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ABSTRACT 

The growing epidemic of coronary heart disease (CHD) is evident worldwide, accounting for 

global mortality rates of approximately 7.2 million per year. Coronary heart disease causes 

are multi-factorial encompassing both intrinsic and extrinsic factors; including age, gender, 

genetics, diet, physical activity, obesity, psychology, smoking and alcohol intake. Serum low 

density lipoprotein (LDL), an underlying consequence mainly of poor dietary habits, is 

strongly associated with increased risk of developing CHD and therefore a major target for 

CHD risk reduction strategies. Although intrinsic factors such as age, gender and genetics 

cannot be controlled or corrected, modifiable factors (extrinsic) can be managed and thus 

CHD risk may be reduced. Prescription of lipid-lowering drugs such as statins (3-hydroxy-3-

methyl-glutaryl-CoA reductase or HMG-CoA inhibitors) has significantly increased due to 

their LDL-cholesterol lowering properties, where subsequently CHD risk may be reduced. 

There is little doubt in the efficacy of these drugs; the effectiveness however, is the issue in 

question. Various studies have reported up to 55% non-adherence to statin medications, after 

6 months of treatment. It is important to recognize that once statin adherence subsides in 

these patients, risk reduction is dependent on the alternative concomitant therapies (diet, 

physical activity, maintenance of weight and smoking cessation), which may or may not have 

been implemented by the patient. Therefore the goal of this study was investigate the degree 

of adherence to statin medication, and alternative concomitant behaviours and examine 

whether an association exists between these various coronary risk reduction factors and 

overall CHD risk profile.  

 

A cross-sectional study design was carried out on Kuwaiti patients previously prescribed 

statin therapy to manage hyperlipidemia (classified as total serum cholesterol levels of > 

7.8mmol/l. The study comprised 200 patients of both genders between the ages of 30-69 

years who have been prescribed statins at least 6 months prior, who were at risk but have not 

had prior history of CHD, myocardial infarction, bypass grafting or coronary angioplasty, 

uncontrolled psychiatric disorders or substance abuse disorder. Confirmation of this status 

was obtained from the patients’ electronic clinical records in consultation with their attending 

General Practitioners. These patients were recruited from several Government medical 

outpatient clinics across four governorates in Kuwait. The Morisky self-reported medication 

adherence questionnaire (MMAS-8-Item) was used to classify levels of adherence to statin 

therapy.  
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Adherence levels to CHD risk reduction modalities were investigated, the association of 

statin adherence as a predictor variable with other risk reduction behaviours (diet, physical 

activity, smoking, obesity) were identified and subsequently biochemical outcomes were 

examined to determine the overall risk of coronary event among this Kuwaiti sample. Levels 

of adherence to statin therapy as outcome variables were investigated to identify factors 

influencing statin adherence, and thus improve understanding of poor adherence to 

medication, in order to enable targeted intervention earlier in the treatment cycle and 

maximise effectiveness of statin therapy. Purposeful selection of covariates approach was 

executed, using either linear regression, binary logistic or ordinal logistic regression; 

depending on the nature of the outcome. The advantage of this approach is that it derives a 

minimal model that appropriately adjusts for confounders.  

 

Statin adherence was low in 117 of the 200 subjects investigated, medium in 83 subjects, and 

none of the sample had high adherence. Total fat intake exceeded recommendations for both 

genders of all age groups; and among the 200 subjects investigated, only n=93 reported 

meeting guidelines for physical activity. Physical activity was inversely associated with statin 

adherence, where medium adherers engaged in 6.49% less total physical activity than low 

adherers. Statin adherence was not associated with the anthropometric measures of these 

subjects, however significantly lower serum concentrations of cholesterol (0.577mmol/l) and 

LDL (0.492mmol/l) were identified among medium adherers to statin therapy compared to 

low adherers. Determinants of statin adherence included age and diabetes, by which the odds 

of medium adherence were 1.05 times that of low adherence, for every year increase in age. 

Also, non-diabetics had 0.42 times the odds of medium adherence relative to those with 

diabetes.  

 

Multiple risk factors associated with CHD were highly prevalent in this sample. These factors 

include: low statin adherence, obesity, insufficient physical activity, and dietary intake 

inferior to national guidelines. Hence, not only can the full benefits of statins be 

compromised by low adherence, but alternative behavioural parameters were also not carried 

out/achieved. These Kuwaiti hypercholesterolemic patients may therefore be at increased risk 

of morbidity and mortality. In addition, higher adherers to statin therapy had dietary intake 

and physical activity inferior to national guidelines, thus indicating that these patients were 

most likely relying on statins alone to reduce CHD risk. In addition, statin adherence was 

successful in reducing serum cholesterol levels however, BMI was not affected, by which 
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subjects were obese despite their higher statin adherence. This may be reflective of their poor 

diet and low physical activity levels. Also, advanced aging and diabetes were direct 

determinants of higher statin adherence. It is speculated that intakes of other medications 

were most likely prevalent among this group, hence patients may not have needed to focus on 

remembering statin medications alone, as most of these drugs are generally taken together. 

Diabetic also improved behavioural parameters (diet and physical activity). Evidence from 

previous studies suggest that awareness to diabetes may be higher than CHD in the general 

Kuwaiti population, thus most likely contributing to the higher overall adherence identified.  

 

It is therefore recommended that educational programs be conducted in Kuwait to enhance 

awareness and attention to CHD, and the importance of its’ associated risk factors. In 

addition, upon initial prescription of statin therapy, provision of comprehensive diet and 

physical activity guidelines is highly advised, to improve adherence to these parameters and 

hence maximise overall CHD risk reduction. 

 

Keywords: Statin adherence, dietary intake, physical activity, lifestyle modifications, 

coronary heart disease, Kuwait. 
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1 LITERATURE REVIEW 

1.1 Introduction 

Diet and physical activity are recognised as major contributing risk factors in the development 

of non-communicable diseases such as cardiovascular diseases (CVD), diabetes, hypertension, 

respiratory disorders, and cancer (Yach et al., 2004). Among the many non-communicable 

diseases associated with diet and physical activity, CVDs are recognised as the main 

contributors to global mortality and morbidity (WHO, 2003). Unhealthy dietary practices 

involved in the aetiology of cardiovascular disease include over-consumption of saturated 

fats, salts, and refined carbohydrates. In addition, behavioural risk factors consisting of 

insufficient physical activity levels and increased tobacco consumption also augment CVD 

risk (WHO, 2003). Coronary heart disease (CHD) is a subcategory of cardiovascular diseases, 

which encompasses all diseases of the heart and blood vessels, while CHD is described as 

disease of the arteries, hence can also be referred to as coronary artery disease (CAD) (Pray et 

al., 2005).  Coronary Heart Disease has emerged as the leading cause of premature death 

worldwide claiming 3.8 million lives in men and 3.4 million lives in women each year (WHO, 

2002). 

This chapter will initially provide a brief overview of Kuwait, its population size, lifestyle, 

education, demographic and epidemic profile. The nature, aetiology and risk factors of CHD, 

will then be presented, whereby the prevalence of CHD/risk factors in Kuwait will be 

addressed. Subsequently, the different strategies involved in the prevention and treatment of 

CHD will be described, where focus will be directed towards statin therapy; a class of 

hypolipidemic drugs that have been prescribed extensively for their cholesterol-lowering 

properties and efficacy in CHD treatment and prevention (Pahan, 2006). Statin lipid-lowering 

drugs are among
 
the most prescribed drugs worldwide (Miao et al., 2003). Their cardiac

 

benefits are considerably high and well supported (Brugts et al., 2009; Pahan, 2006; Sheperd 

et al., 1995). However, there
 
has been persistent controversy towards the effectiveness of this 

drug due to lack of adherence (Benner et al., 2002; Cameron, 1996; Fung et al., 2010). The 

efficacy and effectiveness of statins will therefore be thoroughly discussed, and compared 

with other modalities of CHD prevention, including diet, physical activity, psychosocial 

factors and other lifestyle factors.  
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1.2 Kuwait overview  

Kuwait is a small urban country located at 30.27
o 

N and 48.46
o 
E, with a surface area of 17818 

km
2
, comprising mainly desert and several islands (FAO, 2006; Jackson et al., 2002). 

Approximately 90% of the country’s population live within a 500 km
2
 radius of Kuwait City 

and its’ harbour. Kuwait is bordered on the North and West by Iraq, on the South and West by 

Saudi Arabia and on the East by the Persian Gulf (FAO, 2006; Jackson, et al., 2002). It is 

divided into six administrative governorates; Al-Ahmadi, Al-Farwaniya, Al-Asimah, Al-

Jahra, Hawalli and Mubarak Al-Kabir (Al-Nesf et al., 2008). 

 

Kuwait’s economy is dominated by the oil industry by which over 95% of the export revenue 

is derived from petroleum products. It has limited agriculture due to its’ dry weather, and 

therefore depends almost entirely on imports for all food groups except fish and crustaceans, 

which are relatively abundant in the Gulf (FAO, 2006).  

 

The total population of Kuwait in 2006 was approximately 2 million, of which 36% were 

Kuwaiti nationals and 64% were non- Kuwaiti (FAO, 2006). Kuwait contains crude oil 

reserves of 96 billion barrels (15km3), estimated to be 10% of the world’s reserves, thus 

making it one of the wealthiest countries in the world (Al-Nesf, et al., 2008). In 2010, the 

overall reported life expectancy at birth was 78 years, with the expectancy of females 

exceeding that of males. Kuwaiti citizens enjoy a high standard of living that includes free 

education, medical care and other amenities (WHO, 2011a). 

 

The prevalence of communicable infectious diseases in Kuwait has declined significantly over 

the last thirty years (Al-Nesf, et al., 2008; WHO, 2011a). This may be a result of the well- 

developed health care system in Kuwait. It provides primary, secondary and tertiary health 

care and emergency medical services free of charge to all Kuwaiti citizens (FAO, 2006). 

However, inspite of the overall success in reducing incidence rates of communicable disease, 

urbanization and modernization in Kuwait, has brought a remarkably rapid shift toward a high 

incidence of non-communicable diseases such as diabetes and coronary problems. While 

infectious diseases were the leading cause of death in 1973, cardiovascular diseases are now 

regarded as the principal cause of death in Kuwait, responsible for about 39.5% of all Kuwaiti 

deaths (Al-Nesf, et al., 2008; WHO, 2011a).  
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1.3  The problem of CHD in Kuwait 

An alarming number of people in Kuwait are reportedly developing CVDs (Al-Muhailan et 

al., 1990; Rashed et al., 2002; WHO, 2011a).  In 1995, CHD was responsible for 15.4% of all 

deaths among Kuwaitis and 23.6% of all deaths among expatriates living in Kuwait (Rashed, 

et al., 2002). Although deaths from cardiovascular diseases such as CHD have been declining 

in developed countries, this progress has not yet been detected in high income countries of the 

Middle East, such as Kuwait (Jackson, et al., 2002). Coronary heart disease was regarded as 

the leading cause of death in Kuwait (Zubaid et al., 2004). According to the Kuwait Nutrition 

Profile for FAO 2006, the prevalence of CHD has increased significantly over the years and is 

even appearing at a younger age (FAO, 2006). In 2011, WHO reported 27% of total deaths in 

Kuwait resulting from CHD, 46% cardiovascular diseases and 76% non-communicable 

diseases (WHO, 2011a). A study carried out in 2006, reported 2.9% new cases of cardiac 

diseases annually in Kuwait, with women being higher than men (3% vs. 2.8%). In addition, 

results of the same study showed an increase in diagnosis of cardiac disease as age progresses. 

Data collected in 2006 showed 6% of newly diagnosed cardiac patients in 12 months, for age 

group 45-54 years, while more than double (13.1%) was seen in age group 55-64 years, for 

both men and women (Al-Nesf, et al., 2008). Another risk factor highly associated with CHD 

in Kuwait is obesity. Results from a study by Jackson et al. (2001), indicated a substantial risk 

of CHD in adult Kuwaitis due to the high prevalence of obesity, hypercholesterolemia and 

hyperglycemia (Jackson et al., 2001).  Jackson et al. (2002), reported obesity in Kuwait as the 

highest among all the Gulf States, and also speculated that this high obesity rate could be 

associated with the high levels of CHD mortality (Jackson, et al., 2002). Also, a study carried 

out by Orifan et al. (2007), to assess the association between obesity and cardiovascular risk 

factors among 296 adult Kuwaiti nationals aged 20-44, indicated that 42% of the sample 

population were obese. In addition, these individuals were significantly at higher risk of 

developing CHD risk factors, such as higher total cholesterol (Al Orifan et al., 2007).     

 

 Possible explanations for the  high prevalence of CHD risk factors in Kuwait 

The high prevalence of CHD and its’ risk factors in Kuwait, could be a result of the rapid 

transformation of lifestyle in most of the countries situated in the region of the Arabian Gulf 

(Abdella et al., 1996; Abdella et al., 1995). Kuwait in particular, has experienced fast 

socioeconomic growth over the past few decades (Abdella, et al., 1996). Before oil was 

discovered in the 1950’s, Kuwait’s food supply depended on a limited variety of foods, 
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consisting of rice, dates, fish, seafood, camel milk, sheep and goat meat and their by-products. 

Meat was consumed once a week, or once a month by the less wealthy. Beverages included 

Arabic coffee and milk. Sweetened tea was served only on special occasions (WHO, 2011b). 

This traditional diet which was characterized by high-fibre content and low fat, cholesterol 

and sodium content was replaced with a more “westernized” diet, with an excess intake of 

energy-dense foods rich in fat, cholesterol and free sugars, and low in dietary fibre , with the 

daily energy intake (EI) exceeding 3,000 kcal/per capita (Jackson, et al., 2002; Musaiger, 

2002; WHO, 2011b). It has also been suggested that the rising socioeconomic conditions have 

led to greater adoption of sedentary lifestyles (Jackson, et al., 2002). Excessive food intake 

and unbalanced diets, sedentary lifestyles, as well as smoking, all contribute to the increased 

incidence of diet related non-communicable diseases such as CHD (Musaiger, 2002). 

 

Consequently, improved standards of living and health services have contributed to a longer 

life expectancy in many Middle Eastern Arab countries, by which some Arabian Gulf citizens 

such as Kuwaitis exceed 70 years of age, however, although people are living longer, more 

suffering from diet-related chronic diseases is witnessed (Musaiger, 2002; WHO, 2011a). 

 

It is therefore of extreme importance to identify these risk factors amongst Kuwaiti citizens 

and to attempt to find the most effective approach in reducing these risk factors, in order to 

ultimately prevent/treat the prevalence of CHD.  

1.4 Coronary Heart Disease aetiology 

Coronary Heart Disease is a complex process comprising a range of aetiological factors which 

need to be considered in the development of preventive strategies. As a prelude to describing 

these strategies, it is useful to summarize the underlying pathological processes in CHD. It is 

a condition in which lipids, carbohydrates, fibrous tissue, and calcium deposits (plaque) build 

up inside the surface of the coronary arteries, leading to the insufficient blood supply to the 

heart (Zaman et al., 2000). When plaque builds up in the arteries, this leads to a condition 

called atherosclerosis (refer to Figure 1.1). The most common types of plaque underlying 

CHD are the athermatous plaque, which block one or more of the coronary arteries to a 

varying extent and a superimposed plaque or clot which may further block the artery. A 

variety of cells and lipids are involved in the development of the artherosclerotic plaque and 
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the arterial thrombus, including lipoproteins, cholesterol, triglycerides, platelets, monocytes, 

endothelial cells, fibroblasts and smooth muscle cells (Garrow et al., 2000). 

 

In the case of atherosclerosis, oxygen cannot reach the heart muscle, leading to a condition 

called angina pectoris. Angina pectoris is chest pain or discomfort that occurs when demand 

for blood by the heart exceeds the blood supplied by the coronary arteries. This is induced by 

exercise and may spread to the shoulders, arms and neck, jaw or back. If not treated by either 

drugs, coronary angioplasty or coronary artery bypass grafts (CABG), it can lead to 

myocardial infarction (MI). Myocardial infarction occurs when blood flow to a section of the 

heart muscle is completely blocked. This prevents oxygen from reaching the muscle, which 

results in necrosis (premature death of cells) and if significant, patient death. If not treated, 

over time, CHD can weaken the heart muscle and lead to heart failure and arrhythmias. 

Arrhythmia is defined as the irregular rhythm of the heartbeat. Heart failure is a condition in 

which the heart muscle cannot pump enough blood throughout the body (Mathur, 2002).  

1.5 Atherosclerosis 

Atherosclerosis is an inflammatory disease that occurs when cholesterol-containing low 

density lipoprotein accumulates in the innermost layer of the artery, the arterial intima, 

causing injury to the endothelium and the underlying smooth muscle (Zaman, et al., 2000). 

Atherosclerotic lesions (also referred to as atheromas or atherosclerotic plaques), form as 

focal thickenings on the intima. These atheromas are composed of cells, connective tissue 

elements, lipids and debris. Most of the cells found in atheromas are inflammatory/immune 

cells, and the remainder are vascular endothelial and smooth muscle cells. The immune cells 

comprise macrophages, T cells, natural killer T-cells (NKT), dendritic cells and mast cells 

(Hansson et al., 2006).   

Atherosclerotic plaque develops in various stages, including initiation phase, recruitment and 

activation of T-cells in atheromas; and activation and rupture of a coronary plaque (Hansson, 

et al., 2006). 

1.6 The initiation phase of Atherosclerotic Plaque  

When plasma levels of very low density lipoprotein (VLDL) and LDL cholesterol levels rise, 

lipoproteins penetrate through the arterial wall, to the extent that exceeds the capacity for 

elimination and are retained in the extra-cellular matrix by which it undergoes oxidative 
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modification. This is an initiating step in atherosclerosis. During this process, scavenger 

receptors (ScRs) mediate the uptake of oxidized low-density lipoprotein cholesterol (Ox-

LDL) that serves as an inflammatory stimulus and induces the expression of vascular cell 

adhesion molecule-1 (VSAM-1) and monocyte chemotactic proteins (MCP-1) on the 

endothelial cells in the main arteries, as illustrated in Figure 1.1. Oxidised LDL (Ox-LDL) 

also serves in the secretion of monocyte colony-stimulating factor (M-CSF). Together these 

molecules stimulate the formation of monocytes (Hansson, et al., 2006; Stipanuk, 2000). 

1.7 Recruitment and activation of T-cells in atheromas 

T-cells attach to the vascular surface via cell adhesion molecules and migrate into the intima. 

In response to peptide antigens (i.e. oxidized LDL, heat shock protein 60 (HSP 60) and 

microbial antigens) bound to major histo-compatibility complex molecules, T-cell activation 

develops producing T helper-1 (Th1) cytokines which activate monocyte derived 

macrophages (MDM), which undergo further oxidization developing into foam cells (lipid-

laden macrophages) (Guo et al., 2006; Hansson, et al., 2006) (refer to Figure 1.1). The 

accumulation of foam cells leads to inflammation, lesion formation and plaque vulnerability 

(Hansson, 2005; Hansson, et al., 2006; Stipanuk, 2000). 

1.8 Activation and rupture of a coronary plaque 

Activated macrophages, T cells and mast cells are found at sites of plaque rupture and 

produce several types of molecules that can destablilize lesions: cytokines, proteases, 

coagulation factors, free radicals and vasoactive molecules. These agents inhibit the formation 

of stable fibrous cap, which overlies the central core; they destroy collagen cap and inhibit 

smooth muscle growth leading to reduced thickness and strength of the cap. The weakened 

cap which cannot withstand hemodynamic forces, ruptures and, consequently, exposes 

thrombogenic plaque material, which as a result, may lead to acute coronary syndromes 

(Hansson, et al., 2006).  
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Figure 1. 1 Mechanism in the formation of " Atherosclerosis" (Stipanuk, 2000)  

 

1.9 CHD risk factors 

Aside from the non-modifiable factors mentioned earlier, there is also a range of modifiable 

CHD risk factors, which are the targets of prevention of this disease. These can be categorised 

as behavioural, biochemical and clinical, and comprise; high blood pressure (BP), diabetes 

mellitus (DM), smoking, total cholesterol, blood lipid abnormalities, overweight and obesity, 

insufficient physical activity and dietary factors. The risk factors associated with CVDs are all 

summarized in Table 1. 1 (AIHW, 2004; Giles et al., 2009). 
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Table 1. 1 Cardiovascular Risk Factors (Giles, et al., 2009; Inadera, 2008)  

Cardiovascular Risk Factors 
 

Increasing age 
Elevated BP 
High heart rate 
Overweight⁄obesity 
Increased Body Mass Index 
Central obesity 
Increased abdominal circumference 
Increased abdominal adiposity (waist-to-hip ratio) 

Dyslipidemia 
Elevated LDL or non-HDL cholesterol 
Low HDL cholesterol 
Elevated triglycerides 

Elevated blood glucose, insulin resistance, or diabetes 
Dysregulated production of adipokines 
Smoking 
Family history of premature CVD (<age 50 y in men, <age 60 y in women) 
Sedentary lifestyle 
Psychosocial stressors 
Elevated hs-CRP 

These risk factors are categorized as follows: 

1.9.1 Biochemical risk factors associated with statin medication 

1.9.1.1 Lipid dysfunction  

There are many different types of lipid dysfunction involved in the aetiology of CHD, 

including; dyslipidemia, hyperlipidemia, high blood cholesterol, primary 

hypercholesterolemia, familial hypercholesterolemia (FH), heterozygous and homozygous 

hypercholesterolemia and hypertriglyceridemia. 

Detailed descriptions of the different types of lipid abnormalities are as follows: 

1.9.1.1.1 Dyslipidemia 

Dyslipidemia is a disorder of lipoprotein metabolism, including lipoprotein overproduction or 

deficiency (Ahmed et al., 1998).  This condition may be manifested by elevation of the serum 

total cholesterol, low-density lipoprotein (LDL) cholesterol and triglyceride concentrations, 

and a decrease in the high density lipoprotein (HDL) cholesterol concentration, and a 

reduction in HDL cholesterol concentration (Ahmed, et al., 1998). Primary causes of 

dyslipidemia include metabolic disorders, type II DM, familial combined hyperlipidemia and 
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familial hypercholesterolemia, while secondary causes include untreated hyperglycemia, 

hypothyroidism, nephritic syndrome and chronic renal failure (Ahmed, et al., 1998). 

 

Castelli et al. (1977), carried out a case-control study on 6859 men and women aged >40 

years from populations in Albany, Framingham, Evans County, Honolulu and San Francisco, 

to examine the relation between CHD and fasting lipid levels. Results revealed lower levels of 

HDL cholesterol in individuals with CHD than those without coronary heart disease. In 

addition, LDL, total cholesterol and triglycerides were directly related to CHD prevalence 

(Castelli et al., 1977). 

1.9.1.1.2 Hyperlipidemia 

Hyperlipidemia, is a condition characterized by elevated levels of lipids in the blood. Several 

types of hyperlipidemia exist and are classified as primary and secondary. Primary 

hyperlipidemias are grouped according to the lipid profile as: (i) primary hypercholesterolemia 

(ii) primary hypertriglyceridemia and primary combined hyperlipidemia, which involves both 

increased triglycerides and serum cholesterol concentrations (Greenstein et al., 2007). 

 

Secondary hyperlipidemia is caused by preceding factors such as alcoholism, chronic renal 

failure, DM, hypothyroidism, liver disease, high doses of oestrogen, obesity and smoking 

(Greenstein, et al., 2007).  

 

Hyperlipidemia is recognized as a risk factor for cardiovascular diseases and coronary 

mortality. Assman et al. (1988), carried out a study to determine the prevalence of CHD risk 

factors in 4043 men and 1333 women, aged 50 to 65 years, to improve the prediction and 

early detection of CHD and derive recommendations for the primary prevention of vascular 

disease.  Data revealed that hypertension, DM, and hyperlipidemia are in fact independent risk 

factors for coronary heart disease and the concomitant occurrence of these factors leads to a 

cumulative increase in CHD risk. In addition,  hyperlipidemia was also reported as a more 

significant risk factor for coronary heart disease than hypertension or DM (Assmann et al., 

1988). In addition, Lacoste et al. (1995), carried out a study on 32 patients, to measure platelet 

thrombus formation on an injured arterial wall in a model simulating vessel stenosis and 

plaque rupture in hypercholesterolemic CHD patients, pre/post  lipid-lowering therapy 

(Lacoste et al., 1995). The study reported an association between hypercholesterolemia and an 
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enhanced platelet thrombus formation on an injured artery, increasing the propensity for acute 

thrombosis. In addition, platelet thrombus formation decreased as total and LDL cholesterol 

levels were reduced with statin therapy. The study therefore establishes that 

hypercholesterolemia/hyperlipidemia is associated with an enhanced thrombogenic risk, 

which can be significantly decreased with lipid-lowering therapy (Lacoste, et al., 1995). 

1.9.1.1.3 Hypertriglyceridemia 

Hypertriglyceridemia is defined as an abnormal concentration of triglyceride in the blood 

(Pejic et al., 2006). According to the National Cholesterol Education Program Adult 

Treatment Panel (NCEP ATP III) guidelines, a normal triglyceride level is <1.7 mmol/l 

(Expert Panel on Detection Evaluation and Treatment of High Blood Cholesterol in Adults, 

2001; Pejic, et al., 2006). 

“Triglycerides are lipid fractions used for energy storage that are both intrinsically 

synthesized in the liver and derived from external sources through uptake in the intestine” 

(Sarwar et al., 2007).  

Epidemiological studies have consistently reported associations between serum triglyceride 

concentrations and the risk of CHD (Bansal et al., 2007; McBride, 2007; Nordestgaard et al., 

2007; Sarwar, et al., 2007). Bansal et al. (2007), carried out a long-term prospective cohort 

study on  26,509 initially healthy US women in the Women's Health Study, enrolled between 

November 1992 and July 1995 and undergoing follow-up for a median of 11.4 years, to 

determine the association of triglyceride levels (fasting vs. non-fasting) and risk of future 

cardiovascular events. Results revealed that non- fasting triglyceride levels were associated 

with incident cardiovascular events, independent of traditional cardiac risk factors, levels of 

other lipids, and markers of insulin resistance (Bansal, et al., 2007). In addition, Nordestgaard 

et al. (2007), carried out a similar prospective cohort study on 7587 women and 6394 men 

from the general population of Copenhagen, Denmark, aged 20 to 93 years, to test the 

hypothesis that very high levels of non-fasting triglycerides predict MI, ischemic heart disease 

(IHD), and death. Results supported the hypothesis that elevated non-fasting triglyceride 

levels were associated with increased risk of MI, IHD, and death in men and women 

(Nordestgaard, et al., 2007). 
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According to Grundy et al. (1992), hypertriglyceridemia may indirectly underlie CHD by 

inducing atherogenic changes in several systems. For example, high serum triglyceride 

concentrations are accompanied by large VLDL enriched in apo E. In addition, high 

triglycerides interfere with the catabolism of postprandial lipoproteins; induce small, dense 

LDL; lower HDL cholesterol; and finally alter normal clotting mechanisms in a way that may 

predispose to coronary thrombosis (Grundy et al., 1992; Simpson et al., 1983). 

               
*
HTG: Hypertriglyceridemia 

Figure 1. 2 Possible atherogenic processes accompanying hypertriglyceridemia (Grundy, et al., 

1992)  

 

These atherogenic processes include: increased postprandial lipoproteins, increased levels of 

large VLDL particles, the presence of small, dense low-density lipoprotein (LDL) particles, 

low HDL-cholesterol levels, and changes in the coagulation system that may predispose to 

thrombogenesis. All of these secondary changes may heighten risk for CHD (Grundy, et al., 

1992).  

1.9.1.1.4 High blood cholesterol  

It has long been documented that elevated cholesterol levels play a key role in the 

development of atherosclerotic disease, particularly LDL cholesterol, which has been strongly 

associated with CHD (Sheperd, et al., 1995; Verschuren et al., 1995). According to the 

National Heart Foundation of Australia & Cardiac Society of Australia and New Zealand; 

LDL cholesterol levels greater than 4mmol/l or plasma total cholesterol greater than 

6.0mmol/l increases CHD risk substantially (Tonkin et al., 2005). Verschuren et al. (1995) 

compared the relationship between serum cholesterol and long term mortality from CHD in 
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different cultures. In this study, data were collected on 12,467 men aged 40 through 59 years 

in 16 cohorts located in seven countries: five European countries, the United States and Japan. 

Results indicated that across cultures, cholesterol was linearly related to CHD mortality, 

indicating the importance of lipid lowering strategies in the prevention and treatment of CHD 

(Verschuren, et al., 1995). The Australian Institute of Health and Welfare suggests that a high 

level of saturated fat in the diet is the main factor that raises blood cholesterol. Dietary 

cholesterol found in shellfish, egg yolk, meat, poultry and whole fat milk; is also likely to 

raise blood cholesterol levels but not as directly as saturated fat (AIHW, 2004). Genetic 

factors also affect blood cholesterol levels and some people have high cholesterol levels 

regardless of their dietary intake of saturated fat and cholesterol (AIHW, 2004). High blood 

cholesterol levels is termed hypercholesterolemia The mechanism behind the association of 

hypercholesterolemia with CHD is that cholesterol blocks blood vessels, reducing the supply 

of oxygen to the heart, therefore increases the risk of developing CHD (AIHW, 2004).  

According to a study carried out at the Clinical Chemistry Laboratory in Kuwait, prevalence 

of hypercholesterolemia (>6.21mmol/l) in middle-aged (40-49) Kuwaiti males was 22.2%, 

suggesting that one in every five Kuwait men of middle age may have an increased risk of 

CHD. Women also had quite a high prevalence rate of hypercholesterolemia with a 

percentage rate of 18.8% in those aged 40-49 years, and a significant increase to more than 

double (43.2%) in those aged 50-49 years (Olusi et al., 1997). 

1.9.1.1.5 Primary hypercholesterolemia 

Hypercholesterolemia is defined as the presence of high concentrations of LDL in the blood. 

Primary hypercholesterolemia is associated with an underlying genetic cause; such as 

homozygous familial hypercholesterolemia, heterozygous-familial hypercholesterolemia and 

non-familial hypercholesterolemia. Non-familial is the more common form of primary 

hypercholesterolemia where a number of genes interact with dietary and other factors such as 

smoking and physical inactivity (National Institute for Health and Clinical Excellence 

(NICE), 2007).   

 

According to Vega et al. (2007), three major mechanisms may be responsible for 

hypercholesterolemia including: overproduction of lipoproteins by the liver, reduced activity 

of receptors for low-density lipoproteins (LDL), and low affinity of circulating LDL for 

receptors (Vega et al., 1987). Individuals with hypercholesterolemia are at increased risk of 
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developing cardiovascular diseases due to the elevated levels of LDL in the blood causing 

atherosclerosis which will eventually lead to MI and stroke risk to increase LDL (National 

Institute for Health and Clinical Excellence (NICE), 2007).  

