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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 Alc >7%). The
modifiable risk factors for inadequate control were a low intake of fruits and vegetables, physical inactivity,
lack of knowledge about target haemoglobin Alc, 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 Alc >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/m?, 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

\%



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.

Vi
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Chapter 1:

Introduction and Research Aims



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

).

1.1.3 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
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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 Alc (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, HbAlc measures glycaemic control over a number of weeks (17). For
a person with diabetes, it is highly recommended to maintain HbAlc 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



(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



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. Todetermine 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.



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.



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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Chapter 2:

Literature Review: Factors Related to Glycaemic Control in
People with Type 2 Diabetes in the Gulf Cooperation Council
Countries



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 HbAlc 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/
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The aim of this systematic review is to assess patient-related factors affecting glycaemic control among people with type 2 diabetes
in the Arabian Gulf Council countries. MEDLINE, Embase, PsycINFO, CINAHL, and Cochrane CENTRAL databases were
searched from their date of inception to May 2016. Two researchers independently identified eligible studies and assessed the
risk of bias. A total of 13 studies met the inclusion criteria. One study was population based, six recruited participants from
multiple centres, and the remaining were single centred. The majority of the studies were of low to moderate quality. Factors
associated with poor glycaemic control include longer duration of diabetes, low level of education, poor compliance to diet and
medication, poor attitude towards the disease, poor self-management behaviour, anxiety, depression, renal impairment,
hypertension, and dyslipidaemia. Healthcare providers should be aware of these factors and provide appropriate education and
care especially for those who have poor glycaemic control. Innovative educational programs should be implemented in the
healthcare systems to improve patient compliance and practices. A variation in the results of the included studies was observed,
and some potentially important risk factors such as dietary habits, physical activity, family support, and cognitive function were
not adequately addressed. Further research is needed in this area.

1. Introduction

Diabetes mellitus is one of the major public health issues
of the 21st century [1-3]. Globally, 8.8% (415 million) of
adults suffered from diabetes in 2015, and it is estimated
that 652 million people (10.4%) will have diabetes by 2040
[2]. The World Health Organization (WHO) reported that
high blood glucose level due to diabetes is the third highest
risk factor for premature mortality after high blood pressure
and tobacco use [4]. Diabetes is attributed to 14.5% of all-

cause mortality among adults, and half of these deaths occur
in adults under the age of 60 years [2]. Nonetheless, diabetic
complications are a major cause of disability and reduced
quality of life. The estimated total global health expenditure
due to diabetes is $673 billion in 2015, and it will reach
$802 billion in 2030 [2].

A recent International Diabetes Federation (IDF) report
suggests that the Middle East and North Africa regions,
which include the Gulf Cooperation Council (GCC) coun-
tries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and
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the United Arab Emirates (UAE)), have the highest prev-
alence of diabetes (10.7%) in the world next to North
America and the Caribbean region (11.5%) [2]. An esti-
mated 35.4 million adults in the Middle East and North
Africa regions had diabetes in 2015, of whom over 40.6%
were undiagnosed [2]. The number of people with diabetes
in this region is anticipated to reach 72.1 million by 2040
[2]. The GCC countries share boundaries and similar
climates, cultures, lifestyles, and economic development.
These countries are among those with the highest prevalence
of diabetes in the Middle East and North Africa regions
and globally, with the prevalence of the disease ranging
from 14.8% (Oman) to 20% (Saudi Arabia, Kuwait, and
Qatar} [2].

Diabetes management involves strictly maintaining a
person’s blood glucose level close to the normal range. There
is a strong relationship between an elevated blood glucose
level and the risk of complications and mortality in people
with diabetes [5, 6]. Poor glycaemic control is defined as a
glycated haemoglobin (HbAlc) equal to or above 7% or a
fasting plasma sugar (FPS) above 7.2 mmol/l for adults who
are not pregnant [7]. Poor glycaemic control (HbAlc>7%)
among people with type 2 diabetes mellitus (T2DM) in the
GCC countries is common, ranging between 59% and
70.7% in Saudi Arabia [8, 9], 68% and 69% in the UAE [10,
11], 86.5% and 88.8% in Bahrain [12, 13], and 54% and
65% in Oman [14, 15], while a study reported that 55% of
people with T2DM in Kuwait have HbAlc>9% [16].

A number of studies have assessed factors associated with
poor glycaemic control among people with T2DM in GCC
countries sporadically. A systematic approach is needed to
summarise their findings in order to identify gaps in the
literature and provide guidelines for future research. Thus,
the aim of this systematic review is to assess patient-related
factors that affect glycaemic control among people with type
2 diabetes in the GCC countries.

2. Methods

2.1. Literature Search Strategy. A senior librarian (LR},
with input from the research team, developed and imple-
mented a comprehensive search using Embase, CINAHL,
Cochrane Library, MEDLINE, and PsycINFO from the
date of their inception to the 31 of May 2016. The search
covered three concepts: T2DM, glycaemic control, and the
Arabian Gulf Council countries. For T2DM, the following
terms were used in the search combined by “OR”: “diabetes
mellitus, type 2” (subject headings [SH]), Hyperglycaemic
(SH), “adult-onset diabet*,” “ketosis-resistant diabet*,”
“maturity-onset diabet*,” “non-insulin-dependent diabet*,”
“noninsulin-dependent diabet*,” “slow-onset diabet*,” “type
2 diabet*,” “type ii diabet*,” “insulin resistance,” “insulin
resistant,” and “T2D.” For glycaemic control, the following
terms were used in the search combined by “OR”: “glucose,”
“blood sugar,” “glyco*,” “glyca*,” “glyce*,” “hb al*,” “hbal*,”
“haemoglobinAl*,” “hemoglobinAl*,” “haemoglobin A1*,”
and “hemoglobin A1*.” For searching the Arabian Gulf
countries, the following terms were used combined by
“OR”: “Saudi*,” “Kuwait*,” “Bahrain*,” “Qatar*®,” “Arab*,”
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“Emirat*,” “Oman®*,” “Middle East*,” “Gulf cooperation,”
and “gulf co-operation.” The final search was then conducted
after having combined the three concepts using “AND.” The
search was not limited by language. Relevant articles were
also sought by searching the reference lists of articles
retrieved for full-text review.

2.2. Selection of Studies. Two reviewers (MJA and AA) inde-
pendently screened the retrieved articles by title, then by
abstract, and finally by reviewing the full text of eligible
articles. Any disagreement between the two reviewers was
resolved by discussion with a third reviewer (BB).

2.3. Studies Inclusion and Selection Criteria. All observational
studies that examined the effect of patient-related factors
affecting glycaemic control among adults with T2DM living
in the GCC countries were considered for inclusion. Because
the majority of people in the GCC countries have T2DM,
studies that assessed the level of control among people with
diabetes in general (types 1 and 2) were included. Studies
were excluded if they did not include adults with T2DM, if
the sample was recruited from outside of the GCC countries,
and/or if the study did not examine the association between
patient-related factors and glycaemic control. Studies that
focused only on type 1 diabetes, children with T2DM, gesta-
tional diabetes, or adults with impaired glucose tolerance or
impaired fasting glucose were excluded. Studies investigating
the effectiveness of antidiabetic medications only were also
excluded. In addition, articles were excluded if they were
reviews or conference presentations.

2.4. Data Extraction. Two reviewers (MJA and AA) indepen-
dently extracted the data using a data extraction form. The
extracted data include the first author, the year of publica-
tion, the name of the country, the sampled population, the
number of participants, participants’ gender, participants’
age, the method of assessing glycaemic control, the data
collection tool, the risk factors investigated, and the factors
found to be associated with glycaemic control.

2.5. Assessment of Quality. Two reviewers (MJA and AA)
independently assessed the risk of bias of the included studies
using the National Heart Lung and Blood Institute (NHLBI})
quality assessment tool for observational studies (Tables 1
and 2) [17]. The tool assesses the internal validity and risk
of bias using 14 criteria for cohort and cross-sectional studies
and 12 criteria for case-control studies. Each criterion was
rated as “yes,” “no,” “cannot determine,” “not applicable,”
or “not reported.” An overall judgment of the quality of the
study was then rated as high (low risk of bias), fair (moderate
risk of bias), or low (high risk of bias). Any disagreement
between the two reviewers regarding the assessment of risk
of bias was settled by discussion.

» «

3. Results

3.1. Search Results. Figure 1 shows a flow chart of the
search results and the number of studies included in this
review. A total of 1788 articles were retrieved from the five
databases (MEDLINE = 460, Embase = 1076, PsycINFO = 10,
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TasLe 1: Quality assessment tool for observational cohort and cross-sectional studies.

Criteria

Yes No Others (CD, NR, and NA)*

(1) Was the research question or objective in this paper clearly stated?

(2) Was the study population clearly specified and defined?
(3) Was the participation rate of eligible persons at least 50%?

(4) Were all the subjects selected or recruited from the same or similar
populations (including the same time period)? Were inclusion and exclusion
criteria for being in the study prespecified and applied uniformly to all participants?

(5) Was a sample size justification, power description, or variance and effect estimates provided?

(6) For the analyses in this paper, were the exposure(s) of interest measured prior to

the outcome(s) being measured?

(7) Was the time frame sufficient so that one could reasonably expect to see an association

between exposure and outcome if it existed?

(8) For exposures that can vary in amount or level, did the study examine different levels of
the exposure as related to the outcome (e.g,, categories of exposure or exposure measured

as continuous variable)?

(9) Were the exposure measures (independent variables) clearly defined, valid, reliable,

and implemented consistently across all study participants?

(10) Was the exposure(s) assessed more than once over time?

(11) Were the outcome measures (dependent variables) clearly defined, valid, reliable,

and implemented consistently across all study participants?

(12) Were the outcome assessors blinded to the exposure status of participants?

(13) Was loss to follow-up after baseline 20% or less?

(14) Were key potential confounding variables measured and adjusted statistically for
their impact on the relationship between exposure(s) and outcome(s)?

Quality rating (good, fair, or poor) (see guidance)

Rater no. 1 initials:
Rater no. 2 initials:
Additional comments (if poor, please state why):

*CD: cannot determine; NA: not applicable; NR: not reported.

CINAHL= 149, and Cochrane=93). After the removal of
duplicates, 1211 articles remained. After having screened
article titles and abstracts, 1161 articles were removed as
these were letters, editorials, case reports, review articles,
animal/cell studies, not from the GCC countries, did not
include adult participants with T2DM, did not cover glycae-
mic control, or did not assess factors affecting glycaemic
control. Thus, 50 full-text articles were screened for further
eligibility. Of these 50 articles, 37 articles were excluded.
Eight articles did not evaluate glycaemic control, four studies
were not conducted in the GCC countries, one study did not
include people with T2DM, and 16 did not evaluate patient-
related factors affecting glycaemic control. In addition, eight
articles were conference papers and were therefore excluded.
A total of 13 studies met the inclusion criteria of this review.

3.2. Characteristics of Included Studies. The characteristics
of the included studies are described in Table 3. Five
studies were from Saudi Arabia [8, 18-21], four from
Oman [14, 15, 22, 23], three from the UAE [10, 11, 24],
and one from Bahrain [25]. Only one study was popula-
tion based [20], while three studies recruited participants
from multiple primary healthcare centres regulated by
one hospital (including the participants of this hospital)
[10, 11, 24] and three studies recruited participants from

a number of primary healthcare centres [22, 23, 25]. Of
the remaining six studies, four recruited participants from
a single hospital [8, 15, 18, 19], and two recruited partici-
pants from a single primary healthcare centre [14, 21]. All
studies were cross-sectional [8, 10, 11, 14, 15, 19-25] except
for one which was case-control in design [18]. Three studies
extracted data from medical records regarding sociodemo-
graphic factors, medical history (duration of diabetes, comor-
bidities, complications, and modality of treatment), and
biochemical data related to glycaemic control [14, 21, 22].
In nine studies, data on sociodemographic and medical
history were collected using an interviewer-administered
questionnaire [8, 10, 11, 15, 18-20, 24, 25], while one study
used self-administered questionnaire [23]. In these 10 stud-
ies, data regarding glycaemic control were collected by labo-
ratory investigation. Five studies recruited participants with
type 1 and 2 diabetes [10, 18-20, 24], while the eight other
studies included participants with T2DM only [11, 14, 15,
21-23, 25]. The number of participants per study ranged
from 103 to 1266, with a median of 300 participants. Most
of the studies included both males and females [8, 10, 11,
14, 15, 18, 20-25], while one study included only female par-
ticipants [19]. Mean age of participants was reported in nine
studies that ranged between 42.6 £9.1 and 57.3 + 14.4 years
[8, 10, 11, 14, 19-22, 25]. Two studies reported age as

13



Journal of Diabetes Research

TasLE 2: Quality assessment of case-control studies.

Criteria

Yes No Others (CD, NR, and NA)*

(1) Was the research question or objective in this paper clearly stated and appropriate?

(2) Was the study population clearly specified and defined?
(3) Did the authors include a sample size justification?

(4) Were controls selected or recruited from the same or similar population that gave

rise to the cases (including the same time frame)?

(5) Were the definitions, inclusion and exclusion criteria, algorithms, or processes
used to identify or select cases and controls valid, reliable, and implemented

consistently across all study participants?

(6) Were the cases clearly defined and differentiated from controls?

(7) If less than 100 percent of eligible cases and/or controls were selected for the study,
were the cases and/or controls randomly selected from those eligible?

(8) Was there use of concurrent controls?

(9) Were the investigators able to confirm that the exposure/risk occurred prior to
the development of the condition or event that defined a participant as a case?

(10) Were the measures of exposure/risk clearly defined, valid, reliable, and implemented
consistently (including the same time period) across all study participants?

(11) Were the assessors of exposure/risk blinded to the case or control status of participants?

(12) Were key potential confounding variables measured and adjusted statistically in the analyses?
If matching was used, did the investigators account for matching during study analysis?

Quality rating (good, fair, or poor) (see guidance)

Rater no. 1 initials:
Rater no. 2 initials:
Additional comments (if poor, please state why):

*CD: cannot determine; NA: not applicable; NR: not reported.

categories: in one study, the age categories ranged from 20
years to +59 years [23], and in the other study, the age
categories ranged from 30 years to +60 years [15]. Two
other studies did not report the age of the participants
[18, 24]. Glycaemic control was assessed using haemoglobin
Alc (HbAlc) in 10 studies [8, 10, 11, 14, 15, 18, 19, 22,
23, 25], while two studies used fasting blood glucose (FBG)
[21, 24] and one used random blood glucose (RBG) [20].

3.3. Quality Assessment (Risk of Bias). Of the 13 studies
included, seven (53.8%) were of low quality, four (50.8%)
were of moderate quality, and two (15.4%) were of high qual-
ity (Table 4). Seven studies (53.8%) recruited a small sample
size with no justification or calculation of power [8, 14, 18,
19, 21, 23, 25]. The sampling was not random in 10 studies
(76.9%) [8, 14, 15, 18, 19, 21-25]. The majority of the studies
(69.2%) did not adjust for possible confounding factors of the
association between glycaemic control and the assessed risk
factors [8, 11, 14, 15, 18, 19, 23-25]. In addition, the results
were not generalisable in six studies (46.1%) because they
were single centred [8, 14, 15, 18, 19, 21].

3.4. Key Findings

3.4.1. Nonmodifiable Factors. The results of the 13 studies
included in this review are detailed in Table 5. D’Souza
et al. found that among elder participants (50-59 years
and >60 years), larger proportions had poor control com-
pared to younger participants (p value <0.001) [15], while

Al-Kaabi et al. reported that age was negatively associated
with HbAlc level (adjusted beta coefficient —0.023, p value
0.047) [10]. In the study by Al-Lawati et al, it was found
that, compared to those aged 20-39 years, the adjusted
odds ratio (OR) of good glycaemic control was 1.7-fold
(p value: 0.01) and 2.5-fold (p value: 0.001) higher for those
aged 40-59 years and >60 years, respectively [22]. On the
other hand, the remaining seven studies did not find any
association [8, 11, 14, 18, 20, 21, 24].

The association between gender and glycaemic con-
trol was evaluated in 10 studies. Of these, one study
reported that female gender was associated with poor glycae-
mic control compared to male gender (adjusted OR: 2.84,
p value <0.05) [21]. In contrast, Al-Lawati et al. showed
that female gender was associated with good glycaemic
control (adjusted OR: 1.5, p value: 0.001) [22]. No associ-
ation was found between gender and glycaemic control in
the other eight studies [8, 10, 11, 14, 15, 18, 20, 24].

Three out of eight studies that assessed the association
between the duration of diabetes and glycaemic control
have found an association. Binhemd et al. have reported
a positive correlation between the duration and HbAlc
level (p<0.001) [19]. In the study by Al-Lawati et al,
the adjusted OR of good glycaemic control for people with
a duration of diabetes >5 years was 0.8 (p value: 0.041)
compared to those with a duration of <5 years [22].
D’Souza et al. reported that the people with poor control
were 49.1%, 52.8%, and 70.5% for diabetes duration
groups 0-9 years, 10-19 years, and >20 years, respectively
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460 records
from MEDLINE

1,076 records
from Embase

93 records from
Cochrane

149 records
from CINAHL

10 records from
PsycINFO

I

Identificataion

1,788 records identified through database searching

)

577 duplications removed

1,211 records screened by title

957 records excluded

15 letters/editorials/case reports

Screening

163 not covering glycaemic control
180 not in the guI% countries

81 not in human

316 did not examine factors
affecting glycaemic control

254 records screened by abstract

202 not covering type 2 diabetes

204 records excluded
48 not covering glycaemic control
9 not in the gulf countries

130 did not examine patient-related
factors affecting glycaemic control
5 not covering type 2 diabetes

12 reviews

Eligibility

50 articles assessed for eligibility

37 records excluded

8 cannot be retrieved
8 not covering glycaemic control

4 not in the gulf countries

16 did not examine patient-related
factors affecting glycaemic controlt
1 not covering type 2 diabetes

Included

13 articles included in qualitative synthesis

Ficure 1: Flow chart of the systematic literature search.

(p value <0.001) [15]. In the other five studies, no associ-
ation was found [11, 14, 18, 19, 21].

Two studies assessed the effect of family history of
diabetes on glycaemic control. In one study, no significant
association was found [21]. Meanwhile, in the other study,
a family history of diabetes was found to be associated with
lower risk of poor glycaemic control (OR: 0.39, p value:
0.001) [24]. This study also assessed the effect of ethnicity
on glycaemic control, but no association was found.

3.4.2. Modifiable Factors. A number of modifiable factors
were found to be associated with glycaemic control. Binhemd
et al. reported a negative correlation between HbAlc and
patient compliance to management as well as the attitude
towards the disease (p value<0.001 and 0.01, resp.) [19].
Al-Hayek et al. showed that compared to participants with
HbAlc< 7%, those with HbAlc>7% had lower mean
score of adherence to medication (5.4+1.2 compared to
74+1.4, p value<0.001), higher mean score of anxiety
(10.3£1.7 compared to 7.9 £ 1.3, p value < 0.001), and higher
mean score of depression (9.8+ 1.3 compared to 6.9+0.9,
p value<0.001) [8]. Malik et al found that individuals
who were followed up in primary healthcare centres were
more likely to have poor glycaemic control (OR: 2.4, p value:
0.001) compared to those who were followed up in hospital
[24]. Al-Kaabi et al. reported that the number of carbonated
drinks (sugar sweetened and sugar free) consumed was

positively associated with HbAlc level (adjusted beta
coefficient: 0.20, p value: 0.029) [10]. Shamsi et al. showed
that the mean HbAlc level increases progressively from
5.97% +1.34% for those with very good dietary practice to
10.95%+1.6% for those with very poor dietary practice
(p value: 0.006) [25]. Al-Lawati et al. reported that com-
pared to estimated glomerular filtration rate (eGFR)
below 60 ml/min/1.73m? the OR of good glycaemic
control was 19 (p value 0.013) for those who have
eGFR > 60 ml/min/1.73m? [22]. Al Balushi et al. showed
that compared to participants with HbAlc < 7%, those with
HbAlc>7% had higher mean diastolic blood pressure
(84 £9 mmHg compared to 80+8mmHg, p value: 0.006),
higher total cholesterol (5.2 + 1.3 mmol/l compared to 4.7 +
0.8 mmol/l, p value: 0.002), and higher low-density lipopro-
tein (LDL} (3.8+1.0mmol/l compared to 3.0+ 1.2 mmol/l,
p value: 0.38) [14]. D’Souza et al. reported that a large
proportion of those who completed diploma/technical
degree had poor glycaemic control (67.4%) compared to
those who completed high school (45.7%) and lower than
high school (52.1%) (p value<0.001) [15]. Two other
studies did not find an association between education level
and glycaemic control [10, 11]. The study by D’Souza
et al. has also reported that patient perception of empow-
erment for self-management increased the likelihood of
good glycaemic control (beta coefficient: 0.66, p value
0.001) [15].
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In regard to the effect of modality of treatment on
glycaemic control, Al-Nuaim et al. found that compared to
participants on diet regimen, only the adjusted OR of poor
control was 1.65 and 2.64, respectively, for those on oral
agent and insulin [20]. Similarly, Al-Lawati et al. reported
that the likelihood of good control was lower for those on
oral agent (adjusted OR: 0.2, p value: 0.001) and for those
on insulin (adjusted OR: 0.1, p value: 0.001) compared to diet
regimen only [22]. Ajabnoor et al. reported, however, that
participants on insulin had lower mean HbAlc (14.3 +1.0)
compared to diet only (16.3 £ 1.8) and oral agent (17.0 £0.0)
(p value <0.001) [18].

4. Discussion

This systematic review summarises patient-related factors
affecting glycaemic control among adults with T2DM in the
GCC countries. Using a reproducible search strategy and
prespecified inclusion/exclusion criteria, we identified 13
articles for inclusion in this review. The quality of the
included studies is low to moderate in general, and the effect
of some potentially important risk factors (including diet,
physical activity, family support, and cognitive impairment)
was not adequately investigated.

One cross-sectional study reported that age was associ-
ated with poor glycaemic control [15]. With advancing age,
there might be a waning of the function of the S-cells of the
pancreas, and some people develop other comorbidities that
may affect glycaemic control. Similar to the findings of a
previous systematic review [26], however, two of the included
studies have found that elderly people with diabetes had
better glycaemic control than young people [10, 22]. Elderly
people are more likely to adhere to the management plan
compared to young people who are more likely to be affected
by the change in lifestyle and urbanisation [22, 27].

The duration of the disease is another important
nonmodifiable risk factor of poor glycaemic control that
was identified in three cross-sectional studies [15, 19, 22].
With longer duration of diabetes, the function of the pan-
creas further deteriorates because of the failure of the -cells
[28]. In addition, individuals with longer duration of diabetes
are at a higher risk of developing diabetes-related complica-
tions, which can have a substantial effect on glycaemic
control. With regard to the effect of gender on glycaemic
control, two cross-sectional studies found an association
but with contradicting results. One study reported that
female gender was associated with poor glycaemic control
[21], while another reported that females had better glycae-
mic control compared to males [22]. The inconsistency in
the results of these studies may be explained in part by a
varjation in the methodology and heterogeneity between
patients across the study population. In the systematic review
undertaken by Sanal et al., however, it was found that the
female gender was a risk of poor glycaemic control [26].

Compliance to diabetes management including adherence
to diet, physical activity, medications, and self-monitoring of
blood sugar is crucial in the management of diabetes. This
current review shows that compliance to management and
adherence to medications were significantly associated with
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good glycaemic control [19]. There is a gap in the
knowledge, however, regarding barriers to compliance and
adherence to management for people with diabetes in the
GCC countries.

Two recent studies included in this review have found
that compared to people with diet regimen only, those who
were on oral agent and insulin had higher risk of poor control
after adjustment for other risk factors [20, 22]. These findings
may emphasize the potentially important role of lifestyle
modification on the glycaemic control. In this review,
however, we have found that the effect of lifestyle factors,
including dietary habit and physical activity, on glycaemic
control has not been studied adequately in the context of
the GCC countries. Well-planned healthy eating habits with
the supervision of a dietician can reduce HbAlc by 0.5 to
2.0% for people with T2DM [29-32]. There is also strong
evidence of the effect of regular exercise on lowering HbAlc
for people with T2DM [33-35]. Of the 13 studies included in
this review, only two cross-sectional studies explored the
association between dietary habits and glycaemic control
[10, 25]. One study that assessed the association between
various dietary practices and glycaemic control reported that
consumption of carbonated (soda) drinks was the only
associated factor [10]. The other study showed that partici-
pants who followed healthier dietary practices had a lower
mean HbAlc [25]. Similarly, only two studies evaluated the
association between physical activity and glycaemic control
and reported no association [11]. In the latter four studies
[10, 11, 25], however, the recruited sample was relatively
small, no adjustment for confounders was done in most of
them [11, 25], and the majority were of low to moderate
[10, 25] quality.

Other modifiable risk factors that were found to be
associated with glycaemic control in this review include
patients’ attitude to diabetes, the location of scheduled
follow-up visits (hospital or primary healthcare centres),
eGFR, anxiety, depression, diastolic blood pressure level,
cholesterol level, LDL level, and patient empowerment for
self-management [10, 14, 15, 19, 22, 24]. Studies included
in this review, however, have assessed different sets of
these risk factors; hence, a comparison of their findings was
not possible.

In the GCC countries, wives are usually responsible
for preparing meals for the whole family, including mem-
bers with diabetes. For cultural reasons, on the other
hand, some women prefer to be accompanied by a relative
when they go out for exercise or when they visit health-
care centres. Therefore, it is likely that family support
has an important role in the management of diabetes,
which should be taken into account when evaluating gly-
caemic control. This is supported by the results of a sys-
tematic review showing a potential importance role of
family support in the management of T2DM [36]. In
addition, poorly controlled diabetes has been associated
with a decline in cognitive function [37, 38], and impaired
cognitve function is likely to have a negative effect on
glycaemic control. That is because people with impaired
cognition is less likely to be compliant to diabetes
treatment plan.
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Family support and cognitive function are potentially
important risk factors for glycaemic control, which have
not been explored in any of the included studies in this
systematic review. Thus, the relationship of these factors with
control needs a comprehensive investigation in future stud-
ies. Further, some of the modifiable risk factors such as the
attitude towards the disease, barriers to compliance, anxiety,
depression, and patient empowerment were not addressed
adequately; hence, they need re-evaluation to build a stronger
evidence. Future researchers should also reassess the associa-
tion between glycaemic control and lifestyle factors using
methodologically sound study design.

The strength of this review lies in the systematic, compre-
hensive, and unbiased approach taken during the literature
search, data extraction, and assessment of the risk of bias.
As the identified studies were either cross-sectional or case-
control studies, a causal relationship between the risk factors
and glycaemic control cannot be established. Moreover,
because the studies in this review used different statistical
methods, it was neither possible to generalise the magnitude
of the effect of risk factors on glycaemic control nor possible
to conduct a meta-analysis.

No studies assessing the factors affecting glycaemic
control in Qatar or Kuwait were identified. Nevertheless,
the results of this systematic review can be useful to all of
the GCC countries. The populations of the GCC countries
share similar cultures and lifestyles, and the healthcare
services and medications are free of charge to all citizens.

5. Conclusion

This systematic review identified the following variables as
the risk factors for poor glycaemic control in the GCC coun-
tries: low level of education, longer duration of diabetes, poor
compliance to diet and medication, poor attitude towards the
disease, poor self-management behaviour, anxiety, depres-
sion, renal impairment, hypertension, and dyslipidaemia.
The policymakers should introduce large-scale awareness
program and educational models to improve patient compli-
ance and practices and to support patient empowerment for
self-management. Healthcare providers should be aware of
these risk factors and provide optimal care and guidelines
for enriching self-management of the disease. The existing
studies from the GCC have heterogeneity in their methodol-
ogy, which may be related to the variation in their findings.
In addition, some risk factors that may affect glycaemic
control such as lifestyle, social support, and cognitive
function have not been investigated adequately. Future
research should address these issues.
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Background and Objective:

The aim of this systematic review was to summarise
patient-related factors that affect glycaemic control
among people with type 2 diabetes in the Arabian Gulf
Council Countries.

Methods
+ Embase, CINAHL, Cochrane Library, Medline, and
PsycINFO were searched comprehensively.
* All observational studies were considered for
inclusion if they:
= examined factors affecting glycaemic control, and
= included adults with type 2 diabetes living in the
Arabian Gulf Council Countries.

Results

» A total of 13 studies met the inclusion criteria (see
Figure 1); five studies were from Saudi Arabia, four
from Oman, three from the United Arab Emirates
and one from Bahrain.

» All studies were cross-sectional except one which
was a case-control.

* One study was population based, six recruited
participants from multiple centres, while the
remaining were single centred.

» Factors associated with glycaemic control were age,
gender, duration of diabetes, family history,
compliance to management, attitude to diabetes,
location of scheduled follow up visits (hospital or
primary healthcare), consumption of carbonated
drinks, renal impairment, anxiety, depression,
adherence to medication, diastolic blood pressure,
cholesterol level, low density lipoprotein level,
education level and perception of empowerment.

Discussion

* The quality of the majority of the reviewed studies
was low to moderate.

* There was inconsistency in the findings of the
included studies.

460 records form
Mediline

1,076 records 10 records form 149 records form
form EMbase Psycinfo CINAHL
[ | I I |
]

1,788 Records identified through Data base searching |
T

93 records form

| 1,211 Records screened by title |

Screening

254 Records screened by abstract

[ 50 articles assessed for eligibility |

xcluded

\ Eligibility

| 13 articles included in qualitative synthesis I

Figure 1: flow chart of the systematic literature search

+ The association between glycaemic control and
dietary habit and physical activity has not been
studied adequately.

* No studies has evaluated the association between
glycaemic control and family support or cognitive
function.

* The heterogeneity in the methodology and findings
across the studies made it difficult to compare their
findings or to conduct a meta-analysis.

Conclusion

* A number of patient related factors associated with
glycaemic control were identified.

* There was a wide variation in the findings of the
current studies.

* The relationship of glycaemic control with some
potential important risk factors including dietary
habit, physical activity, family support, and cognitive
function were not addressed adequately.

» Furtherresearch is needed in this area.

Keywords: Type 2 diabetes, glycaemic control, Gulf Countries, Saudi
Arabia, Kuwait, Bahrain, Qatar, United Arab Emirates, Oman
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3.1 Introduction
This chapter describes the methods that were used to collect data for the following studies:

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

o Lifestyle Factors and Macro- and Micro-Vascular Complications among People with Type 2
Diabetes in Saudi Arabia (Chapter 5)

e Risk Scoring System to Predict Diabetes Macro- and Micro-vascular Complications for
People with Type 2 Diabetes in Saudi Arabia (Chapter 5)

o Obesity, Hypertension, and Dyslipidaemia among People with Type 2 Diabetes in Saudi
Arabia (Chapter 6)

e 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
chapters4to 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
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Abstract

Background: The prevalence of type 2 diabetes mellitus is high in Saudi Arabia, and a large proportion of those

affected by the disease are not controlling their blood sugar, which exposes them to diabetes complications. The aim
of this study is to evaluate factors associated with poor glycaemic control, complications and poor quality of life among
people with type 2 diabetes in Saudi Arabia.

