority of countries in EMR were found to have national guidelines for the
prevention and management of diabetes, and more than 50% of these countries
reported having diabetes control plans. However, according to the WHO,
although preventive strategies exist in many EMR countries, these strategies

are not being rationally or widely utilised.®*

Among all countries in the EMR, the countries of the Gulf Cooperation Council
(GCC) have the highest levels of diabetes, and are almost constantly among
the top 10 countries with the highest diabetes prevalence globally. Therefore,
the next section focuses on prevalence rates of diabetes and the risk factors
studied in this thesis (obesity and smoking) in the GCC countries.

3.4. Prevalence of diabetes, obesity and smoking in the countries of

Gulf Cooperation Council

3.4.1. Overview

The Gulf Cooperation Council (GCC) was established in 1981 between six
countries located on the coast of the Arabian Gulf (Figure 3.2). These countries
are Saudi Arabia, Bahrain, Kuwait, Oman, Qatar, and United Arab Emirates
(UAE). These countries declared that the GCC was established in view of the
special relations between them, their similar political systems, and common
objectives.'®® People of these countries have many familial inter-relations, and
share many similarities in environments, lifestyle, and social and cultural

habits.5°
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Figure 3.2. Map showing the GCC and neighbouring countries

Compared to Saudi Arabia, all the remaining five countries are small and have
small population sizes. The total area of GCC countries is 2,672,700 km?, with
Saudi Arabia alone constituting an area of approximately 2,250,000 km?.*°® In
2002, the total population of all GCC countries has been estimated to be around
32 million. The population of Saudi Arabia alone constituted around 22 million,
compared to around 3.5 million in UAE, 2.5 million in Oman, 2.5 million in
Kuwait, 685,000 in Qatar, and 672,000 in Bahrain.*®®

The GCC countries are known to be the major source of oil in the world, with
the strongest economies among countries of the EMR. The gross domestic
product (GDP) of these countries in 2008 has been estimated to be 1060 billion
US dollars, with an average GDP per capita of 28,300 US dollars.'®® UAE has
been ranked to have the second highest GDP per capita in the world in 2009.*"
The GCC countries have witnessed substantial social and economic
developments in the recent decades, with great changes toward sedentary
lifestyles and ‘western’ dietary habits of their populations.!”* These countries
are now considered a major focus for diabetes globally. According to the IDF, all
the GCC countries, except Oman, are among the top 10 countries with the

highest prevalence of diabetes in the world in 2011 and 2030.°

In the next subsection, the published national population-based studies of
prevalence of diabetes, obesity, and smoking in the GCC countries (except

Saudi Arabia) are presented. Then, section 3.5. discusses in more detail the
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Saudi context in terms of demography, health care system, levels of NCDs,
diabetes care, and the relevant studies on the prevalence of diabetes, obesity
and smoking.

3.4.2. Published studies on the prevalence of diabetes, obesity, and smoking

in the GCC countries

A comprehensive literature review was conducted for the national population-
based studies that reported the prevalence of T2DM and the two risk factors
studied in this thesis (obesity and smoking) in the GCC countries. The search
was carried out using Medline database with relevant search terms (appendix

1). Results of these prevalence studies are shown in Tables 3.4-3.6.

The inclusion criteria for studies were the following: a) a nationwide population-
based cross sectional survey; b) multistage stratified random sampling
techniques; c) both men and women were included; d) prevalence of outcome
of interest (i.e. T2DM, obesity, and smoking) was reported; and e) diagnostic
criteria of T2DM and definition of obesity were clearly stated.

The exclusion criteria were a) a study that covered a subnational sample of
population (e.g. covered only one region of the country, or only one sex); b) a
study that reported the prevalence of self-reported diabetes or self-
measurement of weight and height; and c) duplicate papers that used the same
data but reported the results for different age ranges (in this case, the most

recent paper that reported the prevalence for adults was selected).

In general, all these studies used good sampling techniques and covered large
sample sizes of both sexes with good response rates. They used standard
global criteria for diagnosis of T2DM (WHO and ADA criteria) and obesity (BMI
>30 kg/m?). Thus, the studied samples and results were most likely reliable and

representative of each country’s population.

Most of the selected studies excluded pregnant women, but did not differentiate
between type 1 and type 2 diabetes. In this thesis, the reported prevalence
rates of diabetes in adults were considered as being for T2DM, as T2DM
constitutes around 90% of all diagnosed cases of diabetes and is the most
common type of diabetes in adults.
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Prevalence of T2DM in these studies ranges between 9.8-29.4%'%1"® (Table
3.4). The highest prevalence was reported in Bahrain'’’ but this study covered
an older study population (40-69 years) than other studies in the remaining
countries (220 years). UAE had the second highest prevalence (21.4%),'"™
while Oman reported the lowest prevalence in two studies (9.8% and 11.6%).*">
78 The prevalence in all studies was almost equal in both sexes or was slightly
higher in women, except in Bahrain where the prevalence in women (35.3%)

was considerably higher than men (25.4%).%"’

Studies showed very high prevalence rates of obesity in the GCC countries
(Table 3.5). The studies were based on BMI (= 30 kg/m?) for diagnosis of

obesity and none of them used other measures, such as WC or WHR.