1.9.1.1.6 Familial hypercholesterolemia 

Familial hypercholesterolemia is a genetic disorder in which cell surface LDL receptors are 

absent or defective resulting in very high low-density lipoprotein levels in the blood and early 

onset CVD. It is usually a result of mutations in the low density lipoprotein receptor (LDLR) 

gene that encodes the LDL receptor protein, which normally removes LDL from blood 

circulation (McPhee et al., 2008).  According to Webb et al. (1996), defects in function of 

LDL-receptor does not only affect the specific uptake and catabolism of LDL, but also its rate 

of production in plasma. The raised concentration in plasma of LDL-cholesterol that 

invariably accompanies defective LDL-receptor function, causes accumulation of cholesterol 

in the peripheral tissues in the form of xanthoma and leads to accelerated atherosclerosis 

(Webb et al., 1996). Goldstein et al. (1973), carried out a study to assess the genetics of 

hyperlipidemia in CHD. Analyses were carried out on 2520 relatives and spouses of 176 

survivors of MI, including 149 hyperlipidemic and 27 normolipidemic individuals. The 

distribution of fasting plasma cholesterol and triglyceride values in relatives suggested the 

presence of five distinct lipid disorders; FH, familial hypertriglyceridemia, familial combined 

hyperlipidemia, polygenic hypercholesterolemia and sporadic hypertriglyceridemia. Familial 

hypercholesterolemia, familial hypertriglyceridemia, and familial combined hyperlipidemia 

occurred in about 20% of survivors below 60 yr of age and 7% of all older survivors, whereas 

polygenic hypercholesterolemia and sporadic hypertriglyceridemia affected about 6% of 

survivors in both age groups (Goldstein et al., 1973). In addition, the most common genetic 

form of hyperlipidemia identified in the study was familial combined hyperlipidemia. Also, 

affected family members characteristically had elevated levels of both cholesterol and 

triglycerides (Goldstein, et al., 1973). 

1.9.1.1.7   Heterozygous familial hypercholesterolemia 

Patients with one defective gene (heterozygotes) have LDL concentrations twice the normal 

level and may develop CHD at the age of 30 to 40. Heterozygous FH is a common genetic 

disorder, occurring in approximately 1 per 500 births (McPhee, et al., 2008). Heterozygous 

familial hypercholesterolaemic patients have a 50% deficiency of receptors for plasma LDL 

http://en.wikipedia.org/wiki/Genetic_disorder
http://en.wikipedia.org/wiki/Low-density_lipoprotein
http://en.wikipedia.org/wiki/Cardiovascular_disease
http://en.wikipedia.org/wiki/LDL_receptor
http://en.wikipedia.org/wiki/Protein
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A39026
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that induces a marked increase in plasma LDL levels (Grundy et al., 1985). According to 

Grundy et al. (1985), two therapeutic measures that seem to increase the synthesis of LDL 

receptors are interruption of the enterohepatic circulation of bile acids with either bile-acid 

sequestrants or the ileal-exclusion operation, and competitive inhibition of 3-hydroxy-3-

methylglutaryl coenzyme A reductase with lipid lowering drugs (Grundy, et al., 1985). To 

determine the effectiveness of this combination and the mechanisms of lowering LDL levels, 

Grundy et al. (1985)  measured turnover rates of LDL apoprotein (apo-LDL) before and 

during treatment with lipid lowering drugs (mevinolin and colestipol) in eight patients with 

heterozygous FH. Drug therapy reduced LDL cholesterol levels by an average of 52%; this 

response was due to a 40% increase in fractional catabolic rate of apo-LDL and a 26% 

decrease in its production rate (Grundy, et al., 1985). Heterozygous familial 

hypercholesterolaemia can therefore be easily treated with several medications. Finally, 

according to Webb et al. (1996), patients with heterozygous FH are at increased risk for 

premature CHD in early middle age, while homozygous familial hypercholesterolaemic 

individuals frequently suffer fatal CHD by their third decade (Webb, et al., 1996).  

1.9.1.1.8 Homozygous familial hypercholesterolemia 

Patients with two abnormal genes (homozygotes) have extremely high levels of LDL, 

reaching to approximately eight times normal level. This may cause severe CVD in 

childhood. Homozygotes may require liver transplantation to correct their severe lipid 

abnormalities. Homozygous FH is a rare disorder, prevalent in approximately one per million 

births (McPhee, et al., 2008). Homozygous familial hypercholesterolaemic patients have a 

lower response rate to available pharmacological therapies aimed at lowering LDL-C than 

patients with heterozygous FH (Gagné et al., 2002; Thompson, 1999). The medical 

management of homozygous familial hypercholersterolemia is challenging because LDL-C 

levels remain high in most patients despite aggressive use of dietary maneuvers, 3-hydroxy-

3-methylglutaryl coenzyme reductase inhibitors (statins), bile acid sequestrants, niacin, fibric 

acid derivatives, or combination therapy (Gagné, et al., 2002; Thompson, 1999). Gagné et al. 

(2002), carried out a study on 50 patients with homozygous FH, to examine the efficacy and 

safety of Ezetimibe coadministered with atorvastatin or simvastatin (statins), in patients with 

homozygous FH. Results revealed that Ezetimibe administered along with atorvastatin or 

simvastatin in patients with homozygous FH produced clinically important LDL-C reductions 

http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A39026
http://europepmc.org/abstract/MED/3849281/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=LDL%20receptors&sort=score
http://europepmc.org/abstract/MED/3849281/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=LDL%20receptors&sort=score
http://europepmc.org/abstract/MED/3849281/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0008015
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A3098
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A3098
http://europepmc.org/abstract/MED/3849281/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=3-hydroxy-3-methylglutaryl%20coenzyme%20A%20reductase&sort=score
http://europepmc.org/abstract/MED/3849281/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=3-hydroxy-3-methylglutaryl%20coenzyme%20A%20reductase&sort=score
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A39026
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A39026
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A13850
http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A39026
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http://europepmc.org/abstract/MED/3849281/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A47774
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providing a new, complementary pharmacological approach for this high-risk population 

(Gagné, et al., 2002).  

1.9.1.2 Hyperglycemia 

Most studies in diabetic patients have found that higher levels of glycemia are associated with 

a greater risk of cardiovascular diseases (Barrett-Connor, 1997; Coutinho et al., 1999; Laakso, 

1996; Levitan et al., 2004). Laakso (1996), reviewed two prospective, population-based 

studies from Finland to investigate the association and nature of association between glycemic 

control and the risk for CHD in patients with non-insulin-dependent DM. The study reported 

an increase in the 10-year incidence of cardiovascular death with increasing tertile of fasting 

blood glucose in Finnish diabetic patients treated with diet alone or with medication (Laakso, 

1996). In addition, the 3-year follow-up prospective, population-based study using 

glycosylated hemoglobin showed a similar pattern when tertiles of glycosylated haemoglobin 

were used to predict fatal or nonfatal  CHD (Laakso, 1996). The association between high 

glycemic levels in diabetics and cardiovascular risk has therefore long been established in 

previous research. It is however necessary to examine whether this association also exists in 

non-diabetic patients. A meta-analysis  of 38 prospective studies  was carried out by Levitan 

et al. (2004) to determine whether non-diabetic hyperglycemia is a risk factor for 

cardiovascular diseases (Levitan, et al., 2004). Results indicated  that blood glucose level is a 

risk marker for CVD among apparently healthy individuals without diabetes, although women 

appeared to have a greater cardiovascular disease risk associated with hyperglycemia than 

men in populations without apparent DM (Levitan, et al., 2004). Coutinho et al. (1999), also 

performed a meta-regression analysis of published data from 20 cohort studies of 95,783 

individuals, to assess the relationship between non-diabetic glucose levels and cardiovascular 

risk (Coutinho, et al., 1999). The study reported a graded relationship between the initial 

fasting and postprandial glucose level and the subsequent 12-year occurrence of a 

cardiovascular event. This relationship was apparent for glucose levels that were below the 

diabetic threshold. Hence, supporting the hypothesis that non-diabetic degrees of fasting and 

postprandial hyperglycemia are associated with CVD and that hyperglycemia is a 

cardiovascular risk factor (Coutinho, et al., 1999).   

 

According to Coutinho et al. (1999), a number of possibilities may explain the relationship 

between glucose levels and subsequent cardiovascular events. Firstly, glucose may itself be 

http://europepmc.org/abstract/MED/8554204/?whatizit_url=http://europepmc.org/search/?page=1&query=%22coronary%20heart%20disease%22
http://europepmc.org/abstract/MED/8554204/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=insulin&sort=score
http://europepmc.org/abstract/MED/8554204/?whatizit_url=http://europepmc.org/search/?page=1&query=%22diabetes%20mellitus%22
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causally related to atherosclerosis through a number of mechanisms including increased 

oxidative stress (Baynes, 1991; Coutinho, et al., 1999), nonenzymatic glycation of LDL 

(Coutinho, et al., 1999; Lyons, 1992), coagulation factors, such as fibrin and antithrombin-III 

(Coutinho, et al., 1999; Vlassara et al., 1994), and advanced glycation end-product formation 

in the vessel wall and matrix (Brownlee, 1994; Coutinho, et al., 1999; Vlassara, et al., 1994). 

Secondly, slightly elevated glucose levels at baseline are most likely underlying factors for the 

subsequent development of higher levels of glucose, impaired glucose tolerance, or diabetes, 

and it is possible that these latter conditions and not glucose elevation per se are related to 

cardiovascular diseases (Coutinho, et al., 1999). Finally, glucose elevation may be 

confounded with some other cardiovascular risk factors, which may be related to 

atherosclerosis, including; hyperinsulinemia, hypertriglyceridemia, decreased HDL, visceral 

obesity, and hypertension (Coutinho, et al., 1999).   

 

1.9.2 Behavioural risk factors  

1.9.2.1 Diet 

The relationship between diet and CHD has been investigated for nearly a century. In 1908, 

Ignatowski produced atherosclerosis in rabbits with a diet high in cholesterol and saturated 

fat; feeding the rabbits dietary cholesterol produced identical lesions (Anitschkow, 1967; Hu 

et al., 2002). In the 1950’s, research indicated that saturated fatty acids and dietary cholesterol 

increased serum cholesterol in humans, where further epidemiological studies found that 

increased serum cholesterol predicted risk of CHD in human populations (Gordon, 1988; Hu, 

et al., 2002; McGill, 1979).  Figure 1.3 provides a description of the mechanisms by which 

diet potentially influences risk of CHD. 
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Figure 1. 3 Intermediate Biological Mechanisms of Dietary Intake and CHD Risk (Hu, et al., 

2002) 

Also, in the earlier years, traditional strategies for the prevention and treatment of CHD relied 

on hormone therapy and/or pharmacologic interventions, overlooking the non-hormonal 

aspects of CHD such as diet, physical activity and other behavioural interventions. The diet-

heart hypothesis states that dietary fat, especially high intakes of saturated fatty acids and  

dietary cholesterol that elevate serum LDL along with low intakes of fruits, vegetables and 

whole grain fibre; lowering serum levels of  HDLs (HDL) are associated with an increased 

risk of developing CHD (Mia et al., 2002; Schmidt et al., 2000). It has been suggested that 

continuous excessive contact of plasma low density lipoproteins (cholesterol-rich LDL) with 

arterial walls can lead to the development of artherosclerotic plaque (Mia, et al., 2002; 

Roberts et al., 1997).  A review by Hu et al. (2001) argues that the type of fat rather than the 

amount of fat is significant with respect to CHD risk (Hu et al., 2001a). It has been suggested 

that replacing saturated fat with polyunsaturated fat is more effective in lowering serum 

cholesterol levels and reducing CHD risk than simply reducing total fat consumption. Since 

substitution with other dietary alternatives such as carbohydrates, may negate this disease 
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prevention approach by increasing hunger and promoting overeating, which in turn may lead 

to weight gain (Hu, et al., 2001a).  

The dietary lipid pathway may also affect CHD through other major risk factors such as 

obesity, hypertension and diabetes (Esrey et al., 1996). Individuals must be aware of the fact 

that diet is linked to plasma cholesterol, which will consequently affect the emergence of 

CHD. It is therefore of great importance to closely monitor diet when considering CHD risk 

factors. 

This section will highlight diet as a major risk factor for CVDs and discuss the specific 

nutrients that can either protect against or help promote CHD. 

Table 1. 2 presents the nutrients associated with CHD risk, as recommended by the American 

Heart Association (AHA) (American Heart Association, 2011; American Heart Association, 

2014; Lichtenstein et al., 2006b) and describes the effects of these nutrients on the 

biochemical aspects of CHD factors (Getz et al., 2007; Greene et al., 2007; Mann, 2002; 

Nicolosi et al., 2001). 

Table 1. 2 Nutrient intake and associated CHD risk  

Nutrients Risk Factors 

Saturated Fatty Acids Increases  LDL , Increases thrombogenisis  

Dietary Cholesterol Increases LDL 

Trans Fatty Acids Increases LDL, Decreases HDL 

N-3 Fatty Acids  Reduces platelet aggregation                                  

Decreases thrombogensis 

Antioxidant Nutrients  Reduces LDL oxidation 

Dietary Fibre Lowers LDL, Lowers serum cholesterol 

Sodium Increases BP 

Potassium Reduces BP 

Caffeine Elevates BP, Increases LDL, Increases 

homocysteine concentrations 
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1.9.2.1.1 Total fat and saturated fatty acids 

During the past several decades, reduced fat intake has been the main focus of national dietary 

recommendations to decrease risk of CHD (Hu, et al., 2001a). Throughout the general 

population, the word “dietary fat” has become synonymous with obesity and heart disease, 

whereas the words “low-fat” and “fat-free” have become synonymous to healthy dietary 

habits (Hu, et al., 2001a). However, metabolic studies have long established that the type of 

fat, and not the total amount of fat predicts serum cholesterol levels, hence replacing saturated 

fat with unsaturated fat is more effective in lowering risk of CHD than simply reducing total 

fat consumption (Hu, et al., 2001a; Hu, et al., 2002; Skeaff et al., 2009; Xu et al., 2006). A 

higher intake of total and saturated fat is widely believed to contribute to the development of 

CHD (Hu, et al., 2002; Mann, 2002; Reddy et al., 2004; Skeaff, et al., 2009; Xu, et al., 2006). 

The belief is largely based on ecological studies relating dietary intake of fat and rates of 

CHD (Hu, et al., 2001a; Skeaff, et al., 2009).   

 Articulation of studies identifying an association between dietary fat intake and rates of 

CHD 

The most recognized ecological study of diet and CHD is the “Seven Countries Study”, which 

consisted of 16 cohorts in 7 different countries comprising 12, 763 middle-aged men that were 

examined between 1985-1964. The “Seven Countries Study” revealed that the death rates 

from CHD during 10-15 years of follow up across the 16 cohorts were positively associated 

with dietary intake of saturated fatty acids at baseline and inversely correlated with dietary 

intake of monounsaturated fatty acids (MUFA). The “Seven Countries Study” also established 

strong associations between mean intakes of saturated fatty acids and mean levels of serum 

total cholesterol (Hu, et al., 2001a; Keys, 1970; Keys, 1980; Skeaff, et al., 2009). Xu et al. 

(2006) examined the association between dietary fat intake and CHD incidence in 2938 

American Indian participants aged 47-79 years. Results indicated that total fat, saturated fatty 

acid, and monounsaturated fatty acid intake were strong predictors of CHD mortality (Xu, et 

al., 2006). In addition, research has shown that the acute administration of a high-fat meal 

induces transitory disruption of endothelial function (Aoki et al., 2006). Aoki et al. (2006) 

carried out a study to investigate the cellular mechanism of a Western-high fat diet-induced 

prothrombotic state by measuring development of morphological atherosclerosis, 

physiological endothelial function and shear-induced platelet reactivity. Results revealed that 
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in high fat diet-induced prothrombotic state, endothelial dysfunction precedes both 

morphologically detectable lesions and the enhancement of platelet reactivity (Aoki, et al., 

2006). The vascular endothelium plays an important role in regulation of blood flow, vascular 

tone and platelet aggregation. Endothelial dysfunction is the disruption of these 

vasoregulatory functions, which is considered one of the earliest events in the development of 

atherosclerosis (Aoki, et al., 2006; Cuevas et al., 2004).  

1.9.2.1.2 Dietary cholesterol   

Dietary cholesterol has commonly been recognised as a dominant factor in the increase of 

plasma cholesterol, CHD risk and atherosclerosis since the early 1900’s (Connor et al., 2002; 

Kratz, 2005; McNamara, 2000). However, over the past quarter century, questions have been 

raised regarding the contribution of dietary cholesterol to heart disease risk, and the validity of 

dietary cholesterol restrictions based on this popular phenomenon (Connor, et al., 2002; Kratz, 

2005; Lee et al., 2006; McNamara, 2000). According to Lee et al. (2006),  a general 

consensus was reached that serum cholesterol increased on average by 0.01mmol/l for every 

100mg of added dietary cholesterol (Lee, et al., 2006). However,  the increase in total serum 

cholesterol included elevations in both LDL and the cardioprotective HDL-cholesterol (Kratz, 

2005; Lee, et al., 2006). Also, Getz et al. (2007), indicated that unlike dietary fat which is 

almost completely absorbed in the intestinal tract, the absorption of cholesterol is incomplete 

and is regulated at the intestinal epithelium (Getz, et al., 2007). Interestingly over 20 years 

ago, in a discussion regarding community interventions, it was noted that there was 

considerable confusion regarding dietary intervention strategies, and that “the confusion was 

aggravated by the distribution of diet plans and recipes designed to provide low- cholesterol 

diets rather than cholesterol-lowering diets”. This emphasis on the role of dietary cholesterol 

diminishes the impact of more effective approaches, such as controlling the types of fat in the 

diet (McNamara, 2000; Shaper et al., 1977). Furthermore, consistent studies have established 

a close association between a high intake of total fat, saturated fatty acids, and cholesterol, 

and a low intake of fibre and polyunsaturated fatty acids (PUFA), thus CHD risk was not 

directly associated with exclusive intakes of dietary cholesterol (Getz, et al., 2007; Hu, et al., 

2001a; Kratz, 2005; Lee, et al., 2006). Therefore, as the consumption of eggs leads to a high 

intake of cholesterol without necessarily resulting in high uptake levels of saturated fatty acids 

and total fat, the effects of dietary cholesterol were determined through investigating the 

relationship between consumption of eggs and the development of CHD (Kratz, 2005; Lee, et 
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al., 2006).  Lee et al. (2006), argued that over 30 years of prospective epidemiological surveys 

of CHD risk have consistently found no independent relationship between egg consumption 

and CHD risk (Lee, et al., 2006). Nevertheless, having concluded that dietary cholesterol can 

in fact increase serum cholesterol, the National Cholesterol Education Program guidelines 

recommend a dietary cholesterol intake of less than 300 mg per day (Getz, et al., 2007; Lee, et 

al., 2006).  

1.9.2.1.3 Unsaturated fatty acids 

According to the American Heart Association (2006), oily fish rich in very long-chain omega-

3 (n-3) polyunsaturated fatty is recommended for cardiovascular risk reduction (Lichtenstein, 

et al., 2006b). The major n-3 PUFA in fish oil are eicosapentaenoic (EPA) and 

docosahexaenoic (DHA) acids. They are derived from -linolenic acid, an n-3 unsaturated 

fatty acid found in oils derived from flaxseed, canola, soybeans and walnuts (Getz, et al., 

2007). Observation of low rates of CVD in populations with a very high intake of fish, such as 

Alaskan Native Americans, Greenland Eskimos and Japanese living in fishing villages, has 

suggested that n-3 fatty acids are cardioprotective (Getz, et al., 2007; Hu, et al., 2001a; 

Kromann et al., 1980; Newman et al., 1993). The American Heart Association has in fact 

advised patients at risk of cardiovascular diseases to eat 35g of fatty fish twice a week (Getz, 

et al., 2007; Lichtenstein, et al., 2006b).  

 Articulation of studies reporting an inverse association between fish consumption and 

CHD risk  

Kromhout et al. (1985), carried out a study on 852 middle-aged men in the Netherlands to 

investigate the relation between fish consumption and CHD. An inverse dose-response 

relation was observed between fish consumption in 1960 and death from CHD during 20 

years of follow-up. Mortality from CHD was more than 50 per cent lower among those who 

consumed at least 30 g of fish per day than among those who did not eat fish (Hu, et al., 

2001a; Kromhout et al., 1985). In addition, Daviglus et al. (1997), carried out a study on 1822 

men aged 40-55 years and free of cardiovascular diseases, to examine the relation between 

base-line fish consumption and the 30-year risk of death from coronary heart disease. The 

study reported an inverse association between fish consumption and death from CHD, hence 

men who consumed 35g or more of fish per day had a 40% lower risk of fatal coronary heart 

disease (Daviglus et al., 1997; Hu, et al., 2001a). Therefore these studies support the argument 

http://europepmc.org/abstract/MED/3990713/?whatizit_url=http://europepmc.org/search/?page=1&query=%22coronary%20heart%20disease%22
http://europepmc.org/abstract/MED/3990713/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0016265
http://europepmc.org/abstract/MED/3990713/?whatizit_url=http://europepmc.org/search/?page=1&query=%22coronary%20heart%20disease%22
http://europepmc.org/abstract/MED/3990713/?whatizit_url=http://europepmc.org/search/?page=1&query=%22coronary%20heart%20disease%22
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that consumption of as little as one or two fish dishes per week may be of preventive value in 

relation to CHD (Daviglus, et al., 1997; Kromhout, et al., 1985).  

 Mechanisms underlying the cardioprotective effects of fish consumption 

The protective effects of marine n-3 fatty acids are possibly due to multiple mechanisms, 

including reducing triglyceride levels, BP, platelet aggregation, thrombotic tendency, 

inflammation, and anti-arrhythmic effects (Getz, et al., 2007; Hu, et al., 2001a; Hu, et al., 

2002). It has been suggested that n-3 fatty acids decrease the expression of adhesion 

molecules on the endothelium, decrease leukocyte-endothelium interactions, and augment 

endothelium-dependent relaxation, thus overall, improving endothelial dysfunction (Cuevas, 

et al., 2004). According to Marchioli et al. (2002), intervening with fish oil supplements for 

MI survivors showed the maximum benefit by 9 months, whereas a secondary prevention 

with statin treatment had its effectiveness only after 1 to 2 years with an effect mainly on 

nonfatal recurrent MI (Getz, et al., 2007; Marchioli et al., 2002).  

 Trans fatty acids  

The natural unsaturated fatty acids discussed above are cis unsaturated fatty acids (Getz, et al., 

2007). Trans fatty acids, on the other hand, have physical properties intermediate between 

those of saturated and unsaturated fatty acids. Yet their effects on CVD may be more adverse 

than those of saturated fatty acids, by which consumption of trans fatty acids increases blood 

cholesterol as much, if not more than saturated fat, but unlike saturated fat decreases HDL 

cholesterol. Hence, the ratio of LDL/HDL cholesterol is higher with trans fatty acid intakes 

that with saturated fat (Getz, et al., 2007; Hu, et al., 2002). The high presence of the trans 

fatty acids in the modern diet originates primarily from the industrial hydrogenation of 

unsaturated oils for ease of handling and storage (Getz, et al., 2007). The major sources of 

trans fatty acids are stick margarine, vegetable shortenings, commercially baked products and 

deep-fried foods (Hu, et al., 2001a; Hu, et al., 2002). Consumption of trans fatty acids 

increases plasma levels of triglycerides and LDL, and may reduce endothelial function by 

impairing flow mediated dilation. Finally, high intake of trans fatty acids may promote insulin 

resistance, increase risk of type 2 diabetes and CHD (Hu, et al., 2001a; Hu, et al., 2002). 

Numerous epidemiological studies have validated and verified the strong positive correlation 

between trans fat intake and rates of CHD (Hu et al., 1997; Hu, et al., 2002; Oomen et al., 

2001; Pietinen et al., 1997). The largest analysis included 4 repeated measures of diet over 14 

http://europepmc.org/abstract/MED/3990713/?whatizit_url=http://europepmc.org/search/?page=1&query=%22coronary%20heart%20disease%22
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years among 80, 082 women in the Nurses’ Health Study cohort. The study examined the 

relationship between dietary intake of specific types of fat, particularly trans unsaturated fat, 

and the risk of CHD in women who were 34 to 59 years of age and had no known coronary 

disease, stroke, cancer, hypercholesterolemia, or diabetes. During 14 years of follow-up, 939 

cases of nonfatal MI and CHD mortality were documented. Also, an increased risk of CHD 

with higher intakes of trans fatty acid and, to a smaller extent, saturated fatty acids, was 

reported; whereas higher intakes of non-hydrogenated polyunsaturated and MUFA were 

associated with a decreased risk of CHD (Hu, et al., 1997; Hu, et al., 2002). These findings 

suggest that replacing saturated and trans unsaturated fats with non-hydrogenated 

monounsaturated and polyunsaturated fats is more effective in preventing CHD in women 

than reducing overall fat intake (Hu, et al., 1997). In addition to the Nurse’s Health study 

(NHS), Pietinen et al. (1997), examined the relationship between intakes of specific fatty 

acids and the risk of CHD in a cohort of 21,930 men aged 50–69 years who were initially free 

of diagnosed cardiovascular diseases. After 6.1 years of follow-up from 1985–1988, 1,399 

major coronary events and 635 coronary deaths were documented. After controlling for age, 

supplement group, several coronary risk factors, total energy, and fibre intake, a significant 

positive association between the intake of trans fatty acids and the risk of coronary death was 

observed (Hu, et al., 2002; Pietinen, et al., 1997). Finally, Oomen et al. (2001), carried out a 

10 year prospective study on 667 men of the Zutphen Elderly Study aged 64-84 years to 

investigate the relationship between trans fatty acid intake and CHD. After adjustment for 

age, body mass index (BMI), smoking, and dietary covariates; results indicated that trans fatty 

acid intake at baseline was positively associated with the 10-year risk of CHD (Hu, et al., 

2002; Oomen, et al., 2001).  

1.9.2.1.4  Antioxidant nutrients 

The oxidative modification of LDL has been implicated in the development of atherosclerosis 

and its clinical manifestations, such as MI and stroke (Cuevas, et al., 2004; Stampfer et al., 

1993). Accordingly, food sources of antioxidant nutrients are recommended (Lichtenstein, et 

al., 2006b). Epidemiologic studies have demonstrated an association between increased 

intake of antioxidant vitamins such as vitamin E, vitamin C and carotene; and reduced 

morbidity and mortality from CHD (Egger et al., 1998; Harris et al., 2009; Hertog et al., 

1993; Ness, 2001; Nicolosi, et al., 2001; Reddy, et al., 2004; Riemersma et al., 2006; 

Stampfer, et al., 1993). 
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 Mechanisms underlying the association between increased intake of antioxidant 

vitamins and CHD risk 

According to Adams et al. (1999), vitamin E prevents the perioxidation of polyunsaturated 

fatty acid in the membranes; vitamin C scavenges plasma free radicals and prevents their 

entry into LDL particles, and -carotene reduces oxidized LDL uptake, but does not prevent 

LDL oxidation (Adams et al., 1999). This association has been explained on the basis of the 

“oxidative-modification hypothesis” of atherosclerosis (Diaz et al., 1997; Stocker et al., 

2004). The oxidative modification hypothesis of atherosclerosis predicts that low-density 

lipoprotein (LDL) oxidation is an early event in atherosclerosis and that oxidized LDL 

contributes to atherogenesis (Diaz, et al., 1997; Stocker, et al., 2004). Research has shown 

that oxidized LDL is taken up more readily than native LDL by macrophages to create foam 

cells (Stampfer, et al., 1993; Steinberg, 1989; Steinberg et al., 1990; Stocker, et al., 2004). In 

addition, oxidized LDL is chemotactic for circulating monocytes, leading to the accumulation 

of vascular inflammatory cells and free radicals and to the activation of nitric oxide (NO) 

(Cuevas, et al., 2004; Stampfer, et al., 1993). It may also be cytotoxic to endothelial cells and 

may increase vasoconstriction in arteries (Cuevas, et al., 2004; Stampfer, et al., 1993). 

Antioxidants reduce LDL oxidation by preserving endothelium-dependent vaso-relaxation 

(Cuevas, et al., 2004; Rodrı́guez et al., 2002).  It has been detected by Rodrı́guez et al. 

(2002), in a study carried out on 36 male Yucatan miniature pigs, that vitamin C, a water 

soluble antioxidant, vitamin E and probucal, lipid soluble antioxidants, preserve endothelium-

dependent vasorelaxation by decreasing the down regulation of endothelial NO synthase 

expression, hence help prevent atherosclerosis (Rodrı́guez, et al., 2002).  

 Articulation of studies demonstrating an association between anitoxidant vitamin 

intakes and CHD risk  

Riemersma et al. (2006) carried out a case-control study on 125 men aged 35-54 years to test 

the hypothesis that those with a low antioxidant status are at enhanced risk for CHD. Results 

indicated that subjects with plasma vitamin C and E levels within the lowest quintile had an 

increased risk of angina. The strength of these relations to the disease are believed to be “as 

strong as that of serum cholesterol” (Riemersma, et al., 2006). Similarly, prospective cohort 

studies carried out on 87245 female nurses aged 34 to 59 years who were free of diagnosed 

cardiovascular diseases; and 39,910 U.S. male health professionals 40 to 75 years of age who 

were also free of diagnosed CHD, diabetes, and hypercholesterolemia, reported an inverse 

association between intake of vitamin E and relative risk of CVD in both men and women 
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(Rimm et al., 1993; Stampfer, et al., 1993). In addition to vitamin C,  flavonoids are also 

naturally occurring water soluble antioxidants found in fruits, vegetables, and beverages such 

as tea and wine (Nicolosi, et al., 2001). The elevated levels of flavonoids in wine are 

suspected to provide cardio-protective benefits, independent of the action of ethanol,  hence 

be associated with a reduced risk of CHD, and total mortality; as suggested in the literature 

surrounding the ‘French Paradox’ (Agarwal, 2002; Criqui, 2001; Greene, et al., 2007; 

Rotondo et al., 2001).  This phenomenon refers to people residing in certain parts of France 

and other Mediterranean countries where red wine is customarily consumed during meals 

(Agarwal, 2002). These populations show a low CHD mortality, despite living a lifestyle 

considered to have comparably high CHD risks, like those in the USA and many other 

developed countries (Agarwal, 2002; Criqui, 2001). In addition to red wine, Hertog et al. 

(1993), carried out a 5 year follow up cohort study to assess the flavonoid intake of 805 men 

aged 65-84 years. Results demonstrated an inverse association between flavonoid content of 

fruits, vegetables and beverages and risk for CHD. Nearly 50% reduction in relative risk for 

CHD and incidence of first MI was witnessed between individuals consuming the highest and 

lowest tertiles of flavanoids. In addition, flavonoid intake was significantly inversely 

associated with morality from CHD (Hertog, et al., 1993). 

1.9.2.1.5 Dietary fibre 

Dietary fibre, particularly soluble dietary fibre has been found to be inversely associated with 

risk factors for CHD through a variety of mechanisms, such as; lowering BP, improving blood 

lipid profiles by lowering plasma LDL-C without affecting HDL-C levels, and improving 

insulin sensitivity
 
and fibrinolytic activity (Nicolosi, et al., 2001; Pereira et al., 2004). A diet 

that elevates serum HDL,  appears to have a beneficial influence on the arterial wall (Norata 

et al., 2006). There is an inverse association between HDL levels and the risk of CHD 

(Norata, et al., 2006). This inverse association is often explained by the ability of HDL to 

remove cholesterol from the periphery for delivery to the liver and excretion into the bile, a 

process termed “reverse cholesterol transport” (Norata, et al., 2006; Silver et al., 2000).   