Methodology: Using a cross-sectional study design, 1082 participants with type 2 diabetes attending diabetes
centres in Riyadh, Jeddah and Hofuf will be recruited in the study. They will be interviewed to complete a pre-tested
electronic questionnaire. The questionnaire collects information related to socio-demographics, medical history, lifestyle,
family support, utilisation of healthcare services, anxiety, depression, quality of life, cognitive function, independence
in daily living activity, neuropathy, anthropometric measures, up-to-date documented lab test results and current
medication. Data will be summarised and presented as mean + standard deviation (or median and percentiles) for
numerical data and frequency and percentage for categorical data. T-test, ANOVA and chi-square tests will be used
to explore associations between risk factors and outcomes. Any association will be evaluated further using regression
analysis.

Discussion: Knowledge of the risk factors pertaining to poor glycaemic control, diabetes complications and poor
quality of life for people with type 2 diabetes is crucial. This knowledge will assist healthcare providers to identify
and provide more intensive care plans to those who need it, as well as guide the development of new strategies to
improve management of the disease. This will improve the health of people with type 2 diabetes and lower their risk of

complications, and reduce the burden of this highly prevalent disease on families and the community.

Keywords: Type 2 diabetes; Saudi Arabia; Glycaemic control;
Complication; Quality of life

Introduction

Diabetes mellitus is one of the most common chronic non-
communicable diseases [1,2]. An estimated 415 million adults had
diabetes worldwide in 2015 and this number is expected to rise to 642
million by 2040 [3]. In 2015, approximately five million individuals
between the age of 20 and 79 years died because of diabetes [3].
Furthermore, roughly 14.5% of global all-cause mortality among adults
is attributed to diabetes and half of these deaths occur among those
aged below 60 [3].

Similar to other countries in the Middle East, modernisation
has taken its toll on the population of Saudi Arabia. The vast lifestyle
changes of Saudis over the last few decades, accompanied by rising rates
of obesity, have led to a rapid and progressive increase in the prevalence
of diabetes. A recent study showed that 13.4% of Saudis aged 15 years
and above have diabetes, which is significantly higher than both the
global prevalence (8.8%) and the prevalence in the Middle East (10.7%)
[3.4].

The control of blood glucose levels is the cornerstone of diabetes
management. Studies have shown that there is a strong association
between an elevated blood glucose level and the risk of diabetes-related
complications and mortality for people with diabetes [5,6]. Of particular
concern is that between 50% and 70% of people with type 2 diabetes
mellitus (T2DM) in Saudi Arabia have uncontrolled blood glucose

levels [7-9], and the prevalence of diabetes-related complications
among them is high [10-13].

A few studies that have examined factors affecting glycaemic control
for people with T2DM in Saudi Arabia have indicated poor control to
be associated with increasing age, insulin use, smoking, lower levels of
physical activity, poor diabetes self-care behaviour, low adherence to
medicine, anxiety and depression [7-9]. A number of other factors that
may have an impact on glycaemic control, diabetes complications and
quality of life-such as the duration of diabetes, family support, cognitive
function and lifestyle factors (diet and physical activity)-were not
investigated adequately in existing studies from Saudi Arabia [14-16].

Furthermore, it is well-established that haemoglobin Alc (HbAlc)
is a more accurate measure of blood sugar control, compared to fasting
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and random blood sugar measurements, because HbAlc reflects the
level of glycaemic control over several weeks [17]. However, some of the
studies from Saudi Arabia used random blood sugar for determining
the level of control, which was a limitation to these studies. In addition,
the majority of studies from Saudi Arabia involved a single centre, or
were hospital-based [8-10,13,18-26] and may not accurately represent
the large and diverse population of the country.

To address the above gaps, a multi-centre study is required which
will comprehensively investigate the effect of all possible risk factors.
Thus, the aim of this proposed study is to conduct a multi-centre study
in Saudi Arabia to explore the effect of lifestyle factors, family support
and cognitive impairment, as well as other risk factors for glycaemic
control, diabetes complications and quality of life for people with
T2DM mellitus (T2DM). The knowledge of these risk factors will help
healthcare providers, the individuals with the disease, and society as
a whole. Understanding the burden of the associated risk factors is
also important for public health policymakers who develop healthcare
priorities that yield the greatest benefits.

Objectives

This study has three main objectives. Firstly, to evaluate the
determinants of poor glycaemic control among people with T2DM
in Saudi Arabia. Secondly, to investigate the prevalence of coronary
artery disease, neuropathy, nephropathy and cognitive impairment, as
well as their associated factors among people with T2DM. Thirdly, to
examine factors associated with poor health-related quality of life for
people with T2DM. Furthermore, secondary objectives of this study is
to examine factors associated with poor control of blood pressure as
well dyslipidaemia among people with T2DM.

Methodology
Ethical approval

Both the Monash University Human Research Ethics Committee
and the Research Ethics Committee of the Ministry of Health in Saudi
Arabia approved this project. The approval of the College of Medicine
Institutional Review Board at Kind Saud University was also obtained.

Study design

A cross-sectional study will be conducted to address the research
questions. Cross-sectional study design has the advantage of being
inexpensiveandlesstime-consumingcomparedtootherepidemiological
study designs. Moreover, in using this study design, the prevalence of
outcomes such as poor glycaemic control and complications, as well as
the prevalence of risk factors, can be measured.

Study population

The study population will consist of people with T2DM in Saudi
Arabia attending diabetes centres in the cities of Hofuf, Riyadh and
Jeddah (Figure 1). These cities are among the top most populated in
the country and their diabetic centres serve a mixture of people who
come from urban, as well as rural settings. Inclusion criteria include
confirmed diagnosis of T2DM, age 18 years and above and duration of
diabetes of one year and more. Participants will be excluded if they have
other types of diabetes (type 1 or gestational), or if there is no HbAlc
test results in their medical records for the past 6 months. Pregnant
women will also be excluded.

Sample size

A total of 1082 subjects with T2DM will be recruited for the study

which was calculated based on 90% power, 5% significance level and
a margin of error of 2.5% for prevalence of glycaemic control. A back
calculation of power shows that a sample size of 1082 participants will
maintain a power of 90% or above for all other primary and secondary
objectives of this study.

Recruitment

A systematic random-sampling method will be used to recruit
participants. The number of participants recruited each day is expected
tobe 10. Every day during the data-collection period, the data collectors
will begin by randomly selecting a participant with T2DM from the
first K participants attending the diabetes centre and invite them
to participate. The value of K will depend on the number of people
attending the centre every day, which varies between centres. Following
on, every K-th patient will be approached. If the K-th person declines or
does not have T2DM, the next person will be invited. The recruitment
will be continued for a period of six months or until data have been
collected from 1082 patients, whichever comes first.

Informing participants about the study and obtaining the
consent

Data collectors will fully inform each of the participants about
the purpose of the study, how the data will be collected and how the
collected information will be used while maintaining participants’
confidentiality. Then, participants will be given an explanatory
statement and allowed some time to read and ask questions. Upon
their agreement to participate, they will be required to read and sign
a consent form.

Data collection instrument

A pre-tested questionnaire will be used to collect data. The original
English version of the questionnaire has been translated into Arabic.
The Arabic version was then translated into English to check that
the Arabic and the original English versions have exactly the same
meanings. Prior to collecting the data, data collectors will be trained
by the primary investigator on how to approach participants, inform
participants about the study, fill in the electronic questionnaire and take
the anthropometric measurements.

Research Electronic Data Capture (REDCap) will be used to collect
and manage the data [27]. REDCap is a secure web-based application
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Figure 1: Map of Saudi Arabia showing the main cities and the cities where the
research will be conducted (red arrows).
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for constructing electronic surveys and collecting data for research
studies. It provides a user-friendly interface with validated data entry,
audit trails for tracking data manipulation, and an automated export
procedure for seamless data downloads to common statistical software

packages.

Using a standard questionnaire, the following information will be
collected for all participants:

e Diabetes centre and data collector details.

e Participant’s socio-demographics data, including name, age,
gender, marital status, education, nationality, work status and
household income.

e Medical history: duration of diabetes, place of follow-up,
frequency of follow-up, diabetes treatment, self-monitoring
blood glucose, hypoglycaemic events, medical history of other
diseases, diabetes complications and medication adherence
(Morisky Medication Adherence questionnaire).

e Family support for diabetes, utilisation of healthcare services,

knowledge of HbAlc.

e Lifestyle data including smoking status, dietary habits (UK
diabetes and diet questionnaire at: https://sps.onlinesurveys.
ac.uk/the-uk-diabetes-and-diet-questionnaire-ukddq) and
physical activity (WHO STEPS questionnaire for diet at: http://
www.who.int/chp/steps/STEPS_Instrument_v2.1.pdf).

e DPsychological aspect data that include depression (the
Patient Health Questionnaire-2 (PHQ-2)) [28] and anxiety
(Generalized Anxiety Disorder Scale (GAD-2)) [29].

e Patients quality of life (EQ-5D-5L) [30] and independence
regarding activities in daily life (Katz Index) [31].

e Rowland Universal Dementia Assessment Scale (RUDAS) [32].

e Neuropathy screening tool (the Michigan Neuropathy
Screening Instrument [33]).

e  Anthropometrics: height, weight, blood pressure and waist and
hip circumference.

e Materials and equipment: digital scale, measuring tape, and
digital automatic blood pressure monitor

e Height: height will be measured for all participants using a
portable stadiometer. Standing height is measured with the
subject in bare feet, back-square against the wall and eyes
looking straight ahead. A set square resting on the scalp and
a tape measurement from the wall/bed is used to measure
height to the nearest 0.5 cm. This will be done twice and if the
measurement varies more than 2 cm, a third measurement will
be taken. A stool will be used where necessary.

o Weight: participant will be instructed to remove their shoes and
outer layers of clothing (such as jackets or jumpers). Weight will
be recorded to the nearest 0.1 kg.

e  Waist circumference: will be measured against thin clothing
(for cultural reasons), on exhalation, midway between the
lower rib margin and the anterior superior iliac spine (hip
bone) or narrowest abdominal point. Subject should be relaxed
with arms held loosely at sides. The tape measure must be kept
horizontal for standing measurement. This will be done twice
and if the measurement varies by more than 2 c¢m, a third

measurement will be taken. The waist circumference will be
recorded to the nearest 0.5 cm.

e Hip circumference: measure at the widest circumference
around the hip bones, so that the tape passes over the greatest
protrusion of the gluteal muscles. The tape measure must be
kept horizontal for standing measurement. This will be done
twice and if the measurement varies more than 2 cm, a third
measurement will be taken. The hip circumference will be
recorded to the nearest 0.5 cm.

e Blood pressure: participants should be seated for at least five
minutes, legs uncrossed, feet flat on the floor and any excess
clothing items that may interfere with measurement must be
removed. Three systolic and diastolic blood pressure readings
will be taken using an automated blood pressure monitor
machine.

e Information from patients’ medical records, including the
three most recent blood pressure measures, fasting blood
sugar measures, HbAlc, serum creatinine, albumin/creatinine
ratio, eGFR, lipid profile, current prescribed medications and
documented diagnosis of hypertension, coronary artery disease
and stroke.

Data management and analysis

During the data-collection period, the data will be saved in the
secure REDCap web-based application hosted by Monash University.
The application is accessible only by the research team. When the data
collection is completed the data will be exported to the IBM SPSS
statistical package and will be saved on the secure School of Public
Health and Preventive Medicine at Monash University allocated network
storage (Monash (S:) drive). Participants’ names will be removed from
the database and each participant will be identified by a numeric code
generated by REDCap. The database containing all information will be
saved in a separate secure electronic folder, which will not be used for
data analysis. Only the research team will have access to the identified
and de-identified electronic databases.

Data will be summarised and presented as either mean + standard
deviation or median and percentiles for numerical data and frequency,
and percentage for categorical data. Depending on the type of data,
t-test, ANOVA, nonparametric tests or chi-square tests will be used
to examine for associations between risk factors and outcomes. Any
association will be further evaluated using simple and multiple logistic
regression analysis.

Outcomes assessment
Definitions of the main study outcomes that will be considered:

e Glycaemic control: the proportion of the glycosylated
haemoglobin (HbAlc) measured as a percentage and
categorised as good control (HbA1c<7.0%), reasonable control
(HbA1lc 7%-8%) and poor control (HbA1c>8.0%).

e Nephropathy: documented eGFR (calculated by the CKD
EPI formula) below 90 ml/min (categorised as mild renal
impairment (60-89 ml/min), moderate renal impairment (30-
59 ml/min), severe renal impairment (15-29 ml/min) and renal
failure (<15 ml/min).

e Coronary artery disease: documented diagnosis of coronary
artery disease (CAD).
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e Neuropathy: a score of 7 or more using the Michigan
Neuropathy Screening Instrument.

o Quality of life: EQ-5D-5L health states scores will be converted
into a single index value between 0 and 1, and the quality of
life will be categorised as Good quality of life (0.67-1.00), fair
quality of life (0.34-0.66) and poor quality of life (< 0.33).

e Hypertension: either a documented diagnosis of hypertension,
on antihypertension medications or three previous high
blood pressure readings (systolic > 140 and diastolic > 90).
Persons with poor blood pressure control are defined as having
hypertension and their current systolic blood pressure as > 140
mm Hg or diastolic > 90 mm Hg.

e Dyslipidaemia: Documented total cholesterol>4.0 mmol/L,
low density lipoproteins (LDL)>2.0 mmol/L, high density
lipoprotein (HDL)<1.0 mmol/L, triglycerides>2.0 mmol/L or
taking lipid lowering medication.

e Impaired cognitive function is defined as a score of < 22 in the
Rowland Universal Dementia Assessment Scale (RUDAS).

Pilot Study

The questionnaire was piloted on 29 participants attending diabetes
centre in Hofuf over a period of two weeks. The sociodemographic
characteristics of the participants in the pilot study are presented
in Table 1. Mean age was 55.7 (+ 11.6) years. Approximately 38% of
participants were female and the majority of participants were married
(93.1%). Roughly a quarter (24.1%) of participants was illiterate and
41.4% had only achieved primary school. The majority of participants
(82.8%) reside in Hofuf city, while the restlived in remote villages. With
regard to work status, 17.2% worked and 34.5% were homemakers
(house-wives). The rest of the participants were either retired (27.6%)
or not working (20.7%). A large proportion of participants (41.4%) had
a total household income between 3000 and 6000 Saudi Riyals.

A summary of some disease characteristics and main study
outcomes is presented in Table 2. Participants had a mean duration
of diabetes of 17.7 (+ 10.5) years. Mean HbAlc was 9.6% (+ 2.0%).
The majority of participants (69.0%) had poor glycaemic control
(HbA1c>8), while 10.3% had good glycaemic control (HbAlc < 7%)
and 17.2% had reasonable control (HbAlc 7.1%-8.0%). More than half
of the participants (58.6%) had dyslipidaemia and close to half (48.3%)

Variable Descriptive statistics
Age in years (mean + SD) 55.7+ 116
Gender %
Female 11(37.9%)
Male | 18(62.1%)
Marital status %
Married 27(93.1%)
Divorced (separated) 1(3.4%)
Widowed 1(3.4%)
Highest education level achieved %
chne (illiterate) 7(4.1%)
Primary school )
2 12(41.4%)
Intermediate school
. 1(3.4%)
Tertiary school i
University degree 8(27.6%)
1(3.4%)
Home location %
Inside the city 24(82.8%)
Remote village 5(17.2%)

hadhypertension, while the diagnosis of CAD was documented in 31.0%
of participants. Using the Michigan Neuropathy Screening Instrument,
31.0% of participants had a score (> 7), suggestive of neuropathy. eGFR
calculated from most recent serum creatinine showed that 55.2% of
participants had some renal impairment. Of those, 27.6% had mild
impairment, 24.1% had moderate impairment, and 3.4% had severe
impairment. Cognitive function was impaired in about half (51.7%) of
participants using the Six-item Cognitive Impairment Test (6CIT) [34].
The quality of life was fair for 34.5% and poor for 3.4% of participants,
while the majority (62.1%) had good quality of life. There were some
missing values in some important investigations including HbAlc,
cholesterol and triglycerides. The range of missing values was between
3.4% for HbAlc and 5.0% for triglycerides.

The questionnaire was found to be acceptable by most of the
participants and practical by data collectors. However, the average
time required to complete data collection for one participant was
more than one hour. In order to ensure the collection of data from
the planned number of participants, the length of the questionnaire
was reduced after the completion of the pilot study. The STOP-BANG
Sleep Apnea and the chest pain (Rose) questionnaires were removed
[35,36]. Questions related to the duration of complications reported by
participants were also removed.

Based on our findings in the pilot study that a relatively large
proportion of people were illiterate, a decision was made to use the
Rowland Universal Dementia Assessment Scale (RUDAS) instead of
the Six-item Cognitive Impairment Test (6-CIT) to evaluate cognitive
function. RUDAS is a multicultural cognitive assessment tool that is
not affected by literacy level, and has been validated among Arabic-
speaking people [32,37]. Approval to use the amended questionnaire
was obtained from all ethical committees that have approved this
project.

Discussion

This project is a comprehensive multi-centre study that will improve
our understanding of the factors associated with poor control of blood
glucose level, the factors that increase risk of diabetes complications
and the factors associated with poor quality of life among people with
T2DM in Saudi Arabia. The anticipated valuable information that will
be obtained from this study will help healthcare providers to identify
people with diabetes who are at risk of poor control and complications,

Variable Descriptive statistics

Work status %

Working 5(17.2%)

Not working (able to work) 2(6.9%)
Not working (unable to work) 4(13.8%)
Homemaker (house-wife) 10(34.5%)
Retired 8(27.6%)

Total household monthly income %

< 3000 Saudi Riyals 3(10.3%)
3000-6000 Saudi Riyals 12(41.4%)
6001-9000 Saudi Riyals 4(13.8%)
9001-12000 Saudi Riyals 7(24.1%)
= 12001 Saudi Riyals 3(10.3%)

Table 1: Pilot study participants’ sociodemographic characteristics.
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Variable Descriptive statistics

Diabetes duration in years (mean + SD) 17.7+ 105
HbA1c % (mean + SD) 9.6+20
Glycaemic control %

Good 3(10.3%)

Reasonable 5(17.2%)

Poor 20(69.0%)
Quality of life %

Good 18(62.1%)

Fair 10(34.5%)

Poor 1(3.4%)
Cognitive impairment %

No 14(48.3%)

Yes 15(51.7%)
Dyslipidaemia %

No 12(41.4%)

Yes 17(58.6%)

Variable Descriptive statistics

Hypertension %
No

15(51.7%)
Yes 14(48.3%)
CAD %
y:s 20(69.0%)
9(31.0%)
Neuropathy %
ye"s 20(69.0%)
9(31.0%)
Nephropathy %
No 13(44.8%)
Mild 8(27.6%)
Moderate 7(24.1%)
Severe 1(3.4%)

Table 2: Characteristics related to diabetes, complications and health related quality of life.

and provide them with more intensive care plans. It will also identify
priority issues that will guide the development and implementation of
new national strategies to promote the health of people with T2DM in
Saudi Arabia.

The strength of this study lies on the relatively large number of
participants and the recruitment from three highly populated cities in
three different regions of Saudi Arabia. The evaluation of a wide range
of risk factors and outcomes using validated tools also provide strength
to this study. Since this study is cross-sectional, we will be assessing
association; no causal relation can be inferred. Observational study
designs are also prone to bias. Nevertheless, this study will not only
provide valuable information that will be used by healthcare providers
and health policy makers, but will also generate hypotheses that will
guide future advance research projects in the field of diabetes in Saudi
Arabia, in the Middle East region and globally.
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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’ HbAlc level. Glycaemic
control was categorised into controlled (HbAlc < 7%), partially controlled (HbAlc 7% to < 8%), and
poorly controlled (HbA1C > 8%) (82). A HbAlc 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
HbA1lc, 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 (HbAlc < 7%) and
inadequately controlled (HbAlc > 7%). The determinants were also examined for very poor glycaemic
control (HbAlc > 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/1.73mz2, 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).
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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 Alc (HbAlc), 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. Ineach sample, a multiple logistic regression was run and the variables that appeared as significant

were identified.

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 (R?). 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/m?2), pre-obesity (25.0 — 29.9 kg/m?), and obesity (class I, IT and IT > 30.0 kg/m?).
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 HbAlc >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/m?.
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, HbAlc,
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/m?), pre-obesity (25.0 — 29.9 kg/m?), and obesity (class I, IT and IT > 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 HbAlc level, glycaemic control was categorised into good control (HbAlc < 7.0%)
and poor control (HbAlc > 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).
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Chapter 4:

Factors Associated with Poor Glycaemic Control among
People with Type 2 Diabetes in Saudi Arabia
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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 HbAlc 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

41


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

Alramadan et al. BMC Endocrine Disorders (2018) 18:62
https://doi.org/10.1186/512902-018-0292-9

BMC Endocrine Disorders

RESEARCH ARTICLE Open Access

Glycaemic control for people with type 2

W cmee

diabetes in Saudi Arabia — an urgent need
for a review of management plan

Mohammed J. Alramadan’, Dianna J. Magliano', Turky H. Almigbal®, Mohammed Ali Batais®, Afsana Afroz!,
Hesham J. Alramadhan®, Waad Faozi Mahfoud®, Adel Mehmas Alragas6 and Baki Billah"”

Abstract

people with type 2 diabetes in Saudi Arabia.

Background: The aim of this study was to assess inadequate glycaemic control and its associated factors among

Methods: A cross-sectional study design was used. Adults with type 2 diabetes attending diabetes centres in

Riyadh, Hofuf and Jeddah cities were interviewed and their anthropometrics were measured. Their medical records
were also reviewed to collect information related to recent lab tests, medications, and documented comorbidities.
Multivariable logistic regression were used for data analysis.

Keywords: Saudi Arabia, Diabetes, Glycaemic control

Results: A total of 1111 participants were recruited in the study. Mean age was 57.6 (+11.1) years, 65.2% of the
participants were females, and mean HbATc was 8.5 + 1.9%. About three-fourths of participants had inadequate
glycaemic control (2 7%). Multivariable analysis showed that age < 60 years, longer duration of diabetes, living in
a remote location, low household income, low intake of fruits and vegetable, low level of physical activity, lack of
knowledge about haemoglobin Alc, high waist-hip ratio, low adherence to medication, and using injectable
medications were independent risk factors for inadequate glycaemic control.

Conclusions: Inadequate glycaemic control is prevalent among people with type 2 diabetes in Saudi Arabia. In
order to improve glycaemic control diabetes management plan should aim at controlling the modifiable risk factors
which include low intake of fruits and vegetable, low level of physical activity, lack of knowledge about
haemoglobin Alc, high waist-hip ratio, and low adherence to medications.

Background
Diabetes mellitus is a major worldwide public health issue.
A recent study showed that the prevalence of diabetes
mellitus in Saudi Arabia was 13.4% [1], which is higher
than the global prevalence of 8.8% and the prevalence in
the Middle East of 10.7% [2]. In fact, Saudi Arabia is
among the countries with the highest prevalence of
diabetes regionally and globally [2], and the prevalence of
diabetes in the country is on the rise [3].

The primary goal of the management of diabetes is to
maintain blood glucose levels within or close to normal
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ranges [4]. It is well established that elevated blood glu-
cose level increases the risk of diabetes complications
and mortality [5, 6], while intensive glycaemic control
substantially lower the risk [7, 8]. Unfortunately, studies
from Saudi Arabia showed that half to two-thirds of
people with type 2 diabetes mellitus (T2DM) have poor
glycaemic control [9-13], and the prevalence of diabetes
complications is higher than the global and regional
prevalence [14-16].

A few studies have examined risk factors of poor
glycaemic control among people with T2DM in Saudi
Arabia [9, 10, 12, 13, 17]. Many of these studies were
limited to a small geographical location and included a
relatively small cohort of participants. In addition, some
of these studies used random or fasting blood sugar test
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to assess glycaemic control which is not as accurate as
the glycated haemoglobin Alc (HbAlc) level that mea-
sures the control over a number of weeks [4]. Moreover,
not all potential risk factors of poor control were
explored in the previous studies. A systematic review
and meta-analysis showed that among other factors, diet
and physical activity were significantly associated with gly-
caemic control [18]. Studies from Saudi Arabia, however,
did not adequately explore the effect of physical activity
and eating habits.

To achieve glycaemic control goals among people with
T2DM, all possible associated risk factors of inadequate
control must be identified and considered in the
management. The aim of this study was to assess the
current status of glycaemic control and to identify risk
factors for inadequate control among people with T2DM
in Saudi Arabia.

Methods

This study was conducted as a part of a research project
that examined the status of glycaemic control, diabetes
complications and quality of life for people with T2DM
in Saudi Arabia. The study methodology has been de-
scribed in detail in another article [19]. Ethical approval
was obtained from the Monash University Human Re-
search Ethics Committee in Australia and the Research
Ethics Committee of the Ministry of Health in Saudi
Arabia. All the study procedures were carried out in
accordance with the principles of the Declaration of
Helsinki as revised in 2013.

Participants

The study population were people with T2DM aged
18 years and over who were followed up at diabetes
centres in three major cities (Hofuf, Riyadh, and Jeddah)
in Saudi Arabia. The plan was to recruit 1082 participants
based on a sample size calculation with 90% power, 5%
significance level, a margin of error of 2.5%, and a preva-
lence of poor glycaemic control of 50% [9, 20]. Inclusion
criteria include documented diagnosis of T2DM, aged
18 years and above, and duration of diabetes of at least
1 year. Pregnant women and participants who did not
have a HbA1c test within 1 year were excluded.

Data collection

Participants were selected randomly from consecutive
attendees of the diabetic centres between May 15 and
November 30, 2017. After explaining the study and
obtaining informed consent in writing, participants were
interviewed using a pre-tested structured electronic
questionnaire through Research Electronic Data Capture
(REDCap) application [19, 21]. The questionnaire
collects information related to socio-demographics, life-
style, medical history, cognitive function, anxiety and
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depression. Socio-demographic data include gender, date
of birth, marital status, education, and income. Lifestyle
data include smoking status, physical activity (Global
Physical Activity Questionnaire (GPAQ) [22]), and
dietary habits. The dietary habit section included 10
questions selected from the UK diabetes and diet ques-
tionnaire (UKDDQ) [23] with some modifications to
make some points more suitable for the eating habits of
the Saudi population. The dietary questions include the
frequency of consuming fruits, vegetables, red meat,
desserts, date, sugary drinks, butter, bread, and rice and
the fat content of consumed milk. The dietary habit vari-
able was measured as a scale between zero and 4S8,
where high score means the individual is following
healthy eating habits. Medical history data include the
duration of diabetes, modality of treatment, follow-up
centre, other comorbidities, medication adherence (the
4-item Morisky Medication Adherence questionnaire)
[24], family support in regards to diet and physical acti-
vity, and peripheral neuropathy (the Michigan Neuropathy
Screening Instrument) [25]. Mental status data include
anxiety (Generalized Anxiety Disorder Scale (GAD-2))
[26], depression (the Patient Health Questionnaire-2
(PHQ-2)) [27], and cognitive function (Rowland Universal
Dementia Assessment Scale (RUDAS)) [28]. The esta-
blishers’ permission to use the above-mentioned tools was
obtained.

After interviewing participants, their anthropometrics
were measured and recorded. Blood pressure was measured
three times after sitting for at least 10 min using the
Omron BP742N5 Series Upper Arm Blood Pressure
Monitor with a cuff that fits standard and large arms.
Weight was measured after instructing participants to re-
move their shoes and outer layers of clothing. Height, waist
circumference, and hip circumference were measured twice
and if the measurement varied by more than 2 c¢m, a third
measurement was taken. Waist and hip circumference were
measured against thin clothing. Participants’ medical re-
cords were reviewed for most recent lab test results, namely
HbAlc, creatinine, cholesterol, high density lipoprotein
(HDL), low density lipoprotein (LDL), and triglycerides.
Information regarding currently prescribed medication, and
documented diagnosis of hypertension, coronary artery
disease, retinopathy, and stroke was also collected from
medical records.

Operational definitions

Glycaemic control was categorised into controlled
(HbAlc<53 mmol/mol (<7%)), partially controlled
(HbAlc 53-63 mmol/mol (7% to <8%)), and poorly con-
trolled (HbA1C >64 mmol/mol (> 8%)) [4]. A HbAlc
cut-off value of > 68 mmol/mol (> 9%) was also used to
represent very poor control [29]. Using the Global Phys-
ical Activity Questionnaire (GPAQ) [22], the total number
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of minutes of physical activity per week was categorised
into >150 min and < 150 min [4]. Treatment modalities
was categorized as oral tablets only, injectable medications
(insulin and glucagon-like peptide-1 receptor agonists)
only, and combined (oral tablets and injectable medica-
tions). Using the Morisky Medication Adherence ques-
tionnaire [24] medication adherence was categorized into
adequate (a score of zero), and inadequate (a score of one
or more). Hypoglycaemia was defined as episodes of mild
or severe hypoglycaemia symptoms including hunger
sweating, light headedness, headache, shaking, trembling,
weakness, dizziness, confusion, loss of consciousness, and
seizures. Family support in regards to healthy diet and
physical activity was categorised as good support if healthy
diet and physical activity were encouraged all the time, in-
adequate support if encouragement was sometimes, and
poor support if family members rarely or never encouraged
healthy diet or physical activity. Participants were consid-
ered unaware of HbAlc if they had not heard of HbAlc be-
fore or they did not know the recommended HbAlc target
for people with diabetes. Body Mass Index (BMI) was
categorised according to the current World Health
Organization guidelines into normal (<25.0 kg/m?),
pre-obesity (25.0-29.9 kg/m”), and obesity (class I, IT and
I > 30.0 kg/m®). High waist-hip ratio was defined as a ratio
of > 0.96 for men and > 0.98 for women [30]. Hypertension
was defined as either a documented diagnosis of
hypertension, taking antihypertension medications, or
three previous high blood pressure readings (systolic
>140 or diastolic >90) [4]. Dyslipidaemia was defined
as any of the following: total cholesterol >4.0 mmol/L
(154.7 mg/dl), LDL > 2.0 mmol/L (77.3 mg/dl), triglycer-
ides > 2.0 mmol/L (177.1 mg/dl), or HDL < 1.0 mmol/L
(38.7 mg/dl) [31]. Impaired cognitive function was defined
as a score of <22 in the Rowland Universal Dementia As-
sessment Scale (RUDAS) [28]. Depression was defined as
a score of three and more using the Patient Health
Questionnaire-2 (PHQ-2)) [27]. Anxiety was defined as a
score of three and more using the Generalized Anxiety
Disorder Scale (GAD-2)) [26]. 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 com-
plication was defined as having one of the following: docu-
mented 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 [25], or estimated glomerular
filtration rate <60 ml/min/1.73m? calculated from serum
creatinine using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [32, 33].
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Data analysis

Stata SE version 15.0 was used for data analysis. Data were
summarised and presented as a mean (+ standard devi-
ation) for numerical data and frequency and percentage for
categorical data. ANOVA and chi-square tests were used to
examine univariate associations between risk factors and
levels of glycaemic control. Potential risk factors with a
p-value of 0.2 from univariate analysis were entered into
multivariable logistic regression with step wise variable
selection [34]. In the regression analysis, glycaemic control
was categorised into controlled (HbAlc <53 mmol/mol
(<7%)) and inadequately controlled (HbAlc =53 mmol/
mol (> 7%)). The determinants were also examined for
very poor glycaemic control (HbAlc>68 mmol/mol
(> 9%)). A p-value of 0.05 or less was considered as
statistical significant.