Prevalence of obesity ranges between 19-47.50%'/%174. 179-182

172

with prevalence
rates of more than 45% in Kuwait'’* and Qatar'’®. However, one study in
Oman®® reported a prevalence of 47.9% but that was for overweight (BMI = 25
kg/m?) and obesity combined. The lowest prevalence (19%) was reported in
Oman, but it should be noted that data of this study were old (for year 1991),
although the study was published in 2004.” Prevalence of obesity in the GCC
countries was substantially higher in women than men, as reported by almost all

studies.

For smoking prevalence, there were only three studies (from Oman, Bahrain
and Kuwait) found to be conducted at national level’®**% (Table 3.6). No
published studies were obtained for Qatar and UAE. In these three studies, the
prevalence of ‘active’ smoking (defined as smoking at the time of survey) was
measured. The highest overall prevalence was in Bahrain (21.2%)®* followed
by Kuwait (17%)*®°, whereas it was much lower in Oman (7%)*¢3. However, the
study in Oman covered an older population (40-69 years) than studies in
Bahrain (=215 years) and Kuwait (=18 years). In all studies, the prevalence of
smoking in men was much higher than women. This is an expected finding,
since female smoking in the GCC countries is not acceptable in their

conservative social cultures.
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Table 3.4. Studies on the prevalence of diabetes in the GCC countries

- - i 0

Study (year published) Country Sample size Age Diagnostic criteria Prevalence of diabetes (%)
men women total (years) men women total

Al Rashdan et al. [172] Kuwait 918 1362 2280 20-65 ADA 1997 - - 18.1

2010 FPG

Bener et al. [173] Qatar 571 546 1117 =20 WHO 1999 15.2 18.1 16.7

2009 OGTT if FPG < 7 mmol/l

Malik et al. [174] UAE 2498 3346 5844 > 20 WHO 1999 20.4 22.3 214

2005 OGTT if FPG < 7 mmol/l

Al-Lawati et al. [175] Oman 2905 2933 5838 =20 WHO 1999 11.8 11.3 11.6

2002 FPG

Abdella et al. [176] Kuwait 1105 1898 3003 =20 WHO 1985 14.7 14.8 14.8

1998 OGTT if FPG = 6.1 mmol/l

Al-Mahroos et al. [177] Bahrain 1195 834 2029 40-69 WHO 1985 254 35.3 294

1998 OGTT

Asfour et al. [178] Oman 2133 2963 5096 =20 WHO 1985 9.7 9.8 9.8

1995 OGTT
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Table 3.5. Studies on the prevalence of obesity in the GCC countries

Sample size Age Prevalence of obesity (%)
Study (year published) Country (years) BMI 230 kg/m”

men women total men women total
Al Rashdan et al. [172]
2010 Kuwait 918 1362 2280 20-65 39.2 53.0 47.5
Bener et al. [173]
2009 Qatar 571 546 1117 =20 - - 45.2
Malik et al. [174]
2005 UAE 2498 3346 5844 =20 24.0 40.0 33.0
Al-Lawati et al. [179]
2004 (data for year 1991) Oman 2128 2958 5086 =20 10.5 25.1 19.0
Al-Riyami [180]
2003 Oman 3074 3356 6430 =20 42.0* 46.0* 47.9*
Musaiger et al. [181]
2001 Bahrain 298 216 514 30-79 21.2 48.7 35.0
Al-Mahroos et al. [182] Bahrain 1168 845 2013 > 20 25.3 33.2 29.3

2001

* Prevalence estimates are for overweight and obesity combined (BMI 225 kg/m?)
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Table 3.6. Studies on the prevalence of active smoking in the GCC countries

. Sample size Age Definition of active Prevalence of active smoking (%)
Study (year published)  Country men women total (years) smoking men women total
AlRiyami et al. [183] Oman 3506 3505 2011 40-69 Smoking at the time of 13.4 05 70
2004 survey
Hamadeh et al. [184] : .
1992 Bahrain 4785 4497 9282 =15  omokingatthetime of 33.1 9.2 21.2
survey
Smoking at the time of
Memon et al. [185] Kuwait 1798 2061 3859 >1g  Survey and had smoked 34.4 1.9 17.0

2000

more than 100 cigarettes
in their lifetime
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3.5. Prevalence of diabetes, obesity and smoking in Saudi Arabia
3.5.1. Introduction

The Kingdom of Saudi Arabia occupies most of the Arabian Peninsula. It is one
of the largest countries in the Middle East Region, extending between the Red
Sea in the west to the Arabian Gulf in the east. Saudi Arabia has diverse
geography with coastal areas in the east and west (coastline of around 2650
km), high rugged mountains mainly in the south and south-west, but the sandy
desert areas remain to occupy most parts of land. Climate conditions are
extremely hot and harsh at summer times, with temperatures reaching 50°C
and more, and dry cold at winter with minimum temperatures of less than 0°C in
some regions. Riyadh is the Capital City of the country, located in its centre.
The Kingdom is divided into 13 administrative regions (provinces) as illustrated
in Figure 3.3.
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Figure 3.3. Administrative regions of Saudi Arabia

Saudi Arabia is one of the strongest economies in its region, as it is ranked the
first in the list of oil-producing countries globally. Oil was first discovered in
Saudi Arabia in 1930s and the country now has the largest reserves of
petroleum in the world, and is the largest exporter. The petroleum sector
accounts for roughly 80% of budget revenues, 45% of GDP, and 90% of export

earnings. As a result, Saudi Arabia witnessed a massive improvement in
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socioeconomic development in the past five decades, with great progress
having been made in health, education, housing and the environment. There is
now an extensive network of modern roads, highways, airports, seaports and
huge industrial cities and complexes for petrochemical, desalination and other
plants. The industrial sector is the dominant source of wealth, creating around
51% of GDP with most of this from oil and gas mining; the service sector
accounts for 43% of GDP and agriculture for 5%.'®° Presence of the two Holy
Mosques in Mecca and Medina makes Saudi Arabia one of the most popular
destinations to all Muslims all over the world. This may also contribute to the
Saudi economy income, as many millions of people come to visit these places
during Hajj (the Muslim pilgrimage to Mecca) and all-round the year.

