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i 

Synopsis 

Diabetes mellitus is a chronic metabolic disease affecting approximately 415 million 

people worldwide. Furthermore, it is estimated that one third of those affected 

(approximately 122.5 million) are not aware that they have the condition. 

The oil boom has led to a massive increase in the GDP and disposable income of the 

people of the United Arab Emirates (UAE). The UAE was ranked as the 19th highest 

income countries of the world in 2012 (International Monetary Fund) and is categorized 

as a high income country according to the (World bank, 2012). This has led to a more 

affluent lifestyle and an increase in total calorie intake per person together with a 

decrease in calorie expenditure. This has led to a nationwide obesity pandemic with the 

rates of obesity climbing to record highs and standing at about 68% of the population 

according to one estimate from 2007. 

The United Arab Emirates (UAE) is now being listed as the country with the 11th 

highest prevalence of diabetes globally (primarily type-2). Furthermore, metabolic 

control of diabetes is reportedly poor, leading to an increased risk of associated 

complications. Almost 70 % of Emirati nationals are reported to be overweight or obese 

[6], and one third of Emirati children are also now obese; these figures are two to three 

times those of international standards, thus, it is not surprising that the prevalence of 

type-2 diabetes has escalated.  

The results derived in this thesis were based on original research involving a cross-

sectional study and a a case control trial to study the effects of an educational session on 

medication adherence among adults with diabetes in the United Arab Emirates as 

measured by the Morisky Medication adherence scale (MMAS-8©). The results have 

demonstrated new knowledge of the predictors of poor medication adherence in 

diabetes in the U.A.E. There was also a significant improvement in the adherence to 

medication in diabetics taking part in an educational session focusing on the importance 

of anti-diabetes medication and adherence to it.  

The results of such a pilot program would be of upmost value in supporting the 

implantation of bigger trials or even a national educational program in the UAE which 

up to today is still lacking. Public health policy makers in the U.A.E. should be 

equipped and ready with all the knowledge to get services ramped up quickly as the 

‘Diabetes Tsunami’ hits its shores. The work incorporated in this thesis has been 

published in peer reviewed journals and is included in the appendix. 
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CHAPTER ONE: INTRODUCTION 

 

1 Introduction 

1.1 Background and Rationale 

Limited data exist on the adherence of diabetics in the United Arab Emirates to 

their medication prescribed by their doctors and the factors influencing their adherence. 

Studies in other countries have demonstrated poor adherence rates of medication among 

diabetics and patients suffering with other chronic conditions. A PUBMED search for 

the following phrase “Diabetes united Arab emirates adherence” came back with five 

published papers none of which answer the question of adherence to medication among 

the diabetics of the UAE and the factors influencing their adherence (Figure: 1) 

(Al Mazroui et al., 2009) demonstrated a significant reductions  in the levels of 

HBA1c among diabetics receiving an intensive educational program over a 12 month 

period of time (baseline vs. 12 months; 95% confidence interval) of HbA1c8.5% (8.3, 

8.7) vs. 6.9% (6.7, 7.1).  (Reed et al., 2005) demonstrated the important role of chronic 

diabetes clinics in the UAE at improving diabetes outcomes as measured by HBA1c 

levels and blood pressure. However, neither of the former ‘UAE based’ studies had 

been designed to study the levels of adherence to medication among diabetics and 

explore the factors leading to poor adherence.   

Despite this lack of data from the United Arab Emirates and the Arab world as a 

whole, there have been numerous studies from around the world looking at the impact 

of medication adherence on outcome in patients of chronic medical diseases including 

diabetes. An American observational study (Sokol et al., 2005)concluded that high 

adherence levels to medication among diabetics were associated with an overall 

reduction in healthcare costs. Another retrospective study of over 11,000 patients (Ho et 

al., 2006) showed that poorly non-adherent diabetics had higher all-cause 

hospitalization and all-cause mortality compared to adherent diabetics. Adherence to 

medication in diabetes is therefore of upmost importance, and identifying factors that 

lead to poorer medication compliance should be identified to guide healthcare policy. 
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Figure 1: Pub-med Search Results for "United Arab Emirates Diabetes Adherence" Last Retrieved March 9, 

2014 from http://www.ncbi.nlm.nih.gov/pubmed 

 

1.2 Research Questions 

The aim of this thesis is two-fold; 1) to identify predictors of poor medication 

adherence in patients diagnosed with type-2 diabetes, and 2) to elucidate whether an 

educational intervention providing patients with information regarding better glycaemic 

control, as well as the short- and long-term side effects of poor adherence, achieves a 

significant improvement in how well patients adhere to their medication regimen. 
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Figure 2: Research Questions and Proposed Data Collection Methods and Tools to Find the Answers 

 

The literature review in the next section reveals significant gaps in the 

knowledge of predictors of poor medication compliance in diabetics of the U.A.E. The 

aim of this thesis is to come to conclusions that would help fill this gap in literature. 

This will be achieved by attempting to answer the research questions using a 

combination of qualitative and quantitative research methods and employing these in 

statistical models to rank relationships between the different variables and the 

outcomes. 

The primary outcome measured in the retrospective arm will be surrogate of 

adherence to medication as indicated by the Morisky scale. This qualitative nature of 

these questionnaires is then complemented by a quantitative approach when the data 

collected is analyzed and processed through a randomize control trial from a Diabetic 

Clinic.  

 

1.3 Structure of the Paper 

PRIMARY RESEARCH QUESTION

• What are the adherence levels to medications in diabetics in the U.A.E.?
• What are the factors influencing adherence to medications in the U.A.E ?

What are the adherence levels to medications in the U.A.E.?

• Data analysis of a questionnaire based observational study of diabetics in the U.A.E.
• Adherence as measured by the Morisky Scale.

What are the factors influencing adherence to medications in the U.A.E.?

• Univariate and Multivariate analsysis of different demographic, social, economic, and psychological factors 
obtained from the questionnaires

Secondary Research Questions

• Does an interventional educational program improve the adherence to medication?
• Randomized Control trial with 6-month follow-up and statistical analysis
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Figure 3: Paper Structure and Content 

 

This report has Six main sections. Section one provided the review of the study starting 

with the background and rationale and including the research questions. Section two will 

provide the brief literature review, which will establish the study’s context and describing the 

significant problem of Diabetes and the public health concern of medical adherence that led to 

the research questions. Section three will present the research methodology, including the 

research design, sampling procedure, data collection methods and analysis, ethical 

considerations, and budget requirements and timeline.  Section 4 will briefly discuss the public 

health significant aspect of this research. Section 5 describes the progress up to date and some 

project management issues related to this research. Finally section 6 will present the results and 

publications. 

  

Introduction Background and Rationale of 
research

Literature 
review

Diabetes 
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Longterm Outcomes in Diabetes
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Methodolgy

Research Questions
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Public 
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Significance

Progress to 
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CHAPTER TWO: LITERATURE REVIEW 

2 Literature Review 

2.1 Definition 

Diabetes mellitus, more commonly referred to as ‘diabetes’, is a group of 

chronic, non-communicable, metabolic diseases affecting approximately 341 million to 

371 million people worldwide (Danaeiet al., 2011; IDF, 2013).  There are two main 

types of diabetes, type-1 and type-2, for which there is currently no cure. Caused by 

either a failure in the production of insulin by the pancreas, or the unresponsiveness of 

cells to insulin produced, diabetes is now a manageable disease recognised either in 

childhood (type-1), or adulthood (type-2). 

Under normal circumstances, insulin is produced in the pancreas in clusters of 

endocrine cells known as the islets of Langerhans. There are three types of these cells; 

beta (β) cells produce and secrete insulin, alpha (α) cells produce and secrete glucagon, 

and delta (δ) cells produce and secrete somatostatin. The pancreas is also responsible for 

the production and secretion of enzymatic digestive juices.  Following a meal, blood 

glucose concentrations rise, stimulating the production of insulin from β-cells. In 

response to insulin, glucose is both used as fuel and converted into glycogen and fat (for 

storage). Upon complete digestion of the meal, blood glucose concentrations fall and 

the pancreas ceases production of insulin. However, if the body still requires fuel in the 

absence of blood glucose, previously stored glycogen and fat are now used as fuel. A 

significant reduction in blood glucose concentrations results in the release of glucagon 

fromα-cells of the pancreas for the hepatic conversion of glycogen back to glucose.  

Type-1 diabetes (formerly referred to as insulin-dependent diabetes mellitus) is 

an autoimmune disease whereby sufferers elicit an immune reaction against the 

pancreatic β-cells that manufacture insulin. Ultimately, this immune reaction results in 

the destruction of insulin-producing β-cells (Purveset al., 2004). Briefly, the immune 

system protects the body against pathogens (i.e. harmful agents that cause disease), 

through the recognition and differentiation of ‘self’ and ‘non-self’ cells. In vertebrates 

there are two types of immunity, innate and adaptive. Innate immunity is a non-specific, 

immediate line of defence against pathogenic invasion, including but not limited to: 

skin, mucous membranes, cytokines, and cytotoxic lymphocytes known as natural killer 
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cells (NK). In contrast, adaptive immunity (also referred to acquired immunity) involves 

the generation of a specific response (e.g. antibodies) following initial pathogenic 

invasion. Upon subsequent infection, an immune response is generated more quickly 

due to immunological memory. 

Several cell surface proteins are recognised by the human immune system in 

order to differentiate self from non-self cells, the most important group of which is 

known as the major histocompatibility complex (MHC). Following recognition, the 

immune system generates a cellular response to both destroy recognised pathogens, and 

create a memory of those pathogens in case of future infection. Blood and lymph tissues 

(including the thymus, bone marrow, spleen and lymph nodes) play an important role in 

bodily defence mechanisms. Basically, blood and lymph (derived from blood and other 

tissues) are both composed of water, solutes and cells; however, suspended in blood 

plasma are red and white blood cells, as well as platelets essential to clotting. 

Red blood cells are primarily used in the transport of oxygen and carbon dioxide 

within the main circulatory system, whilst white blood cells and platelets are found both 

within the main circulatory system and in the lymph, which in turn accumulates in 

intracellular spaces throughout the body. The lymph then travels via a network of 

capillaries known as the lymphatic system into the thoracic duct, eventually joining the 

left subclavian vein near the heart, thereby re-joining the main circulatory system 

(Purveset al. 2004).  There are a variety of white blood cells, also known as leukocytes; 

however they all fall within the confines of either phagocytes or lymphocytes. The 

primary purpose of phagocytes (e.g. macrophages) is to indiscriminately engulf and 

digest ‘non-self’ (i.e. pathogenic) bodies.  

Conversely, lymphocytes play a more specific role in the defence against non-

self or altered cells (i.e. self-cells that have been infected and altered by a virus). There 

are two types of lymphocytes, T-cells and B-cells. Both originating and released from 

the bone marrow, T-cells migrate in an immature state and travel to the thymus where 

they are matured (cellular response), whereas B-cells circulate through the blood and 

lymph vessels and create antibodies specific against invading pathogens (humoral 

response). Antibodies and T-cells bind specifically to a number of different epitopes 

(small proteins) on the surface of antigens (i.e. non-self cells), subsequently eliciting an 

immune response (Purveset al., 2004). 
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The plasma membrane glycoproteins, human leukocyte antigens (HLA), are the 

products of MHC genes. There are three types of MHC proteins; 1) class I MHC 

proteins bind to the fragments of degraded cellular proteins and travel to the plasma 

membrane where they present to the CD8 cell surface proteins of cytotoxic-T cells (TC); 

2) class II HLA proteins present themselves on the surface of macrophages, B-cells and 

antigen-presenting cells. Class II HLA proteins bind to the fragments of engulfed and 

digested pathogens and subsequently travel to the plasma membrane where they are 

presented to the CD4 cell surface proteins of the helper-T cells (TH); 3) class III interact 

with antigen-antibody complexes causing the complete destruction of foreign cells 

(Purveset al., 2004). 

Individuals affected by type-1 diabetes produce a number of auto-antibodies 

detectable in their blood that can be used as biomarkers of the disease, potentially 

present in utero or for some time before the onset of the disease.  Notably, patients 

produce the following antibodies: islet cell antigen (ICA) antibodies, antibodies to 

insulin and/or proinsulin (primarily), glutamic acid decarboxylase (GAD) antibodies, 

and antibodies against protein tyrosine phosphatase (IA-2) (Dobersenet al., 1980; Verge 

et al., 1996). 

Type-2 diabetes (formerly referred to as non-insulin dependent diabetes mellitus 

(NIDDM)) is a metabolic disease characterised by high concentrations of plasma 

glucose resulting from insulin resistance (i.e. a lack of insulin receptors on the plasma 

membranes of target tissues) or deficiency (due to β-cell damage), and late onset in 

adult (vs. infant) life (Kumar et al., 2005). Insulin receptors are made up of two halves; 

each half has an alpha and a beta subunit. When two molecules of insulin bind (one to 

each alpha subunit), the two halves dimerise to form a whole. This binding causes a 

conformational change in the cytoplasmic region of the beta subunits, which exposes a 

protein kinase active site. In turn, this site actively phosphorylates the insulin response 

substrate proteins, further activating a series of cellular responses (including the uptake 

of glucose via newly inserted plasma membrane glucose transporters). Thus, in the 

absence of insulin or insulin receptors there is no cellular uptake of glucose, resulting in 

the accumulation of glucose in the blood, which is subsequently passed in the urine 

(Purveset al., 2004).  

By 2030, the World Health Organisation (WHO) predicts that diabetes will be 

the 7th leading cause of death, killing approximately 1% of all sufferers (WHO, 2009; 
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2011a). Diabetes mellitus was such named from the Ancient Greek words ‘dia’ and 

‘bainein’ (meaning ‘through’ and ‘to go’, respectively), with the later addition of the 

Latin word ‘mellītus’ (meaning ‘honey-sweet’), after it was noted that suffers 

demonstrated an excessive discharge of sweet-smelling urine (Eknoyan& Nagy, 2005; 

Oxford English Dictionary, 2013). 

 

2.2 History of Diabetes 

Initially thought to be a disease of the kidneys, diabetes was first recognised by 

the Egyptians circa 1500 BCE, characterised by “too great emptying of the 

urine”(Poretsky, 2009). It is thought that the incidence of diabetes in years of its 

discovery was low, due to the active lifestyle and moderate diets consumed around the 

world (Poretsky, 2009). Thus, it is thought that most cases of diabetes at this point in 

time where those of type-1. No differentiation between type-1 and type-2 diabetes was 

made until 400-500 CE, when the Indian doctors Sushruta&Charaka associated type-1 

diabetes with youth, and type-2 diabetes with obesity (Poretsky, 2009). Later on that 

century, Avicenna is famed with the recognition of diabetes insipidus (Forsmann, 

1975); although similar in name and condition, diabetes mellitus and diabetes insipidus 

are two unrelated conditions, with unrelated mechanisms. Unlike diabetes mellitus, 

elevated concentrations of sugar are absent from the blood and urine, hence the name 

‘insipidus’ (Latin) meaning ‘tasteless’ (Oxford English Dictionary, 2013). Diabetes 

insipidus results from a failure in either the production of anti-diuretic hormone (ADH), 

or in the kidney’s response to ADH. Therefore, further mention of diabetes will not 

include diabetes insipidus. 

It wasn’t until the late 19th century that the role played by the pancreas in 

diabetes was discovered by Joseph von Mering and Oskar Minowski, who observed the 

symptoms of diabetes in pancrectomised canines. The discovery that diabetes resulted 

from a lack of blood sugar regulators did not come until the early 20th century, and it 

was at this time that Sir Edward Albert Sharpley-Schafer coined the term ‘insulin’ from 

the Latin insula meaning ‘island’ (in reference to the islets of Langerhans located in the 

pancreas) (Poretsky, 2009; Oxford English Dictionary, 2013). Ten years later, the 

effects of diabetes were reversed when pancrectomised dogs (which subsequently 

developed diabetes), were injected with extracts of pancreatic tissue (Banting, Campbell 
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& Fletcher, 1921). Following which, Dr Frederick Banting and Professor John Macleod 

(assisted by the medical student Charles Best, and biochemist Bertram Collip), 

successfully purified insulin from pancreatic tissue for the purpose of treating diabetes. 

This work not only won Banting & Macleod the Nobel Prize in 1923, but also 

revolutionized the treatment of diabetes across North America, after the pair gave away 

the rights of their discovery to the University of Toronto (where the research was 

carried out), and the large-scale production of insulin by the medical firm Eli Lilly 

commenced (Nobel Media, 2013). The first successfully documented case of the use of 

commercially produced injectable insulin, is that of Leonard Thompson aged 14 in 

1922. Following a strict regimen of injectable insulin, Thompson survived the 

previously fatal disease for a further 13 years, when he eventually succumbed to 

pneumonia (Poretsky, 2009). The next breakthrough in the treatment of diabetes came 

in 1936, when Hans Christian Hagedorn and B. Norman Jenson pioneered the 

development of neutral protamine Hagedorn (NPH) insulin; they discovered that the 

addition of protamines purified from the semen of river trout, prolonged the effects of 

regular insulin and facilitated glycaemic control for up to 16-24 hours (Bolli, 2006). By 

the 1950s, this new form of insulin therapy was being mass-produced and sold globally 

by Nordisk (Poretsky, 2009), and is still being marketed today for the treatment of type-

1 diabetes. 

 

2.3 The Problem of Diabetes 

2.3.1 Prevalence of Metabolic Syndrome, Hypertension and Hyperlipidaemia 

Metabolic syndrome is a collection of conditions, including high blood pressure, 

diabetes and obesity. The WHO’s diagnostic criteria for metabolic syndrome includes 

blood pressure ≥ 140/90 mmHg, dyslipidemia (triglycerides ≥ 1.7 mmol/L and high-

density lipoprotein (HDL) cholesterol ≤ 0.9 mmol/L (male) and ≤ 1.0 mmol/L 

(female)), central obesity (i.e. waist circumference) hip ratio >0.90 (male) and >0.85 

(female) or body mass index (BMI) > 30 kg/m2, urinary albumin excretion ratio ≥ 20 

μg/min or an albumin:creatinine ratio ≥ 30 mg/g (WHO, 1999b). There are a number of 

factors that may lead to the development of metabolic syndrome; some patients are born 

with a genetic predisposition for insulin resistance that may then develop into metabolic 

syndrome as a consequence of an inactive lifestyle and consuming an unhealthy diet.  

Patients can manage their risk of developing metabolic syndrome by controlling their 
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diet (and subsequently their weight), abstaining from tobacco and alcohol, and seeking 

medicinal control for insulin resistance.  There is little agreement in the extant literature 

with regards to global prevalence of metabolic syndrome, perhaps due to the global 

variability in access to treatment and the accuracy of patient records kept; however, it is 

known to increase with age (Cameron, Shaw &Zimmet, 2004). 

Hypertension is a chronic disease characterised by elevated arterial blood 

pressure, causing the heart to work harder in order to circulate blood. Blood pressure in 

the healthy adult ranges from 100-140 mmHg (systolic) over 60-90 mmHg diastolic 

(Master, Dublin & Marks, 1950). Suffering with hypertension increases an individual’s 

risk of developing heart failure, myocardial infarction, stroke, arterial aneurysms, 

peripheral arterial disease and chronic kidney disease (Roccella& Bowler, 1990). 

Hypertension is described to be either primary (90-95 %) in which no underlying cause 

of hypertension is found, and secondary (5-10%) if it has resulted from a pre-existing 

condition (e.g. conditions of the heart, kidneys, arteries or endocrine system). Aetiology 

of primary hypertension include a poor diet (high in salt and/or fat and low in fruit and 

vegetables), a vitamin-D deficiency, insulin resistance as a consequence of elevated 

BMI, lack of exercise, alcohol and caffeine consumption, interactions between genetics 

and the environment, and aging (most common) (McCormick & Christensen, 1981). 

The most common aetiology of secondary hypertension is renal disease (Hall, Brands 

&Henegar, 1999). In 1980 it was estimated that 600 million people globally were 

affected by hypertension, by 2008 this figure had increased to 1 billion (WHO, 2008a; 

2011). Prevalence of hypertension is highest in African nations were approximately 46 

% of the adult population are living with the condition; conversely, the lowest 

prevalence of hypertension has been estimated in America, where 36 % of the 

population are believed to be living with hypertension (WHO, 2008b; 2011). Thus, an 

association between national wealth and the incidence of hypertension has been 

observed, with the poorest nations suffering the highest incidence (WHO, 2008b; 2011).  

Hyperlipidaemia is characterised by elevated serum concentrations of one or all 

lipids (including: total cholesterol, low-density cholesterol, and triglycerides), which 

may or may not be accompanied by depressed concentrations of high-density 

cholesterol. There are two subtypes of hyperlipidaemia, primary and secondary. The 

aetiology of primary hyperlipidaemia is genetic in nature, arising from the inheritance 

of familial dyslipidemia, familial hypercholesterolaemia (FH), familial combined 

hyperlipidaemia (FCH), or an apoprotein disorder (Thompson, 1990). Secondary 
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hyperlipidaemia arises as a result of a pre-existing condition (e.g. diabetes mellitus) or 

as a consequence of obesity, pregnancy, or alcohol abuse (Stone, 1994). 

Hyperlipidaemia is a modifiable risk factor (along with smoking and hypertension) for 

cardiovascular disease, due to the build-up of lipid within the arteries (discussed in 

more detail later). 

Epidemiologically, it is estimated that up to 34 million people worldwide suffer 

from diagnosed hyperlipidaemia, however this is estimated to be just a small fraction of 

those truly affected (Nordestgaardet al., 2013). With its increase in popularity, and 

spread across the globe, adoption of the Western diet by different ethnic groups has led 

to a rise in the prevalence in hyperlipidaemia (Shekelleet al., 1981). Furthermore, men 

appear to be at greater risk of elevated cholesterol than women (Cirque et al., 1985; 

Downs et al., 1998). With regards to low density lipoprotein (LDL)-cholesterol, there is 

no difference in serum concentrations when comparing between ethnicities; however, 

serum concentrations of high-density lipoprotein (HDL)-cholesterol and triglycerides 

demonstrated and elevation and depression, respectively, within the African-American 

vs. Caucasian populations (Tyroleret al., 1975). Overall, Asian Indians are at the highest 

risk, Europeans are at an intermediate risk, and the Chinese are at the lowest risk of 

developing hyperlipidaemia (Yusufet al., 2001).  

 

2.3.2 Prevalence of Diabetes Worldwide, in the Arab World, and in the United 

Arab Emirates 

The most recent statistics estimate that as many as 415 million people 

worldwide are living with diabetes (IDF, 2017). Furthermore, it is estimated that one 

third of these (approximately 122.5 million) are not aware that they have the condition 

(Saudeket al., 2008). Countries of the Arab world include: Mauritania, Morocco, 

Algeria, Tunisia, Libya, Egypt, Sudan, Djibouti, Somalia, Lebanon, Syria, Palestine, 

Iraq, Jordan, Kuwait, Bahrain, Qatar, the UAE, Saudi Arabia, Yemen and Oman 

(UNESCO, 2013); totalling a combined population of 362.5 million (The World Bank, 

2012). Due to the vast number of countries that make up the Arab world, there is no 

official statistic regarding incidence of diabetes. Generally speaking, however, type-2 

diabetes appears to be even more prevalent than would be expected in Arab nations (up 

to a possible 98 % vs. 90-95 %; Nielsen, 1999). This rise is hypothesised to have 
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occurred in response to an explosion in economic growth, whereby luxurious diets and 

long periods of inactivity have replaced healthy diets and active lifestyles in much of the 

population (Nielsen, 1999). Incidence of diabetes in the UAE is estimated to be 18.9 % 

of the 9.2 million population, approximately 1.7 million Emirati nationals (Diabetes 

UAE, 2011); however, this figure is set to rise by up to 69 % in developing countries by 

2030 (Shaw, Sicree&Zimmet, 2010).  

 

2.3.3 Aetiology of Diabetes 

Although not yet fully elucidated, the pathogenesis of type-1 diabetes is 

proposed to be autoimmune in nature; genetically inherited and then initiated by 

immunological and/or environmental triggers, resulting in progressive  loss of 

pancreatic islet β-cells (Zimmet, Alberti& Shaw, 2001; Acharjeeet al., 2013). Risk 

factors known to accelerate the pathogenetic process are: cold climates (e.g. 

Scandinavia), high growth rate, viral or bacterial infections, and stressful life events 

(Dahlquist, 2007). Furthermore, early exposure to bovine milk proteins, nitrosamines, 

early foetal events (e.g. blood group incompatibility), and viral infections, have all been 

identified by population-based epidemiological studies, as risk factors that may initiate 

the autoimmune process (Dahlquist, 2007).  

Thus, the causes of type-1 diabetes can be categorised into either genetic, viral, 

or environmental factors (Acharjeeet al., 2013). Genetically, studies have demonstrated 

an increased incidence of type-1 diabetes in those related to affected siblings compared 

to the general population (6.0% vs. 0.4%, respectively) (Pociot& McDermott, 2002). A 

total of 20 chromosomal regions in the human genome have been linked to diabetes 

susceptibility, using both human and mouse models (Pociot& McDermott, 2002); 

however the two most susceptible regions are discussed as follows. A difference in 

genes coding for specific cell surface proteins and insulin has been identified in those 

affected by type-1 diabetes on chromosomes 6 and 11 respectively (Mein et al., 1998). 

