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Abstract 
Background 

Type 2 diabetes mellitus (T2DM) is highly prevalent in Saudi Arabia. A large proportion of the affected people 

have poor blood glucose control, diabetes comorbidities and complications, and poor quality of life. The effect 

of lifestyle and other factors on glycaemic control and their association with diabetes comorbidities, 

complications and poor quality of life has not been adequately explored in existing literature for the Saudi 

population with T2DM. 

 

Aims 

This project has five main objectives: 1) to examine factors related to glycaemic control; 2) to explore factors 

correlated to diabetes complications; 3) to develop a risk scoring system to predict diabetes complications; 4) 

to explore the issues of obesity, hypertension, and dyslipidaemia as comorbidities of diabetes; and 5) to assess 

the health-related quality of life and its associated factors for people with T2DM in Saudi Arabia. 

 

Methods 

A survey was conducted among adults with T2DM attending diabetes centres in three regions in Saudi Arabia. 

Participants were interviewed face-to-face, their anthropometrics were measured in a standardised way, and 

their medical records were reviewed for lab test results, prescribed medications, and documented diagnosis of 

diabetes comorbidities and complications. Univariate and multiple linear and logistic regression analysis and 

bootstrapping methods were used for data analysis. 

 

Results 

A sample of 1121 participants was recruited. The mean age was 57.6 ±11.1 years, 65.2% of the participants 

were females, and 75.9% of the participants had inadequate glycaemic control (haemoglobin A1c ≥7%). The 

modifiable risk factors for inadequate control were a low intake of fruits and vegetables, physical inactivity, 

lack of knowledge about target haemoglobin A1c, high waist-hip ratio, and low adherence to medication. 

The prevalence of coronary artery disease was 17.0%; diabetic foot, 13.1%; stroke, 3.7%; neuropathy, 20.3%; 

renal impairment, 14.5%; and retinopathy was 42.8%. Lifestyle and modifiable factors associated with one or 

more of these complications were physical inactivity, longer sitting time, obesity, smoking, hypertension, poor 

glycaemic control, and dyslipidaemia. 

Six to ten of the following variables appeared as significant in each of the six risk scoring tools developed for 

type 2 diabetes related complications: age ≥60 years, gender, low education level, obesity, physical inactivity, 

long sitting time, smoking, long duration of diabetes, insulin use, low adherence to treatment, family history 

of diabetes, haemoglobin A1c ≥9%, hypertension, and dyslipidaemia. The area under the receiver operating 

characteristic curves ranged from 71.2% to 80.5%, and slope calibration ranged from 93.7% to 99.3%.  

The prevalence of obesity, hypertension, and dyslipidaemia was 62.5%, 70.0% and 70.7%, respectively. The 

modifiable risk factors of these comorbidities include physical inactivity, longer sitting time, body mass index 

≥30 Kg/m², and the use of insulin. Age, gender, lower education level, low income, renal impairment, and 

longer diabetes duration were the other associated factors. Obesity, hypertension, and dyslipidaemia 

substantially increased the risk of cardiovascular complications especially when they coexisted. 

 

The mean utility index of the quality of life was 0.739 ±0.261 (0.795 ±0.197 for males and 0.709 ±0.285 for 

females), which dropped to 0.566 ±0.339 in the presence of micro- and macro-vascular complications. Among 
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the study participants, 51.0% had problems with mobility, 12.3% with self-care, and 30.5% with usual activity, 

while 51.6% had problems with pain-discomfort and 45.8% with anxiety-depression. Factors associated with 

poor health-related quality of life were lower education level, physical inactivity, longer sitting time, anxiety, 

depression, and diabetes complications.  

  

Conclusion   

Inadequate glycaemic control, diabetes comorbidities, and complications are highly prevalent among people 

with type 2 diabetes in Saudi Arabia. The overall health-related quality of life is low, especially among those 

who have diabetes complications. Eating healthy food, reducing sitting time, increasing exercise, maintaining 

normal body weight, and avoiding smoking will give people better control of their diabetes. A healthy lifestyle 

should reduce the risk of diabetes related comorbidities and complications and improve the quality of life. The 

developed risk scoring tools for diabetes related complications will help healthcare providers to raise the 

awareness of people with type 2 diabetes about their risk, and to identify people at high risk. 
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Introduction and Research Aims 
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1.1 Introduction 
 

1.1.1 Diabetes Mellitus 

Insulin, which is a hormone secreted from the beta cells of the pancreas, is one of the most important 

hormones responsible for controlling the glucose levels in the blood stream. Diabetes Mellitus is a 

serious chronic disease that occurs when the body cannot produce a sufficient amount of insulin, or 

cannot use insulin effectively, which results in high blood glucose levels (1). Symptoms of diabetes 

include increased thirst, frequent urination, hunger, fatigue and blurred vision. However, many people 

have no symptoms at the time of diagnosis. The chronically elevated glucose in the bloodstream 

(hyperglycaemia) can damage many of the body’s organs, resulting in disabling and life-threatening 

diabetes-related complications. Early diagnosis and effective treatment can prevent or delay these 

complications. 

 

The three main types of diabetes are type 1, type 2, and gestational diabetes (GDM). Type 1 diabetes is 

caused by autoimmune destruction of the beta cells of the pancreas, resulting in insulin deficiency. The 

etiology of the autoimmune destruction of the beta cells is not completely understood, but genetic 

susceptibility and environmental factors are thought to play a role (2, 3). Type 1 diabetes usually occurs 

before adulthood, and the affected person needs insulin to maintain normal blood glucose levels.  

 

When elevated blood glucose levels are first detected during pregnancy, it is classified as gestational 

diabetes. This type of diabetes occurs when hormones produced by the placenta reduce the 

responsiveness of the body to the action of insulin. If this is not treated, high blood glucose in pregnancy 

can cause a variety of adverse pregnancy outcomes. In addition, half of the women who have gestational 

diabetes will develop type 2 diabetes within five to ten years, and babies born to women with gestational 

diabetes have a higher risk of developing type 2 diabetes (1). Gestational diabetes is treated by diet, 

exercise, and insulin. 

 

Type 2 diabetes mellitus (T2DM) is the most common type, accounting for 90% of all the cases of 

diabetes (1). T2DM usually begins with a reduction in the responsiveness of the body’s cells to the 

action of insulin (insulin resistance), resulting in a high blood glucose levels. The pancreas responds to 

the elevated blood glucose by increasing the secretion of insulin. However, over time, the insulin 

production decreases and many patients require externally administered insulin. Lifestyle factors, 

including sedentary lifestyle, unhealthy eating habits, and obesity, are key risk factors for T2DM (4, 5), 

and this type of diabetes can be prevented by eating a healthy diet, regular physical activity, and the 

maintenance of normal body weight (6). 

 

1.1.2 The prevalence of diabetes globally and in the Middle East 

Diabetes mellitus is one of the most common chronic noncommunicable diseases in the world (7, 8). In 

2017, it was estimated that 451 million adults had diabetes worldwide, with a prevalence of 8.8% (9). 

According to the International Diabetes Federation, North America and the Caribbean had the highest 

prevalence of diabetes (11.1%) followed by the Middle East and North Africa (10.8%) (1) where there 

were an estimated 38.7 million adults with this disease, of whom over 49% were undiagnosed (1). It 

was predicted that the number of people with diabetes in these regions would reach 82 million by 2045 

(1).  

  

1.1.3 The risk of Diabetes related complications 

Long-term abnormally high glucose levels in the blood stream place people with diabetes at high risk 

of developing diabetes complications (10). Diabetes complications can be classified as micro- or macro-

vascular. The main macrovascular complications are coronary artery disease, cerebrovascular disease 

(stroke), and peripheral vascular disease; they are due to damage to the large blood vessels. The main 

microvascular complications, which occur due to damage to the small vessels, include diabetes 



3 

 

retinopathy, nephropathy (renal disease) and neuropathy. People with diabetes have a two to four times 

higher risk of developing macrovascular complications and a 10 to 20 times higher risk of developing 

microvascular complications than people without diabetes (10). Apart from the micro- and macro-

vascular complications, diabetes is also linked to cataracts, liver disease, sleep apnoea, anxiety, 

depression, and cancer (11, 12). It is possible to prevent or delay diabetes complications by ensuring 

good control of blood glucose, blood lipids, and blood pressure. 