Results

A total of 1111 participants were recruited in this study;
624 participants (56.2%) were from Riyadh, 239 (21.5%)
were from Hofuf, and 248 (22.3%) were from Jeddah.
Four hundred and-fifty participants (40.5%) were
followed up at diabetes centres only, while 125 partici-
pants (11.3%) were followed up at both diabetes centres
and hospitals and 535 participants (48.2%) were followed
up at both diabetes centres and primary healthcare
centres. Mean age was 57.6 (+11.1) years, mean duration
of diabetes was 13.9 (+8.4) years, and 65.2% (724) of the
participants were females, while 34.8% (387) were males.
Mean body mass index was 32.9 (+8.1) kg/mz‘ Mean
HbAlc was 69.4 (+15.5) mmol/mol (8.5% (+1.9%)), and
24.1% of participants had good glycaemic control
(HbAlc< 53 mmol/mol (<7%)), 21.7% had partial con-
trol (HbAlc 53-63 mmol/mol (7-7.9%)), and 54.2% had
poor control (HbA1C > 64 mmol/mol (> 8%)). None of
the study participants were on insulin pump or conti-
nuous glucose monitoring.

Table 1 summarises participants’ demographic and life-
style characteristics by different levels of glycaemic con-
trol. There was a higher prevalence of poor glycaemic
control among those with lower levels of education
(p-value: < 0.001), living in a remote place (p-value: 0.002),
and not working including house-wives (p-value: 0.005). A
higher proportion of those aged 60 years and younger had
poor glycaemic control, however, the association was not
statistically significant in univariate analysis. Similarly,
gender, nationality, household income, and region were
not significantly related to glycaemic control. Regarding
lifestyle factors, there was no difference in the mean of
healthy eating habit score among different categories of
glycaemic control. However, higher proportions of those
with less than daily intake of fruits and vegetables had
poor glycaemic control (p-value: 0.011). Similarly, higher
proportions of those with physical activity less than
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Table 1 Demographic and lifestyle characteristics by level of glycaemic control
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Variable Glycaemic control P-value
Good (HbAlc < 7.0%) Partial (HbA1c 7.0% - 7.9) Poor {(HbA1c = 8%)
n=263 n=237 n=>592
Age % (n)
> 60 years 284 (109 224 {86) 49.2 (189 0.106
46-60 years 214 (123) 216 (124) 57.0 (327)
< 46 years 231 (331) 202 (27) 56.7 (76)
Gender: female % (n)
Female 229 (162) 209 (148) 56.3 (399) 0.173
Male 264 (101) 232 (89) 504 (193)
Nationality % (n)
Saudi 236 (246) 21.7 (226) 54.7 (570) 0.207
Non-Saudi 340(17) 220{11) 440 (22)
Education level % (n)
University/college 309 (60) 289 (56) 40.2 (78) <0.001
Lower education level 226 {203) 20.2 (181) 57.2(514)
Location of residency % {n)
Urban 243 (229 229 (216) 52.8 (497) 0.002
Rural 304 (28) 15.2 (14) 54.4 (S0)
Remote 103 {6) 121 (7) 77.6 {45)
Working status % (n)
Working 239 (55) 204 (47) 55.7 (128 0.005
Not working / house-wife 216 (141) 2100137 57.4 (374)
Retired 319 67) 25.2 {53) 42.9 {(90)
Household income % (n)
> 6001 SAR 252 (148) 237 (139) 51.1 (300) 0.074
< 6001 SAR 228 (115) 194 (98) 57.8 (292)
Region % (n)
Riyadh 264 (161) 22.5¢137) 511 (31 0.125
Jeddah 227 (56) 215 (53) 559 (138
Hofuf 195 {46) 19.9 (47) 60.6 (143)
Active smoking % (n)
Never 246 (230) 21.9 (205) 53.5 (501) 0.563
In the past (> 1 year) 207 (19) 174 (16) 62.0 (57)
Current smoker 222 (14) 254 {16) 52.4(33)
Eating habit score (mean +SD) 302+44 206+5.1 208451 0451
Fruits and vegetables % (n)
Daily 313 (76) 202 (49) 48.6(118) 0.011
Less frequent 219 (186) 22.2(188) 55.9 {474)
Physical Activity % {(n)
2150 min/week 290 (94) 21.9(71) 49.1 (159 0.032
< 150 min/week 220 (169) 21.6 (166) 564 (433)
Sitting hours (mean + SD) 6.1+36 58435 62+3.8 0.380
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150 min per week had poor control (p-value: 0.032). Mean
number of sitting hours and smoking did not differ signifi-
cantly among the categories of glycaemic control.

The association between various clinical characteristics
and glycaemic control are presented in Table 2. Higher
proportions of poor control were among people with
longer duration of diabetes (p-value: <0.001), and who
were taking injectable medications (p-value: <0.001),
followed up mainly at primary health care or diabetes
centres (p-value: 0.019), used glucometer twice or more
a week (p-value: 0.017), and were not aware of HbAlc
or the recommended HbAlc target for people with
diabetes (p-value: 0.016). Similarly, higher proportions of
poor control were among those who had less frequent
hypoglycaemia events (p-value: 0.016), macrovascular
complications (p-value: 0.019), microvascular complica-
tions (p-value < 0.001), and high waist-hip ratio (p-value:
0.001). Other clinical characteristics including family his-
tory of diabetes, family support, hypertension, adherence
to medication, depression, anxiety, cognitive function,
dyslipidaemia, and body mass index, did not appear to
have an association with glycaemic control.

Figure 1 summarises the results of the multivari-
able logistic regression analysis. A total of 379 partic-
ipants (34.1%) had very poor glycaemic control
(HbAlc>68 mmol/mol (>9%)). Less than daily in-
take of fruits and vegetables increased the risk of in-
adequate and very poor control by 60% and 79%
respectively. Low level of physical activity was associ-
ated with 48% and 62% higher risk of inadequate and
very poor control respectively. Inadequate knowledge
of HbAlc was associated with 1.9-fold and 2.5-fold
higher risk of inadequate and very poor control re-
spectively. High waist-hip ratio increased the risk of
very poor control by 72%, while frequent episodes of
hypoglycaemia is associated with lower risk of both
inadequate and very poor control. Other risk factors
that were associated with inadequate and very poor
control include younger age, longer duration of dia-
betes, remote location of residence, and using injec-
table medications with or without oral tablets.

Figure 2 illustrates the adjusted association between
risk factors and inadequate control (HbAlc>7%) for
people who were on oral tablets only as well as for those
on injectable medications (with or without oral tablets).
Among people on oral tablets the risk of inadequate
control was higher by: 56% for low intake of fruits and
vegetables, 50% for high waist-hip ratio, and by 55% for
inadequate adherence to medication. Inadequate know-
ledge of HbAlc was associated with 2.1-fold increased
risk among those on oral tablets, while frequent
hypoglycaemia reduced the risk by 58%. Other risk fac-
tors of inadequate control among those on oral tablets
include younger age and longer diabetes duration. For
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participants who were on injectable medications, low
level of physical activity increased the risk of inadequate
control by 2.1-folds, while high waist-hip ratio reduced
the risk by 61%. Other risk factors of inadequate control
among those on injectable medications were lower
household income and followed up mainly at diabetes
centres, while people from Jeddah appeared to have
lower risk.

Discussion

In this current multi-centre study we have assessed the
status of glycaemic control and its associated factors
among people with T2DM attending diabetes centres in
Saudi Arabia. One important finding was that only
24.1% of people with T2DM achieved the recommended
HbAlc level of less than <53 mmol/mol (<7%), while
the majority (75.9%) did not attained this target. Our
findings, however, were comparable to the findings of re-
cent studies from Saudi Arabia and other Arabian Gulf
Countries [10-13, 35-39]. Despite quality health care
services and various antidiabetic medications that are
available for people with diabetes at no cost, the majority
of people with T2DM in Saudi Arabia continue to have
inadequate glycaemic control. A possible explanation
could be the embracing of unhealthy lifestyle.

Sedentary lifestyle and the consumptions of processed,
energy condensed, and fat-rich food have led to the in-
creased prevalence of obesity and diabetes, and have
made it difficult for people with diabetes to control their
blood sugar. Recent studies showed that more than half
of the Saudi population consumed less than one serving
of fruits and vegetables per day [40], and 96.1% of them
were physically inactive [41]. Furthermore, 51.0% of the
adult Saudi population were either overweight or obese
[42] and the prevalence of overweight and obesity
among people with diabetes was significantly higher than
the general population in the country [43, 44]. In
addition, studies from Saudi Arabia found an association
between low physical activity and poor glycaemic control
[10, 13, 35], while a study from Bahrain [45], a country
that shares boundaries and similar culture with Saudi
Arabia, showed an association between unhealthy eating
habits and higher HbAlc among people with T2DM.

Healthy eating habits and regular physical activity are
key components in the management of T2DM. The
current guidelines for people with diabetes recommend
8-10 servings of fruits and vegetables every day [4]. A
serving of fruits is equal to a medium-size apple, orange,
or banana, while a serving of vegetables is half a cup of
corn, carrot or leafy vegetables. The guidelines also rec-
ommend at least 150 min of moderate to vigorous inten-
sity physical activity per week [4]. The majority (77.5%)
of participants in this study, however, did not eat fruits
and vegetables daily, which has increased their risk of
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Table 2 Clinical characteristics by level of glycaemic control
Variable Glycaemic control P-value
Good (HbATc < 7.0%) Partial (HbA1c 7.0% - 7.9) Poor (HbA1c 2 8%)
n=263 n=237 n=592
Diabetes Duration % (n)
<10 years 347 (143) 255 (105) 398 (164) < 0.001
> 10 years 175119 194 (132 63.0 {428)
Famiily history of diabetes % (n)
Yes 229 (187) 222 (181) 54.9 (447) 0.325
No 272 (75) 203 (56) 525 (145)
Modality of treatment
Oral tablets 364 (219 258 (155) 379228 < 0.001
Injectable 9.9 (22) 185 {41) 716 (159)
Oral and injectable 79021 154 {41) 76.8 (205)
Main follow up centre % (n)
Hospital 342 (42) 220 (27) 439 (54) 0.019
Primary care centre 24 {125) 230 {120 53.0 {276)
Diabetes centre 213 (95) 20.1 {90) 586 (262)
Glucometer use % {n)
Once or more a week 214 (145) 217 (147) 57.0 (387) 0017
Less than once a week 286 {118 21.8 {90) 496 {205)
Hypoglycaemia events % (n)
None 269 (170) 211 (133) 520 (328) 0.016
1-5 times 182 (71) 228 (89) 59.1 (231)
6 times and more 304 21) 217 (15) 47.8 {33)
Medication adherence % (n)
Adequate 260 (165) 224 (142 51.7 (328) 0.110
Inadequate 214 (98) 208 (95) 57.8 {264)
Farmily support with diet % (n)
Good 235{(103) 222 97) 54.3 (238) 0.621
Inadequate 230 (73) 239 {76) 53.1 (169
Poor 259 (87) 19.1 (64) 55.1 (185)
Family support with physical activity % (n)
Good 214 (66) 210 65) 576 (178) 0460
Inadequate 232 (74) 232 (74) 536{171)
Poor 265 (123) 211 (98) 524 (243)
knowledge about HbATc % (n)
Aware 295 {(103) 203 (71) 501 (175) 0016
Not aware 215 (160) 223 {166) 56.1 {417)
Body mass index % (n)
Underweight/normal 227 (25) 209 (23) 564 (62) 0.075
Pre-obesity 264 (78) 264 {(78) 47.1 {139)
Obesity (class | - IIl) 233 (158) 200 (136) 56.7 (385)
Waist-hip ratio % (n)
Normal 264 (144) 248 (139) 488 (266) 0.001
High (male: > 096, female: > 0.98) 22.1 {96) 17.5 {76) 60.5 {263)
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Table 2 Clinical characteristics by level of glycaemic control {Continued)

Variable Glycaemic control P-value

Good (HbATc < 7.0%) Partial (HbA1c 7.0% - 7.9) Poor (HbA1c 2 8%)
n=263 n=237 n=592

Depression % (n)
No 24. (220 223 (203 536 (489) 0.563
Yes 239 (43) 189 (34) 57.2(103)

Anxiety % {n)
No 242 (224) 224 (207) 534 (493) 0328
Yes 232 (39) 17.9 (30) 589 (99

Cognitive function % {n)
Intact 243 (169 214 (149 54.2 (377) 0.709
Impaired 221 (59) 232 62) 54.7 {146)

Dyslipidaemia % (n)
No 296 (45) 230 (39) 474(72) 0.142
Yes 232 (218 215 (202 553 (520)

Hypertension % {n)
No 228 (74) 203 (66) 569 (185) 0.503
Yes 246 (189 223071) 53.1 (407)

Macrovascular complications
No 253 (199 231 (182 51.6 {406) 0.019
Yes 210 (64) 180 (55) 61.0 (186)

Microvascular complication
No 294 (146) 237 (118 46.9 (233) < 0.001
Yes 197 (117) 200 (119 60.3 (359)

inadequate and very poor glycaemic control. Similarly,
more than two-thirds of participants (70.5%) did not
achieve the recommended length of time of physical ac-
tivity per week even though walking for transportation
and physical activities at work were included in measur-
ing it. Results of this current study also showed that a
low level of physical activity was an independent risk
factor for inadequate and very poor glycaemic control.
Continuous education programs emphasising the role of
lifestyle modification in controlling blood glucose level
will be of great benefit for people with T2DM in Saudi
Arabia.

Previous studies have shown that the more knowledge
of diabetes a person has the more likely that he or she
will have lower HbAlc level [17, 46]. Though the partici-
pants’ knowledge of the disease was not evaluated in this
study, their awareness of HbAlc and its recommended
level for people with diabetes was assessed as a proxy for
knowledge of the disease. Only 31.9% of participants
were aware of HbAlc and knew the recommended tar-
get (<53 mmol/mol (< 7%)). The remaining participants
either have not heard of HbAlc before (32.0%) or did
not know the recommended HbAlc target (36.1%),
which was associated with increased risk of inadequate

and very poor control after adjustment for other risk fac-
tors. This finding is supported by the results of
randomised control trials which showed that knowledge
of actual and target HbAlc was associated with a signifi-
cant reduction in HbAlc levels [47, 48]. In order to im-
prove glycaemic control, physicians and health educators
should ensure that people with diabetes are fully aware
of their actual as well as the target HbAlc they should
achieve.

Similar to studies conducted in the Arabian Gulf
[49, 50] and other countries [18, 51] we found that
younger age groups (<60 years) were at higher risk of
inadequate glycaemic control. Younger people are
more likely to be affected by the change in lifestyle
and less likely to be adherent to a management plan
because of active occupational and social life [52].
Old people, in contrast, are less likely to be affected
by the change in lifestyle and more likely to adhere
to a management plan because they might be more
concerned about their health, especially when they
start to have comorbidities and complications [49].
Because of the beneficial effect of optimal glycaemic
control on delaying complications, improving quality
of life, and extending life expectancy among young
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Variable Inadequate glycaemic control (HbAlc > 7%) Very poor glycaemic control (HbAlc > 9%)
0Odds ratio (95% CI) Odds ratio (95% Cl)

Age (ref: > 60 years)

- 46 - 60 years —— 1.90 (1.31, 2.76) —— 2.74 (1.69, 4.47)

- < 46 years —_— 3.07 (1.71,5.52) —_— 4.46 (2.16,9.22)

Location of residence (ref: urban)

- Remote 3.15(1.16, 8.55) > 5.26 (1.67, 16.59)

Fruits-vegetables intake (ref: daily)

- Less frequent —— 1.60 (1.10, 2.32) —— 1.79 (1.09, 2.93)

Physical activity (ref: 2 150 min/week)

- < 150 minutes/week —— 1.48 (1.03, 2.12) o— 1.62 (1.02, 2.58)

Waist-hip ratio (ref: normal)

- High (male >0.96, female >0.98) —— 1.72 (1.11, 2.65)

Knowledge of HbA1c (ref: adequate)

- Inadequate —— 1.90 (1.34, 2.70) —— 2.45 (1.54, 3.90)

Duration of diabetes (ref: < 10 years

->10 years —— 1.94 (1.36, 2.76) —— 2.62(1.68,4.10)

Modality of treatment (ref: oral)

- Injectable —_——— 4.14 (2.46, 6.96) —_— 5.44 (3.02, 9.79)

- Oral and injectable ————+—> 6.83(3.93, 11.90) —————————> 1069 (5.75, 19.87)

Hypoglycaemia episodes (ref: none)

-2 6 times last month -~ 0.45 (0.23, 0.88) - 0.40 (0.16, 0.99)
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Fig. 1 Adjusted association between risk factors and inadeguate (HbATc 2 7%) and very poor (HbATc 2 9%) glycaemic control. Variables
introduced in the multivariable analysis were age, gender, education level, location of residence, work status, income, region, intake of fruits and
vegetables, physical activity, duration of diabetes, treatment modality, glucometer use frequency, hypoglycaemia, follow-up location, adherence
to medication, awareness of HbA1c, BMI, waist-hip ratio, macrovascular complications, microvascular complications and dyslipidaemia

people with diabetes [53], the management should
aim at tight control once the diagnosis is made.
Another concerning finding of this study is that while
the mean age of participants was 57.6 (+11.1) years
(median: 57.8, 25th percentile: 51.8, 75th percentile:
63.9 years), they have a relatively long mean duration of
diabetes of 13.9 (+8.4) years (median: 13.0, 25th percent-
ile: 6.0, 75th percentile: 20 years). This indicates that the
majority of people acquired diabetes in their early 40s.
Early onset T2DM is associated with poor glycaemic
control and a higher risk of comorbidities and complica-
tions [54]. With longer duration of T2DM, on the other
hand, there is usually further deterioration of the func-
tion of the pancreas and the body’s resistance to insulin
increases, which makes it more difficult to control
blood glucose level. The likelihood of acquiring dia-
betes complications also increases with longer duration,
and complications can negatively affect the control ei-
ther directly through inflammation and disturbance of
the body’s metabolism and indirectly through the effect
of poly-pharmacy, anxiety, depression and stress. To
prevent or delay diabetes and its complications, the
healthcare system in Saudi Arabia should fully activate
the screening programs and establish an intensive

management protocols to identify and treat people at
risk of diabetes.

Though BMI did not appear to affect glycaemic control,
we found that a high waist-hip ratio was an independent
risk factor for inadequate and very poor control. Similar
findings were also observed in studies from Japan and the
United States [55, 56]. In addition, compared to BMI, a
high waist-hip ratio was found to have stronger associ-
ation with cardiovascular disease among people with type
2 diabetes [57]. Waist-hip ratio is a more accurate mea-
sure of central obesity which is strongly linked with
T2DM, poor glycaemic control, and cardiovascular disease
[58]. Therefore, similar to BMI, waist-hip ratio should be
measured and recorded for people with diabetes with
every follow up visit, and health care providers should
raise the awareness of people with diabetes about high
waist-hip ratio and the risk associated with it.

We found that living in a remote village was a strong
predictor of inadequate and very poor glycaemic control.
People living in remote villages are likely to have a low
level of formal education and are likely to have less access
to fresh healthy food options. Because of accessibility is-
sues, they limit their follow-up to the local primary health
care centre and may not visit a specialised diabetes clinic
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Inadequate control (HbAlc 2 7%) for people on oral

Inadequate control (HbAlc 2 7%) for people on injectable (+ oral)

Household income (ref: = 6001 SAR)
- <6001 SAR

Region (ref: Riyadh)
- Jeddah

Main follow up centre (ref: hospital)
- Diabetes centre

Fruits-vegetables intake (ref: daily)
- Less frequent ——

Physical activity (ref: = 150 min/week)

Knowledge of HbA1c (ref. adequate)
- Inadequate —

Duration of diabetes (ref: < 10 years
-> 10 years —_——

Adherence to medication (ref. adequate)
- Inadequate [

Hypoglycaemia episodes (ref: none)
- 2 6 times last month -+

Variable 0dds ratio (95% CI) 0dds ratio (95% Cl)
Age (ref: > 60 years)

- 46 - 60 years —— 1.94 (1.26, 2.98)

- < 46 years —_—— 3.43(1.77,6.65)

1.56 (1.01, 2.39)

- < 150 minutes/week —— 2.12(1.01,4.47)
Waist-hip ratio (ref: normal)
- High (male >0.96, female >0.98) —— 1.50(1.01,224) -~ 0.39(0.18, 0.84)

2.05(1.36,3.10)

2.38 (159, 3.57)

1.55(1.01,2.37)

0.42(0.18,0.98)

> 433 (1.23,15.28)

- 0.42 (0.18, 0.99)

2.84(1.15,7.01)

T U T L
01 2 3 4 5 6 7 8 9

Fig. 2 Adjusted association between risk factors and inadeguate control (HbA1c 2 7%) by the modality of treatment. Variables introduced in the
multivariable analysis were age, gender, education level, location of residence, work status, income, region, intake of fruits and vegetables,
physical activity, duration of diabetes, treatment modality, glucometer use freqguency, hypoglycaemia, follow-up location, adherence to medication,
awareness of HbATc, BMI, waist-hip ratio, macrovascular complications, microvascular complications and dyslipidaemia
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or centre until the disease has progressed and they acquire
complications. To improve the control among this suscep-
tible group, the healthcare system should provide special
diabetes education programs for healthcare providers
working at remote places, and motivate them to use the
online continuous education programs that are currently
available and accredited by the Saudi Health System.
General physicians working on remote sittings should also
be provided with timely hotline or email access to specia-
lists including endocrinologists, ophthalmologist and po-
diatrist. Patients, on the other hand, should have frequent
teleconference or phone calls by diabetes educators,
dietitians and other allied health professionals if these
healthcare professionals are not assigned to the remote
place where patients live.

Similar to other previous studies [18, 49, 50], our results
showed that the use of injectable medications was a strong
predictor for inadequate control. It is of concern that even
after management with insulin, which is highly effective
modality of treatment [59], a large proportion of people
continued to have high blood glucose level. Low adhe-
rence to injectable medication regimen because of social
stigmata, interference with daily activity, and fear of

hypoglycaemia, have been suggested to increase the risk of
poor control among people using injectable medications
[60]. In Addition, the progression of the disease, weight
gain related to insulin use, and polypharmacy can also
contribute to poor glycaemic control among people with
T2DM who are on injectable medications [61].

Our findings support the previous study that showed
an association between inadequate glycaemic control
and low income as well as low adherence to medications
[18, 52, 62]. Low income decreases the likelihood of ad-
herence to lifestyle modifications and treatment regimen
[62], and low adherence to management plan is a known
risk factors for poor glycaemic control [18, 52].

The association between hypoglycaemia and glycaemic
control is of interest. Our findings showed that people with
infrequent symptoms of hypoglycaemia were at higher risk
of poor glycaemic control compared to those who had fre-
quent symptoms of hypoglycaemic. This may indicate that
while an intensive treatment regimen improve glycaemic
control, it may come at the cost of frequent hypoglycaemia
symptoms. Severe hypoglycaemia is associated with lower
productivity, reduced quality of life, and a higher risk of
anxiety, depression and mortality [63, 64]. Therefore,
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hypoglycaemia should be prevented, and the treatment
should aim at achieving the lowest HbAlc level without se-
vere hypoglycaemia episodes and a minimum number of
mild hypoglycaemia symptoms [65].

The strength of this study lays on the relatively large
sample size that was recruited from multiple centres
from different regions of Saudi Arabia. The consider-
ation of several potential risk factors and the use of a
validated electronic questionnaire, which reduce data er-
rors, also add strength to this study. This study, however,
has some limitations. Cross-sectional study design lack
temporality and causality cannot be inferred. Another
limitation is that information regarding individualised
glycaemic control targets could not be collected because
it was not documented in participants’ medical records.
Therefore, a HbAlc cut off point of 7% was selected to
categorise adequate control which is too strict for old
people with longer duration of the disease and those
who have advanced cardiovascular disease [4]. In
addition, we could not investigate the effect of new
anti-hyperglycaemic agents such as the glucagon-like
peptide-1 (GLP-1) receptor agonists on glycaemic
control because only a very small number of participants
in our database were using them. Nonetheless, this study
clearly revealed the burden of inadequate glycaemic
control among people with T2DM in Saudi Arabia and
its associated risk factors.

Conclusion

Inadequate glycaemic control is a common and widespread
problem among people with T2DM in Saudi Arabia.
Healthcare providers should undertake a patient-centred
approach and individualise management strategies with
consideration to all identified risk factors for inadequate
control. Continuous education programs should also be
implemented to raise the awareness of the disease and the
importance of lifestyle modification. The healthcare system
should prioritise diabetes prevention strategies through ac-
tive screening and intensive management of people at risk.
The health system should also take special measures to
improve glycaemic control for people with diabetes living
at remote locations. Future research should investigate the
effectiveness of education programs targeting people with
diabetes and barriers to adhering to lifestyle modifications.
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Chapter 5:

Macro- and Microvascular Complications among People with
T2DM in Saudi Arabia
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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
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Aims: The aim of this study is to identily lifestyle factors that place people with type 2 diabeles in Saudi
Arabia at a greater risk of macro- and microvascular complications.

Methods: A survey was conducted among adults with type 2 diabetes who attended diabetes centres in
three major cities in Saudi Arabia. Participants were interviewed and their medical files were reviewed

Keyw_nrds: . for lab test results and documented comorbidities. Associations between complication and lifestyle
%‘?uld't“\“b'a factors were assessed using multiple logistic regression analysis.

JAGRLES ; Results: A total of 1121 participants were recruited. Mean age was 57.6 (+11.1) years. The prevalence of
Coronary artery disease . . 7 % ¢
Stroke coronary artery disease, diabetic foot, and stroke was 17.0%, 13.1% and 3.7%, and that of neuropathy, renal
Diabetic foot impairment, and retinopathy was 20.3%, 14.5%, and 42.8% respectively. Lifestyle [actors associated with
Neuropathy one or more of the complications were inadequate physical activity, longer sitting time, obesity, current
Renal impairment or past smoking, passive smoking, hypertension, poor glycaemic control, low HDL and high triglycerides.
Retinopathy Conclusions: Diabetes complications are common among people with type 2 diabetes in Saudi Arabia.

Life style factors such as inadequate physical activity, longer sitting time, obesity. smoking, hypertension,
and poor control of blood glucose and lipids should be assimilated into complications prevention
program.

© 2018 Published by Elsevier Ltd on behalf of Diabetes India.

1. Introduction

Saudi Arabia has experienced enormous economic and lifestyle
changes over the past few decades. Along with these changes there
was arapid increase in the prevalence of diabetes mellitus which is
currently a major public health issue in the country. A recent report
estimated that the prevalence of diabetes among adults in Saudi
Arabia was 17.7%, which was considerably higher than the global
(8.8%) and the regional (10.7%) prevalence and it places Saudi

* Corresponding author. Department of Epidemiology and Preventive Medicine,
School of Public Health and Preventive Medicine, Monash University, 553 St. Kilda
Rd., Level 4, Melbourne, VIC 3004, Australia.

E-mail address: baki.billah@monash.edu (B. Billah).

https://doi.org/10.1016/j.dsx.2018.11.007
1871-4021/@ 2018 Published by Elsevier Ltd on behalf of Diabetes India.

Arabia among the countries with the highest prevalence of the
disease [1].

Diabetes complications is another concerning issue in Saudi
Arabia. Even though, people with diabetes in Saudi Arabia have free
access to both good quality healthcare services and medications,
the prevalence of microvascular (retinopathy, neuropathy, and
nephropathy) and macrovascular complications (coronary artery
disease (CAD), stroke, and peripheral vascular disease) were high
among them [2—9]. Diabetes complications reduces the quality of
life and life expectancy of the affected people and creates an eco-
nomic, emotional and social disease burden. A study from Saudi
Arabia estimated that in 2014 the annual cost of treating a person
with diabetes with complications was US$11,706.9 which is four-
fold higher than the cost of treatment for a person without
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complications (US$2746.7) [ 10]. Prevention or delay of complica-
tions can be achieved by early detection and changing of lifestyle
risk factors. Thus, it is important to identify lifestyle risk factors for
complications for people with type 2 diabetes in Saudi Arabia.

A number of studies from Saudi Arabia investigated traditional
risk factors for macro- and micro-vascular diabetes complications
[2,4--9,11,12]. The majority of these studies found that gender, older
age, longer duration of diabetes, use of insulin, and poor glycaemic
control were associated factors [2,4-9,11,12], while a few of them
showed an association of diabetes complications with uncontrolled
hypertension, smoking and dyslipidaemia [8,9,12]. Some of these
studies, however, were underpowered and limited to a single
centre or a small geographical location. Moreover, studies outside
Saudi Arabia reported an association between complications and
lifestyle factors such as physical inactivity as well as longer sitting
periods [13,14]. None of the previous studies from Saudi Arabia,
however, have evaluated this association.

Given that the prevalence of type 2 diabetes and its related
complications are high in Saudi Arabia, do these patients have some
specific traditional risk factors which could explain the observed
increase in the individual macro- and microvascular complications.
Thus, the aim of this study was two-fold. Firstly, to measure the
prevalence of macro- and micro-vascular complications among
people with Type 2 diabetes mellitus (T2DM) in Saudi Arabia.
Secondly, to identify the lifestyle and other modifiable risk factors
for these complications. The finding of this study will be useful for
patients, healthcare providers and health policy makers in devel-
oping individual patient level management plan.

2. Methods
2.1. Participants

The study population consisted of adults 18 years and above
with T2DM who were followed up at diabetes centres in Hofuf,
Riyadh, and Jeddah cities in Saudi Arabia. A sample size of 1082
participants was calculated for another outcome in this study [15].
Based on the reported prevalence of macro- and microvascular
complications in the previous studies [2,5,7,9], a sample size of
1082 participants maintains a power higher than 90% with a sig-
nificance level of 0.05. Inclusion criteria of participants includes
documented diagnosis of T2DM, aged 18 years and above, and a
duration of diabetes of at least one year. Pregnant women and
participants who did not have haemoglobin Alc (HbAlc) test
within the past one year were excluded. Both the Monash Univer-
sity Human Research Ethics Committee in Australia and the
Research Ethics Committee of the Ministry of Health in Saudi Arabia
approved this research project. All the study procedures were
carried out in accordance with the principles of the Declaration of
Helsinki as revised in 2013.

2.2. Data collection

Full description of the data collection tool and procedure were
detailed in a previous article [15]. A systematic random sample of
participants were recruited from the attendees of diabetes centres
between May 15 and November 30, 2017. Informed consent was
obtained from all participants, and they were surveyed by trained
data collectors using interview administer questionnaire. The
questionnaire was filled online through Research Electronic Data
Capture (REDCap) application [16]. The collected data include
socio-demographics, smoking, physical activity (Global Physical
Activity Questionnaire (GPAQ) [17]), medical history, adherence to
medication [ 18] and neuropathy (Michigan Neuropathy Screening
Instrument [19]). The establishers’ permission to use the above-

mentioned tools was obtained. After interviewing participants,
their blood pressure, weight, height, waist circumference, and hip
circumference were measured in a standardized way [15). Medical
records were reviewed for most recent HbA1c, creatinine, choles-
terol, high density lipoprotein lipase (HDL), low density lipoprotein
lipase (LDL), and triglycerides. Information regarding currently
prescribed medication, and documented diagnosis of hypertension,
CAD, stroke and retinopathy was also collected from medical
records.