Specifically, class II human leukocyte antigens (HLA) HLA-DQA1 and HLA-DQB1, as 

well as HLA-DRB1 have all been associated with a genetic predisposition in patients 

affected by type-1 diabetes (Erlichet al., 2008). Additionally, genome-wide scanning of 

the human genome has identified a number of single nucleotide polymorphisms (SNPs) 

associated with type-1 diabetes; these are: CLEC16A (Skinningsrudet al., 2008), 
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CIQTNF6, UBASH3A (Grant et al., 2009), CD226 (Haffleret al., 2009), PTPN2 

(Ladner et al., 2005; Nejentsevet al., 2009), CTSH, SH2B3, ERBB3, PRKCQ, TAGAP, 

IL-2RA (Vellaet al., 2005; Lowe et al., 2007), TNFAIP3 (Fung et al., 2009), BACH-2 

(Grant et al., 2009), IL-7R (Mazzucchelli, Riva & Durum, 2012), IL-2, CCR5, IFIH1 

(Nejentsevet al., 2009), IL-18RAP (Giedraitiset al., 2001; Kretowskiet al., 2002), 

RGS1, IL-10, IL-19, IL-20, GLIS3, CD69, AND IL-27 (Maier & Wicker, 2005; 

Achrajeeet al., 2013). 

Inappropriate expression, or total absence of these cell surface markers on the β-

cells of pancreatic islet of Langerhans, will cause one’s body to identify those cells as 

‘non-self’ cells leading to the activation of T cells and initiation of cellular damage. 

Briefly, damaged cells undergo apoptosis, producing self-antigen peptides which are 

presented on the antigen-presenting dendritic cells. T cells fail to recognise these cells 

as self-proteins and instead differentiate into T cells that recognise these proteins to be 

foreign antigens. Subsequently, a small proportion of these differentiated T cells remain 

as memory cells whilst the rest (now cytotoxic T cells) actively destroy these alleged 

foreign tissues; resulting in type-1 diabetes mellitus (Mahaffy& Edelstein-Keshet, 2007; 

Acharjeeet al., 2013). 

Furthermore, endogenous insulin production may be mediated by transcription 

of the insulin gene, mRNA stability, mRNA translation and posttranslational 

modifications (Poitoutet al., 2006); thus, an abnormality in the insulin gene region of 

chromosome 11 may lead to an inability to produce insulin.  

It has long been recognised that the onset of type-1 diabetes follows a seasonal 

pattern, resulting in the formation of a ‘viral aetiology’ hypothesis (Adams, 1926). 

Forthwith, a number of suspects were investigated as possible instigators of the 

development of an autoimmune reaction against pancreatic cells, including: 

cytomegalovirus, parvovirus, encephalomyocarditis virus, and retrovirus (Jun & Yoon, 

2001; Goldberg & Krause, 2009). However, reports of significant associations between 

these viruses and the onset of islet autoimmunity were later found to be unsubstantiated, 

and as such have been dismissed as possible causes (Coppieters, Boettler, & Von 

Herrath, 2012). Subsequently, the rotavirus was also suspected of causing an 

autoimmune reaction due to cross reactivity between rotavirus proteins and T cell 

epitopes situated within the islets (Mäkeläet al., 2006). Epidemics in enteric viruses 

have shown an inverse correlation with the onset of type-1 diabetes, that is a low 
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incidence of enteric viruses increase juvenile susceptibility to associated delayed 

diabetogenic effects (Viskariet al., 2005; Yeunget al., 2011). Specifically, congenital 

rubella (Ginsberg-Fellneret al., 1984; 1985) and mumps (Hyötyet al., 1988) have both 

been implicated in the onset of type-1 diabetes as the virus replicates within the 

pancreas, damaging the β-cells leading to an insufficiency in insulin production. 

However, since the widespread vaccination against both mumps and rubella neither 

virus is considered to be as substantial a cause of type-1 diabetes as before (Hyötyet al., 

1993).The Coxsackievirus (group B, serotype 4; B4) is another notable example of the 

interaction between enteric viral infection and the onset of type-1 diabetes, as the virus 

infects organs including, but not limited to, the pancreas. Molecular mimicry of the 

major diabetes autoantigen glutamic acid decarboxylase (enzyme present on the islet of 

Langerhans), by the non-structural coxsackie B4 virus non-structural protein 2 (p2C), 

leading to the recognition of p2C as a ‘self’ cell rather than a foreign antigen and 

resulting in the non-destruction of viral cells by T lymphocytes. Ultimately causing 

destruction of β-cells and a consequential deficiency in insulin production (Achrajeeet 

al., 2013); demonstrated in a study by Valera-Calvino et al., (2000) in which the T cell 

proliferative response was markedly reduced in type-1 diabetes patients vs. controls. 

Although a genetic link has been demonstrated in the development of type-1 

diabetes, there are a number of environmental factors that may exacerbate an existing 

condition or cause the development of type-1 diabetes. A major consideration in the 

aetiology of type-1 diabetes is the functional state of the pancreatic β-cells; cells in sub-

optimal condition may not withstand a glycaemic challenge, thereby accelerating β-cell 

destruction (Achrajeeet al., 2013).  Individuals affected by type-1 diabetes have 

demonstrated an abnormality in cells associated with the innate immune system (namely 

macrophages, dendritic cells (DC), NK cells, and natural killer T cells (NKT)) (Beyanet 

al., 2003). It has been hypothesised that innate immunity may lead to the onset on type-

1 diabetes through the generation of self-reactive T cell clones by any of three 

pathways; 1) a failure at thymus levels in detection and deletion, 2) evading peripheral 

tolerance, and 3) an alteration in immune balance leading to escape from homeostatic 

control and resulting in autoimmunity (Chentoufi&Polychronakos, 2002;Flodström, 

Sarvetnick&Ljunggren, 2002; Beyanet al., 2003; Tisch& Wang, 2008).  

It is well reported that the incidence of type-1 diabetes varies globally amongst 

different ethnicities (Thorsby &Rønningen, 1993; Erlichet al., 2008). A review by 

Karvonenet al., (2000) categorises incidence into very low (<1/100,000 people per 
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annum; pa), low (1-4.99/100,000 pa), intermediate (5-9.99/100,000 pa), high (10-

19.99/100,000 pa), and very high (≥20/100,000 pa); reporting a low incidence of type 1 

diabetes in Asian nations (e.g. China) as well as South America, and an intermediate, 

high or very high incidence in the European Nations (Karvonenet al., 2000). 

Furthermore, Finland has reported a very high incidence of type-1 diabetes 

(36.5/100,000 pa; Karvonenet al., 2000), yet Baltic countries in which the population 

and environmental climate differs little from Finland (e.g. Estonia), have reported a 

much lower incidence (Zimmetet al., 2001). Thus, suggesting a racial influence in the 

prevalence of diabetes. Furthermore, inter-ethnic differences in the incidence of type-1 

diabetes also exist; for example, within Israel a difference in incidence among the 

Jewish vs. the Arab population has been reported (Shamiset al., 1997). However, some 

caution should be taken when considering these figures, as they do not account for the 

extent of immigration and global movement, and subsequent mixing of racial genetics 

worldwide. Why ethnicity affects the incidence of type-1 diabetes is still unclear, 

although it is most likely related to the HLA DR-DQ haplotypes and genotypes 

(Thorsby &Rønningen, 1993;Erlichet al., 2008). However, other factors include the 

methods and efficiency of data collection within participating nations and changing 

environmental or lifestyle factors, thus caution should be taken in the interpretation of 

this data.  

Premature exposure to cow’s milk proteins, including bovine serum albumin 

(BSA) and casein has been implicated as a dietary factor in the onset of type-1 diabetes 

(Karjalainenet al., 1992; Elliot et al., 1999). Anti-BSA antibodies were detected in 

diabetic rats exposed to cow’s milk in the post-natal period, and were notably absent 

from rats that were not (Bepuet al., 1987; Scott et al., 1989). It is hypothesised that anti-

BSA antibodies cross-react with the pancreatic cell surface protein, p69, in patients 

genetically predisposed to type-1 diabetes (HLA-DR/DQ); ultimately resulting in 

destruction of pancreatic cells (Karjalainenet al., 1992). Un-dissolved gluten has also 

been demonstrated to result in an elevated proportion of aggressive T cells as a result of 

subclinical inflammation of the intestinal mucosa; subsequently resulting in pancreatic 

lesions and the onset of type-1 diabetes (Alam, 2011; Achrajeeet al., 2013). 

Consumption of toxins such as nitrate or nitrite containing compounds has also been 

shown to lead to the development of type-1 diabetes; nitrates/nitrites react with amino 

acids (AAs) in the gut to form N-nitroso compounds, which in turn damage pancreatic 

β-cells (Virtanen et al., 1992). DNA damage, oxidative stress and inflammation have all 
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been implicated as causal factors in nitrate/nitrite associated type-1 diabetes (De la 

Monte et al., 2009). During the formation of N-nitroso compounds, free radicals are 

formed (Kostrabaet al., 1992) and DNA fragmentation occurs (Lenzen 2008), both 

resulting in cellular damage. Furthermore, nitrogen containing compounds are used 

clinically to induce diabetes in animal models (Like & Rossini, 1976). 

Exposure to antigenic substances in early life is reported to play a role in the 

onset of disease (Achrajeeet al., 2013). The ‘hygiene hypothesis’ states that overtly 

clean environments increase the likelihood that those genetically predisposed will go on 

to develop type-1 diabetes, as a result of an insufficiency in immune regulation (Bach, 

2002; Gale, 2002l; Tracy et al., 2010). Conversely, exposure to infectious disease from 

a young age significantly lowers the risk of those predisposed to type-1 diabetes 

(Atkinson &Eisenbarth, 2001); however, age and length of exposure may affect to what 

extent exposure protects against type-1 diabetes (McKinney et al., 1999; Dahlquist, 

Patterson &Soltesz, 2000; Pundziute-Lycka, Urbonite&Dahlquist, 2000; Wasmuthet al., 

2000). 

Conversely, type-2 diabetes is a multifactorial disease that arises as a result of 

the interplay of a number of environmental, genetic and lifestyle factors (Billings 

&Florez, 2010). Obesity has been determined as the primary cause of type-2 diabetes in 

those who are also genetically predisposed (Astrup& Finer, 2000). In this instance, the 

term ‘obese’ may be used to describe an individual whose BMI exceeds 30 kg/m2, that 

consumes a poor diet, and fails to partake in regular physical activity; furthermore, 

personal stress and degree of urbanisation may also be included within this definition 

(Melmedet al., 2011). Although, BMI is more commonly used, waist-hip ratio is also 

another measure of obesity. Other dietary factors have also been implicated in the onset 

of type-2 diabetes; for example, excessive consumption of sugar-sweetened beverages 

(and associated weight gain) (Schulze et al., 2004; Palmer et al., 2008; Hu & Malik, 

2010), saturated- and trans-fats (Hu, Van Dam & Liu, 2001; Salmerónet al., 2001; Van 

Dam et al., 2002), and excessive consumption of white rice (Sun et al., 2010). More 

than 36 genes have been identified as contributing, most commonly via dysfunction in 

pancreatic β-cells, towards the onset of type-2 diabetes (Herder &Roden, 2011), in 

either monogenic- (e.g. maturity-onset diabetes of the young (MODY); Fajans, Bell 

&Polonsky, 2001) or polygenic (e.g. insulin receptor substrates (IRS); Terauchi et al., 

1997; Withers et al., 1998; Kubota et al., 2000) form. There is also evidence to suggest 

that there may be an epigenetic cause of type-2 diabetes (Ling et al., 2008; Park et al., 
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2008; Ling &Groop, 2009; Pinney& Simmons, 2010); DNA methylation during 

embryonic development can cause heritable changes in gene expression, resulting in the 

silencing or over expression of particular genes, and in this case affecting β-cell 

function (Ling &Groop, 2009).  

A number of medical conditions and exposure to certain medicinal drugs have 

also proven to be associated with the onset of type-2 diabetes. Acromegaly 

(Coggeshall& Root, 1940), Cushing’s syndrome (Catargiet al., 2003), hyperthyroidism 

(Perroset al., 1995), pheochromocytoma (Kahn, 2003), as well as certain cancers (e.g. 

glucagonomas) (MacFarlane, 1997) increase one’s risk of type-2 diabetes. Additionally, 

women who develop diabetes during pregnancy (i.e. gestational diabetes) are more 

likely to develop type-2 diabetes later in life (Kim, Newton &Knopp, 2002); similarly, a 

testosterone deficiency in men has also been shown to increase the risk of developing 

the disease (Traish, Saad&Guay, 2009). Glucocorticoids (Bertram & Hanson, 2001; 

Ozanne, 2001), thiazides (Zillichet al., 2006), betablockers (Izzedineet al., 2005), 

atypical antipsychotics (Henderson, 2002; Lean &Pajonk, 2003; Newcomer, 2005), and 

statins (Izzedineet al., 2005), used in the treatment of pre-existing conditions, have also 

been implicated in the passive onset of type-2 diabetes. 

 

2.3.4 Predisposing Factors/Risk Factors of Diabetes 

Risk factors of diabetes can be sub-categorised as modifiable (e.g. diet and 

exercise), or non-modifiable (e.g. genetics). Aside from the risk factors outlined above, 

the risk of developing type-1 diabetes is elevated in patients who have an immediate 

relative (parent, sibling, child) affected by the disease, from 1 in 100 (in the general 

population) to 1 in 10 or more (Lipton et al., 1992).  Children of diabetic women aged ≥ 

25 years at the time of birth are at an increased risk of developing the same condition 

(i.e. type-1 diabetes) (Bingley et al., 2000; Cardwell, Carson & Patterson, 2005), 

especially if babies are born large for their gestational age (Boney et al., 2005). 

Furthermore, the risk of developing diabetes decreases with increasing birth order (i.e. 

first to last born children) (Bingley et al., 2000; Cardwell, Carson & Patterson, 2005). 

Diabetes also occurs more commonly in individuals with a history of hypertension, 

dyslipidemia and central obesity (Laaksonen et al., 2002). 
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2.3.5 Signs and Symptoms 

Initially, diabetes mellitus was characterized by an excessive output of sweet-

smelling urine (polyuria) in affected patients; more recently, however, diabetes is more 

commonly characterized by increased thirst (polydipsia) and increased hunger 

(polyphagia), as well as general weakness, lethargy and, in type-1 diabetes, a noticeable 

and unexplained decrease in body mass resulting from the use of alternate fuel sources 

(protein and fat) for energy, in the absence of glucose (Purveset al., 2009; Cooke 

&Plotnick, 2008).  Thus, it is important to identify and treat diabetics early on to avoid 

unnecessary muscle wastage and organ damage.  As previously mentioned, a diagnosis 

of type-1 diabetes is more commonly associated with juveniles due to the rapid onset of 

symptoms within weeks or months of developing the condition. However, the 

symptoms of type-2 diabetes can be slower in presenting themselves and as such, is 

often diagnosed later in life. A diagnosis of diabetes may be made after patients present 

with blurred vision; following a prolonged period of elevated blood glucose 

concentrations, the lens begins to absorb this glucose, leading to a morphological 

change and resulting in blurred vision (Gabbay, 1975).  Furthermore, a prolonged 

period of elevated blood glucose may also result in patients developing any one of a 

number of cutaneous conditions (known as diabetic dermatomes), including: acral dry 

gangrene (necrosis of the fingertips and/or toes), carotenosis (impaired conversion of 

beta-carotene into retinol leading to increased serum lipids), diabetic dermopathy 

(lesions), diabetic bulla (acral blisters), diabetic cheiroarthropathy (thickened skin and 

limited joint mobility leading to flexion contractures), mal perforans (ulcers of the feet), 

necrobiosislipiodica (necrotic lesions), and waxy skin (James, Berger &Elston, 2011).  

Not all patients suffering with diabetes exhibit the same symptoms. 

‘Asymptomatic diabetes’ is accompanied by a distinct lack polyuria or polydipsia, as 

well as only marginally elevated blood glucose concentrations; such that they do not fit 

the traditional diagnostic criteria of diabetes.  Therefore a diagnosis may come later in 

life and increase a patient’s risk of developing consequences as a result of chronically 

unmanaged type-2 diabetes (Reaven, 1976).  

Patients may also present themselves to a hospital or doctors following a 

diabetic emergency such as ketoacidosis (type-1) and hyperosmolar non-ketosis (type-

2). Ketoacidosis (resulting from metabolic dysregulation) is characterized by the 

presence of ketone bodies in the blood, urine and on the patient’s breath, as well as 
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rapid and deep breathing, nausea, vomiting, abdominal pain, and occasional 

unconsciousness.  

 

2.3.6 Diagnosis of Diabetes 

History and Physical Examination 

Following the observation that the urine of diabetics was sweet smelling the 

Egyptians diagnosed diabetics by observing how ants were attracted to a patient’s urine 

(Poretsky, 2009). Clinically, however, diabetes is now diagnosed upon presentation of 

polyuria, polydipsia and unexplained weight loss, as well as the establishment of 

recurrent or persistent hyperglycaemia, including a fasting plasma glucose concentration 

≥ 7.0 mol/l (126 mg/dl), plasma glucose ≥ 11.1 mmol/l (200 mg/dl) two hours following 

an oral glucose tolerance test (OGTT), and glycated haemoglobin (HbA1c) 

concentrations of ≥ 6.5% (WHO, 1999; American Diabetes Association, 2010; WHO, 

2011b). Patients required to provide a blood sample in order to determine a fasting 

plasma glucose concentration are asked to abstain for food and drink for 8-12 hours 

prior to testing, and no dietary restrictions are imposed; the test is only performed in 

patients of good health, and blood is taken in the morning to avoid interference from 

diurnal effects. The OGTT measures how quickly glucose is cleared from the body by 

measuring baseline glucose concentrations, ingesting 75 g of a glucose solution over 5 

min, and withdrawing blood at regular intervals to measure blood glucose 

concentrations; the number and frequency of samples can vary depending on the test, 

but clinically the 0 h and 2 h samples are enough for a confident diagnosis (WHO, 

2011b).   

Revision of the 2006 WHO/International Diabetic Federation (IDF) report 

“definition and diagnosis of diabetes and mellitus and intermediate hyperglycaemia” by 

WHO in 2011, now strongly advocates the use of HbA1c above blood glucose for 

diagnosis of diabetes, as it may also be used simultaneously to determine a patient’s risk 

of developing cardiovascular disease (WHO, 2011b). Furthermore, venous blood 

samples are preferred to finger prick samples due to issues with quality assurance. As 

such, the revised WHO 2011 guidelines also recommend that all blood glucose samples 

are repeated and confirmed at an approved laboratory prior to establishing a diagnosis 

(WHO, 2011b). 
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In addition to diagnosing diabetes, measurement of blood glucose and HbA1c 

concentrations can also be used to identify those at high risk of developing diabetes 

(clinically referred to as ‘prediabetes’). Patients with asymptomatic diabetes are 

required to repeat blood glucose and HbA1c tests in order to confirm diabetic result. An 

overview of diagnostic criteria can be located in Table 1.  

 

Laboratory Measures, Indices and Their Validity 

Blood glucose can be measured by three different mechanisms; reduction and 

condensation methods, or enzymatic action.  Determining the concentration of glucose 

using reduction methods takes advantage of the reducing properties of glucose, during 

which the state of metal ions is altered whilst glucose is being oxidised.  However, this 

reaction is non-specific, potentially resulting in cross-reactivity and presenting 

exaggerated and inaccurate results. Consequentially, this method is rarely used 

clinically, and has been replaced primarily by enzymatic methods (McMillin, 1990). 

Examples include the Folin-Wu method (Rothberg & Evans, 1923) and the Hagedorn-

Jensen method (Hoffman, 1937). 

Condensation of the aldehyde group of glucose with aromatic compounds 

results in an intense colour change that may be measured spectrophotometrically to 

determine glucose concentrations. Specifically, o-toluidine reacts with glucose to form 

glucosamine, producing an intense green colour; mannose and galactose can also be 

used to elicit a measurable colour change. The advantages of this method include 

rapidity and a high degree of sensitivity; however, disadvantages include a very small 

possibility of cross-reaction, and the corrosive and highly toxic nature of o-toluidine 

(Dubowski, 1962; McMillin, 1990). 

Enzymatically, glucose reacts with glucose oxidase, oxygen and water to form 

gluconic acid and hydrogen peroxide; oxidation of a chromogen by this hydrogen 

peroxide, or a measurement of oxygen consumption, can be used to indirectly determine 

glucose concentrations. Advantages of this method include no risk of cross reactivity, a 

high level of specificity and relatively low cost. As such, enzymatic determination of 

plasma glucose concentrations is most preferred by clinicians (McMillin, 1990). 
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HbA1c is a stable haemoglobin component formed slowly and non-

enzymatically from haemoglobin and glucose (American Diabetes Association, 2003). 

Concentrations can be measured clinically using a number of commercially available 

assay kits. As the formation of HbA1c is directly proportional to circulating glucose 

concentrations, determination of HbA1c accurately reflects glycaemic control. 

However, due to the variety of methods available to measure HbA1c concentrations, 

standardisation across the board is required before results can be truly comparable.  

Condition 

Fasting glucose OGTT HbA1c 

mmol/l mmol/l % 

Unaffected < 6.1 < 7.8 < 6.0 

Impaired fasting glucose 6.1-6.9 < 7.8 6.0-6.4 

Impaired glucose tolerance < 7 ≥ 7.8 6.0-6.4 

Diabetes mellitus  ≥ 7.0 ≥ 7.8 ≥ 6.5 

Table 1: Threshold values of Glucose (both Fasting and Following an Oral Glucose Tolerance Test, OGTT), as 

well as Glycated haemoglobin (HbA1c) Diagnostic Criteria for Prediabetes and Diabetes Mellitus 

 

Confirmation of Diagnosis 

It is vital that clinicians are confident of their diagnosis of diabetes, as the 

consequences for the patient are life-long. For example, prolonged elevated blood 

glucose following acute infective, circulatory, traumatic or other stressors may, in fact, 

be a transitory change and not a permanent one (WHO, 1999). Thus, diagnosis should 

not be made on a single blood glucose reading alone; a secondary blood glucose test 

repeated some time later, or following an OGTT may help to positively identify 

diabetes, especially in asymptomatic patients. However, a diagnosis in children may be 

made immediately, with a course of insulin-therapy prescribed with immediate effect if 

it is thought to be a life or death situation. 
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2.3.7 Complications of Diabetes 

A major consequence of long-term diabetes is vascular disease, affecting both 

micro- and macro-vasculature. Diabetes sufferers are doubly at risk of stroke, 

myocardial infarction, and heart failure compared to their non-diabetic counterparts 

(Bonow&Gheorghiade, 2004; Sawaret al., 2010).  Although diabetes is a life-changing 

disease at diagnosis, most serious consequences do not occur until later in life.  

 

Microvascular 

Microangiopathy results from the increased uptake of glucose by endothelial 

cells that line the small blood vessels within the body; causing increased production of 

surface glycoproteins, and the thickening and weakening of the basement membrane 

(Boussageonet al., 2011). Subsequently, blood and protein leak through the 

compromised walls of these smaller vessels, and blood moves slowly around the body 

(Boussageonet al., 2011).  

Similarly, diabetic retinopathy (affecting approximately 80 % of all long-term 

diabetics; Kertes& Johnson, 2007), is the hyper-glycaemia induced thickening of the 

basement membrane, and apoptosis of pericytes (cells which encompass endothelial 

cells which encircle erthryocytes) within the retina. Consequentially, damage to the 

retinal blood vessels and blood-retina barrier occurs (Pardianto, 2005). 

Again, diabetic nephropathy is a disease of the kidneys caused by the thickening 

and weakening of the smaller blood vessels within the kidney glomeruli. As with the 

previously mentioned microvascular consequences of diabetes, blood flow is slowed 

and vessels leak both blood and proteins, subsequently leading to kidney failure 

(Maueret al., 1984). 

 

Macrovascular 

Atherosclerosis is a chronic disease of the arteries, whereby lipids (namely 

LDL-cholesterol and triglycerides) accumulate as plaques on the inner walls of major 

blood vessels, at sites where the endothelium has been damaged (due to high-fat diets, 
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smoking, high blood pressure or infection) (Purveset al., 2004). It is well documented 

that lipid levels are elevated in diabetics, sometimes exaggerated by poorly managed 

type-1 diabetes, or the obesity that may have induced type-2 diabetes (Miller et al., 

2011). Furthermore, once a plaque has been established, blood platelets may stick to the 

plaque resulting in the formation of an intravascular clot known as a ‘thrombus’. If this 

were to happen in a coronary artery (a coronary thrombosis), total blockage of the 

arterial lumen could occur leading to myocardial infarction (MI). Moreover, if a piece 

of the thrombus were to break loose (known as an embolus) and travel, it may cause the 

narrowing (or total blockage; known as an ‘embolism’) of smaller, or already hardened 

arteries, potentially resulting in the death of the cells fed by the affected artery. If this 

were to happen in the brain, the patient would suffer a stroke and incur memory loss, 

speech impairment, or even paralysis (Purveset al., 2004). Patients suffering with 

arterial obstructions outside of the heart and brain are referred to as having peripheral 

vascular disease (PVD), most often located in the lower extremities. Unfortunately, 

patients who develop this ‘furring’ or ‘blocking’ of the arteries may remain 

asymptomatic for many years before a diagnosis is made, leading to a high number of 

non-survivable strokes (Baird et al., 2002), amputations (Moss, Klein & Klein, 1992) 

and fatal heart attacks (Beckman et al., 2002). Symptoms, however, include chest pain 

and decreased exercise tolerance (angina) for coronary conditions, or claudication, 

sores, discolouration, and death of keratinous structures (nails and hair) for PVD. A 

diagnosis can be established following an electrocardiogram, testing for cardiac markers 

in the blood, stress testing and/or a coronary angiogram (coronary), or ankle brachial 

pressure index (ABPI), ultrasound, contrast x-ray, computerised tomography (CT), or 

magnetic resonance imaging (MRI) for PVD. 

A secondary consequence of diabetes, arising from impaired vasculature, is 

damage to the nervous system (diabetic neuropathy).  There are three different types of 

neuropathy; sensory (nerves that carry sensations to the brain), autonomic (nerves 

involved in the unconscious control of organs and glands), and motor (movement). 