3.5.2. Demography

The population of Saudi Arabia was estimated in the last completed national
census, held in 2004, to be 22,678,262. The age and sex distribution of the
Saudi population is shown in the 2004 population pyramid in Figure 3.4. The
Kingdom has a relatively young population, where those who aged less than 15
years constitute 39.9% of the total Saudi population, compared to 56.6% aged
15-64 years, and 3.5% aged > 65 years.*®’

et | g St gl | 0 |

Saudi Population Pyramid

80+ |
79.75
74.70
69 - 65
6460
59. 55
54.50
49.45
4440
39.35
34.30
29.25
24.20
19.15
14-10 [ |
g6 ]
P e

187

Figure 3.4. The Saudi population pyramid, 2004
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Table 3.7 shows the major demographic indicators in the last few years, as

estimated by the Saudi Ministry of Health.'®

Table 3.7. Major demographic indicators of the Saudi national population188

Indicator 2004 2005 2006 2007
Crude birth rate/ 1000 population 25.3 253 249 24.5
Crude death rate/ 1000 population 3.8 3.8 4.0 3.9
Infant mortality rate/ 1000 live births 191 185 18.6 174
Maternal mortality rate/ 100,000 live births 12.0 12.0 14.6 14.6
Life expectancy at birth (years) 73.6 725 73.1 73.3

Crude birth and death rates fell from 49/1000 population and 23/1000
population in 1960° to 24.5/1000 population and 3.9/1000 population
respectively, in 2007.'®® Furthermore, infant mortality greatly decreased from
170/1000 live births in 1960® to 17.4/1000 live births in 2007.1% In contrast, life

expectancy notably increased from 44 years in 1960*° to 73.3 years in 2007.'%®

National censuses in Saudi Arabia do not account for ethnic groups of the
Saudi-national population. However, other sources estimated that Arabs
constitute more than 90% of them, and less than 10% are descended from Afro-
Asian origins, mainly black Africans, Turks, Iranians, Indonesians, Indians,
Russians and others.?® These ethnic minorities primarily immigrated as pilgrims
hundreds of years ago and then resided permanently in some regions of the

country.*®

The population growth rate between 1992 and 2004 was estimated to be 2.5%,
which is less than that between 1974 and 1992 (3.7%). This decrease was
attributed to decreased birth rate, mainly due to improved level of education,
increased access to contraceptives and older age at marriage than in the
past.'’®” As a result, the population in the <15 year age group decreased by
18.9% from 1992 to 2004. On the other hand, the population in the 265 year
age group increased by 6.7% during the same period, due to improved health

services and increased life expectancy of population.'®’

The 2004 census also showed that around two thirds of the Saudi population
live in the three most urbanised regions of the country (Riyadh, Mecca, and
Eastern Province). The total Saudi population living in urban areas increased
from 49% in 1974 to 80% in 2004. Rate of illiteracy among Saudis fell by half
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from 28.4% in 1992 to 14.7% in 2004."*" Around 86% of Saudi families have
one car or more, 90% of them have television, and 25% of them had internet
access in 2004.®" According to the World Bank, the Saudi GDP per capita in
2009 was US$ 23,429, which is one of the highest in the world.*"®

Saudi Arabia (and other GCC countries) has a large population of foreign
workers (expatriates). In the 2004 census, it has been estimated that around
25% (6,150,922) of the Saudi population were non-Saudi nationals.*®’ During
the past five decades (the post-oil era), Saudi Arabia has been highly
dependent on foreign labour. Later, with the progressive increase in the national
population size and the considerable improvements in education and training, a
large proportion of foreign labour in professional, administrative and technical
work positions have been replaced by Saudi nationals. Nevertheless,
expatriates still comprise the majority of employees in some occupations,
mainly agriculture, cleaning and domestic service industries. The 2004
estimates showed that the main bulk of the foreign population is formed of
people from South Asian origin (Indians, Pakistanis, Bangladeshis and Sri
Lankans), Arabs (mainly Egyptians, Yemenis, Syrians and Sudanese), Turkish,
and Pacific and Southeast Asia (mainly Indonesians and Filipinos).*®” However,
in terms of net migration, Saudi Arabia has almost a stable situation. It has been
estimated that the net migration rate in Saudi Arabia was -0.6 migrant/ 1000

population in 2012.*%*

Also, data on the socioeconomic status of population and regional disparities/
inequalities are limited from Saudi Arabia. However, the 2004 census reported
some socioeconomic indicators of population by region (e.g. level of education,
type of housing, and main occupational groupings).'®’ Table 3.8 summarises
these indicators in the three most urbanised regions (Riyadh, Mecca and
Eastern Province) in addition to two terminal regions (Jazan and Northern
Borders). In general, the level of education is better in the three main regions
compared to the other two terminal regions. However, the differences in the
main occupational groupings are small. There are slightly higher proportions of
people working in ‘high-class’ (e.g. management and professional scientific)
occupations in the three main regions. In contrast, proportions of people
working in ‘lower-class’ (e.g. agriculture and manual) occupations are slightly

higher in terminal regions. In terms of housing type, there is a higher proportion
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of ‘villa’ households in Northern Borders Region, and a higher proportion of ‘flat’
households in the three main regions, but this could be mainly attributed to
regional differences in the population density and relative costs of households.