2.3. Data analysis

Data analysis was carried out using Stata SE version 15.0. Data
were summarised and presented as a mean (+standard deviation)
for numerical data and frequency and percentage for categorical
data. T-test and chi-square test were used to examine univariate
associations between potential risk factors and CAD, diabetic foot,
stroke, neuropathy, retinopathy, and renal impairment. Risk factors
with a p-value of 0.1 in univariate analysis were entered into
multivariable logistic regression analysis with stepwise removal
[20]. A p-value of 0.05 or less was considered as statistical signifi-
cant. Definitions of outcomes and risk factors are available in the
appendix.

3. Results
3.1. General characteristics

Out of 1121 participants, 10 (0.9%) were excluded as they had
substantially incomplete records. Thus, the records of 1111 partic-
ipants were used in the analysis. Mean age was 57.6 (+11.1) years,
and mean duration of diabetes was 13.9 (+8.4) years. 65.2% (724) of
the participants were female and 34.8% (387) were male. Mean
body mass index was 32.9 (+8.1) kg/m?. The overall prevalence of
macrovascular complication was 28%, and that of microvascular
complication was 54.6%. The prevalence of CAD, stroke and diabetic
foot was respectively 17%, 13.1% and 3.7%, and that of diabetic
neuropathy, renal impairment, and retinopathy was 20.3%, 14.5%
and 42.8% respectively.

3.2. Univariate association between risk factors and complications

Table 1 summarises participants’ demographic and lifestyle
characteristics for each of the macro- and micro-vascular compli-
cations. Longer sitting time was significantly associated with higher
prevalence for all complications. Similarly, physical activity less
than 150min per week was associated with all complications
except CAD. Other risk factors that were associated with one or
more diabetes complications include older age, male gender, lower
level of education, lower household income, region of living, and
active as well as passive smoking (defined as no current smoking
but exposed to the smoking of others).

Clinical characteristics for each macro- and micro-vascular
complications are summarised in Table 2. Longer duration of dia-
betes was associated with all complications. With the exception of
stroke, all other complications were more prevalent among those
who were taking insulin. The prevalence of CAD, stroke, renal
impairment and retinopathy was higher among people with hy-
pertension. Other risk factors that were associated with one or
more of the complications include positive family history of dia-
betes, low adherence to medications, high body mass index, high
waist-hip ratio, poor glycaemic control, low HDL, and high tri-
glycerides. Normal cholesterol and LDL were associated with higher
prevalence of CAD, stroke and renal impairment.
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Table 1
Demographic characteristics by type of macro- and micre-vascular complications.
Variables CAD Diabetic foot Stroke Neuropathy Renal impairment Retinopathy
17.0% (n=189) 13.1 (n=145) 37%(n=41) 20.3% (n=202) 145% (n=161) 42.8% (n=476)
% p-value % % % % p-value p-value p-value p-value % p-value

Age % (n)
<60 years 130 <0.001 1238 0847 238 0.146 205 0995 88 <0.001 385 <0.001
6170 years 239 14.0 47 199 203 46.8
>71 years 216 12.2 58 203 295 55.4

Gender: % (n)
Female 156 0.088 131 0924 41 0.566 12.8 <0.001 142 0732 446 0.103
Male 196 12.9 35 25.0 150 395

Education level % (n)
University/college 131 0.064 10.6 0111 15 0.031 99 <0.001 131 0.037 3038 <0.001
Intermediate/secondary  15.1 111 26 16.2 11.1 39.0
Illiterate/primary 195 15.1 51 26.8 171 494

Region
Hofuf 305 <0001 239 <0.001 59 0.107 283 0.003 209 0.006 464 0.397
Jeddah 105 129 24 178 129 432
Riyadh 144 9.0 34 179 12.7 414

Location of residence % (n)
Urban 16.1 0.154 123 0102 39 0.280 194 0.086 146 0973 421 0.231
Rural 232 15.8 42 226 137 432
Remote 210 21.0 0.0 315 145 53.2

Household income % (n)
6000 SAR and less 191 0115 175 <0.001 45 0381 293 <0.001 110 0.085 36.1 0.003
6001-9000 SAR 174 77 35 146 16.2 417
9001 SAR and over 136 104 27 116 16.0 479

Active smoking % (n)
Never 158 0.013 12.0 0006 36 0.507 21.0 0.080 141 0409 432 0.573
In the past (>one year) 21T 16.0 32 11.7 192 436
Current smoker 19.1 254 6.4 238 143 36.5

Passive smoking % (n)
No 17.0 0.915 12.2 0027 3.7 0.569 19.1 0.020 149 0376 425 0.581
Yes 173 18.6 445 27.7 122 449

Physical Activity % (n)
Active (>150 minfweek) 13.7 0.059 85 0004 138 0.033 125 <0.001 10.1 0.007 314 <0.001
Inactive (<150 min/week) 184 149 45 23.7 164 476

Sitting hours (mean + SD)

Yes:73+£36 Yes: 7.2+4.7

No: 5.81+3.4 <0001 No:591+34 <0.001 No:6.0x35 0.004 No:57x£32 <0001 No:58x34 <0001 No:58x34 0.001
Yes: 7755

Yes: 6.6 +44 Yes: 7.7 +44 Yes: 65 +£39

3.3. Multivariable association between risk factors and
macrovascular complications

lable 3 shows the results of the multivariable logistic regression
analysis with stepwise selection for the association between each
of the macrovascular complications and different risk factors. Hy-
pertension and obesity increased the odds of CAD by 3.4-fold and
1.7-fold respectively, while every one hour of sitting per day
increased the odds by 10%. The odds of CAD was also higher for
male gender, older age, longer duration of diabetes, while using
insulin alone or insulin with oral tablets increased the odds by 2.2-
fold and 1.9-fold respectively. The adjusted odds of diabetic foot
was 2.7-fold and 2-fold higher for current smoking and past
smoking respectively, while passive smoking increased the odds by
1.9-fold. Low level of physical activity was associated with 90%
increased odds of diabetic foot. Other risk factors of diabetic foot
include use of insulin, and low household income. For both CAD
and Diabetic foot, increased odds was observed among people
living in the Hofuf region. In regards to stroke, hypertension
increased the odds by 4.9-fold, while lower level of education was
associated with 2.6-fold higher odds. The odds of stroke was also
2.2-fold higher for male gender, while for every one hour of sitting
per day the risk increased by 10%.

3.4. Multivariable association between risk factors and
microvascular complications

The results of the multivariable logistic regression analysis for

microvascular complications of neuropathy, retinopathy and renal
impairment and various risk factors are presented in Table 4. The
adjusted odds of neuropathy was 2.7-fold higher for current
smokers, 1.5-fold higher for low physical activity, and 1.1-fold
higher for every one hour of sitting. Both obesity and very poor
glycaemic control (HbA1c > 9%} were associated with 50% increase
in the odds of neuropathy, while Low household income increased
the odds by 2.4-fold. Other risk factors of neuropathy include male
gender, family history of diabetes and use of insulin. In regards to
renal impairment, hypertension increased the odds by 2.2-fold,
while low HDL and high triglycerides increased the odds by 1.9-fold
and 1.8-fold respectively. Every one hour of sitting increased the
risk of renal impairment by 10% and use of insulin alone increased
the odds by 80%. Older age was also a strong predictor of renal
impairment and patients living in Hofuf region and with household
income between 6001 and 9000 Saudi Riyals had higher odds.
Longer duration of diabetes increased the odds of retinopathy by
2.3—fold, and the risk was 1.5-fold higher for age above 70 years.
The odds of retinopathy was also increased by 40% for patients with
hypertension, 60% for low level of physical activity, and 90% for
insulin users. Other risk factors of retinopathy were lower level of
education, and family history of diabetes.

4. Discussion

This multicentre study provided an update regarding the prev-
alence of diabetes macro- and micro-vascular complications and
the factors related to them in Saudi Arabia. Our results showed that
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Table 2
Clinical characteristics by type of macro- and micre-vascular complications.
Variables CAD Diabetic foot Stroke Neuropathy Renal Retinopathy
17.0% (n=189) 13.1 (n=145) 3.7% (n=41) 20.3% (n=202) impairment 42.8% (n=476)
14.5% (n=161)
% p-value % p-value % p-value % p-value % p-value % p-value
DM Duration % (n)
<10 years 10.7 <0.001 9.5 0.001 2:1 0.033 15.0 0.001 86 <0.001 264 <0.001
>10 years 209 151 46 23.7 18.0 529
Family history of diabetes % (n)
No 143 0.158 114 0374 2.9 0.391 15.6 0.028 146 0.900 382 0.068
Yes 18.0 135 4.0 22.0 143 445
Modality of treatment
Oral tablet 11.0 <0.001 83 <0.001 3.1 0.170 14.0 <0.001 10.1 <0.001 326 <0.001
Insulin 259 188 5.8 264 228 545
Oral and insulin 233 189 33 29.8 174 56.7
Medication adherence
Good adherence 188 0.119 109 0.023 4.0 0.761 18.5 0.258 144 0.894 436 0.871
Moderate adherence 13.7 154 34 225 143 422
Poor adherence 17.9 18.9 28 233 16.0 415
Hypertensicn
No 6.3 <0.001 108 0.147 0.9 0.001 17.2 0.097 6.0 <0.001 339 <0.001
Yes 216 140 49 217 18.1 46.7
Body mass index % (n)
Underweight/normal 115 0.014 133 0.075 0.9 0.244 14.0 0.001 115 0.654 434 0402
Pre-obesity 133 9.3 4.0 145 143 393
Obesity (class 1 — I1I) 196 146 4.1 239 14.7 43.9
Waist/hip ratio % (n)
Normal 159 0412 123 0.284 2.7 0.074 203 0.924 116 0.034 41.1 0536
High 17.9 147 438 20.1 16.3 43.0
Glycaemic control (HbA1c)
Good Control (<7%) 156 0.768 103 0.031 3.0 0.820 14.7 <0.001 16.0 0672 333 <0.001
Peor control (7%—8.9%) 173 117 38 17.2 136 438
Very poor control (>9%) 17.7 166 4.0 279 143 488
Total cholesterol % (n)
Normal 233 <0.001 139 0.604 5% 0.026 186 0.379 18.2 0.025 47.2 0.065
High 145 12.7 29 210 13.0 41.1
LDL % (n)
Normal 215 <0.001 13.0 0.152 49 0.045 147 0.205 20.2 0.001 453 0.293
High 119 9.6 23 18.7 11.0 412
HDL % (n)
Normal 128 0.004 10.1 0.007 2.6 0.254 189 0.375 113 <0.001 410 0.459
Low 20.2 166 4.1 17.2 20.7 43.7
Triglycerides % (n)
Normal 15.0 0.005 121 0.174 33 0.586 18.7 0.044 12.9 0.019 424 0.499
High 222 152 4.0 245 18.5 447

among people with T2DM, 28% had macrovascular complications,
and 54.6% had microvascular complications and these complica-
tions were associated with a number of modifiable lifestyle factors.

The prevalence of CAD and stroke in this study was within the
reported range in high- and middle-income countries [21]. Previ-
ous studies from Saudi Arabia, however, reported slightly higher
prevalence of these complications [2,3,11]. The lower prevalence in
our study could be explained that they were measured from people
attending diabetic centres which are secondary level healthcare
facilities in the country. In contrast, the previous studies assessed
the prevalence of these complications using hospital level data,
where the prevalence is likely to be higher as patients in Saudi
Arabia are usually referred to hospitals when they needs speci-
alised level treatment.

Compared to the global prevalence of diabetic neuropathy {15%)
and diabetic retinopathy (27%), this study showed a higher preva-
lence of these complications among people with T2DM [1,22,23].
Nevertheless, our results are comparable to the findings of previous
studies in Saudi Arabia [4,5,9,24 - 26]. A slightly higher prevalence
of retinopathy and diabetic foot in our study could be explained
that the participants were asked directly about their history of
retinopathy and lower extremities’ ulcers and amputation. How-
ever, the previous studies from Saudi Arabia relied on documented

diagnosis in the patients’ medical records. Information regarding
retinopathy and diabetic foot in medical records may not be com-
plete because the patients may had been followed up for retinop-
athy and diabetic foot at primary health care or other health care
centres.

This study showed that 5.7% of the participants were smokers
and 8.5% smoked in the past, while 14% were passive smokers.
Moreover, current smoking was independently associated with 2.7-
fold increase in the odds of both diabetic foot and neuropathy.
Further, ex-smokers and passive smokers were at 2 and 1.9-fold
increased odds of diabetic foot respectively. These findings are
supported by the results of a previous systematic review [27]. The
nicotine in tobacco has an adrenergic-vasoconstrictive effect on
blood vessels [28]. This effect can lead to hypoxia, poor wound
healing, ulcers, and gangrene among people with impaired vaso-
dilatation activity such as people with diabetes [29].

Hypertension appeared as an independent predictor of CAD,
stroke, renal impairment, and retinopathy in this study, while very
poor glycaemic control (HbAlc >9%) increased the risk of neu-
ropathy. Hypertension is more common among people with dia-
betes than the general population, and its association with diabetes
macro- and microvascular complications is well-established [30].
For people with diabetes with poor glycaemic control (HbAlc > 7%)
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Table 3

Adjusted association between each of the macrovascular complications and potential risk factors®.

Variable CAD®

Diabetic foot™*

Stroke***

OR

95% C1

p-value

OR

95% C1

p-value

OR

95% a

p-value

Age (ref: <60years)
61-70 years 1.6
>70 years 19
Gender (ref: female) 1.7
Education level (ref: university/college)
Intermediate/secondary
Illiterate/primary
Income (ref: 9001 SAR and over)
6001—-9000 SAR
6000 SAR and less
Region (Ref: Riyadh)
Jeddah 0.6
Hofuf 22
Smoking (ref: never)
In the past (>one year)
Currently smoking
Passive smoking (ref: no)
Low level of Physical Activity
(ref: >150 min/week)
Number of hours of sitting per 1 |
day
BMI (ref: normal)
Pre-obesity
Obesity (class 1 — 1II) 15
Duration of diabetes 10 years 16
(ref:<10 years)
Treatment (ref: oral)
Insulin 22
Insulin + oral 19
Hypertension (ref: no) 34

11,25
11,34
11,25

03,11
13 3%

11,12

0.030
0.032
0.018

0.075
0.005

0.005

0.021
0.039

0.008
0.008
<0.001

22

25
24

14,35

17,47

1.0,4.1
12,63
11,32
10.28

15,43
14,39

0.001

<0.001

0.056
0.017
0.021
0.045

0.001
0.001

22

26

1.1

49

11,47

12,58

10,12

15,160

0.033

0.017

0.008

<0.001

2 List of the variables adjusted for in the multivariable analysis for each of the complications is available in the appendix.

Table 4

Adjusted association between each of the microvascular complications and potential risk factors®.

Variable

Neuropathy®

Renal impairment**

Retinopathy

e

OR

95% Cl

p-value

OR

95% CI

p-value

OR

95% CI

p-value

Age (ref: <60years)
61-70 years
>70 years

Gender (ref: female)

Education level (ref: university/college)
Intermediate/secondary
Illiterate/primary

Income (ref: 9001 SAR and over)
6001-9000 SAR
6000 SAR and less

Region (Ref: Riyadh)

Jeddah
Hofuf

Smoking (ref: never)

In the past (>one year)
Currently smoking

Low level of Physical Activity (ref: >150 min/week)

Number of hours of sitting per day

BMI (ref: normal)

Pre-obesity
Obesity (class I —11T)

Duration of diabetes > 10 years (ref: <10)

Family history of diabetes (ref: no)

Treatment (ref: oral)

Insulin
Insulin + oral

HbAlc (ref: < 7.0%)

Poor control (7%—8.9%)
Very poor control (>9%)

HDL (ref: normal)

Triglycerides (ref: normal)

Hypertension (ref: no)

19

24

2.7

1.1

15
16
18
2.1

15

12,29

1.7.35

13,55
09,22
10,11
10,22
11,25
11,27
14,32

10,21

0.005

<0.001

0.005
0.087
<0.001
0.044
0.023
0.013
<0.001

0.029

2.3
3.2

1.7

24

1.8

13,39
16,6.2

1.0,2.9

09, 6.2

1.0 11

10,32

13,31
11,30
12,43

0.002
0.001

0.035

0.079

0.067

0.043

0.018
0.026
0.017

1.5

18

16

23

19
1.9

14

1.0, 22

10,17

1221

17,31
11,20

13,26
14,27

10,18

0.059

0.052

0.002

<0.001
0.010

<0.001
<0.001

0.033

2 List of the variables adjusted for in the multivariable analysis for each of the complications is available in the appendix.
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and high blood pressure the risk of macro- and micro-vascular
complications was found to increase independently and addi-
tively [31]. About three-quarters (75.9%) of our participant's had
poor control of their blood glucose level and more than one third
(35.6%) had high blood pressure. Thus, to reduce the risk of macro-
and micro-vascular complications for people with diabetes, an
intensive treatment plan is required for both hyperglycaemia and
hypertension [31].

Our results showed that with every one hour of sitting per day
there was a 10% increase in the risk of CAD, stroke, and neuropathy,
while less than 150 min of physical activity per week increase the
risk of diabetic foot by 70% and retinopathy by 60%. A Danish study
showed that people who sit for 10h or longer per day and are
physically inactive during leisure time were at 80% increased risk of
myocardial infarction [13]. About 29.4% of our participants were
sitting for six to nine hours per day, while 17.3% spent 10 h or more
sitting daily. Moreover, more than two-thirds (70.1%) of the par-
ticipants were not achieving the recommended physical activity
target of 150 min per week [32]. Hence, an awareness program
about the role of physical activity for prevention of complications is
an urgent need in Saudi Arabia.

Diabetes Mellitus is a progressive disease. With longer duration
of the disease the function of the pancreas further deteriorates and
the risk of complications increases, especially when there is long
standing hyperglycaemia. This study showed that a duration of
diabetes of more than 10 years was independent predictor of CAD
and renal impairment. Similar findings were reported in a previous
study form Saudi Arabia [2]. The progression of the disease is also
the probable explanation for the association between using insulin
and macro- and micro-vascular complications.

This study supports the well-established association between
diabetes complications and advanced age as well as male gender
among people with diabetes [2,11,12,33]. We have also found that
family history of diabetes increase the risk of both neuropathy and
retinopathy. Similar findings in regards to retinopathy was reported
in a study from Greece [34]. The latter study, however, have found
that people with positive family history of diabetes had earlier
onset of diabetes [34]. Our data also shows that participants with
family history of diabetes had earlier onset of the disease
(42.7 +11.5 years) compared to those without family history
(46.8 + 12.4 years) (p-value<0.001). Early onset of diabetes is
known to increase the risk of complications [35]. Other than the
earlier onset, genetic and epigenetic have also been suggested to
contribute in the association between diabetic retinopathy and
family history of diabetes [36].

Obesity was an independent risk factors for CAD and neuropa-
thy among people with T2DM in Saudi Arabia. Obesity is well-
known risk factor for diabetes as well as for CAD [373,37], and it
substantially increases the risk of CAD among people with diabetes
especially if it is accompanied by other metabolic syndrome com-
ponents including hypertension and dyslipidaemia [37]. Given that
62.6% of our study participants were obese and 27.2% were over-
weight, a program to reduce weight for people with T2DM is likely
to be highly beneficial in reducing their risk of macro- and micro-
vascular complications.

Our results are in the keeping with previous reports that
showed a strong association of macro- and micro-vascular com-
plications with low level of education as well as low income
[38,29]. Higher level of education reduces the risk of cardiovascular
disease indirectly by encouraging healthier lifestyle behaviours and
positive attitude toward health and disease prevention [40,41],
while high income increases the likelihood of adherence to healthy
diet, physical activity, treatment regimen and access to health care
[38]. The socioeconomic status of our participants varied between
regions. A larger proportions of participants from Hofuf region had

lower level of education and lower household income. This may
explain why people from Hofuf had higher prevalence of obesity,
smoking, and longer time sitting as well as increased risk of CAD,
diabetic foot, and renal impairment. People with low socioeco-
nomic status should be considered as a high risk group and should
be provided with more health education and referred to appro-
priate social support services available in Saudi Arabia to improve
their economic status.

In contrast to previous studies [42,473], total cholesterol and LDL
did not appear to have an association with macro- or micro-
vascular complications in our study, while high triglycerides and
low HDL were associated with renal impairment. Compared to
participants without complications, a larger proportion of those
with complications were having normal total cholesterol and LDL.
This is probably because the management for this group of people
was intensified to reduce their risk of progression or acquiring
further complications. In order to prevent diabetes complications,
however, lipid profile as well as hypertension and blood glucose
should be controlled adequately before complications manifest
[31].

This study has strengths and limitations. The relatively large
sample size from three different regions gives strength to this
study. The use of pretested electronic questionnaire that was vali-
dated to reduce data errors and the exploration of wide variety of
potential risk factors also add strength to this study. The cross-
sectional study design, however, lack temporality, and we can
only infer association rather than causation. In addition, for par-
ticipants who did not have ophthalmology examination report in
their medical file we have relied on self-reporting of retina problem
to assess the prevalence of retinopathy which may reduce objec-
tivity. Nonetheless, this study clearly revealed the burden of dia-
betes macro- and micro-vascular complications among people with
T2DM in Saudi Arabia and their associated risk factors. Given the
high prevalence of diabetes in Saudi Arabia and that people with
diabetes in the country are at high risk of developing complications,
future researchers should establish risk prediction tools for dia-
betes complications. Such essential tools will help clinicians to
validate their clinical risk assessment as well as to raise the
awareness of people with diabetes about their risk, which will
motivate them to adhere to the management plan and lifestyle
modifications.

5. Conclusion

Macro- and micro-vascular diabetes complications of coronary
artery disease, diabetic foot, stroke, neuropathy, renal impairment,
and retinopathy are common among people with T2DM in Saudi
Arabia. These complications can be prevented or their progression
can be delayed by prioritizing the following lifestyle modification
factors in the management plan: increasing physical activity,
decreasing sitting time, smoking cessation, maintaining healthy
body mass index, and adequate control of hypertension, blood
glucose and lipids. The findings of this study will be useful for
developing individualise complication prevention strategies based
on the risk factors present on the patient. Future research should
aim for developing risk prediction tools to predict diabetes
complication, which will be useful in validating clinical assessment
of these complication as well as raising prevention awareness
among the patients.
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Appendix
Operational definition.

e CAD was defined as documented diagnosis of CAD, taking
medication for CAD, or underwent a procedure for CAD. Stroke
was defined as documented diagnosis of irreversible cerebro-
vascular accident.

Diabetic foot was defined as a history of lower extremity ulcers
or amputations. Retinopathy was defined as documented diag-
nosis 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
[19].

Renal impairment was defined as estimated glomerular filtra-
tion rate <60 ml/min/1.73 m? which was calculated from serum
creatinine using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [44,45].

Using the Global Physical Activity Questionnaire (GPAQ) [17],
the total number of minutes of physical activity per week was
categorised into > 150 min and <150 min [46].

Using the Morisky Medication Adherence questionnaire [18]
medication adherence was categorised into good adherence (a
score of 0), moderate adherence (a score of 1-2) and poor
adherence (a score of 3—4).

L

.

Based on HbA1c level, glycaemic control was categorised into
good control (HbAlc < 7.0%)), poor control (HbAlc 7.0%—8.9%),
and very poor control (HbAlc > 9.0%).

Body mass index (BMI) was categorised according to the current
World Health Organization guidelines into normal (<25.0 kg/
m?), pre-obesity (25.0—29.9 kg/m?), and obesity (class I, Il and
11 > 30.0 kg/m?).

High waist-hip ratio was defined as a ratio >0.96 for men and
>0.98 for women [47].

Hypertension was defined as either a documented diagnosis of
hypertension, taking antihypertension medications, or three
previous high blood pressure measures (systolic > 140 mmHg or
diastolic > 90 mmHg) [46].

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 [48].

Variables adjusted for in the multivariable logistic analysis.

The risk of Coronary artery disease as adjusted for age, gender,
level of education, region, active smoking, physical activity,
number of hours of sitting per day, duration of diabetes, mo-
dality of treatment, BMI, hypertension, cholesterol, LDL, HDL,
triglycerides (area under the receiver operating characteristic
curve: 75.7%, Hosmer-Lemeshow goodness-of-fit test p-value:
0.302).

The risk of diabetic foot was adjusted for age, gender, income,
region, active smoking, passive smoking, physical activity,
number of hours of sitting per day, duration of diabetes, mo-
dality of treatment, adherence to medications, and HDL (area
under the receiver operating characteristic curve: 71.7%,
Hosmer-Lemeshow goodness-of-fit test p-value: 0.433).

The risk of stroke was adjusted for age, gender, level of educa-
tion, physical activity, number of hours of sitting per day,
duration of diabetes, hypertension, cholesterol, LDL (area under
the receiver operating characteristic curve: 68.8% and the
Hosmer-Lemeshow goodness-of-fit test p-value: 0.413).

The risk of neuropathy was adjusted for age, gender, level of
education, location of residence, income, region, active smoking,
passive smoking, physical activity, number of hours of sitting
per day, duration of diabetes, family history of diabetes, mo-
dality of treatment, hypertension, BMI, HbA1c, and triglycerides
(area under the receiver operating characteristic curve: 72.8%,
Hosmer-Lemeshow goodness-of-fit test p-value: 0.338).

The risk of renal impairment was adjusted for age, gender, level
of education, income, region, physical activity, number of hours
of sitting per day, duration of diabetes, modality of treatment,
adherence to medication, hypertension, waist-hip ratio,
cholesterol, LDL, HDL, and triglycerides (area under the receiver
operating characteristic curve: 73.6% Hosmer-Lemeshow
goodness-of-fit test p-value: 0.638).

The risk of retinopathy was adjusted for age, gender, level of
education, income, physical activity, number of hours of sitting
per day, duration of diabetes, family history of diabetes, mo-
dality of treatment, hypertension, and HbAlc (area under the
receiver operating characteristic curve: 70.5%, Hosmer-
Lemeshow goodness-of-fit test p-value: 0.667).
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5.1.3 Conference presentation

Oral presentation at the IDF Diabetes Complications Congress, October 2018, Hyderabad, India.
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Lifestyle factors and macro- and micro-vascular complications among people with type 2 diabetes in Saudi Arabia
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Aim

The association between lifestyle factors and diabetes has not been in Saudi Arabia. The aim of this study is fo identify lifestyle factors thal place people with type 2 diabetes in Saudi Arabia at a greater risk of macro- and microvascular complications.

Method

A survey was conducted among adults with type 2 diabetes who attended diabetes centres in three major cities in Saudi Arabia. Participants were interviewed using a structured , their ics were and their medical files were reviewed for recent lab test results and documented
comorbidities. Associations between risk factors and each of the macro- and microvascular complications were assessed using multivariable logistic regression analysis

Resuits

Atotal of 1121 participants were recruited. Mean age was 57.6 (+11.1) years, mean duration of diabetes was 13.9 (£8.4) years, and 65.2% (724) of the participants were females. The overall p of ications was 28%, while that of microvascular complications was 54.6%. The prevalence

of CAD, stroke and diabetic foot was 17%, 13.1% and 3.7%, while that of diabetic y, renal and was 20.3%, 14.5% and 42.8% respectively. Lifestyle factors associated with one or more of the macro- and micro-vascular complications were physical inactivity, longer sitting ime,
obesity, current or past smoking, passive smoking, hypertension, poor glycaemic control, low HDL and high friglycerides.

Discussion
Macro- and micro-vascular complications including coronary artery disease, diabetic foot, stroke, pathy, renal t, and refi thy are common among people with type 2 diabetes in Saudi Arabia. In order o prevent these complications the management plan of the disease in the country should
priorifise lifestyle including physical activity, ing sitting time, smoking cessation, weight reduction and strict control of blood pressure, blood glucose and fipids
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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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Abstract

Objective: The aim of this study was to develop a risk scoring system to predict complications related
to type 2 diabetes in Saudi Arabia.

Method: Data from a survey conducted among 1121 adults with type 2 diabetes in Saudi Arabia was
used. Missing data was imputed and bootstrap-receiver-operation characteristic method was applied for
developing models for major diabetes complications of coronary artery disease, diabetic foot, stroke,
neuropathy, kidney disease and retinopathy. Models were validated using decile-decile plot and
bootstrapping methods.

Results: Age >60 years, gender, low education level, body mass index >30 kg/m?, physical inactivity,
longer sitting time, smoking, longer duration of diabetes, insulin use, low adherence to treatment, family
history of diabetes, glycated Haemoglobin >9%, hypertension and dyslipidaemia appeared as predictors
in one or more of the models. The area under receiver operating characteristic curves ranged from 71.2%
to 80.5%, and slope calibration ranged from 93.7% to 99.3%.

Conclusion: The developed risk prediction models require readily available information from routine
clinical practice and the models have high discrimination and calibration power. Therefore, we
recommend the use of the developed risk scoring system in the clinical assessment of major
complications for people with type 2 diabetes in Saudi Arabia.

Keywords:

Saudi Arabia, diabetes, complications, prediction model.
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Introduction

Diabetes mellitus is a major public-health issue worldwide. The prevalence of diabetes among adults in
the Middle East and North Africa was recently reported to be 10.7%, which makes these regions the
second most prevalent diabetes regions next to North America and the Caribbean [1]. Some of the
countries in the Arabian Peninsula, including Saudi Arabia, United Arab Emirates, Kuwait, Qatar and
Bahrain, have a substantially higher prevalence of diabetes compared to other countries in the Middle
East [1]. According to a recent estimate, Saudi Arabia has a prevalence of diabetes among adults of
17.7%, which places it among the countries with the highest prevalence of the disease in the region as
well as worldwide [1].

People with diabetes are more likely to develop macro- and micro-vascular complications [2]. Coronary
artery disease (CAD), diabetic foot and stroke are the major macro-vascular complications, and
neuropathy, kidney disease and retinopathy are the major micro-vascular complications. It has been
estimated that the prevalence of micro-vascular complications is 10 to 20 times higher among people
with diabetes compared to people without diabetes, while it is two to four times higher for macro-
vascular complications [2]. The prevalence of these complications among people with diabetes in Saudi
Arabia is high, which adds further problems to the burden of diabetes in the country. Studies from Saudi
Arabia showed that the prevalence of CAD among people with diabetes was between 23.1% and 24.0%,
which is higher than the estimated prevalence in the Middle East and the North African regions (15%
and 20%) [3-5]. Similarly, compared to the worldwide prevalence of diabetic neuropathy of 15% [6],
studies from Saudi Arabia showed a higher prevalence (17.8% to 65.3%) [7-10]. The majority of the
studies from Saudi Arabia also reported a higher prevalence of diabetes retinopathy (31.3% to 36.8%)
[11-13] and nephropathy (41.3% to 54.3%) [14, 15] than the global prevalence of these complications
(27.2% and 39%, respectively) [16, 17]. This highlights the urgency of the early identification and
management of the risk factors of these complications.

Risk prediction tools have an increasingly important role in identifying patients with a high risk of
diabetes complications and their use has been recommended in the diabetes management guidelines for
preventative intervention [18, 19]. These tools also help in patient counselling through educating
patients about their risk of complications. This in turn can motivate people with diabetes to adhere to
their management plans. The high prevalence of diabetes complications in Saudi Arabia warrants the
use of a risk prediction tool to predict these complications.