Symptoms of sensory neuropathy include tingling and numbness but no pain, inability 

to detect temperature changes, loss of coordination, and burning or shooting pains; 

consequentially, patients may unknowingly inflict further injury upon themselves. 

Autonomic neuropathy affects a patient’s ability to carry out bodily functions that 

would normally automatically be controlled, e.g. peristalsis, bowel/bladder control, 
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coronary function. Motor neuropathy leads to muscle weakness, wasting or cramps, and 

makes everyday life very difficult for affected patients (Diabetes UK, 2012).  

 

2.3.8 Treatment of diabetes 

Lifestyle, Exercise and Diet 

There are a number of changes a patient can make to their lifestyle, diet and 

exercise routines that have been demonstrated to help manage their diabetes. Most of 

these remedies are more pertinent to those who suffer from type-2 diabetes, but may 

also be relevant to those with type-1 diabetes. Although blood glucose concentrations 

are affected by both the food eaten and the time at which it was consumed, blood 

glucose concentrations may also change unpredictably, independently of ingestion. 

Adopting a high fibre and low fat diet, and reducing the quantity of animal products, 

refined carbohydrates and sweets consumed will help to maintain a stable blood sugar 

level. Additionally, incorporating foods of a low glycaemic index (GI; i.e. foods that 

release glucose slowly into the blood) may help patients stay in control of their diabetes 

(Brand-Miller et al., 2003). Achieving a minimum of 30 min exercise a day is 

recommended by health care practitioners in order to reduce circulating blood glucose 

concentrations and improve management of diabetes (Vanninenet al., 1992; Swartz et 

al., 2003), as exercise stimulates the uptake of glucose by muscle cells (Berger, 

Hagg&Ruderman, 1975). 

Patients are advised to monitor their blood glucose concentrations at home on a 

daily or weekly basis, as prescribed by their doctor in order to maintain control of their 

diabetes. Weight loss is also recommended in patients at risk of type-2 diabetes; in one 

study, each 1 kg reduction in body mass correlated with a 16 % reduction in the risk of 

developing diabetes (Hammanet al., 2006). Furthermore, moderate weight loss (i.e. ≥ 5 

% reduction in body mass) in patients already affected by type-2 diabetes resulted in 

significant improvements in HbA1c measurements one year later (Wing et al., 1987). A 

rise in circulating cortisol concentrations following a stressful event has been linked to 

an increased frequency of diabetic events (specifically incipient nephropathy, 

asymptomatic neuropathy, background retinopathy, and silent macroangiopathy) in 

patients suffering with type-2 diabetes (Shamoon, Hendler and Sherwin, 1980; 
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Chiodiniet al., 2007), most likely as a consequence of enhanced hypothalamic-pituitary-

adrenal activity(Shamoon, Hendler and Sherwin, 1980; Chiodiniet al., 2007). 

There is some evidence to suggest that blood sugar concentrations and insulin 

sensitivity fluctuate during the menstrual cycle; during, the luteal phase, blood glucose 

concentrations in a subgroup of insulin-dependent patients were significantly elevated, 

and insulin sensitivity was reduced compared to a control population (Wisdom, 

Diamond & Simonson, 1992). Furthermore, it has been demonstrated that women using 

oral contraceptives (oestrogen or oestrogen/progesterone combined) have elevated 

blood sugar concentrations, attributable to increased oestrogen concentrations (Jarrett & 

Graver, 1968). Similarly, menopausal and post-menopausal women suffer with 

impaired glucose tolerance (IGT), leading to type-2 diabetes as a consequence of 

diminishing oestrogen concentrations (Okada et al., 2003); thus, closer monitoring and 

a change in diet may be required to maintain stable blood glucose concentrations. In 

extreme circumstance surgery may be considered to treat diabetes. In obese patients 

deemed unable to lose weight by diet and exercise alone, bariatric surgery may be 

considered to reduce their body mass. Additionally, pancreatic, islet cell, and stem cell 

transplants may also be considered; however, the latter two options are still at an 

embryonic stage of development and have yet to yield any considerably significant 

results (Serup, Madsen &Mandrup-Poulsen, 2001). Furthermore, the requirement to 

undergo a course of immunosuppressant drugs as well as the risk of failure, rejection, 

infection, organ injury and/or death are often worse than the diabetes itself (Humaret al., 

2000; Ryan et al., 2001). 

 

Oral anti-Diabetic Medications 

Type-1 diabetes can be treated only with insulin; however, insulin currently 

cannot be taken orally as it is inactivated by gastro-intestinal enzymes. Research from 

the past decade is building towards the development of a novel nanoparticle system for 

the safe and efficient delivery of oral insulin, although more work is required before 

optimisation of this system is complete (Calcetiet al., 2004; Lin et al., 2007;Woitiskiet 

al., 2009). Once complete, this system is likely to be met with a high level of patient 

acceptability and compliance vs. daily injections (Hamman, Enslin&Kotzé, 

2005).Regarding type-2 diabetes, there are three classes of drugs that may be prescribed 
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to diabetics, 1) insulin secretagogues (i.e. those that increase insulin secretion), 2) 

biguanides, also known as ‘insulin sensitizers’ (i.e. those that increase the sensitivity of 

the target organ to insulin), and 3) alpha-glucosidase inhibitors (i.e. those that slow 

down the rate at which glucose is absorbed from the gastrointestinal tract); universally 

known as ‘oral anti-hyperglycaemic’ medication.  

Insulin secretagogues work by augmenting insulin secretion; sulfonylureas (e.g. 

glibenclamide, gliclazide and tolbutamide) are an example of insulin secretagogues, and 

work by inhibiting the gated plasma membrane adenosine triphosphate (ATP)-sensitive 

potassium channel (KATP channel), thereby causing depolarisation of β-cells and 

promoting insulin release (Craig, Ashcroft &Prokes, 2008). However, sulfonylureas 

encourage weight gain and as such should not be prescribed in overweight or obese 

patients (in which case biguanides may be used instead). Sulfonylureas are also 

contraindicated in the cause of acute porphyria and ketoacidosis. Furthermore, a rare 

side effect of sulfonylureas is hypoglycaemia which may require the patient to be 

hospitalised, particularly if the patient is suffering from a pre-existing condition that 

may impair hepatic or renal function. Side effects include gastrointestinal disturbance, 

nausea, vomiting, diarrhoea, and constipation   (BNF, 2013). 

Biguanides (e.g. metformin) decrease blood glucose concentrations by reducing 

hepatic gluconeogenesis and increasing peripheral uptake of glucose (i.e. by skeletal 

muscle). Consequentially, insulin sensitivity is increased and the patients requires less 

glucose (from exogenous and/or endogenous sources) in order to control blood glucose 

concentrations. However, insulin must be present for the effective use of biguanides; 

therefore they must only be prescribed in cases where the patient is known to retain 

some functional pancreatic β-cells. Further contraindications for use include a history of 

ketoacidosis or hepatic and renal impairment. Known side-effects are anorexia, nausea, 

vomiting and gastrointestinal disturbance; in extremely rare cases, the patient may 

develop lactic acidosis following which treatment must be withdrawn immediately. 

Metformin may be used in conjunction with (but not in place of) sulfonylureas, 

especially in overweight or obese patients (BNF, 2013).  

Alpha-glucosidase inhibitors (e.g. acarbose) utilise a dual mechanism in order to 

lower blood glucose concentrations. Firstly, they act in the brush-border of the small 

intestine as competitive inhibitors of alpha-glucosidase enzymes, otherwise employed in 

the hydrolysis of complex oligo-, tri- and di- saccharides to monosaccharides (including 
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glucose).  Acarbose is also known to inhibit the hydrolysis of complex starches to 

oligosaccharides by blocking alpha-amylase activity in the lumen of the small intestine. 

Both mechanisms result in a more controlled release of glucose into the blood following 

a meal; thus, even those suffering an impaired insulin response will be able to regulate 

blood sugar levels before endogenous intervention is required. Known side effects 

include flatulence, which decreases over time (BNF, 2013). 

Diabetics are often also prescribed antihypertensive medications (e.g. 

angiotensin- converting enzyme (ACE) inhibitors) in order to maintain a blood pressure 

of below 130/80 mmHg, especially in cases where renal, occular or cerebrovascular 

disease are indicated. Furthermore, antihypertensive drugs also prevent the micro- and 

macro- vascular consequences of type-2 diabetes (Gresset al., 2000). Aspirin is also 

recommended in reducing the risk of developing cardiovascular disease as a 

consequence of diabetes in both type-1 and type-2 patients (Colwell, 1997), and has also 

be demonstrated to reduce hepatic output of glucose and an increase in insulin-

stimulated peripheral glucose uptake (Hundalet al.,2002). Moreover, statin therapy (to 

lower cholesterol levels) in patients > 40 years of age, or younger patients with target-

organ damage, poor glycaemic control, low HDL-cholesterol, raised triglyceride 

concentrations, hypertension or a family history of cardiovascular disease, is 

recommended in order to minimise the risk of developing cardiovascular disease (BNF, 

2013). 

 

Insulin Therapy 

Patients with type-1 diabetes require treatment with insulin; as previously 

mentioned insulin cannot be taken orally and therefore must be injected subcutaneously. 

Preparations of insulin may be natural (purified from porcine pancreatic tissue), semi 

synthetic (refined by recombinant DNA technology from porcine insulin), or 

biosynthetic (via recombinant DNA technology) in nature, and are all immunogenic to 

some extent (Chance, Root & Galloway, 1976). When other methods of glycaemic 

control fail in patients with type-2 diabetes, insulin may be used to achieve good control 

of blood glucose concentrations. There are three types of insulin, 1) short-acting insulin, 

2) those with an intermediate action, and 3) long-acting insulin; although, the duration 

of action of each type of insulin may vary between patients due to variations in size, 
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weight, BMI, etc.  Short-acting insulin (e.g. insulin aspart, insulin glulisine and insulin 

lispro) is often soluble and acts quickly (half-life of 5 min, removed from system after 

30 min); As such, it is most appropriate for use during diabetic emergencies and also for 

those who prefer to medicate shortly before (or after, if necessary) a meal, and in those 

who choose to eat late at night (BNF, 2013). To the contrary, intermediate (e.g. 

isophane insulin) and long acting (e.g. protamine zinc insulin, insulin detemir, and 

insulin glargine) insulin becomes effective 1-2 hours post administration, peaking at 4-

12 hours, and subsiding within 16-35 hours. It is possible to mix short acting with 

intermediate and long acting insulin preparations in order to benefit from both the 

immediate and lasting effects, however, this has been shown to decrease the solubility 

of short-acting insulin thereby reducing the otherwise immediate benefits (Nolte et al., 

1983; BNF, 2013). Furthermore, insulin requirements of those suffering with hepatic or 

renal impairment may be reduced, and as such this should be reflected in their insulin 

regimen. The British National Formulary (BNF) (2013) recommends 4 different insulin 

regimens: 

1) Before meals, injection of a short- or rapid- acting insulin analogue; or injection 

with an intermediate- or long- acting insulin once or twice daily. 

2) Once or twice daily before meals, injection with a short- or rapid- acting insulin 

analogue with an intermediate- or long- acting insulin. 

3) Once or twice daily, injection with an intermediate- or long- acting insulin, with 

or without a short- or rapid- acting insulin before meals. 

4) Continuous subcutaneous infusion.  

Besides injection, rapid-acting insulin can also be delivered via an insulin pump. 

Insulin pumps consist of a pump unit (containing controls, batteries and the processing 

module), an internal disposable insulin reservoir, and a disposable infusion set 

(including subcutaneous cannula and tubing). This system is particularly useful for 

patients who suffer recurrent hypoglycaemic events, or that observe a marked morning 

rise in blood glucose concentrations (BNF, 2013). The pump works in two ways, 

through the administration of bolus or basal amounts of insulin; a bolus dose is 

manually administered to manage blood glucose concentrations following consumption 

of a meal, and may be likened to the action of an open faucet. To the contrary, an 

adjustable basal dose of insulin is administered continuously in order to maintain blood 

glucose concentrations between meals and overnight, this action may be likened to that 

of a dripping faucet. Advantages of using an insulin pump include a better quality of life 
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as patients feel freed of the structured meal times imposed by control using slow-acting 

insulin, and relieved of the burden of injections both at home and in public (Lenhard& 

Reeves, 2001). Furthermore, the use of such precise technology allows for calculation 

of exact dosage requirements based on the nutritional composition of a meal, records of 

frequently enjoyed meals for future insulin calculations, and measurement and injection 

of a more precise quantity of insulin, thereby allowing for tighter control and reducing 

the risk of long-term complications (CongetDonioet al., 2006). However, disadvantages 

of using an insulin pump include the cost of components vs. a needle and syringe, the 

inconvenience of wearing a pump (especially during water- or contact- sports), technical 

failure leading to a missed dose, and damage and/or development of an allergic reaction 

in tissue around the cannula site (Lenhard& Reeves, 2001). 

More recently, a closed-loop insulin delivery system has been developed, 

combing glucose monitoring, dosage calculation (via a control algorithm), and 

subcutaneous insulin delivery into one unit; otherwise referred to as an ‘artificial 

pancreas’. The aim of the closed loop system is to further reduce the risk of 

hypoglycaemia and provide tighter control of blood glucose concentrations. However, 

these units remain in an experimental stage and clinical use is constrained by 

inaccuracies in glucose sensing, inter- and intra-patient variability, and delays due to 

absorption of insulin from the subcutaneous tissue (Elleri, Dunger&Hovorka, 2011). 

 

2.4 The Arab World & United Arab Emirates at a Glance 

The ‘Arab World’ is the name given to twenty-two countries where Arabic is the 

native language. Arabs share a common culture and history with very similar traditions 

and customs. Despite this similarity, Arabs are a highly heterogeneous ethnic group 

given the geographical area of the Arab world and the influences of generations of 

immigration over the years from nearby ethnicities ("The Arab World", 2012). 



30 

 

Figure 4: The Arab World Countries , 2012, [Map], Retrieved from http://www.arableagueonline.org/ 

 

2.4.1 Geographical Significance of the Area and the Countries Involved 

The gulf co-operative region consists of six countries: Saudi Arabia, Sultanate 

of Oman, the United Arab Emirates, State of Kuwait, State of Qatar and the kingdom of 

the Bahrain ("Gulf Co-operative Council", 2012). 

 

Figure 5: Gulf Co-operative Council Countries, 2012, [Map]. Retrieved from http://www.gcc-sg.org/eng/ 
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The United Arab Emirates (U.A.E.) is a confederation of seven emirates that 

was formed on the 2nd of Dec 1971. The U.A.E. is situated on the Arabian Gulf and has 

reaped huge riches from the fossil fuel boom. With this the life’s of the people of the 

U.A.E. was to change drastically, and they went from depending on pearl diving and 

simple farming and agriculture to living in a state of the art twenty first century country. 

With these riches, however, the burden of metabolic diseases has increased and the 

demand and awareness of better health services has intensified (GCC, 2012). 

 

Figure 6: The United Arab Emirates, 2012, [Map] Retrieved from http://www.gcc-sg.org/eng/ 

 

2.4.2 Demography Before and After the Discovery of Oil 

The people of the U.A.E. before the oil boom consisted mainly of Bedouin 

tribes with an estimated population of 90,000 in 1968. The discovery of oil in 

commercial quantities has brought with it large investments in production infrastructure 

and facilities.  
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Figure 7: Population of the United Arab Emirates 1960-2012 retrieved from 

http://www.google.com/publicdata/explore?ds=d5bncppjof8f9_&met_y=sp_pop_totl&hl=en&dl=en&idim=cou

ntry:ARE:QAT:OMN 

 

To drive this boom expatriates and immigrants from all over the world started 

joining the workforce. Today nationals from over 150 countries work and live in the 

U.A.E. with an estimated population of approximately 10 million and with a ratio of 10 

expatriates for every local. (World Bank, 2012) 

 

2.4.3 Religion and Culture 

The official religion of the UAE is Islam and the majority of the local and Arab 

populations are Muslim. Other smaller minorities including Christianity, Hinduism and 

Sikhism are also represented by small expatriate groups. The people of the UAE are 

highly tolerant to other religious groups and cultures. Despite this openness to other 

cultures the people of the UAE still cherish their heritage and traditions highly. The 

family still represents the main building block of the society and family values and 

virtues are regarded highly. 
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2.4.4 The Government of the UAE 

The UAE is a confederation of seven emirates each represented by a governor 

on the federal supreme council. The confederation was established by H.H Sheikh 

Zayed Bin Sultan Al-Nahyan (Ruler of Abu Dhabi) and H.H. Sheikh Rashid Bin Saeed 

Al-Maktoum (Ruler of Dubai) on the 2nd of December 1971 in the presence of the 

governors of the other five emirates. H.H Sheikh Khalifa Bin Zayed Al-Nahyan was 

voted as president of the UAE by the council as a successor for late Sheikh Zayed bin 

Sultan. 

 

2.4.5 Health Services and its Burdens in the UAE 

The Ministry of Health is the highest government regulator of health policy. The 

Health Authority of Abu Dhabi (HAAD) and the Dubai in Health Authority (DHA) are 

the two local health boards of the 2 largest and most populous emirates. In 1969 the first 

Hospital was established in the emirate of Abu-Dhabi then called the Canadian 

Hospital. Today there are over ten tertiary and quaternary Public Hospitals in Abu 

Dhabi and Dubai and numerous private hospitals and clinics.  

As of 2014, there are over 1500 doctors registered with the health authorities in 

the different sub-specialties of medicine. Primary healthcare and family medicine has 

become a high priority target for improvement for the local health authorities. There still 

is a lack of a well-developed family physician led healthcare system with much of the 

primary contact occurring in the emergency room. This has implications on long term 

follow-up and management of chronic diseases and therefore this area is being 

prioritized for development and systemization. The need for specialist care centre's has 

also been on the agenda and recently the diabetes centre in collaboration with Imperial 

College London has been established to oversee the development of public health policy 

for the management of diabetes. 

 

2.4.6 Chronic diseases in the Arab world in general and UAE in particular 

The oil boom has led to a massive increase in the GDP and disposable income of 

the people of the UAE. The UAE was ranked as the 19th highest income countries of 
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the world in 2012 (International Monetary Fund) and is categorized as a high income 

country according to the (World bank, 2012). This has led to a more affluent lifestyle, 

and from health point an increase in total calorie intake per person together with a 

decrease in calorie expenditure. This has led to a nationwide obesity pandemic with the 

rates of obesity climbing to record highs and standing at about 68% of the population 

according to one estimate from 2007 (Lauren Streib 2007). The metabolic syndrome has 

become a major health burden and is defined according to the International diabetes 

federation as Central obesity AND any two of the following: 

 Raised triglycerides: > 150 mg/dL (1.7 mmol/L), or specific treatment for this lipid 

abnormality 

 Reduced HDL cholesterol: < 40 mg/dL (1.03 mmol/L) in males, < 50 mg/dL 

(1.29 mmol/L) in females, or specific treatment for this lipid abnormality 

 Raised blood pressure (BP): systolic BP > 130 or diastolic BP >85 mm Hg, or 

treatment of previously diagnosed hypertension 

 Raised fasting plasma glucose (FPG): >100 mg/dL (5.6 mmol/L), or previously 

diagnosed type 2 diabetes 

Diabetes prevalence has skyrocketed and now stands at 19% according to the 

national diabetes centre of the UAE. Hypertension, hyperlipidaemia and smoking rates 

have all increased and with them the prevalence of coronary artery disease and 

atherosclerosis has increased. The need for policies to fight these pandemics at both the 

primary and secondary prevention fronts has now become a need like never before. This 

trend is seen in other gulf countries as well where the populations share similar 

environmental factors (IDF, 2013) 
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Table 2: The New IDF Definition of the Metabolic Syndrome retrieved from Figure 8 

http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf 

 

Table 3: Ethnic Specific Values for Waist Circumference retrieved from Figure 9 

http://www.idf.org/webdata/docs/IDF_Meta_def_final.pdf 

 

2.5 Diabetes in the United Arab Emirates 

Rising obesity levels and a reduction in physical activity are reportedly 

responsible for the UAE being listed as the country with the 11th highest prevalence of 



36 

diabetes globally (primarily type-2) (Diabetes UAE, 2011).  Furthermore, metabolic 

control of diabetes is reportedly poor, leading to an increased risk of associated 

complications (Saadiet al., 2007). Almost 70 % of Emirati nationals are reported to be 

overweight or obese (Ng et al., 2011), and one third of Emirati children (higher in 

females vs. males) are also now obese (Malik &Bakir, 2007); these figures are two to 

three times those of international standards (Al-Haddad et al., 2005), thus, it is 

unsurprising that the prevalence of type-2 diabetes has escalated. Besides economic 

growth a number of cultural factors have been thought to attribute to weight gain; 1) the 

fashion of both men and women’s clothing (i.e. loose fitting) allows for weight gain to 

go potentially unnoticed before new clothes or a reduction in body mass is required, 2) 

Emirati nationals seeking refuge inside from the extreme heat during the height of day 

is also thought to reduce the likelihood of physical activity, instead, a more sedentary 

lifestyle and ‘boredom eating’ are thought to contribute to weight gain, 3) fasting during 

the Holy month of Ramadan is also thought to affect eating habits, with some residents 

overeating in the months leading up to their fast, and 4) obesity is thought by some to be 

a sign of wealth and status (Axcension Inc., 2009). Therefore, in order to effect change 

amongst some of the population, important socio-cultural obstacles must be challenged.  

 

2.6 Prevention 

2.6.1 Individual Modalities in the Reduction of Diabetes Risk 

Due to the genetically predisposed autoimmune nature of type-1 diabetes, there 

are no possible modalities that may reduce the risk of developing type-1 diabetes. 

However, a number of lifestyle interventions may prevent the onset of type-2 diabetes 

in those known to be at risk (i.e. known familial connection); a previous study has 

demonstrated a 35-58 % reduction in incidence following lifestyle interventions 

(Jamison et al., 2006). Assimilating as much information as possible may help minimise 

an individual’s risk of developing diabetes by enabling that individual to action any 

advisory modalities (Yamaoka & Tango, 2005). As previously mentioned, even a small 

reduction in BMI can decrease the risk of developing diabetes significantly (Wing et al., 

1987). Abstaining from the excessive consumption of alcohol and caffeine has also been 

demonstrated to significantly reduce the risk of developing type-2 diabetes in those 

genetically predisposed (Li et al., 2008). 
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2.6.2 Combined Modalities in the Reduction of Diabetes Risk 

A combination of diet and exercise has been demonstrated to decrease the 

incidence of type-2 diabetes, and thereby decrease the risk of associated complications 

(i.e. cardiovascular, renal, and retinal disease, and the excess mortality attributable to 

these complications) (Pan et al., 1997; Tuomilehtoet al., 2001; Knowleret al., 2002). 

Treatment with Metformin (Knowleret al., 2002) and acarbose (Chiassonet al., 2002) 

has also been demonstrated to reduce incidence of diabetes in people with IGT by 31% 

and 25%, respectively. 

 

2.7 Adherence 

Medication adherence is the voluntary act of a patient committing to a mutually 

agreeable treatment plan with their healthcare provider, and subsequently adhering to 

both the daily prescribed dose (e.g. one tablet twice daily) as well as the duration of the 

medication regimen.  Therefore, adherence can be subcategorized accordingly as 

adherence (i.e. intensity of drug use during medication regimen) and persistence (i.e. 

duration of regimen) (Ho, Bryson &Romfield, 2009). Medication non-adherence is of 

increasing concern for healthcare providers despite the known benefits of modern 

treatment regimens, with prevalence reported in one study to be in excess of 50 % of 

diabetic patients (Watkins et al., 1967). The consequences of non-adherence include not 

only health-related consequences (i.e. failure of treatment, rehospitalisation, death), but 

also financial consequences as the cost of emergency medical interventions as a 

consequence of non-adherence outweigh the combined cost of an adhered-to medication 

regimen  (Ho, Bryson &Romfield, 2009). Thus, assessing adherence and devising new 

methods by which to improve adherence is an increasingly popular field of medical 

research.  

 

2.7.1 Assessment of Adherence 

Adherence can be assessed be either direct or indirect methods; direct methods 

include directly observed therapy, measurement of plasma medication or metabolite 
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concentrations, or detection of biomarkers in the blood (Osterberg&Blaschke, 2005; Ho, 

Bryson &Romfield, 2009). Indirect methods include patient questionnaires, self-

reporting, pill counts, rate of prescription refills, assessment of patient’s clinical 

response, electronic medication monitors, measurement of physiological markers, and 

patient diaries (Osterberg&Blaschke, 2005; Ho, Bryson &Romfield, 2009). However, 

both direct and indirect methods have their disadvantages; direct methods, although 

providing absolute values, are not necessarily ideal within the clinical setting; and 

indirect measures are also subject to bias as a consequence of inaccurate patient recall or 

a desire to report data they perceive to be wanted by healthcare professionals. 

Furthermore, results may also be skewed by patients improving adherence immediately 

prior to- or immediately following- a visit to their healthcare professional (more 

commonly referred to as ‘white coat adherence’) (Ho, Bryson &Romfield, 2009). 

Recently, increased availability of electronic pharmacy records has improved 

medication adherence monitoring techniques (Van Bruggenet al., 2009); however, this 

thesis will focus on the use of patient questionnaires (discussed in more detail in 

Chapter 3). 

 

2.7.2 Barriers to Adherence 

Non-adherence may arise as a consequence of the patient knowingly 

disregarding their treatment regimen, evaluating the benefit of the medication against 

the consequences of non-adherence (active non-adherence), or as a consequence of 

carelessness or forgetfulness, whereby patients occasionally omit their medication from 

their daily routine or take that medication later than required (passive non-adherence). 

The WHO has identified non-adherence as a multifactorial problem caused by the 

interplay of factors from any of the following 5 areas: 1) the patient, 2) the condition, 3) 

the type of therapy prescribed, 4) socioeconomic factors, and 5) health system related 

factors (WHO, 2001) (Table 4). 