 Articulation of studies demonstrating an association between consumption of dietary 

fibre and CHD risk  

Various epidemiological studies have supported the hypothesis that dietary fibre may reduce 

the risk of CHD (Brown et al., 1999; Fernandez, 2001; Greene, et al., 2007; Morris et al., 

1977; Nicolosi, et al., 2001). According to Greene et al. (2007),  Morris and colleagues were 
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the first investigators to report an association between cereal fibre and reduced CHD 

incidence in 1977 (Greene, et al., 2007; Morris, et al., 1977). Since then, numerous studies 

have validated the inverse association between dietary fibre and CHD (Brown, et al., 1999; 

Fernandez, 2001; Greene, et al., 2007; Pereira, et al., 2004). Pereira et al. (2000), carried out a 

pooled analysis of cohort studies to estimate the association between dietary fibre intake and 

the risk of CHD. It was concluded that consumption of dietary fibre, from both cereals and 

fruits, was negatively associated with the risk of CHD (Greene, et al., 2007; Pereira, et al., 

2004). In addition, research has also shown that an average reduction of 9% in LDL-C can be 

achieved by the incorporation of soluble fibre into the diet (Fernandez, 2001; Greene, et al., 

2007). A meta-analysis by Brown et al. (1999) evaluated the hypocholesterolemic effects of 

dietary fibre from 67 controlled trials. Dietary fibre intake was directly associated with lower 

plasma LDL-cholesterol (Brown, et al., 1999; Fernandez, 2001). Also, what appeared to be 

consistent in the 67 studies, was that plasma lipids changes were specific to LDL-cholesterol. 

No significant changes were observed in plasma HDL cholesterol or triglyceride 

concentrations (Brown, et al., 1999; Fernandez, 2001). Furthermore, a different meta-analysis 

of eight controlled trials was conducted by Anderson et al. (2000), in order to assess the 

hypolipidemic effects of psyllium (a soluble fibre), when used as an adjunct to low-fat diets. It 

was concluded that psyllium supplementation resulted in an additional 7% reduction in LDL-

cholesterol in hypercholesterolemic individuals already consuming a low-fat diet (Anderson et 

al., 2000; Fernandez, 2001). 

1.9.2.1.6 Sodium 

Observational epidemiologic studies have repeatedly identified an independent, positive 

relationship between dietary intake of sodium and BP (He et al., 1999; He et al., 1997; 

Pietinen et al., 1988). Intersalt, a cross-sectional study of 10, 074 participants from 52 

populations in 32 countries, previously reported the presence of a strong, positive association 

between urinary sodium excretion and BP (He, et al., 1997; Pietinen, et al., 1988). Elliot et al. 

(1996), further examined this relationship and revealed that a 100 mmol higher 24-hour 

urinary sodium was associated with an increase of 4.5mm Hg in systolic and 2.3mm Hg in 

diastolic BP after adjustment for several important confounding factors such as age, gender 

and BMI (Elliott et al., 1996; He, et al., 1997). Randomized controlled trials have also 

indicated that a reduced sodium intake leads to a reduction in BP in both hypertensive and 

normotensive individuals (He, et al., 1999; He, et al., 1997; Trials of Hypertension Prevention 
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Collaborative Research Group, 1992). The Trials of Hypertension Prevention Collaborative 

Research Group (1992) carried out randomized control multicenter trials on 2182 men and 

women, aged 30 through 54 years, with diastolic BP from 80 through 89 mm Hg, to test the 

short-term feasibility and efficacy of seven non-pharmacologic interventions in individuals 

with high normal diastolic BP. Sodium reduction interventions reduced urinary sodium 

excretion by 44 mmol/24-hour, diastolic BP by 0.9 mm Hg, and systolic BP by 1.7mm Hg, 

hence indicating a direct relationship between sodium intake and increased BP (He et al., 

2002a; Trials of Hypertension Prevention Collaborative Research Group, 1992). 

 Interindividual variability impact of sodium consumption on blood pressure 

However, it is necessary to recognise that the magnitude of BP reduction resulting from a 

lowering of dietary sodium varies between individuals (Alderman, 2002; Miller et al., 1987; 

Schorr et al., 2000). According to Alderman (2002), the population includes salt 'sensitive' 

and 'insensitive' individuals, which may be associated with genetic and environmental factors 

(Alderman, 2002) . Miller et al. (1987) investigated the effect of dietary sodium restriction on 

BP in 82 healthy, normotensive adults. Results revealed that the older individuals were more 

likely to have a decreased BP during sodium restriction, while the younger adults showed no 

change. The individual BP responses were heterogeneous with increases in pressure observed 

in some subjects, suggesting that “sodium sensitivity” of BP may be more evident with 

increasing age. It was therefore suggested that further sodium restriction in all normotensive 

adults may not be innocuous (Miller, et al., 1987). A more recent study by Schorr et al. (2000) 

on 269 normotensive male medical students reported no response to changing sodium intake 

from 20 to 270 mmol/24hour in 136 subjects, while 67 had a rise in systolic and diastolic BP, 

and 66 (almost an equal amount) decreased by at least 3 mmHg when moving from a low to a 

high salt intake, thus suggesting that interindividual variation may explain these inconsistent 

results (Schorr, et al., 2000). Nonetheless, the increasingly strong body of scientific evidence 

related to the relationship between dietary sodium and cardiovascular diseases should validate 

the importance of salt reduction for high BP regardless of sodium sensitivity and 

interindividual variation (He et al., 2002b).  

It has previously been established that hypertension is one of the most important preventable 

risk factor for CHD, stroke and MI (He, et al., 2002a; He, et al., 1997; Kannel, 1996). 

According to Kannel (1996), hypertension contributes to all of the major atherosclerotic CVD 

outcomes increasing risk, on average, 2- to 3-fold (Kannel, 1996). Dietary sodium reduction 
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has therefore been recommended as a means to prevent both hypertension and CVD mortality 

and morbidity (He, et al., 1999; He, et al., 1997; Kannel, 1996).  

 Potassium 

Increasing dietary potassium intake is expected to exert a protective effect against stroke, 

incidence of CHD and total cardiovascular diseases (D'Elia et al., 2011; Reddy, et al., 2004). 

A meta-analysis from previous prospective studies by D’Elia et al. (2011) indicated that an 

average increase of 1.64g (42mmol) of potassium per day is associated with a 21% reduced 

risk of stroke (D'Elia, et al., 2011). It has also long been established that an inverse 

relationship exists, between dietary potassium intake and high BP; a risk factor for CHD 

(D'Elia, et al., 2011; Kawano et al., 1998; Reddy, et al., 2004). D’Elia et al. (2011), reported 

significant reductions of 4.9mm Hg systolic BP and 2.7mm Hg diastolic BP in hypertensive 

patients upon  an increase in potassium intake of at least 20mmol (0.78g) per day (D'Elia, et 

al., 2011). 

 Caffeine 

Caffeine is found in many everyday products like coffee, tea, soda beverages, energy drinks, 

chocolates, certain drugs, and more recently, caffeinated bottled water, indicating a 

widespread consumption throughout the world (Adebayo et al., 2007; Riksen et al., 2009). 

Caffeine consumption varies according to geographic region and culture worldwide; with 

Sweden having the highest per capita consumption in the world (>400 mg/daily) (Adebayo, 

et al., 2007; Field et al., 2003; Michels et al., 2002). In Kuwait, a recent study in 2010 

revealed that Arabic “Gahwa” (a very popular hot drink in Kuwait), has one of the lowest 

caffeine contents among coffee-based drinks. However, it was suggested that the high 

frequency of its consumption amongst Kuwaitis, could indicate an elevated overall intake of 

caffeine, hence increasing risk of associated non-communicable diseases (Afzal et al., 2010). 

The American Heart Association (2011) recommends a restricted caffeinated coffee 

consumption of 1-2cups/day, which contains approximately 60 mg of caffeine/cup (American 

Heart Association, 2011; AUSNUT, 2007). 

 Mechanisms underlying the association between caffeine intake and CHD risk 

Several articles have explained that caffeine induces various acute cardiovascular risks, 

including effects on circulating catecholamines, arterial stiffness and endothelium dependent 

vasodilation (Lopez-Garcia et al., 2006; Riksen, et al., 2009).  In addition, it has also been 
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repeatedly articulated  that increased caffeine intake, may be, an independent risk factor for 

CHD (Adebayo, et al., 2007; Brown et al., 1989; Lopez-Garcia, et al., 2006; Riksen, et al., 

2009; Tavani et al., 2001). This correlation has been determined according to the associated 

CHD risk factors involved with increased caffeine intake; including elevated BP, LDL 

cholesterol and plasma total homocysteine concentrations, as well as, fat oxidation in muscle, 

free fatty acid release from peripheral tissue and a decrease in insulin sensitivity of the 

skeletal muscle (Brown, et al., 1989; Lopez-Garcia, et al., 2006; Riksen, et al., 2009; Tavani, 

et al., 2001).    

Food consumption patterns in Kuwait  

Prior to discovery of oil, men in Kuwait carried out manual labour, such as fishing,  sailing or 

pearl diving while women tended houses (Al-Isa, 1999a). The Kuwaiti diet therefore 

depended on: agriculture, grazing and fishing, which consisted of high fibre consumption, and 

low fat, carbohydrate and protein intake (Al-Kandari, 2006). However, nowadays, the high 

per capita income has naturally generated increasing food availability, excessive food intake 

and introduction of new food habits by expatriates arriving from different parts of the world 

(Al-Awadi et al., 1989). Fast foods such as beef burgers, fried chicken, onion rings and 

French-fries have been introduced to the Arabic diet, replacing the more healthy traditional 

diet of the Kuwaiti ancestors (Al-Kandari, 2006). This, unfortunately, has caused a negative 

impact on CVD risk factors among the Kuwaiti population (Serour et al., 2007). 

In addition to the nutritional transition of the Kuwaiti diet, lifestyle in Kuwait and social 

obligations such as the frequent gatherings with extended family and friends, also encourage 

overeating, since there are many social occasions like weddings, parties, and religious events 

in which Kuwaitis gather and consume plenty of food (Al-Isa, 1999a). During these times, 

more fat, meat, sugar, rice and wheat flour is being consumed (Serour, et al., 2007).  

In 1984, a study carried out to determine the dietary habits of both Kuwait males and females, 

reported a high intake of rice, mutton and lamb, with low intakes fresh fruits and vegetables.  

Frequent consumption of carbonated beverages, coffee and tea was also witnessed, in addition 

to high sugar utilization (Kamel et al., 1984).  Also, data on nutrient intakes reported vitamin 

A, thiamine, riboflavin and calcium intakes below that of the U.S. Recommended Dietary 

Allowances (U.S. RDA)  (Kamel, et al., 1984). In addition, more recent studies, reported 

similar findings. A review carried out by Musaiger (2002), reported a daily caloric increase of 



        

 30 

approximately 500kcal between 1971-1997, with high intakes of cholesterol, free sugars and 

sodium; and low intakes of fibre-rich foods such as whole grains, vegetables and fruits 

(Musaiger, 2002). Another study carried out on women at Kuwait University, detected 

inadequate intake of fibre, and high intake of sugar and caffeine, as well as, a slightly higher 

intake of cholesterol (Al-Shawi, 1992). A study carried out by Zaghloul et al.(2012), to assess 

the adherence of Kuwaiti adults to dietary guidelines for fruit and vegetable intake, revealed 

that only 10.8% reported consuming the recommended 5 per day fruit and vegetables with a 

mean consumption of 3.04 times per day (Zaghloul et al., 2012). Consumption increased with 

age and BMI but decreased with smoking and lack of physical activity (Zaghloul, et al., 

2012). This frequency of fruit and vegetable consumption was lower than the recommended 

US dietary guidelines (U.S. Department of Health and Human Services (USDHHS) et al., 

2010). High fruits and vegetable consumption have been established and recognised as highly 

associated with reduced risk of diabetes, cancer, hypertension and CHD (He et al., 2007; He 

et al., 2006; Zaghloul, et al., 2012).  

1.9.2.2 Insufficient physical activity 

“Those who think they have no time for bodily exercise will sooner or later have to find time 

for illness” (Lavie et al., 2009; Stanley, 1873). 

Physical activity is defined as “ bodily movement produced by skeletal muscle that requires 

energy expenditure and promotes health benefit” (Lavie, et al., 2009; Leon, 1997).  

Optimum physical activity for adults has been generally classified as a total equivalent of at 

least 150 minutes of moderate intensity activity per week (30 minutes/day), or 60 minutes of 

vigorous intensity activity per week. Examples of moderate intensity physical activity include 

brisk walking, swimming leisurely, and light-effort cycling; while vigorous intensity include 

jogging, running, hiking and moderate-effort/fast cycling (AIHW, 2004; Haskell et al., 2007). 

Also combinations of moderate- and vigorous- intensity activity can be performed to meet this 

recommendation. A person, for instance, can walk briskly for 30 minutes twice during the 

week, then jog for 20 minutes on two other days (AIHW, 2004; Haskell, et al., 2007; 

Sattelmair et al., 2011; U.S. Department of Health and Human Services, 2008). A prospective 

study carried out by Wen et al. (2011), in Taiwan, suggests however, that a daily average of 

15 minutes of moderate-intensity physical activity (105 minutes/week) should suffice. The 

study argues that individuals are more likely to do 15 minutes of daily physical activity rather 
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than 30 minutes. Furthermore, it was postulated that once an individual carries out 15 minutes 

of daily physical activity, they might be more likely to increase the amount of time they spend 

on physical activity, possibly leading to a change in the social norm by increasing the amount 

of leisure-time physical activity carried out in a largely inactive society (Wen et al., 2011).  In 

addition, Lee at al. (2000) examined the association between physical activity of different 

durations and long-term outcomes such as CHD in 7307 men from the Harvard Alumni 

Health Study (an ongoing study of men who matriculated as undergraduates at Harvard 

University between 1916 and 1950). Results indicate that, with regards to CHD, the 

accumulation of shorter sessions of activity is associated with equivalent benefits compared 

with longer sessions, as long as the total amount of energy expended is similar. Even men 

who only walked and climbed stairs and did not report additional participation in sports or 

recreational activities fared as well as those who engaged in sports and recreational activities, 

provided their total energy output was similar (Lee et al., 2000). The study therefore suggests 

that although physical activity has already been established as a major factor associated with 

reduced risk of CHD, the accumulation of shorter sessions of physical activity, as opposed to 

one longer continuous session of exercise is advised (Lee, et al., 2000). 

 Articulation of studies demonstrating a protective relationship between physical activity 

and CHD risk 

Over the past 40 years, evidence has accumulated on the role of physical activity in 

preventing and treating CHD (Ayabe et al., 2004; Caspersen et al., 1996; Leon, 1997; Press et 

al., 2003; Rosengren et al., 1997; Suzuki et al., 1998). Consistent findings have shown that 

individuals not participating in regular physical activity have about twice the risk of 

developing or dying from CHD, compared to  physically active individuals (Dorn et al., 1999; 

Press, et al., 2003). Britton et al. (2002) reported 37% of CHD mortality attributable to 

physical inactivity; second only to raised blood cholesterol (Britton et al., 2002; Press, et al., 

2003). The American Heart Association has established physical inactivity as a major 

modifiable risk factor for coronary heart disease (Lavie, et al., 2009; Thompson et al., 2003). 

In addition, according to Australian Institute of Health and Welfare (AIHW), insufficient 

physical activity is one of the most widespread of all the coronary risk factors (AIHW, 2004).  

 Mechanisms underlying the relationship between physical activity and CHD risk 

The relationship between physical activity and several confounders associated with CHD risk 

including body weight/BMI, blood glucose levels, plasma lipid profile and BP; has been well-
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documented in previous literature (Buttar et al., 2005; Kasapis et al., 2005; Mora et al., 2007; 

Yusuf et al., 2004). According to Buttar et al. (2005), physical activity assists in improving 

plasma lipid profiles by increasing the HDL-C to total cholesterol ratio and reducing the 

LDL-C to total cholesterol ratio (Buttar, et al., 2005). A critical review by Arroll et al. (1992), 

reported reduced BP in more physically active hypertensive and normotensive subjects, 

regardless of weight loss/weight gain (Arroll et al., 1992). In addition, previous studies have 

also reported decreased blood coagulation associated with increased physical activity; as well 

as improved fibrinolytic capacity and hemostatic risk factor profile; and reduced systemic 

inflammation as indicated by C-reactive protein (CRP) (Abramson et al., 2002; Boekholdt et 

al., 2006; Buttar, et al., 2005; Hamer et al., 2009; Pai et al., 2004). Evidence from the 

Women's Health prospective study showed that BP, inflammatory and hemostatic risk factors; 

such as high levels of plasma fibrinogen, plasminogen activator inhibitor type 1 (PAI-1) 

activity, and tissue-type plasminogen activator (TPA) antigen, made the largest contribution 

to the inverse association between physical activity and cardiovascular diseases (Hamer, et al., 

2009; Mora, et al., 2007).  Plasma levels of fibrinogen, PAI-1 activity, and TPA antigen play 

a central role in the development of acute coronary thrombosis (Jansson et al., 1993; Kannel 

et al., 1987; Stevenson et al., 1995). Fibrinogen has been shown to be an independent risk 

factor for CHD, while elevated levels of plasma PAI-1 activity and TPA antigen have been 

positively associated with myocardial reinfarction and CHD mortality (Jansson, et al., 1993; 

Kannel, et al., 1987; Stevenson, et al., 1995). Finally, Pai et al. (2004) reported increased risk 

of CHD in elevated levels of inflammatory markers, particularly CRP (Pai et al. 2004). The 

study, however, reported plasma lipid levels more strongly associated with increased risk of 

CHD than inflammatory markers. Nonetheless, the level of CRP remained a significant 

contributor to the prediction of CHD (Pai, et al., 2004). 

 

 Possible explanations for the low prevalence of physical activity in Kuwait 

Physical activity in Kuwait and the Arabian Peninsula has significantly diminished, due to 

rapid modernization and wealth, which has resulted in the availabilities of housemaids, private 

cars, televisions, computers and sophisticated household appliances (Abdella et al., 1998; Al-

Isa, 1997; Al-Mahroos et al., 1999; Jackson, et al., 2002). This models the “nutrition 

transition”, where modernization has generated negative consequences on physical activity in 

Kuwait (Al-Isa, 1997; Al-Isa, 2003; Jackson, et al., 2002). Work, nowadays requires less 

physical exertion and allows more leisure (Al-Isa, 1999a). Leisure activity has also been 
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transformed, particularly by the high availability of labour saving devices (Jackson, et al., 

2002), and the infiltration of mass media into the developing world, where sedentary activities 

are encouraged (Popkin, 2000). There is increasing evidence that time spent in prevalent 

leisure-time sedentary behaviours, particularly television viewing, may pose a health risk that 

is independent of leisure time physical activity (Ching et al., 1996; Dunstan et al., 2005). 

Several studies have classified television viewing as the major sedentary behaviour worldwide 

(Dunstan, et al., 2005; Otten et al., 2009; Tucker et al., 1989). It has been well-acknowledged 

that following sleep and work, television viewing is the nation’s third most time consuming 

activity, estimating that the average adult male watches television 4-5 hours daily (Otten, et 

al., 2009; Tucker, et al., 1989; U.S. Census Bureau, 2007). According to the U.S. Census 

Bureau, this is equivalent to 65 days of television viewing for an average adult over the course 

of 1 year (Otten, et al., 2009; U.S. Census Bureau, 2007). It was reported that after adjustment 

for age, smoking status, length of time at work, measured physical fitness, and reported 

weekly hours of exercise,  people who viewed television more than three hours/day were 

twice as likely to be obese as those that viewed less than 1 hour/day (Tucker, et al., 1989). In 

addition, compared with other sedentary activities such as reading, writing, talking on the 

telephone, or desk work, television viewing expends less energy (Ainsworth, 2003; Otten, et 

al., 2009). Findings from several studies suggest that longer duration of TV viewing times is 

consistently associated with higher risk of type 2 diabetes, cardiovascular diseases, and all- 

cause mortality (Grøntved et al., 2011; Hu et al., 2003; Stamatakis et al., 2011; Wijndaele et 

al., 2011). Wijndaele et al. (2011) examined the prospective relationship between television 

time and all-cause, cardiovascular and cancer mortality in a population-based cohort of 13197 

men and women aged 61.5+ 9 years, in a 10-country collaborative European Prospective 

Investigation into Cancer and Nutrition Study (EPIC). The study reported an increased hazard 

of all-cause and cardiovascular mortality with each 1-h/day increase in television time, which 

suggests advising a reduction in television time, and advocating physical activity (Wijndaele, 

et al., 2011). Similarly, a study was carried out by Stamatakis et al. (2011), also to examine 

the independent relationships of television viewing or other screen-based entertainment 

(“screen time”) with all-cause mortality and clinically confirmed CVD events on a population 

sample of 4512 Scottish men and women, ages 35 and above.  Results indicated that 

compared with those spending <2 h/day on screen-based entertainment, there was a 48% 

increased risk of all-cause mortality in those spending >4 h/day and an approximate 125% 

increase in risk of cardiovascular disease events in those spending >2 h/day, hence supporting 

the inclusion of a sedentary behaviour guideline in public health recommendations for CVD 
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prevention (Stamatakis, et al., 2011). A study was carried out by Hu et al. (2003), to examine 

the relationship between various sedentary behaviours, especially prolonged television 

watching, and risk of obesity and type 2 diabetes among 50277 women from 11 states in the 

Nurses’ Health Study. Results indicated that sedentary behaviours, especially television 

watching, were associated with significantly elevated risk of obesity and type 2 diabetes, 

whereas even light to moderate activity was associated with substantially lower risk (Hu, et 

al., 2003). Li et al. (2006), carried out a cohort study on 88393 women, 34 to 59 years of age, 

to examine independent and joint associations of physical activity and adiposity measures 

(BMI, waist circumference, and waist-to-hip ratio) with incidence of CHD during 20 years of 

follow up in the NHS. Results indicated that physical activity and adiposity independently 

predicted risk of CHD. Being physically active moderately attenuated but did not eliminate 

the adverse effect of obesity on coronary health, and being lean did not counteract the 

increased risk associated with physical inactivity. The lowest risk of CHD was observed 

among physically active lean women. Weight gain during adulthood was associated with a 

significantly increased risk of CHD, independent of physical activity levels (Li et al., 2006). 

Interestingly, Katzmarzyk et al. (2009) examined the relationship between sitting time and 

mortality in a representative sample of 17, 013 Canadians, 18-90 years of age, to gain insight 

into the risk associated with excessive sitting in individuals who meet the physically active 

recommendations yet sit for most of the day. Results from the study suggest that greater daily 

time spent sitting in major activities is associated with elevated risks of mortality. Even within 

physically active individuals, there was a strong association between sitting and risk of 

mortality. This is an important observation because it suggests that high amounts of sitting 

cannot be compensated for with occasional leisure time physical activity, even if the amount 

exceeds the current minimum physical activity recommendations, hence indicating that 

patients shouldn’t only increase their level of physical activity and maintain a normal body 

weight, but to reduce the amount of time they spend being sedentary (Katzmarzyk et al., 

2009).  

 

In Kuwait, both women and the elderly are rarely involved in social and sport activities that 

require effort. Aside from modernization and wealth; religious and traditional constraints may 

also preclude some women from engaging in sport events, gyms, and other social 

participation (Al-Isa, 1999a; Al-Isa, 1999b; Al-Mahroos, et al., 1999). Men, for instance, can 

practice more outdoor sports, like football and jogging, whereas with females it is perhaps 

more suitable to engage in indoor sports away from men (Al-Isa, 1999a).  The elderly, 
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however, are less active due to lack of physical capacity (Al-Kandari, 2006). Also, the climate 

in Kuwait is similar to that of a dry desert; the extreme heat and short cool winters may 

discourage the Kuwaiti population from engaging in regular physical activity (Serour, et al., 

2007). Increased energy intake, coupled with low levels of physical exertion, that may result 

from weather circumstances, or religious and cultural restrictions, or even from the large 

number of foreign workers and the increase in labour-saving devices, is associated with a 

notable rise in body fatness over the last three decades (Jackson, et al., 2002). 

 

 Studies reporting low physical activity levels in Kuwait 

In 2008, data revealed that 64.7% of Kuwaitis aged 20-64 years did not participate in 

adequate physical activity, 22.5% were involved in moderate physical activity, such as brisk 

walking and swimming, and only 12.8% performed high levels of activity such as running. In 

addition, women were overall 13.8% less physically active than men (Al-Nesf, et al., 2008). A 

study was carried out by AlSaif (2002), in Saudi Arabia to determine the prevalence and 

factors associated with obesity and overweight (risk factors for CHD) in 1652 men and 1619 

women between 30 and 70 years of age (Alsaif et al., 2002). Results revealed that after 

adjusting for age, income and smoking, obese women were 50% more likely to be inactive 

than non-obese women. It was suggested by Alsaif et al. (2002), that the wide spread usage of 

housemaids or the limited availability of exercising facilities for girls and women in Saudi 

Arabia could have been the underlying source of inactivity in the study (Alsaif, et al., 2002). 

In addition, a study carried out by Al-Asi (2003), on Kuwaiti employees at “The Kuwait Oil 

Company” reported a significant difference in weight between employees that were inactive, 

moderately active and sufficiently active, with percentage rates for combined obesity and 

overweight being 61%, 35% and 5% respectively (Al-Asi, 2003). Al-Isa et al. (2011) explored 

the social and health factors associated with the level of physical activity among 787 Kuwaiti 

college students. The study reported 13% obesity in males and 10.5% females, and indicated 

that 433 out of the 787 were physically active, by which males significantly exceeded 

females. In addition, the social and health factors significantly associated with physical 

activity among these Kuwait students were gender, marital status and BMI category (Al-Isa et 

al., 2011).   

 

Epidemiological studies have therefore convincingly shown the high prevalence of inactivity 

in Kuwait and the Arabian Gulf, as well as the correlation between physical inactivity, 
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morbidity and mortality worldwide. It is therefore necessary to recognise barriers to physical 

activity in Kuwait and attempt to intervene, by providing classes/programs that encourage 

indoor physical activity, in the case of climate issue (Serour, et al., 2007). 

 

It is argued that successful reductions in inactivity may provide the most cost effective 

approach to treatment of obesity and the prevention of cardiovascular diseases (Salmon et al., 

2003). Therefore the central aim for promoting physical activity is to improve health and 

well-being in the Kuwaiti population.  

 

According to Salmon et al. (2003), sedentary behaviours can be identified by their low 

metabolic equivalent (MET) intensity levels (MET < 2) (Salmon, et al., 2003).  A metabolic 

equivalent is defined as “the resting metabolic rate, that is, the amount of oxygen consumed at 

rest, sitting quietly in a chair, approximately 3.5ml O2/kg/min (1.2 kcal/min for a 70kg 

person)” (Jette et al., 1990). MET values are based on the compendium of activities developed 

by Ainsworth et al. (1993), to enable participation in different types of activities to be 

aggregated (Ainsworth et al., 1993; Giles-Corti et al., 2002). Vigorous activity was assigned a 

MET value of 8.0, moderate activity a MET value of 4.0, and MET values for light (walking) 

varies between 2.5 for easy pace, and 4.5 METs for very brisk pace (Giles-Corti, et al., 2002; 

Weuve et al., 2004). For each activity, the energy expended in MET- hours per week is 

estimated, by multiplying its MET value by the time spent performing it (Weuve, et al., 

2004). 

1.9.2.3  Smoking 

Mcphee et al. (2008) describe smoking as the number one cause of CVD worldwide (McPhee, 

et al., 2008). According to the American Heart Disease, women who smoke up to 15 

cigarettes a day and take oral contraceptives, have a 3-5 times higher risk of CHD (American 

Heart Association, 2004). Tobacco smoke contains nicotine and carbon monoxide. When 

inhaled, this reduces blood oxygen, therefore damaging blood vessel walls, causing plaque to 

build up, which as mentioned earlier results in CHD (AIHW, 2004). Aside from first hand 

smoke, risk is also higher by 30% in those exposed to passive smoke. In accordance with the 

AHA, risk decreases by 50% one year after smoking cessation (American Heart Association, 

2004).  

http://www.wrongdiagnosis.com/c/coronary_heart_disease/intro.htm
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According to the Survey of Risk Factors for Chronic Non-Communicable Diseases in Kuwait 

(2008), 20.6% Kuwaitis smoke daily, with men being 9 fold higher when compared with 

women. Statistics show that only 3% of women smoke daily while 37.8% of men were found 

to be regular smokers (Al-Nesf, et al., 2008). Another study carried out in 2000, also exhibited 

similar results, with 34.4% of males and 1.9% of females, smoking (Memon et al., 2000). 

Also, the highest prevalence of smokers was observed in the youngest age group (<20 years) 

(Memon, et al., 2000). Several other studies also reported an increased early smoking 

initiation in Kuwait, by which one study reported an initiation rate of 8.3% before the age of 

15 (Moody et al., 1999), and another reported 30% before the age of 20 (Sugathan et al., 

1998). This is considered relatively high when compared with similar age groups in other 

countries, such as; Singapore, Hong Kong, India, Pakistan and Thailand, with initiation rates 

being 4%, 9.5%, 19%, 16% and 10% respectively (Tessier et al., 1992). 

 

Most people usually associate lung cancer with smoking. A study carried out by Tessier et al. 

(1992) on nine Asian countries to investigate attitudes towards smoking, revealed that 74% of 

participants associated smoking with lung cancer while only 23% associated it with CHD 

(Tessier, et al., 1992). However, a 12 year prospective cohort study on smoking, reported a 

higher percentage of death from diseases of the cardiovascular system (566  deaths out of 

2847 a year) than of lung cancer (247 deaths out of 2847) (Kawachi et al., 1993).  In addition, 

Whincup et al. (2004), carried out a prospective population based study on 4729 men in 18 

towns, to examine the associations between passive exposure to tobacco smoke and risk of 

CHD and stroke. Results revealed a significant association between relative risk of CHD and 

high levels of passive exposure to smoke, however no association between passive exposure 

to smoking and risk of stroke was seen (Whincup et al., 2004). A study by Shawa et al. (1993) 

identified smoking as the second most frequent risk factor for Peripheral Arterial Disease 

(PAD) in Kuwait, by which results reported 38.7% of PAD patients being smokers, 

subsequent to non-insulin dependent diabetics, that were 41.6% (Shawa et al., 1993). 

Peripheral Arterial Disease is “a clinical manifestation of the atherosclerotic process, which is 

associated with an increased prevalence of cardiovascular diseases and elevated 

cardiovascular disease mortality” (Luo et al., 2010).  

 

Smoking is also believed to be the most important risk factor for CHD in Australia. In 

accordance with the Non-Smokers’ Movement of Australia (NSMA) 2006 fact sheet, CHD 

kills about one in three Australians. The death rate for smokers is about 70% higher than for 
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non-smokers. For very heavy smokers the risk is 200% higher (The Non Smokers' Movement 

of Australia (NSMA), 2006). 

 Mechanisms underlying the relationship between physical activity and CHD risk 

Nicotine results in an immediate increase in BP, heart rate, cardiac output and coronary blood 

flow, which can be fatal, if severe atherosclerosis develops. In addition, carbon monoxide 

binds to haemoglobin (which is necessary for the transport of oxygen), thus reducing the 

amount of oxygen delivered to the tissues. There is also speculation that smoking may 

repeatedly damage the lining of the blood vessels and encourage clot formation, hence 

contributes to the development of atherosclerosis, which can lead to elevated BP and 

increased clot formation (The Non Smokers' Movement of Australia (NSMA), 2006). 