Risk prediction tools for diabetes complications have been developed and used not only for Western
populations but for many others as well [20-30]. However, studies on risk prediction tools for Saudi
Arabia are not available in the literature. Furthermore, due to the variation in lifestyle behaviours, as
well as genetic and environmental factors between Saudi Arabian and other populations, the tools
developed for other populations may reduce the accuracy of the predicted risk when applied to people
with diabetes in Saudi Arabia [22, 31]. Hence, there is an urgent need to develop risk prediction tools
specific to Saudi Arabia. Thus, the aim of this study is to develop a risk scoring system to predict major
diabetes complications for adults with type 2 diabetes mellitus (T2DM) in Saudi Arabia.

Materials and methods

Study Design and Population

A cross-sectional study was conducted between May 15" and November 30%", 2017. The study
methodology has been described in detail in another article [32]. The study population consisted of
adults aged 18 years and over with T2DM, who attended diabetes centres in the cities of Hofuf, Riyadh,
and Jeddah in Saudi Arabia. Inclusion criteria included documented diagnosis of T2DM, aged 18 years
and above, and a duration of diabetes of at least one year. People with other types of diabetes as well as
pregnant women were excluded. A systematic random sample of participants were recruited. Informed
consent was obtained from all participants, and they were interviewed to fill a structured questionnaire
[32]. The questionnaire collected information related to socio-demographics, lifestyle, and medical
history. The participants’ anthropometrics were measured in a standardised way, and their medical
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records were reviewed for lab test results, the prescription of medication and the documented diagnosis
of hypertension, coronary artery disease, retinopathy and stroke. A description of the validated tools
used in the questionnaire is available in the appendix. Ethical approval was obtained from the Monash
University Human Research Ethics Committee in Australia and the Research Ethics Committee of the
Ministry of Health in Saudi Arabia. All the study procedures were carried out in accordance with the
principles of the Declaration of Helsinki as revised in 2013.

Definitions of Outcomes

CAD was defined as documented diagnosis of CAD, taking medication for CAD, or underwent a
procedure for CAD. Stroke was defined as documented diagnosis of irreversible cerebrovascular
accident. Diabetic foot was defined as a history of lower extremity ulcers or amputations. Retinopathy
was defined as 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 [33]. 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 [34,
35].

Data Analysis

Based on literature review and clinical judgment, the following variables were identified as potential
risk factors for macro- and micro-vascular complications: age, gender, education, smoking, physical
activity per week, sitting time per day, duration of diabetes, family history of diabetes, treatment
modality, adherence to medications, body mass index (BMI), haemoglobin Alc (HbAlc),
dyslipidaemia and hypertension. For each outcome complication, the remaining complications were
also considered as plausible risk factors. Definitions of these risk factors are available in the appendix.
Simple logistic regression analysis was used to examine the univariate association of individual
complications with each of the plausible risk factors. Further steps of the analysis were not restricted to
the results of the univariate analysis, because univariate analysis does not account for the effect of more
than one risk factor.

Each of the following variables had only one (0.09%) observation missing: family history of diabetes,
diabetes duration, onset of diabetes and insulin use. Neuropathy had the highest missing value (10.3%),
followed by kidney disease (2.6%). The variables BMI, HbAlc, and dyslipidaemia had 0.7%, 0.45%
and 1.7% missing values. The overall percentage of missing observations was 14.6%. Missing data was
imputed five times (i.e., five imputed samples were created) using the chained equation method [36,
37], and the bootstrap-receiver operating characteristic (BROC) method was used to develop the
prediction models [38]. 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 of the original sample. In each sample, a multiple logistic regression was run and the variables that
appeared as significant were identified. The percentage of times each variable appeared as significant
was calculated and then ranked. 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 (M1) had
only one variable, the second model (M2) had two variables, and so on. Variables that had a percentage
appearance less than 20% were dropped from model development. The area under the receiver operating
characteristic (ROC) for each model was recorded. A trade-off between parsimony of the model and
optimisation of ROC was made in order to select the variables for the final prediction model [38]. 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). First order
interaction effect and multicollinearity between risk factors were also 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,
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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. The steps undertaken for developing and
validating the risk scoring models are illustrated in Figure 1. Stata SE version 15.0 was used for data
analysis. A p-value of 0.05 or less was considered as significant.

Figure 1: Steps of risk scoring model development and validation

Original data | Original data n=1121 |
and missing
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imputation | Sample size after data cleaning n=1111 |
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Bootstrap v
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Results

General Characteristics

A total of 1,121 participants were recruited for this study. Out of these 1,121 participants, 10 (0.9%)
had substantially incomplete records and were excluded; the data for 1,111 participants was used in the
analysis. The participants’ demographic and clinical characteristics are presented in Table 1. Mean age
was 57.6 (£11.1) years and the mean duration of diabetes was 13.9 (£8.4) years. The proportion of
female participants was 65.2%. Among the participants, 51.2% achieved primary school education or
less, while 17.6% were smokers or had smoked in the past. Among the participants, 55.5% were taking
oral medications, 20.2% were taking injectable medications and 24.3% were taking both oral and
injectable medications. Mean BMI was 32.9 (£8.1) kg/m? and mean HbAlc was 8.5% (*1.9%). The
prevalence of hypertension, CAD, stroke and diabetic foot was 70.0%, 17.0%, 3.7% and 13.0%, while
that of neuropathy, renal impairment and retinopathy was 20.3%, 14.5% and 42.8%, respectively [39].
Results of the simple logistic regression analysis are presented in the appendix (Table E1).
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Table 1: demographic and clinical characteristics

Characteristic Descriptive
measure
(n=1111)

Age in years 57.6+11.1
Gender (female) 65.2%
Education

University 17.8%

Intermediate-Tertiary 31.0%

llliterate-Primary 51.2%
Ever smoked

No 82.5%

Yes 17.6%
Duration of diabetes in years 13.948.4
Modality of treatment

Oral 55.5%

Injectable 20.2%

Oral and injectable 24.3%
BMI Kg/m? 32.9148.1
HbAlc 85119
Dyslipidaemia 77.2%
Hypertension (yes) 70.0%
CAD (yes) 17.0%
Diabetic foot (yes) 13.0%
Stroke (yes) 3.7%
Neuropathy (yes) 20.3%
Renal impairment (yes) 14.5%
Retinopathy (yes) 42.8%

Risk Models

The percentage of variables appearing as significant in the bootstrap analysis for each complication is
presented in the appendix (Table E2). The ROC for the plausible models for each complication is
presented in Figure 2 (the selected final model for each complication is highlighted). There was no first
order interaction effect or multicollinearity between the risk factors in the selected final models.



Figure 2: The selection of the variables into the final model for each complication (highlighted)
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Note: M1: model 1, comprised of one variable; M2: model 2, comprised of two variables; M3: model 3, comprised of three variables; and so
on. The variables appearing as significant in bootstrapping were added into the model, starting from the highest to the lowest. A variable upon
deletion that does not change the ROC of a model might be useful in the risk stratification of patients. Therefore, importance should be based
on a model’s parsimony and the clinical importance of the variable in question.

Table 2 shows the beta coefficient and odds ratio (OR) for the predictors after adjustment for regional
variation. Figure 3 shows the 1,000-fold bootstrap validation and Figure 4 illustrates the slope
calibration for the selected models.



Table 2: Beta coefficient and OR (95% CI) for the predictors of complications

cap* Diabetic foot*
Variable Beta coefficient  OR 95%C1 Variable Beta coefficient  OR 95%C|
Hypertension 1.0088 27 17,46 Neuropathy 1.8637 6.4 43,9.7
Retinopathy 0.5925 1.8 13,26 Retinopathy 0.7592 2.1 14,32
Male gender 0.5015 1.7 11,24 Ever smoked 0.4888 1.6 1.0,2.6
Sitting 2 10 hours per day 0.4937 16 11,25 Low adherence to treatment 0.4715 16 11,24
Insulin use 0.5928 1.8 12,26 Stroke 0.7651 21 09,5.0
BMI 230 kg/m? 0.4538 1.6 11,23 Sitting 2 10 hours per day 0.5011 1.7 1.0,2.7
Kidney disease 0.5657 18 11,27 Constant -3.2202 0.0 0.0,0.1
Stroke 0.6319 19 0.9,4.0
Age 2 60 years 0.4861 1.6 11,23
Constant -3.9575 0.0 0.0,0.0
Stroke* Neuropathy*
Variable Beta coefficient  OR 95%CI Variable Beta coefficient  OR 95%C|
Neuropathy 1.0925 30 13,6.7 Diabetic foot 1.9115 6.8 44,104
Hypertension 1.2967 3.7 11,123 Retinopathy 0.8057 2.2 1.53.2
CAD 0.6242 19 09,123 Female gender 0.7901 2.2 14,33
Male gender 0.2380 1.3 06,27 Stroke 1.1660 32 1.4,7.5
dyslipidaemia 0.9446 2.6 08,86 Sitting = 10 hours per day 0.6566 1.9 1.2,3.1
Diabetic foot 0.6491 2.0 0.8, 4.5 No university education 0.6387 1.9 1.0,3.4
Constant -5.9647 0.0 00,00 HbAlc2 9% 0.5345 1.7 12,25
Kidney disease 0.3034 1.4 0.8,2.2
Constant -3.7037 0.0 0.0,0.0
Kidney disease* hy*
Variable Beta coefficient OR 95%CI Variable Beta coefficient OR 95%C|
Age 260 years 0.9332 25 17,38 Diabetes duration > 10 years 0.7906 22 16,30
Sitting 2 10 hours per day 0.6835 2.0 1.2,3.1 Neuropathy 0.6883 2.0 14,29
Hypertension 0.9006 25 14,42 Insulin use 0.4727 16 12,21
CAD 0.9006 16 10,24 Diabetic foot 0.6338 19 12,29
Diabetes duration > 10 years 0.3265 1.4 09,22 CAD 0.5531 17 12,25
Insulin use 0.4817 16 11,24 Physical activity < 150 minute/week 0.3829 15 11,20
Neuropathy 0.3970 15 10,23 Family history of diabetes 0.3351 1.4 1.0,1.9
Constant -3.7069 0.0 0.0,0.0 No university education 0.3550 14 10,21
Age 2 60 years 0.2833 13 10,18
Constant -2.2154 0.1 0.1,0.2

* Accounts for variation in the regions in multiple mixed-effect logistic regression

Figure 3: The discrimination power (1000-fold bootstrap ROC) of the risk scoring models for
diabetes complications
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Figure 4: Decile-decile plots for the observed and predicted probability of complications
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CAD model: the risk scoring model for CAD included the following nine variables: age > 60 years,
male gender, BMI > 30 KG/n’, sitting time > 10 hours per day, insulin use, hypertension, retinopathy,
kidney disease and stroke (Table 2). Males had 70% increased odds of developing CAD. Being
hypertensive the odds of CAD increased by 2.7-fold. Furthermore, the odds of CAD increased by 60%
among people who were obese, among people who were aged 60 years or above, and people who spent
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more than 10 hours sitting per day. History of kidney disease, stroke and retinopathy increased the odds
between 80% and 90% and insulin users had 80% higher odds compared to those taking oral tablets.
The model has ROC of 75.4% (Figure 3) and calibration of 98.0% (p-value < 0.001) (Figure 4).

Diabetic foot model: the risk scoring model for diabetic foot has six variables — ever smoked, low
adherence to treatment, sitting time > 10 hours per day, neuropathy, retinopathy and stroke. Both ‘ever
smoked’ and ‘low adherence to treatment’ increased the odds of diabetic foot by 60%, while ‘sitting
time > 10 hours per day’ was associated with 70% increased odds. The odds of diabetic foot increased
by 6.4-fold for neuropathy and 2.1-fold for both retinopathy and stroke. The model has high
discrimination and calibration powers (ROC of 79.4% and slope calibration of 99.2% with a p-value <
0.001).

Stroke model: the following six variables has been selected for stroke — male gender, dyslipidaemia,
neuropathy, hypertension, CAD and diabetic foot. The odds of stroke increased by 3.7-fold for
hypertension, 3.0-fold for neuropathy, 2.6-fold for dyslipidaemia, and 2.0-fold for diabetic foot, while
CAD and ‘the male gender’ were associated with 90% and 30% increased odds, respectively. The model
has ROC of 71.2% with a calibration of 93.7% (p-value < 0.001).

Neuropathy model: the selected model for neuropathy has eight independent variables — female gender,
sitting time > 10 hours per day, education below university degree, HbAlc > 9%, diabetic foot,
retinopathy, stroke and kidney disease. ‘Female gender’ increased the odds of neuropathy by 2.2-fold,
while both ‘sitting time > 10 hours per day’ and ‘education below university degree’ increased the odds
by 90%. Diabetic foot increased the odds of neuropathy by 6.8-fold, stroke by 3.2-fold, retinopathy by
2.2-fold, and kidney disease by 1.4-fold, while HbAlc > 9% was associated with 70% increased odds.
The discrimination power was 80.1% and the slope calibration was 99.3% (p-value < 0.001).

Kidney disease model: for kidney disease the final model has the following seven predictors — age > 60
years, sitting time > 10 hours per day, duration of diabetes > 10 years, insulin use, hypertension, CAD
and neuropathy. ‘Age > 60 years’ increased the odds by 2.5-fold, while ‘sitting time > 10 hours per day’
increased the odds by 100%. ‘Insulin use’ and ‘duration of diabetes > 10 years’ increased the odds by
60% and 40% respectively. The odds also increased by 2.5-fold for hypertension, 60% for CAD, and
50% for neuropathy. The model has a 74.7% discrimination power and a slope calibration of 99.3% (p-
value < 0.001).

Retinopathy model: the selected risk prediction model for retinopathy has nine variables — age > 60
years, physical activity < 150 minutes per week, education below university degree, insulin use,
duration of diabetes > 10 years, family history of diabetes, neuropathy, CAD and diabetic foot. The
odds of retinopathy increased between 30% and 50% for ‘age > 60 years’, ‘sitting time > 10 hours per
day’ and ‘education below university degree’. ‘Using insulin’ and a ‘duration of diabetes > 10 years’
increased the odds by 60% and 2.2-fold respectively. The odds of retinopathy also increased by 100%
for neuropathy, 90% for diabetic foot, and 70% for CAD. The model has a discrimination power of
73.1% and calibration power of 98.0% (p-value 0.001).

Absolute risk and additive score calculation

Based on the results reported in Table 2, the absolute risk of any of the diabetes complications for a
patient can be calculated using the following formula: absolute risk = exp(XB)/(1+exp(XB)). ‘X’ is the
risk factor and ‘B’ is the corresponding beta coefficient and ‘XB’ is the sum of values of the beta
coefficients for the risk factors a patient presented and the constant term. The closer the absolute risk to
the value of one (or 100%) the higher the patient’s risk of developing diabetes complications.

To further simplify the application of the risk prediction models an additive points-based risk-scoring
system was developed [40]. The risk scoring system for each of the complications was calculated as
follows. First, the beta coefficients for the variables for each outcome (Table 2) was divided by the
smallest absolute beta coefficient and multiplied it by a multiplicative factor of 10 (Table E3 in the
appendix), which gave a score corresponding to each variable [41]. It should be noted that the risk
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stratification is invariant to the multiplicative factor of beta coefficients. Second, the total additive score
for each of the study participants was calculated based on the risk factors they had. Then the calculated
scores for all patients were divided into quintiles (five groups) [40], and rounded to the closest whole
number for risk stratification. Table 3 shows the risk quantiles and additive score strata for each of the
complications. The higher the additive score the higher the patient’s risk of developing diabetes
complications.

Table 3: The stratified additive risk score for diabetes complications.

Diabetes complications

Risk quintiles Risk groups

CAD Diabetic foot Stroke Neuropathy Kidney Disease _ Retinopathy
1st (0-20% of patients) Very low 20 and less Less than 1 50 and less 39 and less 28 and less 38 and less
2nd (21-40% of patients) Low 21-43 1-11 51-91 4048 29-42 39 -60
3rd (41-60% of patients) Moderate 44-55 12-21 92 -94 4974 43 -65 61-76
4th (61-80% of patients) High 56-061 22-37 95120 74-91 66— 81 77-93
Sth (81-100% of patients) Very high 62 and above 38 and above 121 and above 92 and above 82 and above 94 and above

A Case Study for CAD

Consider a male patient of age 65 years who is insulin dependent. The patient spends more than 10
hours per day in a sitting position, his BMI is 2 30 kg/m? and he has hypertension, kidney disease, and
retinopathy. The absolute risk of having CAD is 0.514 or 51.4%. This means that among a group of 100
patients with exactly the same set of risk factors, 51.4% of them are at risk of having CAD. The additive
score for CAD for this patient is 103.5 which falls in the 5™ quintile and indicates that the patient has
very high risk of CAD.

Discussion

Population specific risk-prediction models are very important to validate the clinical assessment of a
disease. However, risk scoring models for T2DM related micro- and macro-vascular complications in
Saudi Arabia are not available. Hence, the purpose of this study was to develop a risk scoring system
for the major micro- and macro-vascular complications for T2DM in Saudi Arabia. All the models in
this study had high discrimination and calibration powers. Among others, modifiable lifestyle factors
such as extended sitting hours per day, physical inactivity, obesity, hypertension, smoking, low
adherence to treatment, dyslipidaemia and very poor control of HbAlc contributed to an increased risk
of diabetes complications. This shows that positive lifestyle changes are urgently required among
people with T2DM in Saudi Arabia.

The prevalence of diabetes complications in our study was high and is comparable, in general, to that
from previous studies in Saudi Arabia [39]. The risk factors examined and incorporated into our models
are supported by the known risk factors of macro- and microvascular complications among people with
diabetes. Traditionally, there have been a number of elements used in risk prediction models: patient
demographics, clinical factors and comorbidities such as advanced age, gender, low education level,
smoking, high BMI, longer duration of diabetes, insulin use, high HbAlc, hypertension, and
dyslipidaemia [20-22, 24-26, 31, 42]. Studies also showed that macro- and microvascular complications
(related to diabetes) play a strong role in predicting each other [20, 22, 27, 30, 43, 44]. All of the above
variables, as well as the majority of complications, appeared as predictors in our models. Previous
studies have further showed that non-traditional biomarkers, including B-type natriuretic peptide,
osteopontin, and -2 macroglobulin, can improve risk prediction [26, 42, 45]. However, our data did
not have records of these biomarkers, as they are not routinely measured in clinical practice [42].

A few of the existing risk prediction models used ‘low level of physical activity’ as a predictor of
diabetes complication [25, 42], while ‘sitting time per day’ was given less attention even though studies
showed that a longer sitting time was associated with an increased risk of complications [39, 46].
Studies also found that a family history of diabetes was a strong independent risk factor for
microvascular complications [39, 47, 48]. Our study results showed that “sitting for more than 10 hours
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per day’ was a predictor for CAD, diabetic foot, neuropathy, and kidney disease, while ‘family history
of diabetes’ and ‘physical activity less than 150 minutes per week’ were predictors for retinopathy.

In this study, the risk prediction models were developed using BROC method in the entire dataset.
Splitting the sample into training and validation subsets can decrease the models’ accuracy and
prediction power [41, 49]. In addition, compared to the automated and other variable selection methods,
the BROC method improves results with respect to parsimony and the prediction performance of the
model [38, 41, 49]. This was clearly reflected in the results of this study. The prediction models for
each of the complications incorporated a small number of predictors, ranging from six to 10 variables,
which confirmed their parsimony. In a clinical setting, a simple and easy-to-use scoring system is
preferred over a complex model that requires many variables or variables that are not easy to collect
such as non-traditional biomarkers.

Bootstrap method was also used to validate the models. The models’ ROC was assessed in 1000 samples
randomly selected (using with replacement) from the original sample. This method provides bias-
corrected discrimination power [41, 49]. All the models developed in this study showed high
discrimination (ranging from 71.2% to 80.5%). The models’ validity was evaluated further by assessing
the slope calibration which is more accurate than the Hosmer-Lemeshow goodness of fit test [50, 51].
The slope calibration for our models is high, ranging from 93.7% to 99.3%. Thus, we recommend the
use of these models and the developed risk scoring system in assessing the risk of major macro- and
micro-vascular complications for people with T2DM in Saudi Arabia. Such tools will facilitate
educating people with diabetes about their risk of complications, which may motivate them to undertake
active preventive measures. It will also help clinicians to identify people at high risk.

This study has strengths and limitations. The strengths of the study originate from the consideration of
various demographic, lifestyle and clinical factors as the predictors of complications, as well as robust
methodology in developing and validating the prediction models. The entire data set has been used to
develop and validate the risk prediction models, which is preferable over a split-sample [41, 52]. The
risk prediction models developed in this study are parsimonious and have high discrimination and
calibration powers. However, the cross-sectional study design was a limitation of this study. Cross
sectional studies lack temporality and causation cannot be inferred. Thus, the developed models might
be refined in the future using data from a prospective study. Another limitation was the conversion of
numerical continuous variables to categorical variables, which may lead to a loss of some information.
This conversion, however, helps clinicians and patients to easily interpret the risk attributed to the
variables.

Conclusions

The risk models developed in this study are parsimonious and easy to use. They provide a valid method
for assessing the risk for each of the six major macro- and micro-vascular complications for patients
with T2DM in Saudi Arabia. Furthermore, these models and the risk scoring system provide an
opportunity for ongoing counselling of patients regarding their risk of complications.
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Conclusion: The developed risk prediction models require readily available information from routine clinical practice and the
models have high discrimination and calibration power. Therefore, we recommend the use of these models in the clinical
assessment of major complications for people with type 2 diabetes in Saudi Arabia.
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Chapter 6:

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

83



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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Abstract

Objective: To assess the prevalence and factors related to obesity, hypertension, and dyslipidaemia
among people with type 2 diabetes mellitus (T2DM) in Saudi Arabia, and to explore how these
comorbidities affect cardiovascular disease risk.

Method: A survey was conducted among adults with T2DM who attended diabetes centres in three
major regions in 2017. Participants were interviewed and their medical records were reviewed.
Bootstrap resampling with logistic regression was used to identify risk factors associated with obesity,
hypertension, and dyslipidaemia.

Results: 1,121 participants were recruited. The mean age was 57.6 (£11.1) years. The prevalence of
obesity, hypertension, and dyslipidaemia was 62.6%, 70.0%, and 70.7%, respectively. Younger age,
female gender, physical inactivity, longer sitting time, and insulin use were associated with obesity.
Advanced age, obesity, renal impairment, and lower education were associated with hypertension.
Advanced age, low income, insulin use, and lower education were related to dyslipidaemia. Longer
diabetes duration was associated with all comorbidities. These comorbidities substantially increased the
risk of cardiovascular disease.

Conclusion: Obesity, hypertension, and dyslipidaemia are highly prevalent among people with T2DM
in Saudi Arabia and these comorbidities increase the risk of cardiovascular disease. These comorbidities
can be prevented by controlling a number of modifiable factors, including lifestyle.

Keywords:
Saudi Arabia, diabetes, obesity, hypertension, dyslipidaemia, metabolic syndrome, cardiovascular

complications.
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Introduction

The prevalence of diabetes mellitus is growing rapidly worldwide, which makes this disease a pressing
global public health issue. It is estimated that in 2017, 451 million people aged 18 years and over were
living with diabetes globally, and it is projected that the number will increase to 693 million by 2045
[1]. In addition, diabetes was responsible for 9.9% of the global all-cause mortality among people aged
18 years and older [1]. Diabetes and its related complications present a heavy social and financial

burden, and a formidable challenge to healthcare systems across the world.

Compared to a person without diabetes, a person with diabetes has a two to four times higher risk of
cardiovascular disease, which is a leading cause of morbidity and mortality for people with diabetes
[2]. Furthermore, the risk of cardiovascular disease and its related mortality substantially increases
when a person with diabetes has comorbidities such as obesity, hypertension, and dyslipidaemia. A
study found that in people with type 2 diabetes mellitus (T2DM) the adjusted relative risks of
cardiovascular disease and total mortality for a 5-unit increase in body mass index (BMI) were 13%
and 27%, respectively [3]. Another study reported that people with T2DM and hypertension have 4.7-
fold higher odds of cardiovascular disease compared to people with T2DM only [4]. People with T2DM
and dyslipidaemia were found to have a 1.54-fold higher hazard ratio for coronary artery disease and a
2.13-fold higher hazard ratio for stroke, compared to people with T2DM who have normal a lipid profile

(51

Unfortunately, people with diabetes, type 2 in particular, are predisposed to have or acquire these
comorbidities. Compared to a global prevalence of hypertension of 26.4% in the general population [6],
the prevalence in people with T2DM can reach over 50% [7]. Similarly, compared to a global
prevalence of obesity of 9.8% in the general population [8], the prevalence can reach over 30% in people
with T2DM [7]. In regard to dyslipidaemia, studies reported a prevalence between 25.5% and 52.9% in
the general population [9-11]. Among people with T2DM, however, the prevalence of dyslipidaemia
can reach over 70% [12, 13]. Furthermore, people with T2DM are prone to have a combination of high
triglycerides and low high-density lipoprotein, which is known as ‘atherogenic dyslipidaemia’ because

of its strong association with cardiovascular disease [5].
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Preventing or controlling diabetes comorbidities is key to preventing or delaying diabetes-related
complications. It can be achieved by controlling the factors that increase the risk of these comorbidities.
Thus, identifying the factors related to obesity, hypertension, and dyslipidaemia as comorbidities of
diabetes has great clinical and public health importance. The risk factors related to these comorbidities,
however, can vary substantially between populations because of variations in genetic, environmental,
and behavioural factors. Therefore, findings from a study conducted in one country may not be

generalisable to the population of another country.

Diabetes mellitus is highly prevalent in the Arabian Gulf Cooperation Council Countries, namely, Saudi
Arabia, Kuwait, Bahrain, Qatar, United Arab Emirates, and Oman [14]. Saudi Arabia is among the
countries with the highest prevalence of diabetes, regionally and globally [14]. Furthermore, the
prevalence of diabetes-related complications is also high in Saudi Arabia [15, 16], and according to an
estimate in 2014, 13.9% of the country’s total healthcare cost was spent on the treatment of people with
diabetes and its complications [17, 18]. A number of studies have measured the prevalence of obesity,
hypertension and dyslipidaemia among people with diabetes in Saudi Arabia [15, 19-24]. The majority
of these studies, however, were single-centred and were underpowered because of their small sample
size. Moreover, of these studies only one, which was single centre hospital-based, explored factors
associated with hypertension [19], while factors associated with obesity and dyslipidaemia were not
explored for the Saudi population with diabetes. There is also a scarcity of evidence about how these
comorbidities impact the risk of cardiovascular complications among this high-risk population. Thus,
the aim of this study was threefold. Firstly, to measure the prevalence of obesity, hypertension and
dyslipidaemia among people with T2DM in Saudi Arabia. Secondly, to identify demographic,
behavioural, and clinical risk factors that increased the risk of these comorbidities. Thirdly, to assess

the individual and combined effect of these comorbidities on the risk of cardiovascular complications.
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Methodology

Study design and population

A cross-sectional survey was conducted to collect data from people with T2DM attending diabetes
centres in the Saudi Arabian cities of Hofuf, Riyadh, and Jeddah. The study population consisted of
people aged 18 years and over who had a documented diagnosis of T2DM with a duration of diabetes
of at least one year. People with other types of diabetes (type 1 diabetes and gestational diabetes), and
pregnant women with T2DM, were excluded from the study. The calculated sample size was 1,082
participants based on a sample size calculation with 90% confidence level, 5% significance level, and
a 2.5% margin of error for the previously reported prevalence of diabetes complications and
comorbidities in Saudi Arabia [25]. Both the Monash University Human Research Ethics Committee in
Australia and the Research Ethics Committee of the Ministry of Health in Saudi Arabia approved this
research project. All the study procedures were carried out in accordance with the principles of the

Declaration of Helsinki as revised in 2013.

Data collection

Consecutive attendees in the diabetic centres were randomly approached between 15 May and 30
November 2017. Upon their agreement to participate, written informed consent was obtained and they
were interviewed face-to-face by trained data collectors in order to complete a structured questionnaire
[25]. The questionnaire collected data related to socio-demographics, behavioural, and medical history.
Socio-demographic data included age, gender, marital status, education, area of residence and
household income. Behavioural data included smoking status and level of physical activity (Global
Physical Activity Questionnaire (GPAQ) [26]). Medical history data included the duration of diabetes,
modality of treatment, and history of diabetes complications and comorbidities. At the end of the
interview, participants’ blood pressure, height, weight, and waist and hip circumference were measured
in a standardised way [25]. Participants’ medical records were then reviewed for lab test results,
currently prescribed medications, and documented diagnosis of hypertension and diabetes

complications.
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Operational definitions

BMI was categorised according to the current World Health Organization (WHO) guidelines into
normal (< 25.0 kg/m?), pre-obesity (25.0 — 29.9 kg/m?), and obesity (class I, II and IT > 30.0 kg/m?).
Hypertension was defined as either: documented diagnosis of hypertension; taking antihypertension
medications; or three previous high blood pressure measures (systolic > 140 mmHg or diastolic > 90
mmHg) [27]. Dyslipidaemia was defined as taking lipid-lowering 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 [28]. Using the GPAQ [26], the total
number of minutes of physical activity per week was categorised into > 150 minutes and < 150 minutes
[27], while the number of hours spent in sitting position per day were categorised into < 10 hours and
> 10 hours [29]. Based on haemoglobin Alc (HbAlc) level, glycaemic control was categorised into
good control (HbAlc < 7.0%) and poor control (HbAlc > 7.0%). High waist-hip ratio was defined as
a ratio of > 0.96 for men and > 0.98 for women [30]. Renal impairment was defined as estimated
glomerular filtration rate (eGFR) < 60 ml/min/1.73m?, which was calculated from serum creatinine
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [31].
Cardiovascular complications were defined as either documented diagnosis of coronary artery disease,
documented diagnosis of irreversible cerebrovascular accident (stroke), or a history of lower extremity

ulcers or amputations (diabetic foot).

Data analysis

Stata SE version 15.0 was used for data analysis. Data were summarised and presented as frequency
and percentage. Chi-squared test were used to examine univariate associations between demographic,
behavioural, and clinical factors with obesity, hypertension and dyslipidaemia. Based on literature
review and clinical judgment, age, gender, education, location of residence, household income,
smoking, physical activity per week, length of sitting time per day, duration of diabetes, use of insulin,
BMI, waist-hip ratio, HbAlc, dyslipidaemia and chronic kidney disease, were all identified as potential

risk factors for one or more of the study outcomes. Of these, the variables diabetes duration, insulin use,
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BMI, HbAlc, dyslipidaemia, and kidney disease had missing values, ranging between 0.09% for
diabetes duration and 10.3% for waist-hip ratio. Missing data was imputed five times using the Chained

Equation method [32].

Multiple logistic regression with bootstrap resampling with replacement [33] was used to identify
factors associated with each of the outcomes, which included obesity (BMI > 30.0 kg/m?), hypertension,
and dyslipidaemia. From each imputed sample, 5,000 samples, each of the same sample size as the
original sample, were randomly drawn with replacement, which resulted in 25,000 bootstrap samples.
Multiple logistic regression was run for each of the bootstrap samples and the variables that appeared
as significantly associated with the comorbidities were recorded. The percentage of times each variable
appeared as significant in all the 25,000 samples was calculated. The variables with percentage of
appearance as significant predictor of 50% and higher were added to a multilevel mixed-effect logistic
regression model that adjusted the variables in the model by regional variation. The adjusted odds ratio,
its 95% confidence interval, and p-value for the risk factors were calculated. The discrimination power

of the models was evaluated using the area under the receiver operator characteristics (ROC).