 

1.1.4 The importance of good glycaemic control for diabetes 

It is well established that elevated blood glucose levels increase the risk of diabetes complications and 

mortality among people with diabetes (13, 14). Intensive glycaemic control, on the other hand, 

substantially lowers this risk (15, 16). Therefore, the corner stone of the management of diabetes is to 

maintain blood glucose levels within, or close to, a normal range (17). This is achieved by adequate 

adherence to medication administration, as well as lifestyle modification, including healthy eating, 

regular physical activity, and maintaining a healthy body weight. 

Diabetes medications can be divided into insulin or noninsulin. Insulin is the main treatment for those 

with type 1 diabetes; it is also frequently prescribed for people with T2DM and gestational diabetes. 

Currently, there are many types of insulin in use, and these are categorised according to the time period 

of action (18). Various noninsulin medications are available at present. Their mechanisms of action 

include increasing sensitivity to insulin, increasing secretion of insulin from the pancreas, decreasing 

glucose absorption from the intestine, or blocking the reuptake of glucose in the renal tubules.  

Glycated haemoglobin or haemoglobin A1c (HbA1c) is the preferred test to monitor the level of 

glycaemic control. Compared to fasting and random blood glucose tests that measure the glucose level 

over a very short period of time, HbA1c measures glycaemic control over a number of weeks (17). For 

a person with diabetes, it is highly recommended to maintain HbA1c below 7%, with a more relaxed 

cut-off for older people with comorbidities and complications (17).     

 

1.1.5 Obesity, hypertension and dyslipidaemia among people with diabetes 

People with diabetes are at increased risk of developing diabetes complications and mortality. This risk 

increases further when a person with diabetes has comorbidities, such as obesity, hypertension, and an 

abnormal blood lipid profile (dyslipidaemia). A study reported that among people with T2DM, a 5-unit 

increase in body mass index (BMI) increased the risk of cardiovascular disease and total mortality by 

13% and 27%, respectively (19). Another study showed that people with T2DM and hypertension have 

4.7-fold higher odds of developing cardiovascular disease compared with people with T2DM only (20). 

People with T2DM and dyslipidaemia were also found to have a 1.54-fold and 2.13-fold higher hazard 

ratio for coronary artery disease and stroke, respectively, compared with people with T2DM and no 

dyslipidaemia (21). Unfortunately, people with T2DM are predisposed to have, or acquire, these 

comorbidities. The prevalence of hypertension, obesity, and dyslipidaemia among people with T2DM 

can exceed 75%, 50%, and 75%, respectively (22-24). Preventing or controlling these comorbidities is 

key to reducing the risk of diabetes complications, and has been prioritised in the management of 

diabetes guidelines (17). 

 

1.1.6 Diabetes and the quality of life 

Diabetes and its comorbidities and complications can have a detrimental effect on health and quality of 

life of those affected. Global studies have reported that people with diabetes have a lower quality of life 

compared with people without diabetes (25-27). Among this high-risk population, hyperglycaemia, 

hypoglycaemia, insulin use, and the use of multiple medications were linked to a lower quality of life 
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(28-32). Diabetes complications, however, were found to have the highest impact (25, 28, 29). The main 

aim of the management of diabetes is to control the disease and prevent, or manage, diabetes 

complications such that affected people can have a quality of life similar or close to that of people 

without diabetes. Nevertheless, maintaining good quality of life for people with diabetes is a challenge, 

especially in the long term of the disease.  

 

1.1.7 Diabetes in Saudi Arabia 

Similar to other Arabian Gulf Cooperation Council countries, Saudi Arabia has witnessed enormous 

economic and lifestyle changes over the past few decades. Vast changes in lifestyle, and the rising rate 

of obesity among all age groups, have led to a rapid increase in the prevalence of diabetes in Saudi 

Arabia. Compared with studies conducted in the 1990s that reported Saudi Arabia to have a prevalence 

of diabetes between 5.0% and 10.4% (33-35), studies published after 2000 reported a prevalence of 

between 11.9% and 31.6% (36-40). Furthermore, it is projected that the prevalence of diabetes in the 

country will continue to increase rapidly (41). 

Disease control among people with diabetes in Saudi Arabia is not optimal. Previous studies showed 

that half to two-thirds of people with T2DM in the country had poor glycaemic control (42-44), and the 

prevalence of obesity, hypertension, and dyslipidaemia was high amongst them (45-53). Furthermore, 

the prevalence of diabetes complications is high (50, 54-63), and the quality of life of the affected people 

is low (27, 64). This adds further problems to the heavy burden of diabetes in Saudi Arabia. It is 

estimated that Saudi Arabia spends around 25 billion Saudi Riyals (13.9% of total health expenditure) 

annually for the treatment of people with diabetes and its complications (65, 66). 

Risk factors for poor glycaemic control, diabetes comorbidities, and complications were not adequately 

explored among the Saudi population. The majority of the studies that explored these issues in Saudi 

Arabia were limited to a single centre and had a small sample size, which may have affected the 

reliability and generalisation of their findings. Moreover, these studies have mainly focused on 

traditional demographics and clinical characteristics. International studies, however, reported strong 

associations between lifestyle factors and poor glycaemic control, as well as diabetes comorbidities and 

complications (67-69). The evidence regarding the association between life style factors and glycaemic 

control, diabetes comorbidities and complications is scarce for the Saudi population with diabetes. In 

order to improve glycaemic control and prevent diabetes comorbidities and complications, all important 

risk factors must be identified. Once identified, these risk factors should be the main target in the 

patients’ management plans and national population preventive strategies. 

The high prevalence of diabetes related complications in Saudi Arabia, according to previous studies, 

warrants the use of a risk prediction tool. This tool helps clinicians to identify patients with a high risk 

of diabetes complications and manage them so as to lower their risk. This tool can also be used in 

counselling and education of the patient to raise their awareness of their risk of complications, and its 

use has been recommended in the diabetes management guidelines (70, 71). A risk prediction tool for 

diabetes complications for the Saudi population has not yet been developed. Currently, clinicians in 

Saudi Arabia use the Framingham risk score calculator for predicting coronary artery disease (72), 

which was developed in the United States of America. However, the Framingham risk scoring tool is 

not specific for people with diabetes. A number of diabetes complications risk prediction tools have 

been developed for western and other populations; however, these may not work accurately for the 

Saudi population due to variations in genetic, environmental, and lifestyle factors (73, 74). Therefore, 

a Saudi Arabian T2DM-population-specific tool is preferable to tools developed for other populations. 

The quality of life of people with diabetes in Saudi Arabia is another area that needs further exploration. 

Other than the methodological limitation of the previous studies, risk factors for poor quality of life 

were not explored adequately. The person’s knowledge, beliefs, experiences, and expectations can 

affect their quality of life and influence how other factors affect it. Therefore, factors that affect quality 
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of life may vary between different populations, and it is crucial to identify population-specific factors 

in order to maintain the quality of life for people with diabetes. 

 

1.2 Gaps in the knowledge and study aims 
T2DM is a major public health issue in Saudi Arabia. This chronic disease is highly prevalent in the 

country and a large proportion of the affected people have poor control of the disease, are at high risk 

of diabetes comorbidities and complications, and have a poor quality of life. Potentially important risk 

factors of poor glycaemic control, diabetes comorbidities, complications, and low quality of life were 

not explored adequately for people with diabetes in Saudi Arabia. Thus, the general aim of this study 

was to assess the status of glycaemic control, diabetes comorbidities, complications, and quality of life 

among people with T2DM in Saudi Arabia, and to explore factors related to them with a special focus 

on lifestyle and other modifiable risk factors.  

The specific objectives are as follows: 

1. To measure the prevalence of poor glycaemic control and its correlated factors among people with 

T2DM in Saudi Arabia. 

2. To determine the prevalence of major micro- and macro-vascular complications and their correlates 

among people with T2DM in Saudi Arabia. 

3. To develop risk-prediction tools for major diabetes complications for people with T2DM in Saudi 

Arabia. 