Factor Example Reference 

Patient 

A younger age, poor diet and physical 

inactivity, ethnicity, and presence of 

depression have all been found to influence 

Aryet al., 1986 

Gonzalez et al., 2008 

Ho, Bryson 
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non-adherence. &Romfield, 2009 

Condition 

The nature of the condition (e.g. acute vs. 

chronic conditions, and communicable vs. 

non-communicable) affects adherence. 

WHO, 2001 

Therapy 

Increasingly complexity of diabetes 

medication regimens is associated with poor 

adherence. 

Haynes, 1979 

Delamater, 2006 

Socioeconomic 

Level of education, level of literacy and the 

cost of medication are all factors in non-

adherence. 

Bachmann et al., 2003 

Healthcare 

system 

In one study, <50 % of patients were found to 

be unable to list their medication or recite 

their purpose upon discharge from hospital. 

Makaryus& 

Friedman, 2005 

Table 4: Barriers to Medication Adherence 

 

2.7.3 Predictors of Poor Adherence 

As poor adherence is a known problem, the identification of specific predictors 

may facilitate healthcare professionals in the provision of tailored clinical interventions 

that may improve medication adherence. Known predictors include ethnicity, lifestyle 

and socioeconomic factors (Mann et al., 2009). 

 

Ethnicity 

There is evidence to indicate that cultural perception and belief play a role as 

predictors of poor adherence (Burroughs, Maxey & Levy, 2002). A patient’s ethnic 

background has been demonstrated to influence their belief about chronic medical 

conditions and how they are treated (Kumar, Chambers & Gordon, 2009). Low levels of 

medication adherence (<50%) have been reported in developing nations 

(Homedes&Ugalde, 1993; WHO, 2003), increasing in more developed nations (WHO, 

2003). Furthermore, studies investigating medication adherence amongst ethnic 
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minority groups also confirms that adherence rates are low, most likely as a 

consequence of a poor understanding of the benefits of medical intervention (Karteret 

al., 2002). However, the variety of methodology used to determine adherence, and the 

lack of standardisation among nations should be considered when comparing these 

results. 

 

Life-Style Habits 

Assessment of patients’ lifestyle habits can be used as a predictor or poor 

adherence; for example, overweight and obese patients when presenting with type-2 

diabetes may find it difficult to adhere to a change in their diet and exercise regime 

(WHO, 2003; Coppell et al., 2010). Patients with a full schedule have also been found 

to be poor adheres to increasingly complex medication regimens (Chesney, 2003), most 

likely through passive rather and active non-adherence. Moreover, establishment of a 

good relationship between the patient and their healthcare provider (i.e. trust and 

communication) has also been demonstrated to significantly improve medication 

adherence (Ciechanowski et al., 2001), this close relationship allows patients to ask 

questions they may otherwise be afraid or unsure to ask. Patient beliefs and attitudes 

towards perceived or experienced side effects of prescribed medication are also known 

to hinder adherence (Mann et al., 2009). Moreover, some patients lack the self-

confidence to manage such a chronic condition (Mann et al., 2009). 

 

Socioeconomic Status 

A broad range of socioeconomic factors are known to affect medication 

adherence; the primary socioeconomic factor affecting medication adherence is poor 

education and health literacy (i.e. patient’s ability to read, understand and implement 

healthcare information) (Schillingeret al., 2002; Jinet al., 2008).  Poor education about 

diabetes and the benefits of clinical intervention are associated with poor adherence 

(Kurtz, 1990). For example, it is not uncommon for some patients to believe that they 

only have diabetes when their blood sugar is elevated, or that there is no need to 

medicate oneself when blood sugar levels are normal (Mann et al., 2009).  Thus, areas 

were education levels are low (e.g. areas of poverty) have an elevated prevalence of 
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non-adherence (Homedes&Ugalde, 1993). The cost of prescription medicine has also 

been identified as predictor for non-adherence (WHO, 2003); however, as prescription 

charges in some countries are subsidized by a National Health Service (NHS) (e.g. UK) 

or medical insurance (e.g. USA), this is not considered a relevant predictor for patients 

of the development world. 

 

2.7.4 Strategies to Improve Adherence 

A vast number of measures are in place to improve medication adherence in 

patients with diabetes. As education has been identified as a major barrier to adherence 

to clinical interventions, patient counseling to improve patient knowledge of the disease 

and the benefits of both medical intervention and lifestyle changes has been introduced. 

Coaching is also now available to encourage positive lifestyle choices, empower 

patients, develop self-sufficiency and assist patients in identifying and overcoming their 

own barriers to adherence (Koenigsberg, Bartlett & Cramer, 2004). Furthermore, the 

language used on both the exterior of packaging, and within the information sheet of 

anti-diabetic medications has been simplified to improve understanding (Koenigsberg, 

Bartlett & Cramer, 2004). Educational websites have also been set up in order to raise 

health literacy and allow an anonymous forum in which patients can clarify any issues 

which may be preventing medication adherence.  

Managing patient treatment by implementing smaller targets (aside from 

avoiding diabetic consequences and normalizing blood glucose concentrations) has been 

suggested as a method to improve adherence; for example, patients with type-2 diabetes 

could be set smaller weight loss and exercise goals, with a view to revise them after 6 

months and initial success (Koenigsberg, Bartlett & Cramer, 2004). Furthermore, 

tailoring specific exercise plans and personalizing diet plans may also help patients 

achieve their lifestyle-change goals. A review of patient goals and treatment regimens at 

regular intervals (e.g. monthly, biannually, or annually) will help patients to persist in 

adhering to their treatment plan, as well as referring patients to any available sources of 

support outside of their primary place of care (Koenigsberg, Bartlett & Cramer, 2004). 

Encouraging patients to monitor their own progress is important in order for long-term 

adherence to be successful; it is important, however, for patients to develop their own 

record system to ensure they maximize their chances of adhering to a long-term 
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treatment plan (Koenigsberg, Bartlett & Cramer, 2004). Flexibility in treatment options 

is also important as patients are more likely to achieve their goals using treatments they 

feel more comfortable with (Koenigsberg, Bartlett & Cramer, 2004).  

 

2.7.5 Adherence to Risk Reduction Interventions 

Risk-reduction schemes have a demonstrated success rate of up to 50 % in 

prediabetic patients vs. a placebo group (Walker et al., 2006); although, the same 

barriers exist in the adherence to risk reduction strategies as to clinical interventions 

post diagnosis (i.e. age, sex, ethnicity., socioeconomic factors, depression, history of 

adherence) (DiMatteoet al., 1983;Dunbar, 1990; Sherbourneet al., 1992). However, 

prediabetic patients that participated in a risk reduction schemes were found to be better 

adherers to medication protocols if diabetes was later diagnosed (type-2) (Dunbar, 1990; 

Dunbar-Jacob et al., 2000; Walker et al., 2006); most likely as a consequence of 

conditioning the patients into a new medication regimen. Therefore, there is a clear 

benefit in the implementation of risk reduction strategies, although the stage at which 

this benefit occurs is patient dependent. 
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CHAPTER THREE: MATERIALS & METHODS 

3 Research Methodology 

3.1 Aims and Objectives 

The aim of this thesis is two-fold; 1) to identify predictors of poor medication 

adherence in patients diagnosed with type-2 diabetes, and 2) to elucidate whether an 

educational intervention providing patients with information regarding better glycaemic 

control, as well as the short- and long-term side effects of poor adherence, achieves a 

significant improvement in how well patients adhere to their medication regimen. 

The objectives of this thesis are three fold: 1) to explore predictors of poor 

adherence to diabetic medications in a cross section of Emirati nationals, 2) to 

determine whether educational intervention following diagnosis results in better 

glycaemic control and less short- and long-term complications, and 3) whether this 

educational intervention also results in increased persistence in adhering to diabetic 

medication regimens.  

A combination of patient questionnaires and biomarkers were used in order to 

establish predictors (e.g. population demographic and socioeconomic factors) that may 

be used clinically in order to determine poor adherence, and therefore implement 

intervention strategies in order to improve medication adherence. 

 

3.2 Research Strategy 

Research falls within the confines of either qualitative or quantitative research; 

qualitative research methods are more commonly used in sociology to gather large 

quantities of information regarding human behaviour and the factors that drive human 

behaviour, whereas quantitative research methods have more commonly been utilized in 

natural science in order to gather empirical data that answers more specific research 

questions (Given, 2008). However, it is increasingly acceptable to observe quantitative 

research methods in the social sciences (Berry, 2005). 

Data arising from qualitative research (e.g. interviews) is often voluminous in 

quantity and potentially unmanageable. It is important that a strict criterion is set for the 

inclusion or exclusion of data in order to achieve balance; too much data and not 
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enough analysis is undesirable, yet analysis with too little supporting information may 

result in unsubstantiated arguments.  While qualitative data yields large quantities of 

information for analysis, the results can never be reported to be definitive, i.e. the results 

cannot ‘prove’ a hypothesis, but they can indicate how true a hypothesis is likely to be 

(‘informed assertions’). Vice versa, with the appropriate statistical analysis and/or 

mathematical modeling, quantitative data (when adequately representative of an 

unbiased population) can be used to prove or disprove a hypothesis (Oliver, 2008). The 

differences between qualitative and quantitative research have been summarized in 

Table 5. 

Using questionnaires to gather data for this thesis made use of both qualitative 

and quantitative research methods as questions with Likert-type responses will be 

combined with data from open-ended questions. Furthermore, data from the clinical 

intervention study (particularly HbA1C concentrations) has helped to establish a 

definitive conclusion as to whether education improves medication adherence.  

Generally speaking, the advantage of using questionnaires is that they are an 

inexpensive and quick way to generate a large amount of data that is easy to analyze. 

However, the researcher can never be 100% confident that respondents have fully 

understood the question in the manner intended; furthermore, the usefulness of data 

gathered using structured (vs. unstructured) questionnaires may be limited as 

participants are responding to questions using predefined answers on a structured scale, 

rather than registering their natural response. Importantly, there is potential for the 

introduction of bias as patients with a strong positive or negative response may be more 

inclined to participant than those with a more neutral opinion (Friedman &Amoo, 

1999). 
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 Qualitative Research Quantitative Research 

Objective To gain an understanding of human 

behaviours and the motivation 

behind such behaviours.  

Using this understanding to 

generate hypotheses/inspiration 

for further quantitative research. 

 

To discover trends in popular 

opinion. 

To quantify something and then 

apply this quantification to the 

population as a whole. 

To measure the incidence of 

various views and opinions in a 

chosen sample. 

Sometimes used to act as a 

foundation upon which further 

qualitative research may be 

carried out to explore new 

findings. 

Sample Small, narrow selection of the 

population, selected to represent a 

particular group of people. 

Large, diverse selection of the 

population, selected to act as a 

representative cross-section of 

society. 

Data 

Collection 

Unstructured or semi-structured 

techniques such as individual depth 

interviews or group discussions. 

Structured techniques such as on-

line questionnaires, on-street or 

telephone interviews. 

Data Analysis Non-statistical Statistical 

Outcome Exploratory and/or investigative. 

Findings are not conclusive and 

cannot be used to make 

generalisations about the 

population of interest. Outcomes 

can be used to develop and initial 

understanding and sound bases for 

further decision making. 

Definitive conclusions can be 

drawn and used to recommend a 

final course of action. 

Table 5: A Direct Comparison of Qualitative and Quantitative Research (Altered from SnapSurveys, 

2013) 
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3.3 Sample Size Calculation 

In order to make a confident inference about the diabetic population based on 

the research included in this thesis, it is important to correctly calculate the minimum 

sample size required. Estimating the sample size required can be done using the 

following equation: 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 =  
((𝑍 − 𝑠𝑐𝑜𝑟𝑒)2 𝑥 𝑠𝑡𝑑𝑒𝑣 𝑥 (1 − 𝑠𝑡𝑑𝑒𝑣))

(𝑚𝑎𝑟𝑔𝑖𝑛 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟)2
 

Where ‘Z-score’ relates to how confident one would like the actual mean of the 

populous to fall within the confidence interval; commonly used confidence intervals are 

90%, 95% (most common), and 99% (Z-scores of 1.645, 1.96, and 2.326, respectively). 

The standard deviation (‘stdev’) refers to the level of variance expected within the 

samples, this can be difficult to predict so is commonly set at 0.5 as this ensures a larger 

sample size. As no sample is perfect, a ‘margin of error’ is an important component of 

this calculation. The margin of error relates to how much error one will allow within the 

sample; for this study, we will assume a margin of error of 5%. 

Thus, the sample size can be calculated as follows: 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 =  
(1.962 𝑥 0.5 𝑥 (1 − 0.5))

(0.05)2
 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 = 384.16                                   

Therefore, the minimum sample size for each of the two studies to be carried out 

in this thesis is 385 people. Assuming a non-response rate of 10% (n= 38.5), this sample 

size should be increased to a minimum 424 in order to maintain the statistical power of 

the results collected. 

 

3.4 Retrospective Study 

Patients (n ≥ 424) for a retrospective study will be recruited from a cross-section 

of diabetic patients. All patients will be resident of the UAE, and receiving at least one 

anti-diabetic medication following a diagnosis at a designated Diabetic Centre of type-2 

diabetes of 1 year or more. Both male and female patients will be included in this study, 
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and will be aged between 18 and 65. The patients will then be asked to complete a 

questionnaire which will provide the main source of data variables for the study. The 

aim of this retrospective study is try and collect variables that could possibly be linked 

to the adherence to medication. A list of these variables is included in the following 

table. Once the patients have answered the questionnaire they will be asked to take part 

of the randomized control trial which is presented in the next section. 
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3.4.1 Definitions and Variables 

Control Variable  

Age 18-80 years 

Gender Male, Female 

Ethnicity Caucasian, Arab Emirate, Arab Non-Emirati, Indian, Asian, 

African, Other 

Marital Status Single (Never married), Married, Divorced or separated, 

widowed 

Living arrangements With partner or spouse with children, with partner or spouse 

with no children, sole adult with children, alone,  with other 

adults, Other 

Employment Status Paid employment full time, Paid employment part-time, 

Unemployed, Retired, working at home, student, Other 

Level of Education Primary school, Intermediate School, Secondary school, 

Secondary school, Secondary school, Technical or Trade 

Certificate, University or Polytechnic Diploma, University 

degree 

IPAQ Score The IPAQ score has been developed as a tool to standardize 

measurements of physical activity. The levels of activity will be 

divided into three categorical groups which will allow further 

comparisons of levels of activity and compliance to medication. 

The three levels of activity will be as follows:  

1. Low 

• No activity is reported OR• Some activity is reported but not 

enough to meet Categories 2 or 3. 

2. Moderate 

Either of the following 3 criteria 

• 3 or more days of vigorous activity of at least 20 minutes per 
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day OR• 5 or more days of moderate-intensity activity and/or 

walking of at least 30 minutes per day OR• 5 or more days of 

any combination of walking, moderate-intensity or vigorous 

intensity activities achieving a minimum of at least 600 MET-

minutes/week. 

3. High 

Any one of the following 2 criteria • Vigorous-intensity activity 

on at least 3 days and accumulating at least 1500 MET-

minutes/week OR • 7 or more days of any combination of 

walking, moderate- or vigorous-intensity activities 

accumulating at least 3000 MET-minutes/week 

Smoking Yes/No; How many cigarettes/day 

Language Arabic proficient; English proficient 

Communication Landline access, Mobile access, Internet access 

Travel Car - I drive; Car – someone else drives; Bus/train; Walk; Other

  

DASS-22 The DASS-22 is a 21-item survey used to measure levels of 

depression anxiety and stress. 

  

  

Outcome Variables  

MASS The Morisky adherence Scale Score- This will reflect the level of 

adherence to medication. 

HBA1C; Weight; 

Height 

 

Table 6: Studies Control Variables and Outcomes Variables 
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3.5 Randomized Control Trial 

The randomized control trial (RCT) was carried out to determine whether 

education about diabetes and it consequences, affect long-term medication adherence. 

Patients aged 18-80 years, recently or newly diagnosed with type-2 diabetes (clinical 

parameters: HbA1c > 40 and fasting glucose > 7 mmol/ml), will be recruited for this 

trial. However, cognitively impaired patients, non-residents, and pregnant or 

breastfeeding women were excluded. The patients (n =446) were randomized into two 

groups; the first group attended a 30-minute education session about diabetes and its 

associated medication (this group is referred to as the ‘intervention group’), whilst the 

other group was not invited to attend this session, and instead received the same level of 

education regarding diabetes as is offered as standard from UAE healthcare providers 

(this group is referred to as the ‘control group’). At time of recruitment, all patients 

were asked to fill in a questionnaire in order to gather both demographic information 

(e.g., age, gender, level of education etc.) and information regarding motivations and 

associated behaviors. Following which, the intervention group received a weekly phone 

call to check on their progress for a duration of 3 months, the control group did not. 

Once this 3-month period ended, participants from both groups were asked to repeat 

their initial questionnaires. These questionnaires were again repeated in both groups at 6 

months in order to determine any long-term improvements in medication adherence. 

Furthermore, plasma samples were collected by venepuncture from all patients at their 

initial and 6-month visits in order to determine HbA1c concentrations by either high-

performance liquid chromatography, immunoassay, or capillary electrophoresis 

(laboratory tests), or by immunoassay or boronate affinity chromatography (point of 

care tests). 

The weekly/monthly standardized phone call in the interventional arm will 

primarily address the following questions in Figure 8. 

 

Figure 8: Standardized Phone Call Questionnaires 

• Interviewer to try and answer patients concerns and refer to clinician as appropriate.

Do you have any concerns about your diabetes medication?

• Interviewer to try and address these concerns and refer to social worker as appropriate

Did you face circumstances that prevented you from picking up your medication from your 
pharmacy?
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The aim of this phone call is 2-fold; firstly it will act as a prompt and a re-inforcer 

to stress the importance of medication adherence for the interviewee, and secondly it will 

try and address social and medical concerns regarding the diabetes medication. 

 

3.6 Data Collection 

3.6.1 Medication Adherence 

Morisky Medication Adherence Scale 

The Morisky Medication Adherence Scale (MMAS)was designed to determine 

adherence behaviours (Morisky, Green & Levine, 1986). For this study the 8-item 

model of this scale will be used; patients will be asked 8 questions (Table 7) designed to 

determine which factors affect how well they adhered to their medication regimen.   

 Questions 

1 Do you sometimes forget to take your medicine? 

2 People sometimes miss taking their medicines for reasons other than forgetting. 

Thinking over the past 2 weeks, were there any days when you did not take your 

medicine? 

3 Have you ever cut back or stopped taking your medicine without telling your doctor 

because you felt worse when you took it? 

4 When you travel or leave home, do you sometimes forget to bring along your 

medicine? 

5 Did you take all your medicines yesterday? 

6 When you feel like your symptoms are under control, do you sometimes stop taking 

your medicines? 

7 Do you ever feel hassled about sticking to your treatment plan? 

8 How often do you have difficultly remembering to take all your medicine? 

A) Never 

B) Once in a while 
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C) Sometimes 

D) Usually 

E) All the time 

Table 7: The 8 Questions Asked to Determine Medication Adherence based on the Morisky Medication 
Adherence Scale (Morisky, Green & Levine, 1986) 

The MMAS-8 Scale was developed by Dr Donald Morisky and a licence was obtained 

before the study was commenced. The MMAS-8 is copy right protected and as such the 

scoring system is bound by confidentiality but is easily accessible via Dr Morisky. 

3.6.2 Non-Adherence Psychosocial Assessment 

Depression, Anxiety and Stress Scale 

The Depression, Anxiety and Stress scale (DASS) was developed by researchers 

in New South Wales, Australia. Its purpose is to measure the patient’s response to a 

series of questions regarding the frequency and severity of recent negative, emotional 

experiences. In total, there are 42 items (although the DASS is also available in a 

condensed 21 item form) to which patients are required to answer via the means of a 

four-point Likert scale. Each category (depression, anxiety and stress) is examined by 

14 items each, further broken down into subcategories to examine specific aspects of 

each condition (Table 8). 

Category Sub-categories 

Depression Dysphoria, hopelessness, devaluation of life, disinterest, 

anhedonia and inertia. 

Anxiety Autonomic arousal, skeletal muscle effects, situational anxiety, 

subjective experience of personal anxiety. 

Stress Non-chronic arousal due to an inability to relax, nervous arousal, 

ease of: agitation, irritability, over-reactivity, and impatience.  

Table 8: Categories and Subcategories of Depression, Anxiety and Stress 
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The score (sum or mean) of individual scales (depression, anxiety OR stress), or 

the total scale (depression, anxiety AND stress) can be used to provide an indication of 

the severity of the patient’s condition. As depression, anxiety and stress are intrinsically 

dimensional, assigning a ‘cut-off’ or ‘clinical norm’ against which to compare patients, 

is arbitrary. However, the outcome of the DASS has been reported as normal, mild, 

moderate, severe, or extremely severe (Lovibond&Lovibond, 1995), and some 

published works describe clinical cut-offs (Nieuwenhuijsenet al., 2003). The DASS has 

been fully validated against a number of existing measures of depression, anxiety and 

stress; such as the Hospital Anxiety and Depression Scale (HADS) (Zigmond&Snaith, 

1983), the Personal Disturbance Scale (sAD) (Bedford &Foulds, 1978), and the Positive 

and Negative Affects Schedule (PANAS) (Watson,Clark&Tellegen, 1988), and was 

found to possess impressive psychometric properties (Crawford & Henry, 2003).  

The benefits of using the DASS are similar to those of the MMAS, in that an 

untrained individual can carry out the test and that costs associated with the test are low; 

however, DASS scores are best interpreted by a qualified clinician. Moreover, as with 

the MMAS the DASS is best utilized in combination with further testing and is not ideal 

for evaluating emotions felt at the time of testing. Importantly, the questions on the 

DASS are also quite transparent, allowing patients to disguise their true symptoms if 

they felt so inclined.  
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DASS21 Name: Date: 

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 

applied to you over the past week.  There are no right or wrong answers.  Do not spend too much time 

on any statement. 

The rating scale is as follows: 

0  Did not apply to me at all 

1  Applied to me to some degree, or some of the time 

2  Applied to me to a considerable degree, or a good part of time 

3  Applied to me very much, or most of the time 

 

1 I found it hard to wind down 0      1      2      3 

2 I was aware of dryness of my mouth 0      1      2      3 

3 I couldn't seem to experience any positive feeling at all 0      1      2      3 

4 I experienced breathing difficulty (e.g., excessively rapid breathing, 

breathlessness in the absence of physical exertion) 

0      1      2      3 

5 I found it difficult to work up the initiative to do things 0      1      2      3 

6 I tended to over-react to situations 0      1      2      3 

7 I experienced trembling (e.g., in the hands) 0      1      2      3 

8 I felt that I was using a lot of nervous energy 0      1      2      3 

9 I was worried about situations in which I might panic and make 

a fool of myself 

0      1      2      3 

10 I felt that I had nothing to look forward to 0      1      2      3 

11 I found myself getting agitated 0      1      2      3 

12 I found it difficult to relax 0      1      2      3 

13 I felt down-hearted and blue 0      1      2      3 

14 I was intolerant of anything that kept me from getting on with 

what I was doing 

0      1      2      3 

15 I felt I was close to panic 0      1      2      3 

16 I was unable to become enthusiastic about anything 0      1      2      3 
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17 I felt I wasn't worth much as a person 0      1      2      3 

18 I felt that I was rather touchy 0      1      2      3 

19 I was aware of the action of my heart in the absence of physical 

exertion (e.g., sense of heart rate increase, heart missing a beat) 

0      1      2      3 

20 I felt scared without any good reason 0      1      2      3 

21 I felt that life was meaningless 0      1      2      3 

 

3.6.3 Physical Activity Assessment 

International Physical Activity Questionnaire 

The International Physical Activity Questionnaire (IPAQ) was designed to 

assess the daily physical activity of respondents; that is, physical activity incorporated 

into both the respondents professional and personal lives (including that performed as a 

consequence of personal transport, leisure time, child/household care, etc.) 

(Kriska&Caspersen, 1997; Hagstömer, Oja&Sjöström, 2005).The questionnaire takes 

the form of either recall of physical activity performed in a ‘usual’ week, or recall of 

physical activity performed in the previous 7 days, and has been reported in both the 

short (9-item), and long (31-item) form (IPAQ, 2013).  Respondents are asked to fill in 

a ‘log-book’ of physical activity achieved during: 1) employment, 2) household 

maintenance, and 3) leisure activities. Furthermore, respondents are asked to indicate 

the degree to which they remain sedentary on a daily basis. The number of days per 

week, the duration (minutes),and the intensity (light, moderate, heavy) of exercise are 

recorded (including walking).Data is collected on a continuous scale and a measure of 

the volume of activity can be calculated by weighting activity according to the energy 

input required for its completion (Metabolic Equivalent Task; MET).  MET-minutes can 

also be computed by multiplying an MET score of activity by the number of minutes it 

was performed. Kilocalories can then be calculated using the following equation. 

𝑘𝑖𝑙𝑜𝑐𝑎𝑙𝑜𝑟𝑖𝑒𝑠 =  
𝑀𝐸𝑇 min  ×  𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

60 𝑘𝑔∗
 

(*MET-minute calculations use a 60 kg respondent as a reference). 
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Subsequently, MET-minutes/day or MET-minutes/week can then be used in 

data analysis and interpretation. Alternatively, respondents may fall into the previously 

mentioned categories of light, moderate or heavy physical activity participation (IPAQ, 

2013). 

Although thorough (and despite claiming to be ‘international’), there is currently 

no standardisation of the IPAQ (Craig et al., 2003), which may affect its validity. 