In addition, the 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. In all parts of the analysis a p-value of 0.05 or less was considered as

significant.

Results

General characteristics

Of the 1,121 participants in the study, ten (0.9%) had substantially incomplete records and were
excluded, and the records of 1,111 participants were used in the analysis. The mean age was 57.6
(£11.1) years, and 65.2% (724) of the participants were females. The mean duration of diabetes was

13.9 (+8.4) years. The mean BMI was 32.9 (+8.1) kg/m? and 10.2% of the participants had normal
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weight (BMI < 24.9 kg/m?), while 27.2% were overweight (BMI: 25.0 — 29.9 kg/m?) and 62.5% obese
(BMI > 30.0 kg/m?). The prevalence of obesity was substantially higher among females (70.7%)
compared to males (47.4%). The mean systolic and diastolic blood pressure were 130.5 (£19.2) mmHg
and 79.1 (¥11.6) mmHg respectively, and 70.0% of the participants had hypertension, with higher
prevalence among females (72.6%) compared to males (64.9%). The mean cholesterol, LDL, HDL, and
triglycerides was 4.7 (¥1.2) mmol/L, 2.7 (£1.1) mmol/L, 1.2 (0.3) mmol/L, and 1.8 (+0.9) mmol/L,
respectively. The prevalence of dyslipidaemia was 70.7%, while the prevalence of high triglyceride
combined with low HDL was 40.4%. There was no significant difference in the prevalence of

dyslipidaemia between males and females.

Univariate association

Table 1 summarises participants’ demographics and behavioural characteristics by different
comorbidities. The prevalence of obesity was higher among age group 40-60 years, while the
prevalence of hypertension and dyslipidaemia increased with age. Female gender was associated with
higher prevalence of obesity and hypertension. Lower education level was associated with increased
prevalence of all comorbidities. High household income increased the likelihood of obesity, while low
income increased the prevalence of hypertension and dyslipidaemia. Low level of physical activity
increased the likelihood of obesity and hypertension. Longer sitting time increased the prevalence of

obesity while never having smoked cigarettes increased the prevalence of hypertension.

In regard to the clinical factors (Table 2), longer duration of diabetes was associated with higher
prevalence of hypertension and dyslipidaemia. Insulin use was associated with increased prevalence of
obesity and hypertension, and lower prevalence of dyslipidaemia. The prevalence of hypertension and
dyslipidaemia increased with overweight and obesity. High waist-hip ratio, dyslipidaemia, and renal

impairment were associated with higher prevalence of hypertension.

Adjusted association
Table 3 summarises the results of bootstrap variable selection for each of the diabetes comorbidities.

The variables that appeared significantly related to obesity in at least 50% of the bootstrap samples were
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age > 60 years, female gender, duration of diabetes > 10 years, physical activity < 150 minutes per
week, sitting time > 10 hours per day, and insulin use. The variables age > 60 years, BMI > 30 kg/m?,
renal impairment, up to secondary level education, duration of diabetes > 10 years, and urban/rural area
of residence were significant related to hypertension in bootstrap samples. Duration of diabetes > 10
years, insulin use, household income < 6001 SAR, and up to secondary level education were significant

associated with dyslipidaemia in at least 60% of the bootstrap samples.

Age, gender and variables with percentage of appearance of 50% and higher in bootstrap analysis were
introduced into multilevel mixed-effect logistic regression models as a predictor for each of the
comorbidities (Table 4). Female gender was associated with 2.5-fold increased odds of obesity (95%
CI: 2.0, 3.3). The odds of obesity increased by 60% for sitting time > 10 hours per day (OR: 1.6, 95%
CI: 1.1, 2.3) and duration of diabetes > 10 years (OR: 1.6, 95% CI: 1.2, 2.2). Physical activity < 150
minutes per week (OR: 1.5,95% CI: 1.1, 2.0), age 4660 years (OR: 1.5, 95% CI: 1.1, 1.9), and insulin
use (OR: 1.5, 95% CI: 1.1, 1.9) increased the odds of obesity by 50%. The model for obesity has an

ROC of 66.7%.

Age 46-60 years and above 60 years increased the odds of hypertension by 2.0-folds (95% CI: 1.3, 3.0)
and 5.3-folds (95% CI: 3.2, 8.5), respectively. The odds of hypertension increased by 2.7-folds (95%CI:
1.7, 4.2) for BMI > 30 kg/m? and by 2.6-folds (95% CI: 1.5, 4.4) for renal impairment. Duration of
diabetes > 10 years (OR: 1.4, 95% CI: 1.0, 1.9), education level up to secondary school (OR: 1.7, 95%
CI: 1.2, 2.4), and urban/rural area of residence (OR: 1.8, 95% CI: 1.0, 3.2) increased the odds of

hypertension by between 40% to 80%. The regression model for hypertension has an ROC of 72.6%.

Age 4660 years and above 60 years were associated, respectively, with 2.0-fold (95% CI: 1.3, 3.1) and
2.3-fold (95% CI: 1.5, 3.7) increase in the odds of dyslipidaemia. Duration of diabetes > 10 years (OR:
1.6, 95% CI: 1.2, 2.2) and insulin use (OR: 1.6, 95% CI: 1.2, 2.1) increased the odds of dyslipidaemia
by 60%. The odds of dyslipidaemia also increased by 50% for household income < 6001 SAR (OR:
1.5, 95% CI: 1.1, 2.1) and education level up to secondary school (OR: 1.5, 95% CI: 1.0, 2.2). The

model for dyslipidaemia has an ROC of 63.9%.

93



The association between comorbidities and cardiovascular disease

Figure 1 illustrates the adjusted association between diabetes comorbidities and cardiovascular disease.
The prevalence of cardiovascular complications among the study participants was 27.9%. The odds of
cardiovascular complications were 3.2-fold (95% CI: 1.3, 7.7) and 3.3-fold (95% CI: 1.3, 8.7) higher
for patients with hypertension and obesity respectively, while high triglycerides combined with low
HDL was associated with 4.1-fold (95% CI: 1.4, 11.6) increased odds. The odds of cardiovascular
complications increased further when two or more of these comorbidities coexisted. The odds were 5.5-
fold (95% CI: 2.2, 14.3) higher for obesity combined with high triglycerides and low HDL, 6.2-fold
(95% CI: 2.6, 15.2) higher for hypertension coexisting with high triglycerides and low HDL, and 7.3-
fold (95% CI: 3.2, 16.7) higher for obesity coexisting with hypertension. The odds of cardiovascular

complications were 7.5-fold (95% CI: 3.3, 17.4) higher when all the comorbidities coexisted.

Discussion

The aim of this study was to measure the prevalence of obesity, hypertension, and dyslipidaemia, and
to explore their risk factors among people with T2DM in Saudi Arabia. The impact of these
comorbidities on the risk of cardiovascular disease was also explored. This study showed that the
prevalence of obesity, hypertension, and dyslipidaemia was very high, and these comorbidities
substantially increased the risk of cardiovascular complications especially when they co-existed.
Furthermore, a number of modifiable factors, including physical inactivity, longer sitting time, and high

BMI, were associated with these comorbidities.

The prevalence of obesity, hypertension, and dyslipidaemia in this study was high, but comparable with
recent local and international studies. Previous studies from Saudi Arabia reported that the prevalence
of obesity and hypertension among people with diabetes was respectively 46.5% to 57.9% and 54.2%
to 78.1% [15, 19-24]. A systematic review of international studies reported a prevalence of obesity and

hypertension among people with T2DM higher than 50.0% [7]. As for dyslipidaemia, studies from
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Saudi Arabia showed a prevalence between 53.1% and 77% among people with diabetes [20, 21, 24],
while studies from India and Tanzania respectively reported a prevalence among people with diabetes

of 70% and 95% [12, 13].

In line with other studies, the current study found that younger people with diabetes were at higher risk
of obesity [3, 34]. The loss of body mass with age can partially explain this finding. Another explanation
is that older people might be more adherent to healthy diet than younger people because they are more
concerned about their health. On the other hand, the current results showed that advanced age
substantially increased the risk of hypertension and dyslipidaemia, and these findings are in agreement
with the previous literature [19]. As for the duration of diabetes, this study found that longer duration
of diabetes was related to all comorbidities. A previous study reported similar findings for hypertension
and dyslipidaemia [35]. For obesity, however, a Swedish study showed that longer duration of diabetes
was associated with lower BMI [34]. The difference between the two populations might explain the

variation in the results between the current and the Swedish studies.

Physical inactivity and long sitting times are well-known risk factors of obesity among the general
population as well as among people with diabetes [36]. As was reported previously, more than two-
thirds of our participants (70.5%) did not achieve the recommended physical activity per week (= 150
min/week), and 46.7% of the participants were spending over six hours in a sitting position daily [16,
37]. The harsh weather, the availability of private automobiles, and the shift to more office-based
occupations over the last few decades played an important role in decreasing daily physical activity.
Moreover, the reduction in physical activity was accompanied by a change in eating habits, increasing
the consumption of unhealthy energy-dense food. As a result, the prevalence of obesity in Saudi Arabia

has been rising rapidly over the last few decades [38].

Women in Saudi Arabia are more prone to be physically inactive [39]. Until recently, gymnasiums for
women were not available in the country, and for cultural reasons women were not encouraged to
undertake physical exercise, particularly outdoors. This might explain the higher prevalence in this
study of obesity among women compared to men, which is in agreement with a previous study [40]. In

order to reduce the prevalence of obesity among people with diabetes, clinicians and diabetes educators
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should emphasise the role of physical activity, healthy eating, and maintaining healthy body weight in

the management of diabetes.

We found that insulin use was associated with obesity. Intensifying pharmacological treatment for
diabetes can improve glycaemic control and lower the risk of diabetes complications [41]. In addition,
insulin use can improve lipid profile, as our results showed, which is in agreement with a previous study
[42]. Intensifying pharmacological treatment, however, may result in weight gain, which may adversely
affect the prognosis of the disease, as weight gain increases the risk of cardiovascular complications
[43]. The promotion of lipogenesis and the increase in carbohydrate intake by patients to avoid
hypoglycaemia are two of the main mechanisms through which insulin may increase weight [44].
Insulin-sensitising drugs such as metformin can improve the body’s sensitivity to insulin and lower the
required insulin dose, reducing its effect on weight. Healthy diet and regular exercise have a similar

effect [44]; thus, people with diabetes should always be encouraged to follow a healthy lifestyle.

Our study showed that obesity was related to hypertension. It is estimated that more than two-thirds of
hypertension cases can be attributed to obesity [45]. A number of mechanisms to link obesity with
hypertension have been suggested, and these include activation of the renin—-angiotensin—aldosterone
system, increasing sympathetic activity, promoting insulin and leptin resistance, increasing pro-
coagulatory activity, endothelial dysfunction, and increasing renal sodium reabsorption [46]. Obesity is
also linked to the development and progression of kidney disease, which is strongly associated with
hypertension, as our results and previous studies showed [47]. Maintaining a healthy weight should be
an essential part of the management of diabetes because of its health benefits on controlling blood sugar,

blood pressure, and blood lipids, and on reducing the risk of diabetes complications [48]

Socioeconomic status plays an important role in the development of diabetes comorbidities. This study
showed that low education level was associated with a higher risk of hypertension and dyslipidaemia,
while low household income increased the risk of dyslipidaemia. Higher education levels and incomes
increase the likelihood of adherence to healthier lifestyle behaviours and the positive attitudes toward

health and disease prevention which lower the risk of chronic diseases [49].
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Metabolic syndrome occurs when multiple comorbidities including obesity, abnormal glucose
metabolism, dyslipidaemia, and hypertensions coexist [50]. Patients with metabolic syndrome are at
increased risk of cardiovascular disease [51], and our results were in keeping with this finding. We
found that among people with T2DM, having one of these comorbidities was associated with
substantially increased risk of cardiovascular complications, and that this risk further increased when
these comorbidities coexisted. Moreover, the coexistence of these comorbidities (i.e. metabolic
syndrome) is common among people with T2DM in Saudi Arabia. About 63.4% of the study
participants had two or more other comorbidities, and 19.5% of them had all comorbidities including
obesity, dyslipidaemia, and hypertension. People with diabetes comorbidities should be considered a

very high-risk group and the measures needed to control these comorbidities should be intensified.

This study has strengths and limitations. The relatively large sample size, drawn from multiple centres
in three different regions of Saudi Arabia, adds strength to the study and makes the results more
generalisable. The exploration of various demographic, behavioural, and clinical risk factors, using
robust methods of analysis, lend it further weight. A limitation of this study, on the other hand, is the
cross-sectional design, which allows only the inference of association rather than the assumption of
causation. Nevertheless, this study clearly shows that obesity, hypertension, and dyslipidaemia were
prevalent among people with T2DM in Saudi Arabia and how these comorbidities substantially
increased the risk of cardiovascular disease. This study also shows the importance of lifestyle

modification in the management of diabetes and the prevention of its comorbidities.

To conclude, obesity, hypertension, and dyslipidaemia are prevalent among people with T2DM in Saudi
Arabia, and these comorbidities substantially increase the risk of cardiovascular complications. The risk
of these comorbidities can, however, be reduced by following a healthy lifestyle, which includes

practising regular physical activity, reducing sitting time, and maintaining a healthy body weight.
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Table 1: Demographic and behavioural characteristic by obesity, hypertension, and dyslipidaemia status

102

Variabl BMI Hypertension Dyslipi i
Normal Over weight Obese P-value No Yes P-value No Yes P-value
(BMI £ 24.9 ky/m?) (BMI25.0-29.9 (BMI = 30 kg/m?)
ke/n?) 30.0% (n=333) 70.0% (n="778) 29.3% (n=294) 70.7% (n="709)

10.2% (n=113) 27.2% (n=300) 62.5% (n= 690)

<46 years 14.6 (20) 26.3 (36) 59.1(81) 0.036 57.7(79) 42.3 (58) <0.001 48.8 (61) 51.2(64) <0.001
46 — 60 years 7.9 (46) 26.0 (151) 66.0 (383) 33.6 (196) 66.4 (387) 27.8 (147) 72.2(382)
>060 years 122 (47 293 (113) 58.6(226) 14.8 (58) 85.2(333) 24.6 (86) 75.4(263)
Gender: % (n)
Female 7.8 (56) 21.6 (155) 70.7 (508) <0.001 27.2(197) 72.6 (527) 0.006 29.4(192) 70.6 (461) 0.931
Male 14.8 (57) 37.8 (145) 47.4 (182) 35.1(136) 64.9 (251) 29.4(1.2) 70.9 (248)
Education % (n)
University/college 11.6(23) 36.4(72) 52.0(1.3) 0.002 45.5 (90) 54.6 (108) <0.001 35.4 (63) 64.6(115) 0.049
Up to secondary level 9.9 (90) 25.2 (228) 64.9 (587) 26.6 (243) 73.4 (670) 28.0 (231) 72.0 (594)
Location of residence
Urban 10.5 (99) 27.9 (264) 61.7 (584) 0.568 29.5(281) 70.6 (673) 0.183 28.3 (244) TLT(61T) 0.231
Rural 10.5 (10) 23.2 (22) 66.3 (63) 28.4(27) 71.6 (68) 36.4 (32) 63.6 (56)
Remote 6.7(4) 23.0 (14 70.5 (43) 40.3 (25) 59.7(37) 33.3(18) 66.7 (36)
Household income % (n)
<6001 SAR 104 (62) 31.5 (188) 58.1(346) 0.001 255 (131) 74.5 (383) 0.002 333 (151 66.7 (302) 0.011
=6001 SAR 10.1 (51) 22.1(112) 67.9 (344) 33.8 (202) 66.2 (395) 26.0 (143) 74.0(4.7)
Ever Smoked % (n)
No 9.8 (89) 27.6 (252) 62.6 (571) 0.454 28.5(261) 71.5 (655) 0.020 29.0 (239) 71.0 (585) 0.647
Yes 12.6 (24) 25.1 (48) 119 (62.3) 36.9(72) 63.1(123) 30.7 (55) 69.3 (124)
Physical activity % (n)
=150 min/week 12.3 (40) 33.1 (108) 54.6 (174) 0.002 354 (116) 64.6 (212) 0.011 33091 68.7 (200) 0.383
<150 min/week 9.4(73) 24.7 (192) 65.9 (512) 25.7(217) 72.3 (566) 28.5 (203) 715 (509)
iing time
<10 hours per day 3(103) 28.3 (259) 60.4 (552) 0.002 30.9 (283) 69.1 (635) 0.139 29.4 (246) 70.6 (590) 0.859
210 hours per day 5.3(10) 21.7 (41) 73.0(138) 255 (49) 74.5 (143) 28.7 (48) 713 (119)

Table 2: Clinical characteristic by obesity, hypertension, and dyslipidaemia status

Variable MI Hypertension Dyslipidaemi
ormal Over weight Obesity P-value No Yes No Yes P-value
i B e {0t 2 38 ighr') 30.0% (n= 70.0% (n= 29.3% (n=294)  70.7% (n=
102% (n=113)  272% (0=300)  62.5% (n=690) 333) 778) 709)
DM Duration % (n)
<10 years 8.9(37) 25.2(105) 66.0 (275) 0.171 37.9 (159) 62.1(261) <0.001 36.8 (155) 63.2 (266) <0.001
>10 years 11.1(76) 28.5(195) 60.4 (414) 252(174) 74.8 (516) 25.5(176) 74.5 (514)
Insulin use
No 10.1 (62) 30.7 (188) 59.2 (363) 0.015 33.8 (208) 66.2 (408) 0.002 27.1 (167) 72.9 (450) 0.026
Yes 104 (51) 22.9(112) 66.7 (326) 25.3(125) 74.7(369) 33.2(164) 66.8 (330)
Body mass index % (n)
Underweight/normal - - - - 44.3 (50) 55.8(63) <0.001 38.9 (44) 61.1(69) 0.044
Pre-obesity - - - 37.0(111) 63.0 (189) 26.3 (79) 73.7 (221)
Obesity (class 1 - 111) - = - 24.5 (169) 75.5 (521) 29.7 (205) 70.3 (29)
Waist/hip ratio % (n)
Normal - - - - 33.6 (188) 66.4 (372) 0.026 36.1(65) 63.9 (115) 0.109
High - - - 27.0 (118) 73.0(319) 30.0(247) 70.0 (576)
Glycaemic control
Good Control (HbAlc <7%) 9.6 (25) 29.9(78) 60.5 (158) 0.534 28.1 (74 189 (71.9) 0.508 32.3(85) 67.7 (178) 0.204
Poor control (HbAlc >7%) 10.3 (85) 26.4(217) 63.3 (531) 30.3 (251) 69.7 (578) 28.7 (238) 71.3 (591)
Dyslipidaemia % (n)
NO - - - - 35.0(103) 65.0 (191) 0.045 - - -
Yes - - - 28.6 (203) 71.4 (506) - -
Renal impairment
No (eGFR >60 - - - - 33.3(307) 66.7 (614) <0.001 - - -
ml/min/1.73m?)
Yes(eGFR <60 - - - 12.4 (20) 87.6 (141) - -

ml/min/1.73m?)




Table 3: Bootstrap resampling variable selection for obesity, hypertension, and dyslipidaemia

Obesity (BMI > 30 kg/m?) Hypertension Dyslipid. i
Variable % of appearance as significant Variable m\m.‘.u.ﬁu._.mmm.au”-ﬂu—u_.u-_nm as Variable m\m_“.“mwh”._”-_“waw:nm as
Female gender 100.0% Age >60 years 100.0% Duration of Diabetes >10 years 97.1%
Age =60 years 90.6% BMI =30 kg/m* 100.0% Using insulin 82.3%
Duration of Diabetes >10 years 85.0% Renal impairment 98.5% Household income <6001 SAR 81.6%
Sitting time =10 hours per day 76.3% Education up to secondary level 75.5% Education up to secondary level 60.3%
Physical activity <150 min/week 75.6% Duration of Diabetes >10 years 66.8% Age >60 years 40.2%
Using insulin 72.1% Urban/rural area of residence 59.6% Urban/rural area of residence 8.9%
Education up to secondary level 29.9% hbalc =7% 44.4% Sitting time =10 hours per day 7.6%
Urban/rural area of residence 6.4% Dyslipidaemia 36.1% hbale 27% 7.1%
Ever smoked 5.7% High waist-hip ratio 34.8% Ever smoked
Household income <6001 SAR 5.5% Using insulin 28.5% Female gender 6.4%
Ever smoked 28.3% BMI =30 kg/m* 6.3%
Female gender 20.7% High waist-hip ratio 5.8%
Household income <6001 SAR 12.7% Physical activity <150 min/week 5.5%
Physical activity <150 min/week 10.4%
Sitting time =10 hours per day 7. 1%
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Table 4: Multivariate analysis of the association between various risk factors and both hypertension and dyslipidaemia

Obesity (BMI 230 kg/m?)

Variable Odds ratio 95% CI P-value
Age (ref: >60 years)

46 — 60 years 1.5 1.1,1.9 0.008
<46 years 1.2 07,18 0.535
Female gender (ref: Male) 25 20,33 <0.001
Physical activity <150 min/week (Ref: 2150 min/week) 1.5 1.1,2.0 0.010
Sitting time >10 hours per day (ref: <10 hours/day) 1.6 1.1,2.3 0.015
DM Duration >10 years (ref: <10 years) 1.6 12,22 0.001
Using insulin (ref: no) 1.5 1.1,1.9 0.006

Hypertension
Variable Odds ratio 95% CI P-value
Age (ref: <46 years)
46— 60 years 2.0 1.3,3.0 0.001
>60 years 53 32,85 <0.001
Female gender (ref: Male) 1.2 09,1.6 0.292
BMI (ref <25.0 kg/m?)
25.0-29.9 kg/m? 1.2 08,21 0.275
=230.0 kg/m? 2.7 17,42 <0.001
Renal impairment (ref: no) 2.6 15,44 <0.001
Education up to secondary level (ref: university) 1.7 12,24 0.006
Duration of diabetes >10 years (ref: <10 years) 14 1.0,1.9 0.036
Urban/rural location of residence (ref: remote) 1.8 1.0,3.2 0.060
Dyslipidaemia
Variable Odds ratio 95% CI P-value
Age (ref: <46 years)
46— 60 years 2.0 1.3,3.1 0.001
>60 years 23 1.5,3.7 <0.001
Female gender (ref: Male) 1.0 07,14 0.976
Household income <6001 SAR (ref: =6001) 15 1.1,2.1 0.007
Duration of diabetes >10 years (ref: <10 years) 1.6 12,22 0.003
Using insulin (ref: no) 1.6 1.2,2.1 0.003
Education up to secondary level (ref: university) 1.5 1.0,2.2 0.043
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Figure 1: The adjusted* association between cardiovascular diabetes complications and comorbidities (obesity, hypertension and high triglycerides + low HDL)

Comorbidity 0Odds ratio (95% Cl) P-value
Hypertension —_— 3.15(1.29,7.68) 0.012
Obesity —_— 3.28(1.24,865) 0.017
TG+ HDL 4.09 (1.44, 11.60) 0.008
Obesity + 1TG+|HDL 5.54 (2.15, 14.28) <0.001
Hypertension + {TG+|HDL 6.22 (2.55, 15.23) <0.001
Obesity + hypertension 7.26 (3.15, 16.68) <0.001
All comorbidities 7.51(3.25, 17.38) <0.001
T U LI L T LI

T T T T T T T T
012345678 91011121314151617 18

1TG: high triglycerides, |HDL: low HDL. * Adjusted for age, gender, duration of diabetes, and smoking and accounting for regional variation using multilevel mixed-effect logistic regression
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Chapter 7:

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

Objectives: To assess the health-related quality of life (HRQoL) and factors that affect it for people
with type 2 diabetes in Saudi Arabia.

Methods: A survey was conducted among adults with type 2 diabetes who attended diabetes centres in
three major cities in Saudi Arabia in 2017. Participants were interviewed and their medical records were
reviewed. The EuroQol 5-Dimension 5-Level was used to assess HRQoL. Bootstrap resampling with
multiple regression analysis was used to identify factors associated with the EQ-5D-5L dimensions,
utility index and visual analogue scale.

Results: A total of 1121 participants were recruited. The mean age was 57.6 (x11.1) years. The mean
utility index was 0.739 +£0.261, and 51.0% of the participants had problems with mobility, 12.3% had
problems with self-care, 30.5% had problems with usual activity, 51.6% had problems with pain-
discomfort, and 45.8% had problems with anxiety-depression. Factors associated with lower utility
index were lower education level, physical inactivity, long sitting time, anxiety, depression, and
diabetes complications.

Conclusion: HRQoL is low among people with type 2 diabetes in Saudi Arabia, particularly among
women and those who have complications. In order to improve the quality of life, people with diabetes
should follow a healthy lifestyle and diabetes complications, anxiety, and depression should be
prevented.

Kew words:
Type 2 diabetes, health related quality of life, HRQoL, associated factors, Saudi Arabia
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Introduction

Diabetes is a major and continuously growing health issue globally. This chronic disease is the most
common endocrine disorder, affecting 8.8% of the adult population worldwide, and it is projected that
the global prevalence of the disease will reach 9.9% by 2045 [1]. Diabetes occurs when there is a defect
in insulin secretion, insulin action or both which results in chronically elevated blood glucose Ievel [2].
The high blood glucose level can damage large and small blood vessels leading to multiple diabetes
complications, disability and reduced life expectancy. There are three major types of diabetes: type 1,
type 2 and gestational. Type 2 diabetes mellitus (T2DM), which mainly affect adults, is the most
common type, accounting for 90% of cases of diabetes [2]. Unhealthy eating habit, physical inactivity,
and obesity are main risk factors for T2DM [2].

T2DM is managed by lifestyle modification and medications to control blood glucose level. The main
aim of the management is to maintain the health and quality of life of the affected people so that they
live a normal life similar to those without diabetes. The term health related quality of life (HRQoL) was
introduced about three decades ago. HRQoL focuses on the person’s perception of wellbeing including
physical and mental health [3], and is considered a multidimensional concept that involves the
evaluation of the positive and negative aspects of a person’s life [4]. Currently, HRQoL is recognised
an important tool in the assessment of the effect of chronic diseases and their treatments on the quality
of life in addition to the traditional measures of clinical outcomes such as morbidity and mortality [5].
HRQoL also allows policy makers to understand the burden of chronic diseases and can be useful for
evaluating the cost effectiveness of health programs and interventions [6]. Various generic and diseases-
specific tools that assess HRQoL have been used for people with diabetes [7]. Among these tools the
EuroQol 5-Dimension (EQ-5D) is the most widely used tool because of its simplicity, reliability and its
ability to be used in cost-effectiveness analyses [5, 8].

Maintaining good HRQoL for people with diabetes is challenging for both the affected persons and the
healthcare systems. Over the long term, diabetes can lead to complications which can have an adverse
effect on health and HRQoL. Many studies showed that people with diabetes have lower HRQoL
compared to people without diabetes [9-11], especially when they have diabetes complications [9, 12,
13]. Studies also showed that age, female gender, socioeconomic status, obesity, duration of diabetes,
hyperglycaemia, hypoglycaemia, insulin use, and the use of multiple medications were associated with
lower HRQoL [12-16]. Furthermore, the mere awareness of having diabetes was found to impact the
HRQoL [17]. The person’s beliefs, experiences, and expectations can also affect the HRQoL and
influence how other factors can affect it. Therefore, factors found to affect HRQoL and their effect may
vary between different populations. Thus, identifying factors that affect HRQoL is an essential step to
control them to maintain the quality of life for people with diabetes in a population.

The Gulf Cooperation Council Countries including Saudi Arabia, Kuwait, Bahrain, Qatar, United Arab
Emirates and Oman have witnessed vast economic and lifestyle changes over the past few decades.
Along with these changes there was a rapid increase in the prevalence of diabetes mellitus in these
countries. Currently, Saudi Arabia and the other Gulf Cooperation Council countries are among the
countries with the highest prevalence of the disease regionally and globally [2]. Compared to the global
(8.8%) and the regional (10.7%) prevalence of diabetes among adults, Saudi Arabia has an estimated
prevalence of 17.7% [2]. Previous studies also showed that the prevalence of diabetes complications is
high among the Saudi population with diabetes [18, 19], and their HRQoL is low [11, 20].

A few studies, however, have assessed HRQoL among people with T2DM in Saudi Arabia [11, 20-22].
These studies were limited to small samples and small geographical locations. In addition, it is difficult
to compare these studies’ results due to the use of different tools to assess the HRQoL. Furthermore,
factors associated with low HRQoL and each of its dimensions were not explored adequately. Due to
cultural, environmental, and healthcare system differences between Saudi Arabia and other countries,
the factors that affect HRQoL and their effect may vary substantially. To maintain HRQoL or improve
it for people with T2DM in Saudi Arabia, these factors must be identified and controlled. The aim of
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this study 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.

Methods
Study Design and Population

The study was conducted as a cross-sectional survey. The study population consist of attendees of
diabetes centres in Hofuf, Riyadh, and Jeddah cities who were 18-year-old and older and had
documented diagnosis of T2DM with a duration of diabetes of at least one year. People with other types
of diabetes including type 1, gestational, and pregnant women were excluded from the study. The plan
was to recruit 1082 participants, which was based on a sample size calculation with 90% confidence
level, 5% significance level, 2.5% margin of error, and the previously reported prevalence of diabetes
complications and comorbidities in Saudi Arabia [23]. Ethical approval was obtained from the Monash
University Human Research Ethics Committee in Australia and the Research Ethics Committee of the
Ministry of Health in Saudi Arabia. All the study procedures were carried out in accordance with the
principles of the Declaration of Helsinki as revised in 2013 [24].

Data collection

Data collection took place between 15 May and 30 November, 2017. Trained data collectors randomly
approached consecutive attendees of the diabetic centres and explained the study to them. Written
informed consent was obtained upon their approval to participate. Then they were interviewed face-to-
face to fill a structured questionnaire [23]. The collected data include socio-demographics, behavioural,
and disease related. Socio-demographic data included gender, age, level of education achieved, area of
residence, and household income. Behavioural data include smoking status, and physical activity [25].
Disease related data include duration of diabetes, modality of treatment, hypoglycaemia symptoms last
month, anxiety [26], depression [27], cognitive impairment [28], neuropathy [29] and history of
diabetes complications and comorbidities.

The HRQoL was assessed using the EuroQol 5-Dimension 5-Level (EQ-5D-5L). The EQ-5D-5L is
generic preference-based health status measuring tool [8]. It provides information on health status on
five dimensions including 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. Using a scoring algorithm the scores in the dimensions
can be converted to a single index-based utility score (utility index) [8]. The United Kingdom scoring
algorithm is often used when country-specific weights are not available, and has been used for the Saudi
population before [20]. The health utility score usually lies between zero and one, where zero indicates
very poor health status (death) and one indicates a perfect health status. A score below zero indicates a
health status worse than death. Visual analogue scale (VAS) is another part of the EQ-5D instrument in
which the respondent can use a 20 centimetre visual analogue scale (VAS) to subjectively rate his/her
health status at that day between zero (worst imaginable health status) and 100 (best imaginable health
state). The establishers’ permissions to use the EQ-5D-5L and the other tools were obtained.