1.9.2.4 Alcohol 

There is abundant epidemiological and clinical evidence reporting a consistent, strong, dose-

response relationship between alcohol intake and the reduced risk of CHD (Agarwal, 2002; 

Goldberg et al., 2001; Marmot et al., 1991; Pearson, 1996; Wannamethee et al., 1999). Studies 

have shown that light-moderate alcohol consumption (30-50g per day) is associated with a 

decreased risk of CHD, total and ischaemic stroke and total mortality in middle-aged and 

elderly men and women (Lazarus et al., 1991; Rimm et al., 1991; Szmitko et al., 2005). It is 

suggested that at 30-50g/day, the risk of CHD can be decreased by as much as 40% (Colditz 

et al., 1991; Lazarus, et al., 1991; Renaud et al., 1992; Rimm, et al., 1991). A meta-analysis 

by Rimm et al. (1999) on 42 experimental studies reported an overall CHD risk reduction of 

24.7% with an approximate alcohol intake of 30 g/day (Rimm et al., 1999). Evidence suggests 

that this cardioprotective effect is partly attributable to its ability to increase the concentration 

of HDL cholesterol; a well acknowledged negative risk factor for CHD (e Silva et al., 2000; 

Gaziano et al., 1993; Goldberg, 1995; Malmendier et al., 1985; Suh et al., 1992). Other 

studies have focused on the nonalcoholic components of alcoholic beverages, particularly in 

red wine, by indicating that red wine may be particularly beneficial due to its high content of 

phenolic compounds, such as resveratrol and flavonoids (Goldberg, et al., 2001; Lippi et al., 

2010; Rosell et al., 2003; Serafini et al., 1998). These substances have antioxidative properties 

that reduce the susceptibility of low-density lipoprotein oxidation, and thus may retard the 

development of atherosclerotic lesions associated with CHD (Goldberg, et al., 2001; Grønbæk 

et al., 2000; Hayek et al., 1997; Lippi, et al., 2010; Maxwell et al., 1994; Nigdikar et al., 
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1998). The potent antioxidant activity of phenolic substances in red wine, in particular, has 

been proposed as an explanation for the “French paradox;” the relatively low incidence of 

coronary atherosclerosis in France as compared with other Western countries, despite the 

generally high intake of saturated fat in the French diet (Criqui et al., 1994; Maxwell, et al., 

1994; Renaud, et al., 1992; Szmitko, et al., 2005).  

 

Conversely, the benefits of alcohol can be offset by heavy alcohol consumption (Agarwal, 

2002; Corrao et al., 2000; Rehm et al., 2003b). Epidemiological evidence suggests a U or J 

shaped relationship between alcohol and CHD; i.e. the risk is higher with heavy alcohol 

consumption, lower when alcohol consumption is low or moderate, and rises again in those 

who abstained from drinking alcohol (Agarwal, 2002; Corrao, et al., 2000; Pearson, 1996; 

Rehm, et al., 2003b; Rimm et al., 1996). Therefore, despite the documented benefits of 

moderate alcohol consumption, the use of alcohol for cardioprotective purposes as a public 

health measure, has not yet been substantiated in the literature and must be considered with 

caution on an individual basis, given the extent of alcohol abuse and the genetic 

predisposition in some individuals to alcoholism (Criqui, et al., 1994; Lippi, et al., 2010; 

Rimm, et al., 1999). 

Excessive alcohol consumption is associated with increased risk of morbidity and mortality, 

and disability (Corrao, et al., 2000; Rehm et al., 2003a). Epidemiological research carried out 

by Rehm et al. (2003) indicates that alcohol misuse increases the risk for many chronic health 

consequences including CHD, and acute consequences such as traffic accidents (Rehm, et al., 

2003a).  

 Mechanisms underlying the relationship between high consumption of alcohol intake 

and CHD risk 

High consumption of alcohol ( >two to three drinks/day), significantly increases the threat of 

developing CHD and other cardiovascular diseases (Corrao, et al., 2000; Room et al., 2005). 

An excess risk for heavy drinkers may also be partially explained by heart muscle damage, 

leading to alcoholic cardiomyopathy, hemorrhagic stroke, cardiac rhythm disturbances and 

sudden death (Agarwal et al., 2001; Rehm et al., 1997). A review by Klatsky (1996) discusses 

several probable causes behind the direct association between alcohol and CHD, indicating 

the atherosclerotic narrowing of the major epicardial vessels could arise, with thrombosis in 

narrowed vessels playing a critical role in major events such as acute MI (Klatsky, 1996). In 
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addition, increasing evidence suggests that alcohol acts as a pro-oxidant through several 

metabolic pathways (Holvoet et al., 1997; McDonough, 2003). According to McDonough 

(2003), evidence on alcohol as a pro-oxidant comes mostly from studies in which ethanol-

induced changes or damage are prevented if antioxidant treatment of therapy is given 

synergistically or prior to the alcohol exposure (McDonough, 2003). Alcohol-induced free-

radical production may damage molecular structures such as DNA or lipoproteins. Most 

importantly, oxidation of LDL is thought to play a crucial role in the generation of 

atherosclerotic lesions (Holvoet, et al., 1997; Schroder et al., 2006). According to Holvoet et 

al. (1997) these lesions may progress by 1) inducing endothelial dysfunction; 2) enhancing 

monocyte adhesion and foam cell generation; 3) enhancing platelet adhesion and aggregation; 

4) impairing vasodilation; and 5) impairing the anticoagulatory and fibrinolytic activity of the 

arterial wall (Holvoet, et al., 1997). In conclusion, experimental studies have clearly 

demonstrated the association between oxidative damage of cells and alcohol hypertoxicity, 

leading to cardiac complications.  

 

However, since alcohol is illegal in Kuwait, due to Islamic restrictions, a study carried out in 

2008, reported a mere alcohol consumption rate of 2.7% in Kuwaiti adults aged 20-64 years 

(Al-Nesf, et al., 2008). This low percentage rate may hinder the threat of heavy alcohol 

consumption as a risk factor for CHD in Kuwait. 

1.9.3 Psychosocial factors 

Depression, social isolation and lack of social support are significant risk factors for CHD, 

independent of the conventional CHD risk factors, such as an unhealthy diet, smoking and 

physical inactivity (Bunker et al., 2003). These psychosocial factors, however, may often 

coexist with the conventional risk factors suggesting that stressed patients are more likely to 

smoke and be physically inactive further increasing the risk of CHD (Bunker, et al., 2003). 

According to Sugathan et al. (1998), students who were present in Kuwait at the time of the 

Iraqi invasion might have experienced more stress and in turn have been expected to have 

more frequently initiated smoking, a risk factor of CHD, as compared to those students 

outside of Kuwait (Sugathan, et al., 1998).  

Improvements have been made in recognizing that stress alone is not an indicator of 

psychological factors. A review by Kuper et al. (2005), explains that psychosocial factors may 

relate to personality factors such as Type A behaviour (a behavioural pattern characterised by 

http://cancerweb.ncl.ac.uk/cgi-bin/omd?behaviour
http://cancerweb.ncl.ac.uk/cgi-bin/omd?pattern
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hard-driving and competitive behaviour, excessive job involvement, impatience, hostility and 

vigorous speech) (Kuper et al., 2005), psychological disorders such as depression and anxiety, 

and environmental factors, including work and social support (Kuper, et al., 2005). According 

to Kuper et al. (2005), psychosocial factors are defined as “those factors that link 

psychological phenomena to the social environment” (Kuper, et al., 2005). It is believed that 

psychosocial factors could affect health-related behaviours such as smoking, diet, alcohol 

consumption or physical activity which as a result may become an independent risk factor for 

CHD (Hemingway et al., 1999).  

 

The Framingham study, which has investigated the evolution of CVDs over five decades in a 

general population sample of both men and women, identified type A behaviour as an 

independent risk factor for CHD, indicating that subjects who possessed hostility, tension and 

anxiety symptoms developed twice as much CHD as type B behavioural subjects who were, 

on the contrary, defined as relaxed, patient, and friendly (Haynes et al., 1980). 

1.9.3.1 Depression and CHD risk  

There is strong and consistent evidence documenting depression as an independent risk factor 

for CHD (Bonnet et al., 2004; Carney et al., 1995; Gehi et al., 2005). Bonnet et al. (2005), 

examined the association of anxiety and depression with healthy behaviours in 1612 subjects 

at risk of cardiovascular diseases. Results indicated that depression was significantly 

associated with an unhealthy diet, an increased intake of cholesterol, a reduced intake of 

PUFA, an increased prevalence of smoking and a sedentary lifestyle; which are all risk factors 

for CHD (Bonnet, et al., 2004). According to Bonnet et al. (2005),  lack of motivation to 

lifestyle adjustments in depressed patients may be directly related to the psychological distress 

that these subjects have to cope with (Bonnet, et al., 2004). Many studies have established that 

depression is also associated with medication non-adherence (Carney, et al., 1995; Gehi, et 

al., 2005). Results from a study carried out by Krigsman et al. (2007), involving patients with 

depression-related diagnosis and cardiovascular diseases; reported approximately 50% of 

treatment gaps in the medication of these patients (Krigsman et al., 2007).  In addition, a study 

by Carney et al. (1995), carried out on depressed patients over the age of 64 with CAD, 

revealed that these depressed elderly patients adhered to CHD treatment regimens 24% less 

than non-depressed patients (Carney, et al., 1995). Another study carried out by Gehi et al. 

(2005),  on 204 depressed subjects reported 14% non-adherence to medication and as little as 

5% non-adherence in 736 non-depressed participants (Gehi, et al., 2005). Research also 
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carried out in Kuwait by Al-Saffar et al. (2008),  revealed that only 79  out of a total 150 

depressed patients (52.7%) recruited in the study,  returned for the scheduled follow-up clinic 

after 6 weeks of treatment (Al-Saffar et al., 2008).  Reasons behind this decrease in adherence 

suggest that 1) depressed patients may lose hope and confidence in the benefits of therapy, 2) 

depression may be associated with a lack of energy and focus necessary to adhere to therapy, 

and 3) depressed patients may be more sensitive to medication side-effects hence cease 

medication (Gehi, et al., 2005).   

 

 Mechanisms underlying the association between depression and CHD risk  

In addition to affecting medication adherence, there are also biological and psychosocial links 

between depression and cardiovascular diseases which include (a) increased hypothalamic-

pituitary-adrenal (HPA) function, (b) sympathetic nervous system-related decreased heart rate 

variability, (c) dysregulation of inflammatory and immune functioning, (d) increased 

platelet/endothelial aggregation, and (e) a cardio-toxic risk of antidepressant (AD) 

medications (Fenton et al., 2006). Depressive disorders have also been associated with an 

increase in circulating cytokines such as tumour necrosis factor- (TNF-) and interleukin-1 

(IL-1), which are involved in multiple disease processes, one of which is CHD (Somerset et 

al., 2013).  

1.9.3.2 Anxiety and CHD risk 

Interestingly, phobic anxiety was also seen to play an important role in the risk of CHD. 

Kawachi et al. (1994), carried out a 2-year follow up study on 33,999 US male health 

professionals, aged 42 to 77 years, to examine prospectively the association between self-

reported symptoms of phobic anxiety and subsequent risk of CHD. A strong causal 

association between phobic anxiety and fatal CHD was reported (Kawachi et al., 1994a). In 

addition, a more recent study by Roest et al. (2010) carried out a meta-analysis of twenty 

studies, comprising 249,846 healthy subjects, to assess the association between anxiety and 

risk of CHD. An association between anxiety and CHD was reported, with a 26% increase in 

risk. Anxiety was also specifically associated with cardiac mortality, with anxious persons 

having a 48% increased risk of cardiac death (Roest et al., 2010). Anxiety was therefore found 

to be an independent risk factor for the incidence of CHD and cardiac mortality in initially 

healthy individuals (Roest, et al., 2010).  
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 Mechanisms underlying the association between anxiety and CHD risk 

It has been suggested that chronic anxiety may increase the risk of CHD by: (a) influencing 

health behaviour (e.g. smoking, drinking); (b) promoting atherogenesis (possibly via 

increased risk of hypertension); and (c) triggering fatal coronary events, either through plaque 

rupture or thrombosis (Kubzansky et al., 1998). Kawachi et al. (1994) suggested that anxiety 

is associated with increased risk of fatal CHD via the following mechanisms; 1) 

hyperventilation during an acute attack may lead to coronary spasm; 2) individuals with 

severe anxiety may exhibit pathological alterations in cardiac autonomic control, placing them 

at higher risk of ventricular arrhythmia and sudden cardiac death (Kawachi et al., 1994b).  

1.9.3.3 Stress and CHD risk 

Finally, psychosocial work characteristics, which is also known as “stress or job strain” has 

shown a direct association with CHD risk. According to Hemingway et al. (1999), the rates of 

CHD vary greatly among occupations, indicating that people in jobs characterized by low 

control over work and high conflicting demands may increase their risk of developing CHD 

(Hemingway, et al., 1999). A case–control study (INTERHEART) of 11,119 patients in 52 

countries found that ‘permanent’ stress at work was associated with over twice the odds of MI 

compared with those reporting no stress at work (Chandola et al., 2008; Rosengren et al., 

2004). Cheng et al. (2000) carried a prospective study on 21,290 female registered nurses, to 

examine prospectively the relation between psychosocial work characteristics and changes in 

health related quality of life, over a four year period. Results suggested that the declines in 

health status of individuals associated with job strain were as large as those associated with 

smoking and sedentary lifestyles (Cheng et al., 2000). Most solutions intended to reduce job 

stress such as relaxation therapy and modification of lifestyle, target individuals rather than 

their social environment and tend to deal with symptoms instead of causes (Cheng, et al., 

2000). Cheng et al. (2000) proposed that hospitals and medical practices focus their strategies 

for health promotion on the redesign of jobs to improve psychosocial work environment, 

which evidently contributes to the quality of life (Cheng, et al., 2000). 

 Mechanisms underlying the association between stress and CHD risk  

Work stress may affect CHD indirectly by influencing health behaviours such as smoking, 

lack of exercise and excessive alcohol consumption; or through direct biological mechanisms 

(Chandola, et al., 2008). This includes activation of neuroendocrine responses to stressors, 
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mainly the autonomic nervous system (ANS). Repeated activation of the ANS is characterized 

by lowered heart rate variability which is associated with greater risk for cardiovascular 

events (Chandola, et al., 2008; Hemingway et al., 2005). Also, work stress may affect 

dysregulation of the HPA axis, which is associated with disturbances in the circadian rhythm 

of cortisol and the development of the metabolic syndrome (MetS); both risk factors for CHD 

(Brunner et al., 2002; Chandola, et al., 2008).
 

 

1.9.4 Clinical risk factors 

1.9.4.1 Overweight and obesity 

Overweight is a condition of excess body fat that results from an increase in EI with a 

synergistic decrease in energy consumption (Garrow, et al., 2000). Obesity is a severe form 

of overweight. Several methods can be used to measure levels of overweight and obesity at 

the population level. These include; BMI, skinfold measurements, waist-circumference and 

waist/hip ratio.  Body mass index measures the relation between body weight and height of 

an individual and is calculated as such: 

Body weight (kg)/Height
2 

(m
2
) 

When BMI exceeds 25kg/m
2
, this indicates overweight, and if BMI is higher than 30kg/m

2, 

this is classified as obesity (Garrow, et al., 2000; James, 2004; Skinner et al., 2007). 

According to Musaiger (2004), obesity has become an epidemic problem worldwide, 

especially in the East Mediterranean Region, where the status of overweight has reached an 

alarming level (Musaiger, 2004). The World Health Organization (WHO) reported a rapid 

increase in BMI, after a period of reduced adiposity during the preschool years (Musaiger, 

2004; WHO, 2000). During adolescence, children displayed an increase in body fat, often 

associated with irregular meals, changing food habits and inactivity (Musaiger, 2004; WHO, 

2000). A systematic review carried out by Musaiger (2011), reported the prevalence of 

overweight among schoolchildren ranging from 5.4% in Iran to 32% in Kuwait, and obesity 

ranging from 1.6% in Iran to 24.8% in Kuwait (Musaiger, 2011). In adulthood, women 

showed a higher prevalence of obesity than men (Musaiger, 2004), by which Al Orifan 

(2007) also indicated that more than half of adult Kuwaiti females and almost one third of 

adult Kuwaiti males were classified as obese (Al Orifan, et al., 2007). According to a review 
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by Mahroos et al. (1999), obesity appears to be more common among Arab women than men, 

whereas more men are overweight than women (Al-Mahroos, et al., 1999).  Musaiger (2004) 

also suggested that unlike Europe and North America, obesity in the Eastern Mediterranean 

region is more prevalent in women, urban areas and those of higher socioeconomic status. 

Obesity in this region was found to be more prevalent in people who were young (30–50 

years), better educated, currently married, female or unemployed, and in those who watched 

television more than 2 hours per day, consumed fresh fruit less than 3 times a week and 

owned cars (Musaiger, 2004; Musaiger, 2003). In addition, a review by Al-Isa (2003) 

compared two independent cross-sectional samples of Kuwaitis in 1981 and 1994. Results 

suggested that the prevalence of overweight and obesity (BMI > 25 and 30kg/m
2
) increased 

by 20.6% and 15.4% and by 13.7% and 8.4% among men and women respectively (Al-Isa, 

2003).  Many studies that have been conducted on Kuwaiti subjects have also exhibited 

similar results (Al-Isa, 1995; Al-Isa, 1997; Al-Isa, 1999b; Al-Isa, 2003). One study carried 

out on Kuwait Oil Company employees reported a 75% prevalence of combined obesity and 

overweight, while non-Kuwaitis, reported a 65% prevalence rate (Al-Asi, 2003). In another 

more recent study (2008), almost three quarters of the participants involved in a study were 

overweight/obese (75.4%) (Al-Nesf, et al., 2008). It has also been recorded that the 

prevalence rate of obesity in Kuwait was higher than reported figures elsewhere in the world 

(Al-Isa, 1995). Obesity has therefore reached an epidemic state in Kuwait, especially among 

women (Al-Kandari, 2006).  

 

  Demographic/socioeconomic factors associated with overweight/obesity in Kuwait 

Some studies have explored the association of various factors with overweight and obesity in 

Kuwait. These factors include age, gender, marital status, afternoon napping, availability of 

domestic help, employment, area of residence, family size, income and profession. Marital 

status was also significantly found to be associated with obesity among Kuwaitis (Al-Isa, 

1999a; Al-Isa, 1999b; Al-Mahroos, et al., 1999). Married students appeared to have a 

significantly higher risk of being obese than single students (Al-Isa, 1999a). In addition, 

cultural differences may also play a significant role in the higher prevalence of 

overweight/obesity in Kuwait. Every culture views the model of acceptable physique 

differently. There may be more tolerance to obesity in Kuwait than Europe, for instance. 

Plumpness has been considered by some Arabs to be a sign of health and wealth and 
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appearing slim or skinny may be interpreted as a reflection of lower fiscal and social status 

(Al-Isa, 1999a). 

 

 Articulation of studies demonstrating a relationship between obesity and CHD risk  

Being overweight and in particular obese is associated with conditions such as CHD, high BP 

high blood cholesterol, type 2 diabetes, certain cancers and psychosocial problems, which 

have evidently shown a direct relationship with CHD (Alsaif, et al., 2002). Numerous 

epidemiologic studies support this contention, particularly those focusing on patients with 

central obesity (Al Orifan, et al., 2007; Jackson, et al., 2001; Jackson, et al., 2002; Serour, et 

al., 2007). The Framingham study, for instance, which was initiated in 1949 to explore the 

epidemiology of CVD in a general population sample of 5,209 men and women aged 30 to 62 

years on entry, detected a rapid rise in the rate of development of cardiovascular diseases in 

relation to even modest amounts of adiposity. Also, the abdominal pattern of adiposity, and 

specifically visceral adiposity, appeared to be the most hazardous. First identified as a cause 

of glucose intolerance, abdominal adiposity was identified as promoting insulin resistance, 

hypertension and dyslipidemia, as well as CHD (Al-Lawati et al., 2008; Garrison et al., 1996; 

Kannel et al., 1978).  In addition, Hubert et al. (1983) re-examined the relationship between 

the degree of obesity and the incidence of cardiovascular diseases in the 5209 men and 

women (ages 28-62 years), of the original Framingham cohort, by which a 26-year follow-up 

was carried out (Hubert et al., 1983). Data clearly revealed that the degree of obesity in the 

“Framingham” men and women was an important long-term predictor of CVD incidence, 

particularly among the younger members of the cohort (Hubert, et al., 1983). 

 

Finally, a review by Musaiger (2004) argues that most studies have used BMI (BMI) as an 

indicator for obesity (BMI < 25.0–29.9 kg/m2 = overweight; BMI >30.0 kg/m2 = obese) 

(Musaiger, 2004), hence only a few studies have used alternative methods such as; waist 

circumference (WC), waist-to-hip ratio (WHR) and skin fold measurements (Musaiger, 2004; 

Musaiger, 2003). According to Savva et al. (2000), WC strengthens the interpretation of 

overweight and obesity, since it reflects both visceral
 
and subcutaneous fat, hence total 

“fatness”. It is also a marker for abdominal fat accumulation which is associated with 

increased risk for cardiovascular disease risk factors and morbidity from cardiovascular 

diseases (McCarthy et al., 2003; Savva et al., 2000). The waist circumference cut offs are 

88cm (35 in) in women and 102cm (40 in) in men indicating overweight or obesity in patients 

http://europepmc.org/abstract/MED/8883494/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0007275
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22cardiovascular%20disease%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22adiposity%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22adiposity%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22adiposity%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22glucose%20intolerance%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22adiposity%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=insulin&sort=score
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22hypertension%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url=http://europepmc.org/search/?page=1&query=%22dyslipidemia%22
http://europepmc.org/abstract/MED/8883494/?whatizit_url_gene_protein=http://www.uniprot.org/uniprot/?query=CHD&sort=score
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exceeding these values (Janssen et al., 2004), hence women with a WHR greater than 0.8 and 

men with a WHR greater than 1.0 are at increased risk because of their fat distribution (Al-

Kandari, 2006). A study by Al-Kandari reported WHR to be above average in both Kuwaiti 

men and women (Al-Kandari, 2006). 

1.9.4.2 Hypertension  

Hypertension (high BP) is the strong force exerted by blood on the wall of the arteries 

(AIHW, 2004),  and is therefore defined by the presence of a chronic elevation of systemic 

arterial pressure above a certain threshold value (Giles, et al., 2009). Blood pressure values 

are denoted as systolic/diastolic, with a standard reference value of 120/80mmHg, although 

this may vary according to patient age and other associated risk factors; and on whether 

management is for primary or secondary prevention of CHD/CVD (James et al., 2014; 

Ramrakha et al., 2006).  

 Mechanisms underlying the relationship between high blood pressure and CHD risk 

Elevated arterial pressure causes endothelial injury, triggering an inflammatory cascade 

leading to atherosclerosis, thrombosis, and vascular occlusion i.e. coronary and cerebral 

vascular diseases (Dzau, 2005; Olafiranye et al., 2011). Mechanisms such as rennin-

angiotensin-aldosteronesystem (RAAS) and the sympathetic nervous system that maintain 

hypertension are also those that promote atherosclerosis, through vasoconstrictive and 

vascular remodeling effects (Dzau, 2005; Olafiranye, et al., 2011). This observation led to the 

idea that some antihypertensive agents such as angiotensin-converting enzyme (ACE) 

inhibitors may benefit atherosclerosis and CHD in addition to their BP lowering effect (Dzau, 

2005; Olafiranye, et al., 2011). Furthermore, the physical impact of high BP causes the heart 

to overwork, making it enlarged and weak over time resulting in CHD, stroke, heart failure, 

peripheral vascular disease and kidney failure (Ramrakha, et al., 2006). 

 The two major pathways describing the pathophysiological link between hypertension and 

CHD are shown in Figure 1.4. 
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Figure 1. 4 Pathophysiological link between hypertension and coronary heart disease 

(Olafiranye, et al., 2011) 

 

 Articulation of studies demonstrating a relationship between hypertension and CHD risk 

Hypertension is also referred to as the “silent killer”, as it may exist for prolonged periods 

without symptoms and may only manifest after causing serious correlated complications (Al-

Jarky et al., 2007). Major causes of hypertension include poor diet, overweight, excessive 

alcohol consumption and insufficient physical activity (Garrow, et al., 2000). Also, it is 

regarded as one of the most important modifiable risk factors for CVD (Burt et al., 1995). 

The relationship between high BP and CHD has long been established in various 

epidemiological studies dating as far back as the 1960’s (Franklin et al., 2001; Kannel et al., 

1969; Wilson et al., 1991). A report by Kannel et al. (1969) explored the relationship of blood 

pressure to the development of CHD using the Framingham Study. This long term 

prospective study involved 5,127 men and women aged 30-62 years all free of CHD, by 

which causal blood pressure were obtained at particular intervals for the entire 14 years of 

follow up.  Data revealed that participants with elevated BP had substantially higher 

incidences of CHD (Kannel, et al., 1969). Kannel et al. argued that the earlier elevated BP is 

detected and controlled, the more likely that a reduction in cardiovascular complications such 
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as CHD can be achieved (Kannel, et al., 1969). In addition, a more recent study carried out by 

Vasan et al. (2001), investigated the association between blood-pressure category at base line 

(high-normal BP) and the incidence of cardiovascular diseases on follow-up among 6859 

participants in the Framingham Heart Study who were initially free of hypertension and 

CVD. The study reported a stepwise increase in cardiovascular events in subjects with higher 

base-line blood-pressure categories. The 10-year cumulative incidence of CVD in subjects 35 

to 64 years of age who had high-normal BP was 4 percent for women and 8 percent for men; 

in older subjects (those 65 to 90 years old), the incidence was 18 percent for women and 25 

percent for men. As compared with optimal BP, high-normal BP was associated with a risk 

factor for CVD of 2.5% in women and 1.6% in men. Hence, results suggest that slightly 

higher BP, even at base-line is associated with an increased risk of cardiovascular diseases 

(Vasan et al., 2001).  

 Prevalence of high blood pressure in Kuwait 

In Kuwait, studies have shown that the prevalence of hypertension has multiplied 

considerably in the past several decades. A study carried out in 1980 reported 10.3% 

prevalence rates of hypertension (8.3% in males and 12.9% in females) (El-Reshaid et al., 

1999). In 1999, hypertension incidences doubled to 26.3% (Al-Jarky, et al., 2007).  Finally, in 

2008, research reported 31.8% hypertensive patients between the ages of 35-64 years (Al-

Nesf, et al., 2008). Unfortunately, these prevalence rates are rising in a country that can 

provide adequate “public media” on risk factors of hypertension, in addition to free of cost 

medical facilities and easy access to highest quality of anti-hypertensive drugs (El-Reshaid, et 

al., 1999). This indicates that conditions such as hypertension are probably highly prevalent 

in Kuwait, due to negligence and lack of interest rather than inaccessible medical care. 

 A review by El-Reshaid et al. (1999) revealed that the prevalence rate of systolic and 

diastolic hypertension increased in Kuwait a) with advancing age, b) with increased family 

size, c) in married males, d) with higher level of education, and e) at higher body weight (El-

Reshaid, et al., 1999). A cross-sectional population survey conducted by Sorkhou et al., on 

2910 schoolchildren in Kuwait, reported 6.8 % hypertensive children, of whom 61.1% were 

obese (Sorkhou et al., 2003). These findings supported another study also carried out in 

Kuwait by Al-Jarky et al., that reported increased blood pressure with BMI >25 (Al-Jarky, et 

al., 2007). 
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1.9.4.3 Diabetes mellitus 

Diabetes mellitus is another major co-morbidity for CHD (Abdella, et al., 1998; Assmann, et 

al., 1988; Barrett-Connor, 1997; Coutinho, et al., 1999; Juutilainen et al., 2008; Laakso, 1996; 

Saad et al., 2010). It is a group of metabolic diseases characterized by hyperglycemia 

resulting from defects in insulin secretion and/or insulin action (American Diabetes 

Association, 2008). Several pathogenic processes are involved in the development of diabetes 

(American Diabetes Association, 2008; Luna et al., 2001; Obaid et al., 2004). These range 

from autoimmune destruction of the pancreatic beta islet cells with consequent severe insulin 

deficiency (Type 1 DM), to abnormalities that result in insulin deficiency, insulin resistance 

and increased hepatic glucose (Type 2 DM) (American Diabetes Association, 2008; Luna, et 

al., 2001; Obaid, et al., 2004). Type 2 diabetes mellitus is far more common, comprising 

approximately 95% of diabetes cases worldwide (Obaid, et al., 2004). The chronic 

hyperglycemia of diabetes is associated with long-term damage, dysfunction, and failure of 

different organs, especially the eyes, kidneys, nerves, heart, and blood vessels (American 

Diabetes Association, 2008). Insulin therapy is recommended for type 1 diabetic patients, 

(Ramrakha, et al., 2006) or type 2 diabetics if diabetes is uncontrolled despite optimal oral 

glycemic therapy, dietary modification and physical activity. Insulin therapy may be initiated 

as augmentation, starting at 0.3 units per kg, or as replacement, starting at 0.6 to 1.0 units per 

kg (Petznick, 2011). 

Diabetes can be measured by its initial appearance in the blood (hyperglycaemia -11.1 

mmol/l), then in the urine. Symptoms also include; thirst, loss of weight, and excessive 

urination (Lawrence et al., 2008). Diabetes can be diagnosed by a 75-g oral glucose tolerance 

test (OGTT) and a fasting plasma glucose test (FPG). Fasting plasma glucose test is the 

preferred screening and diagnostic
 
test due to its feasibility, acceptability to patients,

 
and 

affordability (American Diabetes Association, 2004). Longer term diabetes can also be 

detected using HbA1C, which is an indicator of long-term glycaemia. Health providers can 

measure a patient’s
 
average glycaemia over the preceding 2–3 months and assess treatment 

efficacy accordingly (American Diabetes Association, 2004). Determining the prevalence of 

diabetes in the population as a whole, however, is difficult. Most population questionnaires 

simply ask people whether they have diabetes or have had a history of high blood glucose 

(AIHW, 2004). This method is therefore limited, as people may not know if they have 
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diabetes, and therefore may cause a setback in any population based research done on this 

disease (AIHW, 2004). 

 Articulation of studies indicating an association between diabetes and CHD risk 

Folsom et al. (1997) examined a population-based sample of 13,446 free of baseline CHD 

from four U.S. communities in 1987-1989. Diabetes was defined on the basis of baseline 

fasting glucose concentration of >7.8 mmol/l. Data revealed that after adjustment for socio-

demographic characteristics, smoking status, ethanol intake, sports participation, and 

hormone replacement; diabetes was a strong risk factor for CHD, and the relative risk was 

greater for women than men (Folsom et al., 1997). In addition, Huxley et al (2006), carried 

out a meta-analysis of 37 prospective cohort studies, to estimate the relative risk for fatal 

CHD associated with diabetes in men and women. Data revealed that the rate of fatal CHD 

was higher in patients with diabetes than in those without (5.4% vs. 1.6%) (Huxley et al., 

2006). Also, the overall relative risk for fatal CHD in patients with diabetes compared with 

no diabetes was 50% greater among women than it was among men (Huxley, et al., 2006). 

Finally, according to an 18 year follow-up study carried out by Juutilainen et al. (2008), to 

compare the impact of Type 1 and Type 2 diabetes on cardiovascular mortality in middle-

aged subjects, the impact of increasing hyperglycaemia on the risk of cardiovascular 

mortality is more profound in type 1 than type 2 diabetes (Juutilainen, et al., 2008).  

Numerous studies have provided substantial evidence of the many CHD risk factors 

associated with diabetes (Abdella, et al., 1998; Al-Sultan et al., 2005; Dunstan et al., 2000; 

Folsom, et al., 1997; Hu, et al., 2003; Thomas et al., 2006; Varughese et al., 2005). 

According to previous literature, diabetes lowers HDL, increases triglycerides, VLDL and 

remnant particles, causing moderate hypertension, increased cellular oxidative stress and 

increased levels of harmful advanced glycation end products (Ramrakha, et al., 2006; 

Varughese, et al., 2005). In addition, a recent study carried out in Kuwait by Saad et al. 

