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Abstract

Type 2 diabetes mellitus (DM) is one of the most common chronic diseases
globally, with worldwide prevalence of 8.3%. Due to its long-lasting nature and
high risk of complications, the burden of type 2 DM is expected to rise.
Patients with type 2 DM have an estimated two-to-six fold higher risk of
developing cardiovascular disease (CVD) compared to the general population.
Moreover, CVD is considered the leading cause of morbidity and premature
mortality in type 2 diabetic patients.

CVD risk assessment tools in general are mathematical models or charts
used to estimate the risk of a CVD event in an individual. CVD risk estimation
Is important to plan the initiation of preventive and therapeutic measures for
CVD prevention including anti-lipid, anti-hypertensive and anti-platelet
therapies, as well as to plan appropriate health education. Various
professional guidelines for the management of type 2 DM have advocated the
use of CVD risk assessment tools to estimate CVD risk among type 2 diabetic
patients using traditional CVD risk factors such as hypertension (HTN),
dyslipidemia, high glycosylated hemoglobin (HbAlc), albuminuria, obesity,
smoking status, and family history of CVD. However, most of the existing CVD
risk assessment tools were derived from Western populations, with very few

developed for East Asian populations.

In Oman, as in other Arabian Gulf countries, type 2 DM represents a high
public health burden. Related data in Oman have shown a gradual increase in
the prevalence of DM from 10% in 1991 to 12.3% in 2008. As for CVD, local
data collected from the Omani general population indicate that CVD
accounted for 29.8% of total causes of death in 2013 according to the Ministry
of Health. However, there is very limited literature available related to CVD
occurrence and the distribution of its risk factors among Omani type 2 diabetic
patients. As for CVD risk assessment models used in prevention and
management of CVD among diabetics, no CVD risk assessment tool has yet
been developed for any Arabian population, including Omanis. Despite the
availability of international risk assessment tools, these are not considered

optimal for Omani diabetics. As populations differ in many ways such as



differences in lifestyle patterns, socio-demographic characteristics and trends
in the incidence of diabetes and CVD risk factors, the existing international
CVD risk assessment models are not suitable for Omani or even Arabian
diabetic populations. Hence, the overall aim of this project was to develop a
risk assessment tool that is suitable to estimate the 5-year CVD risk among

Omanis with type 2 diabetes.

To achieve the main aim of this research project, three subsequent studies
were conducted. The objective of the first study was to assess the incidence
of CVD and the patterns of traditional CVD risk factors among Omani type 2
diabetics. A retrospective cohort study was undertaken on a sample of 2,039
patients with type 2 DM selected from four primary healthcare institutions in
Aldakhiliyah Governorate (Province), all of whom were free of CVD at
baseline in 2009 — 2010. Socio-demographic and baseline data regarding
traditional risk factors were retrieved from the patients' medical records. The
CVD outcome was defined as the first confirmed diagnoses of coronary heart
disease (CHD), stroke or peripheral arterial disease (PAD) during the study
period, up until December 2015, with a mean and median follow-up period of

5.3 and 5.6 years respectively.

This study revealed an overall cumulative CVD incidence of 9.4% among
Omani diabetic patients, with an incidence density of 17.6 cases per 1,000
person-years. A high prevalence of most CVD risk factors was observed
among the study sample. For example, the prevalence of poor glycemic
control (as indicated by a high level of HbAlc), HTN, obesity, dyslipidemia,
and albuminuria was 40%, 56.3%, 39%, 77.3% and 18.7% respectively. A
univariate survival analysis showed a significant association between CVD
and the following factors: age; DM duration; body mass index (BMI); glycemic
control; HTN; total serum cholesterol and albuminuria (P value < 0.05 each).
In addition, compared to similar global studies, important differences in the
prevalence of some risk factors and their patterns in the univariate

associations with CVD outcome were observed.

The second study aimed to develop a suitable CVD risk prediction tool for

Omanis with type 2 diabetes, in consideration of the specific patterns of CVD
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risk factors in this population. This study was conducted based on the same
study sample used in the first study. However, patients with incomplete data
related to any key risk factor were excluded in the derivation of the model
using a Cox regression analysis. As such, a total sample of 1,314 patients
with complete data was used to develop the model. All included patients were
free of CVD at baseline (2009-2010) and were followed up until any of the
following end-point events occurred: their first CVD event (either CHD, stroke,
or PAD), death, or the end of the follow-up period in December 2015. All data
were retrieved from the diabetes registry and the patients’ computerised files

at the primary care settings.

Among the study sample, 192 CVD events were recorded within a mean
follow-up period of 5.3 years. This study modelled the 5-year probability of
CVD as: 1 - 0.99915xp2XiBi where Exp Y XiBi (which represents the hazard
ratio) = Exp (0.038 age [years] + 0.052 DM duration [years] + 0.102 HbAlc
[%] + 0.201 total cholesterol [mmol/l] + 0.912 albuminuria [coded 1 if present]
+0.166 HTN [coded 1 if present] + 0.005 BMI [kg/m?])

The aim of the third study was to validate the model developed in the second
study. The performance of the model was assessed in two samples: the
derivation sample used to develop the model, which consisted of the 1,314
diabetics described previously, and another separate validation sample
selected from two institutions in the same region. This validation sample
included 405 type 2 diabetics which were not included in the model derivation.
All patients were free of CVD at baseline (2009-2010). All of the end-point
events for the validation sample were defined as for the derivation sample. All
data were retrieved from the patients’ medical records. This study showed
adequate model discrimination in both the derivation and validation samples,
with an area under the receiver operating curve of 0.73 (95% confidence
interval [CI]; 0.69 — 0.77) and 0.70 (95% CI: 0.59 — 0.75) respectively. The
calibration of the model also showed acceptable results, with insignificant
differences between the mean predicted risks (estimated by the model) and
the actual mean risks, with differences ranging from 0.7% - 3.1% and 0.1% -

4.2% (P value > 0.05 each) in the derivation and validation samples



respectively. In addition, the recommended optimal CVD risk cut-off point was

10.0%, yielding good sensitivity (73.0%) and reasonable specificity (60.3%).

This research project revealed the limited applicability of existing international
CVD risk assessment tools in Oman, and the need to develop a specific tool
suitable to estimate CVD risk among Omani type 2 diabetic patients.
Subsequently, a CVD risk assessment model for people with type 2 diabetes
in Oman was developed in view of the specific risk factor profile of this
population. The model was validated in both the study sample and an external
sample, and was shown to be suitable for the Omani type 2 diabetic
population. Therefore, the present model is considered a suitable tool to
estimate CVD risk at least for type 2 diabetic patients in Aldakhilyah Province,
in order to plan their clinical management strategies and CVD prevention
measures. In addition, health planners may use this model to monitor CVD
risk and estimate the future burden of CVD among Omani diabetics. However,
the wider generalisability of this model requires further validation studies in
different provinces of Oman, as well in neighboring Gulf countries.
Nevertheless, the use of the present model in clinical settings would allow
further validation of the model over time and enable researchers to assess the

cost-effectiveness of utilising this model among Omanis with type 2 diabetes.
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Chapter 1: Introduction

1.1 Background and rationale

Patients with type 2 diabetes have an elevated risk of developing
cardiovascular disease (CVD), estimated as being two-to-six-fold higher
compared to that of the general population.! CVD also represents the leading

cause of morbidity and premature mortality in type 2 diabetic patients.?

There are many risk factors for CVD among diabetics. In fact, many traditional
risk factors such as hypertension, dyslipidaemia, glycaemic control, diabetes
duration, renal dysfunction, obesity, smoking and physical inactivity have been
identified as independent predictors of CVD.*3 Other non-traditional
predictors—such as erectile dysfunction, unhealthy dietary patterns and social
deprivation as well as other inflammatory, haematological and thrombogenic
markers—have been studied recently and have shown a positive relationship
with CVD among diabetics.'® However, traditional risk factors have been
found to account for up to 75-90% of CVD events among people with
diabetes.*®

Various professional guidelines for the management of type 2 diabetes
mellitus (DM) have recommended the use of CVD risk assessment tools to
estimate CVD risk among diabetics and to guide the initiation of appropriate
preventative and treatment strategies, including anti-hypertensive, anti-platelet
and anti-lipid drugs.®” In this regard, many different risk prediction tools in the
form of statistical equations or risk charts have been developed in different
parts of the world to estimate CVD risk among type 2 diabetics. These include
tools developed for general populations which consider type 2 diabetes as a
risk factor, as well as tools which have been developed specifically for type 2
diabetic populations. Examples of such tools include the Framingham Heart
Study model, the Framingham General CVD (FG-CVD) Risk Profile, the new
Prospective Cardiovascular Munster Score model, the World Health
Organization (WHO)/International Society of Hypertension (ISH) risk
prediction charts, the Action in Diabetes and Vascular Disease: Preterax and
Diamicron-MR Controlled Evaluation study model, the Swedish National
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Diabetes Register equation and the U.K. Prospective Diabetes Study risk

engine for diabetic patients.®-19

However, tools which were primarily derived for general populations are not
specific for type 2 DM populations with higher CVD risk. Moreover, these tools
do not include important traditional risk factors related to type 2 DM, such as
glycaemic control, DM duration and albuminuria.®!? In addition, most general
CVD as well as diabetes-specific tools have been derived for Western
populations (primarily European and U.S. populations) and very few have
been derived for East Asian populations. Among these tools, only a few have
been validated externally in diabetic populations. Moreover, many of these
validation studies demonstrated that the tools performed poorly when applied
to different diabetic samples.*?~* In addition, such external validation studies
are usually conducted among European, Australian or other populations of
similar ethnicities and lifestyles to the populations from which those tools were

initially developed.

There is an increasingly high burden of type 2 diabetes in Oman. Three
consecutive epidemiological surveys conducted in the country have shown a
gradual increase in the prevalence of DM from 10% to 12.3% over 17
years.'>18 | ocal data have shown that more than half of all amputations in
Oman were attributable to DM.° In addition, a hospital-based study reported
that more than half of Omani patients undergoing coronary artery bypass
surgery were diabetics.?® Moreover, related data indicate an overall high
prevalence of traditional CVD risk factors among Omanis.821.22 Therefore, the
growing trend of DM and CVD risk factors in Oman have inevitably created
challenges for the healthcare system and made CVD a key priority for public

health research.

With regards to CVD risk assessment tools, no CVD risk prediction tools have
yet been developed for any Arab population, including Omanis. Although,
many different CVD risk assessment tools have been developed in other parts
of the world (primarily in Europe and the U.S.), these tools are not considered
optimal for application among Omani diabetics as well as other Arab
populations. This is due to differences in socio-demographic factors, cultures
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and lifestyle patterns in these populations, as well as differences in the
distribution of various CVD risk factors and CVD incidence. Actually, despite
the similarities between the populations from which existing models were
derived, developing a model specific for each unique population is a common
rationale which gave rise to the existing models. Due to the expected
relationship between diabetes and diabetes-related complications with the
geographical location of the patient’s environment and lifestyle characteristics,
existing risk models are not always applicable to different populations;
therefore, it is important for each specific population to have its own risk
assessment tool.1%23 Moreover, the lengthy time lag between the development
of some of the existing tools and the present, along with major differences in
clinical practice, gives rise to questions regarding the validity of applying these

risk tools even among populations of similar ethnicities.1°

In addition, existing tools have not yet been validated in any Arab population,
including Omanis. However, as previously mentioned, external validation
studies on other diabetic samples have shown that these tools perform poorly
when applied to different populations. A study comparing the FG-CVD Risk
Profile tool to the WHO/ISH risk prediction charts currently used in primary
care institutions in Oman has shown significant discrepancies in risk
assessment results between the two tools when applied to a sample of Omani
type 2 diabetics, supporting the need for a tool specific for this population.?*
Furthermore, validating various existing tools in this population is time-
consuming and not cost-effective, and the results are not expected to differ
from those showing poor performance of these tools among different
populations. Notably, the WHO/ISH risk prediction charts were not derived
from original studies, but using databases related to the prevalence of CVD
risk factors and CVD event rates in the Eastern Mediterranean region. This
region includes Arab and non-Arab populations and therefore these charts are
not specific. Moreover, these charts do not include important traditional CVD
risk factors among diabetics such as glycaemic control, DM duration and

albuminuria.
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In summary, there is a need for a population-specific CVD risk prediction tool
for Omani diabetics so as to monitor their CVD risk and inform future

treatment and case management strategies.

1.2 Research questions
This thesis project addressed an overall research question and three
subsequent questions arising from the main question. The main research
guestion was:

- How can a suitable CVD risk assessment tool be developed to

estimate the 5-year CVD risk among Omanis with type 2 diabetes?

The following three questions were developed to answer the main research
question:
1- What is the incidence of CVD and the pattern of CVD risk factors
among type 2 diabetics in the Aldakhiliyah Governorate (Province)

of Oman?

Answering this question was deemed to provide fundamental information on
CVD risk in the form of incidence, as well as distribution of CVD risk factors
and the key risk factors associated with CVD among this specific population.
This would be the base for developing the needed CVD model for this specific
population.

2- How can associated CVD risk factors be incorporated into a
multivariate model for predicting the 5-year risk of CVD in the type 2
diabetic population in the Aldakhiliyah Province of Oman?

In this regard, the identified independent CVD risk factors among the target

population, in addition to their weight of contribution to CVD risk would be

incorporated into a CVD risk equation suitable for this specific population.

22



3- How valid is the developed risk assessment tool to predict the 5-
year CVD risk in another cohort of type 2 diabetics taken from the

same reference population?

Since it was crucial to test the model, the answer to this question was needed
to provide important data related to the validity of the model and its

generalisability.

1.3 Aim and objectives

Aim

The ultimate aim of this thesis project was to develop a suitable risk
assessment tool to estimate the 5-year CVD risk among Omani type 2

diabetic patients.

Study objectives

The following objectives were developed focusing on the diabetic population
of the Aldakhiliyah Province of Oman in order to achieve the overall aim of this
research:

e To estimate the incidence of CVD and to describe patterns of CVD risk
factors in the type 2 diabetic population in Aldakhiliyah Province of
Oman;

e To develop a CVD risk prediction model in the form of a statistical
equation suitable to estimate the 5-year CVD risk in the type 2 diabetic
population in Aldakhiliyah Province of Oman;

e To validate the accuracy of the CVD risk assessment model developed

for type 2 diabetics in the Aldakhiliyah Province of Oman.

1.4 Structure of the thesis

This thesis consists of seven chapters. Chapter 1 summarises the
background, rationale, research questions and aim and objectives of the
research project, as well as the structure of the thesis. Chapter 2 provides an
introduction to the main topic of the thesis and details of a literature review.
The last section of Chapter 2 includes a published review article which
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summarises the literature and provides critical arguments on the knowledge
gap that establishes the context which led to the research questions of the
thesis. Chapter 3 presents the detailed research methodologies that were
used to answer each research question, including the research design,
sampling methods, data collection methods, definitions of the variables, data
guality and analysis and ethical considerations. Subsequently, the results of
each of the three research questions were presented in Chapters 4, 5 and 6 in
the form of published/unpublished papers formatted according to peer-
reviewed journal requirements. Each paper includes detailed results as well
as a detailed discussion related to the observed findings. Chapter 7 comprises
a general discussion on how each research question was answered and how
the ultimate aim of the thesis was achieved. In addition, the implications of
observed findings, the strengths and limitations of the whole project, in
addition to general conclusions and future recommendations, are discussed in
this chapter. This thesis format was chosen in accordance with the policy of
Griffith University. As a result, there is some repetition of related text in the

result chapters as well as the discussion chapter, which is to be expected.
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Chapter 2: Literature Review

2.1 Introduction

In the last chapter, the main topic of this project was introduced in addition to
a brief rationale that led to the research questions and objectives of this study.
In addition, the previous chapter provided a clear idea about the structure of
this thesis report.

This chapter forms the second component of this thesis, providing a
comprehensive literature review and identifying the gaps in the field and the
rationale which led to the context of this project. This chapter provides an
overview about type 2 diabetes mellitus (DM), its relationship with
cardiovascular disease (CVD) as well as CVD-related complications and CVD
risk factors. In addition, it describes the existing global risk assessment tools
used to assess CVD risk among type 2 diabetics and their applicability to
other populations. The last section of this chapter is comprised of a published
review article which addresses the applicability of the current existing CVD

risk tools to the Omani type 2 diabetic population.

2.2. Type 2 diabetes mellitus

2.2.1 Definition and etiology

Diabetes mellitus is a multifactorial metabolic disorder characterised by long-
term high blood sugar known as chronic hyperglycaemia, resulting from
defects in insulin sectretion (type 1), insulin action (type 2) or a combination of
these defects, leading to many serious long term complications.?® Type 1 DM
(also known as insulin-dependent DM) affects around 5-10% of the diabetic
population. Type 1 DM is an autoimmune disease wherein an immune
reaction is elicited against the pancreatic B-cells that manufacture insulin.
Gradually, this immune reaction results in the destruction of insulin-producing

B-cells.2526
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Type 2 DM (also known as non-insulin-dependent DM) represents around 90—
95% of the diabetic population. It usually affects adults; however, due to the
increasing prevalence of childhood obesity, this type may also occur among
children and adolescents.?>?” The pathophysiology of type 2 DM is initially
characterised by high insulin levels due to increased insulin resistance which
causes the pancreas to secrete progressively more insulin. Gradually, the
insulin starts to decrease to insufficient levels due to pancreatic exhaustion,
leading to the accumulation of glucose in the blood which subsequently
causes diabetes-related complications.?8-30

Type 2 DM is a multifactorial disease that arises as a result of the interaction
of a number of environmental, genetic and lifestyle factors.3! Obesity, a
sedentary lifestyle and a family history of DM are considered to be common
risk factors for the development of type 2 DM.3232 |n addition, type 2 DM may
follow gestational diabetes.3* Less commonly, type 2 DM may present as an
entity in some medical disorders and syndromes, such as acromegaly,
hyperthyroidism and Cushing’s syndrome.3>-37 Moreover, the risk of type 2
DM may be increased by certain medications, including corticosteroids,
thiazides, B-blockers and statins.38-40

2.2.2 Global trends and burden of type 2 diabetes

Overall, DM is one of the most common non-communicable diseases
worldwide, with a global prevalence of 8.3%; it is considered to be the fourth
or fifth leading cause of mortality in most developed countries, whereas in
developing countries it is increasingly prevalent and considered an
epidemic.*14? According to the International Diabetes Federation (IDF), the
comparative prevalence of DM in the Middle East and North Africa (MENA),
South East Asia and South and Central America regions increased from 9.3%,
7.6% and 6.6% in 2010 to 10.7%, 8.8% and 9.6% in 2015, respectively, while
the estimated global prevalence is expected to rise from 8.8% in 2015 to
10.4% in 2040.4>-%5 According to the World Health Organization (WHO), more
than 422 million people worldwide are currently living with diabetes.*®
Similarly, as illustrated in Figure 2.1, the IDF estimated that the number of

people living with DM was 415 million in 2015; this was projected to increase

26



to 642 million by 2040.#?> Type 2 DM is predominantly a disease of adulthood
and the majority of cases occur after 45 years of age.? It is thought that the
prevalence of diabetes is slightly greater among men under the age of 60-70
years. However, for individuals above this age, it is more common among

women. 4247

Worldwide 2015 415 million people with diabetes
2040 642 million people with diabetes

North America
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-, 2 g h

Europe ,
2015 9.8 million ( .

L

Y

" Middle East and -
"« North Africa e - ——
2015 35.4 million L Western Pacific
: 4 4 Y 2015 153.2 million

e ¥
South East \ il
. Asia —
2015 78.3 million -
South and Africa 3 & 204

Central America
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Figure 2.1

Global distribution of type 2 diabetes cases

Source: International Diabetes Federation (online resource, accessed on 29/11/2016).48

Notably, the increasing trend of type 2 diabetes worldwide is strongly linked to
the increasing rate of obesity.324° Obesity contributes to insulin resistance
which is an important component in the pathophysiological mechanism of type
2 diabetes.®%5! Studies have shown that the risk of pre-diabetes and type 2
diabetes increases with body weight.5253 Data have also indicated that there
is a particularly high risk of diabetes with abdominal obesity.>*>> Around 80—
90% of all type 2 diabetic cases are thought to be due to both obesity and
overweight with abdominally-concentrated fat distribution.3?2 Women with a
body mass index (BMI) of 23—-25 kg/m? were found to have a 4-times higher
risk of developing type 2 diabetes compared to non-obese women, and
women with a BMI of >35 kg/m? having a 93-fold increased risk.5*

Globally, an estimated 1.5 million deaths in 2012 were directly caused by
diabetes,? and the WHO predicts that DM will be the 7" leading cause of
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death worldwide by 2030.46 Moreover, half of all patients with type 2 DM die
prematurely of a cardiovascular cause, while approximately 10% die of renal
failure.? Moreover, DM imposes a large economic burden on individuals,
health systems and governments. Around 10.8% of the total worldwide health
expenditure in 2013 was diabetes-related.*? It is thought that most countries
spend between 5-18% of their total health expenditure on diabetes care and
related services.*? Previous research has shown that people with diabetes
require at least two to three times as many healthcare resources compared to
people without diabetes.>’ In the U.S., the total estimated cost for the care of
known diabetic patients in 2002 was estimated at $132 billion compared to
$245 billion in 2012, which included $176 billion in direct medical costs and
$69 billion in indirect costs.>85° In 2008-2009, the Department of Health in
Australia allocated around 2.3% of their healthcare expenditure to diabetes
care.®° Therefore, the increasing trend in the prevalence of diabetes and
related costs of care will be one of the greatest challenges facing healthcare

systems in the near future.

2.2.3 Clinical features and diagnosis of type 2 diabetes

Type 2 diabetics can be asymptomatic for many years before a diagnosis,
since insulin resistance and insulin insufficiency occur gradually after the
onset of the disease.?®-3° Type 2 diabetes is usually preceded by a state of
pre-diabetes when impaired glucose tolerance (IGT) or impaired fasting
glucose (IFG)—which are defined as higher than normal blood sugar
readings, but not high enough to be diagnosed as type 2 diabetes—are
observed. This usually occurs several years before a diagnosis of diabetes is
made.?® Generally, IFG is defined as having a blood sugar reading between
6.1-6.9 mmol/l after fasting for at least eight hours, whereas IGT is defined as
having blood glucose levels between 7.8-11.1 mmol/l two hours after eating.
People at the pre-diabetic stage have a higher risk of developing type 2

diabetes, especially if obesity is also present.?6.61

Symptoms related to diabetes may appear only with very high blood sugar
levels; these can include polyuria, polydipsia, polyphagia, weight loss, blurred

vision and easy fatigability.?> Susceptibility to various infections may also
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occur and an acute life-threatening condition known as ketoacidosis or a non-
ketotic hyperosmolar state can also occur with persistent uncontrolled high

blood sugar.?6:62.63

A diagnosis of type 2 DM is usually made from plasma glucose readings
despite the presence of other important serum markers like glycosylated
haemoglobin (HbA1c).%! Several organisations have set very similar
diagnostic criteria for type 2 diabetes and these include the WHO, American
Diabetes Association and European Association for the Study of Diabetes.
According to these criteria, a DM diagnosis is made when the fasting plasma
glucose concentration is 27.0 mmol/l (126 mg/dl) and plasma glucose is 211.1
mmol/l (200 mg/dl) two hours following an oral glucose tolerance test or when
the HbA1c concentration is 26.5%.256164 Table 2.1 shows the cut-off values

for diabetes and pre-diabetes diagnoses.

Table 2.1: Cut-off values used to diagnose diabetes

Fasting glucose OGTT

Condition (mmoll/l) (mmol/1) HbAlc (%)
Normal <6.1 <7.8 <6.0
Impaired fasting glucose 6.1-6.9 - 6.0-6.4

Impaired glucose tolerance
- 7.8-11.1 6.0-6.4

Diabetes mellitus 27.0 211.1 26.5

Abbreviations: OGTT, oral glucose tolerance test; HbAlc, glycosylated haemoglobin.

2.2.4 Management of type 2 diabetes

Patients with type 2 diabetes should receive integrated management from a
team of healthcare professionals that may include physicians, nursing
practitioners, podiatrists, dieticians, health educators, pharmacists and mental
health professionals with expertise and a special interest in diabetes.?6:63 Also,
diabetic patients should play an active role in their own care since most
management plans require individualised goals and treatment plans which
take the patient’s preferences into account. In this context, the patient’s age,

working conditions, physical activity level, diet, social status and cultural
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characteristics should all be considered, as well as the presence of diabetes-
related complications or other medical conditions. In addition, education on
diabetes self-management and ongoing diabetes support should be included

as an integral component of patient care,?5:63

Three main aspects should be targeted in the treatment of diabetes:
glycaemic control, the evaluation of micro-vascular and macro-vascular
complications and the minimisation of cardiovascular and other long-term risk
factors.26:63.65 Glycaemic control needs effective assessment, monitoring and
intervention; this can be achieved by a combination of patient self-monitoring
of blood glucose, HbAlc measurements and continuous interstitial glucose
monitoring.?® Glycaemic management should be directed to keep HbAlc
concentrations below or around 7.0%, fasting blood glucose at 3.9—7.2 mmol/|
and peak post-prandial blood glucose under 10.0 mmol/l. However, these
goals should be individualised based on DM duration, the presence of
comorbidities, age/life expectancy based on population data and other related

factors.26

Glycaemic control may be achieved through one or a combination of
modalities including non-pharmacological and pharmacological approaches.
In fact, management of type 2 diabetes is not limited to pharmacological
interventions alone, but can include non-pharmacological aspects such as
regular moderate-intensity physical activity and healthy dietary patterns; these
factors can contribute significantly to glycaemic control, especially in
overweight and obese patients.?6-67 Regular exercise has been found to
improve glycaemic control in all forms of diabetes by reducing insulin
resistance and the hepatic production of glucose.®® A Mediterranean-style diet
has been found to be an effective way to lower body weight, HbAlc, low-
density lipoprotein cholesterol (LDL-C) levels, oxidative stress and improve
high-density lipoprotein cholesterol (HDL-C) levels; all of which are beneficial
to the prognosis in type 2 diabetes cases.®® In addition, moderate physical
activity and adequate dietary protein intake (=0.8 g/kg/day) should be included
in recommendations for prevention of DM complications and better metabolic

control among older adults with type 2 diabetes.%87° Moreover, bariatric
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surgery may be considered as a treatment option for very obese diabetic

patients to control diabetes and common co-existing hypertension (HTN).%8

With regards to pharmacological modalities in the management of diabetes,
clinical guidelines recommend metformin as the first line of treatment for
patients with type 2 diabetes, especially if they are overweight or obese.?6:71
Alternatively, sulfonylureas (e.g. gliclazide and glibenclamide) can be used as
other first-line treatments in some selected conditions like intolerance or
contraindication to metformin; however, these are generally used as the
second line of therapy when targeted glycaemic control cannot be achieved
by metformin.?%71 Dipeptidyl peptidase-4 (e.g. sitagliptin and vildagliptin) can
be used as second-line therapies with sulfonylureas or as a third-line
treatment in combination with metformin if the targeted glycaemic level cannot

be achieved.

Thiazolidinediones (e.g. pioglitazone) can be used as a second-line therapy
with metformin instead of sulfonylureas if the risk of hypoglycaemia is high or
if the patient is considered at high risk, for example when living alone. They
can also be used as a third line of therapy with metformin and sulfonylureas to
achieve optimal glycaemic control. Glucagon-like peptide mimetics-1 (e.qg.
exenatide) can be used as a third-line therapy addition to metformin and
sulfonylureas, especially for obese patients or if insulin therapy has major
implications for patients with long working hours whom might prefer a single-
dose medication. On the other hand, insulin therapy is the ultimate treatment
for patients with type 2 diabetes when the aforementioned interventions are
not effective. There are several different insulin regimes depending on the
target set for each patient. However, a twice daily dose of intermediate-acting
insulin or a single daily dose of long-acting insulin analogue are good starting
options that need to be titrated until glycaemic control is achieved.?6:7*
Additionally, the need for short-acting insulin can be determined according to

blood sugar profile and the patient’s other circumstances.?6:"*
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2.2.5 Type 2 diabetes in the Middle East, Arabian Gulf Countries and in
Oman: Major challenges

In the Middle Eastern region, the prevalence of diabetes is reportedly 10.7%,
which is considered to be the second highest prevalence of all regions
worldwide.*? According to the estimates of the IDF, about 35.4 million people
with diabetes currently live in this region and this number is expected to
double by 2040. Furthermore three of the top ten countries in the world with
the highest prevalence of diabetes in 2013 were located in the Arabian Gulf
(Saudi Arabia, Kuwait and Qatar).”?

The Arabian Gulf is a part of the Arab world located in the Middle East and
North Africa (MENA). Rapid economic development and major social changes
coupled with ageing populations have occurred in the Arabian Gulf countries
over the last four decades. These challenges have resulted in a dramatic
increase in the prevalence of type 2 DM and other non-communicable
diseases in the region.”? Rapid urbanization, reduced infant mortality and an
increasing life expectancy along with negative behavioral and lifestyle
changes such as unhealthy diet and physical inactivity have contributed to the
increased rates of obesity and related health consequences.”>"3

Many studies were conducted on the prevalence of diabetes in the Middle
East, where it largely differed across studies depending on the study
populations and the definitions of diabetes in different studies In this regard, a
systematic review showed an increasing trend in diabetes prevalence for most
countries in the MENA region. The highest increase was observed among
Arabian Gulf countries. In Saudi Arabia, the prevalence of diabetes increased
from 9.4% to 22% in males and from 8.7% to 21.7% in females between 1980
and 2008.74 Some recent studies have shown varying DM prevalence rates in
different target populations in the Arabian Gulf as well as other Arabian
countries as follows: 31.6% among urban residents of Riyadh in Saudi
Arabia,’® 21.4% among employees surveyed in Kuwait,’® 16.7% among
healthcare center users in Qatar,’” 18% in a population screening program in
the United Arab Emirates,”® 17.1% among urban dwellers in Jordan,’”® and

15.8% among a representative study sample in Beirut, Lebanon. 8°
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It seems that the prevalence of diabetes will continue to increase in this region
for two main reasons. First, pre-diabetes notably affects a large proportion of
people in this region (7.8%), including 16.8% in Iran and 27% in the United
Arab Emirates.*? 7881 Second, certain data have suggested that the
prevalence of type 2 diabetes is high among children in this region.??

Oman is an Arab Gulf country located in the south-eastern corner of the
Arabian Peninsula, with a land area of 309,500 km? and a total population of
3.855 million, of which 2.172 million are Omani citizens.238* The Omani
population is relatively young—nearly 44.6% of Omani citizens are younger
than 20 years of age and only 5.9% are older than 60 years—with an annual

population growth rate of 3.7% according to national statistics.?4

Over the past four decades, the overall main focus of public health in Oman
has evolved gradually from infectious diseases to non-communicable chronic
diseases which now pose the main challenge to the country.®> Currently, more
than 75% of the disease burden in Oman is attributable to non-communicable
diseases. This change in population health trends in the country is due to the
marked reduction in the incidence of infectious diseases, rapid economic
development and improvements in healthcare and socioeconomic factors,
which have resulted in a sharp decline in infant and early childhood mortality

and a dramatic increase in life expectancy.®

The increasing trend of diabetes in Oman has been evidenced in many
studies. Three consecutive epidemiological surveys conducted in Oman have
shown a gradual increase in the prevalence of DM from 10% in 1991 to 11.6%
in 2000 and 12.3% in 2008.1%-18 In addition, the age-adjusted prevalence of
diabetes among Omanis aged 30—64 years old increased from 12.2% in 1991
to 16.1% in 2000.%" Furthermore, the diabetes prevalence in Oman increased
considerably according to age group from less than 1% among 18-24-year-
olds to 35% among 55—-64-year-olds.® Moreover, local data have shown that
the prevalence of DM among urban residents is much higher compared to
rural populations (17.7% vs. 10.5%).8° Figure 2.2 illustrates the gradual
increase in the national prevalence of diabetes in Oman up until 2015 in

comparison with other Arabian Gulf countries.”1842 The increasing
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prevalence rates from 1991 to 2008 was based on local data; however, the

lower prevalence in 2015 was sourced from IDF estimates.
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In addition, the number of people living with diabetes in Oman is expected to
increase by 190% from 75,000 in 2000 to 217,000 in 2025, as estimated by
the WHO.8” According to the Oman Ministry of Health’s annual report in 2015,
a total of 87,064 diabetic patients were registered in the National Diabetes
Registry.88 Figure 2.3 illustrates the number of new cases registered annually
at the national level in the last eight years.?® As type 2 diabetes is a long-
lasting chronic disease, it is expected that the prevalence will inevitably
increase if the incidence of the disease continues according to the current

trend of registered cases.