However, use of the IPAQ in conjunction with an accelerometer (secured to the 

respondent and measuring accelerations (g) from 0.05 g to 2.1 g, as well as measuring 

duration and intensity of exercise, and sedentary periods), has been demonstrated to 

increase validity of the results, although it has demonstrated some failings in 

distinguishing between types of physical activity (Ekelundet al., 2005), and an 

increased cost of administration (Lee et al., 2011).  Thus, it has been concluded that the 

“IPAQ has reasonable measurement properties for monitoring population levels of 

physical activity among 18- to 65-yr-old adults in diverse settings” and suggested that 

the previous 7-day recall IPAQ (vs. the ‘usual’ week recall) is more useful for national 

monitoring, unless detailed information is required (i.e. in a research setting) (Craig et 

al., 2003). 

The IPAQ score has been extensively validated and culturally adopted and 

translated into different languages including Arabic. The questionnaires used for this 

thesis will employ the“7-day recall IPAQ self-administered version”. The Arabic 

translation for these items has been  published online and has been used in different 

research in Arabic speaking countries (Geisinger, 1994). The IPAQ score measured 

would be a useful way of measuring activity in the study population in a standardized 

method which would increase the reliability of the data collected and , in the future, 

make it easier to compare findings from this study with others (Sperber, 1994). 

 

3.7 Consent 

Following a full explanation of expected patient participation and ensuring the 

patients have fully understood their involvement in this study, full informed and direct 

consent from all patients (literate and illiterate) will be obtained, a record of which will 

be kept in a secure location for future reference. No minors or cognitively impaired 

individuals will be recruited for this study, so no substitute consent is required. 
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Furthermore, full patient confidentiality will be maintained by assigning each patient a 

unique identifying number. Importantly, consent may be withdrawn at any time if 

patients no longer wish to continue their involvement with this study. 

In accordance with University policy, patients will be asked to sign the 

following declaration (translated where necessary), in order to provide their consent: 

“I have had explained to me the purpose to which the information I have 

provided will be put, and I consent to its use. I understand that Freedom of 

Information legislation may result in persons seeking to gain access to part, or 

all of the thesis in which it is included.” 

CHAPTER FOUR: 

4 Public health significance 

Public health as defined by Charles Edward Winslow (Winslow, 1920) is the 

“science and art of preventing disease, prolonging life and promoting health through the 

organized efforts and informed choices of society, organizations, public and private, 

communities and individuals”.   

A recent Australian study (Shaw et al., 2009) predicted an alarming increase in 

the rates of diabetes in the year 2030 worldwide. The study has predicted that the 

U.A.E., with a diabetes prevalence of 21.4% in the year 2030, will earn the second spot 

on the list worldwide.  It, therefore, becomes clearly evident the sheer size of the 

diabetes pandemic in the U.A.E. and the huge burden it is going to have on all facets of 

the society.  

The aim of this thesis is to add the knowledge of diabetes in the U.A.E. in areas 

where public health guidelines are missing. This will be achieved by identifying and 

understanding the different factors that lead to poor adherence to medication, which in 

turn will help in flagging off groups at high risk of poor medication compliance. Policy 

makers could then draft the necessary guidelines and policies to direct funding to this 

vulnerable group of patients. The positive effects of increasing adherence to medication 

in diabetics will have a huge impact at decreasing the morbidity and mortality of 

diabetes in the U.A.E. 
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The importance of conducting this research project towards public health is very 

significant. The alarming number of newly diagnosed diabetics worldwide in general 

and in United Arab Emirates in particular presents a huge social burden with far-

reaching consequences at different level of society. Factors affecting the level of 

adherence are not completely understood. This study would reveal the various cultural 

differences among UAE population and would yield new knowledge that could be used 

to enhance adherence in a more positive persistent way.  

Limited data exist on the adherence of diabetics in the United Arab Emirates to 

their medication prescribed by their doctors and the factors influencing their adherence. 

This research is fully sponsored and supported by United Arab Emirates Government 

Higher Ministry of Education and Scientific Research. This sponsorship surely 

addresses the problem and supports studies that would put an end of at least lowers the 

rate of complications caused by this vicious disease. 

Building on the famous saying of “Drugs do not work in people who do not take 

them” this thesis shall attempt to identify the factors that lead to poor medication 

compliance in the diabetics of the UAE. This newly acquired knowledge will provide 

grounds for advising on and developing public health policy to target these variables 

that lead to poor medication compliance with the end result of improving diabetes in the 

long-term and reducing the burden of long-term complications of diabetes. The second 

arm of the research phase involves a randomized control trial which will aim at 

validating the value of a tailored program of diabetes education on its own on the 

adherence of diabetics of the UAE to medication. The results of such a pilot program 

would be of upmost value in supporting the implantation of bigger trials or even a 

national educational program in the UAE which up to today is still lacking. 

Public health policy makers in the U.A.E. should be equipped and ready with all 

the knowledge to get services ramped up quickly as this ‘Diabetes Tsunami’ hits its 

shores. 
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CHAPTER FIVE: 

5 Scheduling, Progress and Approvals 

5.1 Ethical Considerations 

It is important that the health and wellbeing of all participants is protected 

during this research; furthermore, it is essential that the rights, dignity, privacy and 

sensitivities of all participants be considered. Thus, at all times the researchershave 

ensured that full informed consent was obtained, all participants were protected from 

harm, and no breaches in patient privacy occured. Neither, had any patients been 

intentionally deceived as to the nature of their involvement in this study. 

There was little opportunity for this study to cause harm to participants, as most 

of the data will be collected through the aforementioned questionnaires. However, a 

blood sample was required from patients in order to determine concentrations on 

HbA1c. A trained professional at the patient’s primary point of care withdrew this 

sample, thus the risk of harm to patients was minimal. There was a risk that patients 

may feel that their privacy had been breached in answering the questionnaires required 

for this study; however, it was fully explained to patients at the time of recruitment that 

if, at any time they felt uncomfortable, they were able to retract their consent in full, and 

had their personal information destroyed and omitted from this study. 

Regarding the RCT, the common ethical concern usually associated with this 

type of trial did not apply here; that is, both groups (as opposed to one group in a 

standard RCT) are receiving medical intervention for their diabetes: there was no 

placebo group. This has been referred to in the literature as the ‘natural state argument’, 

i.e. that patients are both receiving intervention, but one group is getting a boost 

(knowledge) while the other is not (Drew, Hardman &Hosp, 2008). 

Ethical approval has therefore been applied for and granted in accordances with 

Griffith University Reseasrch guidelines.The research topic was granted an ethical 

clearance through the Human Research Ethics Committee at Griffith University GU Ref 

No: PBH/11/14/HREC and confirmed with the Dubai Police Research Ethics standards. 
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5.2 Resources/ Budget 

The researcher is a recipient of United Arab Emirates Government Higher 

Ministry Of Education and Scientific Research overseas sponsorship. Monetary 

resources from this award as well as funds available through the scholarship department 

of the Ministry which covers the associated research expenses, such as survey costs or 

purchasing devices/items, and offering incentives for participants if necessary. 

 

5.3 Progress to Date 

Progress made to date 

1. Literature review conducted and ongoing 

2. Background rationale and reading completed. 

3. Aim, Objectives, research questions developed. 

4. Structure of the thesis determined. 

5. Research methodology and tools determined. 

6. Ethical clearance in progress. 

7. Data collection setting considered. 

8. Study area & site determined. 

9. Initial communication with Dubai Health Authority. 

10. Data Collection complete 

11. Data analysis complete 

12. Journal publication. 
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5.4 Research Timeline 

Date 2013 2014 2015 2015 2016 2016 

JAN -

OCT 

MARCH Feb-

Nov 

Dec FEB March-

July 

Literature Review         

Methodology         

Questionnaire development         

Ethics approval         

Phase 1A: enrolment- Baseline study 

interview 

        

Phase 1B: Randomization of patients into RCT         

Phase 2A: 

3-monthly questionnaire interview 

        

Phase 2B: 

6-monthly questionnaire interview 

        

Statistical analysis         

Findings and Discussion         

Publication         

Thesis submission         

Table 9: Proposed Field Research and Dissertation Preparation Schedule 

  



62 

CHAPTER SIX: 

6 Results published inpeer reviewed Journal 

 

6.1 The Predictors to Medication Adherence among Adults with diabetes in the 

United Arab Emirates. Mohammed M. M. Al-Haj Mohd, Hai Phung, Jing Sun 

and Donald E. Morisky.  

 

Statement of contribution to co-authored published paper: 

 

This section includes a co-authored manuscript published in the Journal of Diabetes 

and Metabolic disorder as an original research paper.  Al-Haj Mohd et al. Journal of 

Diabetes & Metabolic Disorders (2016) 15:30 DOI 10.1186/s40200-016-0254-6 

 

The research candidate has made the following contributions to this study: 

 

• Developed the study design. 

• Completed and obtained the required human research ethics approval. 

• Developed the electronic questionnaire used in the study. 

• Collected data and recruited clinical and community-based participants. 

• Analysed the data and interpreted the findings. 

• Prepared the manuscript and submitted to the journal. 

 

Mohammad AlHajMohd (02/07/2017) 

 

 

Corresponding author: Mohd Al-Haj Mohd 
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Abstract 

Background: Diabetes is a chronic medical condition and adherence to medication in 

adults with diabetes is important. Identifying predictors to medication adherence in 

adults with diabetes would help identify vulnerable patients who are likely to benefit by 

improving their adherence levels.  

Methods: We conducted a cross-sectional study at the Dubai Police Health Centre 

between February 2015 and November 2015. Questionnaires were used to collect socio-

demographic, clinical and disease related variables and the primary measure of outcome 

was adherence levels as measured by the Morisky Medication Adherence Scale 

(MMAS-8©). Multivariate logistic regression was carried out to identify predictors to 

adherence.  

Results: Four hundred and forty six patients were interviewed. Mean age 61 yrs +/- 11. 

48.4% were male. The mean time since diagnosis of diabetes was 3.2 years (Range 1-15 

years). Two hundred and eighty eight (64.6%) patients were considered non-adherent 

(MMAS-8© adherence score < 6) while 118 (26.5%) had moderate adherence (MMAS-

8© adherence score  6=<8 ) and and 40 (9.0%) high adherence (MMAS-8© adherence 

scores <8) to their medication respectively. The strongest predictor for adherence as 

predicted by the multi-logistic regression model was the patient’s level of education. A 

technical diploma certificate as compared to a primary school level of education was the 

strongest predictor of adherence (OR=66.1 CI: 6.93 to 630.43); p<0.001). The patient’s 

age was also a predictor of adherence with older patients reporting higher levels of 

adherence (OR = 1.113 (CI: 1.045 to 1.185; p=0.001 for every year increase in age). 

The duration of diabetes was also a predictor of adherence (OR = 1.830 (CI: 1.270 to 

2.636; p=0.001 for every year increase in the duration of diabetes). Other predictors to 

medication adherence include Insulin use, ethnicity and certain cultural behaviours.  

Conclusion: A number of important predictors to medication adherence in diabetics 

were identified in this study. Such predictors could help develop policies for improving 

adherence in diabetics. 

1. Background: 
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Diabetes mellitus is a chronic metabolic disease affecting approximately 341 million to 

371 million people worldwide (Danaei, G. et al. 2011) Furthermore, it is estimated that 

one third of those affected (approximately 122.5 million) are not aware that they have 

the condition (Saudek, C.D. et al. 2008). 

The oil boom has led to a massive increase in the GDP and disposable income of the 

people of the United Arab Emirates (UAE). The UAE was ranked as the 19th highest 

income countries of the world in 2012 (International Monetary Fund) and is categorized 

as a high income country according to the (World bank, 2012). This has led to a more 

affluent lifestyle, and from health point an increase in total calorie intake per person 

together with a decrease in calorie expenditure. This has led to a nationwide obesity 

pandemic with the rates of obesity climbing to record highs and standing at about 68% 

of the population according to one estimate from 2007. 

The United Arab Emirates (UAE) is now being listed as the country with the 11th 

highest prevalence of diabetes globally (primarily type-2) (Diabetes UAE. 2011) 

Furthermore, metabolic control of diabetes is reportedly poor, leading to an increased 

risk of associated complications. (Saadi, H. et al 2007). Almost 70 % of Emirati 

nationals are reported to be overweight or obese (NG, S.W et al 2011), and one third of 

Emirati children are also now obese; these figures are two to three times those of 

international standards  thus, it is not surprising that the prevalence of type-2 diabetes 

has escalated. (AL-Haddad, F.H 2005) 

Medication non-adherence is of increasing concern for healthcare providers despite the 

known benefits of modern treatment regimens, with prevalence reported in one study to 

be in excess of 50 % of diabetic patients. The consequences of non-adherence include 

not only health-related consequences (i.e. failure of treatment, re-hospitalisation, death), 

but also financial consequences as the cost of emergency medical interventions as a 

consequence of non-adherence outweigh the combined cost of an adhered-to medication 

regimen (Ho, P.M 2009). The WHO has identified non-adherence as a multifactorial 

problem caused by the interplay of factors from any of the following 5 areas: 1) the 

patient, 2) the condition, 3) the type of therapy prescribed, 4) socioeconomic factors, 

and 5) health system related factors. Several studies have been carried out looking at 

medication adherence in diabetic patients around the world; however no studies have 

been performed in the U.A.E. (Jamous RM, 2011; Sweileh WM, 2014) 

2. Methods: 

 

2.1. Study design: 

This was a cross-sectional study looking at predictors to medication adherence among 

diabetics as measured by the Morisky Medication adherence scale (MMAS-8©). The 

predictors were identified from variables collected via questionnaires and then analysed 

using statistical software. 

2.2. Study Setting: 

The study took place at the Dubai Police Health Services Clinic between February 2015 

and November 2015. This centre provides primary care and speciality care for all Dubai 

Police employees and members of their families and had over 200,000 clinic visits in 

2014 alone. The patients were identified from the diabetes clinics and were approached 

at the time of their routine scheduled diabetes checks. The patients were given a patient 
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information sheet and the study was explained to them. The patients were then asked to 

sign a consent sheet and subsequently asked to fill in a questionnaire and attend a blood 

test. The research topic was granted an ethical clearance through the Human Research 

Ethics Committee at Griffith University GU Ref No: PBH/11/14/HREC and confirmed 

with the Dubai Police Research Ethics standards. 

2.3. Recruitment procedure (Inclusion and exclusion criteria)  

All patients had to be type 2 diabetics on at least one anti-diabetic medication following 

a diabetes diagnosis of one year or more. Male and female patients between the age of 

18 and 80 years were eligible for the study. The following exclusions applied:  cognitive 

impairment (if previously included in medical history), pregnant or breastfeeding 

women, non-residents and patients who did not comprehend either the English or 

Arabic language.  

The investigators identified and screened potential participants in the following manner: 

all patients present in the waiting area of the diabetic clinic were screened by reviewing 

their medical charts to ensure that all inclusion criteria were met. They were then asked 

if they are willing to talk to the investigator. If the person agreed an informed consent 

was then read and explained by the investigators. Once verbal consent was obtained, the 

inclusion and exclusion criteria were checked again. The Tablet based questionnaires 

required for the study were explained to the patient and a qualified phlebotomist 

obtained the blood sample. All participants completed the questionnaires in a private 

clinic room.  

2.4. Data collection techniques 

Data was collected primarily via questionnaires. These questionnaires were written 

using the Android Database software package (MEMENTO). The questionnaires were 

then handed out in an electronic form using an Android tablet. The tablets were 

purchased for the purpose of this research and were solely used for this purpose. These 

tablets were secured with an encrypted password and were locked in the research office 

when not in use. The tablets and questionnaires were supervised by one of the research 

investigators at the time of interview to ensure the correct handling of the questionnaire 

and to troubleshoot any problems if they would arise. The questionnaire forms were 

based on a number of field styles including free text, date, single best answer and multi-

check selections. The database software collated the results into an excel sheet which 

was later exported to a computer for further data analysis.  

2.5. Data Variables: 

The data collated via the questionnaires included the following variables: age, gender, 

ethnicity, marital status, highest level of education attained, working conditions, 

transport availability, smoking status, diabetes duration, cultural factors (dress wear, 

behaviors in Ramadan, perception towards obesity), number of antidiabetic medication, 

insulin therapy, the Depression, Anxiety and Stress scale (DASS-21) and International 

Physical Activity Questionnaire (IPAQ) score. The Morisky Medication Adherence 

Scale -8 (MMAS-8) score was used to measure the outcome of adherence to medication. 

MMAS-8.Glycatedhemoglobin (HBA1c (%)) was used to check the validity of the 

MMAS-8 score in this cohort as a measure of adherence to medication among the study 

participants. 

2.6. Morisky Medication Adherence Scale 
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The Morisky Medication Adherence Scale (MMAS) was designed to determine 

adherence behaviours. (Morisky, D.E, 1986) For this study the 8-item model of this 

scale was used; patients were asked 8 questions designed to determine which factors 

affect how well they adhered to their medication regimen. Table 1. 

Table 1  Self-reported medication adherence behaviour of study participants as determined by the 

Morisky 8-Item Medication Adherence Scale (MMAS-8©) 

 

 

The MMAS is a popular, easy and economical method of data collection, facilitating the 

collection of a large amount of data in a short period of time. (Morisky, D.E et al 2008) 

2.7. Depression, Anxiety and Stress Scale 

The Depression, Anxiety and Stress scale (DASS) was developed by researchers in New 

South Wales, Australia. Its purpose is to measure the patient’s response to a series of 

questions regarding the frequency and severity of recent negative, emotional 

experiences. In total, there are 42 items (although the DASS is also available in a 

condensed 21 item form the DASS 21) to which patients are required to answer via the 

means of a four-point Likert scale. Each category (depression, anxiety and stress) is 

examined by 14 items each, further broken down into subcategories to examine specific 

aspects of each condition. The score (sum or mean) of individual scales (depression, 

Item Answer

  

Numbe

r 

% 

Do you sometimes forget to take your diabetes pills? 
Yes 176 39.5% 

No 270 60.5% 

People sometimes miss taking their medications for reasons other than forgetting. 

Thinking over the past two weeks, were there any days when you did not take 

your Diabetes medicine? 

Yes 169 37.9% 

No 277 62.1% 

Have you ever cut back or stopped taking your medication without telling your 

doctor, because you felt worse when you took it? 

Yes 149 33.4% 

No 297 66.6% 

When you travel or leave home, do you sometimes forget to bring along your 

Diabetes medication? 

Yes 220 49.3% 

No 226 50.7% 

Did you take your Diabetes medicine yesterday? 
No 388 87.0% 

Yes 58 13.0% 

When you feel like your diabetes is under control, do you sometimes stop taking 

your medicine? 

Yes 261 58.5% 

No 185 41.5% 

Taking medication everyday is a real inconvenience for some people. Do you ever 

feel hassled about sticking to your diabetes treatment plan? 

Yes 204 45.7% 

No 242 54.3% 

How often do you have difficulty remembering to take all of your medicine? 

Never/Rarely 50 11.2% 

Once in a 

while 
69 15.5% 

Sometimes 96 21.5% 

Usually 101 22.6% 

All the time 130 29.1% 
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anxiety OR stress), or the total scale (depression, anxiety AND stress) can be used to 

provide an indication of the severity of the patient’s condition. As depression, anxiety 

and stress are intrinsically dimensional, assigning a ‘cut-off’ or ‘clinical norm’ against 

which to compare patients, is arbitrary. However, the outcome of the DASS has been 

reported as normal, mild, moderate, severe, or extremely severe. (Lovibond, S.H, 

1995)The DASS has been fully validated against a number of existing measures of 

depression, anxiety and stress. (Zigmond&Snaith, 1983; Bedford &Foulds, 1978).The 

DASS-21 score was utilized in this study. 

2.8. International Physical Activity Questionnaire  

The IPAQ score has been extensively validated and culturally adopted and translated 

into different languages including Arabic. The questionnaires used for employed the“7-

day recall IPAQ self-administered version”.(Kriska&Caspersen, 1997; Hagstömer, 

Oja&Sjöström, 2005). The Arabic translation for these items has been published online 

and has been used in different research in Arabic speaking countries. The Arabic 

translation for these items has been published online and has been used in different 

research in Arabic speaking countries. The IPAQ score measured would be a useful way 

of measuring activity in the study population in a standardized method which would 

increase the reliability of the data collected and, in the future, make it easier to compare 

findings from this study with others. The IPAQ score protocol used to analyse the 

questionnaire has been published online by the official IPAQ group on the following 

webpage (www.IPAQ.ki.se) and is summarized as follows: 

Category 1: Low This is the lowest level of physical activity. Those individuals who do 

not meet criteria for categories 2 or 3 are considered low/inactive.  Category 2: 

Moderate Any one of the following 3 criteria: 

• 3 or more days of vigorous activity of at least 20 minutes per day OR • 5 or more days 

of moderate-intensity activity or walking of at least 30 minutes per day OR • 5 or more 

days of any combination of walking, moderate-intensity or vigorous intensity activities 

achieving a minimum of at least 600 MET-min/week. Category 3: High Any one of the 

following 2 criteria: • Vigorous-intensity activity on at least 3 days and accumulating at 

least 1500 MET-minutes/week OR • 7 or more days of any combination of walking, 

moderate-intensity or vigorous intensity activities achieving a minimum of at least 3000 

MET-minutes/week 

 

 

 

 

 

 

 

 

3. Results: 

The Baseline characteristics are shown in Table 2.  
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Age (mean +/- std) 61 +/- 11 

Gender 
Female 51.6% (230) 

Male 48.4%(216) 

Ethnicity 

Arab Emarati 56.1% (250) 

Arab Non-Emarati 38.1% (170) 

Asian 5.8% (26) 

HbA1c baseline (mean +/- std) 8.50+/- 0.07 

SBP at baseline (mean +/- std) 133 +/- 26 

DBP at baseline (mean +/- std) 72 +/- 21 

HDL at baseline (mean +/- std) 54 +/- 11 

LDL at baseline (mean +/- std) 129 +/- 37 

TGL at baseline (mean +/- std) 212 +/- 42 

Anti-Diabetic therapy 
Monotherapy 29.4% (131) 

Combination 70.6% (315) 

Insulin use 
Yes 50.2% (224) 

No 49.8% (222) 

Prescence of Chronic 

conditions 

Yes 54.0% (224) 

No 46.0% (205) 

 

Two hundred and eighty eight (64.6%) patients were considered non-adherent (MMAS-

8© adherence score < 6) while 118 (26.5%) and 40 (9.0%) had medium adherence 

(MMAS-8© adherence score 6 to <8) and high adherence (MMAS-8© adherence scores 

=8) to their medication respectively. (Figure 1) 

Figure 1. Reported adherence rates in total study population 

 

Reported adherence in total population 

             n Percent 

 

Low Adherence (MMAS-8 <6) 288 64.6 

Medium Adherence (MMAS-8 = 6 to <8) 118 26.5 

High Adherence (MMAS-8 =8) 40 9.0 

Total 446 100.0 
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More than a third (39.5%) of the participants reported that sometimes they forgot to take 

their anti-diabetic medications; 37.9% reported that they did not take their medications 

on at least one occasion in the two weeks before the interview; 33.4% reported that they 

discontinued taking their medications without telling their doctor when they felt worse 

upon taking their medications; 49.3% reported that they sometimes forgot to take their 

medications with them when they travelled or left home; 13.0% reported taking all their 

medications on the day before the interview; 58.5% reported that they stopped taking 

their medicines when they felt like their diabetic symptoms were under control; 45.7% 

reported feeling hassled by their treatment plans; and finally 88.8% reported that they 

had difficulty remembering to take all their medicines at least once in awhile (Table 1). 

 

3.1. Reliability, Internal Consistency and validity of MMAS-8 

The Cronbach’s alpha test was calculated for the 8-item MMAS-8 and this was reliable 

at 0.736 Omission of any of the 8-items of the MMAS-8 questionnaire resulted in a 

lower Cronbach’s alpha. The validity of MMAS-8 adherence score was assessed by 

testing the ability of the score to distinguish between groups of individuals that differ 

from each other according to the HbA1c. There was a significant difference in the Mean 

HbA1c levels among the three adherence groups. Mean HbA1c was 9.24%, 7.33% and 

6.60% in the low, medium and high adherence groups respectively (p<0.05). 

3.2. Patient, Socioeconomic and Health Care system factors 

 

Age, Gender and Ethnicity 

There was a statistically significant difference in the mean age of patients who reported 

low adherence levels (MMAS-8 <6) compared to those who reported Medium (MMAS-
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8 = 6 to 7) or High adherence levels (MMAS-8 = 8) (59yrs versus 64yrs, 69 yrs 

respectively p<0.05).  

Females tended to report high adherence levels compared to males (13.5% vs 4.2%, p = 

0.001). Adherence levels also differed significantly between different ethnic groups 

with the lowest adherence levels reported by Emirati patients (81.6%) followed by Arab 

Non-Emirati (47.1%) and Asians (15.4%) (Pearson Chi-Square p<0.001)  (Table 3) 

Table 3. Adherence levels differed significantly with the patients gender and ethnic group. 

 

 Adherence level 

Low Adherence (MMAS-8 

<6) 

Medium Adherence 

(MMAS-8 = 6 to <8) 

High Adherence (MMAS-

8 =8) 

Row % N Row  % n Row % n 

Gender 
Female 57.8% 133a 28.7% 66a 13.5% 31b 

Male 71.8% 155a 24.1% 52a 4.2% 9b 

Ethnicity 

Arab Emarati 81.6% 204a 15.6% 39b 2.8% 7b 

Arab Non-

Emarati 
47.1% 80a 38.2% 65b 14.7% 25b 

Asian 15.4% 4a 53.8% 14b 30.8% 8b 

Note: Values in the same row and sub-table not sharing the same subscript are significantly different at p< .05 in 

the two-sided test of equality for column proportions. Cells with no subscript are not included in the test.  