4. To measure the prevalence of obesity, hypertension, and dyslipidaemia, and explore their associated 

factors for people with T2DM in Saudi Arabia. 

5. To assess the health-related quality of life and the factors affecting it among people with T2DM in 

Saudi Arabia. 

In order to achieve these objectives, a multi-centre, cross-sectional survey was conducted to assess 

glycaemic control, diabetes comorbidities, complications, and health-related quality of life among 

people with T2DM in Saudi Arabia. The methodology is described in detail in chapter 3.  

 

1.3 Thesis overview and structure 
Chapter 2 of this thesis describes a systematic review that was conducted to explore factors that affect 

glycaemic control for people with T2DM in the Gulf Cooperation Council Countries. This review 

summarises the results of the available literature with regards to the risk factors of poor glycaemic 

control, and provides recommendation based on those findings. The review also identifies gaps in the 

knowledge that require addressing in future research.  

Chapter 3 of this thesis describes the study protocol to generate the data that was used in chapters 4 to 

7. This chapter also summarises the data analysis methods used in the following chapters.  

Chapter 4 of this thesis assesses the prevalence of poor glycaemic control and its determining factors 

among people with T2DM in Saudi Arabia. The chapter shows the importance of lifestyle factors in 

controlling blood glucose level. 

Chapter 5 of this thesis investigates the prevalence of major macro- and micro-vascular diabetes 

complications and explores their correlated factors. The findings of this chapter highlight the major risk 

factors that should be controlled to lower the risk of diabetes complications among the Saudi population. 

Chapter 5 also describes the development and validation of a risk-scoring system to predict major 

diabetes complications for people with T2DM in Saudi Arabia.  
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Chapter 6 explores the prevalence of diabetes comorbidities, including obesity, hypertension, and 

dyslipidaemia, and their associated factors, for people with T2DM in Saudi Arabia. This chapter also 

explores the individual, as well as the combined, effect of these comorbidities on the risk of 

cardiovascular disease. 

Chapter 7 examines the health-related quality of life of people with T2DM in Saudi Arabia. Factors 

associated with low health-related quality of life are also identified and a number of recommendations 

are made. 

Chapter 8 summarises the findings of this thesis, discusses limitations and gaps in the knowledge, 

and provides a conclusion. 
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1.4 Conference presentation 
Poster presented at the International Diabetes Federation 2017 Congress behold in Abu Dhabi, UAE 

from 8 to 10 December 2017 
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2.1 Introduction 
The Gulf Cooperation Council (GCC) consists of six countries: Bahrain, Kuwait, Oman, Qatar, Saudi 

Arabia, and the United Arab Emirates (UAE). These countries share boundaries and similar climates, 

cultures, and lifestyle. With the discovery of oil, all of the GCC countries have undergone vast economic 

changes that have been accompanied by changes in the lifestyle of people living in these countries. 

Consequently, the prevalence of diabetes, T2DM in particular, has increased rapidly over the past few 

years. Currently, GCC countries are among the countries with the highest prevalence of diabetes in the 

Middle East and worldwide (1). 

The cornerstone of the management of diabetes is maintaining the blood glucose level within or very 

close to the normal ranges. A HbA1c higher than 7% substantially increases the risk of diabetes 

complications and mortality (13, 14). Various factors can affect glycaemic control in a person with 

diabetes and these risk factors vary among different populations. A number of studies have explored 

the status of glycaemic control among people with T2DM in GCC countries. Their results showed that 

65% to 88.8% of people with T2DM have poor glycaemic control (43, 44, 75-81).  

Identifying the risk factors for poor glycaemic control among a specific population is vital. It helps 

clinicians and patients to improve glycaemic control by controlling these risk factors. Knowing these 

risk factors is also essential for the development of strategies to improve glycaemic control at a 

population level. A number of studies concerning GCC countries examined the factors that increase the 

risk of poor glycaemic control. This chapter of this thesis provides a systematic review of patient-related 

factors that affect glycaemic control in people with T2DM in GCC countries. The aim of this systematic 

review was to summarise the available literature to make it more accessible to clinicians and policy 

makers, as well as to identify gaps in the literature and provide guidelines for future research. 

 

2.2 Article: 
Alramadan MJ, Afroz A, Hussain SM, Batais MA, Almigbal TH, Al-Humrani HA, et al. Patient-Related 

Determinants of Glycaemic Control in People with Type 2 Diabetes in the Gulf Cooperation Council 

Countries: A Systematic Review. Journal of Diabetes Research. 2018. 

At: https://www.hindawi.com/journals/jdr/2018/9389265/

https://www.hindawi.com/journals/jdr/2018/9389265/
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2.3 Conference presentation 
Poster presented at the International Diabetes Federation Congress, December 2017, Abu Dhabi, 

UAE. 
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Chapter 3: Research Methodology 
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3.1 Introduction 
This chapter describes the methods that were used to collect data for the following studies:  

• Glycaemic Control for People with Type 2 Diabetes in Saudi Arabia (Chapter 4) 

• Lifestyle Factors and Macro- and Micro-Vascular Complications among People with Type 2 

Diabetes in Saudi Arabia (Chapter 5) 

• Risk Scoring System to Predict Diabetes Macro- and Micro-vascular Complications for 

People with Type 2 Diabetes in Saudi Arabia (Chapter 5) 

• Obesity, Hypertension, and Dyslipidaemia among People with Type 2 Diabetes in Saudi 

Arabia (Chapter 6) 

• Health Related Quality of Life for People with Type 2 Diabetes in Saudi Arabia (Chapter 7) 

After the methodology was published, some changes were made to the objectives of this thesis, as 

well as to the data analysis methods. This chapter describes in detail the data analysis methods used in 

chapters 4 to 7. 

 

3.2 Study design and data collection procedure 
The following published article describes the study design, population, sample, recruitment procedure, 

data collection instrument, and data management. 

 

3.3 Article: 
Alramadan MJ, Afroz A, Batais MA, Almigbal TH, Alhamrani HA, Albaloshi A, et al. A Study 

Protocol to Assess the Determinants of Glycaemic Control, Complications and Health Related Quality 

of Life for People with Type 2 Diabetes in Saudi Arabia. Journal of Health Education Research & 

Development. 2017;5(2):1-6. 

At: https://www.omicsonline.org/open-access/a-study-protocol-to-assess-the-determinants-of-

glycaemic-controlcomplications-and-health-related-quality-of-life-for-people-with-t-2380-5439-

1000219.php?aid=90359

https://www.omicsonline.org/open-access/a-study-protocol-to-assess-the-determinants-of-glycaemic-controlcomplications-and-health-related-quality-of-life-for-people-with-t-2380-5439-1000219.php?aid=90359
https://www.omicsonline.org/open-access/a-study-protocol-to-assess-the-determinants-of-glycaemic-controlcomplications-and-health-related-quality-of-life-for-people-with-t-2380-5439-1000219.php?aid=90359
https://www.omicsonline.org/open-access/a-study-protocol-to-assess-the-determinants-of-glycaemic-controlcomplications-and-health-related-quality-of-life-for-people-with-t-2380-5439-1000219.php?aid=90359
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3.4 Data analysis methods 
 

Stata SE version 15.0 was used for data analysis in chapters 4 to 7. A p-value of 0.05 or less was 

considered as statistically significant. 

3.4.1 Data analysis methods for Chapter 4:  

Factors Associated with Poor Glycaemic Control among People with T2DM in Saudi Arabia 

Here, the outcome was glycaemic control that was based on participants’ HbA1c level. Glycaemic 

control was categorised into controlled (HbA1c < 7%), partially controlled (HbA1c 7% to < 8%), and 

poorly controlled (HbA1C ≥ 8%) (82). A HbA1c cut-off value of ≥ 9% was also used to represent very 

poor control (83). The following were considered as potential risk factors: age, gender, level of 

education, location of residency, region, household income, active smoking, eating habit score, eating 

fruits and vegetables per week, physical activity per week, sitting time per day, diabetes duration, family 

history of diabetes, modality of treatment, adherence to medication, main follow up centre, glucometer 

use, hypoglycaemia, family support with diet, family support with physical activity, knowledge about 

HbA1c, BMI, waist-hip ratio, depression, anxiety, cognitive function, hypertension, dyslipidaemia, and 

macro- and micro-vascular complications. The data was summarised and presented as a mean (± 

standard deviation) for numerical data and a frequency and percentage for categorical data. ANOVA 

and chi-square tests were used to examine univariate associations between the risk factors and the level 

of glycaemic control. The potential risk factors with a p-value of 0.2 in the univariate analysis were 

entered into a multivariable logistic regression with stepwise variable selection (84). In the regression 

analysis, glycaemic control (the dependent factor) was categorised into controlled (HbA1c < 7%) and 

inadequately controlled (HbA1c ≥ 7%). The determinants were also examined for very poor glycaemic 

control (HbA1c ≥ 9%). 