On the other hand, risk factors for type 2 diabetes are another major concern
in Oman. The high rate of pre-diabetes together with high overweight and
obesity rates in the Omani population make it likely that diabetes will continue
to pose a major health problem and a significant challenge to the national
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healthcare system in the near future. In this regard, the results of two surveys
showed the prevalence of IFG and IGT pre-diabetes among Omani adults to
be as high as 35% and 17.3%, respectively.®®%! In addition, a community-
based survey showed the prevalence of IFG alone to be around 4.4%.18 As
for obesity (a common risk factor for DM), a survey showed that nearly half of
the study population were overweight or obese,!” whereas more recent data
showed that 30% of Omani adults were overweight and about one-quarter
were obese.*® Therefore, the growing trend of overweight/obesity inevitably
complicates the issue of non-communicable disease and type 2 diabetes and
is likely to further impact the Omani healthcare system and economy in the

near future.
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Figure 2.3
Annual number of new type 2 diabetes cases registered in Oman from
2008-2015

Source: Annual health reports (2008—2015), Ministry of Health, Oman.8°

2.3 Complications of type 2 diabetes

2.3.1 Overview
The direct and indirect effects of diabetes on the human vascular tree are a
major source of morbidity and mortality in both type 1 and type 2 DM. In
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general, diabetes-related complications are categorised into two main types:
micro-vascular and macro-vascular complications. Diabetic micro-vascular
complications include diabetic nephropathy, neuropathy and retinopathy, while
macro-vascular complications include coronary heart disease (CHD),
peripheral arterial disease (PAD), and stroke.*:63.92.93 |n addition, other less
common cardiac complications of type 2 diabetes include diabetic

cardiomyopathy and heart failure.#1.63.92

2.3.2 Macro-vascular complications of type 2 diabetes

2.3.2.1 Overview and pathophysiology

A large number of studies have demonstrated that CHD, stroke and PAD are
the main macro-vascular complications associated with type 2 diabetes and
constitute the majority of CVD conditions in type 2 diabetic populations.2-94-97
The process of atherosclerosis is thought to result from chronic inflammation
and injury to the arterial walls leading to the narrowing of these walls
throughout the body.®2 This process is the central pathological mechanism in
all three CVD entities.®? In addition to the formation of atheroma, platelet
adhesion, impaired fibrinolysis and hypercoagulability are among the other
processes that further increase the risk of vascular occlusion and
cardiovascular events in type 2 diabetics, as illustrated by several studies.®”-%
Furthermore, type 2 diabetes typically occurs in the setting of metabolic
syndrome, a group of conditions which includes abdominal obesity, HTN,
hyperlipidaemia and increased coagulability; these are thought to encourage

the pathophysiology of CVD in this risky population.®®

Globally, more than 17 million deaths annually are attributed to CVD in the
general population, of which around 7 million are due to CHD and more than 5
million are due to cerebrovascular disease.'® Cumulative incidence data from
New Zealand have indicated that 17.9% of type 2 diabetics experienced their
first CVD event within a median period of 4 years, while in Australia 14.9% of
diabetics developed their first CVD event within a mean follow-up period of
around 5 years.'01:102 However, incidence data from China have indicated a

much lower rate (4.9%) within a similar median follow-up period.®®* Among the
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type 2 diabetic population, it is estimated that half of all patients die
prematurely of a cardiovascular cause.? In both type 1 and type 2 DM

populations, CVD is considered the primary cause of death.104:105

As regards the burden of disease on healthcare systems, CVD among people
with diabetes accounts for the greatest component of healthcare
expenditure.®8195 According to the updated 2014 statistical report of the
American Heart Association, the burden of CVD in the general population
remains high despite a decline in attributed mortality.1% In this context, the
mortality attributed to CVD was observed to decline by 31% from 2000 to
2010; however, CVD still accounted for around 32% of all deaths in 2010.1%6
In a study comparing type 2 diabetic patients with a group of controls matched
by year of birth and gender, the annual cost of care for diabetic patients with
cardiovascular complications was approximately 2.3 times higher than that for
diabetic patients without CVD and approximately four times higher than the

cost for people with neither type 2 diabetes nor CVD.07

2.3.2.2 Coronary heart disease among type 2 diabetic populations

CHD occurs as a result of the atherosclerotic stenosis of one or more arteries
supplying blood to the myocardium. This can cause partial ischemia or
complete arterial occlusion, leading to a myocardial infarction.®”-198-110 Clinical
features of CHD may include epigastric pain, chest discomfort and dyspnoea.
A clinical diagnosis is usually made using electrocardiography (ECG) and
measurement of the levels of serum cardiac enzymes, including troponin. In
some instances, more sophisticated techniques are required to confirm the
diagnosis, such as an ECG stress test, coronary angiography and other
imaging studies like coronary computed tomography (CT) and magnetic

resonance imaging (MRI).109.110

CHD is common among diabetics, especially among older patients. In a large
population-based survey conducted in the U.S., the prevalence of CHD
among those aged 50 years and older rose from 8.7% among non-diabetics to
as high as 19.2% among diabetics with metabolic syndrome.! Another
population-based study showed that the seven-year incidence of the first
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myocardial infarction or death was around 20% among diabetics compared to
3.5% among non-diabetics.®® Diabetics are thought to have a two-to-four-fold
increase in the risk of CHD compared to people without diabetes.®” The
results of a recent study showed that, after adjusting for age, the risk of
hospitalisation due to a heart attack was 1.8 times higher among diabetic
adults of 20 years of age and above than that of non-diabetic patients in the
U.S.%° Moreover, patients with diabetes also have an adverse long-term
prognosis after a myocardial infarction, including increased rates of re-
infarction, congestive heart failure and death.*?

2.3.2.3 Stroke among type 2 diabetic populations

A stroke is a neurological injury resulting from disturbed blood supply to the
central nervous system. It is defined as a rapid-onset focal neurological deficit
lasting longer than 24 hours, with no apparent cause other than disruption of
blood supply to the brain. It is classified into two major types: brain ischaemia
due to thrombosis, embolism or systemic hypoperfusion, and brain
haemorrhage due to intracerebral or subarachnoid haemorrhage.'3114
Clinical features of stroke may include headaches, vomiting and a decreased
level of consciousness along with focal neurological deficits depending on the
site of the affected brain tissue.''* A diagnosis of stroke is usually made by a
combination of proper history-taking, physical examination and imaging
studies like CT and MRI.14

General population-based statistics have shown that the overall prevalence of
stroke in the U.S. is 2.8%.19¢ Globally, the incidence of ischaemic stroke is
much higher than that of the haemorrhagic type in the general population.
Ischaemic strokes constituted 68% of people who have experienced strokes
while haemorrhagic strokes constituted 32%.'13 However, a higher incidence
of haemorrhagic stroke has been reported in low- and middle-income
countries.**®> Among type 2 diabetic populations, the prevalence of stroke is
around 4-12% in clinic-based studies and around 4-5% in population-based
studies.!'® Other data suggest that diabetes is present in about 10—-25% of
people with a history of stroke.''” In addition, diabetic patients were found to

have a five-fold higher prevalence of calcified carotid atheroma compared to
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an age-matched non-diabetic control group.''® Moreover, data from a cohort
study showed that the risk of stroke was increased almost three-fold among
diabetics compared to non-diabetics.®>1%° |t is estimated that around 80% of
people with diabetes will die from a heart attack or stroke, of which 20% of
deaths are due to stroke, making it one of the leading causes of death in this

population,120.121

2.3.2.4 Peripheral arterial disease among type 2 diabetic populations
PAD refers to the obstruction of large arteries other than the coronary arteries,
the aortic arch vasculature and the cerebral arteries.'?2123 Patients with PAD
often have no clinical complaints during the initial stages of the disease.
However, patients may become symptomatic when the blood supply fails to
fulfil ongoing metabolic requirements as a consequence of arterial narrowing.
PAD can present with intermittent claudication, a condition which causes pain
in one or more of the lower extremity muscles when undertaking physical
activity. However, patients may also present with pain at rest, non-healing
wounds, ulceration or gangrene in more advanced cases.?*1?5 A diagnosis of
PAD is usually made by combining several clinical findings with diagnostic
modalities like the ankle-brachial pressure index (ABPI). The ABPI is a simple,
accurate and relatively inexpensive test used to screen for PAD; it assesses
the ratio of systolic pressure in the lower versus upper extremities using a
Doppler ultrasound.*?612” However, other investigations such as segmental
pressure and pulse volume recordings, exercise treadmill tests and vascular
imaging modalities may be needed for further assessment and to aid

treatment of the condition.128

As in CHD and stroke, the risk of PAD in diabetics is thought to be more than
2.5 times higher than for non-diabetics.?® Related data have indicated that an
estimated 8.1% of the diabetic population aged 40 years and older have PAD
in comparison to 4.0% among those without diabetes.** In addition, a
significant proportion of patients hospitalised with PAD are diabetic.%?
Moreover, in developed countries, lower limb amputations are at least 10

times more common in people with diabetes than in non-diabetic individuals.5’
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2.3.3 CVD among people with type 2 diabetes in Oman

Information related to the trend and burden of CVD in Oman is very limited for
both the diabetic and general population. In the World Health Survey
conducted in 2008 on the general population, the prevalence of cerebral
stroke among Omanis was found to be 0.6% and angina pectoris was 1.5%.%®
Data collected from the general population showed that CVD was ranked as
the first leading cause of death, accounting for 43% of total mortality and the
third highest cause (13%) of disability-adjusted life years lost.2> In 2011, CVD
accounted for a lesser proportion (33%) of total mortality than in 2002.
However, it is still considered to be the leading cause of death in the
country.?%131 |n addition, CVD accounted for 29.8% of the total causes of

death in 2013, according to the Ministry of Health.83

There is very limited literature related to CVD with regards to the type 2
diabetic population in Oman. CHD was identified in 1.6% and 1.4% of newly
diagnosed diabetic patients in 2013 and 2015, respectively.8388 Data in 2005
showed that more than 50% of amputations in Oman were attributed to DM.1°
The high prevalence of DM among acute CHD patients indicates an alarming
trend for poor disease prognosis.® In this regard, 54.1% of Omani patients
receiving a coronary artery bypass surgery were diabetic,?® while in an
analysis of the Gulf Registry of Acute Coronary Events study, data from Oman

showed that 36% of patients with acute CHD were diabetic.13?

2.4 Risk factors and predictors of CVD among type 2 diabetics
It is evident that the early diagnosis of diabetes and other risk factors for CVD
is key to delaying or preventing the onset of CVD through targeted
interventions.26:133-136 The delayed recognition of various forms of CVD
undoubtedly worsens the prognosis for survival for many diabetic patients.
Although there are many common CVD risk factors shared both by diabetics
and the general population, patients with diabetes are more susceptible to
atherogenic risk factors than non-diabetics, and the CVD risk due to these
factors is thought to be aggravated among this patient group.t3’-13° Among
type 2 diabetics, many traditional CVD risk factors such as HTN,
dyslipidaemia, smoking, poor glycaemic control, alouminuria, DM duration,
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male gender and physical inactivity have been identified as independent risk
factors for the development of CVD. However, other newer predictors (also
known as non-traditional factors)—such as unhealthy dietary patterns and
erectile dysfunction, as well as other inflammatory, haematological and
thrombogenic markers—were identified in more recent studies to be

associated with CVD among diabetics.

The risk of CVD among diabetics varies widely with the intensity of various
risk factors. In some studies, up to 75-90% of CVD events were found to be
attributable to traditional risk factors.*® In this context, HTN and dyslipidaemia
are thought to be more important than other traditional factors, including
glycaemic control.24? On the other hand, non-traditional factors were found to
have a relatively small contribution to CVD risk. Currently, there is insufficient
evidence to suggest that routine monitoring of the non-traditional predictors
leads to better diagnostic and therapeutic results in diabetic patients.3141:142

2.4.1 Traditional CVD Risk Factors among type 2 diabetics

Although there is some degree of consistency in the categorisation of CVD
risk factors among review studies of the general population, review studies of
type 2 diabetics are limited in this regard.®143 In addition, these reviews do not
include all recent original studies related to the identification of CVD risk
factors among type 2 diabetics. Therefore, in addition to review articles, recent
studies were also evaluated; these revealed that HTN, dyslipidaemia,
glycaemic control, male gender, age, physical inactivity, smoking, early renal
disease markers, DM duration, ethnicity and a family history of CVD are the
most commonly identified traditional predictors for CVD among diabetics.3101-
103,141,143-146 Although obesity has not been commonly identified as an
independent risk factor among diabetics in these studies, it is a well-known
traditional risk factor in the general population and therefore it can be included

in this group as well.147-149

Hypertension is a very strong predictor for CVD among diabetics and non-
diabetics, and related data have shown that HTN quadruples the CVD risk in

diabetic patients.®>1%0 Blood pressure (BP) control in patients with type 2
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diabetes has been associated with a significant decrease in CVD events and
mortality.134151 |n fact, the U.K. Prospective Diabetes Study (UKPDS)
demonstrated a reduction in macrovascular disease of 24% among type 2
diabetics with strict HTN control (BP of 144/82 mmHg) compared to those with
less strict control (BP of 154/87 mmHg).13* Strict management of HTN among
both diabetics and non-diabetics has been recommended and incorporated as
a fundamental part of CVD prevention and management in various
professional guidelines, including those distributed by the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure, the American Diabetes Association and the European Society of

Hypertension/European Society of Cardiology.!

Dyslipidaemia, which can present as high LDL-C levels, high triglyceride
(TG) levels, low HDL-C levels, or a high level of total cholesterol, is
significantly associated with CVD in both diabetics and non-diabetics.36:152 |n
fact, the role of statin therapy for the management of diabetic dyslipidaemia in
reducing CVD events has been analysed in a large number of clinical trials,
like the Collaborative Atorvastatin Diabetes Study, the Heart Protection Study
and the Action to Control Cardiovascular Risk Factors in Diabetes trial.153-15
Observational studies have shown that HDL-C levels may be the most
consistent predictor of CHD in type 2 diabetics, followed by TG levels and
total cholesterol.*3¢ Similarly to HTN, the management of dyslipidaemia in
reducing CVD events among diabetics has been incorporated in various
professional guidelines such as those from the American Diabetes

Association.13¢

Obesity-related studies in the general population have shown a positive
independent relation between obesity and CVD.47-14% The Framingham
Offspring Study has shown that BMI significantly and independently predicted
the occurrence of CHD and stroke after adjusting for traditional risk factors.4’
However, studies among diabetics have revealed different results. While
some studies have reported that obesity has an insignificant role in CVD

occurrence,®6157 other studies have shown a significant positive relation with
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BMI.142.145 Therefore, there is still some controversy regarding the
independent role of obesity in CVD occurrence among diabetics.31%8 On the
other hand, obesity is also part of metabolic syndrome, which is defined as
having three or more of the following five cardiovascular risk factors: central
obesity (defined as increased waist circumference), elevated TG levels, low
HDL-C levels, HTN and elevated fasting glucose.'® In type 2 diabetic
patients, central obesity with any one of the remaining factors is enough to
fulfil the criteria of metabolic syndrome. This has been found to be associated
with a major increase in CVD risk beyond the sum of the effects of the
individual factors.'®® However, as far as metabolic syndrome is concerned,
two large meta-analyses have shown that metabolic syndrome raises the risk

of CVD by approximately two-fold.161.162

Poor glycaemic control in diabetic patients is also considered to be a major
risk factor for all diabetes-related complications, and its treatment plays an
important role in reducing CVD risk.163 Elevated HbAlc appears to correlate
significantly with mortality and cardiovascular events in a linear manner,
whereby a 1% increase in HbAlc has been found to increase the risk of
cardiovascular events or deaths by 20—-30%.* This risk exists for CHD, fatal
and nonfatal myocardial infarctions, stroke and, perhaps most strongly, PAD
among patients with both type 1 and type 2 diabetes.®® Elevated HbAlc is
consistently associated with an increased risk for adverse cardiovascular
outcomes, although the magnitude of increased risk varies substantially
between different study settings. For example, a 1% increase in HbAlc was
associated with an increase in stroke risk ranging from 0-30%.43 In addition,
in an epidemiologic assessment of the relationships between glycaemic
control and all-cause mortality, it was found that a 1% increase in average

HbA1lc was associated with a 22% higher risk of death.6°

Physical activity encompasses recreational/leisure-related activities,
transportation (e.g. walking or cycling), occupational activities (i.e. work),
household chores, play, games, sports or planned exercise in the context of

daily, family and community activities.'® There is considerable evidence that
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physical activity plays an important role in the occurrence of CVD in both the
general and diabetic population.®’-17% One study found that diabetics who
walked at least two hours per week had a 39% lower all-cause mortality rate
compared with inactive individuals with diabetes.®® However, it should be
noted that the effect of physical activity can be confounded by other lifestyle
changes that take place together with exercise (for example, smoking
cessation, eating a balanced diet, etc.).® In addition, physical inactivity can
have an indirect effect on CVD risk by affecting other risk factors like HTN,

dyslipidaemia, obesity and glycaemic control.*"*

Smoking is linked with a deterioration in metabolic control among diabetic
patients, which is subsequently associated with an increased risk of CVD and
mortality.1’>-174 In a prospective cohort of female type 2 diabetic nurses,
cigarette smoking was found to be strongly associated with the risk of CHD;
additionally, this risk was reduced with a corresponding decrease in the
number of cigarettes smoked per day. Compared with those nurses who had
never smoked, the relative risk for CHD was found to be 2.68 (95%
confidence interval [Cl]: 2.07-3.48) for current smokers who smoked 15
cigarettes per day or more.”> Another large prospective study examining the
effects of smoking cessation on CVD risk in diabetic patients revealed that
smoking cessation decreased mortality risk among diabetics; however, it was
observed that the risk kept increasing for some years after stopping and was

highly dependent on smoking duration.1’®

Male gender has been found to be linked to CVD in both the general and the
diabetic population. In the general population, epidemiological data from the
Framingham Heart Study (FHS) showed a later onset and lower prevalence of
CVD among women.'’” Data from a clinical trial indicated that females had a
20% lower risk of CVD compared to males after adjusting for treatment and
other factors.'’® Among diabetics, various studies have shown similar
results.102:103.141,145,146 The findings of the UKPDS have shown that females
have half the risk of developing CVD compared to males, while the Action in

Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled
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Evaluation (ADVANCE) study estimated the CVD risk among females to be

0.62 of the male risk.141:146

Age, both in general and at diagnosis of type 2 DM, has been demonstrated
to be an independent risk factor for CVD in both the general and diabetic
populations in many studies.102:141,142,144-146,179-182 Among type 2 diabetics, an
Australian longitudinal study on CVD risk assessment found a significant
difference between the mean current age of diabetics who developed CVD
compared to those who did not (62.8 vs. 71.4 years; P <0.001). A similar
Chinese study illustrated a significant increase in CVD risk (2.67%) for each
one year increase in age.1% Similarly, age at DM diagnosis has been found to
be linked to CVD in most related studies conducted among diabetics. The
ADVANCE study showed that the risk of CVD increased significantly by 6.2%
for each one year increase in age at DM diagnosis (P <0.001). In the Swedish
National Diabetes Register (SNDR) study, the hazard ratio of CVD was found
to be 1.066 (95% CI: 1.057-1.075) for a one year increase in the age at
diagnosis among type 2 diabetics.4®

Biomarkers for early renal disease, in the form of proteinuria (macro- or
micro-albuminuria) or decreased glomerular filtration rate (GFR), have
consistently been shown to be strong predictive markers for cardiovascular
events and mortality.183-185 However, as emphasised in several recent
reviews, proteinuria as a measure of renal dysfunction is generally a stronger
predictor of adverse cardiovascular outcomes than reduced GFR.3143 Patients
with micro-albuminuria are at very high vascular risk and should be placed
under strict risk factor control.*®¢ As demonstrated by a related study, CVD
risk has been found to increase with increasing levels of proteinuria, with a
CVD hazard ratio of 1.24 (95% CI: 1.18-1.32) for micro-albuminuria and 2.01
(95% CI: 1.86-2.17) for macro-albuminuria.1%

Diabetes duration has been found to be strongly associated with CVD in

many related studies, independently of age and other risk
factors.101.103,141,144,145 | the Chinese Total CHD Risk Score and ADVANCE
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studies, CVD risk was found to increase by 4% and 8%, respectively, for each

one year increase in diabetes duration.193.141

Ethnicity plays an important role in CVD risk among diabetics in multi-ethnic
populations, as demonstrated in many studies.101:102.142.146 |n the Australian
Fremantle Diabetes Study (FDS), being an indigenous Australian was found
to be a risk factor for CVD, while being of Southern European descent was
found to be a protective factor.1%? In the UKPDS, Afro-Caribbean diabetics
were 0.39 times less likely to develop CVD compared to Caucasians and

Asian-Indian diabetic patients.146

A family history of CVD is a well-established risk factor for CVD in the
general population.159.182.187.188 Haowever, while some studies have
emphasised a family history of early-onset CHD (age at onset of <55 years for
men and <65 years for women) in a first-degree relative, other studies have
established the role of a family history of CVD regardless of age at onset in
the development of CVD events.'®” Among diabetics, a study has shown that
the co-existence of diabetes and a family history of early-onset CHD has a
very strong impact on CVD risk, to the extent that diabetics with a family
history of CVD were 21.3 times (95% CI: 9.1-50.0) more likely to develop
CHD compared to non-diabetics with no family history of CVD. However,
diabetics without a family history had a relative risk of 2.8 (95% CI: 1.6-4.9)

compared to the same reference group.*®

2.4.2 Non-traditional predictors for CVD among type 2 diabetics

In addition to classical factors, other less commonly identified predictors—a
combination of risk factors and biomarkers—have been found to be linked
with increased CVD risk among type 2 diabetics.'°° Due to the limited role of
these factors in the development of CVD and their limited utility in CVD risk

assessment, they are discussed briefly in the following section.

Specific dietary patterns like the consumption of nuts and whole grains have
been found to be related to CVD risk. Data from the Nurses’ Health Study

have demonstrated that consumption of >5 portions of nuts/peanut butter per
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week led to a significantly reduced risk of CVD and myocardial

infarction,191.192

Erectile dysfunction among men has been found to be associated with an
elevated risk of CVD events in some studies.1931% |In a case-control study, the
prevalence of erectile dysfunction was significantly higher among diabetic
patients with silent CHD than in those without silent CHD (33.8% versus 4.7%;
P <0.001).1%4

In addition, retinopathy has also been found to be associated with CVD
among diabetics. In a population-based cohort study, the presence of diabetic
retinopathy was associated with a two-fold higher risk of incident CHD events
and a three-fold higher risk of fatal CHD.'* In the ADVANCE study,
retinopathy was also found to be a significant risk factor for CVD with a hazard
ratio of 1.47 (95% CI: 1.20-1.79) compared to patients without retinopathy.4!

Moreover, a number of metabolic, thrombotic, hematological and
inflammatory biomarkers have been studied and shown a positive
relationship with CVD among diabetics. As summarised by recent reviews,
these biomarkers include insulin resistance/hyperinsulinemia,
homocysteinemia, total white blood cell count, factor VIII, plasma fibrinogen

and C-reactive protein.319

2.4.3 Studies on CVD risk factors among type 2 diabetics in Oman
Studies related to CVD risk factors in Oman are almost all descriptive in
nature with regards to the trend of well-known factors; moreover, most of the
results are related to the general population. One matched case-control study
was previously conducted to assess significantly associated risk factors of
CHD in the general male Omani population.1¥” Ganguly et al. conducted a
hospital-based matched case-control study among male Omani CHD patients
admitted to two large tertiary hospitals to assess associated risk factors with
CHD outcome.®” It was found that the majority of cases (96%) were above 40

years of age. Sedentary lifestyle was very common (88.0%) among the
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studied sample. HTN, DM, a family history of CHD and a sedentary lifestyle

were the most significant risk factors for the development of the disease.

While many studies have been conducted to describe trends of well-known
traditional CVD risk factors among the Omani general population, few have
included the diabetic population. The National Health Survey conducted in
2008 among Omani adults showed that around one-third were overweight,
one-quarter were obese, 40% were hypertensive, 33.6% had
hypercholesterolemia, 35.2% had low HDL-C levels, 32% had high LDL-C
levels and 18% had high TG levels.!8 In another study, the age-adjusted
prevalence of metabolic syndrome in the general adult Omani population was
21.0%. Low HDL-C levels were the most common component (75.4%) in the
study sample, followed by abdominal obesity (24.6%) which was markedly
higher in women than in men (44.3% vs. 4.7%).1%8 Other data have also
reported the prevalence of current smoking in the Omani adult population to
be 7.0% (13.4% among males and 0.5% among females).1*° As for physical
inactivity, available data indicate that it occurs in 33% of Omani men and 41%
of Omani women, with the proportion of leisure time inactivity reaching
55.49%.21:22

Studies describing the picture of risk factors in Omani patients with CVD are
very limited in the existing literature. A study conducted among 146 patients
receiving coronary artery bypass grafting surgeries at the Sultan Qaboos
University Hospital in Oman showed that HTN dyslipidaemia, male gender,
diabetes, old age (above 60 years old), a history of smoking, obesity and a
history of CHD were present in 81.51%, 78.77%, 73.29%, 54.11%,47.95%,
28.08%, 21.23% and 13.01% of the study sample, respectively.?°

A literature search revealed that no analytic studies have yet been conducted
to assess CVD risk factors in the Omani diabetic population. However, there
are some data available regarding the distribution of well-known traditional
risk factors among this specific group in Oman. The National Annual Health
Report indicated that 27.4% of newly diagnosed diabetic patients in 2015
were hypertensive at the time of diagnosis.®8 Data from a cross-sectional
study showed that over 80% of type 2 diabetics were overweight or obese
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(BMI of 225 kg/m?), 52% were on anti-hypertensive drugs, 40% were on lipid-
lowering drugs and 70% had poor glycaemic control.?°° A study of a random
sample of Omani type 2 diabetics assessing risk factors for diabetic
nephropathy revealed that 52.2% were hypertensive, 56.7% had uncontrolled
glycaemia, 44.1% had hypercholesterolemia, 71.8% had high LDL-C levels,
20.8% had low HDL-C levels, 21% had high TG levels, 38.6% were
overweight and a similar proportion were obese. Overall, 65.5% of the sample
were aged 40 years or over at their DM diagnosis, 26% were older (>60
years) and around 20% had had diabetes for 10 years or longer.?°* The 2008
National Health Survey indicated that the prevalence of uncontrolled diabetes
(HbA1c of >7%) was 64% among the diabetic subpopulation of the survey.®
Another descriptive study conducted on type 2 diabetics in primary care
institutions revealed similar results regarding uncontrolled diabetes.??
Moreover, data on the prevalence of diabetic nephropathy showed that 42.5%
of Omani diabetics had micro- or macroalbuminuria.?®®> However, another
study revealed the prevalence of micro-albuminuria alone to be 27% among

type 2 diabetics attending the outpatient clinic of a tertiary care institution.?%*

In summary, despite the limited available literature, existing evidence
indicates a high prevalence of CVD risk factors among both the general and
diabetic populations of Oman. This poses considerable challenges for the
national economy and healthcare system with regards to the long-term impact
of CVD in these populations.

2.5 Global CVD risk assessment tools for type 2 diabetics

2.5.1 Overview

In general, risk assessment tools are mathematical models or charts used to
estimate the risk of a condition/outcome event in an individual. They are
usually based on the predictive information available for the various risk
factors of the specified condition. In these mathematical models, the
standardised coefficient of each included risk factor indicates its relative
contribution to the overall risk. Usually, such models are used for two main

purposes: diagnostic, wherein they are used to estimate the current risk of a

49



disease or health event, and prognostic, wherein they are used to predict the

future risk of a particular disease or health event within a given time period.?%

In the context of CVD, such models are usually used to estimate the 5-year or
10-year risk of CVD, which can then be used to assess the prognosis and
support the choice of preventative and therapeutic strategies for at-risk
individuals, either in general or diabetic populations. Choosing between the 5-
year or the 10-year risk is not a major concern since both are practical,
however, the 5-year risk is thought to be more accurate compared to the 10-
year risk since most trials of CVD risk factor interventions are based on at
most 6 years’ follow-up.?°® Once an individual’'s CVD risk is predicted to some
degree of certainty, management can be tailored accordingly, such as with
individualised preventative interventions (i.e. the provision of specific dietary
advice or encouragement of intensive physical activity). In addition, it can also
help assess when specific drugs should be prescribed to control CVD risk
factors,?%’ The stratification of CVD risk in diabetic patients is of high
importance since these individuals have an increased risk of CVD and recent
reviews have supported the need for a multivariate approach. This is
important for planning preventative measures in this type of risky

population,?%8

It is necessary to predict an individual’s CVD risk in order to plan for the
management of elevated risk factors, with or without pharmacological
therapy.?” For example, recent studies do not support the use of preventative
therapies (e.g. statins or aspirin) when the use of these treatments is not
based on CVD risk estimation. Indeed, two meta-analyses,?°%210 and a
subsequent individual study,?'! have shown that statin use increases the risk
of hyperglycaemia which adversely affects the outcomes of glucose-lowering
strategies if used without considering CVD risk. This is particularly important
for low-risk patients who may not derive any cardiovascular benefits from the
therapy. In addition, clinical trials on aspirin use do not support its use in all
diabetic patients for the primary prevention of CVD.?'2-214 Moreover, recent
standards of care issued by the American Diabetes Association have
suggested that the use of aspirin for CVD primary prevention in diabetic
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patients should be based on risk estimation.?!® In fact, there has been a
gradual shift in diabetes management from a glycaemic to an intensive
multifactorial focus targeting reduction in the risk of major diabetic
complications, thus emphasising the use of a multivariate approach to CVD
risk stratification and subsequent management.?'6:217 As such, various
guidelines for the management of type 2 DM have advocated for the
calculation of CVD risk in this vulnerable population in order to plan
appropriate preventative and treatment strategies, including the use of anti-
hypertensive, anti-platelet and anti-lipid drugs.®’

Consequently, many different risk assessment tools in the form of statistical
eqguations or risk charts have been developed in different parts of the world to
estimate CVD risk among different types of populations. However, only two
types of risk assessment tools are useful for estimating CVD risk in type 2
diabetic patients: those developed for general populations which consider
type 2 diabetes as a risk factor, and those developed specifically for type 2

diabetic populations.

2.5.2 CVD risk assessment tools in general populations, considering
diabetes as a risk factors

Many CVD risk assessment tools have been developed for the general
population, although these vary in methodology and validity. For the purpose
of this section, only the most common CVD tools developed for general
populations with the following characteristics are discussed: 1) those that
consider type 2 DM as a risk factor; 2) those that utilise CVD as a general
outcome or at least include CHD (as the most common form of CVD) in the
outcome; and 3) those derived from large mixed gender cohorts. These
include the Framingham Heart Study (FHS) model, the Prospective
Cardiovascular Munster Score (PROCAM-2007) model, the World Health
Organization (WHO)/International Society of Hypertension (ISH) risk
prediction charts, the Chinese Total CHD Risk Score, the Scottish Heart
Health Extended Cohort risk score (also known as the Assessing
Cardiovascular Risk Using SIGN Guidelines score), the Framingham General

CVD (FG-CVD) Risk Profile for use in primary care, the Japanese
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Cardiovascular Risk Model and the two latest versions of CVD risk score

based on the British QResearch® database.?2%7

The FHS and PROCAM-2007 models are among those recommended by
certain professional guidelines in order to estimate CVD risk in diabetic

patients. In this context, the FHS model is recommended by the guidelines of

the European Society of Cardiology, European Association for the Study of

Diabetes and the Australian National Vascular Disease Prevention Alliance,
while the PROCAM-2007 model is recommended by the Canadian Diabetes

Association.® Table 2.2 illustrates the important features of the studies which

led to the development of these and other tools.?297.218 Many other tools are

not discussed here because they either have not included type 2 diabetes as

a risk factor, are specific for a population subgroup (e.g. a specific gender,

age group or condition, such as patients with chest pain), have not included

CHD among their outcome measures or only included fatal events, have been

derived from studies with small sample sizes or are less commonly discussed

in the literature.

Table 2.2: Global CVD risk prediction models developed for general

adult populations which consider type 2 diabetes as a risk factor

Name of Country Risk factors Study type Validation
model (sample included in model | and follow- | statusina
(year) size) up diabetic
population

FHS U.S. Gender, age, DM, Prospective Validated by
model??! (5,345) SBP, smoking, community- | many
(1998) total cholesterol, based cohort | studies!?219220

LDL levels and study with 12

HDL levels years of

follow-up

WHO/ISH Different Age, gender, SBP, | Population- Not validated
risk charts for total cholesterol, based
prediction different HDL levels and statistics (no
charts??? WHO smoking, with original study
(2003) regions separate charts for | data)
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(not DM
available)
PROCAM Germany Age, SBP, LDL Prospective Not validated
model*8? (26,975 for | levels, HDL levels, | cohort study
(2007) CHD tool TG levels, with 12+ 6
and 8,130 smoking, DM and a | years of
for stroke family history of follow-up
tool) CHD
Chinese China Age, gender, DM, Prospective Not validated
adult CHD (9,903) SBP, LDL levels, population-
risk tool8! HDL levels and based cohort
(2006) smoking study with a
mean follow-
up period of
15.1 years
ASSIGN Scotland Age, gender, DM, Prospective Not validated
model'88 (13,297) SBP, smoking, population-
(2007) total cholesterol or | based cohort
LDL levels, study with
HDL levels, a 10-21 years
family history of of follow-up
CVD and social
deprivation
QRISK2 | U.K. Age, gender, DM, Prospective | Not validated
(2008) (1,535,583) | SBP, ethnicity, open cohort

smoking, total
cholesterol/HDL
ratio, BMI, a family
history of CAD,
social deprivation,
current anti-
hypertensive
medications, atrial
fibrillation and

rheumatoid arthritis

study using
general
practice
attendees
with a mean
of 7.3 years
of follow-up
for men and
6.9 years for

women
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FG-CVD Uu.S Age, gender, DM, Prospective Validated in
Risk Profile | (8,491) SBP, smoking, community- several studies
for use in total cholesterol or | based cohort | involving
primary LDL levels, study with 12 | different
care!”’ HDL levels and years of diabetic
(2008) treated BP follow-up populations34
Japanese Japan Age, SBP, serum Population- Not validated
Cardiovasc- | (1,756) total cholesterol, based
ular Risk BM, current prospective
Model?# smoking status, cohort study
(2009) DM and gender with 14 years
of follow-up

New U.K. Age, gender, Prospective Not validated
QRISK?™® (2,343,759) | smoking status, open cohort
(2010) ethnic group, SBP, | study of

ratio of total routinely

cholesterol to HDL | collected

level, BMI, a family | data in

history of CHD, general

social deprivation, | practice

treated HTN, settings with

rheumatoid a maximum

arthritis, chronic follow-up

renal disease, DM | period of 16

and atrial fibrillation | years

Abbreviations: FHS, Framingham Heart Study; DM, diabetes mellitus; SBP, systolic blood

pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; CHD, coronary heart
disease; PROCAM, Prospective Cardiovascular Munster Score; TG, triglyceride; ASSIGN,
Assessing Cardiovascular Risk Using SIGN Guidelines; CVD, cardiovascular disease; BMI,
body mass index; CAD, coronary artery disease; FG-CVD, Framingham General CVD; BP,

blood pressure; HTN, hypertension.

In summary, most of these tools are derived from studies among American or
European populations. The included age range for most of the derivation
cohorts was 30-74 years old. The risk tools differ in many ways and are

presented in various formats, including charts, calculators and computing
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programs.?® The studies also differ in the outcomes used at endpoint. In this
regard, some studies used CHD, while others used CVD or myocardial
infarctions as endpoint outcomes. Additionally, the outcomes also differ in
terms of including fatal events. Furthermore, these tools differ in their
methodologies including the characteristics of the study sample, sample size
(ranging from 1,756 to more than 2 million) study setting, time frame of follow-

up, statistical analysis and included predictors.8-10.23,207.218

In addition, most of these tools were derived from original longitudinal studies,
except for the WHO/ISH risk prediction charts, which were derived using
databases related to prevalence rates of CVD risk factors and events in the
corresponding regions. Most of the prediction models predicted the five- or 10-
year risk using an average of eight predictors via Cox regression, logistic
regression or Weibull proportional hazards modelling. The most commonly
used predictors in most of these tools are traditional risk factors including age,
gender, systolic blood pressure, smoking and cholesterol measurements as
well as type 2 DM status.8-10.23.207.218 Although some tools included a few non-
traditional predictors, the value of their inclusion is thought to be low, as
suggested by recent reviews.®2%4 In addition, recommendations from the U.S.
Preventive Services Task Force concludes that current evidence is insufficient
to assess the usefulness of using non-traditional risk factors in the

assessment of CVD risk.225

2.5.3 CVD risk assessment tools specifically developed for type 2
diabetic populations

Many specific type 2 diabetes tools have started to emerge over the last two
decades, due to the suggestion that diabetes-specific risk tools perform better
than risk tools developed for the general population.®226 |n this regard, the
most common ones used to estimate CVD risk in type 2 diabetic
populations—which use CVD as a general outcome or at least include CHD in
the outcome—and that were derived from large cohorts with both genders
include: the ADVANCE study model, the New Zealand Diabetes Cohort Study
(DCS) model, the Australian FDS model, the SNDR equation, the Chinese
Total CHD Risk Score, the Diabetes Audit and Research in Tayside, Scotland
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(DARTS) study model, the U.S. Atherosclerosis Risk in Communities (ARIC)

model and the UKPDS risk engine for diabetes patients.8-10

Overall, the UKPDS risk engine is the most commonly recommended model in

professional guidelines, including the Canadian Diabetes Association, the

Australian National Vascular Disease Prevention Alliance, the National

Institute for Health and Clinical Excellence and the IDF.2 Table 2.3

summarises the most important features of the aforementioned models.