 

 

 

Marital Status, Living arrangements, Level of education, working status and 

transport availability  

Married patients represented the majority of the cohort group with 66% (n=254), 26.5% 

(n=102), and 7.5% (n=29) of the patients married in the low, medium and high 

adherence groups respectively. Seventy-One per cent (n=5) of widowed patients 

reported high levels of adherence (MMAS-8 =8) compared to 28.6% (n=2) who 

reported medium or low levels of adherence. This was a statistically significant 

difference (p<0.001), however of note is the small number of overall widowed patients. 

Patients who reported high adherence levels (MMAS-8 = 8) were more likely to have a 

higher education level compared to those who reported medium or low adherence rates; 

62.5% had a university degree vs 21.2% and 15.6% (p<0.005). There were no 

significant differences in the living arrangements, transportation availability or working 

status between the different adherence groups. 

IPAQ 

Two-hundred and sixty eight patients reported low physical activity as indicated by 

their IPAQ scores. Low physical activity was reported more in the group of low 

adherence as compared to medium and high adherence patients (75.7% vs 22.4% vs 

1.9% p<0.001). Conversely, patients with higher physical activity scores reported 

higher adherence levels.  
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DASS-21 

The DASS-21 score was calculated for each of the following categories; depression, 

anxiety and stress. Low adherents to medication were less likely to report a normal 

depression score compared to those who were moderately and highly adherent to their 

medication (39.6% vs 49.2% vs 70% respectively, p=0.004). Low adherents to 

medication were also more likely to report severe levels of anxiety scores compared to 

those who were moderately and highly adherent to their medication (29.2% vs 16.9% vs 

10.0% respectively, p<0.001). Low adherents to medication were also more likely to 

report severe stress scores compared to those who were moderately and highly adherent 

to their medication (20.1% vs 8.5% vs 5.0% respectively, p=0.004).  

Cultural factors 

Statistical analysis of the data collected has revealed interesting and novel findings 

when it comes to the influence of cultural factors towards the attitude of diabetic 

patients to their adherence to medication.  

Low adherents to medication were more likely to wear loose traditional clothes 

(Dishdasha, Kandoura, Abaya and Jelbab) compared to those who were moderately and 

highly adherent to their medication (75.7% vs 19.5% vs 57.5% respectively, p<0.001).  

Low adherents to medication were also less likely to alter their medication under the 

guidance of their doctor during fasting in the Holy month of Ramadan compared to 

those who were moderately and highly adherent to their medication (92% vs 53.4% vs 

32.5% respectively, p<0.001).   

Low adherents to medication were also less likely to notice changes in their weight 

compared to those who were moderately and highly adherent to their medication (85.1% 

vs 62.7% vs 30% respectively, p<0.001).   

Low adherents to medication were more likely to gain weight during the fasting month 

of Ramadan compared to those who were moderately and highly adherent to their 

medication (83.7% vs 48.3% vs 32.5% respectively, p<0.001).   

Low adherents to medication were more likely to find hot weather during summer a 

challenge to exercise compared to those who were moderately and highly adherent to 

their medication (88.2% vs 39.8% vs 47.5% respectively, p<0.001).  

Condition and therapy variables 

 

Low adherents to medication were less likely to be on combination anti-diabetic therapy 

compared to those who were moderately and highly adherent to their medication (68.1% 

vs 89.8%, p<0.001). 

 Low adherents to medication were also more likely to use Insulin compared to those 

who were moderately and highly adherent to their medication (58.7% vs 37.3% vs 

27.5% respectively, p<0.001).  

Low adherents to medication were also less likely to have other chronic conditions 

compared to those who were moderately and highly adherent to their medication (46.9% 

vs 64.4% vs 75.0% respectively, p<0.001). Table 4 

Table 4.Condition and therapy variables against different reported adherence levels. 
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 Adherence level 

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence 

(MMAS-8 =8) 

n Column % n Column % n Column % 

Anti-Diabetic 

therapy 

Monotherapy 92a 31.9% 12b 10.2% 27c 67.5% 

Combination 196a 68.1% 106b 89.8% 13c 32.5% 

Insulin use 
Yes 169a 58.7% 44b 37.3% 11b 27.5% 

No 119a 41.3% 74b 62.7% 29b 72.5% 

Presence of 

Chronic 

conditions 

Yes 135a 46.9% 76b 64.4% 30b 75.0% 

No 153a 53.1% 42b 35.6% 10b 25.0% 

Note: Values in the same row and sub-table not sharing the same subscript are significantly different at p< .05 in the 

two-sided test of equality for column proportions.  

 

Low adherents to medication had shorter mean duration of diabetes compared to those 

who were moderately and highly adherent to their medication (Mean 2 yrs vs 4yrs vs 

7yrs respectively, p<0.05).  

 

3.3. Multi-logistic Regression analysis: 

The following points were undertaken during multilogistic regression analysis. 

Adherence was re-classified into adherents (MMAS-8 > 6) and non-adherents groups 

(MMAS-8 < 6).  

Multilogistic regression performed using IBM SPSS Version 20 with all the variables 

described above. Cox & Snell R square = 0.660 and Nagelkerke R Square = 0.908; 

indicating good fitness of model.  

The strongest predictor for adherence as predicted by the multi-logistic regression 

model was the patient’s level of education. A technical diploma certificate as compared 

to a primary school level of education was the strongest predictor of adherence 

(OR=66.1 CI: 6.93 to 630.43); p<0.001).  The patient’s age was also a predictor of 

adherence with older patients reporting higher levels of adherence (OR = 1.113 (CI: 

1.045 to 1.185; p=0.001 for every year increase in age). The duration of diabetes was 

also a predictor of adherence (OR = 1.830 (CI: 1.270 to 2.636; p=0.001 for every year 

increase in the duration of diabetes). The patient’s ethnicity was also a predictor of 

adherence with Arab Non-Emirati and Asian ethnicities predicting a higher level of 

adherence compared with Emirati ethnicity (OR = 8.830 (CI: 2.052 to 37.995) p=0.003; 

OR=39.4 (CI: 1.819 to 853.46) p=0.19 respectively). University level of education was 

a predictor for adherence compared to primary/secondary school level of education (OR 

= 19.6 (CI: 1.872 to 205.130); p=0.013). The behaviour of altering one’s medication 

under the guidance of their doctor during the fasting month of Ramadan was a strong 

predictor of adherence as well (OR = 62.68 (CI: 9.324 to 421.286; p<0.001). The 

behaviour of patients around paying attention to one’s weight was a predictor of 

adherence as well (OR = 7.965 (CI: 1.971 to 32.18; p=0.004). Conversely, the challenge 
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of exercising due to hot weather in summer was a predictor of non-adherence (OR = 

0.170 (CI: 0.037 to 0.777) p=0.022). Similarly insulin use and traditional Arabic dress 

code were associated with non-adherence (OR= 0.188 (CI: 0.05 to 0.709); p=0.014; 

OR=0.010 (CI: 0.002 to 0.071) p=0.188 respectively). (Table 5, Figure 2) 

Table 5.Significant predictors to adherence after multi-logistic regression modelling. 

 

Variables Odds Ratio (95% CI) p-Value 

Age 1.113 (1.045 -1.185) .001 

Duration of Diabetes/years 1.830 (1.270-2.636) .001 

Arab Non-Emarati Ethnicity 8.830 (2.052-37.995) .003 

Asian Ethnicity 39.400 (1.819-853.5) .019 

Technical Diploma 66.076 (6.925-630.4) .000 

University Degree 19.596 (1.872-205.130) .013 

Insulin use .188 (0.05-0.709) .014 

Traditional Dress code .010 (0.002-0.071) .000 

Alteration of Diabetes Medsunder GP 

guidance during Ramadan 

62.675 (9.324-421.3) .000 

Attention to weight change 7.965 (1.971-32.18) .004 

No change in weight in Ramadan 14.112 (0.995- 200.2) .050 

Difficulty to exercise in Summer .170 (0037-0.777) .022 

 

 

4. Discussion 
 

Limited data exist on the adherence of diabetics in the United Arab Emirates to their 

medication prescribed by their doctors as well as on the factors influencing their 

adherence. Studies in other countries have demonstrated poor adherence rates of 

medication among diabetics and patients suffering with other chronic conditions. Al 

Mazroui(Al Mazroui, N. R et al, 2009) demonstrated a significant reduction in the 

levels of HbA1c among diabetics receiving an intensive educational program over a 12 

month period of time (baseline vs. 12 months; 95% confidence interval) of HbA1c8.5% 

(8.3, 8.7) vs. 6.9% (6.7, 7.1). Reed (Reed, R. et al, 2005) demonstrated the important 
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role of chronic diabetes clinics in the UAE at improving diabetes outcomes as measured 

by HbA1c levels and blood pressure.  

Despite this lack of data from the United Arab Emirates there have been numerous 

studies from around the world looking at the impact of medication adherence on 

outcome in patients of chronic medical diseases including diabetes. An American 

observational study concluded that high adherence levels to medication among diabetics 

were associated with an overall reduction in healthcare costs. (SOKOL, 2005).Another 

retrospective study of over 11,000 patients showed that poorly non -adherent diabetics 

had higher all-cause hospitalization and all-cause mortality compared to adherent 

diabetics. (Ho, P.M. et al, 2009) Adherence to medication in diabetes is therefore of 

utmost importance, and identifying factors that lead to poorer medication compliance 

should be identified to guide healthcare policy. 

The adherence rates among diabetics in this group of type 2 diabetics followed through 

a primary care setting were low (64.6% of patients were considered non-adherent with a 

MMAS-8© adherence score < 6).  The predictors of nonadherence to medications were 

studied using a multi-logistic regression model and different socio-economic, 

demographic and disease related factors were identified.  The strongest predictor for 

adherence as predicted by the multi-logistic regression model was the patient’s level of 

education. A technical diploma certificate as compared to a primary school level of 

education was the strongest predictor of adherence (OR=66.1 CI: 6.93 to 630.43); 

p<0.001).  This finding of lower adherence levels in those with a lower education 

achievement should shift focus on this group with greater levels of care directed to them 

to ensure the issue of adherence is addressed.  

The patient’s ethnicity was also found to be a predictor of lower adherence levels, with 

the local Emirati population having a lower level of adherence. Non-Emirati patients 

tend to be a highly skilled workforce reflecting a higher level of education and skills. 

This could explain the higher level of understanding of their underlying medical 

condition and the importance of medication adherence.   

The patient’s age was also a predictor of adherence with older patients reporting higher 

levels of adherence (OR = 1.113 (CI: 1.045 to 1.185; p=0.001 for every year increase in 

age). The duration of diabetes was also a predictor of adherence (OR = 1.830 (CI: 1.270 

to 2.636; p=0.001 for every year increase in the duration of diabetes). Subsequently, 

younger patients with a shorter duration of diabetes are less likely to have come to terms 

with the diagnosis of their diabetes and had a shorter time to grasp the concept of 

medication adherence than their older counterparts. This group of patients tend to be 

more vulnerable and therefore require more policies to be in place to ensure they are 

well supported and encouraged during this early phase of diagnosis.  

The behaviour of altering one’s medication under the guidance of their doctor during 

the fasting month of Ramadan was a strong predictor of adherence as well (OR = 62.68 

(CI: 9.324 to 421.286; p<0.001). The behaviour of patients around paying attention to 

one’s weight was a predictor of adherence as well (OR = 7.965 (CI: 1.971 to 32.18; 

p=0.004).  Conversely, the challenge of exercising due to hot weather in summer was a 

predictor of non-adherence (OR = 0.170 (CI: 0.037 to 0.777) p=0.022). Similarly insulin 

use and traditional Arabic dress code were associated with non-adherence (OR= 0.188 

(CI: 0.05 to 0.709); p=0.014; OR=0.010 (CI: 0.002 to 0.071) p=0.188 respectively). 

Non-adherence may arise as a consequence of the patient knowingly disregarding their 

treatment regimen (active non-adherence), or as a consequence of carelessness or 
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forgetfulness, whereby patients occasionally omit their medication from their daily 

routine or take that medication later than required (passive non-adherence).  

The limitations of this study include the small size, which despite meeting the pre-

determined study size sample predicted before starting the study would continue to be a 

source of population bias error. The MMAS is a popular, easy and economical method 

of data collection, facilitating the collection of a large amount of data in a short period 

of time. Furthermore, the questions are purposely phrased to avoid the ‘yes-saying’ bias 

as it is known that patients feel they should provide healthcare providers with a positive 

response. However, there are limitations to this method of data collection; the MMAS 

does not account for personal or lifestyle factors (e.g. age, physical ability, means of 

transport, known methods of communication, etc.), and the outcome of these questions 

can be biased by patients supplying false information. There was no direct measurement 

of adherence to medication however the MMAS-8 score has been well validated in 

measuring medication adherence in diabetes and other chronic conditions. 

 

5. Conclusion 
 

Adherence to medication among diabetics continues to be low. A number of important 

predictors to medication adherence in diabetics were identified in this study. Such 

predictors could help develop policies for improving adherence in diabetics. 
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Abstract   

Background Diabetes is a chronic medical condition and adherence to medication in 

diabetes is important. Improving medication adherence in adults with diabetes would 

help prevent the chronic complications associated with diabetes. A case control trial was 

used to study the effects of an educational session on medication adherence among 

adults with diabetes as measured by the Morisky Medication adherence scale (MMAS-

8©). 

Methods: The study took place at the Dubai Police Health Centre between February 

2015 and November 2015. Questionnaires were used to collect socio-demographic, 

clinical and disease related variables and the primary measure of outcome was 

adherence levels as measured by the Morisky Medication Adherence Scale (MMAS-

8©). The intervention group involved a standardized thirty minute educational session 

focusing on the importance of adherence to medication. The change in MMAS-8© was 

measured at six months.  

Results: Four hundred and forty six patients were enrolled. Mean age 61 yrs +/- 11. 

48.4% were male. The mean time since diagnosis of diabetes was 3.2 years (Range 1-15 

years). At baseline two hundred and eighty eight (64.6%) patients were considered non-

adherent (MMAS-8© adherence score < 6) while 118 (26.5%) and 40 (9.0%) had low 

adherence (MMAS-8© adherence score < 6) and medium adherence (MMAS-8© 

adherence scores of 6 to 7) to their medication respectively. The percentage of patients 

scoring low adherence MMAS-8 scores in the interventional group dropped from 

64.60% at baseline to 44.80% at 6-months (p=0.01). There was no obvious change in 

the adherence scores at baseline and at 6-months in the control group. Based on the 

study data, the Wilcoxon signed-rank test showed that at 6 months, the educational 30-

minute session on diabetes and adherence to medication did elicit a statistically 

significant change in adherence levels in adults with diabetes enrolled in the 

intervention arm (Z = -6.187, p <0.001).  
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Conclusion: Adults with diabetes would benefit from educational sessions focusing on 

the importance of adherence to medication. Public health strategies should focus on 

wider educational strategies targeting medication adherence in diabetic patients in the 

UAE. 

1. Background 

Diabetes mellitus is a chronic metabolic disease affecting approximately 341 million to 

371 million people worldwide. (Danaei, G. et al. 2011) Furthermore, it is estimated that 

one third of those affected (approximately 122.5 million) are not aware that they have 

the condition. (Saudek, C.D. et al. 2008). 

The oil boom has led to a massive increase in the GDP and disposable income of the 

people of the United Arab Emirates (UAE). The UAE was ranked as the 19th highest 

income countries of the world in 2012 (International Monetary Fund) and is categorized 

as a high income country according to the (World bank, 2012). This has led to a more 

affluent lifestyle, and from health point an increase in total calorie intake per person 

together with a decrease in calorie expenditure. This has led to a nationwide obesity 

pandemic with the rates of obesity climbing to record highs and standing at about 68% 

of the population according to one estimate from 2007 (Lauren Streib 2007). 

The United Arab Emirates (UAE) is now being listed as the country with the 11th 

highest prevalence of diabetes globally (primarily type-2) (Diabetes UAE. 2011) 

Furthermore, metabolic control of diabetes is reportedly poor, leading to an increased 

risk of associated complications. (Saadi, H. et al 2007). Almost 70 % of Emirati 

nationals are reported to be overweight or obese (NG, S.W et al 2011), and one third of 

Emirati children are also now obese; these figures are two to three times those of 

international standards  thus, it is not surprising that the prevalence of type-2 diabetes 

has escalated. (AL-Haddad, F.H 2005) 

Medication non-adherence is of increasing concern for healthcare providers despite the 

known benefits of modern treatment regimens, with prevalence reported in one study to 

be in excess of 50 % of diabetic patients. The consequences of non-adherence include 

not only health-related consequences (i.e. failure of treatment, re-hospitalisation, death), 

but also financial consequences as the cost of emergency medical interventions as a 

consequence of non-adherence outweigh the combined cost of an adhered-to medication 

regimen (Ho, P.M 2009). The WHO has identified non-adherence as a multifactorial 

problem caused by the interplay of factors from any of the following 5 areas: 1) the 

patient, 2) the condition, 3) the type of therapy prescribed, 4) socioeconomic factors, 

and 5) health system related factors. Several studies have been carried out looking at 

medication adherence in diabetic patients around the world; however no studies have 

been performed in the U.A.E. (Jamous RM, 2011; Sweileh WM, 2014) 

 

2. Methods: 

2.1 Study design: 
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A case control trial was used to study the effects of an educational session on 

medication adherence among adults with diabetes as measured by the Morisky 

Medication adherence scale (MMAS-8©).Patients were randomized to standard care 

(control group) or standard care plus an educational session (intervention group) on the 

importance of adherence to medication. The MMAS-8 © scores were collected via 

questionnaires at baseline and at the end of the study. The change in MMAS-8 © scores 

was analysed using statistical software. The research topic was granted an ethical 

clearance through the Human Research Ethics Committee at Griffith University GU Ref 

No: PBH/11/14/HREC and confirmed with the Dubai Police Research Ethics standards. 

 

2.2 Study Setting: 

The study took place at the Dubai Police Health Services Clinic between February 2015 

and November 2015. This centre provides primary care and speciality care for all Dubai 

Police employees and members of their families and had over 200,000 clinic visits in 

2014 alone.  

2.3.Procedures (Figure 1) 
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Inclusion criteria: All patients were type 2 adults with diabetes on at least one anti-

diabetic medication following a diabetes diagnosis of one year or more. Male and 

female patients between the age of 18 and 80 years were eligible for the study. The 

following exclusions applied:  cognitive impairment, pregnant or breast feeding women, 

non-residents and patients who did not comprehend either the English or Arabic 

language. 

The investigators identified and screened potential participants in the following manner: 

all patients present in the waiting area of the diabetic clinic were asked if they were 

willing to talk to the investigator. If the person agreed, then an informed consent was 

read and explained by the investigators. Once verbal consent was obtained, the 

inclusion and exclusion criteria were checked.  
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Data was collected primarily via questionnaires. Patients were asked to fill in these 

questionnaires in order to gather demographic information and information regarding 

motivations and associated behaviours. These questionnaires were written using the 

Android Database software package (MEMENTO). The questionnaires were then 

handed out in electronic form using an Android tablet. The tablets were purchased for 

the purpose of this research and were solely used for this purpose. These tablets were 

secured with an encrypted password and were locked in drawer at the research office 

when not in use. The tablets and questionnaires were supervised by one of the research 

investigators at the time of interview to ensure the correct handling of the questionnaire 

and to troubleshoot any problems if they would arise. The questionnaire forms were 

based on a number of field styles including free text, date, single best answer and multi-

check selections. The database software collated the results into an excel sheet which 

was later exported to a computer for further data analysis. All participants completed the 

questionnaires in a private clinic room.  

A simple random number generator was used to randomly allocate patients to either the 

control group or the intervention group. The intervention group then went on to attend a 

30-minute education session about diabetes and its associated medication (this group is 

referred to as the ‘intervention group’), whilst the other group was not invited to attend 

this session, and instead received the same level of education regarding diabetes as is 

offered as standard from UAE healthcare providers (this group is referred to as the 

‘control group’).  Following which, the intervention group received a weekly phone call 

to check on their progress for the duration of 3 months, the control group were not 

eligible for these phone calls. The follow-up phone call served more of a motivational 

strategy by asking the patients standardized questions like: 1- Do you have any concerns 

about your diabetes medication? – Interviewer to try and answer the patients concerns 

and refers to clinician as appropriate. 2- Did you face circumstances that have prevented 

you from picking up your medication from your pharmacy? Interviewer: To try and 

address these concerns and refer to social worker as appropriate. 

The patients were then re-invited to undertake the questionnaires at 6 months from the 

time of their initial visit in order to determine any long-term improvements in 

medication adherence. Furthermore, whole blood samples were collected by 

venepuncture from all patients at their initial and 6-month visits in order to determine 

HbA1c concentrations. 

2.4.Educational session on adherence to medication 

Patients randomized to the intervention arm were subjected to a 30 minute educational 

session focusing on the importance of medication adherence.  The educational session 

was undertaken by a diabetes nurse and consisted of a 30 minute session aided with a 

PowerPoint presentation based on slides adopted from the International Diabetes 

Federation (IDF) education modules published online in 2011. The PowerPoint 

presentation was structured around medication adherence and compliance. The 

importance of medication adherence as well as barriers to self-management were 

covered and explained by covering the following themes:  
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Check that the patient understands when and how they should take their medicine. 

Ask the patient when they will take the medicine 

Explain the benefits of the medicine—stress the fact that patients may not have any 

symptoms of diabetes or feel at all ill; therefore unlikely that the medicine will make 

them “feel better” 

Be sure it is understood that the medicine is having a beneficial effect inside the body 

Ensure that people know what to expect in terms of side effects, and that these might 

only be short term; thus people will be more likely to continue with the medicine 

(another reason people stop is that they did not like the side effects) 

The aim of the interview was to educate the patients on the importance of medication 

and the importance of adherence in the long term on the outcomes of their diabetes. 

Breifly, the investigators would have explained the action of each diabetes medication, 

the time at which the medication was to be taken and the benefits of taking these 

medications. These points would have re—inforced the patients’ knowledge on diabetes 

management and medication compliance.  

The didactive nature of the slide show presentation was coupled with a more 

collaborative approach where the diabetes educator would encourage the patient to ask 

questions about medication adherence and answer those questions.   

2.5.Data Variables: 

The data collated via the questionnaires included the following variables: age, gender, 

ethnicity, marital status, highest level of education attained, working conditions, 

transport availability, smoking status, diabetes duration, cultural factors (dress wear, 

behaviors in Ramadan, perception towards obesity), number of anti-diabetic medication, 

insulin therapy, the Depression, Anxiety and Stress scale (DASS-21) and International 

Physical Activity Questionnaire (IPAQ) score. The Morisky Medication Adherence 

Scale -8 (MMAS-8) score was used to measure the outcome of adherence to medication. 

MMAS-8. The GlycatedHaemoglobin test (HbA1c (%)) was used to check the validity 

of the MMAS-8 score in this cohort as a measure of adherence to medication among the 

study participants. IBM SPSS-20 was used for statistical analyses. 

2.6.Morisky Medication Adherence Scale 

The Morisky Medication Adherence Scale (MMAS) was designed to determine 

adherence behaviours. For this study the 8-item model of this scale was used; patients 

were asked 8 questions designed to determine which factors affect how well they 

adhered to their medication regimen.  The MMAS is a popular, easy and economical 

method of data collection, facilitating the collection of a large amount of data in a short 

period of time. (Morisky, D.E et al 2008) 

3. Results: 
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A total of 513 patients were identified as meeting the study inclusion criteria, and 446 

patients agreed to take part of the study. There were no patients lost to follow-up. 

(Figure 1) There were 223 patients in the control group and 223 patients in the control 

group. The baseline characteristics were well distributed between the two groups with 

no significant differences among the two groups. 48.4% (n=216) of patients were male. 

The mean time since diagnosis of diabetes was 3.2 years (Range 1-15 years). Emaratis 

represented 56.1% of the study population patients, followed by Arab Non Emarati 

patients (38.1%) and Asian patients (5.8%).  

Two hundred and eighty eight (64.6%) patients were considered non-adherent (MMAS-

8© adherence score <6) while 118 (26.5%) and 40 (9.0%) had medium adherence 

(MMAS-8© adherence score 6 to 7) and high adherence (MMAS-8© adherence scores 

of <8) to their medication respectively.  

 The strongest predictor for adherence as predicted by the multi-logistic regression 

model was the patient’s level of education. A technical diploma certificate as compared 

to a primary school level of education was the strongest predictor of adherence 

(OR=66.1 CI: 6.93 to 630.43); p<0.001). The patient’s age was also a predictor of 

adherence with older patients reporting higher levels of adherence (OR = 1.113 (CI: 

1.045 to 1.185; p=0.001 for every year increase in age). The duration of diabetes was 

also a predictor of adherence (OR = 1.830 (CI: 1.270 to 2.636; p=0.001 for every year 

increase in the duration of diabetes). Other predictors to medication adherence include 

Insulin use, ethnicity and certain cultural behaviours. 

 

Reliability, Internal Consistency and validity of MMAS-8 

The Cronbach’s alpha test was calculated for the 8-item MMAS-8 and this was reliable 

at 0.736 Omission of any of the 8-items of the MMAS-8 questionnaire resulted in a 

lower Cronbach’s alpha. The validity of MMAS-8 adherence score was assessed by 

testing the ability of the score to distinguish between groups of individuals that differ 

from each other according to the HbA1c. There was a significant difference in the Mean 

HbA1c levels among the three adherence groups. Mean HbA1c was 9.24%, 7.33% and 

6.60% in the low, medium and high adherence groups respectively (p<0.05). 

Adherence as measured by the MMAS-8 ordinal scores 

Descriptive statistics of the data analysed showed a significant increase in the adherence 

levels in the interventional arm. The percentage of patients scoring low adherence 

MMAS-8 scores in the interventional group dropped from 64.60% at baseline to 

44.80% at 6-months (p=0.01). Meanwhile there was no obvious change in the adherence 

scores at baseline and at 6-months in the control group. (Figure 4). 