At the end of the interview, the participants’ blood pressure, height, and weight were measured in a
standardised way [23]. Then, the participants’ medical records were reviewed for recent lab test results,
currently prescribed medications, and documented diagnosis of hypertension, coronary artery disease,
stroke, and retinopathy.

112



Operational definitions

Body mass index (BMI) was categorised according to the current World Health Organization guidelines
into normal (< 25.0 kg/m?), pre-obesity (25.0 — 29.9 kg/m?), and obesity (> 30.0 kg/m?). Using the
Global Physical Activity Questionnaire [25], the total number of minutes of physical activity per week
was categorised into > 150 minutes and < 150 minutes [30]. The number of hours spent in sitting
position per day were categorized into < 10 hours and > 10 hours [31]. Based on haemoglobin Alc
(HbAlc) level, glycaemic control was categorised into good control (HbAlc < 7.0%) and poor control
(HbAlc > 7.0%) [30]. 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. Hypertension was defined as either: documented diagnosis of
hypertension, taking antihypertension medications, or three previous high blood pressure measures
(systolic > 140 mmHg or diastolic > 90 mmHg) [30]. Coronary artery disease was defined as
documented diagnosis of coronary artery disease, taking medication for coronary artery disease, or
underwent a procedure for coronary artery disease. Stroke was defined as documented diagnosis of
irreversible cerebrovascular accident. Diabetic foot was defined as a history of lower extremity ulcers
or amputations. Retinopathy was defined as 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 [29]. Renal
impairment was defined as estimated glomerular filtration rate (¢GFR) < 60 ml/min/1.73m? which was
calculated from serum creatinine using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [32]. Depression was defined as a score of three and more in the Patient Health
Questionnaire-2 (PHQ-2) [27]. Anxiety was defined as a score of three and more in the Generalized
Anxiety Disorder Scale (GAD-2) [26]. Impaired cognitive function was defined as a score of < 22 in
the Rowland Universal Dementia Assessment Scale (RUDAS) [28].

Data Analysis

Stata SE version 15.0 was used for data analysis. The United Kingdom scoring algorithm was used to
convert the scores in the dimensions to a single index-based utility score. The original five response to
the EQ-5D dimensions were dichotomized to ‘no problems’ and ‘any problems. Mean and standard
deviation or frequency and percentages were used to summarise data, and the univariate association
between potential risk factors and the EQ-5D dimensions, utility index, and VAS, was assessed using
Chia square, T-test, or ANOVA. Based on 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, HbAlc, hypertension, diabetes complications, anxiety, depression, and cognitive impairment
were identified as potential risk factors for poor HRQoL. Of these variables, diabetes duration, insulin
use, BMI, HbAlc, neuropathy, kidney disease, and cognitive impairment had missing values which
ranged between 0.09% for diabetes duration and 11.8% for cognitive impairment. Missing data was
imputed five times using the Ice Chained Equation method [33].

To identify factors associated with the EQ-5D dimensions, utility index, and VAS, multiple (logistic or
linear) regression with bootstrap resampling with replacement [34, 35] was used. From each of the
imputed samples 5000 samples each of the same size as the original sample were randomly drawn with
replacement (total of 25,000 bootstrap samples). Multiple regression was run for each of the bootstrap
samples and variables that appeared as significantly associated with each of the outcomes were
recorded. The percentage of times each variable appeared as significant (p-value < 0.05) in all the
25,000 samples was calculated. The variables with percentage of appearance as significant of 50% and
higher were added to a multiple (logistic or linear) regression model adjusted for age and gender. The
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adjusted odds ratio or beta coefficient, their 95% confidence interval, and p-value for the risk factors
associated with the study outcomes were reported.

Results

General characteristics

A total of 1,121 persons participated in the study. The records of ten participants (0.9%) were excluded,
however, because they were substantially incomplete (n = 1,111). The mean age was 57.6 (x11.1) years,
and 65.2% (724) of the participants were females. Of the study participants: 51.2% (569) achieved
primary education or were illiterate, 31.0% (344) achieved intermediate or tertiary education, and
17.8% (198) achieved university education. The mean duration of diabetes was 13.9 (+8.4) years. The
mean utility index was 0.739 +0.261, while the mean VAS was 69.8 +18.4. Of the participants, 51.0%
had problems with mobility, 12.3% had problems with self-care, 30.5% had problems with usual
activity, 51.6% had problems with pain-discomfort, and 45.8% had problems with anxiety-depression.

Unadjusted association

Table 1 summarises participants’ demographic and behavioural characteristics by the EQ-5D
dimensions, utility index, and VAS. Advanced age was associated with lower utility index and VAS
and problems with all the EQ-5D dimensions except anxiety-depression. Females were more likely to
have lower utility index and VAS and problems with mobility, usual activities, and pain-discomfort.
Up to secondary level education, physical activity less than 150 minutes per week, and sitting for more
than ten hours per day were associated with lower utility index and VAS and higher prevalence of
problems with all the EQ-5D dimensions. Household income less than 6001 Saudi Arabian Riyals
(SAR) was associated with higher prevalence of problems with usual activities, pain-discomfort, and
anxiety-depression and lower utility index and VAS. Remote location of residence was associated with
higher likelihood of problems with self-care and lower utility index, while smoking was associated with
higher likelihood of problems with anxiety-depression.

Table 2 shows disease related and clinical characteristics by the EQ-5D dimensions, utility index, and
VAS. Longer duration of diabetes, insulin use, hypoglycaemia events last months, and hypertension
were associated with higher prevalence of problems with all the EQ-5D dimensions and lower utility
index and VAS. Higher BMI has a similar effect except for no association with problems with self-care,
while the number of medications was associated with problems with mobility, pain-discomfort and
lower utility index and VAS. Poor glycaemic control (HbAlc > 7%) was associated with lower utility
index and VAS and higher prevalence of problems with mobility, usual activity, and pain-discomfort.
In regards to diabetes complications diabetic foot, neuropathy and retinopathy were associated with
lower utility index and VAS and higher prevalence of problems with all the EQ-5D dimensions.
Coronary artery disease has similar association except for no association with VAS, while stroke was
not associated with VAS or problems with pain-discomfort. Renal disease was associated with lower
utility index and VAS and higher prevalence of problems with all the EQ-5D dimensions except
anxiety-depression. Depression was associated with higher likelihood of any problems with mobility,
self-care, usual activities, and pain-discomfort and lower utility index and VAS. Anxiety was associated
with lower utility index and VAS and problems with pain-discomfort. Cognitive impairment was also
associated with lower utility index and VAS and higher prevalence of problems in mobility, self-care,
and usual activities.

Adjusted association

Results of bootstrap analysis to identify factors that were significantly associated with EQ-5D
dimensions, utility index, and VAS are presented in Table 3. Along with age and gender, factors that
appeared significantly associated in at least 50% of the bootstrap samples were used to develop multiple
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logistic regression model for each of the EQ-5D dimensions (Table 4), and multiple linear regression
model for utility index, and VAS (Table 5).

The odds of problems with mobility increased by 60% for education up to secondary level, while long
sitting time and physical inactivity increased the odds by 2-folds and 3-folds respectively (Table 4).
Hypertension increased the odds by 50%. Stroke, neuropathy, and renal impairment were associated
with respectively 4.4-fold, 2.8-fold, and 2.1-fold increased odds of problems with mobility.

Regarding problems with self-care, the odds is lower by 50% for female gender, while remote area of
residence was associated with 3.2-fold increase in the odds. Long sitting time and physical inactivity
increased the odds by 1.8-folds and 3.2-folds respectively. Diabetic foot, neuropathy, and renal
impairment were associated with respectively 2.2-fold, 3.4-folds, and 2.4-fold higher odds, while
impaired cognitive function increased the odds by 2.3-folds.

The odds of problems with usual activity increased by 2.8-folds for age over 60 years and by 50% for
female gender. Long sitting time and physical inactivity were associated with respectively 2.2-fold and
2.7-fold higher odds. The odds of problems with usual activity also increased by: 1.7-folds for coronary
artery disease, 2.7-folds for stroke, 3.2-folds for neuropathy, 2.8-folds for renal impairment, and by 1.6-
folds for depression.

In regards to problems with pain-discomfort, the odds increased by 2.2-folds for age between 46 and
60 years, and by 3.2-folds for age over 60 years. Physical inactivity and long sitting time increased the
odds by 1.8-folds and 2.0-folds respectively, while BMI >30.0 kg/m? increased the odds by 60%.
Neuropathy and renal impairment were associated with respectively 3.3-fold and 1.8-fold higher odds.
There was also an increase in the odds by 90% for anxiety, while impaired cognitive function was
associated with 30% lower odds.

The odds of problems with anxiety-depression was higher by 2.1-folds for current or past smoking and
by 1.6-folds for physical inactivity. Hypoglycaemia events last month was associated with 1.3-fold
higher odds, while Neuropathy increased the odds of problems with anxiety-depression by 2.7-folds.

Results of the multiple linear regression analysis for utility index and VAS are presented in Table 5.
Factors that were significantly associated with lower utility index were low education level, physical
inactivity, long sitting time, coronary artery disease, diabetic foot, stroke, neuropathy, renal impairment,
depression, and anxiety. The model has a coefficient of determination (R?) of 37.5%. Lower VAS score
was associated with female gender, long sitting time, using insulin, hypertension, neuropathy,
depression, anxiety, and cognitive impairment. The model’s R? was 21.4%.

Discussion

T2DM and its related complications are highly prevalent in Saudi Arabia, and the affected people had
low HRQoL. However, HRQoL and factors that affect it were not studied adequately among people
with T2DM in the country. The aim of this study was to assess the HRQoL among this population and
to identify demographic, behavioural, and clinical factors that affect the HRQoL and its dimensions.
This study shows that the HRQoL for people with T2DM in Saudi Arabia was low especially among
females and those who had diabetes complications. This study has also identified a number of lifestyle
and other modifiable factors that were associated with lower HRQoL.

The mean utility index (0.74 £0.26) and VAS (69.8 £18.4) in this study were comparable to a previous
study from Saudi Arabia that used the same tool and reported a mean utility index of 0.71 + 0.22 and
VAS of 68.5 £ 16.8 [20]. A study from Iran also reported a mean utility index of 0.70, however, the
VAS score (56.8) was lower [36]. Studies from Norway, Japan, Korea, on the other hand, reported a
higher utility index ranging between 0.83 and 0.94 [37-39]. Differences in the populations and
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healthcare systems might explain the variation in the utility index between these studies and the current
one. The highest prevalence of any problems among this study participants was with pain-discomfort
(51.6%) fold by mobility (51.0%), and anxiety-depression (45.8%). Similar findings were reported by
studies from Iran, Japan, and Norway [36-38].

Advanced age appeared to be associated with problems with usual activities and pain-discomfort, but
not with utility index. Similar findings regarding the utility index were reported in previous studies from
Saudi Arabia and Canada [11, 20, 40]. In contrast, other studies Showed that advanced age was
associated with lower utility index [6, 10, 41]. With advance age there might be a reduction in the body
strength and physical function which may affect the quality of life.

Female participants had lower mean utility index compared to male participants. Many previous studies
have reported similar finding [10, 11, 20, 22, 36, 42, 43], and some of them have linked this association
to higher rate of physical inactivity and obesity among women [20, 36, 43]. In this study, higher
proportions of females were physically inactive (75.1%) compared to males (61.8%), and higher
proportion of females were spending more than ten hours per day in a sitting position (19.1% compared
to 14.0% among males). The prevalence of obesity among females (70.7%) was, also, substantially
higher than males (47.4%). This study also shows that physical inactivity was associated with problems
in all the EQ-5D dimensions, while long sitting time had a similar association except for no association
with anxiety-depression. Moreover, both physical inactivity and longer sitting time were associated
with lower utility index.

Findings regarding physical inactivity and lower HRQoL is in agreement with the finding of previous
studies [15, 44, 45]. The association between longer sitting time and lower HRQoL, however, was not
explored before. Longer sitting time have been associated with higher risk of diabetes complications,
and diabetes complication are strongly linked to lower HRQoL [6, 11, 15, 22, 40, 41, 46]. A study from
Saudi Arabia showed that among people with T2DM every one hour of sitting per day was associated
with 10% increase in the risk of CAD, stroke, and neuropathy [19]. The role of physical activity and
reduced sitting time in lowering the risk of diabetes complications and maintain or improve HRQoL
should be emphasis in the management of diabetes.

Obesity can affect the HRQoL mainly through its impact on physical function and mental health. There
are, however, conflicting reports regarding the association between obesity and the HRQoL. This study
showed that obesity was associated with higher risk of problems with pain-discomfort, however, obesity
did not appear to be associated with lower utility index. Similar findings were reported in another study
[37]. In contract, some studies have reported a significant association [6, 11]. In this current study
obesity was more prevalent in young compared to old people, and young people were less likely to have
diabetes complications, which may explain why obesity was not associated with lower utility index.
Nevertheless, obesity have been linked to higher risk of diabetes complications among people with
T2DM in Saudi Arabia [19]. Therefore, controlling the body weight is an important measure to lower
the risk of diabetes complications and maintain HRQoL.

Similar to other studies [10, 36], this study shows that lower level of education was related to problems
with mobility and lower HRQoL. Higher level of education increases the likelihood of adherence to
disease management plans, healthier lifestyle behaviours, and positive attitude toward health and
disease prevention, which lower the risk of diabetes complications and maintain HRQoL [47]. Previous
studies also reported an association between poor HRQoL and lower income and rural or remote
location of residence [10, 48]. The results of this study showed that while remote area of residence was
associated with problems with self-care, both household income and the area of residence were not
associated with lower utility index. Similar finding regarding the income was reported in another study
from Saudi Arabia [11].

116



The duration of diabetes did not appear to affect the HRQoL in this study. Previous studies from Saudi
Arabia and Iran reported similar findings [11, 20, 36]. The modality of treatment and the number of
medications were also not associated with the utility index; however, insulin use was associated with
lower VAS score. The results of the previous studies regarding the effect of the modality of treatment
and the number of medications were conflicting as some studies found an association [16, 41], while
others did not [20, 36].

Fear of hypoglycaemia may not affect the HRQoL directly, but it may have an impact on the general
quality of life through its negative effect on independence, spontaneity, and leisure activities
enjoyment [37], as well as mental health as this current study showed. Hypoglycaemia was associated
with higher risk of problems with anxiety-depression, and anxiety and depression were independently
related to lower utility index and VAS score. Previous studies have also reported an association between
HRQoL and both anxiety and depression [49, 50]. Ever smoked was also associated with problems with
anxiety-depression which was likely because the participants who smoked were aware that smoking
increase their risk of diabetes complication. People with diabetes are at increased risk of anxiety and
depression and these mental illnesses can negatively affect the control of the disease and increase the
risk of diabetes complications [51]. To optimise HRQoL among people with T2DM in Saudi Arabia
screening and management of anxiety and depression should be prioritised among this high-risk
population.

The mean utility index for people without diabetes complications in this study was 0.84 (+0.17). The
utility index dropped to less than 0.70 for those who have coronary artery disease and retinopathy, while
for those who have diabetic foot, neuropathy, stroke, and renal disease the utility index dropped less
than 0.60. Further analysis showed that people with macrovascular complications only had a mean
utility index of 0.76 (*£0.17), while the mean for those with microvascular complications only was 0.73
(%0.25). For people who have both types of complications the mean dropped to 0.57 (£0.33). Similar
decrement in the mean utility index with diabetes complications has been reported by other studies [40,
46]. After adjustment for other confounders diabetes complications remained strongly associated with
lower utility index which is in agreement with the literature that showed the substantial effect of diabetes
complications on the HRQoL [6, 11, 15, 22, 40, 41, 46]. Preventing diabetes complications is a key
measure in improving the quality of life for people with diabetes.

The study results also showed that diabetes complications can affect a number of the HRQoL
dimensions. Neuropathy in particular has an impact on all the HRQoL dimensions and was also
associated with lower VAS score. The strong association between neuropathy and diabetic foot and the
HRQoL was reported before [5, 10]. This indicates that neuropathy is a serious condition that should
be prevented or controlled through adequate screening, treatment, and patient education.

The strengths of this study were the relatively large sample size that were drawn from three different
regions as well as the examinations of the effect of various demographic, behavioural, and clinical
factors on the HRQoL using a robust analysis method. The use of the EQ-5D-5L tool to assess HRQoL
also add strength to this study as it makes it easier to compare the results with other national and
international studies. The results of this study, however, need to be interpreted in the light of being a
cross-sectional, where only association can be inferred rather than causation. Nevertheless, this study
has identified the factors that have strong association with lower HRQoL among people with T2DM in
Saudi Arabia. Future research should farther examine the identified association using prospective
studies. Healthcare providers and health policy makers should use the finding of this study to develop
patient-level interventions and public health strategies to improve the quality of life of people with
diabetes in Saudi Arabia.

To conclude People with T2DM in Saudi Arabia had low HRQoL specially among females and those
who have diabetes complications. Other risk factors that lower the HRQoL were low level of education,
physical inactivity, long sitting time, anxiety, and depression. In order to improve the quality of life for
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this high-risk group active lifestyle should be encouraged and anxiety, depression, and diabetes
complications should be prevented or controlled. These factors should be the main targets of the patient-
level interventions and the public health strategies to manage people with diabetes in the country.
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Table 1: Demographic and behavioural characteristics by EQ-5D dimensions, utility index, and VAS

EQ-5D Domains Utility index VAS
Variable Any problems with mobility  Any problems with self-care  Any problems with usual activities ~ Any problems with pain-discomfort ~ Any problems with anxiety-depression 0.739 £0.261 69.8 +18.4
51.0% (n=566) 12.3% (n=137) 30.5% (n=339) 51.6% (n=573) 45.8% (n=509) B . .
% P-value Yo P-value % P-value % P-value % P-value Mean £5D P-value  Mean 5D P-value
Age
<46 years 2739 <0.001 8.0 <0.001 13.1 <0.001 2717 <0.001 438 0.629 0.842 +0.197 <0.001 76.1 +16.3 <0.001
46 - 60 years 49.7 9.4 26.8 51.8 472 0.745 +0.259 69.3 +18.5
>60 years 39.1 182 422 59.6 445 0.694 £0.273 682 =184
Gender:
Female 543 0.011 1.1 0.076 344 <0.001 56.2 <0.001 477 0.093 0.709 +0.285 <0.001 66.3 =184 <0.001
Male 463 147 233 429 424 0.795 £0.197 76.2 %163
Education
University /eollege 338 <0.001 6.6 0.006 16.2 <0.001 36.9 <0.001 343 <0.001 0.851 +0.115 <0.001 75.7 +16.2 <0.001
Up to secondary level ~ 54.7 13.6 33.6 54.8 483 0.715 £0.273 68.5£18.6
Location of residence
Urban 0.934 1.1 <0.001 29.8 0.299 502 0.052 4.6 0.109 0.747 £0.252 0.003 70.2 £18.0 0.072
Rural 137 32.6 56.8 526 0.724 £0.268 66.0 £19.3
Remote 29.0 387 64.5 54.8 0.631 £0.355 68.0£22.1
Household income
<6001 SAR 545 0.029 14.0 0.115 36.2 <0.001 576 <0.001 51.8 <0.001 0.685 £0.303 <0.001 67.0 £18.6 <0.001
=6001 SAR 479 109 25.6 464 40.7 0.786 £0.208 72.1 £17.9
Ever smoked
No 504 0463 123 0.991 30.6 0,932 51.8 0.804 42.7 <0.001 0.743 £0.266  0.312 699 £188  0.469
Yes 533 123 30.3 508 60.5 0.722 £0.234 68.9 £16.5
Physical activity
=150 min/week 274 <0.001 4.0 <0.001 128 <0.001 <0.001 357 <0.001 0.855 £0.167 <0.001 74.0 £16.4 <0.001
<150 min/week 60.8 15.8 37.9 50.1 0.690 £0.278 68.0 £18.9
itting time
<10 hours per day 46.0 <0.001 94 <0.001 25.5 <0.001 47.1 <0.001 42.8 <0.001 0.778 £0.220 <0.001 71.5+17.5 <0.001
=10 hours per day 74.5 26.6 547 729 60.4 0.554 £0.351 61.6+20.3
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Table 2: Disease related and clinical characteristics by EQ-5D dimensions, utility index, and VAS
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EQ-5D Domains

N ‘Any problems with mobility _ Any problems with sclf-carc _ Any problems with usual activitics _ Any problems with pain-discomfort _ Any problems with anxiety-depression %ﬁw&&ﬁﬂ " MWW 4
51.0% (n=566) 12.3% (n=137) 30.5% (n=339) 51.6% (n=573) 45.8% (n=509) < O
N P-value % P-value Y P-value Yo P-value % P-value Mean +SD P-value Mean +SD P-value
Diabetes duration
=10 years 42.6 <0.001 0.004 226 <0.001 412 <0.001 410 0.011 0.789 +0.222 <0.001 714174 0.025
>10 years 559 352 578 488 0.709 +0.278 688 +18.9
Insulin use
No 455 <0.001 75 <0.001 23.7 <0.001 44.5 <0.001 0.009 0.784 20.219  <0.001 72.7+172  <0.001
Yes 517 182 389 60.3 0.682 +0.296 66.1=19.1
Number of medications
0-2 medications 414 0.014 8.1 0247 247 0.134 39.1 0.001 39.1 0.154 0.800 +0.235 0.004 72.7+18.0 0.027
3-4 medications 513 12.7 295 52.1 477 0.738 +0.254 70.2+17.6
5 and more 54.3 124 327 549 46.3 0.726 +0.260 68.5 =18.7
Hypoglycaemia event during last month
No 474 0.005 9.7 0.002 26.2 <0.001 <0.001 39.7 <0.001 0.773 20.244 <0.001 T1.3£17.7 0.001
Yes 559 16.0 36.5 542 0.692 £0.667 67.6 £19.1
Body mass index
Underweight/normal 389 <0.001 0.106 257 <0.001 425 <0.001 434 <0.001 0.796 £0.192 <0.001 743 £17.0 <0.001
Pre-obesity 40.3 21.3 41.7 363 0.812 £0.195 73.1£17.3
Obesity 574 35 574 50.3 0.698 +0,286 67.6=18.4
Glycaemic control
HbAlc <7% 453 0.029 9.9 0.161 247 0.023 44.5 0.008 43.7 0.402 0.773£0.235  0.017 718165 0.029
HbAlc >7% 53.0 13.2 321 539 46.7 0.729 +0.265 69.0+18.9
Hypertension
No 387 <0.001 6.9 <0.001 219 <0.001 42.0 <0.001 40.8 0.029 0.796 £0.226 <0.001 74.1 £17.1 <0.001
Yes 56.2 14.7 342 55.7 47.9 0.715 20,271 67.9 £18.6
Coronary artery disease
No 47.9 <0.001 10.2 <0.001 270 <0.001 48.3 <0.001 43.6 0.001 0.761 £0.245 <0.001 70.2£17.9 0.056
Yes 65.6 228 476 67.7 56.6 0.632 £0.309 67.4 £20.4
Diabetic foot
No 455 <0.001 93 <0.001 269 <0.001 46.4 <0.001 42.8 <0.001 0.776 £0.233  <0.001 15181 <0.001
Yes 70.6 322 504 734 61.5 0.552 +0.340 63.8+19.5
Stroke
No 49.5 <0.001 115 <0.001 293 <0.001 510 0.062 44.8 <0.001 0.747 £0.254 <0.001 69.8 £18.2 0477
Yes 87.8 352 63.4 65.9 73.2 0.532 20.351 67.8 £21.6
Retinopatl
No 454 <0.001 8.4 <0.001 239 <0.001 43.6 <0.001 40.9 <0.001 0.785 +0.223 <0.001 72.1£17.0 <0.001
Yes 58.4 17.7 393 622 523 0.677 £0.293 66.7=19.7
Neuropathy
No 529 <0.001 8.2 <0.001 235 <0.001 43.1 <0.001 39.9 <0.001 0.796 =0.218  <0.001 725180  <0.001
Yes 73.8 29.7 56.9 782 67.8 0.536 =0.320 62.1=18.1
Renal disease
473 <0.001 9.2 <0.001 26.2 <0.001 48.4 <0.001 455 0.258 0.764 +0.229 <0.001 708 +17.9 <0.001
72.1 28.0 559 70.2 50.3 0.593 +0.359 63.9+198
492 0.011 11.1 0.006 274 <0.001 483 <0.001 - - 07720239 <0.001 723171 <0.001
595 184 46.0 68.1 0.573 £0.301 56.8£19.2
Anxiety
No 0.518 1.6 0.080 29.5 0.076 48.5 <0.001 = - 0.765 +0.243  <0.001 716175  <0.001
Yes 164 36.3 68.4 0.596 +0.307 59.3+19.5
Cognitive impairment
No 46.2 0.016 8.6 <0.001 2604 <0.001 48.7 0.199 445 0.352 0.771 £0.231 <0.001 724 £18.3 <0.001
Yes 54.8 228 393 533 478 0.679 £0.329 66.0 £18.0




Table 3: Percentage of appearance of variables as significantly associated with the EQ-5D dimensions, utility index, and VAS

EQ-5D Domain

Variable Any problems with Any problems with self- Any problems with Any problems with pain Any problems with Utility index VAS
mobility care usual activities -discomfort anxiety-depression

Age > 61 years 66.0 14.8% 93.4%* 86.3%* 41.6% 36.2% 18.3%
Female gender 10.5% 97.4%* 14.6% 11.8% 7.2% 3.8% 100.0%*
Education up to secondary level 78.3%* 43.3% 46.0% 32.0% 41.7% 89.6%* 16.2%
Remote location of residence 8.0% 91.3%* 7.1% 20.1% 6.3% 46.7% 19.8%
Household income <6001 SAR 36.9% 61.8%* 9.5% 5.8% 6.2% 6.4% 28.9%
Ever smoked 11.7% 9.0% 5.9% 11.7% 77.3%* 5.1% 11.8%
Physical activity <150 min‘week 100.0%* 97.2%* 99.5%* 96.1%* 56.4%%* 100.0%* 18.6%
Sitting time >10 hours per day 96.8%* 60.3%* 90.6%* 86.7%* 47.5% 100.0%* 96.6%*
Diabetes Duration >10 years 19.6% 8.0% 5.9% 26.3% 31.2% 9.7% 43.4%
Insulin use 5.7% 52.9%* 19.9% 6.4% 7.0% 14.8% 91.6%*
Number of medications > 4 types 10.4% 32.8% 17.5% 8.3% 19.6% 10.0% 30.6%
Hypoglycaemia symptoms last month 12.1% 19.4% 16.8% 57.1%* 59.8%* 20.3% 5.1%
Body mass index = 30.0 kg/m? 96.3%* 13.7% 59.8%* B1.6%* 48.5% 99.0%* 26.7%
Poor glycaemic control (HbAle >7%) 4.8% 25.1% 21.6% 6.6% 8.6% 7.6%
Hypertension 46.6% 8.7% 22.9% 24.5% 22.7% 89.2%*
Coronary artery disease 20.5% 50.3%% 48.2% 29.5% 64.2%%*
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Diabetic foot 80.2%* 15.8% 40.3% 84.9%*
Stroke 28.6% 69.8%* 6.5% 69.0%*
Retinopathy 6.8% 9.5% 21.9% 13.7%
Neuropathy 98.3%* 99.9%* 99.9%* 100.0%*
Renal disease 85.6%* 98.5%* 58.0%* 98.1%*
Depression 23.2% 83.8%* 24.1% - 99.2%%* 100.0%*
Anxiety 10.3% 45.5% 55.9%* - 60.6%* 79.1%*
Impaired cognitive function 84.2%* 8.1% 84.5%* 14.6% 9.5% 69.2%*
* Variable used in model development (appeared as significantly associated in 50% or more of the bootstrap samples)
Table 4: Adjusted association between various risk factors and each of the EQ-5D dimensions
Variable Any problems with mobili Any problems with self-care Any problems with usual activities Any problems with pain-discomfort Any problems with anxiety-depression
Odds ratio 95% CI -value Odds ratio 95% C1 P-value Odds ratio 95% CI -value Odds ratio 95% CI P-value 0Odds ratio 95% CI P-value
Age (ref: <46 years)
46 — 60 years 1.5 0.9,24 0.088 0.7 0.3, 1.6 0.399 1.7 0.108 22 1.4,3.6 0.001 1.1 0.7, 1.6 0.774
>60 years 1.6 1.0,2.8 0.051 1.0 04,23 0.986 2.8 0.001 32 1.9,5.3 <0.001 0.9 0.6, 1.4 0.572
Female gender (ref: Male) 0.8 0.6, 1.1 0.140 0.5 03,08 0.009 L5 0.024 1.2 09, 1.7 0.172 L1 0.8 1.4 0.658
Education up to secondary level (ref: university) 16 11,24 0.023 - - - - - - - - - - - -
Household income <6001 SAR (ref: =6001) E - = 0.7 04,12 0.224 - = - - - - - e =
Remote area of residence (ref: urban / rural) = - - 32 15,71 0.003 = = = = - - = - =
Ever smoked (ref. no) - - - - - - - - - - - - 2.1 1.5,2.9 <0.001
Physical activity <150 min/week (Ref: =150 min/week) <0.001 32 1.6, 6.3 0.001 2.7 1.8, 4.1 <0.001 1.8 1.3,25 <0.001 1.6 1.2,22 0.001
tting time >10 hours per day (ref: <10 hours/day) 0.002 1.8 1.0, 3.0 0.039 22 14,34 <0.001 2.0 1.3, 3.1 0.003 - - -
Using insulin - - - 1.4 09,23 0.132 - - - - - - - - -
Hypoglycaemia events last month (ref: no) . - - - - - - - - 13 10, 1.8 0.062 13 1.0, 1.7 0.045
BMI (ref <25.0 kg/m?)
25.0-29.9 kg/m? 0.9 05,14 0.580 - - - 0.7 04,13 0272 1.0 0.6,1.7 0.961 - - -
=30.0 kg/m? 1.5 09,24 0.113 - - - 1.1 0.6, 1.9 0.708 1.6 10,26 0.048 - - -
Hypertension (ref: no) 15 11,20 0.022 - - - - - - - - - - - -
Coronary artery disease (ref: no) - - - - - - 1.7 1.1,25 0.015 - - - - - -
Diabetic foot (ref: no) 2 ~ = 22 13,38 0.004 = = - & = = = # =
Stroke (ref: no) 4.4 15,133 0.008 - - = 27 12,62 0.017 = = - - -. -
Neuropathy (ref: no) 28 19,42 <0.001 34 20,56 <0.001 32 22,46 <0.001 33 22,50 <0.001 2.7 19,38 <0.001
Renal impairment (ref: no) 2.1 14,33 0.001 24 14,39 0.001 28 18,43 <0.001 1.8 1.2,28 0.008 - - -
Depression (ref: no) - - - - - - 1.6 1.0,24 0.033 - - - - - -
Anxiety (ref: no) - - - - - - 1.9 1.3,30 0.002 - - -
Impaired cognitive function (ref: no) 23 14,37 - - -

Note: The area under the receiver operational characteristics curve for the models predicting problems with mobility, self-care, usual acti




Table 5: Adjusted association between various risk factors and utility index and VAS

Variable Utility index VAS
Beta coefficient 95% CI P-value Beta coefficient 95% CI P-value

Age (ref: <46 years)

46 - 60 years -0.012 -0.054, 0.030 0.566 <2236 -5.471,0.999 0.175

>60 years -0.031 -0.077,0.015 0.185 -2.688 -6.242, 0.867 0.138
Female gender (ref: Male) -0.021 -0.050, 0.008 0.163 -6.176 -8.335, -4.016 <0.001
Education up to secondary level (ref: university) -0.056 0.092, -0.020 0.003 - - -
Physical activity <150 min/week (Ref: >150 min/week) -0.074 -0.104, -0.043 <0.001 - - -
Sitting time >10 hours per day (ref: <10 hours/day) -0.133 -0.173, -0.094 <0.001 -4.875 -7.941, -1.808 0.002
Using insulin - - - -3.589 -5.715, -1.462 0.001
BMI (ref <25.0 kg/m?)