 

3.4.2 Data analysis methods for Chapter 5: 

Macro- and Micro-vascular Complications among People with T2DM in Saudi Arabia 

Part 1: Prevalence and factors related to macro- and micro-vascular diabetes complications 

Macrovascular complications, including CAD, stroke, and diabetic foot, and microvascular 

complications, including retinopathy, neuropathy, and nephropathy, were the study outcomes. CAD 

was defined as the documented diagnosis of CAD, taking medication for CAD, or underwent a 

procedure for CAD. Stroke was defined as the documented diagnosis of an irreversible cerebrovascular 

accident. Diabetic foot was defined as a history of lower extremity ulcers or amputations. Retinopathy 

was defined as the documented diagnosis of retinopathy, or the participant had been told by an 

ophthalmologist that he or she had retinopathy. Diabetes peripheral neuropathy was defined as a score 

of seven or more using the Michigan Neuropathy Screening Instrument (85). Renal impairment was 

defined as estimated glomerular filtration rate ≤ 60 ml/min/1.73m², which was calculated from serum 

creatinine using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (86, 87). 

The data was summarised and presented as a mean (± standard deviation) for the numerical data and a 

frequency and percentage for the categorical data. A T-test or chi-square test was used to examine the 

univariate associations between the potential risk factors and each of the diabetes complications. The 

potential risk factors that were considered in the study were age, gender, level of education, location of 

residency, region, household income, active smoking, passive smoking, physical activity per week, 

sitting time per day, diabetes duration, family history of diabetes, modality of treatment, adherence to 

medication, hypertension, BMI, waist-hip ratio, glycaemic control (based on HbA1c), total cholesterol, 

LDL, HDL, and triglycerides. The risk factors with a p-value of 0.1 in the univariate analysis were 

entered into a multivariable logistic regression analysis with stepwise removal (84). 

https://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-evaluation/glomerular-filtration-rate/estimating#the-ckd-epi-equation


36 

 

 

Part 2: Risk prediction system for diabetes complications 

The outcomes of this chapter were CAD, stroke, diabetic foot, retinopathy, neuropathy, and 

nephropathy. These diabetes complications are defined as in Chapter 5. The risk factors that were 

considered were age, gender, education, smoking, physical activity per week, sitting time per day, 

duration of diabetes, family history of diabetes, treatment modality, adherence to medications, BMI, 

haemoglobin A1c (HbA1c), dyslipidaemia, and hypertension. For each complication as an outcome, the 

remaining complications were also considered as plausible risk factors. Simple logistic regression 

analysis was used to examine the univariate association of individual complications with each of the 

plausible risk factors. Missing data was imputed five times using the chained equation method (88, 89), 

creating five imputed samples. The bootstrap-receiver operating characteristic method (90) was used to 

develop the prediction models. The steps were as follows: 

1. Bootstrap resampling with replacement was used to select 5,000 random samples from each of the 

imputed samples. This resulted in 25,000 bootstrap samples, each the same size as the original 

sample.  

2. In each sample, a multiple logistic regression was run and the variables that appeared as significant 

were identified.  

3. The percentage of times each variable appeared as significant was calculated and then ranked.  

4. Variables were added to the multiple logistic regression model one by one, starting with the most 

to the least selected in the bootstrap analysis. Thus, the first model had only one variable, the second 

model had two variables, and so on. Variables that had a percentage appearance of less than 20% 

were dropped from the model development.  

5. The area under the receiver operating characteristic (ROC) for each model was recorded.  

6. A trade-off between the parsimony of the model and the optimisation of ROC was made in order to 

select the variables for the final prediction model (90).  

7. The selected variables were then entered into multiple mixed-effect logistic regression models in 

order to account for variations in the locations of diabetic centres (Hofuf, Riyadh, and Jeddah). 

8. First order interaction effect and multicollinearity between the risk factors were investigated.  

The calibration of the selected model for each complication was tested using the decile-decile plot. A 

linear regression model was fitted with the deciles of the observed (dependent) and predicted 

(independent) outcomes to measure the amount of variation in the observed outcome explained by its 

predicted value (R²). The model’s discrimination was evaluated using 1,000-fold bootstrap validation, 

where 1,000 random samples were drawn, each of which were 90% the size of the original sample. The 

ROC was calculated for each sample and then averaged. 

 

 

3.4.3 Data analysis methods for Chapter 6: 

Obesity, Hypertension, and Dyslipidaemia among People with Type 2 Diabetes in Saudi Arabia 

BMI was categorised according to the current World Health Organization (WHO) guidelines into 

normal (< 25.0 kg/m²), pre-obesity (25.0 – 29.9 kg/m²), and obesity (class I, II and II ≥ 30.0 kg/m²). 

Hypertension was defined as either the documented diagnosis of hypertension, taking antihypertension 

medications, or three previous high blood pressure measures (systolic ≥ 140 mmHg or diastolic ≥ 90 

mmHg) (82). Dyslipidaemia was defined as taking lipid lower drugs or any of the following: cholesterol > 

4.0 mmol/L, low density lipoprotein lipase (LDL) > 2.0 mmol/L, triglycerides > 2.0 mmol/L, or high 

density lipoprotein lipase (HDL) < 1.0 mmol/L (91). The following were considered as risk factors for 

all of the study’s outcomes: age, gender, level of education, location of residency, region, household 
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income, ever smoked, physical activity per week, sitting time per day, diabetes duration, using insulin, 

and HbA1c ≥7.0%. BMI and high waist/hip ratio were also considered as risk factors for hypertension 

and dyslipidaemia, while renal impairment was considered as a risk factor for hypertension. The data 

was summarised and presented as a frequency and percentage and a chi-square test and a simple logistic 

regression were used to examine the univariate associations between potential risk factors and the 

comorbidities. In the regression analysis, obesity as an outcome was defined as BMI ≥ 30.0 kg/m². 

Missing data was imputed five times using the chained equation method, creating five imputed samples 

(89). Multiple logistic regression with bootstrap resampling with replacement (84, 92) was used to 

identify the factors associated with each of the outcomes. From each imputed sample, 5,000 samples 

each of the same sample size of the original sample were randomly drawn with replacements (a total of 

25,000 samples). Multiple logistic regression was run in each of these samples and the percentage of 

times each variable appeared as a significant predictor in all of the 25,000 samples was calculated. 

Along with age and gender, the variables with the percentage of appearance as a significant predictor 

of 50% and higher were added to a multilevel mixed-effect logistic regression model that accounted for 

regional variation. In addition, the separate and combined effect of obesity, hypertension, and high 

triglycerides combined with low HDL (atherogenic dyslipidaemia) on the risk of cardiovascular 

complications was examined using multilevel mixed-effect logistic regression adjusted for age, gender, 

smoking, and duration of diabetes and accounts for regional variation. 

 

3.4.4 Data analysis methods for Chapter 7: 

Health Related Quality of Life for People with Type 2 Diabetes in Saudi Arabia 

The health-related quality of life (HRQoL) was assessed using the EuroQol 5-Dimension 5-Level (EQ-

5D-5L). The EQ-5D-5L is a generic preference-based health status measuring tool (93). It provides 

information on health status in five dimensions, namely mobility, self-care, usual activities, pain-

discomfort, and anxiety-depression. Each dimension has five possible responses: no problems, slight 

problems, moderate problems, serious problems, and inability or extreme problems. The Visual 

Analogue Scale (VAS) is another part of the EQ-5D instrument in which respondents use a 20-

centimetre VAS to subjectively rate their health status on that day between zero (worst imaginable 

health status) and 100 (best imaginable health state). 