(2010) on 1,295 patients, reported a positive association between diabetes and CHD, as well 

as, hypertension and left ventricular systolic dysfunction. Results revealed that 62% and 

95.5% of diabetics adhered to β-blockers and aspirin (respectively), for the treatment of 

hypertension and cardiac complications, whereas 71% and 97.9% of non-diabetics adhered to 

β-blockers and aspirin, respectively (Saad, et al., 2010). In addition, left ventricular cardiac 

failure and cardiogenic shock occurred in diabetics, 9% and 2% more that non-diabetics, 

respectively (Saad, et al., 2010). 
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 Prevalence of diabetes in Kuwait 

Over the past couple of decades, a continuous rise in the prevalence of DM has been detected 

worldwide (Amos et al., 1997; Wild et al., 2004). According to Wild et al. (2004), this rise is 

expected to approximately double between 2000 and 2030, and the greatest increase is 

estimated to occur in the Middle East, sub-Saharan Africa, and India (Wild, et al., 2004).  A 

review carried out by Shaw et al. (2010), on studies from 91 countries, estimates an increase 

in the world prevalence of diabetes from 285 million adults (aged 20–79 years) in 2010 to 

439 million adults by 2030 (Shaw et al., 2010). Hence, between 2010 and 2030, the number 

of diabetes in adults is believed to increase 69% in developing countries and a 20% increase 

in developed countries (Shaw, et al., 2010).  In addition, recent reports suggest that the 

Arabian Gulf has experienced the highest rates of type 2 diabetes, with a continued ascent 

(Al-Mahroos, 2000).  Prevalence rates of type 2 diabetes was 7.6% in 1990 (Abdella et al., 

1999). In 1996, the prevalence rates of type 2 diabetes reached as high as 17.8% in adult 

Kuwaitis between the ages of 20-60 years (Abdella, et al., 1999). In another study also 

carried out in 1996, type 2 diabetes among Kuwaiti adults aged > 20 years was 14.8% and 

was detected at a fairly young age (Abdella, et al., 1996). More recent research reported 

prevalence rates of diabetes accounting for 41% of total hospital patients (Al-Mahroos, 

2000). Finally, in 2008, prevalence of diabetes was found to be 12.4% between the ages of 

20-64 years (Al-Nesf, et al., 2008).  

Research reported a 2-to 4-fold higher CHD risk in diabetic patients than non-diabetics, with 

the risk being higher in diabetic women than in men (Akanji, 2002). It is therefore not 

surprising that CHD is the leading cause of adult deaths in Kuwait and most of the Arabian 

Gulf region. 

It is also necessary to recognise that the prevalence of diabetes in adult Kuwaitis is spreading 

to children and adolescents, making it an emergency public health problem (Moussa et al., 

2008). A study carried out in 2002, reported an annual incidence of 20.1 per 100 000 children 

aged < 14 years representing a high incidence in Kuwait (Shaltout et al., 2002).  

According to Abdella et al. (1999), the most apparent underlying factors that contribute to 

type 2 diabetes in Kuwait are: 1) diet high in fat and simple sugars, 2) inadequate physical 

activity and 3) obesity (Abdella, et al., 1999). In addition, socioeconomic standards and 
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lifestyle changes, were also believed to be responsible for the increased cardiovascular 

morbidity and mortality (Sorkhou et al., 2002). 

1.9.5 Multiple risk factors and metabolic syndrome 

 Multiple risk factors  

Multiple risk factors contribute to the progression and primary development of CHD (Al 

Orifan, et al., 2007). According to AIHW, the more risk factors manifested by an individual, 

the greater the risk of developing CHD (AIHW, 2004). Although CHD is identified as the 

leading cause of death in Kuwait (Al-Nesf, et al., 2008; Rashed, et al., 2002; Zubaid, et al., 

2004), there is limited data about patient characteristics and practice patterns, especially as 

they relate to acute coronary symptoms (ACS). A few studies were however, identified and 

reviewed. A study carried out in 2002 on 740 healthy adult Kuwaiti males identified 38 

subjects (5.1% of the sample studied) with multiple CHD risk factors, including: 

hyperglycemia and hypercholesterolemia. Eighteen of these men were also classified as obese 

(BMI >30kg/m
2
). The prevalence of three or more risk factors was predominantly seen among 

the older population aged 45 years and above (Jackson, et al., 2002). Another study carried 

out by Sorkhou et al. (2002), to detect the prevalence of major risk factors in 363 subjects 

with/prone to develop diabetes; identified a higher prevalence of hypertension/dyslipidemia 

and obesity in diabetic individuals when compared to non-diabetic individuals (Sorkhou, et 

al., 2002). Diabetes, hypertension and dyslipidemia are all regarded as important risk factors 

for CHD and are reputedly highly prevalent in Kuwait and most of the Arabian Gulf (Akanji, 

2002). A study by Al-Muhailan et al. (1990), evaluated various selected coronary risk factors 

by examining 269 randomly selected adult Kuwaiti men, aged 20-49 years, with no history of 

CHD. The factors assessed were smoking, serum lipids and an array of physiological and 

anthropometric parameters. Results reported 60-75% of the investigated subjects with serum 

cholesterol levels above 5.7mmol/l, by which 75-90% of them were overweight and 38% 

were smokers (Al-Muhailan, et al., 1990). These risk factors are however, not only highly 

evident in Kuwait, but also the surrounding Arabian Gulf countries (Musaiger et al., 1997). A 

cross-sectional study was conducted to estimate the prevalence of CHD risk factors in Bahrain 

revealed that from a total of 516 subjects aged 30-79 years, 32% men and 20% women were 

smokers, 56% men and 79.6% women were also obese, 12.1% men and 15.7% women did not 

consume fresh fruits; and 8.4% men and 5.5% women did not consume fresh vegetables 

(Musaiger, et al., 1997).  
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 Metabolic syndrome  

Evidence suggests that MetS represents a significant risk for the development of CAD and 

cardiovascular events (Bianchi et al., 2007; Ford et al., 2002; Grundy et al., 2004; Isomaa et 

al., 2001; Lakka et al., 2002; Marroquin et al., 2004). Metabolic syndrome, also known as 

"insulin resistance syndrome", is defined as a cluster of metabolic abnormalities, with insulin 

resistance and obesity as its main underlying components (Hong et al., 2007). According to 

the Third Report of the National Cholesterol Education Program Expert Panel on Detection, 

Evaluation; and Treatment of High Blood Cholesterol in Adults-Adult Treatment Panel III 

(NCEP ATP III), participants having 3 or more of the following criteria were defined as 

having MetS (Ford, et al., 2002; Lakka, et al., 2002): 

 Abdominal obesity: WC >102 cm in men and >88 cm in women; 

 Hypertriglyceridemia: ≥1.69 mmol/l 

 High density lipoprotein cholesterol: <1.04 mmol/l in men and <1.29 mmol/l in 

women 

 High BP: ≥130/85 mm Hg 

 Hyperglycemia: ≥6.1 mmol/l 

It seems self-evident that a condition characterized by multiple risk factors will carry a greater 

risk for adverse clinical outcomes than will a single risk factor (Grundy, et al., 2004). Hong et 

al. (2007) supported this theory by investigating the prospective association between MetS 

and CHD in 14699 middle-aged Americans from the Atherosclerosis Risk in Communities 

study (Hong, et al., 2007). These subjects were followed for the development of new CHD 

and mortality over a period of 9 years (Hong, et al., 2007). Results indicated that individuals 

with all five MetS components had over sixfold higher risk of developing CHD compared 

with the reference group, and those with four MetS components, had four times the risk of 

developing CHD, regardless of different clustering patterns (Hong, et al., 2007). A meta-

analysis by Gami et al. (2007), on 37 studies and 172,573 subjects, also reported significantly 

increased risk of cardiovascular events and death in people with MetS (Gami et al., 2007).  

Previous studies have reported a high incidence of MetS in Kuwait. In 2010, Al Rashdan et al. 

indicated that 36.2% of Kuwaiti adults in a random sample had MetS as defined by the NCEP 

ATP III criteria (Al Rashdan et al., 2010). A more recent study by Al Zenki et al. (2012) 

reported the prevalence of MetS in 37.7% females and 34.2% males according to the NCEP 

ATP III criteria; which appeared highest among the Arabian Gulf countries, and some 
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developed countries, such as USA, which reported an overall prevalence of 34% (Al Zenki et 

al., 2012; Ervin, 2009). It was suggested that these higher reported MetS incidence may be an 

underlying consequence of the constant rise in obesity levels in Kuwait (Al Zenki, et al., 

2012). 

The fundamental approach is therefore, weight reduction and increased physical activity, 

however, drug treatment may also be introduced for cardiovascular risk reduction (Al-Nesf, et 

al., 2008; Eckel et al., 2005; WHO, 2007). Also, Gami et al. (2007) proposed that in addition 

to targeting individual cardiovascular risk factors, primary prevention trials should study 

interventions that address the MetS as one entity (Gami, et al., 2007).  

1.10 Prevention of CHD 

1.10.1 Primary and secondary prevention 

Primary CHD prevention concentrates on patients who have not yet developed any coronary 

events but are at particularly high risk. The core of primary prevention is minimizing risk 

factors such as hypertension, DM, elevated LDL cholesterol concentrations, insufficient 

physical activity and lack of behavioural integrity (Grundy, 1999; McPhee, et al., 2008).  

 

Secondary prevention focuses on patients with established coronary and other atherosclerotic 

vascular disease, including PAD and atherosclerotic aortic disease. However, there is some 

overlap in the definitions since many cardiologists consider secondary prevention
 
to be 

treatment of CAD; while others see it as
 
prevention of recurrent coronary events hence 

considered at the boundary between prevention
 
and treatment (Grundy, 1999; McPhee, et al., 

2008). 

 

Clinical best practice guidelines for secondary prevention of CHD incorporate and integrate 

the important treatment modalities of medication, diet and physical activity. The following 

sections will describe each of the different preventive factors and explore the most effective 

approach. 

 

The most common modalities involved in CHD risk are shown in Figure 1.5: 
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Figure 1. 5 CHD risk factors 

 

1.10.1.1 Individual modalities in the reduction of CHD risk 

The various risk factors of CHD have been recognised and discussed in previous sections of 

this chapter. The latter sections will therefore attempt to describe the different types of 

recommended intervention strategies and the importance of adherence to these strategies in 

the prevention/reduction of CHD risk factors. 

1.10.1.1.1 Dietary modifications 

Dietary modifications can affect both primary and secondary prevention of CHD (Daniels, 

2002). According to Panagiotakos et al. (2008), introduction of healthy eating from youth may 

prevent the development of CHD (Panagiotakos et al., 2008). Lichtenstein et al. (2006) have 

outlined the key dietary factors in CHD risk reduction via a set of dietary guidelines from the 

American Heart Disease, as demonstrated in Table1.3 (Lichtenstein, et al., 2006b): 
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Table 1. 3 AHA 2006 Dietary recommendations for CHD risk reduction 

 Balance calorie intake to achieve or maintain a BMI  

           < 25kg/m
2 

 Consume < 7 % of energy from saturated fat 

 Consume < 1% of energy from trans fat 

 Consume < 300mg/day of cholesterol 

 Choose whole grain, high-fibre foods 

 Consume fish, especially oily fish, at least twice a week 

 Eat > 400g of vegetables and fruits per day 

  Limit salt consumption to < 6g/d 

 Minimize intake of beverages and foods with added sugars 

  _            ____                             _____________________________________         _  

 

Nutrition education should constantly support these existing recommendations for a heart-

healthy diet, which emphasizes on eating a variety of fruits and vegetables and high fibres and 

reducing the saturated fat and cholesterol in the diet (Rajaram, 2003). An analysis of the food 

consumption pattern of the Italian population carried out by Sofi et al. (2006) revealed a high 

daily intake of fresh and processed meat accompanying a low daily intake of various healthy 

food groups such a fruits, vegetables and bread resulted in a strong positive correlation 

between the amount of animal protein in the diet and CVD risk, indicating that a contribution 

greater than 15% of caloric intake of protein may be harmful (Sofi et al., 2006). In addition, 

although not considered a major contributing factor, studies have also suggested that a high 

mercury intake could increase the risk of myocardial infarction and accelerate atherosclerosis 

(Virtanen et al., 2005). It has been suggested that elevated mercury levels in the blood could 

inhibit anti-oxidative mechanisms, hence negate the beneficial and protective effects of the 

fatty acid in some fish (Virtanen, et al., 2005).  

 

It has also been suggested that adherence to a Mediterranean diet reduces all-cause mortality, 

especially death rates due to CHD (Panagiotakos et al., 2004). There has been increasing 

scientific evidence that this diet which is high in fruits, vegetables, legumes, and whole grains, 

and which includes fish, nuts, and low fat dairy products presents protective health effects 

(Panagiotakos, et al., 2004). Such diets should not be restricted in total lipid intake as long as 

there is no excess of EI over energy expenditure (EE) (Panagiotakos, et al., 2004). Kromhout 
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et al. (1985), investigated the relation between fish consumption and CHD in 852 middle-aged 

men without CHD in the town of Zutphen, the Netherlands (Kromhout, et al., 1985). An 

inverse dose-response relation was observed between fish consumption in 1960 and death 

from CHD during 20 years of follow-up. Mortality from CHD was more than 50 per cent 

lower among those who consumed at least 30 g of fish per day than among those who did not 

eat fish. It was therefore concluded that the consumption of as little as one or two fish dishes 

per week may be of preventive value in relation to CHD (Kromhout, et al., 1985). A meta-

analysis carried by Kőnig et al. (2005), on eight epidemiologic studies postulated that a 

minimal consumption of fish is associated with a 17% reduction in CHD mortality risk,  with 

each additional serving per week associated with a further reduction in this risk of 3.9% 

(König et al., 2005). A review by Schmidt et al. (2000), also confirmed that one or two 

servings of fish per week may reduce CHD by 29% when compared to no fish intake 

(Schmidt, et al., 2000). Schmidt et al. (2000) provided a clear overview of the major 

beneficial effects on n-3 PUFA (omega 3-polyunsaturated fatty acid) in CHD patients, 

indicating a decrease in triglycerides, platelet reactivity, monocyte reactivity, neutrophil 

reactivity and blood pressure, an increase in HDL cholesterol, an improvement of vessel wall 

characteristics, an improvement in blood rheology and an antiarrhythmic effect; which may 

all in turn reduce the risk of CHD (Schmidt, et al., 2000). Seafood is the natural source of long 

chained n-3 PUFA. Fish provides low amounts of n-3 PUFA, but contains little saturated fat 

and cholesterol and can be recommended for reducing the risk of CHD (Schmidt, et al., 2000). 

The concept of substituting fish for other food sources and not just adding fish oil 

supplements to the regular diet must be emphasized (Schmidt, et al., 2000). Latter chapters 

will provide a more elaborate description of the different types of PUFA, their dietary sources 

and health benefits 

1.10.1.1.1.1 Drug versus diet therapy:  the example of Omega-3 intake to reduce CHD 

risk 

Delivery of omega-3 oils to reduce coronary risk provides a pertinent direct comparison of 

drug versus dietary treatment modalities. Recent attention to the protective effect of omega-3 

fats against CHD and MetS
 
(Carpentier et al., 2006; Harris et al., 2007)

 
has led to a 

proliferation of omega-3 fortification of the Australian food supply, and omega-3 supplement 

consumption. Although fortification and supplementation of omega-3 oils are encouraged to 

prevent both CHD and MetS, epidemiological studies support the protective role of omega-3 

fats via consumption of fish and other seafood, rather than supplements
 
(Woodside et al., 
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2005). Adherence to fish oil capsule prescription may be governed by similar determinants to 

those for adherence to statin therapy, implying that dietary and drug modalities of omega-3 

delivery may differ in their effectiveness in reducing coronary risk in poor or non-adherent 

patients. This highlights the value of understanding determinants of adherence across multiple 

treatment modalities.  

 

 Dietary cholesterol levels in common Kuwaiti dishes  

The most common Kuwaiti dishes, contain cholesterol and saturated fat levels considerably 

higher than dietary recommended for CHD risk reduction (Kamel, et al., 1984; Sawaya et al., 

1998). A study carried out to analyse 22 most consumed dishes in Kuwait, detected 

cholesterol levels as high as 371mg, 177mg, 155mg, 120mg, and 117 mg, found in a shrimp 

based dish, a lamb based dish, sweets rich in eggs, fish dishes and chicken-based dishes, 

respectively, with saturated fat constituting more than 10-20% of some of these dishes 

(Sawaya, et al., 1998). These values suggest that the consumption of one meal (shrimp –based 

dish), would exceed the 300mg/day limit indicated by the American Heart Association for the 

prevention/treatment of CHD (Sawaya, et al., 1998). It is therefore, necessary to modify 

Kuwaiti dishes, by substitution of ingredients, perhaps, to reduce risk factors associated with 

dietary intake.  

 

Table 1. 4 lists several studies that demonstrate an association between diet and prevention of 

CHD. These studies were chosen using the PICO approach (Population, Intervention, 

Comparator and Outcomes) (Santos et al., 2007), by which the effect of a Mediterranean diet 

on CHD risk, as measured by blood lipid profile in adult hypercholesterolemic/ 

hyperlipidemic patients, will be compared. A Mediterranean diet includes; increased 

consumption of olive oil, fruit, vegetables, legumes, whole-grain cereals, nuts and seeds; 

moderate/high consumption of fish, moderate consumption of alcohol (particularly red wine), 

dairy products; and relatively low consumption of red meat (Buckland et al., 2009). It appears 

that the Mediterranean diet is one of the most common dietary intervention strategies in terms 

of prevention of coronary and cerebral vascular diseases (Dauchet et al., 2006; Esposito et al., 

2004; Renaud et al., 1995). According to Esposito et al. (2004) possible mechanisms 

underlying the beneficial effect of a Mediterranean diet on CHD risk, is the reduction of 

endothelial dysfunction and markers of vascular inflammation (Esposito, et al., 2004). 
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Table 1. 4 Studies of the association between diet and prevention of CHD 

*TG: Triacylglycerols, **TC: Total cholesterol 

        

        Authors 

                                 

 

                     Research Topic                                 

                          

 

   Subjects 

Place of  

data 

collection 

    Type of  

     Study 

   

                           Results                        

(Dauchet, et al., 

2006)  

The effect of Mediterranean diet on the 

risk of the development of acute coronary 

syndromes in hypercholesterolemic 

people: a case–control study 

 

1926 subjects  Greece Case-control 

study 

Reduction in total serum cholesterol levels in 

hypercholesterolemic patients, particularly 

those also treated with statin therapy. 

Also the combination of statin treatment and 

Mediterranean diet was associated with a 

43% reduction in coronary risk 

(Giovanni et al., 

2013) 

Mediterranean diet and red yeast rice 

supplementation for the management of 

hyperlipidemia in statin-intolerant patients 

with or without type 2 diabetes 

171 subjects Italy Controlled, 

randomized, 

parallel-

group study 

Diet alone was effective in reducing LDL 

cholesterol levels in statin-intolerant patients, 

thus protecting against cardiovascular risks 

(Hu, et al., 2002)  

 

 

 

Mediterranean and low-fat diets improve 

endothelial function in 

hypercholesterolemic men 

 

22  subjects  Spain Intervention 

dietary study 

Mediterranean diets were associated with a 

decrease in plasma cholesterol and LDL 

cholesterol levels. A negative correlation  

between LDL cholesterol and flow-

associated vasodilation was also identified 

(Mekki et al., 

2010) 

Mediterranean diet improves dyslipidemia 

and biomarkers in chronic renal 

failure patients 

40 subjects 

20 underwent 

nutritional 

intervention,  

20 subjects did 

not 

Algeria Prospective 

randomized 

trial study 

A decrease by 26% in TG* concentrations, 

35% in TC** concentrations  and  a slight 

but significant decrease in  LDL cholesterol 

levels were noted after 90 days of dietary 

intervention,  thus allowing patients to enter 

dialysis with an appropriate cardiovascular 

state 
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1.10.1.1.2 Physical activity 

Physical activity appears to play a predominant role in prevention of mortality from 

cardiovascular diseases, hypertension, colon cancer, non-insulin dependent diabetes mellitus 

(NIDDM), osteoarthritis, osteoporosis, and obesity, in addition to improving musculoskeletal 

and mental health (Bauman et al., 1999). Intervention strategies encouraging individuals to 

adopt and adhere to a physically active lifestyle are therefore of maximum priority. 

 

In order for individuals to fully comply with the proposition of physical activity, it is 

necessary for the general population to recognise and understand the types and intensity of 

physical activity necessary to promote health (Armstrong et al., 2000). Physical activity is 

defined as ‘any bodily movement produced by skeletal muscles that results in energy 

expenditure’ (Caspersen et al., 1985).  

 

Physical activity can be categorized according to type, intensity, duration and purpose. The 

types of muscle contractions include mechanical and metabolic properties and can be 

classified by either property. Mechanical classification concentrates on whether muscle 

contraction produces movement of the limb or not. Metabolic classification involves the 

availability of oxygen for muscle contraction hence includes aerobic (available oxygen) or 

anaerobic processes (oxygen unavailable) (Caspersen, et al., 1996). The intensity of physical 

activity can also be classified as aerobic, anaerobic, or incidental.  

1.10.1.1.2.1 Aerobic and anaerobic activity  

Aerobic activity consists of repetitive, low resistance movements that last over a long period 

of time. This type of process can improve cardio-respiratory endurance. Anaerobic physical 

activity consists of high resistance, low repetitive movements such as weight lifting; it only 

lasts one to three minutes and can increase muscular strength and tolerance for acid-base 

imbalances during high intensity effort (Caspersen, et al., 1996; Manolis, 2005). Anaerobic 

training, also known as resistance training (RT) prevents lean muscle atrophy more efficiently 

than aerobic activity especially during weight loss, whereas aerobic training (AT) may be 

more involved in improving psychological function. Aerobic training such as walking is very 

beneficial to the cardiovascular system; however, RT should also be included in order to 

maintain elasticity of connective tissue and to develop strength in muscles and joints 

(Wahlqvist, 2002). A study carried out by Barclay (2008), to compare the effects of RT 
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combined with AT vs. AT alone in 72 persons with coronary artery disease, reported a more 

pronounced physiological adaptation in combined AT and RT than AT alone. Reduction in 

body fat appeared only in the combined AT/RT group. In addition, muscular strength and 

endurance increased more in the AT/RT group compared with the AT-alone group. Combined 

AT and RT training is therefore recommended for patients with coronary heart disease 

(Barclay, 2008). 

1.10.1.1.2.2 Incidental physical activity  

Incidental physical activity is defined as the type of activity individuals take part in as they go 

about their day-to-day lives (Bauman, et al., 1999). Incidental physical activity can involve 

walking to shops and school, climbing stairs instead of using lifts or escalators, using a 

bicycle rather than driving a car to do minor errands and getting up to change the television 

channel instead of using the remote control (Bauman, et al., 1999; Ziviani et al., 2004). 

Lifestyles are becoming more sedentary in response to the change in leisure activities in 

contemporary society (Ziviani, et al., 2004). More time is being spent watching television, 

surfing the internet and playing computer games, which has, as a result, exposed the 

population to further risk of developing CHD (Ziviani, et al., 2004). Physical activity does not 

need to be strenuous to be beneficial. Regular participation in incidental physical activity can 

be important for both cardiovascular and psychological health (Murphy et al., 2002).  

1.10.1.1.2.3 Groups at risk of physical inactivity  

A report by Armstrong et al. (2000) represented results from a national physical activity 

survey of Australian adults, by which the following groups were listed as less likely to 

participate in physical activity (Armstrong, et al., 2000);  

 Women 

 Middle aged (45-59 years) 

 Lower educated 

 Widowed 

 Parents 

 Obese individuals 

 

Modifiable determinants of physical activity include personal, interpersonal and 

environmental factors. Self-efficacy, social support, exercise enjoyment, outcome 
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expectations and confidence, have been consistently and positively associated with adult 

physical activity, physical activity stage of change and adherence to structured physical 

activity programs (Caspersen, et al., 1996; Ievers-Landis et al., 2003). 

 

Physical activity should not be misinterpreted as exercise. Physical activity reduces fat mass 

and total body weight, increases lean body weight, decreases serum lipid, glucose and insulin 

levels hence provides a non-pharmaceutical means for decreasing CHD risk, which is a direct 

result of increased cholesterol and triglyercides in the blood (Caspersen, et al., 1985). 

Although physical activity and exercise both involve bodily movement that expends energy 

and are both measured in kilocalories, exercise is however a subcategory of physical activity. 

Exercise is physical activity that is planned, structured, repetitive, and purposive in the sense 

that its main objective is to improve or maintain physical fitness (Caspersen, et al., 1985). 

1.10.1.1.3  Statin therapy 

Statin drugs include: Atorvastatin (LipitorR), Simvastatin (ZocorR), Fluvastatin (LescolR), 

Lovastatin (MevacorR), Pravastatin (PravacholR) and Cerivastatin (BaycolR). Lovastatin is a 

natural product; simvastatin and pravastatin are semi-synthetic products; and atorvastatin, 

fluvastatin and cerivastatin are entirely synthetic compounds (Miao, et al., 2003). Statins 

lower cholesterol by inhibiting the enzyme HMG-CoA reductase, which is the rate-limiting 

enzyme in hepatic cholesterol synthesis. Inhibition of this enzyme in the liver stimulates LDL 

receptors, resulting in an increased clearance of low-density lipoprotein (LDL) from the 

bloodstream and a decrease in blood cholesterol levels (Miao, et al., 2003). Statins inhibit 

HMG-CoA reductase competitively with an affinity substantially greater than that of the 

natural substrate such as fish oil derivatives (Pahan, 2006).  Shepherd et al. (1995) carried out 

a double blind study to investigate whether the administration of pravastatin to men with 

hypercholesterolemia and no history of MI reduced the combined incidence of MI and death 

from CHD. The study reported 20 percent lower plasma cholesterol levels and 26 percent 

lower levels of LDL with pravastatin therapy, hence reducing risk of MI and mortality from 

cardiovascular complications such as CHD (Sheperd, et al., 1995). 

For primary and secondary CHD prevention, statin treatment should be adjusted to achieve a 

total cholesterol level of less than 5.2mmol/litre and in terms of LDL cholesterol; the target 

should be below 3.4mmol/litre (Grubb et al., 2006). According to the National Cholesterol 

Education Program (NCEP), a reduction in LDL cholesterol should be the primary target of 

http://en.wikipedia.org/wiki/HMG-CoA_reductase
http://en.wikipedia.org/wiki/Rate-limiting_step
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/LDL_receptor
http://en.wikipedia.org/wiki/LDL_receptor
http://en.wikipedia.org/wiki/Clearance_%28medicine%29
http://en.wikipedia.org/wiki/Low-density_lipoprotein
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therapy for individuals at risk of coronary events (Expert Panel on Detection Evaluation and 

Treatment of High Blood Cholesterol in Adults, 2001; Sorrentino, 2004). 

The reduction in serum cholesterol concentrations varies markedly between the types of statin 

consumed. Provastatin and fluvastatin appear to produce modest reduction (20-35%) in serum 

cholesterol concentrations; simvastatin causes moderate reductions (30-45%), whereas 

atorvastatin (40-55%) leads to the greatest reductions in the cholesterol concentrations 

(Grubb, et al., 2006). Another study by Law et al. (2003) carried out three meta-analyses of 

several randomised controlled trials to determine the effect of statin therapy on serum 

concentrations of LDL cholesterol and incidence of ischaemic heart disease (IHD) events and 

stroke according to statin type, dose, and duration of treatment. The study reported 2.6 

mmol/l, 1.58mmol/l, 2.15mmol/l, 1.6mmol/l, 2.8mmol/l and 2.01mmol/l reductions in LDL 

cholesterol levels with 80mg/day intakes of atorvastatin, fluvastatin, lovastatin, pravastatin, 

rosuvastatin and simvastatin, respectively. In addition, 17% reduction in the overall risk of 

stroke was reported and approximately 61% reduction in the risk of ischaemic heart disease 

events, with little reduction in the first year but a 51% reduction by the third year (Law et al., 

2003). 

 

Table 1.5 outlines these six types of statins, including their trade names, the doses available 

on the market and the LDL lowering efficacy, for each type of statin. 

 

Table 1. 5 Types of Statins (Sorrentino, 2004) 

Statin 

(Generic) 

Trade Name(s) Available Doses 

(mg) 

LDL lowering 

Efficacy (%) 

Lovastatin Mevacor 

Altocor 

10, 20, 40, 60 21-42 

Pravastatin Pravachol 10, 20, 40, 80 22-37 

Fluvastatin Lescol 

Lescol XL 

20, 40, 80 22-36 

Simvastatin Zocor 10, 20, 40, 80 26-47 

Atorovastatin Lipitor 10, 20, 40, 80 39-60 

Rosuvastatin Crestor 5, 10, 20, 40 40-60 
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1.10.1.1.3.1 Safety of statins  

Most statins are usually safe and have a good side-effect profile. Simvastatin, for instance, is 

now available in the UK as an over-the-counter medication (Mehta, 2005). However, some 

statins may result in serious adverse effects. This depends on how the different statins are 

metabolized. Simvastatin can interact with drugs such as phenazone, propanolol, digoxin and 

warfarin and other coumarin derivatives that inhibit the cytochrome P450 3A4 enzyme (an 

enzyme which plays an important role in the metabolism of certain drugs). To avoid potential 

interactions, simvastatin is often prescribed for administration late in the evening (Grubb, et 

al., 2006). 

 

The statin cerivastatin, distributed as “Baycol”, was removed from the market in 2001, due to 

reports of serious side effects, including; fatal rhabdomyolysis (breakdown of skeletal muscle 

tissue), renal failure and mortality (Bliznakov, 2002). This statin was labelled as ‘Baycol-

Katastrophe’ by the influential German publication Frankfurter Allgemeine Zeitung due the 

epidemic crisis it caused (Bliznakov, 2002), hence further supporting the importance of 

including non-drug strategies in the reduction of CHD risk.   

 

Key characteristics of commonly-used statins are outlined in Table 1.6 (Murphy, et al., 2002). 
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Table 1. 6 Detailed description of the different types of statins 

 

                                Indications     Side effects Dosage 

Atorvastatin Primary hypercholesterolemia, heterozygous familial 

hypercholesterolemia, homozygous familial hypercholesterolemia and 

combined hyperlipidemia. Patients who have not responded well to diet 

modifications or other appropriate measures. 

Insomnia, angio-edema, anorexia,  

asthenia (physical weakness),  

peripheral neuropathy,  

alopecia, rash, impotence,  

chest pain, hypoglycemia,  

hyperglycemia 

Primary hypercholesterolemia and combined  

hyperlipidemia 10 mg once per day, and  patients with 

familial hypercholesterolemia initially 10 mg daily,  

increasing to 40 mg daily at intervals  of 4 weeks,  

further  increasing to 80 mg daily 

Fluvastatin           Primary hypercholesterolemia or combined hyperlipidemia. 

          This type of statin along with dietary modifications work together in 

h    di retarding progression of coronary atherosclerosis in primary  

re       hypercholesterolemia and concomitant CHD. 

sclera  

erc 

Insomnia, occasionally 

dysaesthesia, hypoesthesia. 

Approximately 20-40 mg daily in the evening, modified 

 at intervals of at least 4 weeks; up to 40 mg twice 

daily when  necessary 

Pravastatin Primary hypercholesterolemics who have not responded well to dietary 

modifications. Provastatin, when working synergistically with  dietary  

control can help slow the progression of coronary atherosclerosis and 

 reduce incidence of cardiac attacks in patients with hypercholesterolemia 

 and atherosclerotic CHD. 