Table 2.3: CVD risk prediction models specifically developed for patients

with type 2 diabetes

Name of | Country Risk factors included | Study type Validation
model (sample and follow-up | statusin a
(year) size) diabetic
population
ADVA- 20 Age at diagnosis, Observational | Validated
NCE countries gender, known DM longitudinal using a
model**! | from duration, pulse study of a separate
(2011) Australasia, | pressure, retinopathy, | sample sample
Asia, atrial fibrillation, involved in a involved in
Europe and | HbAlc, urine albumin/ | clinical trial another clinical
North creatinine ratio, non- with 4.5 years | trial**
America HDL cholesterol level of follow-up
(7,168) and treated HTN
DCS New Age at diagnosis, DM Observational | Validated
model'®? | Zealand duration, gender, SBP, | longitudinal using a
(2010) (36,127) smoking status, total study using separate
cholesterol-to-HDL primary care sample from
ratio, ethnicity, HbAlc | data with a the same
and urine albumin-to- median follow- | population and
creatinine ratio up period of in another
3.9 years sample from
New
Zealand?®01:227
FDS Australia Age, gender, prior Community- Validated
model'®? | (1,240) CVD event, urinary based using a
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(2010) albumin-to-creatinine longitudinal separate
ratio, HbAlc, HDL-to- | observational sample from
cholesterol ratio and study with a the same
ethnicity (Southern mean follow- population
European vs. up period of used for the
Aboriginal) 4.5 years derivation of

(range: 0.6-5 | the model*®?
years)

SNDR Sweden HbAlc, age at DM Longitudinal Internal

model**> | (11,646) diagnosis, DM study using validation only

(2008) duration, gender, the diabetes
smoking, SBP, BMI registry
and use of anti- database with
hypertensive and lipid- | a mean follow-
reducing drugs up period of

5.6 years

Chinese | China Age, gender, current Observational | Internal

Total (3,521) smoking status, GFR, | longitudinal validation only

CHD DM duration and non- | study using a

Risk HDL cholesterol hospital-based

Score?03 diabetes

(2008) registry with a

median follow-
up period of
5.40 years

DARTS Scotland Age at DM diagnosis, Population- Validated

model*** | (4,569) DM duration, HbA1c, based using a

(2006) smoking status, longitudinal separate
gender, SBP, treated study with sample from
HTN, median and England®**
total cholesterol and maximum
height follow-up

periods of 4.1
and of 9.5
years,

respectively
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ARIC u.S. Age, race, total Community- Not validated
model**? | (1,500) cholesterol and HDL based
(2003) levels, SBP, observational

Anti-hypertensive longitudinal

treatment and study with a

smoking status with median follow-

and without BMI, up period of

waist-to-hip ratio, Keys | 10.2 years

dietary score, serum

albumin and

creatinine, factor VIII,

white blood cell count

and left ventricular

hypertrophy
UKPDS U.K. Age at DM diagnosis, Observational | Validated in
risk (4,540) gender, ethnicity (Afro- | longitudinal many studies
enginel4® Caribbean vs. study of a involving
(2001) Caucasian-Indian sample different

Asian), current
smoking status,
HbAlc, SBP and HDL-

to-cholesterol ratio

involved in the
UKPDS trial
with a median
follow-up
period of 10.3

years

populations!?13
,228

Abbreviations: ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron-

MR Controlled Evaluation; DM, diabetes mellitus; HbAlc, glycosylated haemoglobin; HDL,

high-density lipoprotein; HTN, hypertension; DCS, Diabetes Cohort Study; SBP, systolic

blood pressure; FDS, Fremantle Diabetes Study; CVD, cardiovascular disease; SNDR,

Swedish National Diabetes Register; BMI, body mass index; GFR, glomerular filtration rate;
DARTS, Diabetes Audit and Research in Tayside, Scotland; UKPDS, U.K. Prospective
Diabetes Study.

Similar to the tools derived from general populations, most of the diabetes-

specific tools were developed based on American and European populations;

very few are based on eastern Asian populations. The studies differed in
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terms of their statistical analyses, for example by using Cox regression,
logistic regression and Weibull or Gompertz modelling methods. Moreover,
the diabetes-specific tools differed in the sample sizes used (ranging from
approximately 1,000 to 36,127 patients). Most of the tools were derived using
data from type 2 DM cases, with only the UKPDS tool derived using newly
diagnosed patients. The majority of the models predict the five-year risk of
CVD with an average of eight predictors. The most commonly included
predictors in these models are age, gender, DM duration, HbAlc, lipid-related

entities, micro-albuminuria and smoking status.

Although some of tools included non-traditional CVD risk factors, the value of
adding such predictors is thought to be low, as mentioned previously.®22* For
example, in the ADVANCE model, non-traditional risk factors contributed little
to the accuracy of CVD risk assessment when included along with traditional

risk factors. In addition, apart from the ADVANCE model, lifestyle-related risk
factors such as dietary patterns and physical inactivity are not included in any
of the tools due to the difficulty in assessing and quantifying such factors,

especially in studies involving reviews of patient records.?3

Through critically reviewing the different risk assessment tools discussed

above, the following major points are raised.

2.5.4 Suitability of applying general population risk tools to type 2
diabetic populations

Firstly, as these tools were developed primarily for the general population,
they are not specific for type 2 DM populations. Secondly, most of the tools
were developed for Western populations (primarily European and U.S.
populations), with very few developed for East Asian populations and none at
all derived for Arab populations. Despite similarities between populations in
which existing models have been derived, developing a model specifically for
a unique population is a common rationale for developing different models.
This is due to variations in genetic and demographic characteristics as well as

cultures and lifestyle patterns among different ethnicities and populations.
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Thirdly, these tools do not include important traditional risk factors like HbAlc,

DM duration and microalbuminuria.®11

Most importantly, only two of the discussed general population tools, the FHS
and FG-CVD Risk Profile models, were validated externally in diabetic
populations. In particular, the FHS model is the most commonly cited and
externally validated.??®° However, validation of the FHS and FG-CVD Risk
Profile models have demonstrated significant underestimation and
overestimation of CVD risk in certain cases, when used among samples of
diabetic patients.'>~4 In addition, the external validation studies were
conducted on European, Australian and other non-Arabian populations. In
fact, some of the risk assessment tools were derived from studies performed
in the 1970s and 1980s which may limit the generalisability of these tools,
even in populations with similar ethnicities to the model derivation samples.
This is because there was a high incidence of CVD events and diabetes
during the 1970s and 1980s, which may have resulted in a tendency to over-
predict current risk.?® Furthermore, some tools were derived using logistic
regression methods; however, Cox proportional hazards modelling is
preferred in the derivation of risk models as it incorporates the time CVD

events take to occur.?3

2.5.5 Suitability of applying diabetes-specific risk tools to different
diabetic populations

Although diabetes-specific risk models do overcome some of the
disadvantages of tools developed for the general population and hence
seemingly perform better in diabetic populations,??® some limitations to these
models still exist. Firstly, as with general population models, these tools have
primarily been developed for Western populations (mainly European and U.S.
populations) where Caucasian and African ethnicities predominate. As such,
very few have been derived for Eastern Asian populations and none have
been derived for Arabian populations. As concluded in several recent reviews,
due to the complex relationship between diabetes-related complications and
the geographical location of the patient and their environmental and lifestyle

characteristics, CVD risk assessment models derived from specific diabetic
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samples may not be suitable and hence not applicable to other diabetic

populations.10:23

Secondly, certain traditional risk factors such as HbAlc and microalbuminuria
are not included in some models, such as the Chinese Total CHD Risk Score.
Also, DM duration is not included in several tools such as the ARIC and
Australian FDS models and smoking is not included in the ADVANCE model.
Notably, the ADVANCE model was derived from a sample of diabetic patients
of 55 years and older who were involved in a clinical trial to assess the effect
of specific anti-hypertensive and anti-diabetic drugs.

Thirdly, with regards to their external applicability, only the UKPDS Risk
Engine and the ADVANCE, DCS and DARTS models were externally
validated using different diabetic populations; however, external validation of
the UKPDS Risk Engine on British, European, and Australian diabetic
samples indicated significant risk overestimation.1>13228 |n addition, the
ADVANCE model was validated using participants involved in a randomised
trial in which the potential influence of randomised treatments may have
affected the performance of the tool.'4! Although the Scottish DARTS and
New Zealand DCS models performed well in single validation studies, the
models were validated using diabetic samples from England and New
Zealand, respectively—populations which share the same ethnicity and
lifestyle patterns as the samples used to derive the risk tools in the first

place.'#4227 This is likely the reason behind their satisfactory performance.

In fact, none of the diabetes-specific tools have been validated in an Arabian
population. Therefore, external validation studies for these tools in such
populations are required. However, the results are not expected to differ from
those showing poor performance during external validation. Additionally, the
lengthy time lag between the development of some of these tools and the
present, along with major advances in clinical practice, cast doubt on the
validity of applying these risk tools even among populations of similar
ethnicities. Moreover, nutrition habits and other lifestyle patterns have

changed over time and differ according to location and culture; these factor
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may further influence the validity of applying external tools to different

populations.©

2.6 Status and studies related to CVD risk assessment tools in

Oman

As previously mentioned, derivative studies to develop CVD risk assessment
tools have not yet been conducted among either the Omani general or
diabetic populations. In fact, a literature review revealed no studies of this kind
among any type of Arabian population sharing similar characteristics.
Therefore, due to the lack of local CVD risk tools, the use of an external risk
prediction tool is necessary in local clinical settings for the sake of disease
management. To this end, the Department of Non-Communicable Disease
Control of the Ministry of Health in Oman has encouraged the use of the
WHO/ISH risk prediction charts designed for patients in the Eastern
Mediterranean region; these have been widely distributed in primary care
institutions in Oman.?3%231 However, actual use of these charts by diabetes
care physicians working in these institutions is thought to be rare and most
physicians utilise their clinical judgment of CVD risk to plan patient
management strategies.?3° This can be explained partially by a lack of
knowledge among these physicians regarding the importance of such risk

assessment tools and their clinical implications.?3°

Two comparison (non-validation) studies conducted in Oman have compared
few existing CVD risk assessment models with the WHO/ISH risk prediction
charts. In one study, the FG-CVD Risk Tool was found to overestimate the
CVD risk in comparison to the WHO/ISH risk prediction charts, with important
clinical differences in predicting CVD risk when the model was applied to a
sample of Omani type 2 diabetic patients. The results from this study cast
major doubts on the suitability of both of these tools for predicting actual risk
among the Omani diabetic population.?* In addition, the FG-CVD Risk Tool
identified a greater proportion of patients at risk of developing CVD in a 10-
year period compared with the WHO/ISH risk prediction charts. This
difference was especially marked among patients with an intermediate risk of
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CVD. Also, the FG-CVD Risk Tool identified almost double the number of men
eligible for aspirin treatment at a 10% CVD risk threshold as compared to the
WHO/ISH risk prediction charts (86% vs. 43%, respectively); among women,
these proportions were 66% and 45%, respectively. For statins, the
proportions of patients identified as suitable for treatment were 60% and 37%
for men and 28% and 36% for women using the FG-CVD Risk Tool and
WHO/ISH risk prediction charts, respectively. Although the study concluded
that the FG-CVD Risk Tool tended to overestimate CVD risk and the number
of patients eligible for primary CVD prevention in comparison with the
WHO/ISH risk prediction charts, it is difficult to ascertain which tool reflects the
actual situation since neither tool is specific to the Omani population.?* In
addition, a more recent study involving Omani diabetics predicted an
increasing 10-year CVD risk over a 17-year period using three popular risk
assessment tools, including the WHO/ISH risk prediction charts. The results of
this study also identified discrepancies in the estimated risk according to each
of the three tools. However, the study was not designed to validate each of

the three tools, nor to compare the results between them.232

In brief, the existing risk assessment models are not always applicable to
different populations.%23 However, the applicability of external CVD risk
assessment tools among the Omani type 2 diabetic population and the need
for a specific model for this population are elaborated in the following section

which is presented as a published review article in relation to this thesis work.

2.7 Applicability of the existing CVD risk assessment tools to

type 2 diabetics in Oman (Paper 1)

2.7.1 Introduction

This section includes a published review article to justify the importance of
developing a risk assessment model specific to the type 2 diabetic population
in Oman. As the applicability of existing global CVD risk models among Omani
type 2 diabetics have not been previously addressed in the literature, this
review aimed to touch upon this issue. The article commences with a

summary of the existing global CVD risk tools that were discussed in detail in
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the former part of this Chapter. Then, it focuses on the current use of available
CVD risk assessment tools in local clinical settings in Oman and ends with a
critical argument on the applicability of external CVD risk tools to the Omani
type 2 diabetic population, emphasising the need for a more specific CVD risk
assessment model for this particular population.

Notably, the format of this paper conforms to the formatting/style requirements
of the Oman Medical Journal, which may not be consistent with those in other
sections/chapters of this thesis. However, the pages, figures and tables are
re-numbered to be consistent with the flow of the thesis. The bibliographic

details of the co-authored paper, including all of the authors, are:

Al-Rawahi A, Lee P. Applicability of the Existing CVD Risk Assessment Tools
to Type Il Diabetics in Oman: A Review. Oman Med J. 2015 Sep;30(5):315-9.
doi: 10.5001/0mj.2015.65.
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2.7.2 Abstract

Patients with type 2 diabetes (T2DM) have an elevated risk for cardiovascular
disease (CVD), and it is considered to be a leading cause of morbidity and
premature mortality in these patients. Many traditional risk factors such as
age, male sex, hypertension, dyslipidemia, glycemic control, diabetes
duration, renal dysfunction, obesity and smoking have been studied and
identified as independent factors for CVD. Quantifying the risk of CVD among
diabetics using the common risk factors in order to plan the treatment and
preventive measures is important in the management of these patients as
recommended by many clinical guidelines. Therefore, several risk assessment
tools have been developed in different parts of the world for this purpose.
These include the tools that have been developed for general populations and
considered T2DM as a risk factor, and the tools that have been developed for
T2DM populations specifically. However, due to the differences in socio-
demographic factors and lifestyle patterns, as well as the differences in the
distribution of various CVD risk factors in different diabetic populations, the
external applicability of these tools on different populations is questionable.
This review aims to address the applicability of the existing CVD risk models

to the Omani diabetic population.

Keywords: Cardiovascular Diseases; Type 2 Diabetes Mellitus; Risk

Assessments; Arabs; Oman
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Type 2 diabetics have an elevated risk for cardiovascular disease (CVD),
estimated as being two-to-six fold higher compared to the general population.*
CVD is also considered as a leading cause of morbidity and premature

mortality in patients with type 2 diabetes.?

Many traditional risk factors such as age, male sex, hypertension,
dyslipidemia, glycemic control, diabetes duration, renal dysfunction, obesity,
smoking, and physical inactivity have been extensively studied and identified
to be independent factors for CVD.1® Recently, other non-traditional
predictors such as erectile dysfunction, unhealthy diet, social deprivation and
other inflammatory, hematological, and thrombogenic markers have been
studied and showed a positive relationship with CVD among diabetics.34
However, traditional risk factors have been found to explain between 75%—
90% of CVD events. >8 Also, there is no sufficient evidence that routine
monitoring of these factors leads to better diagnostic and therapeutic results in
diabetic patients. 37

2.7.3 CVD risk assessment tools

Risk assessment tools, in general, are mathematical models or charts used to
estimate the risk of an outcome event in an individual. They use the predictive
information available for the various risk factors of the specified condition
using mathematical models. Usually such models are used for diagnostic and
prognostic purposes. Diagnostic models estimate the current risk of a disease
or health event and prognostic models estimate the future risk of a particular
disease or health event within a given period.8® CVD risk assessment tools
estimate the CVD risk in an individual based on the information available

mainly for the various traditional CVD risk factors.

Various professional guidelines for the management of type 2 diabetes
mellitus (T2DM) recommend the use of CVD risk assessment tools to quantify
the risk among patients with diabetes. This would also guide the initiation of
appropriate preventive and treatment strategies, including antihypertensive,
antiplatelet, and antilipids drugs.1%'' Many different risk assessment tools
were developed in different parts of the world in the past decades to assess

the CVD risk among patients with T2DM. These include the tools developed
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for general populations and considered T2DM as a risk factor, and the tools

developed specifically for T2DM populations.

Tools for general populations, with diabetes as a risk factor

In general populations, many risk assessment tools have been developed that
vary in their methodologies. Listed in Box 1 are the most common tools
established to estimate the CVD risk in general populations that consider
T2DM as a risk factor and use CVD as a general outcome or, at least, include
coronary heart disease (CHD) in the outcome (as it is the most common
among all CVD events) and were derived from large cohorts with both

sexes.12.13

Box 1: Common tools established to estimate CVD risk in general
population

- Framingham Heart Study (FHS) model.

- New Prospective Cardiovascular Munster Score (PROCAM-2007)
model

- World Health Organization /International Society of Hypertension
(WHO/ISH) charts

- Chinese Adult Cardiovascular Disease risk tool,

- The risk score based on the Scottish Heart Extended Cohort (also
known as Assessing Cardiovascular Risk Using SIGN Guidelines
(ASSIGN))

- Framingham General (FG) CVD risk profile for use in primary care
- Japanese cardiovascular risk model

- The two last versions of the Cardiovascular Disease Risk Score Based on
the British QRESEARCH database (QRISK2 and the new QRISK)

The FHS model and the PROCAM model are recommended and incorporated
by some of the professional guidelines to estimate the CVD risk in patients
with diabetes. The FHS model is recommended by the European Society of

Cardiology and European Association for Study of Diabetes Guidelines and
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the Australian National Vascular Disease guidelines. The PROCAM model is

recommended by the Canadian Diabetes Association guidelines.*?

Notably, most of these tools were derived from studies among American or
European populations. The age range for most of the study cohorts was 30—
74 years. However, these tools differ in many ways and they are presented in
various forms, including risk charts and electronic risk calculators .# The
sample sizes ranged from 1,756 patients to more than two million patients.
They also differ in the endpoint outcomes used, which include CHD, CVD, and
myocardial infarction. Some outcomes also include fatal events. Furthermore,
these tools differ in their methodologies including characteristics of the study
sample, study setting, follow-up time frame, statistical analysis, and the
included predictors.?>1” Most tools were derived from original longitudinal
studies except the WHO/ISH charts, which were derived using databases
related to the prevalence of the common risk factors of CVD and CVD event
rates in the corresponding WHO regions. Most of these prediction models
predicted the five- or 10-year risk using an average of eight predictors through
cox regression, logistic regression, or Weibull proportional hazards modeling.
Age, sex, systolic blood pressure, smoking, cholesterol measurements, and
T2DM status were the most commonly used predictors.'?1” Some tools
included non-traditional predictors, but the value of adding them was thought
to be small.1818 In addition, recommendations from the US Preventive
Services Task Force concluded that the current evidence was insufficient to
assess the usefulness of including the non-traditional risk factors in the risk

assessment.®

Tools specific for type Il diabetic populations

Many specific T2DM tools have emerged in recent years due to the
suggestion that diabetes-specific risk tools perform better than those
developed for the general population.62° The most common ones
established to estimate CVD risk in the T2DM population that take CVD as a
general outcome or include CHD in the outcome and were derived from large
cohorts with both sexes are given in Box 2.131516 Generally, the UKPDS risk

engine is the most commonly recommended model by professional guidelines

70



including the Canadian Diabetes Association, the Australian National Vascular
Disease Prevention Alliance, the National Institute for Health and Clinical

Excellence and the International Diabetes Federation.13

Box 2: Common tools established to estimate CVD risk in the type |l

diabetic population.

- Action in Diabetes and Vascular Disease, the Preterax and Diamicron- MR
Controlled Evaluation (ADVANCE) study model.

- New Zealand Diabetes Cohort Study (DCS) model.

- Australian Fremantle Diabetes Study (FDS) model.

- Swedish National Diabetes Register (SNDR) equation.
- Chinese Total CHD risk score.

- Scottish Diabetes Audit and Research in Tayside, Scotland (DARTS)
database model.

- U.S Atherosclerosis Risk in Communities (ARIC) model.

- U.K Prospective Diabetes Study (UKPDS) risk engine model

Like the tools derived from the general population, most of the diabetes-
specific tools were developed based on American and European populations
and very few were based on Eastern Asian populations. These tools differ in
the study sample sizes, which range from more than 1,000 to more than
35,000 patients. Most were derived using prevalent T2DM cases and only the
UKPDS tool was derived using newly diagnosed diabetic patients. The
majority of the models predict five-year risk with an average of eight
predictors. The most commonly used predictors in these models are age, sex,
diabetes duration, glycated hemoglobin levels, lipid-related entities,
microalbuminuria, and smoking. Again, some tools have tried to include non-
traditional factors, but the value of adding them is thought to be small.1618 The
studies also differed in their statistical analysis methods similarly to the tools

developed for the general population.
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2.7.4 CVD risk assessment in Oman

T2DM and its complications have imposed a considerable burden in Oman.
Three consecutive epidemiological surveys have shown a gradual increase in
the prevalence of T2DM from 10% to 12.3% over 17 years.?!?# |t is estimated
that by 2050 there will be around 350,000 people with T2DM living in Oman. 2°
Moreover, a hospital based study showed that more than half of the Omani
patients who presented for coronary artery bypass surgery had diabetes.?®
Additionally, related data showed a high prevalence of CVD traditional risk
factors among Omanis.?*27.28 Therefore, the growing trend of T2DM and CVD
risk factors inevitably makes the problem of CVD challenging to the Oman

healthcare system.

To date, no risk assessment tool derivative studies have been conducted in
any Arab countries, including Oman. Therefore, the use of external risk
assessment tools is encouraged in the clinical setting, at least for the time
being, for the sake of disease management. The Department of Non-
Communicable Disease Control (NCDC) has encouraged the use of the
WHO/ISH EMRO-B charts designed for patients in the Eastern Mediterranean
region (as Oman is part of this region) and these have been widely distributed
in primary care institutions.?%3° However, the use of these charts in diabetes
care is thought to be rare. This lack of use can be explained patrtially by the
lack of knowledge about the importance of such risk assessment tools and

their clinical implications.?°

In the Arab world, no studies were found related to testing the validity of the
existing CVD risk tools on diabetic populations apart from one comparison
study conducted in Oman. In this study, the FG-CVD risk model was observed
to overestimate the CVD risk compared to the WHO/ISH risk charts when
applied to a sample of Omani patients with T2DM.3! For example, the GF-
CVD tool identified a higher proportion of patients compared to the WHO/ISH
tool at 10-year CVD risk especially in the intermediate risk group of patients.
The GF-CVD tool identified almost double the number of men eligible for
aspirin treatment at CVD risk thresholds of 10% compared to the WHO/ISH
charts (86% vs. 43% respectively). In women, the proportions were 66% and
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45%, respectively. For statins, the figures were 60% and 37% for men and
28% and 36% for women, respectively. This means that if the GF-CVD risk
tool was applied in the Oman health setting, the diabetes care costs would

sharply increase.

2.7.5 Critical arguments on the application of the existing tools

The tools that were primarily derived for general populations are not specific
for T2DM populations, which carry a higher risk. In addition, these tools have
not included important risk factors like glycemic control, diabetes duration, and
micro-albuminuria.®32 Moreover, most of the two types of tools have been
derived from western populations (European and US populations) and very
few have been derived from East Asian populations. Only a few tools were
validated externally on diabetic populations and these studies demonstrated
poor performance of these tools when applied to diabetic patients. 33-35 Also,
the external validation studies were conducted on European, Australian and
other populations, which share similar ethnicities and lifestyles with the

populations used to develop these tools.

The differences in sociodemographic factors, culture, lifestyle, and the
distribution of various CVD risk factors and CVD occurrence in those
populations should be considered in the application of such tools in different
populations. Despite the similarities between the populations for which
existing models were derived, developing a model specific for each unique
population is a common rationale mentioned in the studies that gave rise to
the current models. In fact, due to the strong relationship between diabetes
and its complications with the patient's geographical location and
environmental and lifestyle characteristics, the existing risk models are not
always applicable to different populations. Therefore, it is better for each
particular population to have its own risk assessment tool.1415 Additionally, the
time since some of these tools were derived and the major differences in the
clinical practices nowadays lead us to question the validity of applying these

risk tools even in populations with similar ethnicities.'®

The existing tools have not been validated in any Arab population including

Omanis. However, as mentioned before, external validations in non-Arab
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patients with diabetes have shown a poor performance of these tools.33-3% The
single study conducted in Oman, comparing the FG-CVD risk tool to the
WHO/ISH charts currently used, has shown significant discrepancies in the
risk assessment results between the two tools when applied to a sample of
Omani patients with T2DM. Although the study concluded that the GF-CVD
tool overestimated the risk and the number of patients eligible for primary
prevention of CVD compared to the joint WHO/ISH charts, it is difficult to
judge which one is more relevant and closer to the real situation as both tools

are not Omani-specific.3!

Moreover, the WHO/ISH risk charts were not derived from original studies, but
derived using databases related to prevalence of the CVD risk factors and
CVD event rates for the Eastern Mediterranean region. Although this region
includes Arab populations mostly, it also includes a non-Arab population
(Iranians). Therefore, these charts are not that specific. Additionally, these
charts have not included other important risk factors related to patients with

diabetes, like glycosylated hemoglobin and diabetes duration.

Therefore, due to the above limitations, physicians may be faced with
uncertainties in the CVD risk estimation using these external tools. This, in
turn, may affect the clinical management of diabetic patients and the costs of
the diabetes care.

2.7.6 Conclusion

The applicability and accuracy of the existing CVD risk tools for local
populations is questionable since these tools are not considered the optimal
ones to be applied in different populations. It seems that there is a need for a
population-specific risk assessment tool for Omani patients with T2DM to
monitor their CVD risk and inform future treatment and case management

strategies.
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Chapter 3: Research Methodology

3.1 Introduction

Chapter 2 presented background information of the current situation and
burden of cardiovascular disease (CVD) both globally and in Oman. It also
provided a detailed review of the literature related to existing global CVD risk
assessment tools and their application among different populations. In
addition, it elaborated on the gap in the application of these tools to Omani
type 2 diabetics and addressed the crucial need for a more specific tool for
this population. This chapter presents a methodological plan of this research
in order to answer the research questions and develop a CVD risk
assessment model suitable for the Omani population. It includes the
conceptual framework of the project, the study design used, the target
population and the sampling method of this study. It also presents the data
collection methods and instruments and provides variable definitions, issues
related to data quality and management and detailed data analysis methods.

In addition, details on measurements and ethical considerations are provided.

3.2 Conceptual framework

The conceptual framework of this study is illustrated in Figure 3.1. The
research project began by seeking to gain an overall understanding of CVD-
related factors from a global perspective and the existing models/tools
available to assess CVD risk among diabetic populations. The literature
review suggested that CVD incidence and patterns of CVD risk factors differ
according to population; therefore, these differences should be taken into
consideration in the development and application of any new CVD risk
assessment model. As a result, CVD incidence in Oman and patterns of CVD
risk factors among Omani diabetics have to be explored and compared to
global figures. As suggested in the previous chapter, developing a specific
CVD risk assessment model for Omani diabetic patients is necessary. The
second part of the conceptual framework describes the steps required to

develop a suitable CVD risk assessment model for this particular population.
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Figure 3.1

The conceptual framework of the study

Abbreviations: DM, diabetes mellitus; BMI, body mass index; HTN, hypertension; CVD,
cardiovascular disease; FG-CVD, Framingham General CVD; UKPDS, U.K. Prospective
Diabetes Study; WHO, World Health Organization; ISH, International Society of Hypertension.
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However, testing the validity of the developed model is crucial to ascertain the
applicability of the developed model to Omani diabetics. As per the objectives
of this thesis, the overall fieldwork was completed through three sub-studies.
The first explored CVD incidence and risk factor patterns among the target
population. This study was the first attempt in establishing CVD incidence
among Omani diabetics. Also, it provided preliminary results regarding the
CVD-associated risk factors. The associated risk factors identified in the first
study were carried over to the second study. The second study aimed to
develop a CVD risk prediction model for the target population. This was
followed by the third study which was established to validate the accuracy of

the model in a separate sample selected from the same target population.

3.3 Study design

All of the three sub-studies utilised an observational longitudinal study design,
in which a diabetic cohort was chosen from a database of registered patients
with medical records starting from baseline in 2009-2010 until the end-point.
The end-point included CVD event or death (both CVD and non-CVD deaths)
until the end of the data collection period in December 2015. However, at data
analysis stage, the whole cohort was processed as per the framework of a
retrospective cohort study in which the cohort was split into exposed and

unexposed groups based on identified key risk factors.

An observational longitudinal study involves following up participants within a
cohort from baseline onwards. This design is particularly useful for assessing
disease aetiology and prognosis, which are useful for clinical decision-
making.?3® Unlike cross-sectional and the classical case-control studies, a
retrospective cohort study can provide stronger evidence concerning causal
relationships because it considers the temporality between exposure and
outcome. In other words, the researcher can be certain that the exposure
precedes the outcome.?3* Although prospective cohort and prospective nested
case-control studies usually yields better quality of data, these are much more
expensive and time consuming. On the other hand, retrospective nested case-
control study does not yield better evidence compared to retrospective cohort
study since it is retrospective in nature. In addition, nested case-control
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studies usually utilise a subset of non-disease subjects in the cohort to form
the control group, while in retrospective cohort studies all the non-disease
subjects in the cohort are utilised to form the control group, allowing a better
representative sample. Furthermore, the studied outcome (CVD) in this
project is not rare, making cohort study design feasible. For this project, the
year 2009-2010 was chosen as the baseline point so that the minimum
follow-up period until the end of the data collection period in December 2015

would be five years.

3.4 Study setting and target population

The reference population for this research project included the Omani type 2
diabetic population residing in the catchment areas of all primary care
institutions (health centres and polyclinics) in the Aldakhiliyah Province of
Oman. This region was chosen as the researcher had relatively easy access
to the necessary data after having been invited to conduct this research by the
Department of Non-Communicable Disease Control in this region. Also, the
involved institutions were geographically close to each other, making it easier
for the candidate to coordinate fieldwork activities. Other provinces in Oman

were not involved due to limited time and resources.

The Aldakhiliyah Province is one of the biggest provinces in Oman, with an
area of 309.5 thousand km? and a total of 298,574 Omani inhabitants.8384
Health services in this region include 25 primary care institutions (including 21
health centres and four polyclinics) as well as four local hospitals and one
main tertiary hospital.8 Each primary care institution serves all patients
residing within its catchment area; however, the four polyclinics (the Nizwa,
Sumail, Bahla and Izki Polyclinics) serve larger catchment areas as compared

to the health centres.

Diabetes care services in this region are delivered at both types of primary
institutions (polyclinics and health centres), although 50% of patients receive
their treatments and are followed up at the four polyclinics due to their larger
catchment areas.?3® A diabetes mellitus (DM) diagnosis is made according to
the World Health Organization (WHO) criteria in all of these institutions. All
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diagnosed patients are registered in the National Diabetes Register and
regularly followed up for disease management at intervals ranging from
monthly to every three months, depending on their disease conditions. Annual
check-ups for diabetes-related complications and an assessment of CVD risk
factors are mandatory for each patient. As per the guidelines of the local
diabetes control programme, all patients are comprehensively assessed at
their first DM diagnosis and then re-assessed at least annually for main CVD
risk factors and for diabetes-related complications (including CVD) using
standardised assessment forms and following standardised diabetes follow-up

procedures.?36.237

All patient assessments at these institutions are administered by qualified
diabetologists, trained general physicians and trained nursing staff. In
addition, the Department of Non-Communicable Disease in the region
supervises the delivery of assessments and follow-ups and provides the
required training for related staff working in the diabetes clinics. All patient
demographic and clinical data are entered and maintained in computerised
patient records by the team members of the diabetes care clinics. In addition,
patients with serious complications or emergencies like acute coronary heart
disease (CHD) may be referred for further management to the tertiary care
institutions within (Nizwa Hospital) or outside (e.g. Sultan Qaboos University
Hospital and Royal Hospital) the province, where computerised medical

records are also kept for further management.

Inclusion/exclusion criteria for the study population:

Several inclusion and exclusion criteria were applied to refine the study
population in order to reduce selection bias. All initially included subjects were
carefully selected using the inclusion/exclusion criteria of this study as listed

below:

Inclusion criteria:

o Individuals of Omani nationality.
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o Patients with confirmed diagnoses of type 2 DM whose clinical data
was recorded in the National Diabetes Register as of 2010 or
earlier.

o Patients who were free of CVD (CHD, stroke and PAD) at baseline.

o Patients with available follow-up data until end-point.

Exclusion criteria:

o Patients who developed CVD in the follow-up period due to causes
other than CVD risk factors, including patients who developed non-
ischaemic heart disease and those who underwent non-ischaemic-
related limb amputations during the follow-up period.

o Patients with end-stage renal disease and liver cirrhosis.

o Patients with a large proportion of missing data regarding their risk
factors or CVD outcomes at baseline.

3.5 Sampling methods and sample size

According to the Department of Non-Communicable Disease Control in
Aldakhiliyah Province, a total of 7,599 type 2 diabetic patients were recorded
within the National Diabetes Register in 2010 through all health institutions in
the region; of these, over 50% of the patients were registered and followed-up
by the four polyclinics.?3> As most diabetic patients were followed up at the
four polyclinics rather than at the health centres, three main polyclinics
(Nizwa, Bahla and Izki Polyclinics) and one large health centre (Manah Health
Centre) were chosen for the sample selection necessary to study CVD
incidence and risk factor patterns and to develop the CVD risk assessment
model. These institutions were chosen as per the advice of the Department of
Non-Communicable Disease Control in the region, since less missing data
would be expected within these institutions as compared to the others. The
total number of type 2 diabetic patients registered in these four institutions at
the baseline was 3509.23° Subsequently, eligible type 2 diabetic patients
recorded in the National Diabetes Register by the selected four institutions in

2009-2010, who were free of CVD at baseline and who met the inclusion
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criteria were included in this study. After applying the inclusion/exclusion

criteria, a total of 2,039 patients were found to be eligible.