Interventional arm 

Based on the study data, the Wilcoxon signed-rank test showed that at 6 months, the 

educational 30-minute session on diabetes and adherence to medication did elicit a 

statistically significant change in adherence levels in patients enrolled in the 
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intervention arm (Z = -6.187, p <0.001). The median MMAS-8 Score rating was 1.0 

(Low adherence) pre-intervention and 2.0 (medium adherence) post-intervention. 

Control arm 

On the other hand, the Wilcoxon signed-rank test showed that at 6 months, there was no 

statistically significant change in adherence levels in patients in the control group (Z = -

1.528, p =0.127). The median MMAS-8 Score rating was 1.0 (Low adherence) at 

baseline and at six months. 

Changes in HbA1c  

The mean HbA1c at 6 months was compared to the baseline mean HbA1c in both the 

Intervention and Control groups using the paired samples T-test. The T-test showed a 

significant decrease in mean HbA1c at 6-months in the intervention group from baseline 

(8.5% vs 7.2% p<0.001). At the same time there was a non-significant decrease in 

HbA1cn the control group (8.50% vs 8.45% p = 0.079).  

 

4. Discussion 

Limited data exist on the adherence of diabetics in the United Arab Emirates to their 

medication prescribed by their doctors as well as on the factors influencing their 

adherence. This single centre case control study of 446 patients in the United Arab 

Emirates primarily looked at the utility of an educational session at increasing the levels 

of medication adherence among patients with diabetes. The results showed an increase 

in the MMAS-8 adherence scores with the percentage of non-adherents dropping from 

65% to 45%.  

Studies in other countries have demonstrated poor adherence rates of medication among 

diabetics and patients suffering with other chronic conditions. Al Mazroui(Al Mazrouiet 

al 2009) demonstrated a significant reduction  in the levels of HbA1c among diabetics 

receiving an intensive educational program over a 12 month period of time (baseline vs. 

12 months; 95% confidence interval) of HbA1c8.5% (8.3, 8.7) vs. 6.9% (6.7, 7.1). Reed 

(Reed et al, 2005) demonstrated the important role of chronic diabetes clinics in the 
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UAE at improving diabetes outcomes as measured by HbA1c levels and blood pressure. 

However, neither of the former ‘UAE based’ studies had been designed to study the 

levels of adherence to medication among diabetics.  

 Despite this lack of data from the United Arab Emirates and the Arab world as a 

whole, there have been numerous studies from around the world looking at the impact 

of medication adherence on outcome in patients of chronic medical diseases including 

diabetes. An American observational study concluded that high adherence levels to 

medication among diabetics were associated with an overall reduction in healthcare 

costs. Another retrospective study of over 11,000 patients showed that poorly non-

adherent diabetics had higher all-cause hospitalization and all-cause mortality compared 

to adherent diabeticsAdherence to medication in diabetes is therefore of upmost 

importance, and identifying factors that lead to poorer medication compliance should be 

identified to guide healthcare policy. 

Non-adherence may arise as a consequence of the patient knowingly disregarding their 

treatment regimen (active non-adherence), or as a consequence of carelessness or 

forgetfulness, whereby patients occasionally omit their medication from their daily 

routine or take that medication later than required (passive non-adherence).  

The WHO has identified non-adherence as a multifactorial problem caused by the 

interplay of factors from any of the following 5 areas: 1) the patient, 2) the condition, 3) 

the type of therapy prescribed, 4) socioeconomic factors, and 5) health system related 

factors (WHO, 2001).  This complex interaction of different factors leading to non-

adherence has been studied by many groups around the world. In Italy, Viana et al 

(Viana, L. V, 2016) published a meta-analysis of RCTs in patients with type-1 diabetes 

which focused on psychological, telecare and educational interventions to improve 

treatment compliance.  This meta-analsysis has shown that psychological approaches to 

improve adherence to diabetes care treatment modestly reduced HbA1c in patients with 

type 1 diabetes; telecare and education interventions however did not change glycemic 

control. 

Koenisberg(Koenigsberg, Bartlett & Cramer, 2004) have shown that reviewing patient 

goals and treatment regimens at regular intervals (e.g. monthly, biannually, or annually) 

has been shown to help patients to persist in adhering to their treatment plan. 

Encouraging patients to monitor their own progress is also important in order for long-

term adherence to be successful; it is important, however, for patients to develop their 

own record system to ensure they maximise their chances of adhering to a long-term 

treatment plan. Flexibility in treatment options is also important as patients are more 

likely to achieve their goals using treatments they feel more comfortable with.   

Education has been identified as a major barrier to adherence to clinical interventions. 

Patient counselling to improve patient knowledge of the disease and the benefits of both 

medical intervention and lifestyle changes has been introduced. Coaching is also now 

available to encourage positive lifestyle choices, empower patients, develop self-

sufficiency and assist patients in identifying and overcoming their own barriers to 

adherence (Koenigsberg, Bartlett & Cramer, 2004).  
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In our cohort of patients the strongest independent predictor of adherence was the 

patient’s education level. A technical diploma certificate as compared to a primary 

school level of education was the strongest predictor of adherence (OR=66.1 CI: 6.93 to 

630.43); p<0.001). Educational websites have been set up in order to raise health 

literacy and allow an anonymous forum in which patients can clarify any issues which 

may be preventing medication adherence.  However many patients lack access to such 

resources. Furthermore, tailoring specific exercise plans and personalising diet plans 

may also help patients achieve their lifestyle-change goals. This study of type 2 diabetes 

patients in the United Arab Emirates explored the utility of an educational session on 

improving medication adherence. The adherence rates among adults with diabetes in 

this group of patients followed through a primary care setting were extremly low 

(64.6% of patients were considered non-adherent with a MMAS-8© adherence score < 

6).  

The data analysed showed an obvious increase in the adherence levels in the 

interventional arm. The percentage of patients scoring low adherence MMAS-8 scores 

in the interventional group dropped from 64.60% at baseline to 44.80% at 6-months 

(Pearson Chi-square p=0.01). Meanwhile there was no obvious change in the adherence 

scores at baseline and at 6-months in the control group.  

Based on the study data, the Wilcoxon signed-rank test showed that at 6 months, the 

educational 30-minute session on diabetes and adherence to medication did elicit a 

statistically significant change in adherence levels in diabetics enrolled in the 

intervention arm (Z = -6.187, p <0.001). The median MMAS-8 Score rating was 1.0 

(Low adherence) pre-intervention and 2.0 (medium adherence) post-intervention.  

The patients in this study were individually subjected to the educational session which 

was both time-consuming and man-power intensive. This could be facilitated in the 

future by asking patients to attend group sessions that could also touch upon other 

aspects of diabetes besides medication compliance. The Desmond trial showed that a 

structured group education programme for patients with newly diagnosed type 2 

diabetes resulted in greater improvements in weight loss and smoking cessation and 

positive improvements in beliefs about illness but there were no differences in HA1c 

levels up to 12 months after diagnosis.  (Weinger, K, 2011).  Trento et al (2004) has 

also shown in an RCT over a 5-year period that group care and education of patients 

with diabetes was associated with better quality of life and knowledge of diabetes 

compared to control individual care.  

The intial interview consisted of only 30 minutes of “one-on-one” time between the 

interviewer and the patient. This time is shorter when compared to the time utilitized in 

group intervention programmes. For example, Weinger et al has shown that a structured 

behavioral intervention consisting of 5 two-hour sessions, delivered over 6 weeks, of 

highly structured behavior-based activities and information was effective in improving 

glycemia in adults with long-duration diabetes.The limitations of this study include the 

small size, which despite meeting the pre-determined study size sample predicted before 

starting the study would continue to be a source of population bias error. The MMAS is 

a popular, easy and economical method of data collection, facilitating the collection of a 
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large amount of data in a short period of time. Furthermore, the questions are purposely 

phrased to avoid the ‘yes-saying’ bias as it is known that patients feel they should 

provide healthcare providers with a positive response.  However, there are limitations to 

this method of data collection; the MMAS does not account for personal or lifestyle 

factors (e.g. age, physical ability, means of transport, known methods of 

communication, etc.), and the outcome of these questions can be biased by patients 

supplying false information. There was no direct measurement of adherence to 

medication however the MMAS-8 score has been well validated in measuring 

medication adherence in diabetes and other chronic conditions 

5. Conclusion 

Adherence to medication among diabetics in the U.A.E. continues to be low. In this 

study there was a significant improvement in the adherence to medication in diabetics 

taking part in an educational session focusing on the importance of anti-diabetes 

medication and adherence to it. The results of such a pilot program would be of upmost 

value in supporting the implantation of bigger trials or even a national educational 

program in the UAE which up to today is still lacking. Public health policy makers in 

the U.A.E. should be equipped and ready with all the knowledge to get services ramped 

up quickly as the ‘Diabetes Tsunami’ hits its shores. 
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CHAPTER SEVEN: 

7 Results expanded 

7.1 Study Setting 

The study took place at the Dubai Police Health Services Clinic between 

February 2015 and November 2015. This centre provides primary care and specialty 

care for all Dubai Police employees and members of their families and had over 

200,000 clinic visits in 2014 alone. The patients were followed up for a total period of 

six months. This included a 3 monthly and 6 monthly questionnaire assessing the 

Morisky Score adherence score as well as a clinic visit which included a blood test to 

check for changes in HbA1c and cholesterol profiles. The patients were identified at the 

diabetes clinics and were approached at the time of their routinely scheduled diabetes 

check. The patients were given the patient information sheet and the trial was explained 

to them. The patients were then asked to sign the consent sheet and subsequently given 

the baseline questionnaire and blood test. The patients were then randomized into the 

control and intervention groups and subsequently followed up according to the research 

protocol.  

7.2 Recruitment Procedure 

The investigators identified and screened potential participants in the following 

manner: all patients present in the waiting area of the diabetic clinic were asked if they 

are willing to talk to the investigator. If the person agreed, then an informed consent 

was read and explained by the investigators. Once verbal consent was obtained, the 

inclusion and exclusion criteria were checked. The Tablet based questionnaires required 

for the study were explained to the patient and a qualified phlebotomist obtained the 

blood sample. All participants completed the questionnaires in a private clinic room. 

7.3 Inclusion and Exclusion Criteria 

All patients were residents of the UAE, and receiving at least one anti-diabetic 

medication following a diagnosis at a designated Diabetic Centre of type-2 diabetes of 1 

year or more. Both male and female patients were included in this study, and were aged 

between 18 and 80. The following exclusions also applied:  cognitive impairment, 
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pregnant or breast feeding women, non-residents and patients who do not comprehend 

either the English or Arabic language. A total of 513 patients were identified as meeting 

the study inclusion criteria, and 446 patients agreed to take part of the study. There were 

no drop-out rates and follow-up was completed for all 446 patients. 

7.4 Recruitment Flowchart 

  575 Patients screened at Dubai Police Health Clinic 

513 Patients met inclusion criteria 

446 consented to take part in study 

62 Patients were excluded: 
15 – Dementia 
20 – 
Pregnant/breast 
feeding 
23 – Language 

barriers 
4- Non-resident 

 

5 patients declined 

to consent 

446completed baseline questionnaire 

and blood test 

223Control Group 223Randomized Group 

223Control Group: completed 

exit questionnaire and blood 

test at 6-months. 

223Randomized Group: 

completed 3- monthly 

questionnaire and 

telephone interview 

223Randomized Group: 

completed exit questionnaire 

and blood test at 6-months. 

Figure 9: Recruitment Flowchart 
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7.5 Data Collection Techniques 

Data was collected primarily via questionnaires. These questionnaires were 

written using the Android Database software package (MEMENTO). The 

questionnaires where then handed out in electronic form using an Android tablet. The 

tablets where purchased for the purpose of this research and were solely used for this 

purpose. These tablets were secured with an encrypted password and were locked in 

drawer at the research office when not in use. The tablets and questionnaires were 

supervised by one of the research investigators at the time of interview to ensure the 

correct handling of the questionnaire and to troubleshoot any problems if they would 

arise. The questionnaire forms where based on a number of field styles including free 

text, date, single best answer and multi-check selections. The database software collated 

the results into an excel sheet which was later exported to a computer for further data 

analysis. The questionnaires were administered again at 3-months and 6-months from 

the time of baseline visit. 
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Figure 10: Screenshot of Patient Information Sheet used for Data Collection 
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Figure 11: Screenshot of Part of the Questionnaire Showing Drop box Multichoice Field Forms 
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7.6 Baseline Characteristics 

A total of 446 patients were recruited (Table 3.8.1) and followed up for six 

months. There were 223 patients in the control group and 223 patients in the control 

group. The baseline characteristics were well distributed between the two groups with 

no significant differences among the two groups. 48.4% (n=216) of patients were male.  

The mean time since diagnosis of diabetes was 3.2 years (Range 1-15 years). 

Emiratis represented 56.1% of the study population patients, followed by Arab Non 

Emirati (38.1%) and Asian patients (5.8%). Other baseline characteristics are described 

in the table below.  
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Table 10: Baseline Characteristics of all Participants 
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 Continued Baseline Characteristics of all participants 
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7.7 Reliability and Internal Consistency of MMAS-8 

IBM SPSS (Version 20) was used to calculate the Cronbach’s alpha test for the 

8-item MMAS-8 and this was reliable at 0.736 (Table 3.9.1.a). Omission of any of the 

8-items of the MMAS-8 questionnaire resulted in a lower Cronbach’s alpha (Table 

3.9.1.b). The Cronbach alpha (Cronbach 1951) is a measure of internal consistency 

between the different items and would increase as the inter-correlations among these 

items increases. The internal consistency for each item of the scale as well as the scale 

itself was assessed by calculating Cronbach’s α coefficient. This coefficient indicates 

whether or not each item in a scale is appropriate for determining the underlying 

concept of the scale addressed. Values calculated to be equal or higher than 0.5 are 

regarded to indicate satisfactory internal consistency; 0.7 and 0.8 are good, 0.8 and 0.9 

are great, and > 0.9 are superb (Parsian& Dunning, 2009).  

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's 

Alpha Based on 

Standardized 

Items 

N of Items 

.710 .736 8 

Table 11: Cronbach’s Alpha for 8-item MMAS-8 Questionnaire 

 

 Item-Total Statistics  

 Scale Mean if Item 

Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

MMAS Item 1 9.0661 12.412 .410 .688 

MMAS Item 2 9.0504 12.243 .466 .681 

MMAS Item 3 9.0056 12.036 .551 .672 

MMAS Item 4 9.1648 12.425 .393 .689 

MMAS Item 5 8.8016 13.752 .079 .722 

MMAS Item 6 9.2567 12.620 .342 .695 

MMAS Item 7 9.1289 12.094 .496 .677 

MMAS Item 8 9.0622 12.528 .596 .680 

Table 12: Cronbach’s Alpha after Omission of any of the 8-Items of MMAS-8 Questionnaire 
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7.8 Validity of MMAS-8 Adherence Levels to Measured HbA1c. 

The validity of MMAS-8 adherence score was assessed by testing the ability of 

the score to distinguish between groups of individuals that differ from each other 

according to the HbA1c. (De Oliveira-Filho et al., 2014). The validity was assessed 

through investigating the association between HbA1c levels and the MMAS-8 

categories (i.e., low, medium, and high adherence) using the Chi-squared and analysis 

of variance (ANOVA) tests followed by the Tukey test.  

We expected that those who scored lower on the MMAS-8, literally translated to 

lower adherence level, were more likely to have higher HbA1c levels (Morisky et al., 

2008).  

There was a significant difference in the Mean HbA1c levels among the three 

adherence groups. Mean HbA1c was 9.24%, 7.33% and 6.60% in the low, medium and 

high adherence groups respectively (p<0.05).  

 

Figure 12: Mean HbA1c in Different Adherence Groups 
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Figure 13: Histograms showing HbA1c Distribution in the Different Adherence Groups 
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Table 13: Mean HbA1c Differed Significantly Among the Different Adherence Levels as Predicted by the 
MMAS-8 Score 

 Adherence level 

Low Adherence (MMAS-8 

<6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence (MMAS-8 

=8) 

Mean Standard 

Error of 

Mean 

Mean Standard 

Error of 

Mean 

Mean Standard 

Error of 

Mean 

HbA1c 9.24a     0.07 7.33b 0.05 6.60c 0.06 

Note: Values in the same row and sub table not sharing the same subscript are significantly 

different at p< .05 in the two-sided test of equality for column means. Cells with no subscript are 

not included in the test. Tests assume equal variances.1 

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using 

the Bonferroni correction. 
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7.9 Reported Adherence 

Two hundred and eighty eight (64.6%) patients were considered non-adherent 

(MMAS-8© adherence score <6) while 118 (26.5%) and 40 (9.0%) had medium adherence 

(MMAS-8© adherence score 6 to 7) and high adherence (MMAS-8© adherence scores of 8) 

to their medication respectively.  

Table 14: Reported Adherence Rates in Total Study Population 

 Frequency Percent 

 

Low Adherence (MMAS-8 <6) 288 64.6 

Medium Adherence (MMAS-8 = 6 to 7) 118 26.5 

High Adherence (MMAS-8 =8) 40 9.0 

Total 446 100.0 

 

Figure 14: Reported Adherence Rates in Total Study Population 
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More than a third (39.5%) of the participants reported that sometimes they forgot to 

take their anti-diabetic medications; 37.9% reported that they did not take their medications 

on at least one occasion in the two weeks before the interview; 33.4% reported that they 

discontinued taking their medications without telling their doctor when they felt worse upon 

taking their medications; 49.3% reported that they sometimes forgot to take their medications 

with them when they travelled or left home; 13.0%reported taking all their medications on 

the day before the interview; 58.5%reported that they stopped taking their medicines when 

they felt like their diabetic symptoms were under control; 45.7% reported feeling hassled by 

their treatment plans; and finally 88.8% reported that they had difficulty remembering to take 

all their medicines at least once in a while (Table 3.9.2.A). 

 

Item Answer

  

Number % 

Do you sometimes forget to take your diabetes pills? 
Yes 176 39.5% 

No 270 60.5% 

People sometimes miss taking their medications for reasons other than forgetting. 

Thinking over the past two weeks, were there any days when you did not take your 

Diabetes medicine? 

Yes 169 37.9% 

No 277 62.1% 

Have you ever cut back or stopped taking your medication without telling your 

doctor, because you felt worse when you took it? 

Yes 149 33.4% 

No 297 66.6% 

When you travel or leave home, do you sometimes forget to bring along your 

Diabetes medication? 

Yes 220 49.3% 

No 226 50.7% 

Did you take your Diabetes medicine yesterday? 
No 388 87.0% 

Yes 58 13.0% 

When you feel like your diabetes is under control, do you sometimes stop taking your 

medicine? 

Yes 261 58.5% 

No 185 41.5% 

Taking medication everyday is a real inconvenience for some people. Do you ever 

feel hassled about sticking to your diabetes treatment plan? 

Yes 204 45.7% 

No 242 54.3% 

How often do you have difficulty remembering to take all of your medicine? 

Never/Rarel

y 
50 11.2% 

Once in a 

while 
69 15.5% 

Sometimes 96 21.5% 

Usually 101 22.6% 

All the time 130 29.1% 

Table 15: Self-Reported Medication Adherence Behavior of Study Participants as Determined by the Morisky 
8-Item Medication Adherence Scale (MMAS-8©) 
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7.10 Patient, Socioeconomic and Healthcare system factors 

Age, Gender and Ethnicity 

There was a statistically significant difference in the mean age of patients who 

reported low adherence levels (MMAS-8 <6) compared to those who reported Medium 

(MMAS-8 = 6 to 7) or High adherence levels (MMAS-8 = 8) (59yrs versus 64yrs, 69 yrs 

respectively p<0.05).  

Table 16: Adherence Levels were Lower in Younger Patients 

 Adherence level 

Low Adherence 

(MMAS-8 <6) 

Medium 

Adherence 

(MMAS-8 = 6 to 

7) 

High Adherence 

(MMAS-8 =8) 

Age (Mean +/- Std) 59a  +/-11  64b  +/-9 69b  +/-7 

Note: Values in the same row and sub table not sharing the same subscript are 

significantly different at p< .05 in the two-sided test of equality for column 

means. Cells with no subscript are not included in the test. Tests assume equal 

variances.1 

1. Tests are adjusted for all pair wise comparisons within a row of each 

innermost sub table using the Bonferroni correction. 

 

Females tended to report high adherence levels compared to males (13.5% vs. 4.2%, p 

= 0.001). Adherence levels also differed significantly between different ethnic groups with 

the lowest adherence levels reported by Emirati patients (81.6%) followed by Arab Non-

Emirati (47.1%) and Asians (15.4%) (Pearson Chi-Square p<0.001)  
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Low Adherence 

(MMAS-8 <6) 

Medium 

Adherence 

(MMAS-8 = 

6 to 7) 

High Adherence 

(MMAS-8 =8) 

X2 p-value  

Row % N Row  % n Row % n    

Gender 
Female 57.8% 133a 28.7% 66a 13.5% 

31

b 

15.02 0.001  

Male 71.8% 155a 24.1% 52a 4.2% 9b    

Ethnicity 

Arab Emirati 81.6% 204a 15.6% 39b 2.8% 7b 87.09 <0.001  

Arab Non-

Emirati 
47.1% 80a 38.2% 65b 14.7% 

25

b 

   

Asian 15.4% 4a 53.8% 14b 30.8% 8b    

Note: Values in the same row and sub table not sharing the same subscript are 

significantly different at p< .05 in the two-sided test of equality for column 

proportions. Cells with no subscript are not included in the test. Tests assume 

equal variances.1 

   

1. Tests are adjusted for all pair wise comparisons within a row of each innermost 

sub table using the Bonferroni correction. 

   

Table 17: Adherence Levels Differed Significantly with the Patients Gender and Ethnic Group 
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Marital Status, Living arrangements, Level of Education, Working Status and Transport 

Availability 

Married patients represented the majority of the cohort group with 66% (n=254), 

26.5% (n=102), and 7.5% (n=29) of the patients married in the low, medium and high 

adherence groups respectively. Seventy-One per cent (n=5) of widowed patients reported 

high levels of adherence (MMAS-8 =8) compared to 28.6% (n=2) who reported medium or 

low levels of adherence. This was a statistically significant difference (p<0.001), however of 

note is the small number of overall widowed patients 

Patients who reported high adherence levels (MMAS-8 = 8) were more likely to have 

a higher education level compared to those who reported medium or low adherence rates; 

62.5% had a university degree vs. 21.2% and 15.6% (p<0.005). 

There were no significant differences in the living arrangements, transportation 

availability or working status between the different adherence groups.
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Table 18: Adherence Levels Shown Against Different Demographic Variables 

 Adherence level  

Low Adherence (MMAS-8 <6) Medium Adherence (MMAS-8 = 

6 to 7) 

High Adherence (MMAS-8 

=8) 

Row % Column % n Row % Column % n Row % Column % n X2 P-value 

Marital Status 

Single 70.4% 6.6%a 19 18.5% 4.2%a 5 11.1% 7.5%a 3 37.64 <0.001 

Married 66.0% 88.2%a 254 26.5% 86.4%a,b 102 7.5% 72.5%b 29   

Divorced 51.9% 4.9%a 14 37.0% 8.5%a 10 11.1% 7.5%a 3   

Widowed 14.3% 0.3%a 1 14.3% 0.8%a 1 71.4% 12.5%b 5   

Living arrangements 

Alone 79.0% 17.0%a 49 17.7% 9.3%a 11 3.2% 5.0%a 2 17.13 0.029 

Partner with children 63.9% 75.7%a 218 26.7% 77.1%a 91 9.4% 80.0%a 32   

Partner with no children 42.9% 2.1%a 6 28.6% 3.4%a,b 4 28.6% 10.0%b 4   

Single adult with children 50.0% 3.5%a 10 45.0% 7.6%a 9 5.0% 2.5%a 1   

Other family members 55.6% 1.7%a 5 33.3% 2.5%a 3 11.1% 2.5%a 1   

Level of Education 

Primary/Secondary school 76.8% 36.8%a 106 21.0% 24.6%a,b 29 2.2% 7.5%b 3 81.96 <0.001 

High school 79.7% 34.0%a 98 17.9% 18.6%b 22 2.4% 7.5%b 3   

Technical diploma 43.3% 13.5%a 39 46.7% 35.6%b 42 10.0% 22.5%a,b 9   

University degree 47.4% 15.6%a 45 26.3% 21.2%a 25 26.3% 62.5%b 25   

Working conditions 

Employed 63.6% 85.4%a 246 27.4% 89.8%a 106 9.0% 87.5%a 35 19.04 0.004 

Unemployed 81.1% 10.4%a 30 18.9% 5.9%a 7 0.0% 0.0%1 0   

Retired 42.9% 2.1%a 6 21.4% 2.5%a 3 35.7% 12.5%b 5   

Sickness beneficiary 75.0% 2.1%a 6 25.0% 1.7%a 2 0.0% 0.0%1 0   

Transportation 

Availability 

No 70.4% 6.6%a 19 29.6% 6.8%a 8 0.0% 0.0%1 0 2.836 0.242 

Yes 64.2% 93.4%a 269 26.3% 93.2%a 110 9.5% 100.0%1 40   

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< .05 in the two-sided test of equality for 
column proportions. Cells with no subscript are not included in the test. Tests assume equal variances.2 
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1. This category is not used in comparisons because its column proportion is equal to zero or one.   
2. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the Bonferroni correction.   
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IPAQ 

The IPAQ score has been extensively validated and culturally adopted and translated 

into different languages including Arabic. The questionnaires used for this thesis employed 

the“7-day recall IPAQ self-administered version”. The Arabic translation for these items has 

been published online and has been used in different research in Arabic speaking countries. 