Table 3.8. Some socioeconomic indicators by region from the national census, 2004

Riyadh Mecca Eas'gern Jazan Northern
Province Borders

Level of education (% population aged =210 years)

llliterate 10.5 141 9.9 26.2 18.3

University 10.9 10.4 9.1 5.9 7.1

Post-graduate 0.8 1.1 0.4 0.1 0.1

Main occupational groupings (% population aged =215 years)

Directors & managers 115 11.0 9.8 6.9 8.4

Specialists in professional and 14.7 135 12.6 10.1 10.2

technical fields

Workers in service sector 10.7 11.6 11.6 12.8 12.0

Workers in agriculture and 4.1 4.9 4.6 9.2 8.1

manual jobs

Type of housing (% households)

Traditional house 125 31.2 17.8 73.2 20.2
Villa 27.7 7.9 27.6 9.5 34.4
Flat 34.4 51.1 42.6 8.2 18.4

3.5.3. Overview of the Saudi health care system

The health care system in Saudi Arabia started in 1925 when a ‘public health
department’ was established in Mecca and was responsible for sponsoring and
monitoring free health care for the population and pilgrims through establishing
a number of hospitals and dispensaries in the main cities.*** *** The network of
health services started to expand after the establishment of the Ministry of
Health (MOH) in 1951. However, health services were predominantly curative
and delivered by an extending network of dispensaries and hospitals in most
regions of the Kingdom. Preventive health care was carried out by some
regional ‘health offices’ while some of the common communicable diseases
(e.g. TB, leishmaniasis, and malaria) were controlled through separate
programmes.*®? Further important development in the health care system was
introduced when the primary health care (PHC) system was established in the
early 1980s. Since that time, preventive care started to become a major integral

role of PHC which currently covers all regions of the country.%? %3
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Currently, the national health care system in Saudi Arabia is mainly run by the
MOH, which provides free-of-charge primary, secondary, and tertiary health
care across the whole country. MOH has a decentralised organisational and
administrative structure.’®® There are 20 health regions, each led by a Regional
Director and having a number of health sectors. Each health sector includes at
least one general hospital and a number of primary health care centres
(PHCCs), school health services and health offices. The policies, plans and
programmes of the MOH are implemented through this structure. The curative,
preventive, and rehabilitative services are also provided by other governmental
and private sectors.'® In the last few years, there has been a big advance in
the size and quality of health care services in KSA. There is currently a network
of around 2000 PHCCs and more than 200 hospitals, including tertiary and
specialist hospitals.'> The MOH budget was approximately 3% of the total
national budget in 1970, and this increased to 5% in 1992, 8% in 2001, and
12% in 2011.%*

PHCCs represent the leading and largest component of the Saudi health care
system, where approximately 83% of public health sector attendances occur in
PHC clinics.'® They are distributed throughout the country and serve as the
patient’s first point of contact with the national health system. The centres form
a network closely linked to the general hospitals, which in turn are linked to
tertiary care services by a referral and feedback system.'®? The health centres
implement the various aspects of PHC which include primary, secondary and
tertiary preventive services, in addition to curative health care. Moreover, they
carry out population and family censuses within their catchment areas, maintain
patient health records, survey schools in their areas and conduct routine home
visits. The essential services provided by a PHCC include maternal and child
health, immunisation, management of chronic diseases (e.g. hypertension and
diabetes), dental health, provision of essential drugs, environmental health (e.qg.

water safety and food hygiene), health education and disease control.*%

The MOH hospitals are also distributed all over the country and provide a wide
range of emergency and advanced medical and surgical services. The health
care services within hospitals vary according to their levels (secondary general

hospitals and tertiary referral and specialist hospitals).**® During the last few
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years, many types of complex surgical procedures have been made in the
Saudi hospitals as first in the Middle East region. Examples include conjoint
twins separation, liver transplantation and some advanced open heart

surgeries.'®

In addition to PHCCs and hospitals, there are also some other health care
institutions which provide specific health services. For instance, a number of
chest/ TB hospitals, physiotherapy and rehabilitation centres and anti-smoking

centres are distributed in different regions.*®

3.5.4. Non-communicable diseases in Saudi Arabia

Because of the massive improvement of health care services along with the
marked socio-economic advances in the past few decades, the predominant
disease pattern in Saudi Arabia has shifted from communicable to non-
communicable diseases.’®® This is consistent with the ‘epidemiological
transition’ that has been taking place in most developing countries, as described
in section 3.1.1. In the period of 1920s-1960s, the main health concern in Saudi
Arabia was the control of various infectious diseases such as TB, leishmaniasis,
schistosomiasis, malaria, measles, etc. Although some sporadic cases and
outbreaks of these diseases remain, they are no longer the major cause of ill
health in the Kingdom. During the last 30-40 years, there has been sharp
elevation in the levels of several non-communicable health problems, such as
diabetes, cardiovascular disease, cancer, and road traffic accidents (RTA).* 188
19519 As described earlier in section 3.1.1, this increase in the burden of NCDs
can mainly be attributed to changes in the population lifestyle and dietary habits
toward a modern/western lifestyle with sedentary behaviours and increased

access to high calorie and unhealthy foods.