25.0-29.9 kg/m? 0.015 -0.032, 0.063 0.520 - - -

=30.0 kg/m? -0.043 -0.087, 0.001 0.056 - - -
Hypertension (ref: no) - - - -6.607, -1.952 <0.001
Coronary artery disease (ref: no) -0.068 -0.104, -0.032 <0.001 - - -
Neuropathy (ref: no) -0.138 -0.175, -0.101 <0.001 -4.788 -7.520, -2.056 0.001
Renal impairment (ref: no) -0.101 -0.140, -0.063 <0.001 - - -
Stroke (ref: no) -0.146 -0.220, <0.001 - - -
Diabetic foot (ref: no) -0.074 -0.115, 0.001 - - -
Depression (ref: no) -0.095 -0.136, <0.001 -10.910 -14.187, -8.634 <0.001
Anxiety (ref: no) -0.062 -0.104, -0.019 0.004 -4.077 -7.437,-0.716 0.017
Impaired cognitive function (ref: no) - - -3.226 -5.641, -0.810 0.009

Note: the utility index model adjusted R? was 37.5%. The VAS mod

cl adjusted RZ was 21.4%.
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Chapter 8:

Discussion, Implications, and Conclusion
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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 (HbAlc < 7%), while the majority (75.9%) had inadequate control (HbAlc > 7%).
Furthermore, 34.1% of the participants had very poor glycaemic control (HbAlc > 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 HbAlc and knew the recommended target (< 7%). Similar
to previous studies (138, 139), we found that lack of knowledge of HbAlc or lack of awareness of the
recommended HbAlc 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 (HbAlc > 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/mz2, physical
inactivity, longer sitting time, smoking, longer duration of diabetes, insulin use, low adherence to treatment,
family history of diabetes, HbAlc > 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
@an.

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 HbAlc results. Studies shows
that a good understanding of HbAlc improves self-management behaviour and lower HbAlc values
(166). For patients with low education level, graphical representation of HbAlc 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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Appendix 1: Research Ethics Approval

Monash University Human Research Ethics Committee approval

MONASH
University

Monash University Human Research Ethics Committee
Approval Certificate

This is to certify that the project below was considered by the Monash University Human Research Ethics Committee. The Committee was satisfied that the proposal
meets the requirements of the Mational Statement on Ethical Conduct in Human Research and has granted approval.

Project Number: 1188

Praject Title: Determinants of Glycaemic Control, Complications and Health Related Quality of Life for People with Type 2 Diabetes in Saudi Arabia
Chief Investigator: Mr Md Billah
Expiry Date: 21/11/2021

Teams of approval - failure to comply with the termsbedow isin breach of your approval and the Adustralian Code for the Responsible Conditct of
Research.

1. The Chief Investigator is responsible for ensuring that permission letters are obtained, if relevant, before any data collection can occur at the specified
organisation.

2. Approval is only valid whilst your hold a position at Monash University.

3. Ttisresponsibility of the Chief Investigator to ensure that all investigators are aware of the terms of approval and to ensure the project is conducted as approved
by MUHREC.

4. You should notify MUHREC immediately of any serious or unexpected adverse effects on participants or unforeseen events affecting the ethical acceptability of
the project.

5. The Explanatory Statement must be on Monash lettethead and the Monash University complaints clause mustinclude your project number.

6. Amendments to approved projects including changes to personnel must not commence without written approval from MHUREC.

7. Annual Report - continued approval of this project is dependent on the submission of an Annual Report.

8. Final Report - should be provided at the conclusion of the project. MUHREC should be notified if the project is discontinued before the expected completion
date

9. Monitoring - project may be subject to an audit or any other form of monitoring by MUHREC at any time.

10. Retention and storage of data - The Chief Investigator is responsible fo the storage and retention of the original data pertaining to the project for aminimum

period of five years.

Thank you for your assistance.
Professor Nip Thomson

Chair, MUHREC

CC: Assoc Professor Dianna Magliano, Mr Mohammed Alramadan
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Saudi Ministry of Health-King Fahad Medical City Institutional Review Board approval

Kingdom of Saudi Arabia a@ A9 gaud) Ay ) dSlaal)
Ministry of Health %“o}i? ) aa.m'li 3 J‘j{
King Fahad Medical City S Agadal) g8 Sllal) daa

bl ugd ot due
(162) King l::f:d Medical City ( \ ‘ Y)
IRB Registration Number with KACST, KSA: H-01-R-012
IRB Registration Number with OHRP/NIH, USA: IRB0O0010471

Approval Number Federal Wide Assurance NIH, USA:  FWA00018774

December 8, 2016

IRB Log Number: 16-429E
Department: External
Category of Approval: EXEMPT

Dear Mohammed Alramadan,

| am pleased to inform you that your submission dated November 29, 2016 for the study titled
'Determinants of Glycaemic Control, Complications and Health Related Quality of Life for People
with Type 2 Diabetes in Saudi Arabia' was reviewed and was approved. Please note that this
approval is from the research ethics perspective only. You will still need to get permission from the
head of department or unit in KFMC or an external institution to commence data collection.

We wish you well as you proceed with the study and request you to keep the IRB informed of the
progress on a regular basis, using the IRB log number shown above.

Please be advised that regulations require that you submit a progress report on your research every
6 months. You are also required to submit any manuscript resulting from this research for approval
by IRB before submission to journals for publication.

As a researcher you are required to have current and valid certification on protection human
research subjects that can be obtained by taking a short online course at the US NIH site or the Saudi
NCBE site followed by a multiple choice test. Please submit your current and valid certificate for our
records. Failure to submit this certificate shall a reason for suspension of your research project.

If you have any further questions feel free to contact me.

Sincerely yours,

. e

Prof. Omar H. Kasule

Chairman, Institutional Review Board (IRB)
King Fahad Medical City, Riyadh, KSA

Tel: + 966 1 288 9999 Ext. 26913

E-mail: okasule@kfmc.med.sa
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King Saud University Institutional Review Board approval

Kingdom of Saudi Arabia
King Saud University(034)
P.0.Box 7805 Riyadh 11472
Tel: +966 11467001

Fax: +966 11 4671992
http://medicalcity.ksu.edu.sa

@ageudl dw ol a4 Looll
(034) agcw lloll dcola
NEVE JALYI VA.0 . un
+ATTHEW. : Qila

+Q11 EvIqar 1 guAle

ags2udlloll e

King Saud University L=

aucolall dunll disaoll

29.01.2017 (01.05.1438)
Ref. No. 17/0040/IRB

To:

Subject:

Project Title:

Dr. Mohammed Alramadan

Principal Investigator

MBBS, MPH, PhD Candidate

School of Public Health and Preventive Medicine
Faculty of Medicine

Nursing and Health Sciences

Monash University, Australia

Email: mohammed.alramadan@monash.edu

Research Project No. E-17-2238

“Determinants of Glycaemic Control, Complications and Health Related
Quality of Life for People with Type 2 Diabetes in Saudi Arabia”

< ] Dr. Baki Billah
Dr. Turky H. Almigbal
Dr. Mohammed Ali Batias
Co-Investigators

Type of Review: Expedite

Date of Approval: 22 January 2017

Date of Expiry: 29 January 2018

Dear Dr. Mohammed Alramadan,

I am pleased to inform you that your above-mentioned research project was reviewed and approved
0n 22 January 2017 (24 Rabi-11 1438). You are now granted permission to conduct study given that your
study does not disclose patient identity and poses no risk to the patients.

As principal investigator, you are required to abide by the rules and regulations of the kingdom of
Saudi Arabia and the research policies and procedures of the KSU IRB. If you make any changes to the
protocol during the period of this approval, you must submit a revised protocol to the IRB for approval
prior to implementing the changes. Please quote the project number shown above in any future
correspondence or follow-ups related to this study.

We wish you success in your research and request you to keep the IRB informed about the progress
and final outcome of the study in aregular basis. If you have any question, please feel free to contact

me.

Thank you!

Dr. Ayman Al-Eyadhy

Chairman, Institutional Review Board
King Saud University College of Medicine
King Saud University Medical City

P.O. Box 7805 Riyadh 11472 K.S.A.

E-mail: aleyadh .edu.

/braezell
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Appendix 2: Informed consent form

Minimal Risk Informed Consent Template

A Jaidy ale Giay B AS Ll o 5 patiesal) A8 gally i B
Jhlaall (e ey asl

Protocol Number:

Name of Subject:

Medical Record Number:

Study Title:

Determinants of Glycaemic Control,
Complications and Health Related Quality of
Life for People with Type 2 Diabetes in Saudi
Arabia

Principal Investigator:
Dr Mohammed Jassim Alramadan

Address:

The Alfred Centre

99 Commercial Road
Melbourne VIC 3004 Australia

Telephone:
+61 408 624 942

Why Is This Study Being Done?

To evaluate the effect of sociodemographic factors, lifestyle,
adherence to treatment, anxiety, depression, cognitive function
on the glycaemic control, diabetes complications and health
related quality of life in patients with type 2 diabetes mellitus
in Saudi Arabia.

How Many People Will Take Part in This
Study?

The study will include a total of 1082 persons who have
type 2 diabetes

What is involved in the Study?

Patients with type 2 diabetes who visit diabetes centres in
Hofuf, Riyadh, and Jeddah will be invited to participate in this
study. A total of 1082 participants will be interviewed and their
medical records will be reviewed to complete a questionnaire.
The association between the aforementioned factors and the

KFMC Informed Consent — Minimal Risk

cpalall ciagtf

1y Uil pwl

bl Joxw ) Al

adadl G ol g

el ol Sl 5 e o 8 sl (Lo & i3l Ll ol
Sl e 5 o il el cliolimne o o 5 i3l
ALy A g, e Sl i e sbadl palsd1 (ool
gl )

T B RE W
Sl daaf auda deaa

Ol g5= |

The Alfred Centre

99 Commercial Road
Melbourne VIC 3004 Australia
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level of glycaemic control, diabetes complications and health
related quality of life will be evaluated using multi-level mixed
effect logistic regression.

Study location:
Diabetes Centres at Hofuf, Riyadh and Jeddah

What is Expected of Me During the Study?
Upon your agreement to participate the interviewer will do the
following:

1- Request you to read and sign the consent form.

2- Ask you some questions to fill a questionnaire. The
questions will cover name, contact information, age, gender,
marital status, education, medical history, diet, physical
activity, psychological status, cognitive function and quality of
life status.

3- Take your weight, height, waist’/hip/neck circumferences
and blood pressure. Participant is free to leave after taking
these measures.

4- Review your medical records to get information about your
recent blood investigations, medical history and medications.

The interview will take around 40 minutes

How Long Will | Be in This Study?

The interview will take around 40 minutes

Can | Stop Being in This Study?

You can decide to stop at any time. Taking part is purely
voluntary.

What are the Benefits of This Study?

We cannot guarantee or promise that this survey will directly
benefit you but we hope that this work will help people with
diabetes, physicians and the government to improve the
management of diabetes diseases and reduce its complications.

What are the Risks of This Study?

This research will not involve any intervention with
the participants group and it is not expected to have
any significant risk on participants.

What are the Costs of This Study?

There are no costs to you if you take part in this study.

Will | Be Paid for Taking Part in This Study?
No, participants will not be paid

KFMC Informed Consent — Minimal Risk
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Will My Information Be Kept Private?

Your personal information will be kept private. It will be
given out only if required by law. Your personal
information will not be used in any reports.

What are My Rights if | Take Part in This
Study?

Taking part in this study is your choice. You may choose
to take part or not to take part. If you decide to take part
in the study, you can quit at any time. There will be no
penalty to you for your decision. Your medical care will
not change.

Who Do | Call if | Have Questions or
Problems?

If you have questions about the study, you can call phone
number +61 408 624 942.

If you have any questions about “rights of human
subjects,” you may call the Executive Cfficer, Monash
University Human Research Ethics (MUHREC)at +61 3
9905 2052.
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Subject Signature
Date: / /

Person Obtaining Consent:

| have explained the nature and purpose of the
study and the risks involved. | have answered
and will answer questions to the best of my ability.
| will give a signed copy of the consent form to the
subject.

Signature of Person Obtaining Consent

Date / /

Principal Investigator
Signature of Principal Investigator

KFMC Informed Consent — Minimal Risk
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Appendix 3: Research questionnaire in English

%J MONASH University

Glycaemic Control and Complications Among people with Type 2 diabetes in
Saudi Arabia Questionnaire

(Version 03)

(Only to be used for people known to have type 2 diabetes prior to survey)

Data collection date in Gregorian
Day Month year

1. Diabetes Centre information

No. | Question Response
1 Centre Name
2 City

2. Patient’s name

No. | Question Response

1 Patient’s name Fipst:
Middle:
Surname:  _

3. Patient’s demographic characteristics

level achieved?

Primary school
Intermediate school
Tertiary school
University degree

No. | Question Response and coding Skip
1 What is your date of birth? I was bornin
/ /
DD /MM /Year
2 What is your gender? O Male 0
O Female 1
3 What is your marital status? O Single (never married) 0
O Married 1
[0 Divorced (separated) 2
0 Widowed 3
4 What is your highest education O None (llliterate) 0
d 1
O 2
| 3
O 4
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5 Nationality O Saudi 0
[ Non-Saudi 1
Specify:
6 Which of the following best 0O working 0
describes your main work status [0 Not working (able to work) 1
over the past 12 months? 0 Not working (unable to work) 2
O Homemaker (house-wife) 3
O Student 4
[0 Retired 5
7 Which of the following best 0 <3000 Saudi Riyals 0
describe your total household [0 3001-6000 Riyals 1
monthly income? O 6001-9000 Riyals 2
[0 9001-12000 Riyals 3
O >12001Riyals 4
8
4. Patient’s Medical history:
No. | Question Response and coding Skip
1 At what year have you been Year
diagnosed to have diabetes?
2 Where do you usually follow up O Primary health care centre 0
for your diabetes? O Diabetic Centre L
O Public Hospital 2
[0 Private Centres 3
3 How frequent are you following O Monthly 0
up for diabetes? O Every 2 months 1
O Every 3 months 2
O Every 6 month 3
0O 1vyear 4
O Irregular 5
4 How are you managing you 0 Dietonly 0
diabetes currently? O Oral tablets 1
O Insulin 2
O Oral and insulin 3
Self-measure of blood glucose
5 Do you have self-monitoring of O No () s
blood glucose device at home? O Yes 1
6 How often do you measure your O Daily {once or more) 0
blood glucose at home over the O 2 -6 times every week 1
last month? OO Once weekly 2
O 1-2timesa month 3
O Did not use it 4
Hypoglycaemia events
7 How many times in the last O Otimes 0
month have you had a low blood O 1-5times 1
sugar reaction with symptoms O 6-10times 2
such as sweating, weakness, 0 More than 10 times 3
anxiety, trembling, hunger, O Do not know 4

headache or passing out?
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History of other diseases and diabetes complications

O |
O |
10 | Have you ever been told by a O No 0
doctor that you have heart O |do not know 1
disease or coronary artery 0 Yes 2
disease?
If yes specify when you were
told so.
11 | Have you been diagnosed by a O No 0
doctor to have a stroke before? O |do not know 1
O Yes 2
If yes specify when the first
stroke event was.
O
13 | Have you ever been told by a O No 0
doctor that your diabetes have O |do not know 1
affected your eyes {retina) O Yes 2
before?
If yes specify when the first time
you were told so.
O |
O |
O |
O |

5. Adherence to medication (Morisky Medication Adherence Questionnaire)

No. | Question Response and coding Skip

1 Do you ever forget to take your 0 No 0
medicine? O Yes 1

2 Are you careless at times about O No 0
taking your medicine? O Yes 1

3 Sometimes if you feel worse O No 0
when you take the medicine, do O Yes 1
you stop taking it?

4 When you feel better do you O No 0
sometimes stop taking your O Yes 1
medicine?
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6. Family support

No. | Question Response and coding Skip
Does your family help and support you to do the following?
1 e Follow a diabetic diet O No 0
0 Sometimes 1
O Yes, all the time 2
2 e Take your medication O No 0
0 Sometimes i
0 Yes, all the time 2
3 e Do physical activity O No 0
0 Sometimes 1
0 VYes, all the time 2
4 e Testyour blood sugar at O No 0
home 0 Sometimes 1
0 Yes, all the time 2
5 e Follow up regularly with O No 0
your physician(s) O Sometimes 1
0 VYes, all the time 2
7. Utilization of healthcare services
No. | Question Response and coding Skip
1 Within the past 12 months have O No 0
you ever received any diabetes 0 VYes 1
education provided by physician or O Cannotrecall 2
other health care worker?
(Diet, physical activity, foot care)
Within the past 12 months have you seen the following health professionals:
2 e Diabetes educator O No 0
O Yes 1
O Cannot recall 2
3 e Dietician O No 0
O Yes i
O Cannot recall 2
4 e Podiatrist O No 0
O Yes 1
OO0 Cannot recall 2
8. Smoking
No. | Question Response and coding Skip
1 Do you or did you smoke any 0O No, never smoked 0
tobacco products such as O Yes, in the past {more than 1 month) | 1
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cigarettes or Shisha {water O Yes, currently smoking 2
pipe)?

2 Does anyone at your house O No 0
currently smoke cigarettes or O Yes, away from you 1
Shisha {water pipe)? {not exposed to the smoke)

O Yes, in front of you 2

{You are exposed to the smoke)

9. Diet (The UK Diabetes and Diet Questionnaire)

No. | Question Response and coding Skip
Think of your diet over the last month
1 How often did you eat a portion of O Never or very rare 0
fruit? O Once a week or less 1
Include fresh, frozen, tinned and 0 2-4times a week 5
dried fruit. o O 5-6timesaweek 3
Do not count fruit juices. O 1-2 times a day 4
O 3 or more times a day 5
2 How often did you eat a portion of O Never orvery rare 0
vegetables? O Once a weekor less 1
O 2-4timesaweek 2
Include fresh, tinned and frozen 0 5=6timesaweek 3
vegetables. O 1-2timesaday 4
O 3 or more times a day 5
3 How often did you eat red meat? O 3 or more times a day 0
O 1-2timesaday 1
Including camel, lamb, beef, and O 5-6timesaweek 2
veal. O 2-4timesaweek 3
O Once a week or less 4
0 Neverorvery rare 5
4 How often did you eat rice? O 3 or more times a day 0
O 1-2timesaday 1
O 5-6timesaweek 2
O 2-4timesaweek 3
O Once a week or less 4
[0 Never or very rare 5 mt——
5 What amount of cooked rice did O 4 or more cups 0
you usually eat in one meal? O 3cups il
0O 2cups 2
O Onecup 3
O Lessthanacap 4
6 How often did you eat bread? O 3 ormore times a day 0
OO0 1-2timesaday 1
O 5-6timesaweek 2
O 2-4timesaweek 3
0 Once a weekor less 4
0 Neverorvery rare 5 el
7 What amount of bread did you O 5 or more slices of bread or more 0

usually eatin one meal?

than one large Arabic bread
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O 4 slices of bread or one large Arabic | 1
bread
0 2 slices of bread or % large Arabic 2
bread
O oneslice of bread or % large Arabic 3
bread
O Less than one slice of bread or less 4
than % large Arabic bread
8 How often did you eat cake, sweet O 3 or more times a day 0
pastry, biscuits, chocolate, halva O 1-2timesaday 1
or other types of sweet pastries O 5-6timesaweek 2
or desserts? O 2-—4timesaweek 3
O Once a week or less 4
0 Never or very rare 5
9 How often did you eat dates? O 3 or more times a day 0
O 1-2timesaday 1
O 5-6timesaweek 2
O 2-4timesaweek 3
O Once a week or less 4
0 Never orvery rare 5
O
11 | How often did you drink sugary O 3 or more times a day 0
drinks? O 1-2timesaday 1
O 5-6timesaweek 2
Including, non-diet soft drink O 2-4timesaweek 3
{soda) and sugar sweetened fruit O Once a weekor less 4
juice, tea, coffee or milk? O Never or very rare 5
12 | How often did you use butter or O 3 or more times a day 0
animal fat in your rice, bread or 0O 1-2timesaday 1
cooking? O 5-6timesaweek 2
O 2-4timesaweek 3
{for example for cooking rice, O Once a week or less 4
vegetables and pastries) O Never orvery rare 5
O
O
O

10.

Physical activity (WHO STEPS Instrument)

No. | Question Response and coding Skip
I would like to ask you about the usual way you travel to and from places. For example to work, for
shopping, to market, to place of worship
1 Do you walk for at least 10 O No 0 ——t—
minutes continuously to get to O Yes 1
and from places?
2 In a typical week, on how many

days do you walk at least 10
minutes continuously to get to

and from places?

Number of days:

154



How much time do you spend
walking for travel on a typical
day?

Hours : minutes

The next guestions exclude the work and transport activities that you have already mentioned.

Now | would like to ask you about sports, fitness and recreational activities {leisure).

4 Do you do any sports, fitness or O No 0 =
O Yes 1

recreational (leisure) activities
that cause increases in breathing
or heart rate for at least 10
minutes continuously?

like running, brisk waking,
football or swimming

In a typical week, on how many
days do you do this sports,
fitness or recreational (leisure)
activities?

Number of days:

How much time do you spend
doing this sports, fitness or
recreational activities on a
typical day?

Hours : minutes

11.

Depression (PHQ-2)

No.

Question

Response and coding

Skip

How often during the past 2 weeks were you bothered by the following problems?

1 Little interest or pleasure in doing O Not at all 0

things 0 Several days 1

O More than half the days 2

O Nearly every day 3

2 Feeling down, depressed, or O Notatall 0

hopeless. O Several days 1

O More than half the days 2

0 Nearly every day 3

12. Anxiety (GAD-2)

No. | Question Response and coding Skip

Over the last 2 weeks, how often have you been bothered by the following problems?

Feeling nervous, anxious or on
edge

O Not atall
O Several days
0 More than half the days

[y
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Nearly every day

Not being able to stop or control
worrying

Not at all

Several days

More than half the days
Nearly every day

w N P O|lw

ogioo|ojoooolo

13. Patient’s quality of life (ea-5D-51)

No.

Question

Response and coding

Skip

Under each heading, please tic

hea

lth TODAY.

k the ONE box that best describes your

1

MOBILITY

|
a
(|

| have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking
about

| have severe problems in walking about
| am unable to walk about

N

SELF-CARE

oo o

| have no problems washing or dressing
myself

| have slight problems washing or
dressing myself

| have moderate problems washing or
dressing myself

| have severe problems washing or
dressing myself

| am unable to wash or dress myself

USUAL ACTIVITIES
(e.g. work, study, housework,
family or leisure activities)

O

O

| have no problems doing my usual
activities

| have slight problems doing my usual
activities

| have moderate problems doing my
usual activities

| have severe problems doing my usual
activities

| am unable to do my usual activities

~

PAIN / DISCOMFORT

| have no pain or discomfort

| have slight pain or discomfort

| have moderate pain or discomfort
| have severe pain or discomfort

| have extreme pain or discomfort

ANXIETY / DEPRESSION

ooooOoiooooag|o

| am not anxious or depressed

| am slightly anxious or depressed

| am moderately anxious or depressed
| am severely anxious or depressed

| am extremely anxious or depressed

U B W N RIUTs wWwN R
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We would like to know how
good or bad your health is
TODAY.

This scale is numbered from
0 to 100.

100 means the best health
you can imagine.

0 means the worst health you
can imagine.

Mark an X on the scale to
indicate how your health is
TODAY.

Your health today is:

14.

Cognitive Impairment Test (RUDAS)

No.

Question

Response and coding

Skip

1. I want you to imagine that we are going shopping. Here is a list of grocery items. | would like you to remember
the following items which we need to get from the shop. When we get to the shop in about 5 minutes time | will
ask you what it is that we have to buy. You must remember the list for me.

Tea
Cooking Oil
Eggs

Soap

Please repeat this list for me (Ask person to repeat the list 3 times)

2 | am going to ask you to
identify/show me different parts of
the body.
(1) show me your right foot [0 Correct 1
[ Incorrect 0
(2) show me your left hand [l Correct 1
I Incorrect 0
(3) with your right hand touch your [0 Correct 1
left shoulder U Incorrect 0
(4) with your left hand touch your [ Correct ik
right ear 0 Incorrect 0
(5) which is (point to/indicate) my O Correct 1
left knee 0 Incorrect 0
(6) which is (point to/indicate) my [0 Correct 1
right elbow O Incorrect 0
(7) with your right hand point [0 Correct 1
to/indicate my left eye [ Incorrect 0
(8) with your left hand point [l Correct 1
to/indicate my left foot O Incorrect 0
3 | am going to show you an 0 Normal 2
action/exercise with my hands. | [ Partially Adequate 1
want you to watch me and copy [l Failed 0

what | do. Copy me when | do
this . .. (i.e. demonstrate - put one
hand in a fist, and the other hand
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palm down on the table or your
knees and then alternate
simultaneously.) Now do it with
me.

| would like you to keep doing this
action at this pace until | tell you to
stop - approximately 10 seconds or
5 — 6 sequences. (Demonstrate at
moderate walking pace).

Please draw this picture exactly as
it looks to you.

o7

1) Has person drawn a picture O yes 1

based on a square? O No 0

(2) Do all internal lines appear in O vyes 1

person’s drawing? O No 0
|

(3) Do all external lines appear in [ Yes 1

person’s drawing? 0 No 0

You are standing on the side of a busy street. There is no pedestrian crossing and no traffic lights. Tell me
what you would do to get across to the other side of the street safely. (If person gives incomplete answer
use prompt: “Is there anything else you would do?”) Record exactly what patient says and circle all parts
of response which were prompted.

Did person indicate that they O Yes 2
would look for traffic? [0 Yes prompted 1
O No 0
Did person make any additional O Yes 2
safety proposals? [0 Yes prompted 1
[J No 0
We have just arrived at the shop. O Tea 2
(Can you remember the [ Cooking Qil 2
list of groceries we need to buy? [0 Eggs 2
(Prompt: If person cannot recall 0 Soap 2
any of the
list, say “The first one was ‘tea’.”

| am going to time you for one
minute. In that one minute, | would
like you to tell me the names of as | Number of animals named (out of 8):
many different animals as you can.
We'll see how many different
animals you can name in one
minute. (Repeat instructions if
necessary). Maximum score for this
item is 8. If person names 8 new
animals in less than one minute
there is no need to continue.
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15.

Katz Index of Independence in Activities of Daily Living

No. | Question Response and coding Skip
1 Bathing O Independent
Bathes self completely or needs help in
bathing only a single part of the body such
as the back, genital area or disabled
extremity.
O Dependent
Needs help with bathing more than one
part of the body, getting in or out of the tub
or shower. Requires total bathing.
2 Dressing O  Independent
Gets clothes from closets and drawers and
puts on clothes and outer garments
complete with fasteners. May have help
tying shoes.
[0 Dependent
Needs help with dressing self or needs to be
completely dressed.
3 Toileting O Independent
Goes to toilet, gets on and off, arranges
clothes, cleans genital area without help.
0 Dependent
Needs help transferring to the toilet,
cleaning self or uses bedpan or commode.
4 Transferring O Independent
Moves in and out of bed or chair unassisted.
Mechanical transferring aides are
acceptable.
OO0 Dependent
Needs help in moving from bed to chair or
requires a complete transfer.
5 Continence [0 Independent
Exercises complete self-control over
urination and defecation.
Dependent
Is partially or totally incontinent of bowel or
bladder.
6 Feeding O Independent
Gets food from plate into mouth without
help. Preparation of food may be done by
another person.
O Dependent
Needs partial or total help with feeding or
requires parenteral feeding.
16. Neuropathy screening
(The Michigan Neuropathy Screening Instrument)
No. | Question Response and coding Skip
1 Are your legs and/or feet numb? O VYes
0O No
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2 Do you ever have any burning pain O Yes 1
in your legs and/or feet? 0O No 0
3 Are your feet too sensitive to 0O VYes 1
touch? O No 0
4 Do you get muscle cramps in your O Yes 1
legs and/or feet? O No 0
5 Do you ever have any prickling O Yes 1
feelings in your legs or feet? O No 0
6 Does it hurt when the bed covers 0O VYes 1
touch your skin? O No 0
7 When you get into the tub or 0O VYes 1
shower, are you able to tell the hot O No 0

water from the cold water?
8 Have you ever had an open sore on O VYes 1
your foot? 0O No 0
9 Has your doctor ever told you that 0O VYes 1
you have diabetic neuropathy? 0O No 0
10 | Do you feel weak all over most of 0O Yes 1
the time? O No 0
11 Are your symptoms worse at night? O Yes 1
O No 0
12 Do your legs hurt when you walk? O VYes 1
0O No 0
13 | Areyou able to sense your feet 0O Yes 1
when you walk? O No 0
14 | Is the skin on your feet so dry that it O Yes 1
cracks open? O No 0
15 Have you ever had an amputation? O VYes 1
O No 0

17. Anthropometrics
No. | Question Response and coding
1 Blood pressure in mm Hg Blood pressure
Systolic: mm Hg
Diastolic: mm Hg
2 Patient’s height in centimetre {cm) Height: cm
3 Patient’s weight in kilogram {Kg) Weight: kg
4 Neck circumference Neck: cm
4 Waist circumference in cm Waist : cm
5 Hip circumference in cm Hip: cm
18. Information from patient medical records
No. | Question Response and coding
1 Must recent 3 Blood pressure systolic diastolic
readings {(mm Hg) 15t reading
2" reading
3" reading
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2 Most recent fasting blood sugar 1% reading: mg/dl
measurement 2" reading: mg/d|
3 reading: mg/dl
3 Most recent Haemoglobin Alc HbAlc: _ %
{HbAlc) measurement (%)

4 Most recent serum creatinine Creatinine: __
reading {mg/dl)

5 Most recent Albumin/creatinine Albumin/creatinine ratio:
ratio test results

6 Most recent eGFR {ml/min) eGFR:

7 Most recent lipid profile test Totalchole: mg/dl
{Total cholesterol, LDL, HDL, o mg/dl
Triglycerides) in mg/dl HDL:  mg/dl

Triglyc.: mg/dl

8 Has the patient been diagnosed to O No 0
have hypertension? O Yes il

9 Has the patient been diagnosed to O No 0
have coronary artery disease? O Yes il

=
0

The patient is on the following medications

Medication Name

dose

Daily
Repeat

(||| |WIN|E-

=
o

=
[y

=
N

=
w

=
~

(3
w
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Appendix 4:

Research questionnaire in Arabic
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Control of Blood Sugar and prevalence of Complications Among people with Type 2 diabetes
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