The minimally required sample size to estimate CVD risk (incidence) was
calculated using a statistical formula designed for observational studies as

below:238

N=Z2xpx(100—p)
d2

Where;

N = required sample size,

. Z = 1.96 constant value for a 95% confidence interval,

. p = estimated proportion (prevalence/incidence) of the outcome in the
population, and

. d = desired margin of error / permissible error.

Using an estimated incidence from previous studies maximally reaching
18%,101.23% 3 desired margin of error of 5% and a 95% confidence interval,

the minimally required sample size (N) was calculated as follows:

N =1.962x0.18 x 0.82 =0.5670/ 0.0025 = 227 patients
0.052
Considering an observational design, potential incomplete data and loss to

follow-up, adding 50% for each of these considerations was deemed
reasonable. Therefore, the required sample was:
227 x 150% x 150% x 150% = 767 patients

However, in order to minimise sampling error, all 2,039 eligible patients from
the four institutions were included in this study in view of the available budget
and resources. As such, the sample size of included DM patients to study

CVD risk/incidence was much larger than required.
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In the second sub-study, the same sample (2,039 patients) was utilised to
derive a CVD risk model. However, patients with incomplete data related to
any key risk factor at baseline were excluded from the Cox regression
analysis. The sub-sample available for this multivariate analysis was therefore
1,314. The minimum sample size required for the proposed multivariate
regression analysis depends on the number of predictors studied. Usually, 10
outcome events per variable is enough to draw a Cox regression model.?%° In
this sub-study, 7 predictors were included in the regression analysis.
Therefore, the required calculated number of CVD events was around 70,

which was much less than the number of CVD events appeared in this cohort.

The third sub-study was designed to validate the developed CVD risk
equation. A separate sample of type 2 diabetics from the same population and
residing in the same province, but external to the previous sample used for
model derivation, was needed. For this purpose, Samail Polyclinic and Burkat
Almoz Health Centre were chosen for sample selection purposes. These two
institutions were selected as they serve a relative large number of patients in
comparison to the remaining health centres, and were expected to have a
lower proportion of missing data. The total number of diabetic patients
registered in the two institutions at baseline was 881.2%° Similar to the model
derivation sampling procedures, the sampling frame for this sub-study
included all type 2 diabetic patients recorded in the National Diabetes Register
in 2009-2010 by the selected two institutions, who were free from CVD at
baseline and were followed-up until end-point. After applying the same
inclusion/exclusion criteria, a total of 405 patients were identified as eligible
subjects with complete data related to key factors and CVD outcomes. All of
these 405 DM patients were hence included in the validation study.

3.6 Data collection methods

This project made use of secondary data collected routinely by trained
physicians and nursing staff working in the diabetes clinics of selected
institutions. Demographic data (including gender, age, age at DM diagnosis,
body mass index (BMI) and DM duration) and clinical data regarding the

outcome and all key risk factors (including physician’s clinical assessments
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and laboratory tests) at baseline were obtained from the National Diabetes
Registry System and computerised patient files at all selected health
institutions. In addition, data related to the CVD outcomes at end-point were
tracked throughout the entire follow-up period from baseline until the end of
December 2015 using the same data sources as well as the computerised
files of the same patients in other tertiary institutions (e.g. Nizwa Hospital,

Sultan Qaboos University Hospital and Royal Hospital) when required.

Data related to baseline risk factors were retrieved manually by reviewing
each patient’s healthcare visits in 2009-2010 and CVD outcomes were
identified by reviewing physicians’ clinical notes and diagnoses for each
patient during the follow-up period. Moreover, death certificates were also
obtained to confirm all causes of death occurring during the study as
documented by the attending physicians. Most patients were contacted
telephonically by research assistants to confirm smoking status, family history

of CVD patients and CVD outcome events.

The data were collected by 10 trained nursing staff working in the diabetes
clinics of the selected institutions. All data were manually recorded using a
well-designed data collection sheet (see appendix B). Proper training was
delivered to all of the data collectors by the researcher prior to data collection.
An initial one-week pilot period for data collectors was given to ensure their
understanding and to ensure they possessed the required capabilities for
completing the data collection tasks. In addition, regular monitoring of data
collection was conducted by the researcher on a weekly basis to ensure the
quality of data. Any queries arising during this phase were always discussed
among the data collection team prior to being resolved.

3.7 Variable definitions and measurements

A CVD outcome was defined as the first fatal or non-fatal CHD, stroke or PAD
event diagnosed by internal medicine physicians based on their clinical
assessment and confirmed using diagnostic tests. All diagnostic tests were
performed by qualified laboratory technicians and interpreted by specialised
physicians at the included institutions. A CHD diagnosis included stable or
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unstable angina and myocardial infarctions; this was confirmed by 12-lead
electrocardiography (ECG) and a serum troponin test. However, patients for
whom the diagnosis was unclear were referred to cardiologists in tertiary
hospitals within or outside the province. In some cases, an ECG stress test
(i.e. the treadmill test) and coronary angiography was needed to confirm the
diagnosis. Episodes of stroke were confirmed by computed tomography while
PAD was confirmed by a clinical diagnosis of gangrene, a limb amputation
due to an ischaemic cause or clinical picture of ischemic limb confirmed by

ankle-brachial pressure index and angiography.

The same diagnostic criteria were applied at baseline to ensure that the
included participants were free from CVD at the beginning of the study.

The diagnostic criteria for CHD, stroke and PAD are standardised across all
institutions and are consistent with international guidelines.114127.241 |n
addition, as fatal events were included in CVD outcomes, causes of death
were confirmed from death certificates and cross-checked from patient’s
records. Patients who died of non-CVD-related causes before the end-point
event occurred were recorded as censored data, with various total follow-up

durations in the study.

The variable definitions listed in Table 3.1 were used to assess CVD
outcomes and various key risk factors according to the Diabetes Mellitus
Management Guidelines for Primary Health Care Manual and the Operational
and Management Guidelines for the National Non-Communicable Diseases
Program of the Ministry of Health, Oman.?31.236 Risk factors were collected as
continuous variables and were categorised using the cut-off points defined in

the local guidelines, which is consistent with international guidelines.?31236

3.8 Data quality and management

All data were entered into a computer and managed using the Epi-Data entry
software, in order to reduce entry errors. In addition, the following procedures
were applied in order to ensure that the collected secondary data was of good

guality and the created electronic files were secure:
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e A proportion of the collected data (10%) was randomly chosen and
rechecked with various medical records.

e A systematic data coding scheme was consistently used by the
researcher and those involved with data collection and data entry.

e Data screening and cleaning were done prior to analysis to check for
coding errors.

e Backup files and hard copies of the data were saved in other
computers/filing cabinets to negate the possibility of data loss.

e Electronic data access was restricted to the research team only.

¢ All data would be archived after the completion of the project for at

least five years.

Table 3.1: Variable definitions for CVD outcomes and key risk factors

Variable Definition and cut-off points
CVD outcome The first fatal or non-fatal CVD recorded event from the
following list:

e Confirmed physician diagnosis of CHD in the form

of a stable angina, unstable angina or an acute

myocardial infarction.

e Confirmed physician diagnosis of ischaemic or

haemorrhagic stroke.

e Confirmed physician diagnosis of PAD (either an

ischaemic-related limp, gangrene or amputation).

HTN Physician diagnosis of HTN (SBP 2140 mmHg or DBP =90

mmHg confirmed in BP chart readings after excluding other

causes).

Dyslipidaemia Defined as having at least one of the following lipid

abnormalities as confirmed by a standardised laboratory

test:
e Total cholesterol 25.2 mmol/l.
e LDL =2.6 mmol/l.
e HDL =0.9 mmol/l for males and <1.3 for females.

e TG level 21.7mmol/l.

Albuminuria Defined as a persistent albumin/creatinine ratio of 22.5 in
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(microalbuminuria | males and 23.5 in females or a persistent protein/creatinine

or proteinuria) ratio of = 45, confirmed at least twice within three months

or more by a standardised laboratory test, after excluding

other possible cause of proteinuria like infections or

strenuous exercise.

Glycaemic control | Good, intermediate and poor glycaemic control was defined
as HbAlc measurements of <7%, 7—8% and >8%,

respectively, as confirmed by a standardised laboratory

test.

Obesity BMI was calculated as body weight/height in metres
squared. Overweight was defined as a BMI of 225-30
kg/m? and obesity as BMI 230 kg/m?. Weight and height

were measured using standardised calibrated instruments.

Abbreviations: CVD, cardiovascular disease; CHD, coronary heart disease; PAD, peripheral
arterial disease; HTN, hypertension; SPB, systolic blood pressure; DBP, diastolic blood
pressure; BP, blood pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG,
triglyceride; HbAlc, glycosylated haemoglobin; BMI, body mass index.

3.9 Data analysis methods

The SPSS software, Version 22, was used for data analysis. In all three sub-
studies, percentages with 95% confidence intervals (ClIs) were calculated for
the incidence and other important categorical variables as descriptive
analysis. For continuous variables, means with standard deviations and
medians were described. All continuous variables were categorised according
to pre-defined clinical cut-off points as shown in Table 3.1. Chi-squared tests
and independent sample T-tests were used in the three sub-studies to assess
the crude differences between proportions and means, respectively, in relation

to different risk factors and outcome status.

In the first sub-study, the data of the diabetic cohort was divided into exposed
and unexposed groups based on key risk factors. The univariate relationship
between CVD outcome and each of the key risk factors was assessed using
Kaplan-Meier survival analysis, along with log-rank, Breslow and Tarone-
Ware tests to compare survival distribution between groups. In addition, odds

ratios with 95% Cls were computed using SPSS software to estimate relative
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risk. Furthermore, an analysis of variance (ANOVA) test was used to assess
the crude relationship between key continuous and categorical variables when
required. A P value of < 0.05 was considered to indicate statistical

significance.

Cox regression modelling was used in the second sub-study to identify
independent CVD risk factors and to derive the final CVD risk assessment
model in the form of a statistical equation. Log minus log (log — log) plots for
categorical predictors of CVD were used to assess a possible time-varying
effect to meet the proportional hazards assumption for using a Cox regression
method. In addition, the model fit was tested by comparing changes in the -2
log likelihood statistic in the modelling process. Based on the Cox regression
results, the t-year CVD probability equation was modelled using the baseline
survival probability function (So(t)) and expressed as:

t-year CVD probability = 1 - So(t)E*2XiBi, where So(t) is the cumulative survival
(probability of non-CVD) over t-years, Exp > XiBi represents the cumulative
hazard ratio, Xi represents the CVD-associated factors included in the model

and Bi represents the factor coefficients in the model.?42:243

In the third sub-study, the overall performance of the developed risk
assessment model in the derivation and validation samples was assessed by
comparing predicted mean CVD risk to observed mean risk in both samples.
Areas under the receiver operating curves with 95% Cls were used to assess
the ability of the model to discriminate between diabetics with and without
CVD outcomes in both samples. Calibration of the model was assessed by
comparing predicted mean risk to observed mean risk in fifths (quintiles) of
sub-samples with a Hosmer-Lemeshow Chi-squared test.13244245 To perform
this, each sample was split into five groups (quintiles) of equal size by sorting
each sample by predicted risk in descending order so that the first 20% of
patients represented the group with the lowest CVD risk. Then, predicted
mean risk was compared to observed mean risk in each quintile. Insignificant
Chi-squared test results (P = 0.05) indicated no differences between observed

and predicted mean risks and hence satisfactory calibration of the model.
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To further assess the accuracy of the model, the Brier score (mean squared
error with score range 0—1) was calculated for both samples. The lower the
value of the Brier score, the better the accuracy of the model.102246 |n
addition, sensitivity, specificity, likelihood ratios and positive and negative
predictive values were calculated using the derivation sample for cut-off CVD
risk values of 5%, 10% and 15% in order to determine the optimal cut-off point
for clinical application.?4"248 |n addition, the optimal statistical cut-off value of
CVD risk was identified as the point where the sum of sensitivity and
specificity values yielded the largest value.

3.10 Rigours of the study

The scientific rigour and trustworthiness of a study is usually demonstrated by
the reliability and validity of its research processes and measurements.?4° In
general, validity refers to how accurate the measurements are and whether
the study truly measures that which it aims to measure. Reliability, on the
other hand, refers to the consistency of the results of these measurements if

they are subsequently repeated or reproduced on different occasions.?4%.2%0

In this project, the reliability and validity of measurements, especially the
laboratory measurements, were ensured through regular periodic checks and
calibration of the laboratory equipment and machines using standardised
specimens. Furthermore, so as to ensure consistency, the same assay
methods for various measurements were used in all laboratories. In addition,
all tests were performed by qualified trained laboratory technicians. For the
key variables in this study, such as CHD, PAD, stroke and key risk factors, the
researcher ensured that the diagnoses were confirmed as per standard
procedures and were cross-checked from different sources for data.
Measurements for BMI and blood pressure (BP) were conducted by trained
nurses using standard calibrated equipment; additionally, more than one BP
reading was taken to ensure the reliability of the measurement. Finally, all
data collectors were trained and supervised so that the data collection would

be carried out consistently and to obtain high-quality data.
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3.11 Ethical considerations

Since this study involved a review of clinical patient records with minimal or no

direct contact with the participants, any physical and psychological harm to

the patients was expected to be very limited. In addition, the following

procedures were undertaken to address potential ethical issues:

Ethical approval was obtained from Griffith University
(PBH/01/15/HREC) and the Ministry of Health in Oman before the
fieldwork began (see appendix C).

Permission was obtained from the administration of all involved health
institutions to undertake the necessary data collection.

Written consent from participants was not required as this study used
secondary data (the existing health records of diabetic patients)
collected by selected institutions. However, in some cases of deficient
or missing information, telephone interviews were conducted with the
patients. In these circumstances, verbal consent was obtained from the
patients prior to the interviews.

Anonymity of the data was ensured. All patient names and contact
details were removed from the data set and a non-identifiable code was
given to each individual patient so as to keep his/her records
anonymous.

Confidentiality and privacy of the patients’ data was ensured by
removing identifying information and links to their personal details.
Most importantly, all paper-based and electronic records were stored in
locked cabinets and secured computerised files which could only be
accessed by the principal researcher.

3.12 Project management

The researcher was responsible for monitoring all research activities. He

conducted periodic visits to all fieldwork sites throughout the duration of the

project to ensure the quality of data, resolve emerging issues and ensure the

progress of various data collection activities in a timely manner. Also, all

research activities were overseen by an academic principal supervisor in
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order to minimise any potential errors and ethical issues in the conduct of this

project.

Summary

This Chapter provided details of the study design, data collection and analysis
methods that were used in the execution of this research project. A
retrospective cohort study design was applied to two samples of Omanis with
type 2 diabetes in Aldakhiliyah Province. In both samples, data on baseline
risk factors in 2009—2010 were retrieved from existing records (secondary
data) and the patients were tracked from baseline until their first CVD events,
their deaths or the end of the follow-up period in December 2015. The
following three chapters present the findings in response to the research
guestions of this research project. Chapter 4 presents the first sub-study in
which a cohort of 2,039 patients was used to determine CVD incidence and
patterns of CVD risk factors among the target population. It is presented as a
published paper in compliance with the required format of a peer-reviewed
journal. The same sample was used subsequently in the second sub-study to
derive a CVD risk assessment equation for the targeted diabetic population,
as presented in Chapter 5. The third sub-study then used a second sample of

405 patients to validate the developed model, as presented in Chapter 6.
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Chapter 4: (Paper 2) CVD Incidence and the Patterns
of Associated Risk Factors among Omanis with Type
2 Diabetes

4.1 Introduction

The last chapter has addressed the detailed methodologies of this
retrospective cohort study which involved the analysis of secondary data. This
chapter is presented in the form of a published paper touching on the first
research question. Firstly, this chapter presents the incidence of CVD, risk
factor prevalence and the crude association patterns between CVD and key
risk factors in the Omani type 2 diabetic population. Secondly, the results
presented in this chapter forms the base towards developing the required
CVD risk assessment model for this specific population, which will be

elaborated in chapter 5.

This chapter is presented as a co-authored published original article following
the required format/ style of Oman Medical Journal. However, the pages,
figures and tables were re-numbered to be consistent with the flow of the
thesis. The bibliographic details of the co-authored paper, including all

authors, are:

Chapter 4: Al Rawahi AH, Lee P, Al Angoudi ZAM, Al Busaidi A, Al Rabaani
M, Al Mahrougqi F, et al. Cardiovascular Disease Incidence and Risk Factor
Patterns among Omanis with Type 2 Diabetes: A Retrospective Cohort Study.
Oman Med J. 2017;32(2):106—14. DOI: 10.5001/0mj.2017.20.

The chapter commenced with a declaration of authorship followed by an
abstract of the published article. Then, it presents the details of the study
including the used methods, detailed results, a discussion and a conclusion. It

ends with a list of references related to the published article.
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4.2 Abstract

Objectives: Cardiovascular disease (CVD) represents the leading cause of
morbidity and mortality among patients with type 2 diabetes mellitus (T2DM).
Its incidence and risk factor patterns vary widely across different diabetic
populations. This study aims to assess the incidence and risk factor patterns
of CVD events among Omanis with T2DM.

Methods: A sample of 2,039 patients with T2DM from a primary care setting,
who were free of CVD at baseline (2009-2010) were involved in a
retrospective cohort study. Socio-demographic data and traditional risk factor
assessments at the baseline were retrieved from medical records, after which
the first CVD outcomes (coronary heart disease, stroke, and peripheral arterial
disease) were traced from the baseline to December 2015, with a median

follow-up period of 5.6 years.

Results: The overall cumulative incidence of CVD was 9.4% with an
incidence density of 17.6 per 1000 person-years. Prevalence of poor glycemic
control, hypertension, obesity, dyslipidemia, albuminuria and current smoking
were 40.0%, 56.3%, 39.0%, 77.3%, 18.7%, and 7.8%, respectively. The
univariate survival analysis showed a significant association between CVD
and the following factors: age, diabetes duration, body mass index, glycemic

control, hypertension, total serum cholesterol, and albuminuria.

Conclusions: This study revealed a high incidence of CVD and a high
prevalence of its traditional risk factors among Omanis with T2DM. In addition,
compared to global studies, important differences in the prevalence of some
risk factors and their patterns in the univariate association with the

cardiovascular outcome have been observed.

Keywords: Incidence; Risk Factors; Cardiovascular Disease; Coronary Heart

Disease; Stroke; Type 2 Diabetes; Oman.
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Introduction

Coronary heart disease (CHD), stroke, and peripheral arterial disease (PAD)
are the main cardiovascular diseases (CVD) among populations with type 2
diabetes mellitus (T2DM)."=3 CVD incidence varies considerably across
diabetic populations. Cumulative incidence of CVD events data from New
Zealand and Australia showed that 17.9% and 14.9% of T2DM patients
respectively, developed their first CVD event within a five-year mean period of
follow-up.*® However, data from China showed much lower rate (4.9%) within
a similar follow-up period.® Another population-based study showed the
seven-year incidence of CHD among patients with diabetes to be around 20%

in Finland.”

Various traditional risk factors such as male sex, age, obesity, dyslipidemia,
hypertension (HTN), poor glycemic control (high glycosylated hemoglobin
(HbA1c), albuminuria, smoking, and family history of CVD have been identified
to be independent contributors for CVD.2? In addition, other non-traditional
factors such as social deprivation and erectile dysfunction as well as other
hematological factors were studied later and showed significant association
with CVD.8° However, until now there is no sufficient evidence that monitoring
of the non-traditional factors leads to better diagnostic and treatment

results.810

In Oman, the prevalence of T2DM reached 12.3% in 2008.1! Very limited
literatures are available relating to CVD occurrence and its risk factors among
patients with T2DM in this country. A descriptive study indicated that 54.1% of
Omani patients presented for coronary artery bypass surgery were found to
be diabetics.*? Another study among Omani patients with T2DM revealed a
high prevalence of CVD risk factors (52.2% were hypertensive, 56.7% with
uncontrolled glycemia, and 44.1% with hypercholesterolemia) among the
study sample.!® Consistent results have been observed in the national health
survey in 2008.1! Moreover, other data showed that 42.5% of Omani patients
with diabetes were having micro- or macro-albuminuria.* However, literature

review revealed that no CVD incidence studies nor analytic studies
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addressing CVD risk factors have been conducted among Omanis with
T2DM.1®

This study aimed to assess the incidence of CVD events (CHD, stroke, or
PAD), the patterns of CVD traditional risk factors, and conduct preliminary
survival analysis of the traditional risk factors of CVD among Omanis with
T2DM in Al Dakhiliyah Governorate (Province) of Oman. This study is a part
of a project that involves patients with T2DM residing in Al Dakhiliyah
Governorate. It has been established to study the CVD risk, its risk factors,
and ultimately, develop a risk prediction tool that is suitable to estimate the

five-year CVD risk among T2DM patients in Oman.

4.3 Methods

This study employed a retrospective cohort design. The reference population
was Omani patients with T2DM residing in Al Dakhiliyah Governorate in which
diabetes care is delivered through the National Diabetes Control Program in
25 primary care institutions consisting of four polyclinics and 21 health
centers. As per the diabetes control program guidelines, diabetes mellitus
(DM) diagnosis is done based on the World Health Organization (WHO) cut
off points. All patients were assessed at DM diagnosis, and then assessed at
least annually for main risk factors and diabetes complications including CVD,
using standardized assessment forms and following standardized diabetes
follow-up procedures.*® All patient assessments in these institutions are
administered by diabetologists, trained general physicians, and, trained
nursing staff. The laboratory tests were conducted by qualified laboratory
technicians. All patients’ data were computerized and maintained in the
diabetes registry system. Out of the 25 institutions, three polyclinics (Nizwa,
Bahla, and Izki Polyclinics) and one large health center (Manah Health
Centre) were selected for this study and the year 2009-2010 was considered
as the baseline.

The sampling frame included all Omanis with T2DM who were recorded in the
diabetes registry of the four selected institutions, who were free of CVD at

baseline and showed regular follow-up visits. The patients were followed-up
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until the CVD outcome occurred, died, or reached end of data collection in
December 2015. Exclusion criteria included patients with no annual
assessment on the key factors at baseline, patients with no CVD outcome
assessment at baseline, and those who developed non-ischemic heart
diseases or limb amputations of non-ischemic causes in the follow-up period.
In addition, patients with end stage kidney disease and liver cirrhosis were
also excluded. After applying the inclusion/exclusion criteria, eligible patients
for the study reached 2039.

Demographic data, data related to risk factors at baseline, and CVD outcome
data were gathered by trained staff using a well-designed data collection
sheet. The data was retrieved from the patients’ medical records of the
selected institutions. Sex, age at baseline, age at T2DM diagnosis, diabetes
duration, body mass index (BMI), HbA1c, HTN, blood pressure (BP) control,
lipid entities, albuminuria, smoking, and first degree family history of CVD

were the baseline factors considered in this study.

The CVD outcome was defined as the first fatal or non-fatal CHD event,
stroke, or PAD event, diagnosed by specialized physicians based on the
clinical assessment and confirmed using diagnostic tests. CHD diagnosis
included stable angina, unstable angina, and myocardial infarction, and was
confirmed by 12-lead electrocardiograms (ECG) and a serum troponin test.
However, ECG stress test (Treadmill test) and coronary angiography were
needed in instances where diagnosis was not clear. In addition, stroke was
confirmed by computed tomography (CT) scan while PAD was confirmed by
either clinical diagnosis of gangrene, limb amputation due to an ischemic
cause, or a clinical picture of an ischemic limb confirmed by ankle-brachial
index pressure and angiography. The same diagnostic criteria were applied at
the baseline to ensure that the included participants were free from CVD at

the beginning of the study.

The CVD outcome was traced from baseline to December 2015 (maximum of
seven-year follow up) using the same data sources by reviewing physician's
clinical notes and diagnosis for each patients and for all visits in the follow-up
period. Causes of death were retrieved from death certificates. Definitions of
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CVD outcome and main risk factors are shown in Table 4.1. Cut off points of
various factors are considered as per the national diabetes management

guideline manual.®

To ensure the quality of the data, different resources of data like patients’ soft
files and diabetes registers were cross-checked. Causes of death were cross-
checked from patient's soft files where applicable. In addition, around 10.0%

of the collected data was re-checked for consistency.

Data was analyzed using SPSS Statistics (SPSS Statistics Inc., Chicago, US)
version 20.0 . Incidence was expressed in percentage with 95% confidence
intervals (Cl). Categorical variables were presented in numbers and
percentages while continuous variables were described as mean with
standard deviation (SD). Continuous variables were then categorized into
different levels according to clinical definitions. The univariate relationship
between the CVD risk and each of the key risk factors was assessed using
Kaplan-Meier (KM) survival analysis (with log-rank, Breslow and Tarone-Ware
test), and chi-squared test including odds ratios (OR) and 95% CI. In addition,
Analysis of variance (ANOVA) test was used to assess the crude relationship
between continuous and categorical variables when required. A p-value <

0.050 was considered statistically significant.

This study was approved by the Regional Research and Research Ethics
Committee of the Ministry of Health in Oman, and Griffith University Research
Ethics Committee as well. Due to the retrospective nature of this study,
informed consent was not required and permission from involved institutions
was obtained to start data collection. However, in some instances phone calls
along with verbal consent were required to confirm smoking status and family
history of CVD.
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Table 4.1: Definitions of the cardiovascular outcome and the main risk factors.

Variables

Definition and cut-off points

CVD outcome

Time to the first fatal or non-fatal CVD recorded events from the
following list:

- Confirmed physician diagnosis of CHD in form of: stable
angina, unstable angina, or acute myocardial infarction.

- Confirmed physician diagnosis of ischemic or hemorrhagic
stroke.

- Confirmed physician diagnosis of PAD (ischemic limb,

gangrene, or amputation).

HTN

Physician diagnosis of HTN
(SBP 2 140 mmHg or DBP = 90 mmHg confirmed in BP chart
readings after excluding other causes)

Uncontrolled BP

SPB = 140 mmHg or
DBP = 90 mmHg

High risk total

Total cholesterol = 5.2 mmol/L

(micro or macro)

cholesterol

High risk LDL LDL = 2.6 mmol/L

High risk HDL HDL < 0.9 mmol/L for males and < 1.3 for females

High risk TG TG = 1.7 mmol/L

Dyslipidemia At least one of the following: high risk cholesterol; high risk LDL;
high risk HDL or high risk TG.

Albuminuria Persistent albumin/creatinine ratio of = 2.5 in males and = 3.5 in

females, confirmed at least twice within three months or more

after excluding other possible causes.

Glycemic control

Good glycemic control is considered if HbA1 of < 7%, borderline
control if HbA:c 7-8% and poor control if > 8%

Obesity BMI

BMI = body weight / square of height in meters.
Overweight was defined as BMI = 25, obese as BMI = 30, and
morbid obesity as BMI = 35

CVD: cardiovascular disease; CHD: coronary heart disease; PAD: peripheral arterial disease;
HTN: hypertension; SPB: systolic blood pressure; DBP: diastolic blood pressure; BP: blood
pressure; LDL: low density lipoprotein; HDL: high density lipoprotein; TG: triglycerides; HbA1c:
glycosylated hemoglobin; BMI: body mass index.
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4.4 Results

Out of the total sample of 2,039, 64.0% were female. The mean age at
baseline was 54.5+£11.4 years, with minimum and maximum ages of 22.9 and
95.8 years, respectively. The mean age at diabetes mellitus (DM) diagnosis
was 48.3+11.0, with minimum and maximum of 20 and 91 years, respectively.
Contributions of the number of patients taken from the four selected
institutions (Nizwa, Bahla, Izki, and Manah) in the total sample were 42.3%,
30.7%, 15.0% and 12.0%, respectively, which were matched with the patient
distribution covered by each institution. The mean, median, and maximum
years of follow up were 5.3+£1.1, 5.6, and 7.0, respectively. The study involved
10910 person-years among the study sample. The mean DM duration at
baseline was 5.8+4.1 years with 47.0% and 21.0% of the study sample had
DM duration of <5 and > 10 years, respectively. Further details on the
baseline characteristics of the study sample are shown in Table 4.2.

The total cumulative incidence of CVD in this study was 9.4% (= 192/2039;
95% CI: 8.1% - 10.7%) over the study period with 9.8% and 9.2% among
males and females respectively (no significant difference, p = 0.45). The
incidence density was 17.6 per 1000 person-year. Of the 192 CVD events,
CHD, stroke and PAD constituted 72.4%, 20.3% and 7.3% respectively. Fatal
CVD events were observed in 7.3% of the total CVD events. The highest
annual incidence rate of CVD was 2.1% in the year 2014, the lowest was
0.7% in 2010, and the average was 1.6% per year.

Cumulative incidence has varied significantly (p < 0.001) across institutions
with the highest (17.6%) in Izki polyclinic and the lowest in Bahla polyclinic
(6.1%). With regard to sample size, > 70.0% of the total sample was taken
from Nizwa and Bahla polyclinics, since they cover much larger catchment
area compared to other institutions. Mean follow-up periods in different
institutions varied between 5.0 and 5.4 years, being longest in Nizwa and
lowest in 1zki. Poor glycemic control in Izki, Manah, Nizwa, and Bahla was
observed in 46.2%, 41.0%, 36.0%, and 41.0%, respectively, while the mean
diabetes duration in different institutions varied between 5.5 years and 6.0

years.
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Table 4.2: Baseline characteristics of the study sample and p values of

crude association of various factors with CVD

Characteristic | Mean £SD | Groups | Percentage | Crude OR (95% | Chi-
% (n/N) Cl) square
p value
Total number 2039
Sex Male 36 1.1 (0.8-1.5)
(734/2039) 0.45
<40 yrs. | 10.9 1
Age at 54.5+11.4 (223/2039)
baseline, years 40-60 | 56.9 4.8 (1.7-13.1)
(1161/2039) < 0.001
260 32.1 9.3(3.4-25.6)
(655/2039)
<40 yrs. | 21.3 1
Age at DM 48.3+11.0 (434/2039)
diagnosis, 40-50 |[33.2 33(1.7-6.2)
years (677/2039) <0001
> 50 45 5.3(2.9-9.7)
(928/2039)
<5yrs. |47.2 1
DM duration, 58+4.1 (962/20139)
years 10-15 31.8 2.6 (1.8-3.7)
(649/2039) <0.001
>10 21 2.5(1.7-3.8)
(428/2039)
<25 22.1 2.4 (1.3-4.3)
BMI, kg/m? (426/1929)
292+54 [25-30 |38.9 1.9 (1.1-3.4)
(751/1929)
30-35 |25.2 1.4 (0.7 — 2.5) 001
(486/1929)
=35 13.8 1
(266/1929)
<7 41.1 1 0.01
HbA:c, % 7.9+22 (777/1891)
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7-8 19.1 1.0 (0.6 — 1.6)
(362/1891)
>8 39.8 1.6(1.1-2.2)
(752/1891)
Present | 56.3 21(1.5-2.9) < 0.001
HTN (1148/2039)
129.3 + =140 28.2 1.1(0.8-1.6) 0.45
SBP.mmHg 4,4 (561/1989)
788+74 | =290 15.1 1.2(0.8-1.7) 0.47
DBP, mmHg (301/1989)
Total 50+1.1 [>52 37.8 1.4(1.0-1.9) [0.03
cholesterol, (765/2023)
mmol/L
32+x1.0 226 71.7 1.3(0.8-1.9) 0.30
LDL, mmol/L (1015/1415)
1.2+04 <0.9 57.9 1.2(0.8-1.8) 0.31
HDL, mmol/L (844/1458)
1.72+11 |[217 38.1 1.0(0.7-1.3) |0.75
TG, mmol/L (768/2018)
Present | 77.3 1.0(0.8-1.4) 0.80
Dyslipidemia (1569/2030)
Present | 18.7 3.4(2.4-5.0) < 0.001
Albuminuria (269/1441)
Present | 21.4 1.3(0.8-2.0) 0.25
Family history of CVD (316/1480)
Current | 7.8 1.4(0.6—1.4) |0.45
Smoking (82/1056)

SD: standard deviation; Cl: confidence interval; OR: odds ratio; DM: diabetes mellitus; CVD:
cardiovascular disease; HTN: hypertension; SBP: systolic blood pressure; DBP: diastolic
blood pressure; LDL: low density lipoprotein; HDL: high density lipoprotein; TG: triglycerides;
HbA1.: glycosylated hemoglobin; BMI: body mass index.

Baseline data among the study group showed a high prevalence of the CVD
traditional risk factors [Table 4.2]. The mean BMI was 29.2+5.4 kg/m? , and
38.9% were overweight (BMI 25—-30) and similar proportion were obese (BMI

= 30). Poor glycemic control was also a dominating risk factor. The mean

108



HbA1c was 7.9£2.2%, and around 40.0% and 19.0% of the study sample were
having poor (HbA1c > 8%) and borderline (HbA1c 7-8%) glycemic control at
baseline, respectively. Dyslipidemia was observed in about 77.0% of the study
sample. The mean cholesterol level was 5+1.1 and 37.8% of the participants
had total cholesterol level of 2 5.2 mmo/L. In addition, 71.7%, 58.0%, and
38.1% of the study sample had high risk low density lipoprotein (LDL), high
risk high density lipoprotein (HDL), and high risk triglycerides (TG),
respectively. The mean systolic blood pressure (SBP) was 129.3+14.1 and
56.3% of the participants were hypertensive, of which 46.6% had uncontrolled
BP. Moreover, micro/macro-albuminuria, first degree family history of CVD,

and smoking were observed in 18.7%, 21.4%, and 7.8%, respectively.

The crude survival analysis using KM survival curves along with the ORs and
chi-square test showed significant association between CVD risk and the
following factors: age, HbA1c, albuminuria, BMI, DM duration, HTN, and total
cholesterol. Table 4.2 presents the distributions of different factors in the study

sample and their crude associations with CVD outcome.

Age at baseline was observed to have the strongest association with CVD
among all predictors. Figure 4.1 shows a sharp increase in the CVD risk over
time with increasing age. The crude OR for patients aged = 60 years
compared to patients aged < 40 years was 9.3 (95% CI 3.4-25.6, p < 0.001).
Similarly, the increase in the hazard trend of CVD risk over time was sharper
among patients with DM duration 5-10 years and = 10 years compared to
those with DM duration < five years (crude OR for both groups is 2.5, 95% CI
1.7-3.8, p < 0.001). However, there was no difference in the hazard trend of
CVD risk between the two former groups (p = 0.800). The difference in hazard
trend of CVD risk between the good glycemic control and the poor glycemic
control groups was also observed to be significant (OR 1.7, 95% CI 1.1-2.2).
However, there was no significant difference in hazard trend between good

and borderline glycemic control groups (P = 0.900).
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Figure 4.1: Cardiovascular disease hazard function according to the age

groups at baseline

BMI was observed to be inversely related to the CVD risk [Figure 4.2]. The
ORs showed increasing trend with decreasing BMI levels. The highest group
at risk was the group with the normal BMI compared to the lowest one, which
was the one with morbid obesity (OR 2.4, 95% CI: 1.3—-4.3). However, ANOVA
test showed that the mean DM duration was significantly higher among

normal weight patients (2,220 days) compared to the obese patients (2,010
days), with p-value = 0.047. Moreover, HTN, albuminuria, and high total
cholesterol were also observed to be strongly associated with increasing
hazard trends of CVD risk (crude ORs and 95% CI: 2.1, 1.5- 2.9; 3.4, 2.4-5.0;
and 1.4, 1.01-1.9, respectively).