Prevalence of hypertension and hyperlipidaemia in Saudi Arabia has been
estimated at 26% and 19.3% respectively according to the WHO Stepwise
sureveillance (STEPS) in 2005.%° Of the 413 deaths per 100,000 in 2002, 144

(35%) were due to cardiovascular disease.*®

Neoplasms account for
approximately 5% of hospital reported deaths.'® In addition, RTA is a major
problem faced by the health care system in Saudi Arabia, and it has been

estimated that of all the deaths that occur in the MOH hospitals, more than 80%
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are due to road traffic crashes.'®® Diabetes and its risk factors (e.g. obesity and
smoking) have also been reported at very high levels, and this is discussed in
detail in section 3.5.6.

In 2003, the Saudi MOH established the “General Directorate of Non-
communicable Diseases” with a principal aim of preventing NCDs and their
complications through various measures. These measures include, for example,
enhancing the public awareness toward NCDs, their risk factors and
complications, and population screening for early diagnosis of NCDs.**” The
Directorate also initiates and coordinates national strategies, plans and
campaigns for control and prevention of NCDs. There are several units/
programmes that follow the Directorate, such as the National Diabetes
Programme (NDP), Diet and Physical Activity Programme, Cardio-vascular
Disease Control Programme, Cancer Control Programme, Premarital Screening

Programme and others.*’

3.5.5. Diabetes health care in Saudi Arabia

Most diabetes health care is provided to patients within PHCCs. Each patient
diagnosed with diabetes has to be registered in his/her PHCC for regular follow
up, health education, and treatment by general practitioners. Each patient has a
specific diabetes record in the PHCC. The record contains information on the
patient’s vital signs, urine and blood investigation results, treatment and health
education advices, all recorded regularly (usually monthly). Oral hypoglycaemic
drugs and insulin are all available in PHCCs. Patients are referred to secondary
or tertiary care levels if further evaluation or management is needed. In addition,
there are 20 “Diabetic Clinics” distributed all over the 20 health regions of Saudi
Arabia. Patients are also referred regularly to these clinics for further evaluation
by specialist doctors. In 2007, for example, more than 400,000 visits to these
clinics were recorded by MOH.*®® Data on T2DM patients are forwarded from
health sectors to the NDP in MOH.

The NDP is the central unit within the General Directorate of Non-
communicable Diseases that contains the national morbidity and mortality
statistics of patients diagnosed with diabetes (all types). In addition, the NDP
initiates and coordinates national strategies and campaigns for diabetes control

and prevention. Important roles of the NDP include, for example, health
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promotion, screening of high risk groups of population, ongoing supervision of
diabetes health services in PHCCs, hospitals and diabetes clinics (personal
communication, Dr M. Al-Hamid, the Head of NDP, 2012). Although the
establishment of the NDP in Saudi Arabia is an exremely important step, it
remains a ‘young’ programme, which needs time for several future
developments in terms of reliable population-based data on diabetes. For
example, in relation to this thesis, cross sectional data on prevalence of T2DM
and its risk factors could not be obtained from NDP because, as mentioned
earlier, all data in the NDP are related to the diagnosed ‘cases’ of the disease
only. There were no diabetes population-based surveys carried out by NDP at a
national level. Furthermore, a national diabetes registry is not currently
available, although development of one is now in process (personal
communication, Dr M. Al-Hamid, the Head of NDP, 2012).

The public health planners in Saudi Arabia (and other GCC countries) have
started to realise the massive and progressively growing burden of diabetes in
their countries. Currently, Saudi Arabia adopts the GCC Action Plan for
prevention and control of diabetes, which was established by all the GCC
countries in 2007.'*® This action plan has been set for the 10-year period of
2008-2018. It aims to achieve several objectives related to the prevention of
diabetes (primary, secondary and tertiary prevention), in addition to improving
the health care services offered to diabetic individuals and supporting the
relevant research. The objective of primary prevention aims to reduce the
prevalence of T2DM, mainly through reducing the levels of its risk factors, such
as obesity, physical inactivity and smoking. Several strategies have been set,
including setting policy reduction targets for obesity and smoking prevalence to
be achieved by each member country by 2018. These policy targets are
discussed in detail in chapter 8.