The IPAQ score measured would be a useful way of measuring activity in the study 

population in a standardized method which would increase the reliability of the data collected 

and, in the future, make it easier to compare findings from this study with others. The IPAQ 

score protocol used to analyze the questionnaire has been published online by the official 

IPAQ group on the following webpage (www.IPAQ.ki.se) and is summarized as follows: 

Category 1: Low 

This is the lowest level of physical activity. Those individuals who not meet criteria 

for categories 2 or 3 are considered low/inactive.  

Category 2: Moderate 

Any one of the following 3 criteria: 

 3 or more days of vigorous activity of at least 20 minutes per day OR 

 5 or more days of moderate-intensity activity or walking of at least 30 minutes per day OR 

 5 or more days of any combination of walking, moderate-intensity or vigorous intensity 

activities achieving a minimum of at least 600 MET-min/week.  

Category 3: High 

Any one of the following 2 criteria: 

 Vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-

minutes/week OR 

 7 or more days of any combination of walking, moderate-intensity or vigorous intensity 

activities achieving a minimum of at least 3000 MET-minutes/week 

Two-hundred and sixty eight patients reported low physical activity as indicated by 

their IPAQ scores. Low physical activity was reported more in the group of low adherence as 

http://www.ipaq.ki.se/
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compared to medium and high adherence patients (75.7% vs. 22.4% vs. 1.9% p<0.001). 

Conversely, patients with higher physical activity scores reported higher adherence levels.  

Table 19: IPAQ Score in Relation to Adherence Levels 

 Adherence level   

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence 

(MMAS-8 =8) 

2 P 

Row % n Row  % n Row % n   

IPAQ 

Low physical activity 75.7% 203a 22.4% 60b 1.9% 5c 99.08 < 0.001 

Moderate physical activity 58.3% 63a 33.3% 36a 8.3% 9a   

High physical activity 31.4% 22a 31.4% 22b 37.1% 26c   

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< .05 in the two-

sided test of equality for column proportions. Cells with no subscript are not included in the test. Tests assume equal 

variances.1 

  

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the Bonferroni 

correction. 
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DASS-21 

The DASS-21 score was calculated for each of the following categories; depression, 

anxiety and stress. Low adherents to medication were less likely to report a normal 

depression score compared to those who were moderately and highly adherent to their 

medication (39.6% vs. 49.2% vs. 70% respectively, p=0.004). Low adherents to medication 

were also more likely to report severe levels of anxiety scores compared to those who were 

moderately and highly adherent to their medication (29.2% vs. 16.9% vs. 10.0% respectively, 

p<0.001). Low adherents to medication were also more likely to report severe stress scores 

compared to those who were moderately and highly adherent to their medication (20.1% vs. 

8.5% vs. 5.0% respectively, p=0.004).   

DASS-21 Scores Adherence level   

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence 

(MMAS-8 =8) 

2 P 

n Column % n Column % n Column %   

Depression Category 

Normal 114a 39.6% 58a,b 49.2% 28b 70.0% 15.31 0.004 

Mild to Moderate 120a 41.7% 44a 37.3% 10a 25.0%   

Severe 54a 18.8% 16a 13.6% 2a 5.0%   

Anxiety Category 

Normal 88a 30.6% 66b 55.9% 28b 70.0% 38.18 <0.001 

Mild to Moderate 116a 40.3% 32b 27.1% 8b 20.0%   

Severe 84a 29.2% 20b 16.9% 4b 10.0%   

Stress Category 

Normal 96a 33.3% 80b 67.8% 36c 90.0% 71.91 <0.001 

Mild to Moderate 134a 46.5% 28b 23.7% 2c 5.0%   

Severe 58a 20.1% 10b 8.5% 2a,b 5.0%   

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< .05 in 

the two-sided test of equality for column proportions. Cells with no subscript are not included in the test. Tests 

assume equal variances.1 

  

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the Bonferroni 

correction. 

  

Table 20: DASS-21 Scores Versus Adherence Levels 
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Cultural Factors 

Statistical analysis of the data collected has revealed interesting and novel findings 

when it comes to the influence of cultural factors towards the attitude of diabetic patients to 

their adherence to medication.  

Low adherents to medication were more likely to wear loose traditional clothes 

(Dishdasha, Kandoura, Abaya and Jelbab) compared to those who were moderately and 

highly adherent to their medication (75.7% vs. 19.5% vs. 57.5% respectively, p<0.001).  

Low adherents to medication were also less likely to alter their medication under the 

guidance of their doctor during fasting in the Holy month of Ramadan compared to those 

who were moderately and highly adherent to their medication (92% vs. 53.4% vs. 32.5% 

respectively, p<0.001).  

Low adherents to medication were also less likely to notice changes in their weight 

compared to those who were moderately and highly adherent to their medication (85.1% vs. 

62.7% vs. 30% respectively, p<0.001).  

Low adherents to medication were more likely to gain weight during the fasting 

month of Ramadan compared to those who were moderately and highly adherent to their 

medication (83.7% vs. 48.3% vs. 32.5% respectively, p<0.001).  

Low adherents to medication were more likely to find hot weather during summer a 

challenge to exercise compared to those who were moderately and highly adherent to their 

medication (88.2% vs. 39.8% vs. 47.5% respectively, p<0.001).  
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 Adherence level   

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence 

(MMAS-8 =8) 

X2 P 

n Column % n Column % n Column %   

What do you mostly wear? 
Shirt, trousers, shorts, skirt. 70a 24.3% 95b 80.5% 17c 42.5% 109.5 <0.001 

Dishdasha/Abaya/Kandoura/Jelbab 218a 75.7% 23b 19.5% 23c 57.5%   

Do you alter your medication in Ramadan 

under the guidance of your doctor? 

Yes 23a 8.0% 55b 46.6% 27b 67.5% 116.5 <0.001 

No 265a 92.0% 63b 53.4% 13b 32.5%   

Do you notice any changes in your weight? 
Yes 43a 14.9% 44b 37.3% 28c 70.0% 66.76 <0.001 

No 245a 85.1% 74b 62.7% 12c 30.0%   

Do you gain or lose weight in Ramadan? 

Lose weight 40a 13.9% 44b 37.3% 20b 50.0% 81.13 <0.001 

Stay the same 7a 2.4% 17b 14.4% 7b 17.5%   

Gain weight 241a 83.7% 57b 48.3% 13b 32.5%   

Do you see plumpness as a sign of beauty? 
Yes 150a 52.1% 52a 44.1% 15a 37.5% 4.34 0.114 

No 138a 47.9% 66a 55.9% 25a 62.5%   

Do you find hot weather (Summer) a challenge 

to exercise? 

Yes 254a 88.2% 47b 39.8% 19b 47.5% 109.3 <0.001 

No 34a 11.8% 71b 60.2% 21b 52.5%   

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< .05 in the two-sided test of equality for column 

proportions. Cells with no subscript are not included in the test. Tests assume equal variances.1 

  

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the Bonferroni correction.   

Table 21: Cultural Variables in Relation to Adherence Levels 
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Condition and Therapy Variables 

Low adherents to medication were less likely to be on combination anti-diabetic 

therapy compared to those who were moderately and highly adherent to their medication 

(68.1% vs.  89.8%, p<0.001).  

Low adherents to medication were also more likely to use Insulin compared to those 

who were moderately and highly adherent to their medication (58.7% vs. 37.3% vs. 27.5% 

respectively, p<0.001).  

Low adherents to medication were also less likely to have other chronic conditions 

compared to those who were moderately and highly adherent to their medication (46.9% vs. 

64.4% vs. 75.0% respectively, p<0.001).  

 

 Adherence level   

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence 

(MMAS-8 =8) 

X2 P 

n Column % n Column % n Column %   

Anti-Diabetic 

therapy 

Monotherapy 92a 31.9% 12b 10.2% 27c 67.5% 49.4 <0.001 

Combination 196a 68.1% 106b 89.8% 13c 32.5%   

Insulin use 
Yes 169a 58.7% 44b 37.3% 11b 27.5% 24.93 <0.001 

No 119a 41.3% 74b 62.7% 29b 72.5%   

Presence of 

Chronic 

conditions 

Yes 135a 46.9% 76b 64.4% 30b 75.0% 18.13 <0.001 

No 153a 53.1% 42b 35.6% 10b 25.0% 
  

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< 

.05 in the two-sided test of equality for column proportions. Cells with no subscript are not included in the 

test. Tests assume equal variances.1 

  

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the 

Bonferroni correction. 

  

Table 22: Condition and Therapy Variables Against Different Reported Adherence Levels 
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Low adherents to medication had shorter mean duration of diabetes compared to 

those who were moderately and highly adherent to their medication (Mean 2 yrs vs. 4yrsvs 

7yrs respectively, p<0.05).  

 

Table 23: Adherence Levels Differed Significantly According to Duration of Diabetes 

 Adherence level 

Low Adherence 

(MMAS-8 <6) 

Medium Adherence 

(MMAS-8 = 6 to 7) 

High Adherence (MMAS-8 

=8) 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Mean Standard 

Deviation 

Duration of Diabetes (yrs) 2a 1 4b 2 7c 3 

Note: Values in the same row and sub table not sharing the same subscript are significantly different at p< .05 in 

the two-sided test of equality for column means. Cells with no subscript are not included in the test. Tests assume 

equal variances.1 

1. Tests are adjusted for all pair wise comparisons within a row of each innermost sub table using the Bonferroni 

correction. 
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Multilogistic Regression Analysis 

 

The following points were undertaken during Multilogistic regression analysis:  

 Adherence re-classified into adherents (MMAS-8 > 6) and non-adherents groups 

(MMAS-8 < 6) 

 Multilogistic regression performed using IBM SPSS Version 20 with all the variables 

described above. 

 Cox & Snell R square = 0.660 and Nagelkerke R Square = 0.908; indicating good fitness 

of model. 

 

Model Summary 

Step -2 Log likelihood Cox & Snell R 

Square 

Nagelkerke R 

Square 

1 98.096a .660 .908 

a. Estimation terminated at iteration number 20 because 

maximum iterations has been reached. Final solution cannot be 

found. 

Table 24: Multilogistic Regression Analysis 
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7.10.1 Predictors of Adherence to Medication (MMAS-8 >= 6): 

The strongest predictor for adherence as predicted by the Multilogistic regression 

model was the patient’s level of education. A technical diploma certificate as compared to a 

primary school level of education was the strongest predictor of adherence (OR=66.1 CI: 

6.93 to 630.43); p<0.001).   

The patient’s age was also a predictor of adherence with older patients reporting 

higher levels of adherence (OR = 1.113 (CI: 1.045 to 1.185; p=0.001 for every year increase 

in age). 

The duration of diabetes was also a predictor of adherence (OR = 1.830 (CI: 1.270 to 

2.636; p=0.001 for every year increase in the duration of diabetes). 

The patient’s ethnicity was also a predictor of adherence with Arab Non-Emirati and 

Asian ethnicities predicting a higher level of adherence compared with Emirati ethnicity (OR 

= 8.830 (CI: 2.052 to 37.995) p=0.003; OR=39.4 (CI: 1.819 to 853.46) p=0.19 respectively). 

University level of education was a predictor for adherence compared to 

primary/secondary school level of education (OR = 19.6 (CI: 1.872 to 205.130); p=0.013). 

The behaviour of altering one’s medication under the guidance of their doctor during 

the fasting month of Ramadan was a strong predictor of adherence as well (OR = 62.68 (CI: 

9.324 to 421.286; p<0.001). 

The behaviour of patients around paying attention to one’s weight was a predictor of 

adherence as well (OR = 7.965 (CI: 1.971 to 32.18; p=0.004). 

Conversely, the challenge of exercising due to hot weather in summer was a predictor 

of non-adherence (OR = 0.170 (CI: 0.037 to 0.777) p=0.022). Similarly insulin use and 

traditional Arabic dress code were associated with non-adherence (OR= 0.188 (CI: 0.05 to 

0.709); p=0.014; OR=0.010 (CI: 0.002 to 0.071) p=0.188 respectively). 
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Variables Odds Ratio (95% CI) p-Value 

Age 1.113 (1.045 -1.185) .001 

Duration of Diabetes/years 1.830 (1.270-2.636) .001 

Arab Non-Emarati Ethnicity 8.830 (2.052-37.995) .003 

Asian Ethnicity 39.400 (1.819-853.5) .019 

Technical Diploma 66.076 (6.925-630.4) .000 

University Degree 19.596 (1.872-205.130) .013 

Insulin use .188 (0.05-0.709) .014 

Traditional Dress code .010 (0.002-0.071) .000 

Alteration of Diabetes Medsunder GP 

guidance during Ramadan 

62.675 (9.324-421.3) .000 

Attention to weight change 7.965 (1.971-32.18) .004 

No change in weight in Ramadan 14.112 (0.995- 200.2) .050 

Difficulty to exercise in Summer .170 (0037-0.777) .022 

Table 25: Significant Predictors to Adherence After multi-logistic Regression Modeling 
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Figure 15: Predictors to Medication Adherence in Diabetes 
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7.11 Randomized Control Trial 

 

7.11.1 Intervention Arm Methods 

Patients randomized to the intervention arm were subjected to a 30 minute 

educational session focusing on the importance of medication adherence.  Since the 1980s 

diabetes education has started to be recognized as a specialty in many countries. Diabetes 

education covers many aspects of diabetes starting from understanding the disease itself, its 

complications and its management. The educational session was undertaken by a diabetes 

nurse and consisted of a 30 minute session aided with a PowerPoint presentation based on 

slides adopted from the International Diabetes Federation (IDF) education modules published 

online in 2011. The PowerPoint presentation was structured around medication adherence 

and compliance. The importance of medication adherence as well as barriers to self-

management were covered and explained by covering the following themes:  

1. Check that the patient understands when and how they should take their medicine 

2. Ask the patient when they will take the medicine 

3. Explain the benefits of the medicine—stress the fact that patients may not have any 

symptoms of diabetes or feel at all ill; therefore unlikely that the medicine will make 

them “feel better” 

4.  Be sure it is understood that the medicine is having a beneficial effect inside the body 

5.  Wherever possible keep dosing to once or twice a day; it has been shown that the more 

often a person has to take medication during the day, the greater the likelihood that 

doses will be missed 

6.  Try to use generic brands, if they are available, as they are usually less expensive; 

sometimes people reduce the frequency with which they take a medication or stop 

taking it altogether because they cannot afford it 

7.  Ensure that people know what to expect in terms of side effects, and that these might 

only be short term; thus people will be more likely to continue with the medicine 

(another reason people stop is that they did not like the side effects) 
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The deductive nature of the slide show presentation was coupled with a more 

collaborative approach where the diabetes educator would encourage the patient to ask 

questions about medication adherence and answer those questions.   

 

Figure 16: Slideshow Taken from the Presentation Administered to the Intervention Group. This was 
Adopted from the IDF Modules. 

7.11.2 Adherence as Measured by the MMAS-8 Ordinal Scores 

Descriptive statistics of the data analyzed showed an obvious increase in the 

adherence levels in the interventional arm. The percentage of patients scoring low adherence 

MMAS-8 scores in the interventional group dropped from 64.60% at baseline to 44.80% at 6-

months (Pearson Chi-square p=0.01). Meanwhile there was no obvious change in the 

adherence scores at baseline and at 6-months in the control group.  
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Figure 17: MMAS-8 Adherence Levels at Baseline and 6-Months 

 

7.11.3 Wilcoxon Signed-Rank Test 

In order to compare the change in MMAS-8 scores (Ordinal score) the Wilcoxon 

signed-rank test was used. This is a nonparametric test equivalent to the dependent t-test. The 

Wilcoxon signed-rank test does not assume normality in the data and the use of the dependent 

t-test is inappropriate. It is used to compare two sets of scores that come from the same 

participants. Therefore the change in rank at baseline and at six months in the MMAS-8 

adherence score was compared both in the Control group and the intervention group.  

Based on the study data, the Wilcoxon signed-rank test showed that at 6 months, the 

educational 30-minute session on diabetes and adherence to medication did elicit a 

statistically significant change in adherence levels in diabetics enrolled in the intervention 

arm (Z = -6.187, p <0.001). The median MMAS-8 Score rating was 1.0 (Low adherence) pre-

intervention and 2.0 (medium adherence) post-intervention. 

On the other hand, the Wilcoxon signed-rank test showed that at 6 months, there was 

no statistically significant change in adherence levels in diabetics in the control group  (Z = -
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1.528, p =0.127). Indeed, the median MMAS-8 Score rating was 1.0 (Low adherence)at 

baseline and at six months. 

 

 N Percentiles 

25th 50th (Median) 75th 

Control group Baseline MMAS-8 223 1.0000 1.0000 2.0000 

Interventional group Baseline MMAS-8 223 1.0000 1.0000 2.0000 

Control group post 6 Months MMAS-8 223 1.0000 1.0000 2.0000 

Interventional group post 6 Months MMAS-8 223 1.0000 2.0000 2.0000 

Table 26: The Median Rank Scores Increased in the Intervention Group but not in the Control Group 
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 N Mean 

Rank 

Sum of Ranks Z P value 

Control group post 6 Months 

MMAS-8 - Control group 

Baseline MMAS-8 

Negative Ranks 6a 9.00 54.00 -1.528 0.127 

Positive Ranks 12b 9.75 117.00   

Ties 205c     

Total 223     

Interventional group post 6 

Months MMAS-8 - 

Interventional group Baseline 

MMAS-8 

Negative Ranks 5d 33.70 168.50 -6.187 <0.001 

Positive Ranks 57e 31.31 1784.50   

Ties 161f     

Total 223     

a. Control group post 6 Months MMAS-8 < Control group Baseline MMAS-8   

b. Control group post 6 Months MMAS-8 > Control group Baseline MMAS-8   

c. Control group post 6 Months MMAS-8 = Control group Baseline MMAS-8   

d. Interventional group post 6 Months MMAS-8 < Interventional group Baseline 

MMAS-8 

  

e. Interventional group post 6 Months MMAS-8 > Interventional group Baseline 

MMAS-8 

  

f. Interventional group post 6 Months MMAS-8 = Interventional group Baseline 

MMAS-8 

  

Table 27: There was a net Positive Increase in the MMAS-8 Ranks in the Intervention Group but not in the 
Control Group. 

 

 

  



126 

7.11.4 Changes in HbA1c (%) After 6 Months 

The mean HbA1c at 6 months was compared to the baseline mean HbA1c in both the 

Intervention and Control groups using the paired samples T-test. This test can be used when 

the variable being tested is continuous such is the case with HbA1c (%) levels and when data 

is being compared at 2 different points of time. 

The T-test showed a significant decrease in mean HbA1c (%) at 6-months in the 

intervention group from baseline (8.5% vs. 7.2% p<0.001). At the same time there was a non-

significant decrease in HbA1c (%) in the control group (8.50% vs. 8.45% p = 0.079).  

 

Figure 18: Randomization Group 
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Variables Mean (SD) T P-value 

Control 
Baseline HbA1c(%) in Control group  - 

6-Months HbA1c(%) in Control group 
.05024 (0.42462) 1.767 .079 

Intervention 

Baseline HbA1c(%) in Intervention 

group - 6-Months HbA1c(%) in 

Intervention group 

1.33593 (1.06484) 18.735 .000 

Table 28: Paired T-Test of HbA1c at Baseline and 6-Months in the Control and Intervention Groups 
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7.11.5 Blood pressure and Cholesterol Profiles 

The mean SBP, DBP, LDL,HDL , and triglycerides at 6 months were compared to the baseline levels in both the Intervention and 

Control groups using the paired samples T-test. This test can be used when the variable being tested is continuous such is the case with these 

measures and when data is being compared at 2 different points of time. The T-test showed no significant change in the mean SBP, DBP, 

LDL,HDL , and triglycerides at 6 months from baseline in both groups as the p-values did not reach statistical significance (p>0.05).  

Variables Mean (SD) T p-value 

 CSBP - CSBP2 -.04933 (5.64) -.131 .896 

 CDBP - CDBP2 -.01794 (5.79) -.046 .963 

 CHDL - CHDL2 .20628 (6.16) .500 .617 

 CLDL - CLDL2 -4.40359 (48.18) -1.365 .174 

 CTGL - CTGL2 -.61883 (6.03) -1.532 .127 

 ISBP - ISBP2 .13453 (5.84) .344 .731 

 IDBP - IDBP2 .05830 (5.81) .150 .881 

 IHDL - IHDL2 -.75336 (6.08) -1.850 .066 

 ILDL - ILDL2 -2.52915 (53.2) -.709 .479 

 ITGL - ITGL2 -.01794 (6.06) -.044 .965 

Table 29: Blood Pressure and Cholesterol Profile at Baseline and at 6-Months  
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Figure 19: Blood Pressure and Cholesterol Profile at Baseline and at 6-Months 



8 Summary of discussion, implications, limitations and future research 

The adherence rates among diabetics in this group of type 2 diabetics followed 

through a primary care setting were low (64.6% of patients were considered non-

adherent with a MMAS-8© adherence score <6).  The predictors of non-adherence to 

medications were studied using a multi-logistic regression model and different socio-

economic, demographic and disease related factors were identified.  The strongest 

predictor for adherence as predicted by the Multi-logistic regression model was the 

patient’s level of education. A technical diploma certificate as compared to a primary 

school level of education was the strongest predictor of adherence (OR=66.1 CI: 6.93 to 

630.43); p<0.001).  This finding of lower adherence levels in those with a lower 

education achievement should shift focus on this group with greater levels of care 

directed to them to ensure the issue of adherence is addressed.  

The patients’ ethnicity was also found to be a predictor of lower adherence 

levels, with the local Emirati population having a lower level of adherence. Non-Emirati 

patients tend to be a highly skilled workforce reflecting a higher level of education and 

skills. This could explain the higher level of understanding of their underlying medical 

condition and the importance of medication adherence.  The patient’s age was also a 

predictor of adherence with older patients reporting higher levels of adherence (OR = 

1.113 (CI: 1.045 to 1.185; p=0.001 for every year increase in age).The duration of 

diabetes was also a predictor of adherence (OR = 1.830 (CI: 1.270 to 2.636; p=0.001 for 

every year increase in the duration of diabetes). Subsequently, younger patients with a 

shorter duration of diabetes are less likely to have come to terms with the diagnosis of 

their diabetes and had a shorter time to grasp the concept of medication adherence than 

their older counterparts. This group of patients tend to be more vulnerable and therefore 

require more policies to be in place to ensure they are well supported and encouraged 

during this early phase of diagnosis.  

The behaviour of altering one’s medication under the guidance of their doctor 

during the fasting month of Ramadan was a strong predictor of adherence as well (OR = 

62.68 (CI: 9.324 to 421.286; p<0.001). The behaviour of patients around paying 

attention to one’s weight was a predictor of adherence as well (OR = 7.965 (CI: 1.971 to 

32.18; p=0.004).  Conversely, the challenge of exercising due to hot weather in summer 
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was a predictor of non-adherence (OR = 0.170 (CI: 0.037 to 0.777) p=0.022). Similarly 

insulin use and traditional Arabic dress code were associated with non-adherence (OR= 

0.188 (CI: 0.05 to 0.709); p=0.014; OR=0.010 (CI: 0.002 to 0.071) p=0.188 

respectively). 

 

Results of the Randomized Control Trial Studying the Effects of an Educational 

Session on Adherence Levels 

In this randomized control trial, patients were subjected to a 30 minute session 

covering the aspects of diabetes medication and the importance of medication 

adherence. The effects of poor medication adherence on long term diabetes 

complication were especially focused on. The data analyzed showed an obvious 

increase in the adherence levels in the interventional arm. The percentage of patients 

scoring low adherence MMAS-8 scores in the interventional group dropped from 

64.60% at baseline to 44.80% at 6-months (Pearson Chi-square p=0.01). Meanwhile 

there was no obvious change in the adherence scores at baseline and at 6-months in the 

control group. Based on the study data, the Wilcoxon signed-rank test showed that at 6 

months, the educational 30-minute session on diabetes and adherence to medication did 

elicit a statistically significant change in adherence levels in diabetics enrolled in the 

intervention arm (Z = -6.187, p <0.001). The median MMAS-8 Score rating was 1.0 

(Low adherence) pre-intervention and 2.0 (medium adherence) post-intervention. 

 The results from this randomized control trial could be extrapolated and a more 

wider educational strategy targeting medication adherence in diabetic patients in the 

UAE should be adopted. This strategy would proof particularly useful in those patients 

who exhibit the predictors of poor medication adherence discovered in this study. The 

limitations of this study include the small size, which despite meeting the pre-

determined study size sample predicted before starting the study would continue to be a 

source of population bias error. In order to confirm the results of the cohort study a 

national database tracking all diabetics needs to be developed in the U.A.E . Serial 

reports could then be performed and the results of any interventions audited on a regular 

basis. 
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Conclusion 

Adherence to medication among diabetics continues to be low. A number of important 

predictors to medication adherence in diabetics were identified in this study. Such 

predictors could help develop policies for improving adherence in diabetics. 

Adherence to medication among diabetics in the U.A.E. continues to be low. In this study 

there was a significant improvement in the adherence to medication in diabetics taking 

part in an educational session focusing on the importance of anti-diabetes medication and 

adherence to it. The results of such a pilot program would be of upmost value in 

supporting the implantation of bigger trials or even a national educational program in the 

UAE which up to today is still lacking. Public health policy makers in the U.A.E. should be 

equipped and ready with all the knowledge to get services ramped up quickly as the 

‘Diabetes Tsunami’ hits its shores.  
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Appendix 1. Questionnaire Screenshots 

 



 

 157 



 

 158 



 

 159 



 

 160 



 

 161 



 

 162 



 

 163 



 

 164 



 

 165 



 

 166 



 

 167 



 

 168 



 

 169 



 

 170 



 

 171 



 

 172 



 

 173 



 

 174 



 

 175 



 

 176 



 

 177 



 

 178 



 

 179 



 

 180 



 

 181 



 

 182 

 



 

 183 

Appendix 2: PowerPoint Presentation Used in the Education Session 
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