The United Kingdom scoring algorithm was used to convert the scores in the EQ-5D-5L dimensions to 

a single index-based utility score. The original five responses to the EQ-5D-5L dimensions were 

dichotomised to ‘no problems’ and ‘any problems’. The mean and standard deviation or frequency and 

percentages were used to summarise the data and the univariate association between the potential risk 

factors and the EQ-5D dimensions, utility index, and VAS score was assessed using a Chia square, t-

test, or ANOVA. Based on a literature review and clinical judgment age, gender, education, household 

income, location of residence, smoking, physical activity per week, length of sitting time per day, 

duration of diabetes, number of medications, hypoglycaemia events, insulin use, BMI, HbA1c, 

hypertension, diabetes complications, anxiety, depression, and cognitive impairment were identified as 

the potential risk factors for poor HRQoL. Missing data was imputed five times using the Ice Chained 

Equation method (89). 

To identify factors associated with the EQ-5D-5L dimensions, multiple logistic regression with 

bootstrap resampling with replacement was used, while multiple linear regression with bootstrap 

resampling with replacement was used for the utility index and VAS score (84, 92). The steps of the 

multiple regression with bootstrap resampling analysis were as follows: from each of the five imputed 

samples, 5,000 samples each of the same size as the original sample were randomly drawn with 

replacement, a total of 25,000 bootstrap samples were drawn for each of the study outcomes. Multiple 

regression was run for each of the bootstrap samples and variables that appeared as significantly 

associated with each of the outcomes (p-value ≤ 0.05) were recorded. The percentage of times each 
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variable appeared as significant in all of the 25,000 samples was calculated. The variables with a 

percentage of appearance as significant of 50% and higher were added to a multiple (logistic or linear) 

regression model along with age and gender. The adjusted odds ratio or beta coefficient, their 95% 

confidence interval, and the p-values for the risk factors were reported. 

 

3.5 Definition of common risk factors  
• Using the Global Physical Activity Questionnaire (GPAQ) (94), the total number of minutes of 

physical activity per week was categorised into ≥ 150 minutes and < 150 minutes (82). 

• The number of hours spent in sitting position per day were categorized into < 10 hours and ≥ 

10 hours (95). 

• BMI was categorised according to the current World Health Organization guidelines into 

normal (< 25.0 kg/m²), pre-obesity (25.0 – 29.9 kg/m²), and obesity (class I, II and II ≥ 30.0 

kg/m²) 

• High waist-hip ratio was defined as a ratio > 0.96 for men and > 0.98 for women (96).  

• Renal impairment was defined as estimated glomerular filtration rate (eGFR) ≤ 60 

ml/min/1.73m² which was calculated from serum creatinine using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) equation (86) 

• Using the Morisky Medication Adherence questionnaire (97) medication adherence was 

categorized into adequate (a score of zero), and inadequate (a score of  one or more) 

• Based on HbA1c level, glycaemic control was categorised into good control (HbA1c < 7.0%) 

and poor control (HbA1c ≥ 7.0%).  

• High cholesterol was defined as cholesterol > 4.0 mmol/L, high LDL was defined as LDL > 

2.0 mmol/L, and high triglycerides was defined as triglycerides > 2.0 mmol/L, while low HDL 

was defined as HDL < 1.0 mmol/L (91). 

• Hypoglycaemia symptoms last month was defined as any symptoms of mild or severe 

hypoglycaemia including feeling hungry, trembling or shakiness, sweating, confusion, 

difficulty concentrating, and loss of consciousness. 

• Depression was defined as a score of three and more using the Patient Health Questionnaire-2 

(PHQ-2)) (98).  

• Anxiety was defined as a score of three and more using the Generalized Anxiety Disorder Scale 

(GAD-2)) (99). 

• Impaired cognitive function was defined as a score of ≤ 22 in the Rowland Universal Dementia 

Assessment Scale (RUDAS) (100). 

• Macrovascular complications were defined as having one of the following: documented 

diagnosis of stroke (irreversible cerebrovascular accident), documented diagnosis of coronary 

artery disease, taking medication for coronary artery disease, underwent a procedure for 

coronary artery disease, or self-reported lower extremity ulcers or amputations.  

• Microvascular complication was defined as having one of the following: documented diagnosis 

of retinopathy, the participant had been told by an ophthalmologist that he or she had 

retinopathy, a score of seven or more using the Michigan Neuropathy Screening Instrument 

(85). 

  

https://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-evaluation/glomerular-filtration-rate/estimating#the-ckd-epi-equation
https://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-evaluation/glomerular-filtration-rate/estimating#the-ckd-epi-equation
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4.1 Introduction 
Poor control of blood glucose level among people with diabetes is a strong independent risk factor for 

diabetes complications and mortality (13, 14, 101). In contrast, intensive glycaemic control can 

substantially lower the risk of the development and progression of diabetes complications (15, 16). The 

recommended target of HbA1c for adults with no pregnancy is below 7% (17). The current guidelines, 

however, advise that a more stringent goal of below 6.5% should be set for selected individuals, 

including those on lifestyle modifications and metformin only. On the other hand, a less stringent target 

of less than 8% is appropriate for people with limited life expectancy who have had a history of sever 

hypoglycaemia and advanced diabetes complications (17). Many factors can affect glycaemic control. 

These include age, level of education, duration of diabetes, type of medications, adherence to 

medication, and glucometer use, to mention a few.  

Lifestyle factors also have a strong effect on glycaemic control. A healthy diet and regular physical 

activity lower blood glucose level and reduce the risk of cardiovascular disease, which is a leading 

cause of death among patients with T2DM (102-104). The current guidelines recommend the 

consumption of eight to 8-10 servings of fruit and vegetables daily and the performance of at least 150 

minutes of moderate to vigorous intensity physical activity per week (82). 

Recent studies from Saudi Arabia reported that 59.3% to 70.7% of people with T2DM had poor 

glycaemic control (43, 44, 105). However, the risk factors concerning this poor glycaemic control were 

not explored adequately in the current literature. A few studies from Saudi Arabia have focused on 

demographics and clinical risk factors, while lifestyle factors have been given less attention. This 

chapter describes a study that was conducted to examine factors associated with poor glycaemic control 

among people with T2DM in Saudi Arabia with an emphasis on lifestyle and other modifiable factors. 

 

4.2 Article: 
Alramadan MJ, Magliano DJ, Almigbal TH, Batais MA, Afroz A, Alramadhan HJ, et al. Glycaemic 

control for people with type 2 diabetes in Saudi Arabia–an urgent need for a review of management 

plan. BMC endocrine disorders. 2018;18(1):62. 

At: https://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-018-0292-9

https://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-018-0292-9
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5.1 Part 1: Prevalence and factors related to macro- and micro-vascular diabetes 

complications 
 

5.1.1 Introduction 

People with diabetes are at high risk of developing a number of diabetes related complications. Among these 

complications, macro- and micro-vascular complications are a leading cause of morbidity, reduced quality of 

life, and mortality. Diabetes retinopathy is the main cause of loss of vision in working-age adults (1) and diabetic 

nephropathy is a leading cause of renal failure (106). Diabetic foot is a leading cause of lower limb amputation 

(106) and cardiovascular disease is the leading cause of death in people with diabetes (1). 

Lifestyle modifications play an important role in preventing diabetes complications. It is well established that 

regular physical activity improves glycaemic control and lowers blood lipids, blood pressures, and body weight, 

thus indirectly lowering the risk of diabetes complications (107-109). Studies also showed that physical activity 

has a direct effect on lowering the risk of diabetes complications that is independent of its effect on 

cardiovascular disease risk factors (68, 110). This is why all diabetes management guidelines recommend that 

people with diabetes undertake regular physical activity (1, 17).    