110



0.5+

0.4+

0.3

Cum Hazard

0.1— T .;-“

T T T ) T T T
Q S00 1000 1500 2000 2500 3000

Time (days)

e < 25 kg/m?

— 25 - 30 kg/m?
30 - 35 kg/m?

I > 35 kg/m?

Figure 4.2: Cardiovascular disease hazard function according to body

mass index groups

4.5 Discussion

Findings of this longitudinal study included the high five-year CVD cumulative
incidence (9.4%); the high prevalence of main CVD risk factors like HTN,
obesity, poor glycemic control, dyslipidemia, and albuminuria; and the
insignificant association between CVD and some of the traditional risk factors

such as smoking and family history of CVD in the crude analysis.

CVD incidence varies considerably across different populations with diabetes,
depending on the study setting, ethnic background, inclusion criteria, CVD
outcome definition, and duration of the follow-up. Unfortunately, no
longitudinal studies could be found in the literature related to CVD incidence
among T2DM patients in the neighboring Arabian countries. However,
globally, some studies showed a lower incidence compared to ours, while
others showed a much higher incidence. Studies in general practice settings
in Scotland and China showed that 5.3% and 4.9% of T2DM developed CVD
within median periods of 4.1 and 5.4 years, respectively.®'” However, in these

two studies the considered outcome was CHD alone. An Italian population
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based study revealed a cumulative incidence of 7.6%.'® However, the study
had a short follow-up period (four years) and the outcome included only CHD.
In contrast, many other studies demonstrated much higher incidence. In this
context, the Finnish and the ARIC population based studies in Finland and
U.S found that the cumulative incidence of CHD alone to be 20.2% and 17.1%
over periods of seven and 10 years, respectively.”1° Alternatively, in England,
the CVD incidence was observed to be 17.9% over a period of 5.5 years.? In
the Finnish and ARIC studies, patients less than 45 years of age were not
included and they involved a relatively longer periods of follow-up. Whereas
the possible reason for the higher CVD incidence in the English study was
that the CVD outcome included other cardiovascular abnormalities like heart
failure and arrhythmias in addition to CHD, PAD, and stroke. Longitudinal data
from community based and primary care settings in Australia and New
Zealand showed higher four-year and five-year CVD events cumulative
incidence (14.9% and 17.9%, respectively) compared to the present study.*°
While sudden death was not included in the CVD outcome in the present
study, it was included in the Australian study. The New Zealand study
involved a longer duration of follow-up (eight years). Thus, our relatively lower
incidence maybe explained partially by the non-selective sampling since the
participants age ranged between 22.9 and 95.8 years, intermediate period of
follow-up (mean of 5.3 years), and that the definition of CVD was confined to
CHD, PAD, and stroke, excluding sudden death. However, the expected
variation in the CVD incidence in populations with different ethnicities,

lifestyles and cultures might be a better explanation.*®

In this study, CVD incidence varied considerably across the involved four
institutions. It was higher among Izki polyclinic and Manah health center
compared to Nizwa and Bahla polyclinics. This may be explained by the
higher prevalence of poor glycemic control in Izki and Manah. In addition,
since more than 70% of the total sample was taken from Nizwa and Bahla

polyclinics, this might had an effect on the observed difference.

The present study showed a high prevalence of most of the traditional risk

factors such as obesity, poor glycemic control, HTN, dyslipidemia, and
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albuminuria. Some of the traditional factors have been excluded in the
univariate association with CVD risk. Many of previous longitudinal studies
with similar cohorts have shown similar results, however, some important
differences were observed.*172021 For example, current smoking in the
present study showed a low prevalence (7.8%) and was not associated with
CVD. A longitudinal study among English patients with diabetes showed the
prevalence of current smoking to be around 34% in men and 25% in women,
while in New Zealand it was 15%.42! Other global studies even with low CVD
incidence have also showed higher prevalence of smoking among the study
groups.®1917 Although most of the related studies showed significant
association between smoking and CVD, some of them have revealed
insignificant association even in the univariate analysis.>1%8 Low prevalence
of smoking among general population and population with diabetes in Oman
has been observed by many studies.??724 This may be explained by the social
and cultural stigma towards this habit, which may prevent people from
smoking or may result in under-reporting. These are the potential reasons for
the insignificant association between smoking and CVD observed in this

study.

Although the observed high proportion of obesity is consistent with many
previous local and global studies,*11720.21 the inverse univariate association
with CVD is another interesting finding conflicting with many related
studies.>*819 However, other studies revealed an insignificant role for obesity
in CVD occurrence.?>2% Therefore, a sort of controversy in the independent
role of obesity in CVD occurrence among populations with diabetes is still
there.? In the present study, this relationship maybe confounded by the
diabetes duration which was significantly higher among obese patients as
shown by the ANOVA test. However, future studies can assess this in more

details.

High levels of total cholesterol, LDL and TG, and low levels of HDL were
observed to be of high prevalence in this study and in many other local and
global studies.1%1317 However, the insignificant univariate association between
CVD and lipid entities (LDL, HDL, and TG) except the total cholesterol, is
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another interesting finding related to the pattern of CVD risk factors. LDL,
HDL, and/or TG have shown significant association with CVD in many
studies,>!%2” however, serum cholesterol was also observed to be associated
with CVD in the univariate and/or multivariate analysis.1”~1%2" However, the
insignificant association between CVD and other lipid entities was also
observed in other studies.'®1’ Since different good quality studies can yield
different association results, not only for the lipid factors, but for other factors
as well, it seems that the pattern of CVD associations with different factors is
affected by population characteristics. It is likely that different populations may

yield different results.

Despite the well-known relationship of CVD with gender and first degree
family history of CVD revealed by many studies,*50.17.28 our study showed
insignificant associations. However, the same was observed in some studies
for the latter,®8 which may be explained by the recall bias in reporting this risk

factor.

This study was the first longitudinal study addressing the CVD incidence and
risk factor patterns among T2DM patients in Oman and the neighborhood
Arab countries. In addition, it involved a good sample size taken from primary
care settings where all diabetic patients are registered and managed, and
hence the sample is likely to be a representative one. In contrast, the
problems of recall bias and missing data were major constraints due to the
retrospective nature of the study. However, these were partially overcome by
cross-checking different sources of data. In addition, types of anti-diabetes,
anti-hypertensive, and anti-lipid drugs were not included in this study.
However, the effects of anti-diabetes, anti-hypertensive, and anti-lipid
treatments are expected to be included in the levels of diabetes control, HTN
control, and lipid profile to some extent, respectively. Similarly, physical
inactivity was not considered in this study due to the difficulties in quantifying

and gathering the related data.
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4.6 Conclusion

The incidence of CVD and the prevalence of its risk factors among Omanis
with T2DM were both high. In addition, important differences in the picture of
the CVD risk factors and their preliminary associations with CVD compared
with global studies have been observed. This may be attributed to the strong
relationship between the geographical location of the patients’ environmental

and lifestyle factors with diabetes complications.>2°
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Chapter 5: (Paper 3) Cardiovascular Risk Prediction
Model for Omanis with Type 2 Diabetes

5.1 Introduction

The last chapter addressed the first research question regarding the incidence
of CVD and patterns of CVD risk factors among Omani type 2 diabetics. It
also provided preliminary crude associations between CVD incidence and key
risk factors in this population. This chapter is a continuation of the previous
work developing the required CVD risk assessment tool. In this chapter, the
second research question relating to developing a suitable CVD risk prediction
model for this population is addressed. Further assessments on the
independent risk factors for CVD are presented, using adjusted survival
analysis methods. In addition, the baseline survival function is obtained in
order to model the CVD risk tool for this specific population in the form of a

statistical equation.

This chapter is presented as a co-authored original article following the
formatting/style requirements of ‘Primary Care Diabetes’ journal. However, the
pages, figures and tables are re-numbered to be consistent with the flow of
the thesis. The bibliographic details of the co-authored paper, including all of

the authors, are

Al Rawahi AH, Lee P, Al-Angoudi ZAM, Alrabaani M, Al-Busaidi A,
Almahrouqi F, Al-Busaidi AM. Cardiovascular Risk Prediction Model for
Omanis with Type 2 Diabetes. Manuscript submitted for publication to
‘Primary Care Diabetes’ journal. 2017.

This chapter starts with a declaration of authorship followed by an abstract of
the article. Subsequently, it presents the details of the study, including the
methods used, detailed results, a discussion and a conclusion. A list of

references related to the article is given at the end of this chapter.
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5.2 Abstract

Introduction

To date, no cardiovascular risk assessment tool has been developed
specifically for any Arabian population including Omanis. This study aims to
develop a suitable cardiovascular risk prediction model in the form of a

statistical equation, for Omanis with type 2 diabetes.

Methods

A sample of 2039 patients with type 2 diabetes selected from primary care
settings in the Aldakhiliyah Province of Oman were involved in a retrospective
cohort study. All patients were free of cardiovascular disease at baseline (in
2009-2010) and were followed up until: 1) their first cardiovascular event
occurred; 2) the patient died, or 3) the end of the data collection in December
2015.

Results

Among the total sample, 192 cardiovascular disease events were recorded
within a mean follow-up period of 5.3-year. The 5-year probability of a
cardiovascular event was given as 1 - 0.9991Ex2XiBi 'where Exp Y XiBi
(hazard ratio) = Exp (0.038 age + 0.052 DM duration + 0.102 HbAl1c + 0.201
total cholesterol + 0.912 albuminuria [1 if present] + 0.166 hypertension [1 if
present] + 0.005 BMI).

Conclusion

The first cardiovascular risk prediction tool in the Arab world was developed in
this study. It may be used to estimate the 5-year cardiovascular risk among
Omanis with type 2 diabetes in order to plan patient management and
preventive measures. However, further validation studies are required to

determine the accuracy of the model.

Key words: Cardiovascular disease; Risk prediction; Model; Type 2 diabetes;

Arab; Oman
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Highlights

e This paper presents the first cardiovascular risk prediction tool in the

Arab world.

e Itincludes seven traditional CVD predictors to calculate the 5-year CVD

risk for Omani diabetic patients.

e Predictors included in the model are: age, diabetes duration,
glycosylated haemoglobin, albuminuria and cholesterol, body mass

index and hypertension

Introduction

Cardiovascular disease (CVD) in the form of coronary heart disease (CHD),
stroke and peripheral arterial disease (PAD) represents the leading cause of
morbidity and mortality among patients with type 2 diabetes mellitus (DM) [1].
Diabetics are thought to have a two-to-four-fold increase in the risk of
developing CHD compared to non-diabetics [2]. In addition, it is estimated that

50% of diabetic patients die prematurely of a cardiovascular cause [1].

Various professional guidelines for the management of type 2 diabetes have
advocated the use of CVD risk assessment tools to estimate CVD risk in type
2 diabetics using traditional CVD predictors such as hypertension (HTN),
dyslipidemia, high glycosylated hemoglobin (HbAlc), albuminuria, obesity,
smoking, and family history of CVD [3,4]. CVD risk estimation is important to
plan for the initiation of preventive and therapeutic measures including anti-
lipid, anti-hypertensive and anti-platelet therapies, as well as appropriate
health education [3,4]. Some examples of such tools which are usually
presented as statistical equations or risk charts include: the Action in Diabetes
and Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation
(ADVANCE) study model; the Australian Fremantle Diabetes Study model; the
Chinese Total CHD Risk Score; the U.S. Atherosclerosis Risk in Communities
(ARIC) model; the U.K. Prospective Diabetes Study (UKPDS) risk engine for
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diabetes patients, and the World Health Organization (WHO)/International
Society of Hypertension (ISH) risk prediction charts [5-10].

In Oman, as in other Arabian countries, type 2 diabetes has become a great
public health burden [11,12]. However; very limited literature is available
related to CVD occurrence and its risk factors among type 2 diabetics in this
region. In addition, most of the available data are descriptive in nature. As
such, a previous study found that 54.1% of Omani patients presenting for
coronary artery bypass surgery were diabetic [13], and local statistical reports
have shown that more than 50% of amputations in Oman were due to DM
[14]. In addition, a high prevalence of common CVD risk factors was observed

among Omani diabetics [12].

With regards to CVD risk assessment tools, no CVD risk assessment model
has yet been developed for any of the Arabian populations including Omanis.
Despite the availability of the international risk assessment tools, they are not
considered optimal for Omani and Arabian diabetics. This is mainly due to the
differences in lifestyle patterns, socio-demographic characteristics and
patterns of CVD risk factors in these populations, as addressed in a recent
review [15].

To fill this gap, the present study aims to develop a risk assessment tool in the
form of a statistical equation suitable for estimating the 5-year CVD risk

among Omanis with type 2 diabetes.

5.3 Methods

Study design and subjects

This retrospective cohort study was conducted between September, 2015 and
July, 2016. Omanis with type 2 diabetes residing in the Aldakhiliyah
Governorate (Province) of Oman were considered to be the reference
population. Diabetes care services in this region are delivered through the
National Diabetes Control Programme via four polyclinics and 21 health
centres. All patients are assessed for the main risk factors and complications

of DM at the initial DM diagnosis and are then reassessed at least once a
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year. A diabetes diagnosis in these institutions is made according to WHO
criteria. Standardised assessment forms and management procedures are
implemented following the diabetes care manual [16,17]. In these institutions,
patient DM diagnoses, associated health assessments and data recording are
performed by diabetologists and trained general physicians, as well as trained
nursing staff. All patient-related data are maintained in computerised files and
in diabetes registers. Three polyclinics (Nizwa, Bahla and Izki Polyclinics) and
one large health centre (Manah Health Centre) were selected as the study
institutions. The year 2009—-2010 was considered to constitute the baseline.

All Omanis with type 2 diabetes who were recorded in the diabetes registry of
the four selected institutions; free of CVD at the baseline; and showed regular
followed ups were included in the sampling frame. Exclusions included
patients with no annual assessment on the key factors and CVD outcomes at
the baseline, and those who developed non-ischemic heart diseases or who
underwent limb amputations for non-ischemic causes during the follow-up
period. Patients with end-stage kidney disease and liver cirrhosis were also
excluded. After applying these inclusion/exclusion criteria, a total of 2,039
patients were eligible and were included in the study. These patients were
then followed-up until their first CVD event occurred, they died or until the end

of the data collection period in December 2015.

Data collection and definitions

A well-designed data collection sheet was used to collect all related data
including demographic data, data related to CVD risk factors at baseline and
the CVD outcome. These data were retrieved by trained staff from the
diabetes registers and from patient computerised files in the selected
institutions. The following baseline factors were considered in this study:
gender, age, diabetes duration, body mass index (BMI), HbAlc, HTN, blood
pressure (BP) control, total cholesterol level, low density lipoprotein (LDL)
level, high density lipoprotein (HDL) level, triglycerides (TG) level,
dyslipidemia, albuminuria, smoking status and first-degree family history of
CVD.

127



A CVD outcome was diagnosed by specialized physicians based on the
clinical presentation and confirmed using diagnostic tests. A CVD outcome
was defined as the first fatal or non-fatal CHD, stroke or PAD event. CHD
diagnosis was confirmed by electrocardiograms (ECG) and a serum troponin
test. However, in some instances an ECG stress test (Treadmill test) and
coronary angiography were required to confirm the diagnosis. In addition, a
computed tomography (CT) scan was used to confirm a stroke event, while
one of the following criteria was used to diagnose PAD: intermittent
claudication confirmed by angiography; clinical diagnosis of gangrene; or limb
amputation due to an ischemic cause. To ensure that the included participants
were free from CVD at the beginning of the study, the same diagnostic criteria

were applied at the baseline.

CVD Outcomes were tracked from baseline until December 2015 (i.e. a
maximum follow-up period of 7 years) by reviewing the clinical notes and
diagnosis for each patient and for all visits during the follow-up period. In
addition, as the CVD outcomes included fatal events, death certificates were
checked to confirm the causes of death. Table 5.1 presents the definitions of
CVD outcomes and key risk factors.

Data analysis

Data were analysed using SPSS software, Version 22.0. Categorical variables
were presented in total counts and percentages while continuous variables
were expressed in means and standard deviations (SDs). Chi-squared tests
and independent T-tests were used to assess differences between
proportions and differences between means respectively, in relation to
different risk factors and outcome status. The crude associations between
CVD outcome and its predictors were assessed by Kaplan Meier (K.M)
survival analysis with log rank, Breslow and Tarone-Ware tests. Cox
regression modelling was used to identify independent associated risk factors
with CVD and to develop the CVD risk equation. The equation was
constructed using all associated CVD factors identified in the crude analysis.

A P value of < 0.05 was considered statistically significant. Log minus log (log
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Table 5.1

Definitions of cardiovascular outcome and main risk factors

Variable Definition and cut-off points

The first fata or non-fatal CVD recorded events from the
following list:
e Confirmed physician diagnhosis of CHD in form of:
CVD outcome stable angina, unstable angina, or acute myocardial
infarction.
e Confirmed physician diagnosis of ischemic or
haemorrhagic stroke.
e Confirmed physician diagnosis of PAD (ischemic

limp, gangrene or amputation).

HTN Physician diagnosis of HTN (systolic blood pressure (SBP) =
140 mmHg or diastolic blood pressure (DBP) = 90 mmHg

confirmed in BP chart readings after excluding other

causes).
Uncontrolled blood | SPB = 140 mmHg or
pressure DBP =90 mmHg
Albuminuria Persistent albumin/creatinine ratio of 2 2.5 in males and 2
(micro or macro) 3.5 in females, confirmed at least twice within three months

or more, after excluding other possible causes.

Dyslipidaemia At least one of the following: Total cholesterol = 5.2 mmol/l;
LDL = 2.6 mmol/l; HDL < 0.9 mmol/l for males and < 1.3 for

females or TG = 1.7mmol/l.

Abbreviations: CVD, cardiovascular disease; CHD, coronary heart disease; PAD, peripheral
arterial disease; HTN, hypertension; SPB, systolic blood pressure; DBP, diastolic blood
pressure; LDL, low density lipoprotein; HDL, high density lipoprotein; TG, triglycerides.

— log) plots for categorical predictors of CVD were used to assess the
satisfaction of the proportional hazard assumption of the Cox regression
method. In addition, model fit was tested by comparing changes in the -2 log

likelihood statistic.

Based on the Cox regression results, the t-year CVD probability equation was
constructed using the baseline survival probability function (So(t)) and

expressed as:
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t-year CVD probability = 1 - So(t)E*2XBi where Exp > XiBi represents the
hazard ratio (HR), Xi represents the factors included in the model and Bi

represents the factor coefficients in the model [18,19].

This study was ethically approved by both the Regional Research and
Research Ethics Committee of the Ministry of Health in Oman and the Griffith

University Research Ethics Committee.

5.4 Results

Out of the total sample of 2,039 patients, 64% were female. Age at baseline
ranged from 22.9 to 95.8 years with a mean age + SD of 54.5 + 11.4 years,
while the mean DM duration was 5.8 + 4.1 years. The mean + SD, median
and maximum follow-up periods were 5.3 £ 1.1, 5.6 and 7.0 years,
respectively. The total person-years of follow-up involved in the study sample
was 10,910. Further details of the baseline characteristics of the study sample
are illustrated in Table 5.2. Among the total sample, 192 CVD events were
recorded during the study period, of which CHD, stroke and PAD constituted
72.4%, 20.3% and 7.3%, respectively.

The following factors were observed to be significantly associated with CVD
risk using the univariate survival analysis: age at baseline; age at DM
diagnosis; HbAlc; albuminuria; BMI; DM duration; HTN and total cholesterol.
All the other factors (gender, BP control, LDL, HDL, TG, dyslipidemia, current
smoking and first-degree family history of CVD) were not associated with CVD

risk.

Out of the total sample, patients with at least one CVD risk factor missing
were excluded for the further multivariate Cox regression analysis. Therefore,
a total sample of 1314 patients with complete data was used to construct the
final CVD risk equation. Both the included and excluded subjects were similar
in the total CVD incidence (9.6% vs. 9.1%). Similarities were also observed in
the incidence of each component of CVD (IHD: 72.4% vs. 72.2%; stroke:
20.3% vs. 20.6% and PAD: 7.3% vs. 7.1%). In addition, they were similar with
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Table 5.2
Baseline characteristics and cardiovascular outcome among the whole

sample and subjects with complete data

Characteristic Whole sample, Subjects with complete

% or mean £ SD data, % or mean = SD
(n = 1,314)

Sex (female) 64% (1305/2039) 64.1%

Age (years) 54.5 + 11.4 (for 2039) 55.3+11.0

DM duration (years) 5.8 £ 4.1 (for 2039) 6.6+4.0

Dyslipidemia (present) 77.3% (1569/2030) 77.9%

Total cholesterol (mmol/l) | 5.0 £ 1.1 (for 2039) 49+1.1

HbA1c % (mmol/mol) 7.9+22(63+17) 7.9+22(63+17)
(for 1891)

BMI (kg/m2) 29.2 + 5.4 (for 1929) 29.1+53

Albuminuria (present) 18.7% (269/1441) 18.6%

HTN (present) 56.3% (1148/2039) 58.6%

Smoking (present) 7.8% (82/1056) 6.8%

1%t degree family history | 21.4% (316/1480) 20%

of CVD (present)

CVD outcome (present) | 9.4% (192/2039) 9.6%

Abbreviations: SD, standard deviation; DM, diabetes mellitus; HbAlc, glycosylated
haemoglobin; BMI, body mass index; HTN, hypertension; CVD, cardiovascular disease.

regards to key variables such as gender (females: 64.1% vs. 63.9%), mean
age (53.1 £12.1vs. 55.3 £ 11.0), mean HbAlc (7.9 £ 2.2 vs. 8.0 £ 2.3 in %),
mean cholesterol (4.9+1.1 vs. 5.1+1.1), mean BMI (29.1+5.3 vs. 29.3+5.3)
and albuminuria prevalence (18.6% vs. 19.8%). However, some differences
were observed between the included and excluded subjects. In this regard,
HTN was more prevalent among the included subjects (58.6% vs. 52.1%),
while first degree family history of CVD was more prevalent among the
excluded subjects (25% vs. 20%). The comparisons of participant
characteristics at baseline between the two samples are presented in Table
5.2. The included sample was similar to the whole sample not only
demographically but also in many key variables. With regard to distribution of

participants according to institutions in the whole sample and included sample
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respectively, 42% vs. 41% were from Nizwa, 31% vs. 39% from Bahla, 15%
vs. 9% from lzki and 12% vs. 11% from Mnah. The distributions also differed

minimally.

Risk factors with P values < 0.05 in the crude analysis were included in the
Cox regression analysis to build the final model. Age at baseline, DM duration,
HbAlc, albuminuria and total cholesterol were significantly independent
predictors for CVD outcome. Table 5.3 shows the adjusted HR and coefficient
for each factor in the final equation. It was observed that CVD risk is
increased by 4%, 5%, 11% and 22% for each one unit increase in age, DM
duration, HbAlc (%) and total cholesterol, respectively. In addition, patients
with albuminuria at baseline were 2.49 times more likely to develop CVD
compared to those without albuminuria (95% confidence interval: 1.719—
3.601).

Table 5.3
Adjusted hazard ratios and model coefficients for the first

cardiovascular event

Predictor HR (95% CI) Coefficient (SE) | P value
Age (per 1 year) 1.04 (1.019 - 1.057) 0.038 (0.009) <0.001
DM duration (per 1 year) 1.05 (1.006 — 1.104) 0.052 (0.024) 0.03
HbAlc (per 1%) 1.11 (1.033 — 1.190) 0.102 (0.036) 0.004
Total cholesterol (per 1 1.22 (1.058 — 1.413) 0.201 (0.074) 0.007
mmol/l)

Albuminuria (present vs. 2.49 (1.719 - 3.601) 0.912 (0.189) < 0.001
absent)

HTN (present vs. absent) 1.18 (0.787 — 1.770) 0.166 (0.207) 0.42
BMI (per 1 kg/m2) 1.005 (0.970 — 1.042) | 0.005 (0.018) 0.78

Abbreviations: HR, hazard ratio; Cl, confidence interval; SE, standard error; DM, diabetes

mellitus; HbAlc, glycosylated hemoglobin; HTN, hypertension; BMI, body mass index.

Moreover, the 5-year baseline survival function (So) generated using the Cox
regression analysis was 0.9991. Figure 5.1 shows the CVD hazard function at

means of all covariates. The increase in the CVD risk seemed gradual and
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steady over time. However, it increased sharply after approximately 1 year
(330 days), 3.5 years (1270 days) and 5.8 years (2120 days) of follow up. Log
— log function lines according to various factors showed almost parallel lines,
indicating the satisfaction of the Cox proportional hazards assumption. As
examples, Figure 5.2 shows the log — log functions according to HbAlc (A)
and albuminuria (B) status respectively and suggests that the hazard ratio for
the two categories in each of the two variables are constant over time. The -2
log likelihood statistic changed significantly from the baseline model to the
final model. In the final model for which all associated predictors were
included, the - 2 log likelihood statistic changed from 1,769 at baseline to
1,690, with a P value of < 0.001.

012 330 1270 212
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(=15
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Figure 5.1
Cardiovascular disease cumulative hazard function at mean of

covariates

Based on the Cox model coefficients presented in Table 5.3, and the baseline
survival function, the 5-year probability of CVD equaled 1 - 0.99915xp2XiBi |
where Exp Y XiBi (which represents the hazard ratio) = Exp (0.038 age [years]
+ 0.052 DM duration [years] + 0.102 HbAlc [%] + 0.201 total cholesterol
[mmol/l] + 0.912 albuminuria [coded 1 if present] + 0.166 HTN [coded 1 if
present] + 0.005 BMI [kg/m?])
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As an example, the 5-year CVD probability can be calculated in the following
steps for a patient with the following profile: age of 50 years, DM duration of 6
years, HbAlc of 7%, total cholesterol of 5 mmol/l, albuminuria present (1),
HTN absent (0), BMI of 24 kg/m?:

> XiBi =0.038 x50 + 0.052 x 6 + 0.102x 7 + 0.201 x5+ 0.912 x 1 + 0.166 x O
+0.005x24=190+0.31+0.71+1.01+0.912+ 0+ 0.12=4.96

Then, Exp Y XiBi = Exp 4.96 = e4% = 142.6.

Then, 0.99911426 = 0.8795.

Finally, the CVD risk = 1 - 0.9991&2XiBi = 1 — 0.8795 = 0.1205, or 12.05 %.
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5.5 Discussion

This study was designed to pave the way for the development of a suitable

risk assessment tool for the Omani type 2 diabetic population. As such, the

first CVD risk assessment tool in the Arab world for Omanis with type 2
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diabetes was developed. While many CVD risk assessment models have
been established for type 2 diabetics globally, most of these tools have been
derived from Western populations (especially European and U.S.
populations). In addition, very few of these tools were validated externally.
Furthermore, validation studies demonstrated that these tools performed
poorly when applied to populations of different ethnicities [20-22]. The results
of this study can be utilised for more targeted CVD risk management
strategies among diabetic patients in Oman and, perhaps, can be considered
for use in neighbouring Arab countries. Moreover, the presented model is the
most up-to-date in comparison to some of the global tools [8,9], and reflects
current settings in which changes in the management of diabetic patients

have occurred over the past few years.

In terms of considered predictors and outcome, the present model included
seven CVD predictors and incorporated CHD, stroke and PAD in the CVD
outcome. The total number of included factors have varied considerably
across other studies. For example, the UKPDS risk engine included seven
predictors while the ADVANCE model included 10 predictors [5,9]. In the
present study, certain common risk factors such as smoking and HTN, were
insignificantly associated with CVD. However, these factors were also
excluded by other global models [5,6,7]. This variation could be explained
partially by differences in data quality across studies. However, diversity in the
patterns of various risk factors and CVD in populations with different lifestyles,
cultures and environments may be a better explanation [23]. In this regard, the
cumulative incidence of CVD in this study was 9.4% (192/2039) over a
median period of 5.6 years of follow-up, which is much higher than the
observed incidence in some populations and much lower than others. For
example, studies in general practice settings in Scotland and Italy showed
cumulative incidence of 5.3% and 7.6% within median periods of 4.1 and 4
years respectively [24,25], while in England and New Zealand it was 17.9%
within an almost similar median period of follow-up for both [26,27]. In
addition, the prevalence of current smoking as one of the traditional CVD
factors was considerably much lower in this study sample compared to global
data [5,7,26,27]. On the other hand, the present study included three
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components for CVD outcome; this enables physicians to estimate general
CVD risk rather than the risk of CHD, stroke or PAD alone. Several
international tools like the ARIC, UKPDS, the Chinese Total CHD Risk Score
and the Diabetes Audit and Research in Tayside, Scotland (DARTS) study
model did not consider stroke and PAD in the CVD outcome [7-9, 24].

Compared to the WHO/ISH risk prediction charts currently used to assess
CVD risk among diabetics in primary care institutions in Oman [28,29], the
present model was derived from an original longitudinal study using incidence
as the outcome measure, whereas the WHO/ISH charts were derived using
databases related to the prevalence of CVD risk factors and rates of CVD
events in the Eastern Mediterranean region [10]. The latter tool is not specific
for the Omani diabetic population as it uses data from a much larger region
which includes both Arab and non-Arab populations. Additionally, the
WHO/ISH charts do not consider HbAlc and DM duration as key factors,
although these variables are important CVD predictors among diabetics.
Furthermore, the present model can be converted into electronic software
which will be easier to use in clinical practice. However, further validation
studies are required to evaluate the accuracy of the present model and its

applicability to Omanis with type 2 diabetes.

The present study has some limitations. Although it involved an adequate
sample size, a larger sample size taken from different regions is preferred to
produce a more accurate model in population studies. Although the Omani
population in different provinces shares similar culture and lifestyle, some
important differences still exist in few provinces, especially the Dhofar
Province, where significantly higher prevalence of obesity and smoking are
observed compared to other provinces [12,30]. Therefore, this may limit the
generalizability of the mode. However, the present model is still of a great
value to the Omani population. In addition, the involved sample size in this
study was larger than that used in the development of some of the
aforementioned global tools, such as the Australian model [6]. Second, due to
limited resources, this study was unable to address some important CVD risk
factors such as physical inactivity and use of anti-hypertensive and anti-
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diabetic treatments. However, due to the difficulty in gathering and quantifying
data related to physical inactivity, most existing global tools also do not
address this factor. In addition, the effect of physical inactivity would have
been partially accounted for in various other modifiable risk factors addressed
in the current study, such as dyslipidaemia, glycaemic control, BP control and
obesity. Similarly, the effect of use of anti-hypertensive and anti-diabetic
treatments would have overlapped the effects of glycaemic (HbAlc) and BP

control addressed in this study.

5.6 Conclusion

This study developed the first CVD risk assessment tool in the Arab world for
Omanis with type 2 diabetes. It has the potential to be used by physicians and
health planners as an alternative to the WHO/ISH risk prediction charts to
estimate the 5-year CVD risk and future disease burden among Omanis with
type 2 diabetes. However, further validation studies are necessary to evaluate

the applicability of this model among Omanis with type 2 diabetes.
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Chapter 6: (Paper 4) Validation of the Cardiovascular
Risk Model Developed for Omanis with Type 2
Diabetes

6.1 Introduction

The last chapter addressed the second research question relating to
developing a suitable CVD risk assessment tool for Omani type 2 diabetics. A
model was created using seven common risk factors to estimate CVD risk for
Omani diabetics. However, the developed model needed to be validated to
allow further application. Therefore, this chapter addresses the third research
guestion relating to the validity of the developed model. In this chapter, the
validity of the CVD risk assessment model is tested with the model derivation
sample (i.e. the sample which was used to develop the model), as well as an
external sample. The performance of the model in both the derivation sample

and separate validation sample is presented in this chapter.

This chapter is presented as a co-authored original manuscript following the
formatting/style requirements of ‘Primary Care Diabetes’ journal. However, the
pages, sections, figures and tables are re-numbered to be consistent with the
flow of the thesis. The bibliographic details of the co-authored paper, including

all of the authors, are

Al Rawahi AH, Lee P. Validation of the cardiovascular risk model developed
for Omanis with type 2 diabetes. Manuscript ready to be submitted for

publication to ‘Primary Care Diabetes’ journal. 2017

This chapter commenced with a declaration of authorship followed by an
abstract of the article. Then, it presents the details of the study including the
methods used, detailed results, a discussion and a conclusion. Finally, a list of

references related to the article is given at the end of this chapter.
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6.2 Abstract

Introduction

The first cardiovascular risk assessment model in the Arab world was recently
developed for Omanis with type 2 diabetes mellitus. This study aims to
validate the newly developed model.

Methods

A retrospective cohort study design was applied in this study. The model was
validated in two samples; the model derivation sample and a separate
validation sample, consisting of 1314 and 405 diabetics respectively. All
patients were free of cardiovascular disease at the baseline (2009-2010) and
were followed up until: the first cardiovascular event occurred; the patient
died; or up to December 2015. All data were retrieved from the patients’

medical records in a primary care setting.

Results

In both the derivation and validation samples, the model showed good
discrimination, with an area under the receiver operating curve of 0.73 (95%
Cl; 0.69 — 0.77) and 0.70 (95% CI: 0.59 — 0.75) respectively. Calibration of the
model was satisfactory and the actual difference between the mean predicted
and observed risk in different risk groups ranged from 0.7% - 3.1% and 0.1% -

4.2% in the derivation and validation samples respectively.

Conclusion

The recently developed cardiovascular disease risk assessment model for
Omanis with type 2 diabetes achieved adequate overall validity. The model
showed good discrimination and acceptable calibration; it therefore has the
potential to be used in local clinical settings. However, further validation and
comparison studies are needed to judge the generalisability and superiority of

the model over other tools currently used in Oman.

Key words: Cardiovascular disease; Risk prediction; Model validation; Type 2

diabetes; Arab populations; Oman.
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Highlights

e This paper demonstrates the validation of the first cardiovascular risk

assessment tool developed in the Arab world.

e The model showed good discrimination and calibration, supporting its

application among Omani diabetics.

e The model may be used by physicians to estimate CVD risk among

type 2 diabetic patients in order to optimise patient care.

Introduction

Risk assessment tools in general are mathematical models or charts used to
estimate the risk of a condition/outcome event for an individual. They are
usually based on the predictive information available for various risk factors of
a specified outcome. In these models, the standardised coefficient of each
included risk factor indicates its relative contribution to the overall risk of a

given health condition [1-3].