In Saudi Arabia, the Diet and Physical Activity Programme®® has already
developed in late 2011 a national strategy for diet and physical activity, which is
compatible with the WHO’s Global Strategy on Diet, Physical Activity and
Health.?®® The Programme has also established in 2012 a ‘national committee’
for diet and physical activity, chaired by the MOH and includes a number of
relevant departments (e.g. schools, universities, food industry, media, etc) that

can assist in implementing the strategy. Elements of the strategy include, for
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example, increasing the community awareness of the importance of physical
activity and healthy diet, integrating physical activity and healthy diet in school
curriculums and environments, and increasing and improving the outdoor and

indoor spaces for public walking and exercise.**

Moreover, the Tobacco Control Programme (TCP)** in the Saudi MOH
(established in 2002) aims to reduce the levels of active and passive tobacco
smoking in the Kingdom. The main preventive strategies of the TCP are raising
the awareness of people on the smoking health hazards, monitoring the
relevant legislations (e.g. prohibition of smoking in public areas and
workplaces), and offering free help and consultation to those who decide to quit
smoking (through the Tobacco Control Clinics).
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3.5.6. Published studies on the prevalence of type 2 diabetes, obesity and

smoking in Saudi Arabia

A comprehensive literature review was carried out on the prevalence studies of
T2DM, obesity and smoking in Saudi Arabia through Medline database. The
reference lists of relevant articles were checked to identify other studies.
Moreover, personal communications were made with the head of the Saudi

NDP to obtain more relevant information and guidance to further studies.

The search strategy used in Medline is shown in appendix 1. Inclusion and
exclusion criteria were similar to those used for studies from the GCC countries

(as discussed in section 3.4.2).

3.5.6.1. Prevalence studies of type 2 diabetes in Saudi Arabia

Literature review identified five national population-based studies. These
studies were carried out between 1989 and 2005 and covered both sexes of the
Saudi population. They varied in the age groups included and diagnostic

methods and criteria (Table 3.9).

The most recent published study was the WHO’s STEPwise Surveillance
(STEPS) of NCDs risk factors'® in 2005. In this study, individuals aged 15-24
years were included, in addition to the recommended age of the WHO STEPS
approach (25-64 years). An overall prevalence of 15.8% and 14.9% was
reported in men and women aged 15-64 years respectively, using the ADA
1997/ WHO 1999 diagnostic criteria (fasting plasma glucose =7 mmol/l).
However, the reported overall prevalence for those aged 25-64 years was
20.1% in men and 18.3% in women. Results showed significant increasing
prevalence rates with increasing age in both sexes. The age-specific
prevalence rates were very similar for men and women across all age groups,
except for the oldest age group (55-64 years), where women had a higher
prevalence (49.7%) than men (39.5%).

Another study was conducted by Al-Nozha et al.®

between 1995 and 2000. They studied around 17,000 adult Saudi subjects
aged 30-70 years. Diagnosis of diabetes was based on the ADA 1997 criteria

over a five-year period

with measuring only fasting blood glucose. This study showed that the overall

75



prevalence of diabetes in the Saudi population was 23.7% which was
significantly higher among men (26.2%) than women (21.5%), and among those
living in urban areas (25.5%) than the residents of rural areas (19.5%). Again,
the reported prevalence of diabetes increased significantly with increasing age
in both men and women, and there were no noticeable differences in the age-

specific prevalence for all age groups of both sexes.

Earlier studies included relatively younger age groups and showed lower overall
prevalence rates.>® 3 2°2 |n one study that was carried out during 1992-1995,%
the total prevalence in those aged >14 years was reported to be 5.6% and 4.5%
among men and women respectively, using the WHO 1985 criteria with
measuring both fasting blood glucose and OGTT to define diabetes (fasting
blood glucose =7.8 mmol/l and/or 2 hour OGTT =11.1 mmol/l). In another
study, Al-Nuaim?® studied a large sample of individuals aged =15 years and
reported a significantly higher prevalence among residents in urban (men 5.1%,
women 4.9%) than rural settings (men 4.5%, women 4.5%), using random (not
fasting) blood glucose of 211.1 mmol/l to define diabetes. Osman et al.*®
reported a higher prevalence of 13.2% among subjects aged =18 years, with a
fasting blood glucose of =7.0 mmol/l used as a cut-off value to diagnose

diabetes.

In general, all these studies used good sampling techniques of multistage
stratified random sampling of all regions of the Kingdom with probability
proportionate to population size of each region. They covered large nationwide
sample sizes of households and considered both sexes. The reported response
rates in these studies were excellent. With the exception of Al-Nuaim study, in
which the response rate was 69%, the other studies reported response rates
ranging from 92-98%. Thus, the studied samples were most likely reliable and
representative of the total Saudi population. The studies used standardised
methods, tools, and criteria for measuring blood glucose and diagnosis of

diabetes.

Nevertheless, the data periods in these studies overlap, and they covered
different age ranges of the Saudi population, used different diagnostic criteria to
define diabetes, and reported the prevalence rates in different age-group

intervals. These differences may make it difficult to compare between the
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results. However, generally, there was a rise in diabetes prevalence in Saudi
Arabia over time, as reported by these studies. Such an observed rise could be
mainly explained by three factors. First, the levels of risk factors for developing
diabetes (e.g. obesity, physical inactivity, smoking, etc) had, in parallel,
increased over time (as discussed in the next two sections). Second, the
change in the diagnostic criteria of diabetes from the old fasting glucose and
OGTT cut-offs to the new lower fasting values might contribute to this rise, as
the new criteria probably classified more individuals to be diabetics compared to
the old criteria. Third, the incidence of diabetes in the Saudi population might

increase over time leading to this elevation in the disease prevalence.