According to previous studies from Saudi Arabia, macro- and micro-vascular complications are prevalent in 

people with T2DM in the country (50, 54-63). However, the risk factors of these major diabetes complications 

were not explored adequately and little attention was paid to behavioural lifestyle factors. In this chapter, the 

aim was to reassess the prevalence of diabetes macro- and micro-vascular complications in people with T2DM 

in Saudi Arabia and to explore their correlated factors, including physical inactivity and longer sitting time.  

 

5.1.2 Article: 

Alramadan MJ, Magliano DJ, Alhamrani HA, Alramadan AJ, Alameer SM, Amin GM, et al. Lifestyle factors 

and macro-and micro-vascular complications among people with type 2 diabetes in Saudi Arabia. Diabetes & 

Metabolic Syndrome: Clinical Research & Reviews. 2018;13(1):484-91. 

At: https://www.sciencedirect.com/science/article/pii/S187140211830434X

https://www.sciencedirect.com/science/article/pii/S187140211830434X
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5.1.3 Conference presentation 

Oral presentation at the IDF Diabetes Complications Congress, October 2018, Hyderabad, India. 

https://conference.idf.org/cmPortal/Searchable/DCFC18/config/floorplan#!abstractdetails/0000164980 

 

 

 

  

https://conference.idf.org/cmPortal/Searchable/DCFC18/config/floorplan#!abstractdetails/0000164980
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5.2 Part 2: Risk prediction system for diabetes complications 
 

5.2.1 Introduction 

Current diabetes management guidelines recommend the use of diabetes complications risk scoring tools (70, 

71). These tools can facilitate counselling and the education of people with diabetes about their risk of diabetes 

complications, as well as to identify patients at risk.    

Currently, a number of hospitals in Saudi Arabia are using the Framingham risk equation (111) for people with 

diabetes. The Framingham risk equation is for cardiovascular disease only and does not cover other diabetes 

complications. It also has low sensitivity in people with diabetes who are at increased risk of cardiovascular 

disease (112). Furthermore, the Framingham tool was developed for the American population, which varies 

substantially in regards to genetic, environmental, and lifestyle factors compared to the Saudi Arabian 

population. Thus, the Framingham tool may not predict the risk of complications accurately for the Saudi 

population with diabetes. This is also applicable to the other available risk prediction tools that have been 

developed for European and Asian populations (73, 113-122). 

This chapter describes the development and validation of risk prediction models for major diabetes macro- and 

micro-vascular complications for people with T2DM in Saudi Arabia. The developed risk prediction models 

require easy to obtain information in routine clinical setting and have high accuracy in predicting the risk of 

major diabetes complications.   

 

5.2.2 Article: 

Submitted for publication in the Journal of Diabetes Research and currently under review.
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5.2.3 Conference presentation 

Poster presented at the Alfred Health Week Research Poster Display, June 2019, Melbourne, Australia. 

. 
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6.1 Introduction 
People with diabetes have high risk of diabetes complications when they do not control their blood glucose level 

and have long-standing hyperglycaemia (13, 14). However, hyperglycaemia is not the only factor that increases 

the risk. It is well established that obesity, hypertension, and high blood lipids are risk factors for cardiovascular 

disease in the general population and people with diabetes (20, 45, 123-129). Furthermore, people with diabetes 

are at increased risk of having these comorbidities at the time of diagnosis of diabetes or acquiring them sooner 

or later over the course of diabetes (22-24). The current diabetes management guidelines place heavy emphasis 

on the control of  blood glucose level along with body weight, blood pressure, and blood lipid profile (17). 

Studies from Saudi Arabia showed that people with diabetes have high prevalence of obesity, hypertension, and 

dyslipidaemia (45-53). Little attention, however, was given to identify factors that contribute to these 

comorbidities. To improve the control of these comorbidities and to develop effective preventive strategies, the 

risk factors of these comorbidities must be identified and managed. This chapter explored the factors that are 

associated with obesity, hypertension, and dyslipidaemia among people with T2DM in Saudi Arabia and to 

assess the effect of these comorbidities on the risk of cardiovascular diabetes complications. 

 

6.2 Article: 
Submitted for publication in the Journal of Diabetes and currently under review.
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7.1 Introduction 
Health-related quality of life (HRQoL) is an important tool in evaluating the effect of chronic diseases on the 

quality of life (130). The HRQoL measures the person’s perception of wellbeing, physically and mentally (131). 

This tool can help clinicians and policy makers to understand the burden of chronic diseases and the cost-

effectiveness of health programs and interventions (132).  

Diabetes can have a substantial impact on the quality of life of the affected people. The mere awareness of 

having diabetes was associated with lower HRQoL compared to people without diabetes (133). The HRQoL 

deteriorates further over the long term of the disease, especially when people with diabetes develop diabetes 

comorbidities and complications such as hypertension and micro- and macro-vascular complications (25, 28, 

29). The main aim of the management of diabetes is to control the disease and prevent diabetes complications 

so that people with diabetes can live a normal life similar to those without diabetes. 

The few studies from Saudi Arabia that explored HRQoL showed that people with diabetes in the country have 

low HRQoL (27, 64, 134, 135). These studies, however, had a small sample size and covered a small 

geographical location. In addition, it is difficult to compare these study results as they used different tools to 

assess HRQoL. Furthermore, not all potential factors that affect HRQoL were explored. To maintain or improve 

the HRQoL of people with T2DM in Saudi Arabia, all important factors that affect the HRQoL must be 

investigated. The aim of this chapter was to assess the HRQoL among people with T2DM in Saudi Arabia and 

to explore the effect of various demographic, behavioural, and clinical factors on the quality of life and its 

dimensions.  

  

7.2 Article: 
Submitted for publication in the Quality of Life Research Journal and currently under review.
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8.1 Overview of the main findings 
This thesis has five main objectives: to measure the prevalence of poor glycaemic control and its determinants 

among people with T2DM in Saudi Arabia (chapter 4); to determine the prevalence of major micro- and macro-

vascular complications and their correlates (chapter 5); to develop a risk- scoring system to predict major 

diabetes complications (chapter 5); to measure the prevalence of obesity, hypertension, and dyslipidaemia and 

explore their risk factors (chapter 6); and to assess HRQoL and factors that affect it among people with T2DM 

in Saudi Arabia (chapter 7). The key findings of each chapter are summarised below. 

 

8.1.1 Chapter 4: Factors Associated with poor glycaemic control among people with type 2 

diabetes in Saudi Arabia 

The main objective of the management of diabetes is to maintain blood glucose levels within or close to normal 

ranges. Good control of blood glucose prevents the harmful effect of hyperglycaemia and reduces the risk of 

diabetes complications (13-16, 82). The results in this chapter showed that only 24.1% of the study participants 

had good glycaemic control (HbA1c < 7%), while the majority (75.9%) had inadequate control (HbA1c ≥ 7%). 

Furthermore, 34.1% of the participants had very poor glycaemic control (HbA1c > 9%). Similar findings were 

reported in previous studies from Saudi Arabia (43, 44, 79, 105, 136), and this indicates that inadequate 

glycaemic control is a common problem among people with T2DM in the country. 

In this chapter, we have also identified a number of modifiable lifestyle and other factors that increase the risk 

of inadequate glycaemic control. A large proportion of the study participants did not follow the current 

guidelines on consuming fruit and vegetables on a daily basis and did not achieve the recommended length of 

time of physical activity per week, which increased their risk of inadequate glycaemic control (82). High waist-

hip ratio, which is a factor related to an unhealthy lifestyle, was also independently associated with inadequate 

glycaemic control. High waist-hip ratio is strongly linked to T2DM, poor glycaemic control, and cardiovascular 

disease (137).  

Only 31.9% of the study participants were aware of HbA1c and knew the recommended target (< 7%). Similar 

to previous studies (138, 139), we found that lack of knowledge of HbA1c or lack of awareness of the 

recommended HbA1c target was associated with inadequate glycaemic control. Other risk factors that were 

associated with inadequate glycaemic control were young age, longer duration of diabetes, living in a remote 

location, low household income, low adherence to medication, and use of injectable medications. To improve 

glycaemic control, diabetes management plans should consider these factors. 