Chest pain, fatigue, angioedema,   

polyneuropathy, hepatic  

necrosis, jaundice,  

pancreatitis,and 

thrombocytopenia 

Ranges between 10-40 mg once daily at night, adjusted 

at intervals of no less than 4 weeks. 

          Rosuvastatin  Primary hypercholesterolemia  including heterozygous familial 

hypercholesterolemia,  dyslipidemia, or homozygous  familial 

hypercholesterolemia. Patients who have not responded well to dietary 

modifications and other  appropriate measures. 

 

 Dizziness,  asthenia,  

proteinuria 

10 mg once daily, increased if necessary after at least 4  

weeks to 20 mg once daily.  Further increase to 40 mg is  

possible after 4 weeks if  patient is suffering severe 

hypercholesterolemia with high risk of cardiovascular  

diseases and is under  cardiologist supervision 

Simvastatin Primary hypercholesterolemia, homozygous familial 

hypercholesterolemia or combined hyperlipidemia. Patients who have not 

responded well to dietary modifications and other appropriate measures.  

Alopecia,  anemia,  dizziness, 

peripheral neuropathy, hepatitis,  

jaundice, pancreatitis 

10-20 mg daily at night, adjusted at intervals of at 

least 4 weeks until the dosage reaches the maximum  

amount of 80 mg once daily at night. 
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1.10.1.1.3.2 Guidelines for intake of statins in Kuwait 

The guidelines presented in this section will incorporate several recommendations applied 

worldwide, since Kuwait has not yet developed its own national guidelines.   

 

Several studies have suggested that a 10% reduction in LDL cholesterol leads to a 10%-20% 

reduction in CHD risk and lifestyle modification is the principle practice in achieving this 

goal (Akanji, 2002; Barter et al., 2001; Jackson, et al., 2002). According to Akanji (2002), 

long-term statin use, could reduce CHD rates by 30-40% with the aggregate effects 

manifested on plaque stabilization (Akanji, 2002). However dietary modifications should be 

the primary solution, with a low saturated fat dietary plan including moderate amounts of 

polyunsaturated and monounsaturated fats and oils, marine omega-3 fatty acids, and at least 

2g of plant omega-3 fatty acids (Alpha Linolenic Acid) per day, and a wide selection of fruits 

and vegetables. This may help decrease the LDL cholesterol levels 15%-20% (Tonkin, et al., 

2005). Other lifestyle modifications include at least 30 minutes of moderate-intensity physical 

activity daily, and smoking cessation (Tonkin, et al., 2005). These are considered the core 

actions required for reducing risk of CHD, however, if patients cannot achieve recommended 

target lipid levels by lifestyle modification, it is recommended to commence lipid-modifying 

drug therapy, by which statins are considered the preferred choice, due to their LDL-

cholesterol lowering, triglyceride reducing and HDL-cholesterol raising effects (Barter, et al., 

2001). It is suggested, however, by the American College of Cardiology/American Heart 

Association (ACC/AHA) that lipid modifying drugs, should only be introduced if baseline 

LDL-cholesterol is greater than or equal to 2.6 mmol/l,  in which therapeutic lifestyle changes 

should also be advocated (Fraker et al., 2007).  In addition,  according to the Australian Lipid 

Management Guidelines-2001, upon commencing statin therapy, liver function should be 

tested at least once after six weeks of therapy, due to the possible drug related hepatic side 

effects in long term patients (Barter, et al., 2001). Akanji (2002) has referred to statins as the 

priority drug for the treatment of high LDL cholesterol levels in Kuwait, as they have been 

proven to: 1) lower lipids (especially LDL) effectively, 2) reduce the incidence of new lesion 

formation, 3) reduce the rate of progression of pre-existing lesions, 4) reduce the number of 

new vessel occlusions, 5) prevent plaque rupture and 6) produce a significant improvement in 

established stenosis (Akanji, 2002).  In addition, lipid lowering drugs, such as statins, are 

readily available and supplied, free of charge to all Kuwaiti citizens at governmental health 

facilities (Al-Mutairi et al., 2009).  
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Although statin therapy has been quite effective in the reduction of LDL cholesterol in 

Kuwait, it represents only one of a range of integral treatment/prevention modalities. A 

balance must be created between the risk of developing a major cardiovascular attack and the 

consequences of committing the patient to lifelong lipid lowering therapy. This all depends on 

factors such as age, sex, blood pressure, family history of CHD, smoking habits, DM and total 

cholesterol levels (Grubb, et al., 2006). Prescription guidelines also dictate the responsiveness 

to dietary and physical activity intervention as a major factor in progressing to statin 

prescription. Patients in the high risk categories should initially receive dietary and lifestyle 

behavioural advice and have their profile reassessed after 3 months (Sorrentino, 2004; WHO, 

2007). If the repeat lipid profile indicates that total cholesterol is >5mmol 1
-1 

or LDL-

cholesterol is >3.4 mmol 1
-1 

then statin therapy is necessary (Grubb, et al., 2006).  The most 

recommended statin therapy for primary prevention is provastatin 40mg, since pravastatins 

appear to produce minimal reductions in cholesterol concentrations, which will most probably 

suffice in the initial stages of increased LDL and total cholesterol level in the blood  (Grubb, 

et al., 2006). 

 

Pharmaceutical and dietary interventions for secondary CHD prevention seem to have 

developed as alternative, rather than concomitant, treatment options. A review by Robinson et 

al. (2005) treats diet and statin therapy as separate, rather than complementary, treatment 

options (Robinson et al., 2005).  Investigation of large randomised controlled trials of 

simvastatin efficacy reveals a similar tendency: simvastatin was prescribed when intention to 

treat with diet failed in both the Scandinavian Simvastatin Survival Study (4S) (Kjekshus et 

al., 1995; Pedersen et al., 2000) and Heart Protection Study
 
(Collins et al., 2003; Mihaylova et 

al., 2005). In each of these studies, dietary intervention occurred prior to baseline data 

collection, and no dietary intake data were reported from the intervention phase of either trial. 

This general approach has subsequently manifested itself in contemporary prescription 

guidelines
 
(Goldstein et al., 2006; McCrindle et al., 2007; Mosca et al., 2004), which similarly 

advocate ‘intention to treat’, with diet prior to statin prescription.  A possible explanation for 

this apparent divergence of treatment modalities is that pharmaceutical and behavioural 

strategies are often conducted in separate professional streams (Physician versus Dietitian).  
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1.10.1.1.3.3 Cautions to statin therapy 

Patients with a history of liver disease or with a high alcohol intake should be extremely 

cautious with statin medications. Hypothyroidism should also be managed sufficiently before 

starting statin treatment, since there have been speculations that hypothyroidism-induced 

dyslipidemia may be resistant to lipid-lowering therapy (Bar et al., 2007).  Liver-Function 

tests should also be carried out before and within 1-3 months of starting treatment and 

thereafter at intervals of 6 months for 1 year, unless signs of hepatotoxicity appear which 

may require more frequent tests. In addition, statins should be completely avoided in patients 

with porphyria (condition by which the body produces too much porphyrin and insufficient 

heme) (Grubb, et al., 2006). 

1.10.1.1.3.4 Associations between statin intake and dietary modifications 

Diet and healthy lifestyle interventions can augment the benefits of statin therapy (Clemmer et 

al., 2001). According to Clemmer et al. (2001), many patients being treated solely with lipid 

lowering drugs do not meet their LDL cholesterol goals, hence suggesting that diet, healthy 

lifestyle and statins combined will provide the most effective clinical means for maximum 

lowering of LDL levels (Clemmer, et al., 2001). Consequently, results from a randomized 

control diet trial carried out by Jula et al. (2002), on  120 previously untreated 

hypercholesterolemic men aged 35 to 64 years  to evaluate the separate and combined effects 

of diet and simvastatin therapy on serum levels of lipids, lipoproteins, antioxidants, and 

insulin, indicated that a modified Mediterranean-type diet rich in omega-3 fatty acids 

efficiently enhances the cholesterol-lowering effect of simvastatin,  while also counteracting 

the insulin–elevating effect of simvastatin, and finally unlike simvastatin, does not decrease 

serum levels of β-carotene and ubiquinol-10 (Jula et al., 2002). These studies therefore stress 

on the importance of combining dietary intervention with statin therapy. 

Furthermore, patients believe statins are ‘wonder drugs’ that can completely replace lifestyle 

modifications including dietary improvements (Gaw, 2003). Gaw (2003) proposes however, 

that the mechanism behind CHD may not depend entirely on plasma cholesterol 

concentration. It was suggested that a Mediterranean style diet comprising high amounts of 

fruits, vegetables, cereals, legumes, nuts, and seeds with MUFA from olive oil, minimal 

protein from dairy, fish, poultry, and meat may provide benefits by reducing thrombogenesis 

(Gaw, 2003). In addition, the review hypothesizes that specific components of the diet may 
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induce cardiovascular effects, such as the anti-inflammatory and anti-arrhythmic effects of 

omega-3 fatty acids and the antioxidant effects of oleic acid and antioxidant vitamins, 

therefore implying that dietary modifications may provide benefits unrelated to the plasma 

lipid profile, but of increasing relevance in reducing cardiovascular risk (Gaw, 2003). 

 

In addition, since statins were only recently introduced (between 1987 and 1997) long term 

side effects may not yet have been completely elucidated (Bliznakov, 2002). It is therefore 

recommended that health care providers concentrate on educating the public regarding the 

health benefits of a sensible diet and regular physical activity, rather than relying solely on 

exposure to statin therapy. 

1.10.1.1.3.5 Associations between statin intake and physical activity 

Although statin therapy can reduce cholesterol levels and lower mortality, several studies 

have indicated that treatment with statin therapy can be associated with an increased risk of 

muscular symptoms or myopathy (Bruckert et al., 2005; Draeger et al., 2006; Schick et al., 

2007). According to Draeger et al. (2006), muscle pain and weakness are common complaints 

in patients receiving statins. A case-control study was carried out on 22 participants, by which 

fourteen of these participants were receiving statin therapy for hypercholesterolemia (cases) 

and 8 were served as controls. Results revealed that the integrity of the skeletal muscles was 

compromised in 10 out of the 14 statin-treated patients, whereas only one was affected out of 

the eight in the control group.  This suggests that long term statin therapy can induce skeletal 

muscle damage (Draeger, et al., 2006). Furthermore, multivariate analysis carried out by 

Bruckert et al. (2005) revealed that one month after initiation of statin therapy, 38% of 

participants suffered muscular pain that prevented even moderate exertion during every day 

activities, whilst 4% were on complete bed rest or unable to work (Bruckert, et al., 2005). 

 

Finally, a study carried out by Schick
 
et al. (2007) on 86 skeletal muscle biopsy specimens 

collected as part of a previously published clinical trial of high-dose simvastatin or 

atorvastatin versus placebo, to determine whether muscle mitochondrial DNA (mtDNA) 

levels are altered during statin therapy, suggested that long term statin therapy can cause 

myopathy and may be associated with mitochondrial toxicity. The study revealed that ATP 

levels decreased by which muscle mtDNA levels were significantly lower in participants 

who received simvastatin and atrovastatin (statins) when compared to control participants 

(Schick, et al., 2007).  
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1.10.1.1.3.6 Efficacy versus effectiveness of statins 

Efficacy is defined as the ability of treatment to generate positive effects in highly selected 

patients by specialized staff members (Pearson et al., 1997). The effectiveness of treatment, 

however, examines the ability of treatment to prevent disease recurrence and death when 

applied to the average patient with CVD by staff with usual training in ordinary facilities in 

the community; hence is more difficult to assess (Pearson, et al., 1997).  

     

There is no doubt of the efficacy of statins. Sufficient evidence has shown the association of 

statins with lower incidence of CHD, including a cohort study with a mean follow up of 8.5 

years which reported that statins reduced the risk of CHD by about 80% in patients with FH 

(Versmissen et al., 2008). In addition, a review of primary and secondary CHD prevention 

trials with lovastatin, pravastatin, and simvastatin by Gotto (2005) reported a reduced risk of 

developing a major coronary event by 37% , 27% reduced risk of CHD mortality and a 

considerable reduction of 42% in the mortality rate in a secondary prevention population,  

with patients on lovastatin, pravastatin and simvastatin, respectively (Gotto, 2005; Pedersen 

et al., 2004). Statin effectiveness, on the other hand, is the main issue of concern, since this 

factor is a by-product of adherence (Pearson, et al., 1997). Benner et al. (2005) demonstrated 

a 3 year retrospective cohort study, by which medication adherence decreased significantly 

over time with rates of:  59%, 40%, 34%, and 21% adherence at 3, 6, 12, and 36 months, 

respectively, suggesting that statin therapy is not always the most effective approach in the 

prevention and treatment of CHD (Benner et al., 2005). A study by Karp et al. (2007) also 

revealed that gender differences and time of therapy administration play a substantial role in 

the effectiveness of statins, indicating that early initiation of therapy achieves maximum 

reduction in the occurrence of clinical events (Karp et al., 2007). The study also reported a 

reduced risk of cardiovascular events in men more than in women, hence supporting the 

theory that although the efficacy of statins is well established, the effectiveness is not always 

consistent with statin therapy (Karp, et al., 2007). 

1.10.1.2  Combined modalities in the reduction of CHD risk 

According to a review by Eidelman (2002), most individuals prefer statin therapy for 

treatment of heart conditions involving high LDL-cholesterol in the blood (Eidelman, 2002). 

Other factors such a dietary intervention and physical activity have been neglected or put 

aside, even though the efficacy of statins is arguably enhanced by these therapeutic lifestyle 
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modifications (Eidelman, 2002). Preference to medication could be a consequence of 

developments in society which have led patients to rely solely on drug therapy rather than 

lifestyle modifications, since statins have not only proven to be a quick, simple and efficient 

way in reducing LDL cholesterol, but have also presented various beneficial effects on the 

heart, including vasodilatation, anti-thrombosis, anti-oxidation, anti-inflammation and 

anticoagulation (Bliznakov, 2002; Freeman et al., 2001; Gotto, 2005). 

 

According to Kromhout et al. (2002), risks factors such as increased serum cholesterol; high 

BP and cigarette smoking are collectively involved in the aetiology of CHD (Kromhout et 

al., 2002). Hanna et al. (2005), argues that secondary prevention measures such as light to 

moderate physical activity participation, smoking cessation and hypertension reduction by 

diuretics, beta blockers and sodium restriction has had a positive effect on cardiovascular 

mortality and morbidity in older patients (Hanna et al., 2005). It is therefore important to 

recognise that to achieve optimal CHD risk reduction, these treatment strategies must be 

synchronised.  Previous studies on obesity prevention and treatment indicate that dietary and 

physical activity intervention modalities are also often treated as mutually exclusive, with 

interventions in one modality often failing to adequately control for biases associated with 

the other (Collins et al., 2006; Lemmens et al., 2008). Whilst physical activity and diet 

contribute to CHD risk both independently and collaboratively, evidence is emerging that 

adherence to these two treatment modalities is driven by separate determinants (Dutton et 

al., 2008; Klesges et al., 2004). It is important to identify opportunities for adherence to be 

addressed as a generic phenomenon across drug, diet and physical activity modalities, for 

subsequent use in more effective coronary risk reduction interventions. 

 

Although studies in Kuwait have revealed the importance and high prevalence of combined 

risk factors for CHD (Al-Isa, 1999a; Al-Isa, et al., 2011; Al-Muhailan, et al., 1990; Al-Nesf, 

et al., 2008; Al Orifan, et al., 2007; Jackson, et al., 2001; Jackson, et al., 2002), research on 

potential intervention strategies for these multiple risk factors is scant. In Australia, however, 

integrative, multidisciplinary CHD risk reduction interventions have been applied 

successfully. The COACH study
 
(Vale et al., 2003), was a multi-centre intervention in 

Victoria where patients received counselling by telephone and mail outs directed towards 

meeting a broad range of CHD risk factors, including diet, physical activity and psychological 

factors. The COACH study showed that a treatment gap (the gap between treatment 

recommendations and actual practice) still exists when cardiovascular patients are compared 
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to treatment goals associated with serum lipid levels, dietary intake and physical activity 

recommendations by the Heart Foundation of Australia. A large treatment gap still exists for 

all diagnostic components of the MetS in CHD patients
 
(Vale et al., 2002). Thomas et al.

 

(2007) have recently reported a similar treatment gap for cardiovascular risk in patients with 

diabetes (Thomas et al., 2007). 

1.11 Adherence 

1.11.1 Adherence, compliance, persistence and concordance 

"Adherence" measures the extent to which the patient’s behaviour matches agreed 

recommendations from the prescriber (Barofsky, 1978; Horne et al., 2005). It therefore 

emphasizes that the patient is free to decide whether to follow the prescriber’s 

recommendations, and that failure to do so should not reflect negatively on the patient, nor 

should the patient be placed blame (Horne, et al., 2005). Compliance, on the other hand, 

measures the extent to which the patient’s behaviour matches the prescriber’s 

recommendations (Haynes et al., 1979; Horne, et al., 2005), thus suggesting that the role of 

the clinician is to decide on the appropriate treatment and provide relevant instructions, by 

which the patient is to passively follow (Haynes, et al., 1979; Horne, et al., 2005). This 

implies that noncompliance may either be interpreted as patient incompetence in being unable 

to follow instructions or as deviant behaviour (Horne, et al., 2005). For this reason, although 

adherence and compliance are both used to define the extent to which patients take 

medications as prescribed, the term “adherence” is the preferred word by health care providers 

because “compliance” implies that the patient is blindly following the doctor’s orders and that 

treatment was not created by both parties (Osterberg et al., 2005). Furthermore, medication 

"persistence" is a relatively recent term, which refers to the act of continuing the treatment for 

the prescribed duration (Cramer et al., 2008; Fraser, 2010), thus may be defined as "the 

duration of time from the initiation to discontinuation of therapy" (Cramer, et al., 2008). In 

clinical practice, the term "persistence" may be of limited value to physicians when describing 

patient behaviour towards therapy; and may serve a more useful role in the pharmaceutical 

industry, as it commonly refers to how often a patient collects a prescription for a particular 

drug, with little regard to its effectiveness, or whether medication is being taken or not 

(Fraser, 2010).  
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Finally, concordance, which is a new approach to the prescription and intake of medicines 

(Horne, et al., 2005; Medicines Partnership, 2001), suggests that the health care professional 

recognises the primacy of the patient’s decisions about taking the recommended medications, 

and acknowledges that, for many patients, non-compliance is a rational response to their 

personal perceptions of disease and treatment (Horne, et al., 2005; Medicines Partnership, 

2001). It is therefore defined as; an agreement reached after negotiation between patient and 

health care practitioner that respects patient's attitude and beliefs towards medication (i.e. time 

schedule, dosage, symptoms associated with medication) (Horne, et al., 2005; Medicines 

Partnership, 2001).  

1.11.2 Adherence to interventions 

If a patient is prescribed a specific medication to be taken as one tablet, three times/day for 10 

days, but only takes two tablets/day for 5 days, their adherence level would be 33.3% (10 / 

30= 33.3%) (Haynes et al., 2005). Accordingly, Applegate (2002) classifies adherence as: 

“The ability of patients to comply to an intervention with a proportion of days covered of 80% 

or higher in a given interval” (Applegate, 2002). However, depending on disease and 

medication, some trials consider rates of greater than 80% to be acceptable, whereas others 

consider rates of 95% to be mandatory for sufficient adherence, especially among patients 

with chronic conditions such as human immunodeficiency virus (HIV) (Osterberg, et al., 

2005). Partial Adherence is defined as compliance to an intervention with a proportion of days 

covered of 20% to 79% in a given interval (Applegate, 2002). Non-Adherence refers to those 

who have complied to an intervention with a proportion of days covered less than 20% in a 

given interval (Applegate, 2002). 

 

Adherence is a key factor associated with the effectiveness of all pharmacological therapies, 

but most importantly for medications prescribed for chronic conditions (Brown et al., 2011). 

According to a statement by Haynes et al. (2001); “increasing the effectiveness of adherence 

interventions may have a far greater impact on the health of the population than any 

improvement in specific medical treatments” (Brown, et al., 2011; Sabaté, 2003). Non-

adherence to appropriate medication therapy is associated with a broad range of adverse 

outcomes, such as failure to recover from an illness, progression of chronic disease; 

complications associated with disease and increased risk of mortality (Phatak et al., 2006). A 

study by Ho et al. (2008), on 15767 patients with CAD in Denver, Colorado, reported 



 

75 

 

medication non-adherence rates of 28.8% for β-blockers, 21.6% for ACE inhibitors, and 

26.0% for statins, which was significantly associated with increased risk of cardiovascular and 

all-cause mortality (Ho et al., 2008). In addition, a recent population-based study using 

records from Finnish national registers dated from 1995- 2007, investigated the excess risk of 

stroke associated with non-adherence to antihypertensive drug therapy among 73527 

hypertensive patients (Herttua et al., 2013). The study reported a dose–response pattern, 

suggesting greater risk of stroke and death among poorer adherents to antihypertensive drugs 

(Herttua, et al., 2013). According to Lewington et al. (2002), non-adherence to 

antihypertensive therapy is highly associated with poorly controlled blood pressure, and every 

increase of 20 mm Hg in systolic/10 mm Hg in diastolic BP, is associated with double the risk 

of stroke and IHD (Brown, et al., 2011; Lewington et al., 2002). Also in infectious diseases, 

the consequences of non-adherence to therapy (i.e. antibiotics) can include not only the direct 

impact such as treatment failures, but also indirect consequences including the development 

of microorganisms resistant to the particular drugs used (Hamilton-Miller, 1984; Jin et al., 

2008; Sanson-Fisher et al., 1992).  Finally, in addition to the clinical outcomes, significant 

financial costs are also incurred by the health care system as a result of non-adherence (Jin, et 

al., 2008; Nasseh et al., 2012; Osterberg, et al., 2005; Sanson-Fisher, et al., 1992).  It has been 

estimated that 25% of hospital admissions in Australia result from patient non adherence to 

treatment (Ley, 1984; Sanson-Fisher, et al., 1992), and the wastage of unused medications 

adds up to $200 million per annum to the Australian health bill (Sanson-Fisher, et al., 1992).  

Hayes et al. (1976) also identified a significant degree of drug "hoarding" within Australian 

households (Hayes et al., 1976; Sanson-Fisher, et al., 1992). In the United States, a study by 

Nasseh et al. (2012), estimated total annual non-adherence cost of $105.8 billion or $453 per 

adult in 2010, with the per adult cost of non-adherence ranging from the highest in 

Mississippi ($634 per adult) to the lowest in Vermont ($284 per adult) (Nasseh, et al., 2012). 

It is suggested that the degree of adherence to medication varies according to the complexity 

and duration of the regimen (Cameron, 1996).  Cameron (1996) reported higher adherence 

rates among patients with acute conditions, as compared to those with chronic conditions, 

demonstrating a dramatic decrease in adherence after six months of therapy (Cameron, 1996). 
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1.11.3 Barriers to adherence 

The World Health Organization has categorized potential reasons for medication non-

adherence into 5 broad groupings including: patient centered factors, therapy related factors, 

healthcare system factors, socioeconomic factors and disease factors. Examples for each of 

these categories are detailed in Table 1.7 (Ho et al., 2009; Jin, et al., 2008).  

 

Table 1. 7 Factors affecting adherence 

Categories Examples 

 

 

Patient-related factors 

Demographic factors: age, ethnicity, gender, education, marital status 

Psychosocial factors: beliefs motivation, attitude 

Patient- prescriber relationship 

Health literacy, patient knowledge 

Physical difficulties, forgetfulness 

Tobacco smoking or alcohol intake 

History of good compliance  

 

Therapy-related factors 

Route of administration, treatment complexity 

Duration of the treatment period, medication side effects 

Degree of behavioural change required, taste of medication 

Healthcare system factors Lack of accessibility, long waiting time, unhappy clinic visits 

Difficulty in getting prescriptions filled 

Socioeconomic factors Inability to take time of work, low income, higher medication costs 

Low literacy, poor social support,  

Disease factors Asymptomatic chronic disease (lack of physical cues) 

Mental health disorders (eg, depression) 

 

 Patient-related factors  

Factors identified in this group include demographics, psychosocial events and patient- 

prescriber relationship. It appears that lower adherence is seen among the poorest and oldest 

patients (Benner, et al., 2002). One study revealed lower adherence among black and other 

non-Caucasian races that show a higher prevalence of CHD than Caucasians (Benner, et al., 

2002). In addition, research showed that patients treated for depression or dementia were less 

likely to adhere with medication, smoking cessation, physical activity and cardiac 

rehabilitation, thus substantiating the association between depression and non-adherence to 

intervention (Kronish et al., 2006). A healthy patient-physician relationship, based on 
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patients’ trust and empathy from practitioner, is also a significant factor associated with 

adherence (Brown, et al., 2011). Previous studies have shown that compliance is good when 

doctors are emotionally supportive and sufficiently informative on the benefits and adverse 

effects of medication (Jin, et al., 2008; Lim et al., 1991; Moore et al., 2004). Moore et al. 

(2004) assessed the impact of the doctor-patient relationship on participants' avoidance of 

treatment for a recognized medical or psychological problem. The study reported a less 

likelihood of treatment avoidance for both medical and psychological problems in participants 

who felt their physicians listened more to their concerns (Moore, et al., 2004). Lim et al. 

(1991) investigated reasons for dropout from treatment in 60 hypertensive patients. Results 

were as follows:  95% of the patients were unaware that hypertension is a long term condition 

requiring life-long treatment, 60% were unable to state the likely consequences of 

uncontrolled hypertension, 52% believed long term consumption of 'western' medication was 

harmful and 72% complained of long waiting time required to obtain care (Lim, et al., 1991).  

In addition, Carter et al. (2005), reported high rates of compliance in patients who believed 

their medication was necessary for good health, while those who had more concerns about 

medicine use reported poor compliance (Carter et al., 2005). These findings therefore 

demonstrate the need for healthcare practitioners to address patient satisfaction, 

empowerment, and understanding of illness, quality of life, functional status and 

psychological well-being, in order to encourage adherence (Carter, et al., 2005). Several meta-

analyses, carried out to examine compliance with CVD prevention strategies, suggest that the 

most effective persistence-enhancing interventions for long-term treatments consist of 

combinations of more convenient care, information, counselling, reminders, reinforcement, 

and other forms of supervision or attention (Burke et al., 1997; Haynes et al., 1996; Roter et 

al., 1998). 

 Therapy-related factors  

In therapy-related factors, the complexity of the regimen, duration of treatment and the 

perceived or experienced side effects can impact adherence (Ho, et al., 2009). Intuitively, 

medications with a convenient way of administration (i.e. oral medication) are more likely to 

make patients compliant (Jin, et al., 2008). Also the complexity of treatment where the 

number of doses/day, rather than number of drugs prescribed, is believed to have an negative 

impact on patient compliance (Jin, et al., 2008). A systematic review by Claxton et al. (2001) 

on 76 studies, investigated the associations between dose frequency and medication 
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compliance using the electronic monitoring (EM) device. Mean dose-taking compliance was 

approximately 70% and declined as the number of daily doses increased: 1 dose was 79%, 

dropped to 69% in 2 doses, and was as low as 51% in 4 doses of medication/day, thus 

suggesting a 10% decrease in adherence with each additional daily dose (Brown, et al., 2011; 

Claxton et al., 2001). Also, compliance was significantly higher for once-daily versus 3-times-

daily, once-daily versus 4-times-daily, and twice-daily versus 4-times-daily regimens (Brown, 

et al., 2011; Claxton, et al., 2001). In addition, Iskedijan et al. (2002) carried out a meta-

analysis on eight studies involving 11, 485 observations, to investigate the relationship 

between daily dose frequency and adherence to antihypertensive pharmacotherapy. Results 

demonstrated that with antihypertensive medications, once-daily dosing regimens were 

associated with higher rates of adherence than either twice or multiple-daily dosing regimens 

(Iskedjian et al., 2002). Hence it was suggested that simplifying the medication dosing 

frequency could significantly improve adherence (Jin, et al., 2008). It is also apparent that the 

type of statin administered may also affect adherence, where conversion to another type is 

then recommended (Krasuski et al., 2005).  A study by Krasuski et al. (2005) showed that out 

of 22,150 simvastatin-treated patients 5316 discontinued therapy during a 48-month period (1 

in 4 simvastatin-treated patients). Common reasons for non compliance to simvastatin 

included failure to achieve LDL cholesterol goals, poor triglyceride control, myalgia (muscle 

pain) and rhabdomyolysis. Among this non-adherent group, 841 patients began taking 

atorvastatin and underwent follow-up blood tests, where significant improvements in total 

cholesterol, LDL cholesterol, and triglyceride levels were noted. The percentage of patients 

achieving the LDL cholesterol goals of the National Cholesterol Education Program ATP III 

increased substantially, thus emphasizing the safety and efficacy of converting to atorvastatin 

when patients experienced adverse reactions/inadequate lipid-lowering response to 

simvastatin (Krasuski, et al., 2005). Finally, longer duration of the disease may adversely 

affect adherence (Benner, et al., 2005; Jin, et al., 2008). Benner et al. (2005) reported 

significant decrease in adherence to lipid-lowering medication by 59%, 40%, 34%, and 21% 

at 3, 6, 12, and 36 months, respectively (Benner, et al., 2005). Conversely, some studies found 

that longer duration of the disease resulted in good compliance (Jin, et al., 2008; Sharkness et 

al., 1992). A cross-sectional study of 125 outpatient veterans attending a hypertension clinic 

indicated that perceived lifetime treatment of hypertension and history of medication use 

greater than 5 years were both significantly associated with better pharmacy compliance (Jin, 

et al., 2008; Sharkness, et al., 1992). This may indicate that patient’s attitude of denying the 

disease is reduced and they have accepted treatment after years of suffering the consequences 
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of poor adherence to therapy (Jin, et al., 2008).  Consequently, Sik Kim et al. (2002), reported 

lower adherence to lipid-lowering therapy in new users, younger patients and those who suffer 

adverse reactions from a specific drug (Sik Kim et al., 2002). 

 Health-care system factors 

Factors identified in this group include availability and accessibility to healthcare (Jin, et al., 

2008). Long waiting time for clinic visits, difficulties in getting prescriptions filled and 

unsatisfied clinic visits are all associated with poor compliance (Jin, et al., 2008).  Grunebaum 

et al. (1996), investigated predictors of missed appointments for psychiatric consultations in a 

general medical clinic. Long waiting time between the referral and the appointment date was 

reported as a significant predictor of missed appointments (Grunebaum et al., 1996).  It was 

therefore postulated that shortening the wait for a psychiatric consultation and reserving 

consultations for more severe cases may reduce the number of missed appointments 

(Grunebaum, et al., 1996). Also Spikmans et al. (2003) found that patient satisfaction with the 

attending dietitian played a significant role in clinical attendance (Spikmans et al., 2003). 

These findings were further supported by another study indicating that lack of basic 

background knowledge about the specific disease, and unsatisfactory clinical encounter with 

the physician (length of the session, details given by the physician and physician-patient 

interaction) influenced non-compliance to therapy (Gascón et al., 2004).  