Osman et al.®®

reported only the overall prevalence of diabetes for the total
population without providing age- and sex-specific prevalence rates. Moreover,
Al-Nuaim®®? used ‘random’ blood glucose (no fasting glucose) measurements to
diagnose diabetes, which might lead to missing of significant numbers of
individuals with diabetes. However, although measuring random glucose can be
considered a limitation by today’s standards, such a method was recommended

by the WHO, at the time of the study, to be used in epidemiological studies.?*

As mentioned in section 3.4.2, most of diabetes prevalence studies excluded
pregnant women from their population samples. However, these studies did not
differentiate between type 1 and type 2 diabetes. In this thesis, the reported
prevalence rates of diabetes in adults were considered as being for T2DM, as
T2DM constitutes approximately 90% of all diagnosed cases of diabetes and is
the most common type of diabetes in adults.

3.5.6.2. Prevalence studies of obesity in Saudi Arabia

Five nationwide population-based studies of obesity prevalence have been
identified through literature review. All these studies used BMI to define obesity
(BMI =30 kg/m?). Like the diabetes prevalence studies, these studies were also
carried out between 1989 and 2005 and covered both sexes of Saudis (Table
3.10).

The WHO STEPS study'® reported a mean BMI of 27.0 kg/m? in men and 29.1
kg/m? in women aged 15-64 years. The prevalence of obesity among men and

women in 2005 was 28.3% and 43.8% respectively. Al-Nozha et al.** reported
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an overall prevalence of obesity of 35.6% among those aged 30-70 years
during 1995-2000, which was significantly higher in women (44%) than men
(26.4%).

In another study conducted during 1990-1993 among those aged =20 years, Al-
Nuaim et al.®’ reported an overall obesity prevalence of 22.1%. Again, it was
significantly higher among women (26.6%) than men (17.8%). Moreover,
Osman et al.*® reported an overall obesity prevalence of 20.8% during 1989-
1994 (15.6% in men and 24.9% in women). Warsy and El-Hazmi*® reported an
overall prevalence of obesity of 15.8% which was significantly higher in women
(18.6%) than men (11.9%).

As with the diabetes prevalence studies, these studies covered large samples
of both sexes with excellent response rates from all regions of Saudi Arabia,
using multistage stratified random methods and probability proportionate to
size. They used standardised tools to measure BMI, which is recommended by
WHO as the most useful population-level measure of obesity. However, BMI

has its own limitations that have been described earlier in chapter 2.

On the other hand, the data periods in these studies overlap, and they covered
samples with different age ranges, and reported their results in different age
group bands. In addition, Al-Nuaim®’ reported only age-specific prevalence

rates of obesity (no sex-specific).
3.5.6.3. Prevalence studies of smoking in Saudi Arabia

There are more than 30 published studies investigating the prevalence of
smoking in Saudi Arabia during the last three decades. Unfortunately, the
majority of these studies were carried out among only men from certain
population subgroups (e.g. school students, medical students, physicians, etc)
and were limited only to some cities or provinces. According to these studies,
the prevalence of current smoking among Saudis ranges from 2.4-53% (median
17.5%).2%¢

There are three nationwide population-based studies®® 3%

on current smoking
among adults of both sexes in Saudi Arabia, conducted between 1990-2005

(Table 3.11). The overall prevalence of active smoking in these studies ranges
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from 11.6-12.8%. As expected, the prevalence of smoking was substantially

1939 since female

higher among men than women as reported by two studies
smoking in Saudi Arabia is considered socially unacceptable and stigmatised.*®
However, recent data from subnational surveys suggested that female smoking
prevalence in Saudi Arabia is increasing, particularly among some specific
subgroups (e.g. university students). In these surveys, smoking prevalence
ranges between 4.2%°% and 9.1%°°°, and the ‘water-pipe’ tobacco was the
commonest type consumed, as it is often readily available, and is perceived as
‘fashionable’.?®> There are no recent surveys that measured the prevalence of

female smoking at the national level.

In general, these studies used representative nationwide population-based
samples through multistage stratified random sampling techniques and
probability proportionate to size. As with diabetes and obesity prevalence
studies, these studies covered both sexes and different age ranges of the Saudi

population.

Nevertheless, it is not easy to collect information on smoking in Saudi Arabia,
particularly among women and in some regions where smoking represents a
social and religious stigma, even for men. Some people may hide their smoking,
particularly during an interview or in the presence of other family members if
they are young or female.®*® Therefore, as documented by Jarallah et al.*,
smoking prevalence in Saudi Arabia may have been underestimated in
prevalence studies. Furthermore, the data periods in these studies overlap, and
they used different definitions for self-reported active smoking (Table 3.11)
through interviews or questionnaires, and none of them used biomedical

validation of smoking status.

In total, this chapter reveals the massive and growing global burden of T2DM
and its risk factors, particularly on developing countries, including Saudi Arabia.
As this thesis uses a modelling approach to estimate and predict T2DM
prevalence trends in Saudi Arabia, the next chapter presents a comprehensive

theoretical discussion on epidemiological modelling.
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Table 3.9. Summary of the published national studies on type 2 diabetes prevalence in Saudi Arabia