 

8.1.2 Chapter 5 Part 1: Prevalence and factors related to macro- and micro-vascular diabetes 

complications 

The aim of this study was to measure the prevalence of diabetes macro- and micro-vascular complications and 

to explore the factors related to them in Saudi Arabia. The prevalence of CAD, diabetic foot, and stroke was 

17.0%, 13.1% and 3.7%, respectively, and that of neuropathy, renal impairment, and retinopathy was 20.3%, 

14.5%, and 42.8%, respectively (140). The prevalence of CAD and stroke in this study was within the reported 

range in high- and middle-income countries (141). Previous studies from Saudi Arabia, which were hospital-

based, reported slightly higher prevalence of these complications (50, 54, 142). Results regarding the prevalence 

of diabetic neuropathy and retinopathy were similar to the findings of previous studies from Saudi Arabia (57, 

58, 61, 63, 143).  

This current study also showed that every hour of sitting per day increased the risk of CAD, stroke, and 

neuropathy by 10%, while less than 150 minutes of physical activity per week increased the risk of diabetic foot 

and retinopathy by 70% and 60% respectively. It is well known that a sedentary lifestyle increases the risk of 
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cardiovascular disease and mortality (67). Smoking was also associated with increased risk of diabetic foot and 

neuropathy, while ex-smokers and passive smokers had higher risk of diabetic foot. Similar associations were 

reported previously (144). Hypertension increased the risk of CAD, stroke, renal impairment, and retinopathy, 

while very poor glycaemic control (HbA1c ≥ 9%) increased the risk of neuropathy, which is in agreement with 

a previous study (123). 

Similar to previous studies (145, 146), we found that obesity was an independent risk factor for CAD and 

neuropathy. Other risk factors that were associated with diabetes complications were longer duration of diabetes, 

advanced age, male gender, family history of diabetes, level of education, low income, and dyslipidaemia. 

Increasing physical activity, reducing sitting time, smoking cessation, maintaining a healthy body weight, and 

adequate control of hypertension, blood glucose and lipids are recommended to lower the risk of diabetes 

complications in Saudi Arabia. 

 

8.1.3 Chapter 5 Part 2: Risk prediction system for diabetes complications 

The aim of this study was to develop a risk-scoring system to predict major diabetes complications for adults 

with T2DM in Saudi Arabia. The diabetes complications considered in this study were CAD, diabetic foot, 

stroke, neuropathy, kidney disease, and retinopathy. The risk prediction models were developed using the 

bootstrap-receiver-operation characteristic method, which showed improved model parsimony and prediction 

performance compared to other methods (84, 90, 92). Each of the developed models incorporated six to ten of 

the following factors: age ≥ 60 years, gender, low level of education, body mass index ≥ 30 kg/m², physical 

inactivity, longer sitting time, smoking, longer duration of diabetes, insulin use, low adherence to treatment, 

family history of diabetes, HbA1c ≥ 9%, hypertension, and dyslipidaemia. All these factors have been associated 

with diabetes complications and the majority of them have been used previously in risk prediction models (67, 

73, 74, 95, 113, 114, 116-119, 122, 140, 147-150). The developed models were validated using bootstrap method 

and slope calibration and showed high discrimination (ranging from 71.2% to 80.5%) and high calibration 

(ranging from 93.7% to 99.3%) powers.  

The developed risk prediction models are simple and require readily available information, and they showed 

good performance in predicting the risk. An additive points-based risk-scoring system was developed to make 

it easier for clinicians to use the risk prediction models. We recommend the use of this tool in the routine clinical 

assessment of people with T2DM in Saudi Arabia. These tools should help in educating patients about the risk 

of diabetes complications as well as help clinicians to identify people who are at high risk. 

 

 

8.1.4 Chapter 6: Obesity, hypertension, and dyslipidaemia among people with type 2 diabetes in 

Saudi Arabia 

The comorbidities of obesity, hypertension, and dyslipidaemia were not explored adequately among people with 

T2DM in Saudi Arabia in the previous studies. Results of this current study showed that the prevalence of 

obesity (62.6%), hypertension (70.0%), and dyslipidaemia (70.7%) was very high among the study participants. 

In addition, 63.4% of the participants had two or more of these comorbidities, and these comorbidities 

significantly increased the risk of cardiovascular disease. 

 

One of our key findings is that an unhealthy lifestyle increased the risk of these comorbidities. Similar to a 

previous study, we found that physical inactivity and long sitting time were associated with higher risk of obesity 

(151). Insulin use also increased the risk of obesity, which is in agreement with the previous studies (152). 

Furthermore, obesity was strongly associated with increased risk of hypertension, as reported previously (153). 

Longer duration of diabetes increased the risk of obesity, hypertension and dyslipidaemia. Other risk factors 

associated with obesity include younger age and female gender, while advanced age and lower education level 

increased the risk of hypertension and dyslipidaemia. Renal impairment was also associated with hypertension, 
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while household income and insulin use were related to dyslipidaemia. A healthy lifestyle is a key in the 

prevention or control of obesity, hypertension, and dyslipidaemia among people with T2DM in Saudi Arabia. 

  

 

8.1.5 Chapter 7: Health-related quality of life of people with type 2 diabetes in Saudi Arabia 

In this chapter, we assessed the HRQoL and its related factors. HRQoL is an important tool in the assessment 

of the burden of chronic diseases and the effect of treatments on the quality of life, and it has clinical and 

economic implications. The EQ-5D-5L was used to assess the HRQoL. The mean utility index of the quality of 

life was 0.739 ±0.261, which was comparable to findings of studies conducted in Saudi Arabia and Iran (64, 

154). Studies from developed countries, however, reported a higher utility index (155-157). In this current study, 

the highest prevalence of any problems among this study’s participants was for pain-discomfort (51.6%), 

followed by mobility (51.0%), and anxiety-depression (45.8%), which agree with previous studies (154-156). 

The mean utility index among female participants (0.709 ±0.285) was markedly lower than among males (0.795 

±0.197). The higher prevalence of physical inactivity and obesity among females is a possible explanation for 

this finding. Physical inactivity and longer sitting time were also associated with problems in the EQ-5D-5L 

dimensions and a lower utility index. Similar findings regarding gender and physical inactivity were reported 

in the previous studies (27, 31, 64, 154, 158-160). However, the association between longer sitting time and 

low quality of life was not explored previously. Longer sitting time increases the risk of diabetes complications 

(140), which are known to lower HRQoL (31, 135, 161, 162).  

Though hypoglycaemia and smoking were not related to a lower utility index, both were associated with 

problems with anxiety-depression. Anxiety and depression were strongly associated with a lower utility index, 

which aligns with previous studies (163, 164). Diabetes complications were also strongly related to lower utility 

index. Compared to the overall mean utility index among our participants, those who have multiple diabetes 

complications had a mean of 0.57 ±0.33. A similar decrement due to diabetes complications was reported earlier 

(162, 165). To improve the quality of life of people with diabetes, they should follow a healthy lifestyle, and 

control anxiety, depression, and diabetes complications.  

 

8.2 Strengths and limitations 
The strengths and limitations specific to each of the studies in chapters 4 to 7 were outlined in the respective 

sections. In this section, we provide a summary of the strengths and limitations of these studies in general as 

they were based on one dataset. 

8.2.1 Strengths  

The main strengths of this research project are as follows: 

- Large sample drawn from multiple centres 

The original studies of this thesis were based on a relatively large sample size. The sample was 

randomly drawn from multiple centres from three different regions of Saudi Arabia. These centres 

receive visitors residing in remote, rural and urban locations and from various professional backgrounds. 

All these aspects increase the reliability and generalisability of the findings of these studies.  

- The consideration of various potential risk factors 

Each of the studies examined the association of the outcomes with several potential risk factors, 

including demographic, behavioural, and clinical factors. The associations were also examined after 

adjusting these factors for each other, which removed any confounding effect or modifying effect. 

- The strong methodology 

The data was collected using known reliable and validated tools. The questionnaire was completed 

online by trained data collectors using a web-based application. The application allows the automatic 
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and error-free exportation of the data to statistical software. Furthermore, a robust methodology of data 

analysis was used in the majority of the studies. All these aspects increase the strength of these studies. 