In the context of cardiovascular disease (CVD) prevention and management,
such models are usually used to estimate an individual’s CVD risk, which can
then be used to assess the prognosis and support the choice of preventive
and therapeutic strategies for individuals at risk. Once an individual’'s CVD risk
is predicted with some degree of certainty, management can be tailored
accordingly, such as when to intensify a preventive intervention, when dietary
advice needs to be specific, when advice on physical activity needs to be
intensified and individualised and when specific drugs need to be prescribed

to control CVD risk factors [4].

The use of CVD risk assessment models among type 2 diabetics using
traditional CVD risk factors such as hypertension (HTN), dyslipidemia, high
glycosylated hemoglobin (HbA1c), albuminuria, obesity, smoking status, and
family history of CVD has been emphasised in several professional guidelines

[5,6]. A few examples of such global tools include: the U.K Prospective
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Diabetes Study (UKPDS) risk engine for diabetes patients; the Action in
Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled
Evaluation (ADVANCE) study model; the Australian Fremantle Diabetes Study
(FDS) model; the U.S Atherosclerosis Risk in Communities (ARIC) model; the
World Health Organization /International Society of Hypertension (WHO/ISH)
charts and the Chinese Total CHD Risk Score [7-12].

As the above global models are not optimal for populations with different
lifestyles and ethnicities [13], the first CVD risk assessment model in the Arab
world was recently developed in the form of a mathematical equation using
seven common traditional CVD risk factors for Omanis with type 2 diabetes
mellitus (DM) [14]. The estimated 5-year CVD probability according to this
model is expressed as 1 - 0.99915x02XiBi where Exp Y XiBi = Exp (0.038 age
[years] + 0.052 DM duration [years] + 0.102 HbAlc [%] + 0.201 total
cholesterol [mmol/l] + 0.912 albuminuria [coded 1 if present] + 0.166 HTN
[coded 1 if present] + 0.005 BMI [kg/m?]). In addition, the CVD outcome
considered in this model includes coronary heart disease (CHD), stroke and
peripheral arterial disease (PAD), enabling treating physicians to estimate
overall CVD risk. However, this model has not yet been validated. In order to
extend the use of this recently developed model as a feasible CVD risk
assessment tool in clinical practice and to ascertain the suitability of the
model, this study aimed to validate this CVD model developed for Omanis
with type 2 DM.

6.3 Methods

Study design and participants

The performance of the model was evaluated with two samples: the model
derivation sample and another independent sample (validation sample). The
derivation sample was selected from four primary care institutions in the
Aldakhilyah Governorate (Province) of Oman, and was used to develop the
model; while the validation sample was taken from other two primary care
institutions in the same Province. A retrospective cohort study design was

utilised for both the internal and external validation of the model. The
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derivation sample included 1,314 Omani type 2 diabetic patients from three
polyclinics (Nizwa, Bahla, and 1zki Polyclinics) and one large health center
(Manah Health Centre). The reference population and the health care settings
from which the derivation and validation samples were taken have been
described elsewhere [14]. The validation sample consisted of 405 patients
chosen from one polyclinic (Samail Polyclinic) and one health centre (Burkat
Almoz Health Center). The year 2009—-2010 was considered to constitute the

baseline for this study.

The same sampling methods, inclusion/exclusion criteria and
variable/outcome definitions that were used for the derivation sample were
also applied to the validation sample [14]. In brief, all Omanis with type 2
diabetes who were recorded in the diabetes registry of the selected
institutions and were free of CVD at baseline were included in the study. The
included patients were followed up until either their first CVD outcome
occurred they patient died or until the end of the data collection period in
December 2015. The exclusion criteria were defined as follows: patients with
incomplete data related to key CVD factors and outcomes at baseline and
those who developed heart diseases or underwent limp amputations due to
non-ischaemic causes during the follow-up period. In addition, patients with

end-stage renal disease and liver cirrhosis were also excluded.

Data collection

In both samples, data on demographic characteristics, key risk factors at
baseline and CVD outcomes were gathered by trained staff using a well-
designed data collection sheet. The data were retrieved from the diabetes
registers and patients’ computerised files at the selected institutions. All
definitions of variables in the present study were consistent with those used in

the previous model derivation study

The CVD outcomes included fatal and non-fatal CHD, stroke and PAD events.
These outcomes were recorded from baseline (2009—2010) until December
2015 (a maximum follow-up period of 7 years), by reviewing clinical diagnoses
and physician's clinical notes documented at all patients’ visits during this
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period. Descriptions of the CVD diagnostic criteria and risk factor definitions
have been presented elsewhere [14]. In brief, CHD was diagnosed based on
clinical presentation and confirmed by electrocardiography, a troponin test, a
treadmill test and/or coronary angiography. A stroke event was confirmed by a
computed tomography scan and PAD was confirmed by either a clinical
diagnosis of gangrene, a limb amputation due to an ischaemic cause or
intermittent claudication confirmed by angiography. In addition, causes of

death were also determined from death certificates.

In terms of CVD risk factors, albuminuria was defined as an
albumin/creatinine ratio of 22.5 for males and =3.5 for females confirmed at
least twice within three months or longer, after excluding other possible
causes. A HTN diagnosis was defined as multiple readings of systolic blood
pressure of 2140 mmHg or diastolic blood pressure of 290 mmHg, after
excluding other causes of elevated blood pressure [15,16]. In addition, total
serum cholesterol and HbAlc were measured using standardised laboratory
equipment. All laboratory measurements and definitions were consistent with

those used in the model derivation study [14].

Data analysis

Data analysis was performed using SPSS software, Version 22.0. Continuous
variables were expressed in means and standard deviations (SDs), while
categorical variables were presented in total counts and percentages. The
general performance of the model in the derivation sample was assessed
using the -2 log likelihood statistic and by comparing the overall mean
predicted CVD risk to overall mean observed risk. The ability of the model to
discriminate CVD risk in both samples was assessed by calculating the area
under the receiver operating curve (ROC) with 95% confidence intervals (CIs).
Calibration of the model was assessed by comparing the mean predicted CVD
risk and the mean observed risk in the fifths (quintiles) of the predicted risk
with a Hosmer-Lemeshow (HL) Chi-squared test [17,18,19]. For this test, each
sample was split into five groups (quintiles) of equal size, by sorting the
predicted risk in descending order so that the first 20% of patients represented

the group with the lowest CVD risk. Moreover, the Brier score (mean squared
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error with score range) was calculated to assess the accuracy of the model in

each sample. Sensitivity, specificity, likelihood ratios and positive and

negative predictive values for cut-off CVD risk values of 5%, 10% and 15%

were also obtained to determine the optimal cut-off point [20,21]. In addition,

the optimal statistical cut-off value of CVD risk was identified whereby the sum

of the sensitivity and specificity values yielded the largest value.

This study was ethically approved by the Regional Research and Research

Ethics Committee of the Ministry of Health in Oman and the Griffith University

Research Ethics Committee.

6.4 Results

Table 6.1 compares baseline CVD predictors between the derivation and

validation samples. Mean follow-up periods among the derivation and

validation samples were 5.3 and 5.6 years (P <0.001), respectively, with a

minimum and maximum follow-up period of zero and 7 years in both groups.

Table 6.1

Baseline predictors and cardiovascular outcome among the derivation

and validation samples

Characteristic Derivation sample | Validation sample | P value
(n=1314) (n=405)
% or mean + SD % or mean = SD
Sex (female) 64.1% 64.0 0.96
Age (years) 55.3+11.0 5231114 < 0.001***
DM duration (years) 6.6+4.0 53+£4.1 < 0.001***
Total cholesterol 49+1.1 52+12 < 0.001***
(mmol/l)
HbAlc (%) 7.9+22 8.1+22 0.03*
BMI (kg/m?) 29.1+5.3 28.3+5.0 0.01*
Albuminuria (present) 18.6% 22.2% 0.10
HTN (present) 58.6% 50.9 % 0.01*
CVD outcome (present) | 9.6% 12.8% 0.06

Abbreviations: SD, standard deviation; DM, diabetes mellitus; HbAlc, glycosylated

haemoglobin; BMI, body mass index; HTN, hypertension; CVD, cardiovascular disease
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Approximately 64% were female in both groups. The derivation sample was
slightly older than the validation sample (55.3 £ 11.0 years vs. 52.3 +11.4
years; P = 0.001). Over the study period, 9.6% (126/1,314) vs. 12.8%
(52/405) CVD events were observed among the derivation and validation
samples, respectively, with no statistically significant difference between the
two groups (P = 0.06).

Performance of the model in the derivation sample

In the derivation sample, the -2 log likelihood statistic changed significantly
from the baseline model to the final model; including all predictors, the -2 log
likelihood statistic changed from 1,769 to 1,690 (P <0.001). The overall
predicted mean risk was 11.5% compared to the observed mean risk of 9.6%.
The ROC for the predicted CVD risk by the model in the derivation sample is
shown in Figure 6.1 (A). The area under the curve (AUC) was 0.73 (95% CI:
0.69-0.77).
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Figure 6.1
Receiver operating curves for the 5-year cardiovascular risk prediction
model among Omani type 2 diabetics, in the study sample (A) and in the

validation sample (B)

152



The calibration of the model in the derivation sample is shown in Figure 6.2.
The HL Chi-square test showed no significant difference between the
predicted and observed risk across the five groups (P = 0.15). The predicted
levels of risk tended to slightly overestimate the CVD risk by 0.7 — 3.1% in the

sample.

In the derivation sample, the Brier score was 0.08 (range: 0-0.74). The
optimal statistical cut-off point (whereby sensitivity plus specificity yielded the
greatest sum) was identified at a predicted risk of 0.116 (11.6%), with a
sensitivity of 66.7% and a specificity of 68.6%. Table 6.2 presents the
sensitivity, specificity, predictive values and likelihood ratios at different cut-off
values. A cut-off CVD risk value of 10.0% yielded a sensitivity of 73.0% and
specificity of 60.3%. However, specificity at the cut-off value of 5% appeared
to be very low (24.2%). On the other hand, low sensitivity (54.8%) was

observed at the cut-off value of 15%.
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Figure 6.2
Predicted vs. observed cardiovascular risk in each of the fifths of the

derivation sample
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Performance of the model in the validation sample

Among the validation sample, the overall mean predicted risk was 11.0%
compared to the overall observed CVD risk of 12.8%. Figure 6.1 (B) shows
the ROC curve in the validation sample with an AUC of 0.70 (95% CI: 0.59 —
0.75). Regarding the calibration of the model in the validation sample, Figure
6.3 compares the mean predicted and observed CVD risks in the fifths of the
validation sample. The actual difference between the mean predicted and
observed risk in different risk groups ranged from 0.1% - 4.2% in the
validation sample. The predicted risks were slightly underestimated in the first
three quintiles but overestimated in the fourth quintile. However, the HL Chi-
square test showed no significant difference between predicted and observed
risks in the five groups (P = 0.06). In addition, the Brier score was 0.1 (range:

0-1) in the validation sample.
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Figure 6.3
Predicted vs. observed cardiovascular risk in each of the fifths of the
validation sample
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6.5 Discussion

This study indicated that the recently developed CVD risk assessment model
for Omanis with type 2 diabetes achieved adequate overall validity. The model
showed good discrimination and calibration in both the derivation and

validation samples.

However, the ability of the model to predict CVD risk based on the area under
the ROC was higher in the derivation sample than the validation sample,
which is expected as the model was developed based on the former sample.
However, an AUC value of 0.70 in the external validation sample indicates a

good result arising from a different sample [8,22,23,24].

Table 6.2
Sensitivity, specificity, predictive values and likelihood ratios of the
model at different cut-off values of predicted CVD risk in the derivation

sample
Risk Sensitivity | Specificity | Predictive | Predictive | Likelih- | Likelih-
value +ve | value —ve | ood ood
(%) (%) (%) ratio ratio
(%) (%) :
cut off tve ve
point
5.0 94.4 24.2 11.7 97.6 1.25 0.23
10.0 73.0 60.3 16.3 954 1.84 0.45
11.6** | 66.7 68.6 18.4 95.1 2.12 0.49
15.0 54.8 80.1 22.6 94.3 2.75 0.56

Note: **, the optimal statistical cut off point

Similarly, the model calibration results showed a good outcome in comparison
to other tools in the literature [9,17,23]. Although there was a slight
overestimation of CVD risk in the derivation sample, there was a slight
underestimation in risk in the validation sample. The slight underestimation of
CVD risk in the validation sample observed in the first three quintiles may
represent a small proportion of high-risk patients missed by the model. On the
other hand, the slight overestimation of CVD risk in the fourth quintile could
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represent false-positive cases identified by the model. However, the
proportion of risk underestimation/overestimation in the both samples was

small and not statistically significant according to HL Chi-squared test results.

The Brier scores indicated very good results in terms of the accuracy of the
model in estimating CVD risk in both samples, since the scores fell on the
lower side of its ranges for both samples (derivation sample: 0.08, range: 0—
074; validation sample: 0.1, range: 0—-1). The optimal statistical CVD risk cut-
off value was observed at 11.6%, with good sensitivity (66.7%) and specificity
(68.6%). However, a higher sensitivity (73.0%) and lower specificity (60.3%)
were observed at a cut-off value of 10% compared to the cut-off value of
11.6%. Moreover, the cut-off value of 11.6% yielded a higher proportion of
false-negative patients compared to the cut-off value of 10.0%, which yielded
more false-positive patients. As such, a cut-off value of 11.6% is expected to
omit many true-positive cases (i.e. high-risk patients), which is clinically
unfavourable. On the other hand, no harm would be caused if a low-risk
patient is mistakenly classified as high-risk (i.e. false-positive cases).

Therefore, a cut-off value of 10.0% is preferable in clinical application.

Although the negative predictive values of the model were very good at all
suggested cut-off points (>95%), the positive predictive values (PPVs) were
consistently low. However, similar results have been observed in other
international models. A low PPV is to be expected as these models are used
for screening and not for diagnostic purposes [9,12,24]. The major effect of a
low PPV is that it may result in a high proportion of patients receiving false-
positive results. Patients with false-positive results (incorrectly classified as
having a high CVD risk) will simply be advised to adjust their lifestyles and
dietary habits, and may receive a pharmacological preventive measure, all of

which are safe and will not incur significant medical costs.

Although the two samples involved in this study were drawn from the same
reference population and had a comparable gender distribution and
insignificant differences in CVD incidence, the two samples differed in many
other characteristics, such as mean age, DM duration and HTN prevalence.
However, this may reflect the actual variations in two independent samples,
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which is expected in external validation studies. Despite these differences, the
model performed well in the validation sample and the results support the

generalisability of the model among Omani type 2 diabetics.

In general, the performance of any model depends on many factors related to
the study design, such as the sample size, quality of data, statistical methods
used, total variance in CVD outcome explained by the predictors and the
number of predictors included in the model [25]. The present study was
strengthened by a cohort study design and a sample of sufficient size. In
addition, the derivation sample was deemed to be representative of the target
population and the Cox regression modelling method used in this study is best
suited for such longitudinal data. Moreover, the primary data were of good
quality since they were obtained by professional staff working in clinical
settings and following standardised data management procedures. Based on
these factors, in addition to the satisfactory validation results achieved in this
study, the present model is considered to be appropriate for application in

clinical settings and diabetes care centres in Oman.

6.6 Conclusion

This study validated the first CVD risk model developed for Omanis with type
2 diabetes. The validation of the model was achieved using a derivation
sample among which the CVD risk assessment model was originally
developed as well as a separate sample drawn from the same diabetic
population. Overall, the model showed good performance with adequate
discrimination and acceptable calibration. It is suitable for application in Omani
clinical settings. However, further validation and comparison studies are
needed to evaluate the present model in comparison with other tools currently

used in Oman in order to generalise the present model to wider populations.
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Chapter 7: Discussion and Conclusions

7.1 Introduction

The previous result chapters of this study (presented as individual co-
authored papers) were organised in a logical sequence in order to answer the
research questions of this research project. As part of the journal articles,
each of the chapters included a separate discussion section that addressed
explanations of various observed results, comparisons of the findings in
relation to the literature, strengths and limitations of the used methods and
implications of the findings in current practices. However, this chapter takes a
wider view on how the three studies in combination have addressed the aim
and objectives of the entire project, the implications of the main findings and
the addition of information to the existing literature resulting from this thesis.
The strengths and limitations of the whole research project are also discussed
in this chapter. In addition, general conclusions and recommendations for

future research are addressed.

Many cardiovascular disease (CVD) risk assessment tools have been
developed globally to estimate CVD risk among type 2 diabetics. However, to
date, no studies aiming to develop specific risk assessment tools for Arab
populations, including Omanis, have yet been conducted. This thesis
commenced by critically reviewing the applicability of existing global CVD risk
assessment tools to the Omani type 2 diabetic population. The findings of a
literature review suggested that these tools are not optimal for this population.
Therefore, the ultimate goal of this project was to develop a suitable CVD risk
assessment tool for Omani type 2 diabetics. This was achieved by conducting
three consecutive sub-studies (presented in Chapters 4 to 6), each

addressing one of the following three research questions:

1- What is the incidence of CVD and the pattern of CVD risk factors
among type 2 diabetics in Aldakhiliyah Province of Oman?
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2- How can associated CVD risk factors be incorporated into a
multivariate model for predicting the five-year risk of CVD in the

type 2 diabetic population in the Aldakhiliyah Province of Oman?

3- How valid is the developed risk assessment model to predict the
five-year CVD risk in another cohort of type 2 diabetics taken from

the same reference population?

The following section highlights the main findings which have been presented
and discussed in detail in the last three chapters (Chapters 4 to 6). A broader
discussion related to the growing burden, implications and potential long-term
impacts of CVD and CVD risk factors in the Omani type 2 diabetic population
is addressed subsequently. In addition, a general discussion related to the
developed CVD risk assessment model and its implications in clinical practice
Is also presented. Moreover, this section elaborates on the implications of the
model validation results and recommendations for the further generalisability

and feasibility of the model for application in clinical settings.

7.2 Key findings of the study

The following key findings in the three individual studies were observed. In the
first study, the overall incidence of CVD among Omani type 2 diabetics was
9.4% over a mean period of 5.3 years, and the annual incidence ranged from
0.7% to 2.1%. On the other hand, a high prevalence of key CVD risk factors,
such as poor glycaemic control, hypertension (HTN), obesity, dyslipidaemia,
and albuminuria was observed. In addition, a crude analysis revealed the
following seven factors to be significantly associated with CVD: age; diabetes
mellitus (DM) duration; body mass index (BMI); glycaemic control; HTN; total
serum cholesterol; and albuminuria. However, insignificant associations were
observed between CVD and other known risk factors such as gender,

smoking status and a family history of CVD.

The second study revealed five independent factors to be associated with
CVD: age, DM duration, glycosylated haemoglobin (HbA1c), total cholesterol

and albuminuria. Although HTN and BMI were excluded by the multivariate
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analysis, these factors were included in the final CVD probability equation
since they were associated with CVD in the crude analysis and were entered
in the Cox regression method. In this regard, the five-year probability of CVD
among Omani type 2 diabetics was modelled as: 1 - 0.9991Ex2XiBi where Exp
> XiBi (which represents the hazard ratio) = Exp (0.038 age + 0.052 DM
duration + 0.102 HbA1c + 0.201 total cholesterol + 0.912 albuminuria [coded
1 if present] + 0.166 HTN [coded 1 if present] + 0.005 BMI).

In the third study, the model performed well when validated in both the sample
used to derive the model as well as a separate validation sample. The model
was validated by calculating the area under the curve (AUC) of the receiver
operating curve (ROC) for discrimination and using the Hosmer-Lemeshow
(HL) Chi-squared test for calibration. The results indicted good discrimination,
with AUC values of 0.73 (95% confidence interval [Cl]: 0.69-0.77) and 0.70
(95% CI: 0.59-0.75) observed in the derivation and validation samples,
respectively. In addition, the model showed good calibration (P = 0.15 and
0.06 in the derivation and validation samples, respectively), with the actual
difference between mean predicted and observed risk in five different risk
groups ranging from 0.7-3.1% and 0.1-4.2% in the derivation and validation
samples, respectively. In addition, the model yielded good sensitivity (73.0%)
with reasonable specificity (60.3%) at a CVD risk cut-off value of 10.0% to
identify high-risk patients.

7.3 CVD incidence and patterns of CVD risk factors

The first study in this project answered the first research question related to
CVD incidence and risk factor patterns among Omani type 2 diabetics. In
response to this question, a retrospective cohort study was conducted using a
representative sample of 2,039 Omani type 2 diabetic patients selected from
several primary care settings specialising in diabetes care in Al Dakhiliah
Governorate. Data on CVD risk factors were collected at baseline (2009—
2010) and patients were followed up from baseline until their first CVD
outcome, their death or until the end of the follow-up period in December
2015. All data were retrieved from patients’ medical records and the National
Diabetes Registry. This study is novel as no previous studies have explored
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the incidence of CVD and profile of CVD risk factors among a cohort of

diabetic patients in Oman.

This study found that the CVD incidence among the type 2 diabetic population
in Oman is high. However, global CVD incidence rates vary according to
definitions of CVD outcomes, length of follow-up period and sample
characteristics and settings. In this context, the CVD cumulative incidence
among type 2 diabetic patients was reported to be 4.3% and 5.3% in China
and Scotland, respectively, while it was reported as 17.1% and 20.2% in the
U.S. and Finland, respectively.95103.142,144.239 Nevertheless, global trends in
CVD and CVD-related risk factors seems to be increasing over the last few
decades. For example, the prevalence of obesity has risen notably over the
past three decades, from just a few percent to around 30% in some countries;
the prevalence of type 2 diabetes has also risen steadily.?>* This is consistent
with global trends, especially in developing countries where the situation is

more challenging.?>?

The results of this study indicate an essential milestone in the measurement
of CVD events over time among diabetics in Oman and the Arab region.
These incidence data will contribute to the long-term monitoring of CVD
burden among diabetic populations in the region and provide baseline data for

future epidemiological studies in similar fields.

In addition to the potential burden of CVD among the Omani diabetic
population, the high prevalence of key risk factors observed in this study, in
line with the results of other local studies,'®2% also reflect the increasing
burden of CVD and CVD-related risk factors in Oman, which poses a
challenge to the national healthcare system. The high prevalence of these risk
factors in conjunction with the effect of an ageing population (i.e. increased life
expectancy) indicate that the long-term impacts of these risk factors on
population health are expected to be even greater. Developing and/or
strengthening CVD prevention programmes targeting common risk factors at
individual as well as population levels are critical. Otherwise, the increasing
trend of CVD will continue, as well as that of other chronic diseases, as
certain CVD risk factors (such as high BMI and dyslipidaemia) are common
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for other non-communicable diseases.>~® Subsequently, this will have a
major impact on the needs and costs of local various prevention and

therapeutic services in the future.

On the other hand, based on the current patterns of CVD risk factors, treating
physicians should anticipate a high CVD risk among Omani diabetics in
general. Routine screening for common risk factors in addition to appropriate
risk estimation using available risk assessment tools should therefore be
emphasised,?3%23! in order to more effectively plan for diabetes management
services. In the current primary care settings in Oman, there is a need for
appropriate risk assessment, potentially due to the lack of knowledge about
the importance of such risk assessment tools and their clinical implications
among physicians.?® Therefore, in order to optimise diabetes care, local health
authorities should advocate the importance of using available risk assessment
tools by incorporating them into local guidelines and delivering required

training.

Several international studies have shown that HTN, dyslipidaemia, glycaemic
control, gender, age, physical inactivity, smoking status, albuminuria, DM
duration, ethnicity and a family history of CVD are the most commonly
identified predictors of CVD among diabetics.3101-103.141,143-146 However, the
first study in this project revealed important differences in associations
between CVD risk factors and CVD outcomes in an Omani type 2 diabetic
sample as compared to several global studies.102:136,141,142,144,187 |n thjs regard,
while DM duration, total cholesterol and albuminuria were identified as
significant CVD risk factors in this study, they were excluded in similar
studies.102.103,144-146 |n contrast, gender, smoking status and a family history of
CVD were identified as significant risk factors of CVD in other international
studies,103142,144.146 Kyt were excluded in the present study. In fact,
inconsistent results in terms of CVD risk factors have been observed in
different studies globally.101.102.144.187 |nsjgnificant smoking and family history
of CVD could be due to inaccuracies in self-reported data. The diversity in the
pattern of associated risk factors may be explained partially by differences in
study design, sampling procedures and quality of data. However, it seems that
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the profile of CVD risk factors varies in different populations that differ in
cultural and social aspects.?°32% |n fact, diverse CVD risk factor profiles are
commonly found in different reference populations in existing CVD risk
assessment studies. This implies that existing global CVD risk assessment
models are population-specific within the context of each study. Hence, the
use of these models in a different population may not always be suitable.
Therefore, when applying them in any given diabetic population, such CVD

risk assessment tools should be used with caution.

Responsible physicians should provide diabetic patients with sufficient
information, addressing the importance of multiple risk factors in CVD risk
management measures. Taking into consideration glycaemic control, HTN
status, albuminuria and other significant factors in CVD risk estimation and
management is more reliable than depending on the general physician’s
personal judgment. This approach enables physicians to plan more focused
preventative measures for each individual patient. Such measures may
include intensification of physical activity as well as prescription of specific

dietary advice and pharmacological therapy.

7.4 The CVD risk prediction model developed in this project
The first study identified potential CVD risk factors in the Omani type 2
diabetic population using crude analysis, in preparation for the development of
a risk model via multivariate analysis in the second study. The second study
was designed to derive a suitable risk assessment tool for the Omani type 2
diabetic population. The tool was developed in the form of a statistical
equation by which the CVD risk of individual patients could be estimated. This
was achieved by modelling the five-year CVD probability using Cox regression
methods within a retrospective cohort study design. As such, out of the total
sample used for the first study, 1,314 Omani type 2 diabetic patients with
complete data related to all key risk factors were included in this sub-study.
The five-year probability of CVD was modelled as: 1 - 0.99915x2XiBi where
Exp ) XiBi (signifying the hazard ratio) = Exp (0.038 age + 0.052 DM duration
+ 0.102 HbAlc + 0.201 total cholesterol + 0.912 albuminuria [coded 1 if
present] + 0.166 HTN [coded 1 if present] + 0.005 BMI). Compared with
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existing tools, differences were observed in the number and coefficients of the
included predictors in the risk model, as well as the considered CVD

outcomes. 103,141,222

In this study, three modifiable risk factors were among the independent
significant risk factors for CVD in the study population. These included HbAlc,
total cholesterol and albuminuria. As such, these should be given special
attention in respect to patient management, since they are modifiable and can
be tackled using more targeted preventive measures. Unfortunately, the
current high prevalence of these factors, as shown in this project and other
local studies, will inevitably lead to an increasing trend of CVD and other
diabetes complications as well. Treating physicians should incorporate these
factors in diabetic management plans to provide more specific care and health
education, as well as strict pharmacological treatments, at individual level. On
the other hand, government authorities and public health practitioners can
strengthen existing health promotion and education programmes at population
level. These CVD prevention programmes should employ a comprehensive
approach, addressing multiple risk factors including diabetes, to target both
high-risk individuals and the general population. In this regard, programmes
addressing lifestyle risk factors—such as promoting physical activity and
healthy diets—should be introduced or strengthened to target modifiable risk

factors.

Compared to some of the global models,103.142.144.146 the present model
considered CHD, stroke and PAD in the CVD outcome. Considering all three
of these entities enables physicians to estimate overall CVD risk rather than
the risk of CHD, stroke or PAD alone. In addition, health planners may use the
developed risk assessment model to estimate the future CVD burden which is
useful to anticipate needed therapeutic and preventive services for all three
CVD entities. Moreover, compared to some existing tools, such as the
currently used WHO/International Society of Hypertension (ISH) risk
prediction charts, the present model is expected to be more specific since it
was designed especially for Omani patients, while the WHO/ISH risk
prediction charts were derived from data that included both Arab and non-
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Arab populations. Additionally, the WHO/ISH risk prediction charts do not
consider HbAlc and DM duration as key risk factors, while these variables
were found to be important CVD predictors among diabetics in Oman.
Moreover, the present model is a newly developed one, while the WHO/ISH
risk prediction charts and other global tools have not been updated for over 10
years.142146 Therefore, the present model is considered to be more current
and advantageous for physicians to estimate CVD risk in individual patients
from Aldakhilyah Province, the region from which the involved sample was
selected. In addition, health planners may use this model to monitor CVD risk
and project the future burden of CVD among Omani diabetics, and hence,

anticipate future needs for therapeutic and preventive services.

7.5 Validation of the developed CVD risk assessment model

In the third study, the CVD risk assessment model was validated in the
derivation sample used to develop the model and a separate validation
sample consisting of 405 patients selected from the same reference
population in Aldakhiliah Province. Model discrimination and calibration were
assessed mainly using the AUC under the ROC and HL Chi-squared test,
respectively. In addition, Brier scores were calculated to further assess the
accuracy of the model.

Despite the differences between the derivation and validation samples, the
model performed well in both the derivation and validation samples,
respectively (AUC: 0.73 and 0.70; HL Chi-squared P value: 0.15 and 0.06;
Brier score: 0.08 and 0.1). This supports the generalisability of the model to
Omani type 2 diabetics, at least among those in the same region. Therefore,
piloting this model in clinical practice in the Aldakhiliyah Province would be the
main priority for the extension of this project. In this regard, using the model to
estimate CVD risk in the existing sample, as well as for newly registered
patients, and monitoring annual risk and CVD events will be of a great value in
further validating the model and in the clinical management of individual
patients.
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In addition, at a CVD risk cut-off point of 10.0% in the derivation sample, the
model revealed sensitivity and specificity of 73.0% and 60.3% respectively. At
this cut-off value, there would be a lower proportion of false-negative results
(i.e. the non-identification of patients with a high risk of CVD) compared to the
other potential CVD risk cut-off values. On the other hand, treating false
positive patients as high risk is not harmful since the preventive interventions
are safe. Therefore, 10% is considered the optimal cut-off point recommended
for use by treating physicians to identify high-risk patients in clinical practice.
Patients with a CVD risk of 210.0% should be considered high-risk and should
receive necessary preventive measures including both pharmacological and
non-pharmacological interventions. In relation to the literature, few studies
reported the sensitivity and specificity measures of global models. 12102103 |n
this regard, the Chinese model revealed sensitivity and specificity of 67.6%
and 68.5%, while the Framingham model and the UKPDS model revealed
sensitivity of 78.5% and 78.95 respectively, and specificity of 36% and 49.7%
respectively.1>103 Therefore, sensitivity of 73% with specificity of 60.3% seems

acceptable.

As the risk prediction model was developed in consideration of the combined
effect of multiple risk factors, the risk estimation result for each patient can
indicate not only the overall level of CVD risk but also the risk factors which
contribute significantly to any increased risk of CVD. Accordingly, more
specific advice on patient care can be provided for each individual compared
to that in current practices of CVD risk assessment in the local settings, which
is based mostly on each physician’s clinical and personal experience and

which cannot establish a specific level of risk for each individual .23°

On the other hand, the low positive predictive value of the model would be
expected to identify a high proportion of patients with false-positive results (i.e.
the identification of low-risk patients as having a high risk of CVD). This would
unnecessarily increase the cost of diabetes care, mainly in terms of
pharmacological interventions, and the number of referrals to other services
such as dieticians and health educators. However, delivering known
preventive measures (e.g. lifestyle modification advice and anti-lipid, anti-
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platelet and insulin therapies) to false-positive patients is not harmful, since all
of these measures are clinically safe. Therefore, future studies to evaluate the

cost-effectiveness of using this model are highly recommended.

7.6 Overall evaluation of the developed CVD risk assessment

model

This model was developed using a retrospective cohort study design which is
considered one of the most appropriate designs for this purpose. The involved
sample was taken from primary care institutions in the Aldakhiliyah Province
of Oman, where all diagnosed type 2 diabetic patients in the region are
followed up and managed. In addition, the sample size exceeded the required
size indicated by the sample size calculation. Therefore, the sample was
representative for the target population. All data were retrieved from reliable
data sources, including computerised patient records and the National
Diabetes Registry. The patients’ clinical and laboratory assessments in the
involved institutions were undertaken by trained diabetologists, general
practitioners and nursing staff, and the data were collected using standardised
forms as per national clinical guidelines. Laboratory equipment in the involved
institutions was regularly checked and calibrated.in addition, the fieldwork in
this project involved re-checking 10% of the gathered data to ensure the
quality of data. In addition, data entry was done using Epi-data entry software
in order to reduce data entry errors. Furthermore, the model was derived
using the Cox regression method which is better than the classical logistic

regression.

With regards to the applicability of the newly developed model in Oman,
incorporation of the CVD risk assessment tool into the local healthcare system
is relatively simple and feasible, since a computerised medical record system
has been already established in almost all healthcare settings. Minimal
resources (such as funding and technical support) will be required to convert
the CVD risk assessment model into an online accessible tool for relevant
healthcare staff. The developed model can also be installed within the existing
system as additional software for diabetes care, so that treating physicians will
be able to estimate each patient’s risk and plan personalised care to prevent
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CVD-related complications. Current routine annual assessment of CVD risk
factors for type 2 diabetic patients will make the use of this model easy with

coordination from the Omani Ministry of Health in local healthcare settings.

In local clinical settings, users of the model should be made aware of the
importance of CVD risk assessment and how to use the tool to assess CVD
risk. This can be achieved by incorporating the current model in local
guidelines and ensuring their wide dissemination to all health institutions. In
addition, regular training sessions and workshops on the application of the risk
assessment tool are needed for all involved medical staff. However,
collaboration with the local health authorities and technical support is required

in order to reinforce application of the new tool.

As such, based on the discussion above, this study has demonstrated that the
new model is valid, reliable, suitable and applicable for the target population.
However, on-going variations in the pattern of CVD risk factors, likely due to
changes in lifestyle trends in the population over time, may yield different
results when replicating this study. In addition, advances in diagnostic
equipment, laboratory measurements and therapeutic services should also be
considered. Therefore, the utilisation of this model may not be accurate over
time. Minor revisions or adjustments to the model are suggested in future

practice.