Study (year Year Sample size Age Diagnostic T2DM prevalence (%) Age Male Female
published) conducted Males Females Total (years) criteria Males Females Total groups prevalence prevalence
(years) (%) (%)
WHO STEPS 2005 2312 2340 4652 15-64 WHO 1999 15.8 14.9 15.3 15-24 2.0 2.4
(2005) [19 ] FPG (20.1)* (18.3)* (19.2)*
25-34 2.8 45
35-44 13.7 14.8
45-54 31.0 31.1
55-64 39.5 49.7
Al-Nozha et al. 1995-2000 - - 16,917 30-70 ADA 1997 26.2 21.5 23.7 30-39 13.0 11.6
(2004) [18] FPG
40-49 23.9 22.4
50-59 335 34.3
60-70 36.2 36.9
Osman et al. 1989-1994 2673 3590 6253 218 ADA 1997 - - 13.2 - - -
(2000) [35] FPG
Warsy and El- 1992-1995 6162 8498 14,660 > 14 WHO 1985 5.63 4,53 4,99 14-29 0.38 0.99
Hazmi (1999) OGTT
[36]
30-44 7.01 5.03
45-59 21.06 22.09
> 60 28.75 24.37
Al-Nuaim (1997) 1990-1993 6873 6304 13,177 =215 Random Plasma 15 (U)** 14.0 (V) - 15-20 2.0(U); 1.0 (R) 2.0(U); 1.0 (R)
[202] Glucose (RPG). s S8.0(R)
DMifRPG >11.1 O (R)
mmol/l.
OGTT if RPG
5.5-11.2mmol/l
21-30 3.0(U); 2.0(R) 5.0(V); 3.0(R)
31-40 9.0(V); 4.0(R) 15.0(V); 8.0 (R)
41-50 28.0(V); 17.0(R)  36.0(V); 11.0(R)
51-60 39.0(U); 22.0(R)  49.0(V); 26.0(R)
> 60 35.0(U); 19.0 (R) 42.0(V); 29.0(R)

* Prevalence rate for population aged 25-64 years ** U: urban; R: rural
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Table 3.10. Summary of the published national studies on obesity prevalence in Saudi Arabia

Study (year Year Sample size Age Obesity prevalence (%) Age Male Female
published) conducted (years) (BMI = 30 kglmz) groups prevalence prevalence
Males Females Total Males Females Total (vears) (%) (%)
WHO STEPS 2005 2244 2345 4589 15-64 28.3 43.8 36.2 15-24 17.8 19.6
(2005) [19] (31.5) * (50.4) * (41.2) *
25-34 27.1 39.5
35-44 34.5 54.7
45-54 32.9 58.8
55-64 31.0 53.2
Al-Nozha et al. 1995-2000 - - 17,232  30-70 26.4 44.0 35.6 30-39 25.2 40.2
(2004) [34]
40-49 30.3 50.2
50-59 27.8 45.9
60-70 22.1 39.0
Osman et al. 1989-1994 2673 3590 6253 >18 15.6 24.9 20.8 18 - <21 9.0 16.5
(2000) [35]
21-<31 104 22.1
31-<40 20.7 32.7
=40 20.8 33.2
Warsy et al. (1999) 1992-1995 6646 9064 15,710 >14 13.1 20.3 15.8 14-19 4.7 4.5
[36]
20-29 9.1 13.2
30-39 15.9 26.9
40-49 19.2 36.0
50-59 16.4 28.7
Al-Nuaim (1997) 1990-1993 5407 5244 10,651 =20 17.8 26.6 22.1 20-29 14.7 (both sexes combined)
[37]
30-39 24.8 (both sexes combined)
40-49 33.2 (both sexes combined)
50-59 26.3 (both sexes combined)

* Prevalence rate for population aged 25-64 years
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Table 3.11. Summary of the published national studies on smoking prevalence in Saudi Arabia

Study (year Year Sample size Age Definition of active Smoking prevalence (%) Age Male Female
published) conducted (years) smoking groups prevalence prevalence
Males Females Total Males Females Total (years) (%) (%)
WHO STEPS 2005 2336 2414 4750 15-64 - 24.2 1.4 12.6 15-24 26.0 0.96
(2005) [19] (236)* (@15 * (12.2) *
25-34 31.7 1.3
35-44 27.4 1.4
45-54 19.2 2.2
55-64 13.1 1.1
Al-Nozha et 1995-2000 - - 17,232  30-70 Smoking in the last one - - 12.8 - - -
al. (2004) [38] year before survey
Jarallah et al.  1990-1993 - - 8,310 215 Smoking one or more 21.1 0.9 11.6 15-20 6.7 (both sexes combined)
(1999) [39] cigarettes daily for 6
months or more before
survey
21-30 13.7 (both sexes combined)
31-40 15.8 (both sexes combined)
41-50 12.2 (both sexes combined)
51-60 8.2 (both sexes combined)
61-70 8.0 (both sexes combined)

* Prevalence rate for population aged 25-64 years
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Chapter 4. Epidemiological Modelling

As stated in chapter 1, this thesis used the approach of modelling to study the
trends and projections of the prevalence of T2DM in Saudi Arabia. Therefore,
this chapter presents a theoretical discussion on modelling in terms of definition,
uses, types, structure, and limitations. In addition, this chapter also discusses
the steps involved in developing a model, and the existing diabetes models in
the literature.

4.1. What is a model?

In brief, a model is a simplification of reality.?>” The National Research
Council®® defined a model as “... a replicable, objective sequence of
computations used for generating estimates of quantities of concern...”.
According to the International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) Task Force on Good Research Practices - Modelling
Studies,” a model is defined as “an analytic methodology that accounts for
events over time and across populations based on data drawn from primary
and/or secondary sources”. So, a model is a logical mathematical framework
that permits the integration of facts and values, and that links these data to

outcomes that are of interest to health-care decision makers