8.2.2 Limitations 

- The cross-sectional design 

The data was collected using a cross-sectional study design. Cross-sectional studies lack temporality as 

they assess outcomes and risk factors at the same point in time. Therefore, only association can be 

inferred, while to infer a causal relation, a prospective study is needed.  

- Loss of information due to categorizing continuous variables 

The conversion of numerical continuous variables to categorical variables can simplify the 

interpretation of the results of the statistical analysis; however, it may lead to a loss of some information. 

- Some potential associated factors might not have been considered 

In all the studies in this thesis, we might have missed to examine and adjust the association for 

potentially important risk factors due to a lack of data regarding these factors. 

- The results might not be generalisable to all people with diabetes in Saudi Arabia 

The study population was limited to attendees of diabetes centres with T2DM and aged 18 years and 

older. Therefore, people younger than 18 and those with other types of diabetes (type 1 and gestational) 

were not included. In addition, some people with T2DM with very poor health condition due to diabetes 

complications may have their follow-ups in hospitals rather than diabetes centres. As such, the results 

of the studies might not be generalisable to all people with diabetes in Saudi Arabia. 

 

8.3 Implications and Future Research Directions  
Several clinical and public health policy implications as well as suggestions for future research arise from the 

studies included in this thesis. These implications and suggestions for future research are summarised below. 

 

8.3.1 Clinical implications 

- Lifestyle modifications play a vital role in improving glycaemic control, preventing diabetes 

comorbidities and complications, and maintaining quality of life (chapters 4 to 7). Therefore, clinicians 

should prioritise the role of healthy eating, physical activity, and reduced sitting time in the management 

of diabetes. A healthy lifestyle will ensure the maintaining of a healthy body weight, which should also 

be an essential part of the management because of its health benefits in controlling blood sugar, blood 

pressure, and in reducing the risk of diabetes complications (chapters 4 to 6). People with diabetes 

should be educated about the need to follow a healthy lifestyle, and this should be emphasised in every 

follow up visit. Healthcare providers should encourage people with diabetes to consume 8-10 servings 

of fruits and vegetables every day and reduce the intake of calorie-dense processed food such as white 

rice, white bread, and foods rich in oil, fat, and sugar (17). They should also be motivated to perform at 

least 150 minutes of moderate to vigorous intensity physical activity per week and reduce sitting time 

(17). 

 

- Healthcare providers should educate people with diabetes about all the aspects of the disease and its 

management. To improve glycaemic control, people with diabetes should be fully aware of their actual 

HbA1c level as well as the target that they should achieve (chapter 4). More importantly, healthcare 

professionals should help patients to understand the implications of their HbA1c results. Studies shows 

that a good understanding of HbA1c improves self-management behaviour and lower HbA1c values 

(166). For patients with low education level, graphical representation of HbA1c in the form of a face 

whose emotion reflects HbA1c level can be effective in improving understanding (167). 
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- People with diabetes should also be educated about the factors that may increase their risk of diabetes 

comorbidities and complications so that they take active measures to reduce their risk (chapters 5 and 

6). The developed risk-scoring system in chapter 5 should be an effective and easy-to-use tool in 

educating people about the risk of complications. 

 

- Our studies showed that people with no diabetes complications had poor control of their blood glucose, 

blood lipids, blood pressure and body weight, while those who have complications had better control 

(chapters 4 and 6). This is probably due to the fact that the management for those who had diabetes 

complications was intensified to reduce their risk of progression. The aim of clinicians should be to 

prevent diabetes complications by early detection and management of these risk factors.  

 

- Diabetes and its comorbidities and complications can increase the risk of anxiety and depression. These 

mental illnesses can substantially lower the quality of life of the affected people (chapters 7). Healthcare 

providers should frequently screen people with diabetes for these mental disorders and manage them or 

refer them. If the consultation time is limited, the screening can be done using the two-question Patient 

Health Questionnaire-2 (PHQ-2)) for depression (98) and  the two-question Generalized Anxiety 

Disorder Scale (GAD-2)) for anxiety (99). Based on the patient responses, a more diagnostic tools can 

be used. 

 

8.3.2 Public health implication 

- An important finding in our study was that people in Saudi Arabia acquired diabetes early in their life 

(chapter 4). Early onset T2DM is associated with poor diabetes outcomes, including higher risk of 

comorbidities and complications (168). Public health in Saudi Arabia should develop and implement 

effective national diabetes prevention strategies. Key actions of these strategies should include 

promotion of fruit and vegetable consumption, reduction of intake of processed foods, promotion of 

physical activity at school, work, and leisure time, and urban planning that encourages walking and 

biking. The diabetes prevention strategies should also embrace systematic risk assessment, active 

screening programs, and intensive management protocols to identify and treat people at risk of diabetes.  

 

- Health policy makers should use the findings of this thesis to develop public health strategies that can 

be tailored at the patient level to improve the control of the disease, prevent diabetes comorbidities and 

complications, and maintain quality of life. Public health policy should give special attention to the 

issues of poor glycaemic control, obesity, hypertension, and dyslipidaemia. Our findings showed that 

these comorbidities were highly prevalent among people with T2DM in Saudi Arabia, and they were 

associated with poor outcomes (chapters 4 to 6). Promotion of healthy lifestyle is a key in preventing 

and managing these diabetes comorbidities. 

 

- Education is an economical and effective way to improve diabetes outcomes, and public awareness 

campaigns using mass media is a cost-effective method (169). The health system in Saudi Arabia should 

establish long-term continuous public awareness campaigns using mass media such as television, radio, 

mobile massages, and other channels.  The focus of these campaigns should be to raise the awareness 

of healthy lifestyle choices and their role in preventing and managing diabetes and other chronic 

diseases. Improving self-management is another area that need special attention from the educational 

campaigns because of its role in improving health outcomes and quality of life. People with diabetes 

should have the knowledge and skills to successfully self-manage the disease and its related conditions. 

 

- Health policy makers should tackle the issue of poor control of diabetes among some disadvantaged 

groups including those who live in remote locations. The healthcare system could provide special 

diabetes education programs for healthcare providers working in remote locations and provide them 
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with direct access to endocrinologists, ophthalmologists and podiatrists for consultation. Allied health 

professionals could also contact patients by phone and provide them with ongoing education if they are 

not assigned to the remote location where patients live. 

 

8.3.3 Future research directions 

Lifestyle modifications play a key role in the management of diabetes and the prevention of diabetes 

comorbidities and complications. Our findings showed, however, that a large proportion of people with T2DM 

were not following the current guidelines with regard to healthy eating and regular physical activity. Identifying 

the barriers to adhering to lifestyle modifications can help to develop effective strategies to improve the 

adherence. Therefore, future research should investigate barriers to adhering to a healthy lifestyle. 

The risk prediction models for diabetes complications developed in chapter 5 were validated using the same 

dataset. Future research should validate these models using another dataset from Saudi Arabia. The effectiveness 

of the risk-scoring system in educating people and preventing diabetes complications should also be investigated. 

In addition, the risk-scoring system was developed based on data generated from a cross-sectional study. 

Therefore, future research might improve the risk-scoring system using data from a prospective study. 

 

8.4 Conclusion 
T2DM is highly prevalent in Saudi Arabia, and people with the disease have uncontrolled blood glucose level, 

high blood pressure, dyslipidaemia, and obesity. Furthermore, the prevalence of major diabetes related 

complications is high among them and the quality of life is low, especially among females and those who have 

complications. This body of work showed that all these poor diabetes outcomes can be prevented or controlled 

by targeting a number of modifiable factors, including lifestyle factors such as healthy eating, increasing 

physical activity, and reducing sitting time. Raising awareness of the disease and the importance of lifestyle 

modifications in its management should be the main aim of continuous education programs. The risk-scoring 

system that we have developed should help in educating people with diabetes about their risk of complications. 

This tool should also help clinicians to identify people at risk of diabetes related complications. Health policy 

makers can use the findings of our studies to develop prevention strategies to lower the risk of diabetes 

comorbidities and complications and to improve the quality of life of people with T2DM. Future research should 

investigate the effectiveness of education programs targeting people with diabetes and barriers to adhering to 

lifestyle modifications. Researchers could also improve the risk-scoring tools using data from a longitudinal 

study.  
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