 Socioeconomic factors 

Socioeconomic factors include: lower education level, low health literacy, cost of therapy, 

income and social support (Brown, et al., 2011; Ho, et al., 2009; Jin, et al., 2008).  Several 

studies have shown that patients who have emotional support from family, friends and 

healthcare providers were more likely to be adherent to therapy (Brown, et al., 2011; 

DiMatteo, 2004; Jin, et al., 2008; Vlasnik et al., 2005b). A meta-analysis of the literature from 

1948-2001, reported adherence levels 1.74 times higher in patients from cohesive families and 

1.53 times lower in patients from families in conflict (DiMatteo, 2004). Also, a modest 

increase in adherence was seen in married patients and those with living companions 

(DiMatteo, 2004). These results are clinically relevant for patients with cardiovascular 

diseases, because it is well documented that depression and anxiety are common in patients 

with CAD or stroke (Brown, et al., 2011; Sundel et al., 2007). Furthermore, cost of therapy 

and income are two interrelated factors associated with non-adherence to therapy (Jin, et al., 
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2008). Previous studies have shown that patients with no insurance cover or on a low income 

were more likely to be non-adherent to treatment, especially patients with chronic diseases, as 

the treatment period may be life-long (Choi-Kwon et al., 2005; Jin, et al., 2008; Mishra et al., 

2011). Choi-Kwon et al. (2005) identified lack of insurance as a significant factor associated 

with non-adherence to antihypertensive medications in stroke patients (Choi-Kwon, et al., 

2005), while Ellis et al. (2004) reported a large, negative effect of patient cost-sharing on 

adherent behaviour (Ellis et al., 2004). The study indicated that 76.2% of patient non-

adherence was associated with a >$20 co-pay as compared to 49.4% adherence in those with a 

<$10 co-pay. In addition, compared to patients who had a co-payment of <$10, patients who 

paid at least $10 but <$20 and those who paid >$20 were 1.45 and 3.23 times more likely to 

be non-adherent with statin therapy, respectively (Ellis, et al., 2004) . Also, according to 

Sacks (2002), some patients, who lack the ability to pay, may share medications with family 

members or friends, and thus decreasing the dosage ingested. Patients may also intentionally 

take a lower dose to reduce cost (Sacks, 2002). A recent qualitative study by Mishra et al. 

quoted the patients responses to reasons behind non-adherence as follows: “I was working 

and I got laid off and I had to pay for my medications and it cost me $97 to get all of my 

prescriptions and I don’t have $97, so I had to choose what medication was the most 

important” (Mishra, et al., 2011). It is therefore essential that health care professionals be 

aware of patient’s economic situation, whereby guidance on more cost-effective medication 

use can be provided (Jin, et al., 2008). 

Another socioeconomic factor associated with medication non-adherence is health literacy 

(Ho, et al., 2009; Jin, et al., 2008; Ngoh, 2009; Noureldin et al., 2012). This is defined as the 

degree to which individuals have the capacity to obtain, process, and understand basic health 

information and services needed to make appropriate health decisions (Noureldin, et al., 

2012).  A systemic review by Ngoh (2009), indicated that limited health literacy is associated 

with poorer health, medication non-adherence, medication errors, higher medical expenses, 

and increased hospitalization (Ngoh, 2009). Thus, it is necessary to identify patients with 

limited health literacy and tailor medication counselling to their needs (Ngoh, 2009). 

According to Noureldin et al. (2012), specific groups more prone to exhibit signs of 

inadequate health literacy, include; the elderly, the economically disadvantaged, and patients 

with chronic disease (Noureldin, et al., 2012). 
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 Disease factors  

Inconsistent evidence exists regarding the association between the presence of disease factors 

and adherence to medication. Several studies have shown lower adherence with the absence of 

symptoms, while others have reported higher adherence (Dempe et al., 2013; Jin, et al., 2008; 

Kyngäs et al., 1999; Kyngäs, 1999). Kyngas et al. (1999) evaluated factors associated with 

compliance in 138 hypertensive patients in Finland. The study reported a significant 

relationship between the presence of hypertension symptoms and reduction in sodium 

consumption. Seventy-one percent of the symptomatic patients reduced the use of sodium, as 

compared to only 7% of the patients who did not suffer from symptoms (Kyngäs, et al., 

1999). Conversely, a study by Dempe et al. (2013) reported 4.4 times the risk for 

nonadherence to medication in CAD patients suffering from simultaneous depression and 

anxiety compared to patients without symptoms (Dempe, et al., 2013). According to Dempe et 

al. (2013), several reasons associated with the negative effect identified include: hopelessness, 

increased sensitivity to medication adverse effects and physical limitations (lack of energy, 

motivation or concentration) (Dempe, et al., 2013). Also, a study investigating the extent to 

which asthmatics comply with health regimens, reported good compliance in all mild 

asthmatics, whereas only 61% of those who had severe asthma showed good compliance (Jin, 

et al., 2008; Kyngäs, 1999). Alternatively, it was suggested that the perceived health status 

rather than the actual disease may have more significant influence on compliance (Jin, et al., 

2008). According to Jin et al. (2008), patients with the perception of poor health status are 

more motivated to be compliant with therapy if they consider the medication to be effective 

(Jin, et al., 2008). Nonetheless it appears unclear whether disease factors/symptoms can 

adequately discriminate between patients who are adherents or non-adherents.  

1.11.4 Strategies to improve adherence 

The Cochrane review of 78 randomized trials found multimodal interventions rather than 

unimodal ones to be most effective at improving long-term medication adherence and health 

outcomes, because the reasons for non-adherence are often multifactorial (Brown, et al., 2011; 

Haynes et al., 2008; Ho, et al., 2009). Non-adherence is a complicated interplay of patient, 

medication, and healthcare factors, but limitations in patients' medication knowledge and 

willingness to change behaviour may be the greatest barriers to improving adherence 

(Vlasnik, et al., 2005b). Strategies to improve these factors and optimize adherence have been 

categorized and outlined below:  
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1.11.4.1 Communication between physicians and patients 

Patients may sometimes misuse medications which can lead to adverse drug events, drug 

overdose or underuse, unnecessary hospitalizations and prescriptions, and higher costs (Tarn 

et al., 2006). Patients may not adhere to medications due to fear of interactions with other 

administered drugs, believe the need for medication is intermittent (misunderstanding 

regarding importance of continuous treatment) or concerns about cost (Tarn, et al., 2006). It is 

therefore necessary for physicians and patients to build a good healthy relationship, where 

patients are given a detailed description of their disease and the most efficient and cost 

effective approach for treatment (Jin, et al., 2008; Vlasnik, et al., 2005b). The link between 

patient adherence and physician-patient communication has been extensively documented in 

the literature (Falvo et al., 1980; Jin, et al., 2008; Zolnierek et al., 2009). Research carried out 

by Falvo et al. (1980), to investigate patients' perception of two aspects of physician 

behaviour during patient-physician interaction, namely, explanation given to the patient and 

concern for the patient, reported better compliance, when patients perceived the physician as 

providing explanations and showing concern (Falvo, et al., 1980). A more recent meta-

analysis of published literature from 1949-2008 reported 19% higher risk of non-adherence 

among patients whose physicians communicated poorly compared to well-informed patients 

(Zolnierek, et al., 2009). Also, the study showed substantial and significant improvements in 

patient adherence when physicians were trained on communication skills, with the odds of 

patient adherence being 1.62 times higher than with a non-trained physician (Zolnierek, et al., 

2009). Zolnierek et al. (2009) indicated that physician-patient communication can enhance 

adherence through various mechanisms, including; 1) contribution to patients’ understanding 

of illness and risks/benefits of treatment, 2) support, empathy and consideration to patients' 

beliefs and concerns and 3) collaborative partnerships, where physicians provide patients with 

shared control, decision and responsibility regarding their treatment plan (Zolnierek, et al., 

2009). Studies have consistently reported improved health outcomes with shared decision-

making (Bultman et al., 2000; Gonzalez, 2005; Parchman et al., 2010; Zolnierek, et al., 2009). 

Parchman et al. (2010) examined a causal model linking participatory decision making (PDM) 

to improved clinical outcomes in diabetic patients. Results indicated that PDM at baseline was 

associated with medication adherence, and thus reduced levels of glycated hemoglobin 

(hemoglobin A1c) and low-density lipoprotein (LDL) (Parchman, et al., 2010). Examples to 

participatory/shared decision making include; 1) time of day patients would prefer to take 

their medication (some patients may be more likely to adhere to medications if prescription 
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was made for evenings, while others may prefer mornings), and 2) how quickly patients 

would like to achieve the desired medical outcome (Brown, et al., 2011). Patients with 

cardiovascular disease, for instance, would be asked how quickly they would like to achieve 

controlled BP and lipid levels. The response would therefore help the physician determine 

how often consultation/laboratory tests are needed. Also, when possible, it is recommended 

that physicians provide patients with a variety of alternative methods, where patients can then 

decide on their preferred treatment plan (Brown, et al., 2011).   

1.11.4.2 Improved dosing schedule 

Two aspects involved in errors with drug adherence include i) the more drugs prescribed in 

the treatment, the higher the degree of omission and ii) the greater the complexity of the 

scheduling, the greater the errors of commission and scheduling misconceptions. Both aspects 

indicate that the number of drugs involved between the doctor and patient clearly affects the 

adherence to medication (Hulka et al., 1976). The risk of non-adherence with increased 

medication dosage and the importance of simplifying dosing schedule for improved adherence 

levels have been discussed in previous sections of this chapter. Also, for convenience 

purposes, Brown et al. proposed prescribing the maximum number of doses possible at once, 

thereby limiting the frequency of pharmacy visits (Brown, et al., 2011). Another risk factor 

for nonadherence is the number pills ingested/day for concurrent diseases (Benner et al., 

2009; Brown, et al., 2011). Benner et al. (2009), reported adherence rates of 35% and 30% in 

patients simultaneously receiving one and two pills, respectively. In patients on >10 

simultaneous pills, adherence rates were as low as 20% (Benner, et al., 2009). Therefore, it 

has been suggested that in order to correct the negative affect polypharmacy has on 

adherence; physicians should consider prescribing fixed-dose combination pills when possible 

(Brown, et al., 2011). Supporting this theory is a meta-analysis by Bangalore et al. (2007) that 

compared the effect of fixed-dose combination with free-drug regimen on patient's medication 

adherence. The study reported a 26% decrease in the risk of non-compliance with fixed-dose 

combination pills compared with free-drug component regimen (Bangalore et al., 2007). 

Therefore it is of great importance to reduce the dosage and number of concurrent drugs 

prescribed to the minimum for optimal adherence (Hulka, et al., 1976).  
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1.11.4.3 Patient structural support  

This type of intervention involves assisting the patient in clinical scheduling, which includes 

patient reminders, making follow up visits convenient and efficient for the patient, increasing 

clinic hours and more frequent telephone calls from staff or physicians (Osterberg, et al., 

2005). Delays in seeing patients can discourage patient compliance with a medication regimen 

and may also deter patients from continuing with follow up appointments (Osterberg, et al., 

2005). Interventions that involve the association of health care providers such as pharmacists, 

behavioural specialists and nursing staff may also be particularly promising in patient 

adherence because of their training and knowledge of medications and availability to patients 

(Osterberg, et al., 2005; Simpson, 2006). 

1.11.5 Adherence to coronary risk reduction interventions  

1.11.5.1 Adherence to statins 

The consistent message that statins are quick and efficient life-saving drugs in cardiovascular 

practice is counteracted somewhat by the issue of adherence. A study by Parris et al. (2005), 

to assess the relationship between adherence to statin therapy and LDL cholesterol goal 

achievement in patients with diabetes and dyslipidemia reported higher total and LDL 

cholesterol levels and lower HDL cholesterol levels in less compliant patients treated with 

statins. Hence, suggesting that although statins are highly effective for decreasing LDL 

cholesterol levels in patients with dyslipidemia, including those with diabetes, failure to reach 

LDL cholesterol targets remains common (Parris et al., 2005).  In addition, Liberopoulus et al. 

(2008) carried out a systematic review on major randomized controlled trials to determine the 

impact of lack of compliance with prescribed lipid-lowering treatment, on cardiovascular 

morbidity and mortality. The study reported an overall poor compliance, especially in primary 

prevention. As many as 6 out of 10 patients stopped taking statins during the first 6 months 

following initiation of treatment, which was associated with worse clinical outcomes and 

increased cardiovascular morbidity and mortality. More importantly, Liberopoulous et al. 

(2008) suggested that statin withdrawal may have also provided worse outcomes when 

compared with not taking statins at all (Liberopoulos et al., 2008). Several cohort studies 

carried out on patients prescribed statins have also shown high rates of discontinuation of 

therapy and non-adherence to drug regimens within 6 months of treatment initiation (Benner, 

et al., 2002; Jackevicius et al., 2002). It has therefore been suggested that in order for patients 
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to comply longer than 6 months, factors influencing lack of adherence should be carefully 

analysed, assessed and resolved (Benner, et al., 2002; Jackevicius, et al., 2002). Providing 

detailed information about the treatment, for instance, is one factor that may influence 

adherence.  A randomized control trial carried out by Yilmaz et al. (2005) on two groups of 

subjects comprising 202 patients; those who were informed comprehensively about statins 

(n=102) and those who were not (n=100), indicated that being well informed about statins 

increased the likelihood of being on continuous statin therapy after 15 months by 

approximately 2 folds. These results suggest that providing patients with comprehensive 

knowledge about statins, even in patients, who were already on statin therapy, seems not only 

to improve adherence but also increase the percentage of those reaching targets (Yilmaz et al., 

2005).  

 

A cohort study using a record linkage database, carried out in Scotland, by Wei et al. (2002), 

to investigate patients’ adherence to statin treatment prescribed following their first MI and to 

estimate the effect of adherence to statins on recurrence of MI and all-cause mortality, 

revealed that although adherence was relatively low throughout the study period, good 

adherence to statin treatment was associated with lower risk of recurrent MI. The study 

reported, that after adjusting for prior lipid lowering drug treatment, statin daily dose, and 

other risk factors; only patients with >80% adherence to statin therapy had significantly lower 

risk of further MI (Wei et al., 2002). In addition, Kopjar et al. (2003), examined (1) the 

persistence of using statins in patients with coronary heart disease, (2) the difference in 

persistence between established and new users, and (3) the characteristics associated with 

poor compliance of drug use; in 8,768 male Veterans Administration patients with CHD who 

were prescribed statins from July 1, 1999, to June 30, 2000. The study reported >70% 

persistence in use of statins after 18 months, which prevented 12.4 serious cardiovascular 

events per 1000 patients annually. Also, characteristics associated with poor adherence (<80% 

days of medication supplied) included tobacco smoking, diastolic BP >90 mm Hg; substance 

abuse, recent mental health issues, recent cardiologist visits, those prescribed aspirin within 

the preceding 15 months and finally new users of statins. Characteristics associated with good 

compliance (>80% days of medication supplied), included age >65 years; Caucasian, married, 

obese and have recently been prescribed angiotensin-converting enzyme (ACE) inhibitors 

(Kopjar et al., 2003).    
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Furthermore, Benner et al. (2002) carried out a retrospective cohort study on 34,501 subjects, 

aged >65 years, to determine the patterns and predictors of long-term persistence with statin 

therapy in an elderly US population. Results suggested that those who initiated statins at the 

time when many important trials of the benefits of statins had been published, were 

approximately 25% less likely to reduce their adherence to statin therapy compared to those 

who initiated therapy at an earlier time, thus supporting the continuous interaction between 

the patient and health professional; as well as providing constant awareness to the patient 

(Benner, et al., 2002). A study by Mann et al. (2007), carried out on American veterans (n = 

71) to determine predictors of adherence to statins for primary prevention, also found a 55% 

non-adherence rate at 6 months post-treatment, even when treatment cost was very low to 

patients (Mann et al., 2007). Interestingly, according to a review carried out by Applegate 

(2002) drug expenses were not regarded as the major cause of decline in adherence and 

persistence of medication (Applegate, 2002). It was suggested that other determinants such as 

lack of education, low physician trust, side effects, inadequate provider-patient 

communication, and convenience issues may also play a role in the lack of adherence to 

medication (Pedan et al., 2007; Piette et al., 2005). Statins can cause common side effects 

including headache, nausea, vomiting, constipation, diarrhea or rash. Patients with kidney 

failure, thyroid problems, liver disease and patients who have undergone organ transplants are 

at increased risk of developing muscle problems as a side effect of statins, including 

myopathy (muscle weakness), myositis (inflammation of voluntary muscles) and 

rhabdomyolysis (rapid breakdown of skeletal muscle tissue) (Hansen et al., 2005; Nair et al., 

2008). Hyperthyroidism is described as an obvious cause of secondary dyslipidemia (Bar, et 

al., 2007), which as a result may lead to statin therapy. Statin therapy on patients with 

hypothyroidism is a risk factor for statin-induced myopathy (SIM) as well as spontaneous 

myopathy (Bar, et al., 2007), which exhibit symptoms such as muscle aches, cramps and 

weakness. Poor adherence is therefore quite common in statin users. Once cardiac patients 

cease medication, their coronary risk reduction relies solely on concomitant behaviour 

modifications, which may (or may not) have occurred. 

1.11.5.2 Statin adherence in Kuwait 

Although there is no published account of the extent to which such concomitant therapies are 

applied to patients requiring statin prescription in Kuwait, studies from other countries 

indicate that it is less than ideal. For example, adherence to official prescription guidelines is 
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low and interpractice variations high with respect to statin prescription in Sweden (Ohlsson et 

al., 2005). There is also substantial potential for variation in behavioural intervention given 

prior to, or in conjunction with, statin prescription. Skinner et al. (2007) noted marked 

variations in advice about lifestyle changes for secondary prevention of MI in the UK 

(Skinner, et al., 2007). This observation is supported indirectly by the reported overuse of 

statins in low risk patients, where dietary and physical activity intervention may be more 

appropriate (Abookire et al., 2001).  

 

Adherence to medical recommendations and the extent to which recommendations are 

followed with patients at high risk of developing cardiovascular problems have presented 

difficult challenges to the Kuwaiti population. A study carried out in Kuwait  by Al-Mutairi et 

al. (2009) to determine the prevalence of statin use for primary prevention of CHD risk in 

type 2 diabetes and hypertensive patients, detected high LDL-cholesterol in 78.1% of these 

patients, however only 17% of the diabetic patients and 34.6% of the hypertensive patients 

received statin medications (Al-Mutairi, et al., 2009). These results indicate that although 

statin prescription has increased worldwide in the past decade, it was significantly under-

prescribed and under-used in Kuwaiti patients. In addition, findings of another study carried 

out in Kuwait by Serour (2007), reported more than 60% non-adherence to preventive 

strategies recommended for the prevention of CHD (Serour, et al., 2007). The preventive 

strategies in this case were; improved dietary intake and increased physical activity. 

According to Akanji (2002), when results were compared with other studies done elsewhere, 

non-adherence in Kuwait was reported as approximately double the total of many other 

countries worldwide (Akanji, 2002). Barriers to adequate statin intake is almost always 

associated with patients’ lack of drug adherence, which could be a consequence of insufficient 

knowledge of disease and drug, as a result of inadequate counselling and supervision from the 

health care provider (Al-Mutairi, et al., 2009). A study supporting this theory was carried out 

by Rashed et al. (2002), at the coronary care units of five major hospitals in Kuwait, on 111 

patients. Although only 11 patients (10%) reported a history of hypercholesterolemia, 40 of 

the remaining 100 patients had a fasting cholesterol of > 5.2mmol/l (Rashed, et al., 2002).  

While hypercholesterolemia was present in approximately 46% of the patients, only 32% of 

the 111 patients admitted to the coronary care unit were prescribed lipid-lowering drugs 

(statins). The rates of prescribing lipid lowering drugs at discharge were relatively low. The 

patients admitted to the coronary care unit were also reported as relatively young when 

compared with patients from industrialized countries (Rashed, et al., 2002). 
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Often, it is the regular adherence with therapy that is important, rather than the type of therapy 

applied when attempting to prevent and treat these non-communicable diseases (Akanji, 

2002). Accordingly, Haynes et al. (2005), stated that since no evidence has suggested that low 

adherence can be “cured”, efforts to improve adherence must therefore be maintained for as 

long as prevention/treatment is needed (Haynes, et al., 2005).  A review by Zubaid et al. 

(2004), suggested that controlling smoking, and promotion of a healthy diet and an active 

lifestyle, together with medication adherence and programs for early diagnosis and treatment 

of hypercholesterolemia, could have a significant positive impact on the burden of CHD in 

Kuwait (Zubaid, et al., 2004).  

1.11.5.3 Adherence to physical activity 

Providing awareness to the general public on the benefits of participation in physical activity 

on health is a major challenge for public health policy makers, health care providers and 

communities (Salmon, et al., 2003). Therefore, effective interventions are required to 

encourage the population to adhere to any form of physical activity, and hence fulfil the 

overall goal in the reduction of morbidity and mortality. Salmon et al. (2003) carried out a 

population-based mail survey on 1,332 adults to examine the associations of physical activity 

and sedentary behaviour with barriers, enjoyment, and preferences.  Results indicated that 

respondents reporting high enjoyment and preference for physical activity were more likely to 

report high levels of activity. However, those reporting issues of cost and personal barriers to 

physical activity were less likely to be physically active. Also, preference for sedentary 

behaviour was associated with the decreased likelihood of being physically active. Hence, it is 

highly recommended during intervention to analyse the patients’ leisure interests and 

intervene accordingly to increase the likelihood of adherence. In addition, another relevant 

finding reported in this study was that seasonal influences had some associations with 

physical activity (Salmon, et al., 2003). It is therefore recommended that in order to help 

encourage adherence to physical activity, individuals should be guided on how to adapt to 

changes in the environment (Salmon, et al., 2003). 

1.11.5.4 Adherence to dietary intervention  

Earlier sections of this chapter have reported and acknowledged several studies documenting 

an inverse relationship between adherence to dietary intervention and risk of CHD (Fuentes et 

al., 2001; Giovanni, et al., 2013; Jula, et al., 2002; Kelly et al., 2004; Kromhout, et al., 2002; 
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Lichtenstein, et al., 2006b; Mekki, et al., 2010; Mensink et al., 1992; Mensink et al., 2003; 

Mia, et al., 2002; Musaiger, 2002; Pitsavos et al., 2002). Lichtenstein et al. (2006), has 

recommended the adoption of a healthy diet as the cornerstone in preventing and/or managing 

chronic diseases such as CVD (Desroches et al., 2013; Lichtenstein, et al., 2006b). Desroches 

et al. (2011) explained however, that although ample studies have demonstrated a beneficial 

impact of dietary treatment on chronic diseases, the extent to which dietary risk-reduction 

interventions continue to be effective in practice setting depends on the patient's adherence to 

treatment advice (Desroches et al., 2011). Accordingly, a randomized trial in Boston, carried 

out to assess adherence rates and the effectiveness of 4 popular diets (Atkins, Zone, Weight 

Watchers, and Ornish) for weight loss and cardiac risk factor reduction, identified level of 

adherence to dietary advice, as the key determinant of greater weight loss and cardiac risk 

factor reductions, rather than the type of diet (Dansinger et al., 2005; Desroches, et al., 

2013). Nonetheless, regardless of the inverse relationship between adherence to healthy diet 

and CHD, throughout history, food has signified social, cultural and religious beliefs, making 

it difficult to accept and comply with changes in dietary habits (Sherman et al., 2000).  

 Factors related to lack of dietary adherence 

There may be a number of reasons why dietary modifications can be difficult to sustain. 

These include issues related to information processing and decision making; where the 

complexity of food choices an individual must make in selecting and preparing meals may be 

discouraging. Also, cultural, religious and social circumstances, personal perceptions about 

diet and behaviour change and perceptions of external barriers may affect adherence to 

dietary intervention (Sherman, et al., 2000). Further, barriers include cost (where a healthy 

diet may be perceived as more expensive than an unhealthy one), the availability of healthy 

food, changing or contradictory messages from experts, and finally the behaviour of health 

care professionals (Sherman, et al., 2000). Sherman et al. (2000) argues that health-care 

professionals can be an influential resource for implementing positive dietary changes; 

however possible issues may preclude the guidance and support of these professionals. These 

include; health providers’ lack of knowledge about behaviour change, lack of skills for 

encouraging change, beliefs and attitudes discouraging communication about change, or a 

variety of barriers preventing appropriate communication with patients regarding change in 

dietary habits (Goldstein et al., 1998; Sherman, et al., 2000). Consequently, while non-

adherence is often attributed to patients who are considered "non cooperative", "non 
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compliant" and "unable to follow instructions",  it is  necessary that healthcare professionals 

help patients overcome barriers to adherence by; improving their approach towards patient's 

struggles and concerns, by providing advice, and involving these patients in treatment 

decision making (Desroches, et al., 2013). A recent meta-analysis was performed to assess 

the effects of intervention methods for enhancing adherence to dietary advice in the 

prevention and management of chronic diseases. The intervention strategies included: 

 education, persuasion, incentivisation, coercion, training (imparting skills), restriction, 

environmental restructuring, modelling (providing an example for people to aspire to or 

imitate) and enablement (increasing means/reducing barriers to increase capability or 

opportunity). Among studies that measured diet adherence outcomes between an intervention 

group and a control group, 32 out of 123 diet adherence outcomes favoured the intervention 

group while merely 4 favoured the control group. Also, 62 had no significant difference 

between groups. It should be noted however, that among these 62 that showed no significant 

difference, assessment was particularly difficult for 25 of them, since data needed for 

comparison between groups were not provided (Desroches, et al., 2013). In addition, a cross-

sectional study on 105 diabetic patients was carried out to determine reasons for poor 

adherence to lifestyle recommendations. Results revealed that the main reasons for non-

adherence to diet were: poor self-discipline, lack of information on a healthy diet and the 

tendency to eat out; thus suggesting that at least one of the main factors identified may be 

fixed with a better patient/practitioner relationship (Ganiyu et al., 2013). 

 Finally, Table 1.8 summarizes general strategies developed by Sherman et al. (2000) to help 

promote adherence to dietary intervention. 
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Table 1. 8 Strategies developed for dietary intervention adherence  

 

 

 
             Education  
 

 
Knowledge can help encourage and support individuals in promoting and maintaining dietary changes.  
Information should concentrate on the target’s group characteristics, including attitudes, cultural  
background, and comprehension. 

 

 
            Motivation  
 

 
Strategies should aim to inspire individuals to change their diets to in order to reach outcome expectations and 
self efficacy beliefs. Outcome expectations can be accomplished by dietary consultations where the individual is 
encouraged to identify benefits associated with dietary change, as well as any barriers to or costs of change. 

 

 
       Behavioural Skills 
 

 
Both cognitive and behavioural skills must be developed to help people change or modify situations or other 
behaviours associated with such change and its maintenance. Skills to both prevent relapse and cope with 
temporary lapses must also be taught. These can include recognition and avoidance of situations that may lead to 
high risk of relapse, e.g. to promote social reinforcement, and avoid mood swings and low self-respect 

 
    Availability of New 
    and Modified Foods 
 

 
The market now offers a wide range of nutrient modified foods to help consumers meet specific dietary goals. 
These foods can also be used to improve subjects’ adherence to research guidelines and encourage low  
calorie/nutrient dense diet. 

 
     Supportive Personal 
            Interactions 
 

 
Interactions with supportive others such as spouse, family and peers, can improve adherence to dietary changes.  
Social interactions may provide good models for healthy eating, and feedback from others can encourage the  
patient’s attitude and provide self confidence. 
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It has therefore been clearly exhibited that dietary adherence, unlike many other interventions 

can be easily sustained if the appropriate attention and immense determination is implemented 

and seen in the population at risk.  

 

In summary, adherence to any form of therapy, whether medication or change in lifestyle and 

dietary habits; require continued interaction between patient and health care professional to 

help educate, hence convey a stronger message about the benefits of adherence to a particular 

therapy. Intervention trials attempting to establish an association between diet, physical 

activity, behavioural modifications, medication and chronic disease require careful 

measurement of adherence to recommended interventions (Vitolins et al., 2000). 

 

Table 1.9 presents the various approaches advocated to improve adherence with CHD 

intervention. 
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Table 1. 9 Strategies to improve adherence to therapy for the prevention/ treatment of 

CHD 
                                          Diet 

 (Bosworth et al., 2005) 

    

Physical Activity 

(Dishman et al., 1985)      

 

Medication 

 (Carter, et al., 2005)                    

 

Patient-related  

factors   

Adequate dietary 

knowledge(the ability to 

interpret food labels and 

estimate portion size) 

Knowledge and skills  

that augment the ability 

To be active 

Adequate understanding 

of the disease  

Social support from  

family, friends & 

co-workers 

Social reinforcement 

(family, peers,  

exercise partner) 

Social support from  

family and friends 

Patient self-monitoring 

& high self esteem 

Reduce psychological 

& environmental 

barriers to activity 

Education on reasons for  

therapy  

Healthcare  

professional  

related factors 

Behavioural 

therapy & nutrition 

education 

Provide information on 

the health benefits of 

physical activity 

 Good therapeutic 

 relationship 

Counselling sessions  

& weight loss programs 

Offer motivation Regular contact 

Provide empathy & avoid  

criticism when patient does 

not achieve weight goals 

Advise on a selection of 

appropriate forms 

& intensities of activity 

High compliance and  

interest 

System related  

factors 

Provision of appropriate  

food selections 

Access to facilities  Provision of lipid clinics 

Provide dietitians and  

community nutritionists 

to monitor BMI 

Attend to financial  

barriers & provide 

 medical screening  

Provide pharmacists,  

psychologists and  

specifically trained nurses 

      

1.12 Assessment tools for CHD intervention methods  

1.12.1 Measuring adherence to intervention 

Adherence measures can be divided into two categories according to whether the assessment 

is direct or indirect. Direct measurement entails observing the ingestion of the drug or by 

detecting its presence in body fluids. Indirect measures assume ingestion based on proxy-

evidence, such as the patient’s report or number of dosages removed from a container (Horne, 

et al., 2005; Osterberg, et al., 2005). This is described in more detail below.  
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1.12.1.1 Direct methods  

Directly observed measures of adherence involve the close monitoring of patients’ intake of 

medication. Although this method is most accurate, patients can hide pills in the mouth and 

discard them when not under surveillance (Osterberg, et al., 2005). Another process involves 

the measurement of a drug or a metabolite in the blood or urine through biologic markers. 

These direct approaches are expensive, demanding to the health care provider, and susceptible 

to distortion by patients (Horne, et al., 2005; Osterberg, et al., 2005).  

1.12.1.2 Indirect methods 

Physicians monitor adherence by asking the patient about medication effects, conducting 

“brown bag” medication checks, performing pill counts, observing prescription refills, 

collecting patient questionnaires, using electronic medication monitors, measurement of 

physiologic markers and providing the patient with a medication diary. Electronic monitors 

record and stamp the time by which the bottles are opened, dispensed or activated. Pharmacy 

records are also indirect practical indicators of adherence to therapy, provided that the patients 

give prior approval for physicians to observe their pharmacy records over time (Applegate, 

2002; Osterberg, et al., 2005). These approaches are subject to problems however, since 

questionnaires are susceptible to error and pill counts may cause complications in the sense 

that patients can switch medicines between bottles and may discard pills, in addition, 

observing prescription refills is not equivalent to ingestion of medications, electronic 

medication monitors are very expensive and finally patient diaries may be easily altered by 

the patient (Osterberg, et al., 2005). 