Since the general Omani population in different regions of the country are of
the same ethnicity and have similar lifestyles and cultural characteristics, the
present model could potentially be generalised to Omani type 2 diabetic
populations in other Provinces. However, external validation studies involving
samples from different provinces are required to demonstrate this supposition.
The applicability of the present model in neighbouring countries in the Arabian
Gulf should be considered with caution as some social and cultural
differences still exist in these populations, although they share to some extent
similar ethnic, lifestyle and cultural traits with Omanis. Therefore, external
validation studies for the model are needed when applying the model to these
populations. However, due to the strong relationship between diabetes and
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multiple DM-related complications with geographical location and
environmental and lifestyle characteristics, it is preferential that a specific risk

assessment tool be developed for each population.10.23253

7.7 Strengths and limitations of the projects

There were several strengths to this project. Using a cohort study design
allowed the direct measurement of CVD incidence and the identification of
multiple risk factors among the type 2 diabetic population; in addition, it
provided strong evidence to estimate the likelihood of CVD over time as it was
able to ensure the exposure-outcome sequence. Moreover, the study involved
a sample of adequate size to study CVD incidence and patterns of CVD risk
factors. As the study sample was selected from primary care settings in which
all diabetics in the region are registered and managed, the sample was also
representative of the target population. As such, the developed model reflects
the most recent conditions concerning the type 2 diabetic population in Oman,
which increases the relevance of the model to current diabetes management.
Finally, this project was supported financially by the Centre of Studies and
Research of the Ministry of Health in Oman and the Population and Social
Health Research Program (PSHRP) of Menzies Health Institute -Queensland,
emphasising its importance to public health and its unique contributions to
local clinical practice. This support allowed the researcher to maximise the

included sample size and quality of collected data.

In contrast, this project had also a number of limitations that are mainly related
to the study design. Due to the retrospective nature of this study, information
bias was the major constraint. The problems of information bias (as the data
of risk factors were recorded at baseline only, no follow-ups involved) and
incomplete data for some predictors, as well as recall bias related to smoking
status and a family history of CVD, were major constraints. The associations
between CVD and these factors might have been underestimated. However,
cross-checking of different data sources may had overcome these problems
to some extent. In addition, the absence of follow-up data for risk factors may
have overestimated the hazard ratios of various factors since these factors

are expected to be controlled over the follow-up period as a result of the
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delivered treatments. On the other hand, selection bias can be a potential
threat in this study as well, since patients who were not assessed for the key
factors and the CVD outcome at the baseline were excluded from the
beginning of the study. Also, only patients with complete data related to all key
factors were included to build the final model. However, the excluded and
included subjects were similar to some extent. In addition, lifestyles factors,
such as dietary habits and physical inactivity, which were not addressed in
this study, might have a confounding effect on the observed associations
between various risk factors and CVD outcome. Future studies are
recommended to include lifestyle factors and other non-traditional risk factors
for CVD risk assessment. Furthermore, this study did not address the
interaction effect (modification) between different factors on the CVD outcome
in the multivariate analysis. Therefore, prospective studies with larger sample
size can be considered in the future in order to achieve a better quality of
data, to control for possible confounding factors, to study the interaction
effects between various factors and to establish a more accurate temporal
relationship between the risk factors and CVD outcomes. In addition,
standardised data collection methods and measurements should be used to

determine smoking status.

Moreover, although the model showed good performance, the validation
sample was relatively small and taken from the same region. Therefore,
validation studies with larger samples are needed, particularly samples
external to the population used to derive the model. In addition, due to limited
resources, certain factors which may affect CVD risk (including physical
inactivity, dietary patterns and use of different types of anti-diabetes, anti-
hypertensive and anti-lipid) were not investigated. However, the effects of
these would have been to some extent accounted for by other included
modifiable risk factors such as glycaemic control, HTN and lipid profile,

respectively.

7.8 Conclusions and recommendations
This project included the first longitudinal study investigating CVD incidence

and patterns of CVD risk factors among type 2 diabetics in Oman. Studying
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CVD-related complications and risk factors is one of the primary research
priorities of the Ministry of Health in Oman. The project established a useful
database on CVD incidence and risk factor patterns that will help to assess
the extent of the problem in Oman, and subsequently aid assessment of the
required therapeutic and preventative services.

More importantly, this study produced and validated the first CVD risk
assessment tool in the Arab region. The developed model showed good
discrimination and acceptable calibration, indicating the validity of the model.
Therefore, this model is expected to be more appropriate for CVD risk
assessment among the Omani diabetics in comparison to existing global
tools. The model may be used by physicians to estimate the five-year CVD
risk among Omani type 2 diabetics, which is important when planning clinical
management of these patients. Also, it may be utilised by health planners to
estimate future projections of CVD burden among Omani diabetics. However,
to further assess the generalisability of the model to a wider population,
validation studies in different regions of Oman, as well in neighbouring Gulf
countries, are required. Moreover, comparison studies in which the
performance of the present model can be compared to existing tools, such as
the WHO/ISH risk prediction charts, are recommended to evaluate the value

of the present model.

The application of this model in local healthcare settings in Oman would have
a great impact on public health policies and areas of future research and is
crucial to improving diabetes care in Oman. In this regard, the following

recommendations are addressed.

Developing and monitoring public health programs for CVD prevention
among diabetics

The application of this CVD risk assessment model in local healthcare settings
would aid in the development of public health policies and when planning
public health preventative programs for CVD prevention among diabetics. The
use of this model would enable health planners to estimate current and future
CVD risk and monitor CVD burden over time. In addition, continuous
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monitoring of the prevalence of CVD risk factors and incidence of CVD among
the diabetic population via use of the model is crucial to assess the effects of
preventative measures delivered at both the individual and population levels.
Moreover, implementation of the model would enable physicians to identify
and target high-risk groups for intensified preventative interventions.

Updating clinical management guidelines

Current clinical management guidelines should be revised and updated in
relation to an individual patient’s conditions. For example, the predicted high
risk of an individual can be a useful guide when making clinical decisions
regarding the intensity of preventative interventions, such as specific dietary
advice, intensive physical activity and the timeliness and prescription of
specific drugs to control various risk factors. In this regard, use of the model
may inform preventative management planning. Subsequently, this would
allow future studies to evaluate the impact of the model on patient
management and trends in CVD risk among the Omani type 2 diabetic

population.

Further validation and revision of the CVD model

Use of this model to assess CVD risk and monitor CVD events for existing
and newly registered patients will allow researchers to further validate the
model over time. However, this may periodically require that the model be
revised and updated accordingly. In addition, this will allow researchers to
assess the cost-effectiveness of using the model in clinical settings and to

assess improvements to diabetic patient care.

Directions for future studies

Future studies may consider incorporating scientific measurements of several
lifestyle factors (such as physical inactivity and dietary habits) to develop a
more comprehensive CVD risk assessment model in Oman and in the broader
Arabian Gulf region. In this regard, utilising bioinformatics information from the
existing computerised system may be made possible to incorporate such

factors in the model. Similarly, incorporating non-traditional CVD factors
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excluded in the present model may also be beneficial, if including these
factors would increase the accuracy of CVD prediction and clinical application

of the model.

178



References

10.

11.

12.

Sharma MD, Farmer JA, Garber A. Type 2 diabetes and cardiovascular risk
factors. Curr Med Res Opin. 2011 Nov 1;27(S3):1-5.

Van DS, Beulens JWJ, Der SYT van, Grobbee DE, Nealb B. The global burden
of diabetes and its complications: an emerging pandemic. Eur J Cardiovasc
Prev Rehabil. 2010 May 1;17(1 suppl):s3-8.

Martin-Timon 1. Type 2 diabetes and cardiovascular disease: Have all risk
factors the same strength? World J Diabetes. 2014;5(4):444.

McGill HC, McMahan CA, Gidding SS. Preventing Heart Disease in the 21st
Century Implications of the Pathobiological Determinants of Atherosclerosis in
Youth (PDAY) Study. Circulation. 2008 Mar 4;117(9):1216-27.

Greenland P, Knoll M, Stamler J, et al. MAjor risk factors as antecedents of
fatal and nonfatal coronary heart disease events. JAMA. 2003 Aug
20;290(7):891-7.

Rydén L, Standl E, Bartnik M, Berghe GV den, Betteridge J, Boer M-J de, et
al. Guidelines on diabetes, pre-diabetes, and cardiovascular diseases: executive
summary. Eur Heart J. 2007 Jan 1;28(1):88-136.

Prepared by: British Cardiac Society BHS. JBS 2: Joint British Societies’
guidelines on prevention of cardiovascular disease in clinical practice. Heart.
2005 Dec 1;91(suppl 5):v1-52.

van Dieren S, Beulens JWJ, Kengne AP, Peelen LM, Rutten GEHM,
Woodward M, et al. Prediction models for the risk of cardiovascular disease in
patients with type 2 diabetes: a systematic review. Heart Br Card Soc. 2012
Mar;98(5):360-9.

Chamnan P, Simmons RK, Sharp SJ, Griffin SJ, Wareham NJ. Cardiovascular
risk assessment scores for people with diabetes: a systematic review.
Diabetologia. 2009 Oct;52(10):2001-14.

Lagani V, Koumakis L, Chiarugi F, Lakasing E, Tsamardinos I. A systematic
review of predictive risk models for diabetes complications based on large scale
clinical studies. J Diabetes Complications. 2013 Jul;27(4):407-13.

Coleman RL, Stevens RJ, Retnakaran R, Holman RR. Framingham, SCORE,
and DECODE risk equations do not provide reliable cardiovascular risk
estimates in type 2 diabetes. Diabetes Care. 2007;30(5):1292-1293.

Davis WA, Colagiuri S, Davis TME. Comparison of the Framingham and
United Kingdom Prospective Diabetes Study cardiovascular risk equations in
Australian patients with type 2 diabetes from the Fremantle Diabetes Study.
Med J Aust. 2009 Feb 16;190(4):180-4.

179



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kengne AP, Patel A, Colagiuri S, Heller S, Hamet P, Marre M, et al. The
Framingham and UK Prospective Diabetes Study (UKPDS) risk equations do
not reliably estimate the probability of cardiovascular events in a large
ethnically diverse sample of patients with diabetes: the Action in Diabetes and
Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation
(ADVANCE) Study. Diabetologia. 2010 May;53(5):821-31.

Simmons RK, Coleman RL, Price HC, Holman RR, Khaw K-T, Wareham NJ,
et al. Performance of the UK Prospective Diabetes Study Risk Engine and the
Framingham Risk Equations in Estimating Cardiovascular Disease in the EPIC-
Norfolk Cohort. Diabetes Care. 2009 Apr;32(4):708-13.

Asfour MG, Lambourne A, Soliman A, Al-Behlani S, Al-Asfoor D, Bold A, et
al. High prevalence of diabetes mellitus and impaired glucose tolerance in the
Sultanate of Oman: results of the 1991 national survey. Diabet Med J Br Diabet
Assoc. 1995 Dec;12(12):1122-5.

Asfour MG, Samantray SK, Dua A, King H. Diabetes mellitus in the sultanate
of Oman. Diabet Med J Br Diabet Assoc. 1991 Jan;8(1):76-80.

Al-Lawati JA, Al Riyami AM, Mohammed AJ, Jousilahti P. Increasing
prevalence of diabetes mellitus in Oman. Diabet Med J Br Diabet Assoc. 2002
Nov;19(11):954-7.

Al Riyami A, Elaty MA, Morsi M, Al Kharusi H, Al Shukaily W, Jaju S. Oman
world health survey: Part 1—Methodology, sociodemographic profile and
epidemiology of non-communicable diseases in Oman. Oman Med J.
2012;27(5):425-43.

Directorate General of Planning-Ministry of Health. Annual Health Report
2005. Oman: Ministry of Health; 2006.

Pieris RR, Al-Sabti HA, Al-Abri QSA, Rizvi SGA. Prevalence Pattern of Risk
Factors for Coronary Artery Disease among Patients Presenting for Coronary
Artery Bypass Grafting in Oman. Oman Med J. 2014 May;29(3):203-7.

Mabry RM, Winkler EA, Reeves MM, Eakin EG, Owen N. Correlates of
Omani adults’ physical inactivity and sitting time. Public Health Nutr. 2013
Jan;16(01):65-72.

Directorate of Research & Studies, Ministry of Health. World Health Survey,
Oman, 2008. [Internet]. Oman: Ministry of Health; 2008. Available from:
www.moh.gov.om/ en/reports/WHSSurvey2008(1).pdf

Liau SY, Izham MIM, Hassali MA, Shafie AA. A literature review of the
cardiovascular risk-assessment tools: applicability among Asian population.
Heart Asia. 2010 Jan 1;2(1):15-8.

Al-Lawati JA, Barakat MN, Al-Lawati NA, Al-Maskari MY, Elsayed MK,
Mikhailidis DP, et al. Cardiovascular Risk Assessment in Diabetes Mellitus
Comparison of the General Framingham Risk Profile Versus the World Health

180



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Organization/International Society of Hypertension Risk Prediction Charts in
Arabs—Clinical Implications. Angiology. 2013 Jul 1;64(5):336-42.

American Diabetes Association. Diagnosis and Classification of Diabetes
Mellitus. Diabetes Care. 2013 Jan 1;36(Supplement_1):S67-74.

American Diabetes Association. Standards of Medical Care in Diabetes--2013.
Diabetes Care. 2013 Jan 1;36(Supplement_1):S11-66.

Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of Diabetes and
Diabetes-Related Complications. Phys Ther. 2008 Nov;88(11):1254-64.

Tabak AG, Jokela M, Akbaraly TN, Brunner EJ, Kivimaki M, Witte DR.
Trajectories of glycaemia, insulin sensitivity, and insulin secretion before
diagnosis of type 2 diabetes: an analysis from the Whitehall 11 study. Lancet.
2009 Jun 27;373(9682):2215-21.

Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of
pathogenesis and therapy. The Lancet. 2005 Apr 15;365(9467):1333-46.

Pathogenesis of type 2 diabetes mellitus [Internet]. [cited 2014 Sep 14].
Available from: http://www.uptodate.com/contents/pathogenesis-of-type-2-
diabetes-mellitus?source=see_link

Billings LK, Florez JC. The genetics of type 2 diabetes: what have we learned
from GWAS? Ann N Y Acad Sci. 2010 Nov;1212:59-77.

Astrup A, Finer N. Redefining type 2 diabetes: “diabesity” or “obesity
dependent diabetes mellitus”? Obes Rev Off J Int Assoc Study Obes. 2000
Oct;1(2):57-9.

Herder C, Roden M. Genetics of type 2 diabetes: pathophysiologic and clinical
relevance. Eur J Clin Invest. 2011 Jun;41(6):679-92.

Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type
2 diabetes: a systematic review. Diabetes Care. 2002 Oct;25(10):1862-8.

Suda K, Fukuoka H, Iguchi G, Hirota Y, Nishizawa H, Bando H, et al. The
prevalence of acromegaly in hospitalized patients with type 2 diabetes. Endocr
J. 2014 Oct 4;

Perros P, McCrimmon RJ, Shaw G, Frier BM. Frequency of thyroid
dysfunction in diabetic patients: value of annual screening. Diabet Med J Br
Diabet Assoc. 1995 Jul;12(7):622—7.

Catargi B, Rigalleau V, Poussin A, Ronci-Chaix N, Bex V, Vergnot V, et al.
Occult Cushing’s syndrome in type-2 diabetes. J Clin Endocrinol Metab. 2003
Dec;88(12):5808-13.

Wilansky DL, Shochat G. Commentary: steroid induced diabetes. Diabetes
Metab Res Rev. 2014 Feb 1;30(2):103-103.

181



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Zillich AJ, Garg J, Basu S, Bakris GL, Carter BL. Thiazide diuretics,
potassium, and the development of diabetes: a quantitative review.
Hypertension. 2006 Aug;48(2):219-24.

Izzedine H, Launay-Vacher V, Deybach C, Bourry E, Barrou B, Deray G.
Drug-induced diabetes mellitus. Expert Opin Drug Saf. 2005 Nov;4(6):1097—
1009.

Luther T. Clark. Cardiovascular Disease and Diabetes: An Epidemiologic
Overview. In: Cardiovascular diseases and diabetes. 1st ed. USA: McGraw-Hill
Professional Publishing; 2007. p. 635.

International Diabetes Federation. IDF Diabetes Atlas, 7th Edition [Internet].
IDF Diabetes Atlas. 2015 [cited 2016 Oct 25]. Available from:
http://www.diabetesatlas.org

Prevalence estimates of diabetes mellitus (DM), 2010 - MENA [Internet].
International Diabetes Federation. [cited 2014 Dec 25]. Available from:
http://www.idf.org/content/mena-data

Prevalence estimates of diabetes mellitus (DM), 2010 - SACA [Internet].
International Diabetes Federation. [cited 2015 Feb 12]. Available from:
http://www.idf.org/content/saca

Prevalence estimates of diabetes mellitus (DM), 2010 - SEA [Internet].
International Diabetes Federation. [cited 2015 Feb 12]. Available from:
http://www.idf.org/content/sea-data

WHO | Global status report on noncommunicable diseases 2014 [Internet].
WHO. [cited 2016 Oct 26]. Available from:
http://www.who.int/nmh/publications/ncd-status-report-2014/en/

Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes:
estimates for the year 2000 and projections for 2030. Diabetes Care. 2004
May;27(5):1047-53.

User S. IDF diabetes atlas - Across the globe [Internet]. [cited 2016 Nov 29].
Available from: http://www.diabetesatlas.org/across-the-globe.html

Organization WH. Obesity - Preventing and Managing the Global Epidemic :
Report on a WHO Consultation. Geneva: World Health Organization; 2000.

DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syndrome
responsible for NIDDM, obesity, hypertension, dyslipidemia, and
atherosclerotic cardiovascular disease. Diabetes Care. 1991 Mar;14(3):173-94.

Del Prato S, Bonadonna RC, Bonora E, Gulli G, Solini A, Shank M, et al.
Characterization of cellular defects of insulin action in type 2 (non-insulin-
dependent) diabetes mellitus. J Clin Invest. 1993 Feb;91(2):484-94.

182



52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, et al.
Prevalence of obesity, diabetes, and obesity-related health risk factors, 2001.
JAMA. 2003 Jan 1;289(1):76-9.

Nguyen NT, Nguyen X-MT, Lane J, Wang P. Relationship between obesity and
diabetes in a US adult population: findings from the National Health and
Nutrition Examination Survey, 1999-2006. Obes Surg. 2011 Mar;21(3):351-5.

Han TS, Richmond P, Avenell A, Lean ME. Waist circumference reduction and
cardiovascular benefits during weight loss in women. Int J Obes Relat Metab
Disord J Int Assoc Study Obes. 1997 Feb;21(2):127-34.

Zhang X, Gregg EW, Williamson DF, Barker LE, Thomas W, Bullard KM, et
al. A1C level and future risk of diabetes: a systematic review. Diabetes Care.
2010 Jul;33(7):1665-73.

WHO | Global report on diabetes [Internet]. WHO. [cited 2016 Oct 26].
Available from: http://www.who.int/diabetes/global-report/en/

World Health Organization. Global status report on noncommunicable diseases:
2010. Geneva: World Health Organization; 2011.

Hogan P, Dall T, Nikolov P, American Diabetes Association. Economic costs
of diabetes in the US in 2002. Diabetes Care. 2003 Mar;26(3):917-32.

Centers for Disease Control and Prevention. National Diabetes Statistics report,
2014 [Internet]. Diabetes Public Health Resources. [cited 2014 Oct 1].
Available from: http://www.cdc.gov/diabetes/pubs/estimates14.htm

Australian Institute of Health and Welfare, 2013. Diabetes expenditure in
Australia 2008 — 09 . [Internet]. Canberra: AIHW; Available from:
http://www.aihw.gov.au/publication-detail/?id=60129543925

WHO/IDF consultation. WHO | Definition and diagnosis of diabetes mellitus
and intermediate hyperglycaemia [Internet]. Switzerland: WHO; 2006 [cited
2014 Oct 6] p. 46. Available from:
http://www.who.int/diabetes/publications/diagnosis_diabetes2006/en/

Umpierrez GE, Murphy MB, Kitabchi AE. Diabetic Ketoacidosis and
Hyperglycemic Hyperosmolar Syndrome. Diabetes Spectr. 2002 Jan
1;15(1):28-36.

Barry J. Goldstein, Dirt Muller-Wieland J. Type 2 Diabetes: Principles and
Practice [Internet]. Informa Healthcare; 2007 [cited 2014 Oct 29]. 608 p.
Available from:
http://informahealthcare.com.libraryproxy.griffith.edu.au/doi/book/10.3109/978
0849379581

Organization WH, others. Use of glycated haemoglobin (HbALc) in diagnosis

of diabetes mellitus: abbreviated report of a WHO consultation. 2011 [cited
2014 Nov 15]; Available from: http://apps.who.int/iris/handle/10665/70523

183



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Luther T. Clark, Roman Royzman, Samy |. McFarlane. Cardiovascular Disease
in People with Diabetes: Future Outlook. In: Cardiovascular diseases and
diabetes. 1st ed. USA: McGraw-Hill Professional Publishing; 2007. p. 635.

Klein S, Sheard NF, Pi-Sunyer X, Daly A, Wylie-Rosett J, Kulkarni K, et al.
Weight management through lifestyle modification for the prevention and
management of type 2 diabetes: rationale and strategies: a statement of the
American Diabetes Association, the North American Association for the Study
of Obesity, and the American Society for Clinical Nutrition. Diabetes Care.
2004 Aug;27(8):2067-73.

WHO | Facts and figures about diabetes [Internet]. WHO. [cited 2014 Oct 28].
Available from: http://www.who.int/diabetes/facts/en/

Pappachan JM, Chacko EC, Arunagirinathan G, Sriraman R. Management of
hypertension and diabetes in obesity: non-pharmacological measures. Int J
Hypertens. 2011;2011:398065.

Khemayanto H, Shi B. Role of Mediterranean diet in prevention and
management of type 2 diabetes. Chin Med J (Engl). 2014;127(20):3651-6.

Huang J-H, Cheng F-C, Tsai L-C, Lee N-Y, Lu Y-F. Appropriate physical
activity and dietary intake achieve optimal metabolic control in older type 2
diabetes patients. J Diabetes Investig. 2014 Jul;5(4):418-27.

Type 2 diabetes | Guidance and guidelines | NICE [Internet]. [cited 2015 Jan 6].
Available from: https://www.nice.org.uk/guidance/cg87

International Diabetes Federation. IDF Diabetes Atlas, 6th Edition [Internet].
International Diabetes Federation. 2013 [cited 2015 May 20]. Available from:
http://www.idf.org/diabetesatlas

Lawes CM, Hoorn SV, Rodgers A. Global burden of blood-pressure-related
disease, 2001. The Lancet. 2008;371(9623):1513-8.

Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek CJ, et al.
National, regional, and global trends in fasting plasma glucose and diabetes
prevalence since 1980: systematic analysis of health examination surveys and
epidemiological studies with 370 country-years and 2-7 million participants.
The Lancet. 2011 Jul;378(9785):31-40.

Al-Daghri NM, Al-Attas OS, Alokail MS, Alkharfy KM, Yousef M, Sabico SL,
et al. Diabetes mellitus type 2 and other chronic non-communicable diseases in
the central region, Saudi Arabia (riyadh cohort 2): a decade of an epidemic.
BMC Med. 2011 Jun 20;9(1):76.

Al Khalaf MM, Eid MM, Najjar HA, Alhajry KM, Doi SA, Thalib L. Screening
for diabetes in Kuwait and evaluation of risk scores. East Mediterr Health J Rev
Santé Méditerranée Orient Al-Majallah Al-Sihhiyah Li-Sharq Al-Mutawassit.
2010 Jul;16(7):725-31.

184



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Bener A, Zirie M, Janahi IM, Al-Hamag AOAA, Musallam M, Wareham NJ.
Prevalence of diagnosed and undiagnosed diabetes mellitus and its risk factors
in a population-based study of Qatar. Diabetes Res Clin Pract. 2009 Apr
1;84(1):99-106.

Hajat C, Harrison O, Al Siksek Z. Weqaya: a population-wide cardiovascular
screening program in Abu Dhabi, United Arab Emirates. Am J Public Health.
2012 May;102(5):909-14.

Ajlouni K, Khader YS, Batieha A, Ajlouni H, EI-Khateeb M. An increase in
prevalence of diabetes mellitus in Jordan over 10 years. J Diabetes
Complications. 2008 Sep 1;22(5):317-24.

Hirbli KI, Jambeine MA, Slim HB, Barakat WM, Habis RJ, Francis ZM.
Prevalence of Diabetes in Greater Beirut. Diabetes Care. 2005 May
1;28(5):1262-1262.

Esteghamati A, Gouya MM, Abbasi M, Delavari A, Alikhani S, Alaedini F, et
al. Prevalence of diabetes and impaired fasting glucose in the adult population
of Iran: National Survey of Risk Factors for Non-Communicable Diseases of
Iran. Diabetes Care. 2008 Jan;31(1):96-8.

Moussa MAA, Alsaeid M, Abdella N, Refai TMK, Al-Sheikh N, Gomez JE.
Prevalence of Type 2 Diabetes Mellitus among Kuwaiti Children and
Adolescents. Med Princ Pract. 2008;17(4):270-5.

Directorate General of Planning-Ministry of Health. Annual Health Report
2013. Oman: Ministry of Health; 2014.

National Center For Statistics & Information. Statistical Year Book 2014
[Internet]. Oman: National Center For Statistics & Information; 2014.
Available from:
http://www.ncsi.gov.om/NCSI_website/N_Search_En.aspx?zoom_sort=0&z00
m_xml=0&zoom_query=population

Al-Lawati JA, Mabry R, Mohammed AJ. Addressing the Threat of Chronic
Diseases in Oman. Prev Chronic Dis [Internet]. 2008 Jun 15 [cited 2014 Oct
13];5(3). Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2483565/

Al-Moosa S, Allin S, Jemiai N, Al-Lawati J, Mossialos E. Diabetes and
urbanization in the Omani population: An analysis of national survey data.
Popul Health Metr. 2006;4.

World Health, Organization; The world health report 1997: conquering
suffering, enriching humanity. Geneva; 1997.

Directorate General of Planning-Ministry of Health. Anual Health Report 2015.
Oman: Ministry of Health; 2016.

Directorate General of Planning-Ministry of Health. Annual Health Reports
2008- 2015. Oman; 2009 2016.

185



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Al-shafaee MA, Bhargava K, Al-farsi YM, Mcilvenny S, Al-mandhari A, Al-
adawi S, et al. Prevalence of pre-diabetes and associated risk factors in an adult
Omani population. Int J Diabetes Dev Ctries. 2011 Sep;31(3):166—73.

Al-Riyami AA, Afifi M. Distribution and correlates of total impaired fasting
glucose in Oman. East Mediterr Health J Rev Santé Méditerranée Orient Al-
Majallah Al-Sihhiyah Li-Sharg Al-Mutawassit. 2003 May;9(3):377-89.

Fowler MJ. Microvascular and macrovascular complications of diabetes. Clin
Diabetes. 2008;26(2):77-82.

Fonseca V. Oxford American Endocrinology Library : Diabetes : Improving
Patient Care [Internet]. Cary, NC, USA: Oxford University Press, USA; 2010
[cited 2014 Oct 12]. Available from:
http://site.ebrary.com/lib/alltitles/docDetail.action?docID=10614399

Kannel WB, McGee DL. Diabetes and cardiovascular disease. The
Framingham study. JAMA J Am Med Assoc. 1979 May 11;241(19):2035-8.

Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from
coronary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardial infarction. N Engl J Med. 1998 Jul
23;339(4):229-34.

Lehto S, Ronnemaa T, Pyorala K, Laakso M. Predictors of stroke in middle-
aged patients with non-insulin-dependent diabetes. Stroke J Cereb Circ. 1996
Jan;27(1):63-8.

Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis:
epidemiology, pathophysiology, and management. JAMA. 2002 May
15;287(19):2570-81.

Boyle PJ. Diabetes mellitus and macrovascular disease: mechanisms and
mediators. Am J Med. 2007 Sep;120(9 Suppl 2):S12-17.

Almdal T, Scharling H, Jensen JS, Vestergaard H. The independent effect of
type 2 diabetes mellitus on ischemic heart disease, stroke, and death: a
population-based study of 13,000 men and women with 20 years of follow-up.
Arch Intern Med. 2004 Jul 12;164(13):1422-6.

WHO | Estimates for 2000-2012 [Internet]. WHO. [cited 2014 Nov 3].
Available from:
http://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html

Elley CR, Robinson E, Kenealy T, Bramley D, Drury PL. Derivation and
Validation of a New Cardiovascular Risk Score for People With Type 2
Diabetes The New Zealand Diabetes Cohort Study. Diabetes Care. 2010 Jun
1;33(6):1347-52.

Davis WA, Knuiman MW, Davis TME. An Australian cardiovascular risk
equation for type 2 diabetes: the Fremantle Diabetes Study. Intern Med J.
2010;40(4):286-92.

186



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Yang X, So W-Y, Kong APS, Ma RCW, Ko GTC, Ho C-S, et al. Development
and validation of a total coronary heart disease risk score in type 2 diabetes
mellitus. Am J Cardiol. 2008 Mar 1;101(5):596-601.

Laing SP, Swerdlow AJ, Slater SD, Burden AC, Morris A, Waugh NR, et al.
Mortality from heart disease in a cohort of 23,000 patients with insulin-treated
diabetes. Diabetologia. 2003 Jun;46(6):760-5.

Paterson AD, Rutledge BN, Cleary PA, Lachin JM, Crow RS, Diabetes Control
and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Research Group. The effect of intensive diabetes treatment on
resting heart rate in type 1 diabetes: the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications study.
Diabetes Care. 2007 Aug;30(8):2107-12.

Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al.
Heart Disease and Stroke Statistics—2014 Update A Report From the
American Heart Association. Circulation. 2013 Dec
18;01.c¢ir.0000441139.02102.80.

Nichols GA, Brown JB. The Impact of Cardiovascular Disease on Medical
Care Costs in Subjects With and Without Type 2 Diabetes. Diabetes Care. 2002
Mar 1;25(3):482—6.

Cassar A, Holmes DR, Rihal CS, Gersh BJ. Chronic Coronary Artery Disease:
Diagnosis and Management. Mayo Clin Proc. 2009 Dec;84(12):1130-46.

Wilson JM. Diagnosis and treatment of acquired coronary artery disease in
adults. Postgrad Med J. 2009 Jul 1;85(1005):364-5.

Nicholls SJ, Betteridge J. Managing Cardiovascular Complications in Diabetes.
Chichester, West Sussex, UK: John Wiley & Sons; 2014.

Alexander CM, Landsman PB, Teutsch SM, Haffner SM. NCEP-defined
metabolic syndrome, diabetes, and prevalence of coronary heart disease among
NHANES Il participants age 50 years and older. Diabetes. 2003
May;52(5):1210-4.

Malmberg K, Yusuf S, Gerstein HC, Brown J, Zhao F, Hunt D, et al. Impact of
diabetes on long-term prognosis in patients with unstable angina and non-Q-
wave myocardial infarction: results of the OASIS (Organization to Assess
Strategies for Ischemic Syndromes) Registry. Circulation. 2000 Aug
29;102(9):1014-9.

Etiology, classification, and epidemiology of stroke [Internet]. [cited 2014 Dec
10]. Available from:
http://www.uptodate.com.proxy.digitallibraryplus.com/contents/etiology-
classification-and-epidemiology-of-
stroke?source=search_result&search=stroke&selectedTitle=3%7E150

187



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ (Buddy), Culebras
A, et al. An Updated Definition of Stroke for the 21st Century A Statement for
Healthcare Professionals From the American Heart Association/American
Stroke Association. Stroke. 2013 Jul 1;44(7):2064-89.

Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M,
Bennett DA, et al. Global and regional burden of first-ever ischaemic and
haemorrhagic stroke during 1990-2010: findings from the Global Burden of
Disease Study 2010. Lancet Glob Health. 2013 Nov;1(5):e259-281.

Diabetes Data - IDF Diabetes Atlas 4th Edition [Internet]. International
Diabetes Federation. 2009 [cited 2014 Nov 17]. Available from:
http://www.idf.org/media/press-materials/diabetes-data

Scott JF, Robinson GM, French JM, O’Connell JE, Alberti KG, Gray CS.
Prevalence of admission hyperglycaemia across clinical subtypes of acute
stroke. Lancet. 1999 Jan 30;353(9150):376-7.

Friedlander AH, Maeder LA. The prevalence of calcified carotid artery
atheromas on the panoramic radiographs of patients with type 2 diabetes
mellitus. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2000
Apr;89(4):420-4.

Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors,
and 12-yr cardiovascular mortality for men screened in the Multiple Risk
Factor Intervention Trial. Diabetes Care. 1993 Feb;16(2):434—44.

Sander D, Sander K, Poppert H. Review: Stroke in type 2 diabetes. Br J
Diabetes Vasc Dis. 2008 Sep 1;8(5):222-9.

Hewitt J, Castilla Guerra L, Fernandez-Moreno M del C, Sierra C. Diabetes and
Stroke Prevention: A Review. Stroke Res Treat [Internet]. 2012 [cited 2014
Nov 7];2012. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3543806/

Hirsch AT, Haskal ZJ, Hertzer NR, Bakal CW, Creager MA, Halperin JL, et al.
ACC/AHA 2005 Practice Guidelines for the management of patients with
peripheral arterial disease (lower extremity, renal, mesenteric, and abdominal
aortic): a collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery, Society for Cardiovascular Angiography
and Interventions, Society for Vascular Medicine and Biology, Society of
Interventional Radiology, and the ACC/AHA Task Force on Practice
Guidelines (Writing Committee to Develop Guidelines for the Management of
Patients With Peripheral Arterial Disease): endorsed by the American
Association of Cardiovascular and Pulmonary Rehabilitation; National Heart,
Lung, and Blood Institute; Society for Vascular Nursing; TransAtlantic Inter-
Society Consensus; and Vascular Disease Foundation. Circulation. 2006 Mar
21;113(11):e463-654.

Katzen BT. Clinical diagnosis and prognosis of acute limb ischemia. Rev
Cardiovasc Med. 2002;3 Suppl 2:S2-6.

188



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

European Stroke Organisation, Tendera M, Aboyans V, Bartelink M-L,
Baumgartner I, Clément D, et al. ESC Guidelines on the diagnosis and
treatment of peripheral artery diseases: Document covering atherosclerotic
disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower
extremity arteries: the Task Force on the Diagnosis and Treatment of Peripheral
Artery Diseases of the European Society of Cardiology (ESC). Eur Heart J.
2011 Nov;32(22):2851-906.

Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, Olin
JW, et al. Peripheral arterial disease detection, awareness, and treatment in
primary care. JAMA. 2001 Sep 19;286(11):1317-24.

Khan NA, Rahim SA, Anand SS, Simel DL, Panju A. Does the clinical
examination predict lower extremity peripheral arterial disease? JAMA. 2006
Feb 1;295(5):536-46.

Weitz JI, Byrne J, Clagett GP, Farkouh ME, Porter JM, Sackett DL, et al.
Diagnosis and treatment of chronic arterial insufficiency of the lower
extremities: a critical review. Circulation. 1996 Dec 1;94(11):3026-49.

Rooke TW, Hirsch AT, Misra S, Sidawy AN, Beckman JA, Findeiss L, et al.
Management of patients with peripheral artery disease (compilation of 2005
and 2011 ACCF/AHA Guideline Recommendations): a report of the American
College of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol. 2013 Apr 9;61(14):1555-70.

Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral arterial
disease in the United States: results from the National Health and Nutrition
Examination Survey, 1999-2000. Circulation. 2004 Aug 10;110(6):738-43.

Corriere M, Rooparinesingh N, Kalyani RR. Epidemiology of diabetes and
diabetes complications in the elderly: an emerging public health burden. Curr
Diab Rep. 2013 Dec;13(6):805-13.

WHO | Noncommunicable diseases country profiles 2011 [Internet]. WHO.
[cited 2015 Jan 6]. Available from:
http://www.who.int/nmh/publications/ncd_profiles2011/en/

Al-Lawati J, Sulaiman K, Panduranga P. The Epidemiology of Acute Coronary
Syndrome in Oman. Sultan Qaboos Univ Med J. 2013 Feb;13(1):43-50.

Efficacy of atenolol and captopril in reducing risk of macrovascular and
microvascular complications in type 2 diabetes: UKPDS 39. UK Prospective
Diabetes Study Group. BMJ. 1998 Sep 12;317(7160):713-20.

Tight blood pressure control and risk of macrovascular and microvascular
complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study
Group. BMJ. 1998 Sep 12;317(7160):703-13.

Lindholm LH, Ibsen H, Dahlof B, Devereux RB, Beevers G, de Faire U, et al.
Cardiovascular morbidity and mortality in patients with diabetes in the

189



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Losartan Intervention For Endpoint reduction in hypertension study (LIFE): a
randomised trial against atenolol. Lancet. 2002 Mar 23;359(9311):1004-10.

American Diabetes Association. Management of Dyslipidemia in Adults With
Diabetes. Diabetes Care. 2003 Jan 1;26(suppl 1):s83-6.

Grundy SM, Benjamin 1J, Burke GL, Chait A, Eckel RH, Howard BV, et al.
Diabetes and Cardiovascular Disease : A Statement for Healthcare
Professionals From the American Heart Association. Circulation. 1999 Sep
7;100(10):1134-46.

Hammoud T, Tanguay J-F, Bourassa MG. Management of coronary artery
disease: therapeutic options in patients with diabetes. J Am Coll Cardiol. 2000
Aug 1;36(2):355-65.

Zhang PY. Cardiovascular disease in diabetes. Eur Rev Med Pharmacol Sci.
2014;18(15):2205-2214.

Conget I, Giménez M. Glucose Control and Cardiovascular Disease Is it
important? No. Diabetes Care. 2009 Nov 1;32(suppl 2):S334-6.

Kengne AP, Patel A, Marre M, Travert F, Lievre M, Zoungas S, et al.
Contemporary model for cardiovascular risk prediction in people with type 2
diabetes. Eur J Cardiovasc Prev Rehabil. 2011 Jun 1;18(3):393-8.

Folsom AR, Chambless LE, Duncan BB, Gilbert AC, Pankow JS. Prediction of
Coronary Heart Disease in Middle-Aged Adults With Diabetes. Diabetes Care.
2003 Oct 1;26(10):2777-84.

Smith-Palmer J, Bae JP, Boye KS, Perez-Nieves M, Valentine WJ. PCV30 -
Traditional And Non-Traditional Risk Factors For Cardiovascular Disease In
Type 2 Diabetes: Systematic Review Of Longitudinal Studies. Value Health.
2014 Nov;17(7):A478.

Donnan PT, Donnelly L, New JP, Morris AD. Derivation and Validation of a
Prediction Score for Major Coronary Heart Disease Events in a U.K. Type 2
Diabetic Population. Diabetes Care. 2006 Jun 1;29(6):1231-6.

Cederholm J, Eeg-Olofsson K, Eliasson B, Zethelius B, Nilsson PM,
Gudbjornsdottir S, et al. Risk Prediction of Cardiovascular Disease in Type 2
Diabetes: A risk equation from the Swedish National Diabetes Register.
Diabetes Care. 2008 Jun 12;31(10):2038-43.

Stevens RJ, Kothari V, Adler Al, Stratton IM, Holman RR, Group UKPDS
(UKPDS), et al. The UKPDS risk engine: a model for the risk of coronary heart
disease in Type Il diabetes (UKPDS 56). Clin Sci. 2001;101(6):671-679.

Wilson PWF, Bozeman SR, Burton TM, Hoaglin DC, Ben-Joseph R, Pashos

CL. Prediction of first events of coronary heart disease and stroke with
consideration of adiposity. Circulation. 2008 Jul 8;118(2):124-30.

190



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of
potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet. 2004 Sep
11;364(9438):937-52.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al.
2013 AHA/ACC/TOS Guideline for the Management of Overweight and
Obesity in Adults A Report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines and The Obesity Society.
Circulation. 2014 Jun 24;129(25 suppl 2):S102-38.

Mogensen CE. New treatment guidelines for a patient with diabetes and
hypertension. J Hypertens Suppl Off J Int Soc Hypertens. 2003 Mar;21(1):S25-
30.

Holman RR, Paul SK, Bethel MA, Neil HAW, Matthews DR. Long-term
follow-up after tight control of blood pressure in type 2 diabetes. N Engl J Med.
2008 Oct 9;359(15):1565-76.

Scott R, O’Brien R, Fulcher G, Pardy C, D’Emden M, Tse D, et al. Effects of
fenofibrate treatment on cardiovascular disease risk in 9,795 individuals with
type 2 diabetes and various components of the metabolic syndrome: the
Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study.
Diabetes Care. 2009 Mar;32(3):493-8.

Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, W Neil HA,
Livingstone SJ, et al. Primary prevention of cardiovascular disease with
atorvastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study
(CARDS): multicentre randomised placebo-controlled trial. The Lancet. 2004
Aug 27;364(9435):685-96.

Heart Protection Study Collaborative Group. MRC/BHF Heart Protection Study
of cholesterol lowering with simvastatin in 20,536 high-risk individuals: a
randomised placebo-controlled trial. Lancet. 2002 Jul 6;360(9326):7-22.

ACCORD Study Group, Ginsberg HN, Elam MB, Lovato LC, Crouse JR,
Leiter LA, et al. Effects of combination lipid therapy in type 2 diabetes
mellitus. N Engl J Med. 2010 Apr 29;362(17):1563-74.

Chen XY, Thomas GN, Chen YK, Chan JCN, Wong KS. Atherosclerotic
vascular disease rather than metabolic syndrome predicts ischemic stroke in
diabetic patients. Cerebrovasc Dis Basel Switz. 2010;30(4):374-9.

Scott R, Donoghoe M, Watts GF, O’Brien R, Pardy C, Taskinen M-R, et al.
Impact of metabolic syndrome and its components on cardiovascular disease
event rates in 4900 patients with type 2 diabetes assigned to placebo in the field
randomised trial. Cardiovasc Diabetol. 2011 Nov 21;10(1):102.

Albu JB, Lu J, Mooradian AD, Krone RJ, Nesto RW, Porter MH, et al.
Relationships of obesity and fat distribution with atherothrombotic risk factors:

191



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

baseline results from the Bypass Angioplasty Revascularization Investigation 2
Diabetes (BARI 2D) trial. Obes Silver Spring Md. 2010 May;18(5):1046-54.

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult
Treatment Panel 111). JAMA. 2001 May 16;285(19):2486-97.

Reilly MP, Rader DJ. The metabolic syndrome: more than the sum of its parts?
Circulation. 2003 Sep 30;108(13):1546-51.

Gami AS, Witt BJ, Howard DE, Erwin PJ, Gami LA, Somers VK, et al.
Metabolic Syndrome and Risk of Incident Cardiovascular Events and Death: A
Systematic Review and Meta-Analysis of Longitudinal Studies. J Am Coll
Cardiol. 2007 Jan 30;49(4):403-14.

Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, et al. The
Metabolic Syndrome and Cardiovascular Risk: A Systematic Review and Meta-
Analysis. J Am Coll Cardiol. 2010 Sep 28;56(14):1113-32.

Selvin E, Marinopoulos S, Berkenblit G, Rami T, Brancati FL, Powe NR, et al.
Meta-analysis: glycosylated hemoglobin and cardiovascular disease in diabetes
mellitus. Ann Intern Med. 2004 Sep 21;141(6):421-31.

Khaw K-T, Wareham N, Bingham S, Luben R, Welch A, Day N. Association
of hemoglobin Alc with cardiovascular disease and mortality in adults: the
European prospective investigation into cancer in Norfolk. Ann Intern Med.
2004 Sep 21;141(6):413-20.

Riddle MC, Ambrosius WT, Brillon DJ, Buse JB, Byington RP, Cohen RM, et
al. Epidemiologic Relationships Between A1C and All-Cause Mortality During
a Median 3.4-Year Follow-up of Glycemic Treatment in the ACCORD Trial.
Diabetes Care. 2010 May 1;33(5):983-90.

World Health Organization. Global recommendations on physical activity for
health. Geneva, Switzerland: World Health Organization; 2010.

Prasad DS, Das BC. Physical inactivity: a cardiovascular risk factor. Indian J
Med Sci. 2009 Jan;63(1):33-42.

Lengfelder W. [Physical inactivity: a modifiable risk factor in primary
prevention?]. Med Klin Munich Ger 1983. 2001 Nov 15;96(11):661-9.

Gregg EW, Gerzoff RB, Caspersen CJ, Williamson DF, Narayan KMV.
Relationship of walking to mortality among US adults with diabetes. Arch
Intern Med. 2003 Jun 23;163(12):1440-7.

Hu FB, Stampfer MJ, Solomon C, Liu S, Colditz GA, Speizer FE, et al.
Physical activity and risk for cardiovascular events in diabetic women. Ann
Intern Med. 2001 Jan 16;134(2):96-105.

192



171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Chudyk A, Petrella RJ. Effects of exercise on cardiovascular risk factors in type
2 diabetes: a meta-analysis. Diabetes Care. 2011 May;34(5):1228-37.

Madsbad S, McNair P, Christensen MS, Christiansen C, Faber OK, Binder C,
et al. Influence of smoking on insulin requirement and metbolic status in
diabetes mellitus. Diabetes Care. 1980 Feb;3(1):41-3.

Bott U, Jorgens V, Grisser M, Bender R, Muhlhauser I, Berger M. Predictors
of glycaemic control in type 1 diabetic patients after participation in an
intensified treatment and teaching programme. Diabet Med J Br Diabet Assoc.
1994 May;11(4):362—71.

Morrish NJ, Stevens LK, Fuller JH, Jarrett RJ, Keen H. Risk factors for
macrovascular disease in diabetes mellitus: the London follow-up to the WHO
Multinational Study of Vascular Disease in Diabetics. Diabetologia. 1991
Aug;34(8):590-4.

Al-Delaimy WK, Willett WC, Manson JE, Speizer FE, Hu FB. Smoking and
mortality among women with type 2 diabetes: The Nurses’ Health Study
cohort. Diabetes Care. 2001 Dec;24(12):2043-8.

Chaturvedi N, Stevens L, Fuller JH. Which features of smoking determine
mortality risk in former cigarette smokers with diabetes? The World Health
Organization Multinational Study Group. Diabetes Care. 1997
Aug;20(8):1266-72.

D’Agostino RB, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro JM, et
al. General cardiovascular risk profile for use in primary care: the Framingham
Heart Study. Circulation. 2008 Feb 12;117(6):743-53.

Kappert K, Bohm M, Schmieder R, Schumacher H, Teo K, Yusuf S, et al.
Impact of sex on cardiovascular outcome in patients at high cardiovascular risk:
analysis of the Telmisartan Randomized Assessment Study in ACE-Intolerant
Subjects With Cardiovascular Disease (TRANSCEND) and the Ongoing
Telmisartan Alone and in Combination With Ramipril Global End Point Trial
(ONTARGET). Circulation. 2012 Aug 21;126(8):934-41.

Hippisley-Cox J, Coupland C, Robson J, Brindle P. Derivation, validation, and
evaluation of a new QRISK model to estimate lifetime risk of cardiovascular
disease: cohort study using QResearch database. BMJ. 2010 Dec 9;341(dec09
1):c6624—6624.

Hippisley-Cox J, Coupland C, Vinogradova Y, Robson J, Minhas R, Sheikh A,
et al. Predicting cardiovascular risk in England and Wales: prospective
derivation and validation of QRISK2. BMJ. 2008 Jun 26;336(7659):1475-82.

Wu'Y, Liu X, Li X, Li Y, Zhao L, Chen Z, et al. Estimation of 10-Year Risk of
Fatal and Nonfatal Ischemic Cardiovascular Diseases in Chinese Adults.
Circulation. 2006 Nov 21;114(21):2217-25.

193



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Assmann G, Schulte H, Cullen P, Seedorf U. Assessing risk of myocardial
infarction and stroke: new data from the Prospective Cardiovascular Minster
(PROCAM) study. Eur J Clin Invest. 2007 Dec;37(12):925-32.

Ruggenenti P, Porrini E, Motterlini N, Perna A, llieva AP, lliev IP, et al.
Measurable Urinary Albumin Predicts Cardiovascular Risk among
Normoalbuminuric Patients with Type 2 Diabetes. J Am Soc Nephrol JASN.
2012 Sep 28;23(10):1717-24.

Wang Y, Katzmarzyk PT, Horswell R, Zhao W, Johnson J, Hu G. Kidney
Function and the Risk of Cardiovascular Disease in Patients with Type 2
Diabetes. Kidney Int. 2014 May;85(5):1192-9.

Afkarian M, Sachs MC, Kestenbaum B, Hirsch IB, Tuttle KR, Himmelfarb J, et
al. Kidney disease and increased mortality risk in type 2 diabetes. J Am Soc
Nephrol JASN. 2013 Feb;24(2):302-8.

Gimeno-Orna JA, Molinero-Herguedas E, Sanchez-Vafio R, Lou-Arnal LM,
Boned-Juliani B, Castro-Alonso FJ. Microalbuminuria presents the same
vascular risk as overt CVD in type 2 diabetes. Diabetes Res Clin Pract. 2006
Oct;74(1):103-9.

Scheuner MT, Setodji CM, Pankow JS, Blumenthal RS, Keeler E. Relation of
familial patterns of coronary heart disease, stroke, and diabetes to subclinical
atherosclerosis: The Multi-Ethnic Study of Atherosclerosis. Genet Med Off J
Am Coll Med Genet. 2008 Dec;10(12):879-87.

Woodward M, Brindle P, Tunstall-Pedoe H. Adding social deprivation and
family history to cardiovascular risk assessment: the ASSIGN score from the
Scottish Heart Health Extended Cohort (SHHEC). Heart. 2007 Feb
1,93(2):172-6.

Schumacher MC, Hunt SC, Williams RR. Interactions between diabetes and
family history of coronary heart disease and other risk factors for coronary
heart disease among adults with diabetes in Utah. Epidemiol Camb Mass. 1990
Jul;1(4):298-304.

Balagopal P (Babu), Ferranti SD de, Cook S, Daniels SR, Gidding SS, Hayman
LL, et al. Nontraditional Risk Factors and Biomarkers for Cardiovascular
Disease: Mechanistic, Research, and Clinical Considerations for Youth A
Scientific Statement From the American Heart Association. Circulation. 2011
Jun 14;123(23):2749-69.

He M, Dam RM van, Rimm E, Hu FB, Qi L. Whole-Grain, Cereal Fiber, Bran,
and Germ Intake and the Risks of All-Cause and Cardiovascular Disease—
Specific Mortality Among Women With Type 2 Diabetes Mellitus. Circulation.
2010 May 25;121(20):2162-8.

Li TY, Brennan AM, Wedick NM, Mantzoros C, Rifai N, Hu FB. Regular
consumption of nuts is associated with a lower risk of cardiovascular disease in
women with type 2 diabetes. J Nutr. 2009 Jul;139(7):1333-8.

194



193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Batty GD, Li Q, Czernichow S, Neal B, Zoungas S, Huxley R, et al. Erectile
dysfunction and later cardiovascular disease in men with type 2 diabetes:
prospective cohort study based on the ADVANCE (Action in Diabetes and
Vascular Disease: Preterax and Diamicron Modified-Release Controlled
Evaluation) trial. J Am Coll Cardiol. 2010 Nov 30;56(23):1908-13.

Gazzaruso C, Giordanetti S, De Amici E, Bertone G, Falcone C, Geroldi D, et
al. Relationship between erectile dysfunction and silent myocardial ischemia in
apparently uncomplicated type 2 diabetic patients. Circulation. 2004 Jul
6;110(1):22-6.

Cheung N, Wang JJ, Klein R, Couper DJ, Sharrett AR, Wong TY. Diabetic
Retinopathy and the Risk of Coronary Heart Disease The Atherosclerosis Risk
in Communities Study. Diabetes Care. 2007 Jul 1;30(7):1742-6.

Fonseca V, Desouza C, Asnani S, Jialal I. Nontraditional Risk Factors for
Cardiovascular Disease in Diabetes. Endocr Rev. 2004 Feb 1;25(1):153-75.

Ganguly SS, Al-Shafaee MA, Al-Maniri AA. Some Risk Factors for Coronary
Heart Disease among Omani Males: A matched case-control study. Sultan
Qaboos Univ Med J. 2008;8(1):45.

Al-Lawati JA, Mohammed AJ, Al-Hinai HQ, Jousilahti P. Prevalence of the
metabolic syndrome among Omani adults. Diabetes Care. 2003
Jun;26(6):1781-5.

Al Riyami AA, Afifi M. Smoking in Oman: prevalence and characteristics of
smokers. East Mediterr Health J. 2004;10(4-5):600-9.

Al-Lawati JA, Barakat MN, Al-Zakwani I, Elsayed MK, Al-Maskari M, Al-
Lawati NM, et al. Control of Risk Factors for Cardiovascular Disease Among
Adults with Previously Diagnosed Type 2 Diabetes Mellitus: A Descriptive
Study from a Middle Eastern Arab Population. Open Cardiovasc Med J.
2012;6:133.

Abdulhakeem Hamood Habib Alrawahi. Prevalence and Risk Factors of
diabetic Nephropathy in Omani Type 2 diabetics in Al-Dakhiliyah Region- A
thesis submitted in partial fulfillment of the requirement for the Degree of
Master of Science in Biomedical Sciences, Major: Epidemiology and Medical
Statistics. Oman: college of Medicine and Health Sciences-Sultan Qaboos
University; 2011.

Al-Lawati JA, Barakat MN, Al-Maskari M, Elsayed MK, Al-Lawati AM,
Mohammed AJ. HbA1lc Levels among Primary Healthcare Patients with Type 2
Diabetes Mellitus in Oman. Oman Med J. 2012 Nov;27(6):465-70.

Alrawahi AH, Rizvi SGA, Al-Riyami D, Al-Angoodi Z. Prevalence and Risk

Factors of Diabetic Nephropathy in Omani Type 2 Diabetics in Al-Dakhiliyah
Region. Oman Med J. 2012 May;27(3):212-6.

195



204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

Al-Futaisi A, Al-Zakwani I, Almahrezi A, Al-Hajri R, Al-Hashmi L, Al-Muniri
A, et al. Prevalence and predictors of microalbuminuria in patients with type 2

diabetes mellitus: a cross-sectional observational study in Oman. Diabetes Res

Clin Pract. 2006 May;72(2):212-5.

Moons KGM, Kengne AP, Woodward M, Royston P, Vergouwe Y, Altman
DG, et al. Risk prediction models: 1. Development, internal validation, and
assessing the incremental value of a new (bio)marker. Heart Br Card Soc. 2012
May;98(9):683-90.

Jackson R. Cardiovascular risk prediction: are we there yet? Heart Lond. 2008
Jan;94(1):1.

Chia YC. Review of tools of cardiovascular disease risk stratification:
interpretation, customisation and application in clinical practice. Singapore
Med J. 2011;52(2):116-123.

Echouffo-Tcheugui JB, Kengne AP. On the importance of global
cardiovascular risk assessment in people with type 2 diabetes. Prim Care
Diabetes. 2013 Jul;7(2):95-102.

Preiss D, Seshasai S, Welsh P, et al. Risk of incident diabetes with intensive-
dose compared with moderate-dose statin therapy: A meta-analysis. JAMA.
2011 Jun 22;305(24):2556-64.

Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJM, et al.
Statins and risk of incident diabetes: a collaborative meta-analysis of
randomised statin trials. Lancet. 2010 Feb 27;375(9716):735-42.

Culver AL, Ockene IS, Balasubramanian R, et al. STatin use and risk of

diabetes mellitus in postmenopausal women in the women’s health initiative.
Arch Intern Med. 2012 Jan 23;172(2):144-52.

Belch J, MacCuish A, Campbell I, Cobbe S, Taylor R, Prescott R, et al. The
prevention of progression of arterial disease and diabetes (POPADAD) trial:
factorial randomised placebo controlled trial of aspirin and antioxidants in
patients with diabetes and asymptomatic peripheral arterial disease. BMJ
[Internet]. 2008 [cited 2014 Nov 3];337. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2658865/

Aspirin effects on mortality and morbidity in patients with diabetes mellitus.
Early Treatment Diabetic Retinopathy Study report 14. ETDRS Investigators.
JAMA. 1992 Sep 9;268(10):1292-300.

Ogawa H, Nakayama M, Morimoto T, et al. Low-dose aspirin for primary
prevention of atherosclerotic events in patients with type 2 diabetes: A
randomized controlled trial. JAMA. 2008 Nov 12;300(18):2134-41.

Association AD. 8. Cardiovascular Disease and Risk Management. Diabetes
Care. 2015 Jan 1;38(Supplement 1):S49-57.

196



216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Gede P, Vedel P, Larsen N, Jensen GV, Parving H-H, Pedersen O.
Multifactorial intervention and cardiovascular disease in patients with type 2
diabetes. N Engl J Med. 2003 Jan 30;348(5):383-93.

Gede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a
Multifactorial Intervention on Mortality in Type 2 Diabetes. N Engl J Med.
2008 Feb 7;358(6):580-91.

Siontis GCM, Tzoulaki I, Siontis KC, loannidis JPA. Comparisons of
established risk prediction models for cardiovascular disease: systematic
review. BMJ. 2012 May 24;344(may24 1):e3318-e3318.

Pellegrini E, Maurantonio M, Giannico IM, Simonini MS, Ganazzi D, Carulli
L, et al. Risk for cardiovascular events in an Italian population of patients with
type 2 diabetes. Nutr Metab Cardiovasc Dis NMCD. 2011 Nov;21(11):885-92.

Game FL, Jones AF. Coronary heart disease risk assessment in diabetes
mellitus--a comparison of PROCAM and Framingham risk assessment
functions. Diabet Med J Br Diabet Assoc. 2001 May;18(5):355-9.

Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel
WB. Prediction of coronary heart disease using risk factor categories.
Circulation. 1998 May 12;97(18):1837-47.

Mendis S, Lindholm LH, Mancia G, Whitworth J, Alderman M, Lim S, et al.
World Health Organization (WHO) and International Society of Hypertension
(ISH) risk prediction charts: assessment of cardiovascular risk for prevention
and control of cardiovascular disease in low and middle-income countries. J
Hypertens August 2007. 2007;25(8):1578-82.

Arima H, Yonemoto K, Doi Y, Ninomiya T, Hata J, Tanizaki Y, et al.
Development and validation of a cardiovascular risk prediction model for
Japanese: the Hisayama study. Hypertens Res. 2009 Sep 18;32(12):1119-22.

Cooney MT, Dudina AL, Graham IM. Value and Limitations of Existing
Scores for the Assessment of Cardiovascular Risk. J Am Coll Cardiol. 2009
Sep;54(14):1209-27.

Using Nontraditional Risk Factors in Coronary Heart Disease Risk Assessment:
U.S. Preventive Services Task Force Recommendation Statement. Ann Intern
Med. 2009 Oct 6;151(7):474-82.

Echouffo-Tcheugui J-B, Kengne AP. Comparative performance of diabetes-
specific and general population-based cardiovascular risk assessment models in
people with diabetes mellitus. Diabetes Metab. 2013 Oct;39(5):389-96.

Robinson T, Elley CR, Wells S, Robinson E, Kenealy T, Pylypchuk R, et al.
New Zealand Diabetes Cohort Study cardiovascular risk score for people with
Type 2 diabetes: validation in the PREDICT cohort. J Prim Health Care.
2012;4(3):181-8.

197



228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Bannister CA, Poole CD, Jenkins-Jones S, Morgan CL, Elwyn G, Spasi¢ I, et
al. External Validation of the UKPDS Risk Engine in Incident Type 2 Diabetes:
A Need for New Type 2 Diabetes—Specific Risk Equations. Diabetes Care.
2014 Feb 1;37(2):537-45.

Matheny M, McPheeters ML, Glasser A, Mercaldo N, Weaver RB, Jerome RN,
et al. Systematic Review of Cardiovascular Disease Risk Assessment Tools
[Internet]. Rockville (MD): Agency for Healthcare Research and Quality (US);
2011 [cited 2014 Oct 30]. (U.S. Preventive Services Task Force Evidence
Syntheses, formerly Systematic Evidence Reviews). Available from:
http://www.ncbi.nlm.nih.gov/books/NBK56166/

Dr Ahmed AL-Busaidi- Director of the Department of Non-Communicable
Disease Control-Ministry of Health, Oman. An interview on The Use of
Cardiovascular Risk Assessment Tools in Diabetes Clinics in Oman. 2015.

Department of Non-communicable Diseases Surveillance and Control,
Directorate General of Health Affairs-Ministry of Health. Operational and
Management Guidelines for the National Non-Communicable Diseases
Program [Internet]. First edition. Sultanate of Oman: Ministry of Health; 2010.
Available from:
http://www.moh.gov.om/en/reports/Guidelines_Manual_for_the_national NCD
_screening_program.pdf

Al-Lawati J, Morsi M, Al-Riyami A, Mabry R, El-Sayed M, EI-Aty MA, et al.
Trends in the Risk for Cardiovascular Disease among Adults with Diabetes in
Oman. Sultan Qaboos Univ Med J. 2015 Feb;15(1):e39-45.

Tooth L, Ware R, Bain C, Purdie DM, Dobson A. Quality of Reporting of
Observational Longitudinal Research. Am J Epidemiol. 2005 Feb
1;161(3):280-8.

Zapf D, Dormann C, Frese M. Longitudinal studies in organizational stress
research: a review of the literature with reference to methodological issues. J
Occup Health Psychol. 1996 Apr;1(2):145-609.

Section of Non-Communicable Disease Control-Directorate General of Health
Services in ALdakhilyah Governorate-Ministry of Health. Annual Regional
statistics 2010. Oman: Ministry of Health; 2010.

Ministry of Health-Department of Non Communicable Disease Control.
Diabetes Mellitus Management Guidelines. Third edition. Sultanate of Oman:
Ministry of Health; 2015.

Department of Non-communicable Diseases Surveillance and Control,
Directorate General of Health Affairs-Ministry of Health. Diabetes Mellitus
Management Giudelines for Primary Health Care. 2nd edition. Sultanate of
Oman: Ministry of Health; 2003.

Wayne W. Daniel. Biostatistics, A Foundation for Analysis in the Health
Sciences. 8th ed. Hoboken, NJ : Wiley; 2005.

198



239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-Rodriguez M,
Gale CP, et al. Type 2 diabetes and incidence of cardiovascular diseases: a
cohort study in 1- 9 million people. Lancet Diabetes Endocrinol [Internet].
2014 [cited 2015 Apr 16]; Available from:
http://www.sciencedirect.com/science/article/pii/S2213858714702190

Vittinghoff E, McCulloch CE. Relaxing the Rule of Ten Events per Variable in
Logistic and Cox Regression. Am J Epidemiol. 2007 Mar 15;165(6):710-8.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE, et
al. ACC/AHA 2007 guidelines for the management of patients with unstable
angina/non-ST-Elevation myocardial infarction: a report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 2002 Guidelines for the
Management of Patients With Unstable Angina/Non-ST-Elevation Myocardial
Infarction) developed in collaboration with the American College of
Emergency Physicians, the Society for Cardiovascular Angiography and
Interventions, and the Society of Thoracic Surgeons endorsed by the American
Association of Cardiovascular and Pulmonary Rehabilitation and the Society
for Academic Emergency Medicine. J Am Coll Cardiol. 2007 Aug
14:50(7):e1-157.

Bradburn MJ, Clark TG, Love SB, Altman DG. Survival Analysis Part II:
Multivariate data analysis — an introduction to concepts and methods. Br J
Cancer. 2003 Aug 4;89(3):431-6.

Klein JP, Rizzo JD, Zhang MJ, Keiding N. Statistical methods for the analysis
and presentation of the results of bone marrow transplants. Part 2: Regression
modeling. Bone Marrow Transplant. 2001 Dec;28(11):1001-11.

Chamnan P, Simmons RK, Sharp S, Wareham NJ, Griffin SJ, Hori H, etal. A
simple risk score using routine data for predicting cardiovascular disease in
primary care. Br J Gen Pract. 2010 Aug 1;60(577):e327-34.

Goh LGH, Welborn TA, Dhaliwal SS. Independent external validation of
cardiovascular disease mortality in women utilising Framingham and SCORE
risk models: a mortality follow-up study. BMC Womens Health [Internet].
2014 Sep 26 [cited 2017 Feb 18];14. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4181599/

Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, Obuchowski N, et
al. Assessing the performance of prediction models: a framework for traditional
and novel measures. Epidemiol Camb Mass. 2010 Jan;21(1):128-38.

Eusebi P. Diagnostic Accuracy Measures. Cerebrovasc Dis. 2013 Nov
13;36(4):267-72.

Simundi¢ A-M. Measures of Diagnostic Accuracy: Basic Definitions. EJIFCC.
2009 Jan 20;19(4):203-11.

199



249.

250.

251.

252.

253.

254.

Roberts P, Priest H, Traynor M. Reliability and validity in research. Nurs
Stand. 2006 Jul 12;20(44):41-5.

Bajpai S, Bajpai R. Goodness of measurement: reliability and validity. Int J
Med Sci Public Health. 2014 Feb;3(2):112+.

Meigs JB. Epidemiology of Type 2 Diabetes and Cardiovascular Disease:
Translation From Population to Prevention. Diabetes Care. 2010
Aug;33(8):1865-71.

DevelopingCountries | of M (US) C on P the GE of CDM the C in, Fuster V,
Kelly BB. Epidemiology of Cardiovascular Disease [Internet]. National
Academies Press (US); 2010 [cited 2016 Dec 19]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK45688/

Green C, Hoppa RD, Young TK, Blanchard JF. Geographic analysis of diabetes
prevalence in an urban area. Soc Sci Med 1982. 2003 Aug;57(3):551-60.

Al-Rawahi A, Lee P. Applicability of the Existing CVD Risk Assessment Tools
to Type Il Diabetics in Oman: A Review. Oman Med J. 2015 Sep;30(5):315-9.

200



APPENDICES

201



Appendix A

Permission from the publisher to include the two
published articles in this thesis

B et aabl.,
1 E JEWN R TIPSR |

SULTANATE OF OMAN
OMAN MEDICAL SPECIALTY BOARD

AAIZKIAL]

Felrruary 2, 20017

Dr. Abdul Hekeem Al-REamahi
School of Medicine

GrifTith University
Quecensland, Auvstralla

Re: Including Fublished Artickes in PhI) Thesis

Tlear T, Ahdul Flakeem,

A per your request, Oiman hfedical Journal has no objectien to include your articles thae was
publishcd in Shwearn Med F in your Pht thesis. Below arc the ardcles pormined o be included
in your thesis;

1. Tithe: Applicability of the Existing CWVD Risk Assesnment Taals o Type 1T Tiaheles
I Oiman: A Review
Auwthors: Abdul Elakeem Al-Eowahi, Paricia Lee
Yalume: 30
Iszme: 3
Fapes: 313-319
DOL; 10.500 ] 'omf 2015.65
PRIk 26421110
PROCID: PhCA5TEIRI

2. Title: Cardiovascular Disease Incidance and Risk Factor Patterns among Chnanis with
Type 2 Diabetes: A Retoospective Cohort Stoady
Authors: Abdul Hakeem Al-Fawahi, Patricia Lee, Faher A M. Al Angondi, Ahmed
Al Busaidi, 3duny Al Rabaani, Faisal Al Mahroogi. Ahmed 34, Al Busaidi
Pagos: in press
DO 1OLS00 ] farmi 201 7.20

Fermission was granied by:

Mame: Dr. (brehim Al-Zakwani
Title: Editor-inChiel

Journal: Owan Medical Jauwmal
Publisher: Oman Medical Spectalty Boand
Sigoatore: e~

Date: Fabruary 2, 2017

B L T o A L - LT ISR B LR [ | SUPRY- N p— L sy [P EAR P
FA) Dox: 1248 Postal Code 130 - Al-Azpiba - Sullanste of Cmen - Telo: +P68 24181000 - Fax: +¥6E 24141196
E-muil: inFodromsh.org

202



Appendix B

Data collection sheet

Cardiovascular Risk assessment among Omani Type 2
Diabetics

Note: included subjects must be:

- Free of CHD, Stroke and Peripheral arterial disease at baseline (2009-
2010).

- All data related to risk factors (part 2) to be gathered at baseline.

- Data related to CVD outcome (part 3) to be traced from baseline to
December 2015.

PART 1: Socio-demographics

-Health Institution..............oo ...

-File number ................. - Diabetes register NO:..........ccooevvininennn,
-Gender: 1-Male 2-Female
-Date of birth: .............. Lo [iciiiiiiiinn, (Day/month/year)

PART 2: Baseline Risk Factors (i)

-Date of diagnosis of type 2 DM............ [oiiiiinn.. [eiiiinn..
(Day/month/year)

-Date of baseline check-up in 2009-2010: ..........ccovenenenns (Month) / 20...
(Month/year)

-At baseline: WT.................... -HT (orBMI....coiiiie,
-Smoking at baseline: 1-Non-smoker 2-Current smoker

3-Ex- smoker

-Patient has first degree family history of: (can tick more than one)
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1- CHD 2-Stroke 3-Periphral vascular disease 4-No family H.

-HTN at baseline 1-Yes 2-No

-Average 3 BP readings at baseline SBP.................... DBP...........ol
-Total Cholesterol level............. ... LDL............. HDL................ TG...........
-HbAlc.........coe.il.

-Confirmed Micro-macro albuminuria: 1-present 2-abcent

PART 3: End point events

-Till time of data collection (December 2015) or till death, the patient
developed the following: (tick the first developed outcome & put date of
diagnosis):

-Non fatal coronary heart disease  1-Yes 2-No => date if yes
............. [ S
- Fatal coronary heart disease 1-Yes 2-No => date if yes
............. [ S
-Non- fatal stroke 1-Yes 2-No  =>date if yes
............ T S
-Fatal stroke 1-Yes 2-No => date if yes
............ T S
- PAD 1-Yes 2-No => date if yes
............. U S
- Death due to non-CVD causes  1-Yes 2-No => date if yes
............. T S

-Non- of above
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