1.12.2 Measuring adherence in pharmacological interventions (statins) 

There are several methods available to estimate adherence to prescribed medication, these 

methods include; 1) the most common way to measure adherence to pharmacological 

intervention, which is the use of self-report measures, comprising of subject interviews, 

questionnaires and self-monitoring diaries. These measures are fast, flexible, inexpensive, 

easy and valid (Vitolins, et al., 2000). The self-report measures include the following: The 

Medication Adherence Questionnaire (MAQ, also known as Morisky) which is, according to 

Lavsa et al. (2011), the first published and most commonly used adherence scale (Lavsa et al., 

2011).  This scale is based on the belief that drug omission errors can occur when patients are 

forgetful, are careless, stop medication when feeling better or worse. Because patients 
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generally want to answer “yes” when asked questions, the questions are worded such that 

answering yes identifies non-adherent behaviours.  Advantages of MAQ include simplicity of 

questions and ease of scoring (each yes answer = 1 point; 0 points, high; 1–2 points, medium, 

and 3–4 points, low medication adherence behaviour). A disadvantage of MAQ is that it does 

not assess patient-self efficacy. Overall, MAQ is a simple scale to administer and score and is 

validated in many populations, making it a good tool to assess adherence across patient 

populations at the point of care (Lavsa, et al., 2011; Morisky et al., 1986). A second 

questionnaire available to assess adherence to medication is, the Self-efficacy for Appropriate 

Medication Use Scale (SEAMS), which was developed by Risser et al. (2007) to incorporate 

the measurement of self-efficacy in evaluating medication adherence (Lavsa, et al., 2011; 

Risser et al., 2007). The Self-efficacy for Appropriate Medication Use Scale was originally a 

21-item scale that was reduced to a 13-question scale. Each item is assessed using a three-

point Likert-type scale (1, not confident; 2, somewhat confident; and 3, very confident). The 

scale was validated in patients with chronic disease including CHD and related conditions 

such as hypertension, hypercholesterolemia, and diabetes (Lavsa, et al., 2011; Risser, et al., 

2007). Although SEAMS is constructed to gauge useful barriers to adherence and allow 

responses via a three-point response scale, it is, however, limited by a lack of ability to 

quickly score at the point of care. SEAMS is useful in a medication management clinic setting 

dedicated to focusing on medication adherence (i.e., settings in which time is available for 

administering, scoring, and reviewing the survey with patients) (Lavsa, et al., 2011; Risser, et 

al., 2007). The third self-reported questionnaire involved in the evaluation of medication 

adherence is the Brief Medication Questionnaire (BMQ), which was constructed by Svarstad 

et al. (1999) to provide an instrument that is brief, sensitive, and able to detect different types 

of non-adherence. The scale consists of a five-item regimen screen to detect repeat and 

sporadic non-adherence, a two-item belief screen to assess beliefs about drug efficacy and 

agitating side-effects, and a two-item recall screen to identify difficulties in remembering 

medication administration (Lavsa, et al., 2011; Svarstad et al., 1999). Brief medication 

questionnaires improve on the sensitivity and specificity of existing adherence scales and 

allows assessment of barriers to adherence; however, although the test assesses regimen, 

beliefs, and recall accurately, scoring at the point of care is difficult. In addition, BMQ 

requires specific medication regimens to be listed by the patient and assumes this list is 

comprehensive. The scale also may be useful in a clinic setting with dedicated time to review 

medication n lists and medication adherence (Lavsa, et al., 2011). The Hill-Bone Compliance 

Scale and Medication Adherence Rating Scale (MARS) is another scale used to assess 
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adherence to medication. It was developed by Kim et al. (2008), to provide a simple method 

for health care professionals to determine patient-reported adherence levels (Kim et al., 2008; 

Lavsa, et al., 2011). The scale contains 14 items in three subscales that assess medication 

adherence, sodium intake, and appointment keeping. It is similar to the MAQ in regard to 

determining barriers to non-adherence such as forgetfulness and adverse effects. The scale is 

generally useful in cardiovascular practice or cardiovascular clinic setting (Lavsa, et al., 

2011). The fifth and final scale used to assess medication adherence is  the MARS, which was 

created by Thompson et al. (2000)  for assessment of adherence in psychiatric patients 

(Thompson et al., 2000). The scale includes 10 items and was first validated in patients with 

schizophrenia. MARS examines adherence behaviours and attitudes toward medication with 

relatively simplistic scoring. However, it is limited in application to chronic mental illness. 

MARS is useful in psychiatric practices or psychiatric clinic settings (Lavsa, et al., 2011; 

Thompson, et al., 2000). 

 

In addition to self-reported questionnaires, other methods available to assess and examine 

adherence to medication include: 2) biochemical measures such as therapeutic drug 

monitoring, 3) measuring medication use such as counting pills; and 4) electronic medication 

event monitoring systems. The fourth method consists of installing a computer chip in the cap 

of the medication bottles that records the date and times of when the bottle is opened. It 

provides detailed information about the timing of self-medication behaviour. These methods, 

however, do not confirm ingestion; can be costly and clearly vulnerable to mechanical 

problems (Vitolins, et al., 2000). A technique often used on large group patients is monitoring 

data from prescription records to determine refill adherence (Haynes, et al., 2005). The 

estimation of refill adherence from prescription records has been claimed to be the most 

reliable objective measure of adherence in large patient groups. The number of prescribed 

treatment days is divided by the number of days between refills which is then multiplied by 

100, to get a percentage adherence rate. Satisfactory refill adherence, for instance, is classified 

as the percentage of the patients who had refills dispensed covering 80-120% of the 

prescribed treatment time and under- and oversupply as <80% and >120% coverage, 

respectively (Haynes, et al., 2005).  
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This equation is demonstrated below (Haynes, et al., 2005):  

Satisfactory refill adherence =  

  

                    Number of prescribed treatment days    *   100 =   80 – 120% 

                    Number of days between the fills   

 

Ideally, a patient would buy a drug for 100 days treatment, with an interval between two 

refills of 100 days (refill adherence + 100%). A deviation from prescribed treatment time 

below - 20% indicates treatment gaps or undersupply and above +20% indicates oversupply 

or stockpiling (Haynes, et al., 2005).  

 

Although this method of measuring adherence is considered reliable, it is necessary to 

recognise its’ limitations. This process could, easily overestimate or underestimate the 

adherence as medication supply may differ from medication use. Patients, may perhaps have 

more than one prescription for the same drug, which would suggest than an adherent patient 

might be classified as non-adherent (Haynes, et al., 2005).   

 

Ultimately, the main approach in changing adherence behaviour will depend on the dietitian 

or the investigator understanding the basis of non-adherence and working with the participants 

to find a solution (Vitolins, et al., 2000). 

1.12.3 Measuring physical activity 

1.12.3.1 Measures based on self-report 

Self-report methods are the most convenient and cheapest way to collect physical activity data 

from a large number of people in a short time (Matthews et al., 2002).  This method is 

achieved by asking participants to classify their level of physical activity. Techniques used to 

gather this self-reported information include activity diaries or logs, recall questionnaires, 

retrospective quantitative histories and global self-reports (Caspersen, et al., 1996). Diaries 

can generally detail all physical activity performed during a specified period of time, whereas 

logs, although similar to diaries, record participation of only specific types of physical activity 

(Caspersen, et al., 1996). Recall questionnaires are less likely to influence behaviour than 

either diaries or logs, since they rely on physical activity in retrospect. These questionnaires 

typically contain 5-15 items and aim to stratify the population into broad categories of 

physical activity. Some may also try to estimate energy expenditure. The reference time frame 
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varies depending on the objectives of the study but typically tends to be between a week and a 

month. Examples of these surveys include the short version of the IPAQ and the Baecke 

questionnaire (Baecke et al., 1982; Caspersen, et al., 1996; Wolin et al., 2008). The 

retrospective quantitative history survey is a form of physical activity recall method that 

requires specific detail for time frames of approximately one year, hence represents year 

round physical activity.  They tend to be 15 to 60 items long.  Examples of this type of 

questionnaire include the second EPIC questionnaire-EPAQ2 (EPIC physical activity 

questionnaire 2) and the long version of the IPAQ (Caspersen, et al., 1996; European 

Prospective Investigation of Cancer, 2013; 2005; Medical Research Council, 2013; Wareham 

et al., 2002; Wolin, et al., 2008). Global self-report is another type of recall survey containing 

1-4 items, used to stratify population into main categories of activity. This type of 

questionnaire mainly focuses on physical activity over a long time frame (e.g. one year), 

hence aims to reduce systematic bias due to season and day of the week (Caspersen, et al., 

1996; Medical Research Council, 2013). Examples of global self-report tools include; the 

short UK EPIC questionnaire and the Stanford Brief Activity Survey (Medical Research 

Council; Taylor-Piliae et al., 2005; Taylor-Piliae et al., 2006; Wareham et al., 2003). 

1.12.3.2   Measures based on direct/indirect calorimetry  

The main alternative method to surveys is to directly measure physical activity through 

mechanical and electronic devices. Such methods eliminate problems of poor memory and 

biased self-reporting (Bauman, et al., 1999). Physical activity is typically expressed in the 

form of EE such as kilocalories (kcal) or kcal/hour, or kcal/day and can be assessed by direct 

calorimetry, indirect calorimetry, or the doubly labelled water method (Bauman, et al., 1999). 

 

Direct calorimetry requires a chamber that measures body heat production, and the types of 

activity are limited to what can be carried out in the chamber. Longer time periods are 

necessary due to the type of collection method used in the metallic chamber; this will 

therefore give the average hourly values, and not minute by minute counts (Vanhees et al., 

2005; Vitolins, et al., 2000). As for indirect calorimetry, EE is measured from oxygen 

consumption and carbon dioxide (CO2) production in a ventilated hood or respiration 

chamber. Room air with measured concentrations of O2 and CO2, is pulled into the canopy 

and respiratory gases are pulled out for O2 and CO2 analysis. Food is chemically processed by 

using O2 to deliver energy to the body in the form of both heat and free energy. This 
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O2 consumption is dependent on the composition of the food being metabolized 

(carbohydrates vs. fat). Therefore, by measuring the O2 consumption, indirect estimation of 

the EE, basal metabolic rate (BMR) and diet-induced EE can be assessed (Vanhees, et al., 

2005; Weir, 1949). Finally, the doubly-labelled water (DLW) technique (a variant of indirect 

calorimetry) uses an isotope to track the loss of deuterium and O-18 in the subject over time 

(Vitolins, et al., 2000). According to a review by Vanhees et al. (2005), DLW has several 

limitations. Production and analysis of the isotopes included in this type of measuring 

technique is expensive and therefore not suitable for large-scale studies, also, it can only 

measure total EE, and hence cannot make a distinction between physical activity EE, BMR 

and diet-induced EE (Starling, 2002; Vanhees, et al., 2005). It is therefore suggested that both 

DLW technique and indirect calorimetry be solely used as validation instruments of other 

physical assessment tools such as accelerometers, pedometers and self-report measures 

(Vanhees, et al., 2005). 

1.12.3.3  Measures based on motion sensors  

A variety of sensors have been developed to measure physical activity by detecting motion. 

Movement sensors are used to sense movement or vibration. Upon movement, the body is 

accelerated in relation to the muscular forces responsible for the acceleration. This 

acceleration can be measured in one (vertical), two (vertical and medio-lateral) or three 

(vertical, medio-lateral and anterior-posterior) dimensions (Sirard et al., 2001; Vanhees, et al., 

2005).  Pedometers are small devices, usually worn on the waistband in the midline of the 

thigh, that are used to count steps over a period of time, often from waking up until going to 

sleep. These steps can be converted to distance when an average stride length is entered. 

However, the drawback to this device is that only walking or running-related physical 

activities can be registered. Cycling, swimming, movements of upper body, carrying heavy 

loads or moving on soft or graded grounds cannot be accurately monitored (Vanhees, et al., 

2005; Vitolins, et al., 2000). Finally, accelerometers are small sophisticated devices used to 

measure acceleration, inclination and gravity by using piezoelectric transducers and 

microprocessors to quantify the magnitude and direction of the acceleration (Caspersen, et al., 

1996; Vanhees, et al., 2005). Accelerometers will be further discussed in latter chapters of this 

paper. 
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1.12.4  Measuring dietary intake  

This section aims to provide an understanding of the most common dietary assessment 

methods available in the literature, in order to describe and justify the different tools used in 

the current study to measure subjects’ food consumption and nutrient intake.  These dietary 

assessment methods include: 24 hour recall, food diaries, food frequency questionnaires 

(FFQ), weighed food records (WFR) and estimated dietary intakes (Thompson et al., 2001; 

Willet, 1998). 

 24-hour recall 

This method is based on a detailed interview performed to solicit information on all foods and 

beverages consumed in the preceding 24 hours or in the previous day (Thompson, et al., 2001; 

Willet, 1998). The recall is typically conducted by interview, telephone or in person, by well-

trained interviewers, in order to gather dietary information by asking probing questions. 

Ideally, interviewers should be dietitians with education in food and nutrition; however, non-

nutritionists who have been trained in the use of a standardized instrument may also be 

equipped in performing productive interrogations (Thompson, et al., 2001). All interviewers 

should be well-informed of the foods available in the marketplace and about preparation 

practices, including prevalent regional or ethnic foods (Thompson, et al., 2001). 

 

The interview is often structured, usually with specific probes, to help the respondent 

remember all foods consumed throughout the day. Probing is especially useful in collecting 

necessary details, such as how foods were prepared. It is also useful in retrieving many items 

not originally reported, such as common additions to foods (i.e. spreads, condiments and 

seasonings), and eating at times not originally reported (i.e. snacks and beverages) 

(Thompson, et al., 2001). 

 

According to Willet (1998), there are several limitations and weaknesses to the 24 hour recall 

approach, including; 1) the accuracy of the dietary intake data is dependent on the subject’s 

short term memory and 2) dietary intake varies from day to day, so multiple days of dietary 

intake are usually necessary which can be extremely time-consuming (Willet, 1998). 

However, the validity of the 24-hour dietary recall has been studied by comparing 

respondents’ reports of intake either with other self-reported dietary intake methods or with 

biological markers such as DLW or urinary nitrogen (Bingham et al., 1994; Hise et al., 2002). 
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Beer-Borst et al. (1995), investigated the relative validity of a self-administered 24-h recall 

questionnaire in a dietary survey on 3653 men and women >7 years of age, by which an 

estimated dietary record kept over 3 days served as reference method (Beer-Borst et al., 

1995). Comparison of the questionnaire and the estimated 3-day record showed good 

agreement, suggesting that the self-administered 24-hour recall questionnaire is a valid tool 

for estimating the median and mean dietary intake of large groups of subjects (Beer-Borst, et 

al., 1995). In addition, Hise et al. (2002) evaluated the validity of the combined use of 

observer-recorded weighed-food records and 24-hour recall method in estimating EIs in 

overweight and obese individuals, by using the DLW technique (Hise, et al., 2002). The 

results indicated that EIs determined with the weighed-food records and 24-hour recall 

methods were in excellent agreement with mean energy expenditure using doubly-labelled 

water (EEDLW), hence suggesting that the combined use of observer-recorded weighed-food 

records and 24 hour recalls is a valid method for capturing food intake in an overweight group 

of individuals (Hise, et al., 2002). 

    Food frequency questionnaires 

The FFQ asks participants to report the frequency of consumption of foods over a defined 

period of time. The basic FFQ consists of two components; a food list and a frequency 

response section for subjects to state how often each food was eaten (Thompson, et al., 2001; 

Willet, 1998). Hence, only information on frequency of a list of foods is gathered, with little 

detail on other characteristics of the diet, such as methods of cooking or the combinations of 

foods in meals (Thompson et al., 1994; Thompson, et al., 2001). Consequently, a "semi-

quantitative” FFQ" was developed to estimate relative or absolute nutrient intakes, and also to 

allow for a limited quantification of serving size (Thompson, et al., 1994). The principal 

concept of the food frequency approach is that average long term diet, intake over weeks, 

months and years, is of more importance than intake on a few specific days (Willet, 1998). 

This method is extremely practical for epidemiological purposes as it is easy for participants 

to complete, often as a self-administered form, which may leave interviewers out of the data 

collection process (Willet, 1998). Processing of the data is easily computerized therefore 

inexpensive so that even long term studies that involve a large amount of subjects are feasible 

(Willet, 1998). The drawback to this method, however, is that it is at best semi-quantitative 

and can only be used to rank subjects (Willet, 1998). There are many FFQ instruments 

available in the literature for the assessment of dietary intake. According to Thompson et al. 
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(2001), among those most commonly used are; the Block Questionnaires (Subar et al., 2001a; 

Thompson, et al., 2001), the Fred Hutchinson Cancer Research Centre Food Frequency 

Questionnaire (Patterson et al., 1999; Thompson, et al., 2001), the Harvard University Food 

Frequency Questionnaires/Willett Questionnaires (Caan et al., 1998; Thompson, et al., 2001), 

and the National Cancer Institute’s Diet History Questionnaire (Subar, et al., 2001a; Subar et 

al., 1995; Thompson, et al., 2001), which was designed with an emphasis on cognitive ease 

for respondents (Subar, et al., 2001a; Subar et al., 2001b; Thompson, et al., 2001). 

   Food records  

This method consists of a detailed record of the types and quantities of food and beverages 

consumed by an individual during a certain time period, usually 3-7 days. Food intake is 

recorded by the subject at the time the foods are ingested, to minimize reliance on memory 

(Willet, 1998). This method therefore aims to provide quantitatively accurate information on 

food consumed during the recording period. Recording foods at time of consumption may 

lessen the problem of omission and thus result to a more detailed description of the foods 

consumed (Thompson, et al., 2001). Further advantages of using this method are: 1) allows 

subjects to measure their portion sizes, and 2) multiple days involved in the FR assessment 

reduces the problem of day to day variation (Willet, 1998). The limitation of this method, on 

the other hand, is that a large amount of effort is required to collect and process multiple days 

of FRs and recalls. This method is therefore seldom used as the primary tool in estimating 

dietary intake in large epidemiological studies (Willet, 1998).  The amounts consumed may be 

measured, with scales/measuring cups, or estimated, using models and pictures. The two types 

of FR methods are described in more details below (Thompson, et al., 1994).  

 Weighed food records 

The weighed food record approach is another method employed to determine nutrient intake. 

The respondents record their dietary intake and the quantity of foods consumed over several 

days (Hu, 2008; Thompson, et al., 2001). Dietary consumption is generally measured, with a 

scale or other household appliances (such as cups, tablespoons) (Thompson, et al., 2001). 

Green et al. (1998), argues that when compared to FFQ, weighed food records allow more 

precise determination of portion sizes, do not rely on memory, and are not limited to selection 

from a predetermined list of foods (Green et al., 1998). For this reason, weighed food records 

are often regarded as the "gold standard" against which other dietary assessment methods are 



 

103 

 

compared (Thompson, et al., 1994). Hartwell et al. (2001), carried out a study to assess the 

relative validity of a self-administered food amount frequency questionnaire (FAQ), using 4-

day estimated food records (EFRs) as a reference method. Measurements obtained by the two 

methods of assessment were comparable, thus verifying the validity of the FAQ (Hartwell et 

al., 2001). 

Although weighed food records have been described as one of the most accurate methods for 

measuring food intake (Fidanza et al., 1995; Hartwell, et al., 2001), they are however, not 

considered very practical in large epidemiologic studies, because WFRs require extensive 

participant training, have a high respondent burden and require lengthy data entry by a trained 

personnel (Willet, 1998). In addition, a greater concern suggests that FRs may affect both the 

types of food chosen and the quantities consumed. The knowledge that foods and amounts 

must be recorded, may cause participants to alter their dietary behaviour, and hence may not 

accurately represent the respondents’ usual dietary intake (Green, et al., 1998; Thompson, et 

al., 2001).  

  Estimated food record 

The EFRs require participants to estimate the portion sizes of all foods consumed using 

household measures or aids (e.g., food models or photographs) (Hu, 2008; Thompson, et al., 

2001). Participants are usually trained on how to provide details that adequately describe the 

foods and amounts consumed, including the name of the food (brand name, if possible), 

preparation methods, recipes for food mixtures, and portion sizes (Thompson, et al., 1994). 

Typically, no more than 3 or 4 consecutive days are included, and recording periods of more 

than 7 consecutive days are strongly discouraged as this may overstrain and burden the 

respondent (Thompson, et al., 1994). Chinnock (2006), carried out a study to validate the 

EFR, using a weighed food record as the reference method, for the determination of food 

consumption and nutrient intakes in a group of Costa Rican adults (n=60). Comparable results 

were reported in approximately 50% of the nutrients analysed, which consequently, supported 

the use of the EFR for dietary surveys among Costa Rican adults (Chinnock, 2006). 

1.12.4.1 Measurement error  

“There is not, and probably never will be, a method that can estimate dietary intake without 

error” (Beaton, 1994; Rutishauser, 2005). 
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According to Rutishauser (2005), two types of errors exist when collecting dietary data; 

random errors and systematic errors. Random errors increase the variance of the dietary 

estimates hence reduces precision. This type of error however, may be reduced by increasing 

the number of observations; for instance, increasing the sample size, or the number of days of 

observation (i.e. three non-consecutive 24 hour recall methods). Systematic errors, on the 

other hand, cannot be reduced by increasing the number of observations, since they are non-

randomly distributed (Rutishauser, 2005). Rutishauser (2005) therefore indicated that when 

collecting dietary data, independent validation may be necessary to prevent measurement 

errors that could lead to bias in the estimate of intakes obtained (Rutishauser, 2005). 

1.12.4.2 Strategies to strengthen the validity of dietary intake data 

 Markers of energy and nutrient intakes  

In order to assess the validity of any dietary assessment, it is necessary to compare the 

collected data with objective measures that reflect but are independent of food intake. The 

three measures generally used as independent assessments for dietary intake include; urinary 

nitrogen as a marker of protein intake, EE as measured by doubly labelled water, and the ratio 

of EI to BMR (Rutishauser, 2005). Urinary nitrogen is a biomarker obtained from subjects’ 

24hr urine samples to compare the amount of nitrogen excreted with the amount ingested and 

to assess the protein, potassium and sodium intake. It is ideal to combine urinary nitrogen 

with food diary records to achieve maximum accuracy (Garrow, et al., 2000; Rutishauser, 

2005). Secondly, the doubly labelled water method is based on the simple concept of energy 

balance; EE and EI are equal under conditions of stable body weight and composition 

(Gibson, 2005). The technique involves the administration of an oral dose of water labelled 

with both deuterium, and oxygen isotope 
18

O. The deuterium is then excreted from the body 

in the urine and the 
18

O is eliminated both in the urine and as CO2. The total EE by the subject 

is then calculated from the CO2 produced (Gibson, 2005). This method requires minimal 

demand and inconvenience to the subject, however is neither practical nor cost effective due 

to the need of sophisticated laboratory equipment (Garrow, et al., 2000; Gibson, 2005; 

Rutishauser, 2005). The final and least common measure for determining dietary under- or 

over reporting is the EI/BMR ratio. This method involves collecting data on recall and records 

of dietary intake and relating it to the estimated BMR
 
based on body weight, age, and sex, in 

order to decide if the reported level of EI is a ‘plausible’ estimate of the actual diet during the 
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measurement period, hence likely to represent habitual diet (Garrow, et al., 2000; Rutishauser, 

2005). 

In summary, this chapter focuses on CHD risk factors, the abundance of these risk factors in 

Kuwait, preventive approaches and interventions, adherence to these intervention strategies, 

with statins being the focal concern, issues effecting adherence and finally, a thorough 

description of the common tools available to assess levels of adherence is presented. 

Furthermore, the current literature review concludes that lipid therapy, such as statins 

represent only one of a range of integral treatment strategies, including dietary modification, 

physical activities and behavioural adjustments such as smoking cessation. These modalities 

when combined can result in prevention of disease and maintenance of health. Separate 

interventions may also treat and prevent disease, but the effectiveness of individual CHD risk 

reduction modalities is questionable.  In addition, a balance needs to be created between the 

risk of a major cardiovascular event and the consequences of committing the patient to 

lifelong lipid-lowering therapy, since adherence to any form of medication is difficult to 

sustain.  Adherence is a major consideration in CHD risk reduction; low adherence to statin 

therapy however, does not automatically correspond to low adherence to treatment in general, 

since a study by Mann et al. (2007) found that statin non-adherers tried to learn significantly 

more about diet since starting their medication, implying that patients have taken some 

initiative to manage their own risk profile (Mann, et al., 2007). It is therefore necessary to 

integrate lifestyle modifications with lipid-lowering drugs in the prevention and treatment of 

CHD as exclusive medication on an extended time frame, may destroy the concept of healthy 

living. 
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2 RESEARCH DESIGN 

 

This chapter describes the participants involved in the study as well as the various instruments 

used to collect the most relevant and constructive data, relative to research aims and 

objectives. It will primarily describe the various tools used to collect information on statin 

intake, physical activity, dietary intake and psychosocial attributes of participants involved in 

the study. Then, it will describe the study design, which centres on clear identification of high, 

moderate and low adherence to statin medication. Accordingly, the type of research strategy 

will be discussed, along with data recording methods, data analysis and interpretation. This 

chapter will therefore aim to give an overview of all the methods used to address the research 

questions and hypothesis.    

2.1 Hypothesis  

The study hypothesizes an overall "low statin adherence in Kuwaiti patients with 

hypercholesterolemia; and also dietary modifications, physical activity and other lifestyle 

factors inferior to recommendations, irrespective of statin adherence". The hypothesis also 

suggests that "statin prescription is effective in lowering CHD risk for those who adhere". 

2.2 Goal  

The goals of this research study were to investigate the degree of adherence to statin therapy 

and other lifestyle factors in Kuwaiti hypercholesterolemic patients, and examine the 

association of factors such as diet, physical activity, demography, health status, psychosocial 

and socioeconomic status, anthropometry and blood chemistry with the different levels of 

statin adherence; which would subsequently be of considerable value for formulating 

strategies to enhance patients’ adherence to coronary risk reduction interventions. The risk 

profiles between the levels of statin adherents, has also been compared to determine if 

interventions specifically targeting poor adherents are necessary. 

2.3 Objectives  

1- To investigate adherence to statin medications and other lifestyle factors in Kuwaiti 

hypercholesterolemic patients with reference to standard guidelines.  

2- To determine whether adherence to statin therapy is associated with improvements in 

other lifestyle factors such as diet and physical activity.  
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3- To determine the association between adherence to statin therapy  and overall CHD risk     

(biochemical and anthropometric risk factors)  

4-  To investigate demographic/ psychosocial/medical/ therapeutic factors associated with 

statin adherence.  

5- To determine whether factors associated with adherence to various CHD risk reduction 

modalities cluster or are mutually exclusive. 

2.4 Overall research questions  

1- Do patients on statins have diet and physical activity levels inferior to the national dietary 

recommendations and physical activity guidelines?  

2- Do patients adhering to statins have a lower apparent lifestyle (dietary/physical activity) 

risk profile than low adherers? 

3- Do patients adhering to statin therapy have a lower biochemical and anthropometrical 

CHD risk profile than low adherers? 

4- Do socioeconomic/ demographic factors affect level of adherence to statin therapy? 

5- Does duration of statin use, dosage and type of statin medication, affect level of adherence 

to statin therapy? 

6- Does the previous history of diabetes and hypertension affect level of adherence to statin 

therapy? 

7- Is there an association between various coronary risk reduction behaviours?  
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CHD Risk Patients 

 

STATIN ADHERENCE LEVEL 

      Low                     High 

 

 

  

                                                                                                              

                                                                                           

          

 

 

 
Examine, evaluate and compare the role of simultaneous lifestyle interventions 

combined with statin intake in CHD risk reduction 

                         

Figure 2. 1 Conceptual framework       

       

2.5 Rationale  

Risk profiles have been compared between the different levels of statin adherents to determine 

if interventions specifically targeting poor adherents are warranted. In particular, it has 

investigated whether the extent of concomitant intervention (diet, physical activity and other 

lifestyle profiles, such as obesity and smoking) in statin patients is adequate, and whether 

adherents (and their attending Health Care Professionals) are more or less likely to address 

these other modalities of risk reduction (compared to poor adherents). This analysis of the 

quality and extent of concomitant diet, physical activity and other lifestyle modifications will 

benchmark current prescription patterns against best practice.  

 

This research study has also been carried out to identify determinants of adherence which can 

be addressed as a general phenomenon across four important modalities of intervention 

(drugs, diet, physical activity and other lifestyle modifications). This analysis will inform the 

development of interventions which draw together these modalities into a genuinely 

integrative framework where each modality reinforces and reiterates each of the others to 

maximise adherence to each, thus contributing to more effective CHD risk reduction. 
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It also seeks to identify psychosocial determinant factors of statin adherence in Kuwaiti CHD 

patients. Identification of characteristics specific to poor adherent patients will enable targeted 

intervention earlier in the treatment cycle and specifically towards the treatment gap (i.e. the 

gap between prescription and actual behaviour). This “treatment gap” represents a significant 

potential cost to the health sector, since resources in terms of diagnosis and treatment have 

already been invested in these patients but, because they fail to adhere to their medication, 

risk reduction is substantially compromised. However, it is also acknowledged that there will 

continue to be poor adherents to statin therapy. Therefore, the intelligence drawn from this 

study will be useful in strengthening the lifestyle modification “safety net” for statin-

prescribed patients.  

2.6 Background to development of research design  

A quantitative cross-sectional study was designed to address the research goals and 

objectives. The following section presents a rationale for this research design and method 

selection.  

2.6.1 Quantitative method 

Although both quantitative and qualitative research designs use somewhat similar research 

techniques (surveys, interviews and historical analysis), they differ in the type of data 

collected and the approach to research (Neuman, 2006). Quantitative research is defined as “a 

formal, objective, systematic process to describe, test relationships and examine cause and 

effect interactions among variables” (Burns et al., 1987). According to Runciman (2002), 

quantitative methodologies use measurements to support or object to an existing hypothesis or 

theory, whereas qualitative research initiates with an observation, which leads to the 

formulation of theories and hypotheses (Runciman, 2002). The hypothesis in this particular 

study is that diet, physical activity and other lifestyle modifications (e.g. smoking and obesity) 

are inadequate in patients with CHD risk in both moderate and poor adherents to statin 

therapy.  The process of conducting a quantitative study begins with a researcher selecting a 

topic by which a hypothesis has already been developed, then forming a research question. A 

study design is then created; data is collected, recorded in the form of numbers then 

transferred into computer readable format. According to Bryman (1992), surveys and 

experiments are the main vehicles of quantitative research (Bryman, 1992). Quantitative data 

collected will be based on exact measurements, using structured and validated data collection 

instruments e.g., surveys and interviews containing accurate and specific responses, in the 
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form of variables (Neuman, 2006). The benefit of producing data as numbers is that it 

demonstrates an ordered system, thus developing more reliable results (Carr, 1994). 

Quantitative research is believed to be particularly applied in the scientific research paradigm 

where questions of magnitude of a particular outcome, rate, incidence or prevalence are 

investigated (Inui, 1996; Runciman, 2002). The researcher in a quantitative research strategy 

does not necessarily require direct contact with subjects; data can be collected by use of postal 

questionnaire or telephone surveys. The advantage of this detached approach is the 

minimising of bias, and the possibility of becoming attached to subjects, hence leading 

researchers to describe and interpret their own experiences in relation to the experiences of 

their subjects (Sandelowski, 1986). This is described as the threat of “going native”, where the 

researchers become so involved with their subjects, they lose focus thus influencing data 

collection (Bryman, 1992; Sandelowski, 1986). The final steps in quantitative method involve 

the analysis and interpretation of data. This is typically performed by manipulating the data 

using a software, in this case, STATA (Version 11.0, Stata Corporation, College Station, TX) 

(StataCorp., 2009) to create statistical models to explain what has been deducted from the data 

collected. Finally, interpretation of analysed data occurs by which coronary risk profile will 

be compared between different levels of statin adherers (Neuman, 2006). 

2.6.2 Cross-sectional study design 

Cohort, cross sectional, and case-control studies are often referred to as observational studies 

since the investigator merely observes (Mann, 2003). Although no interventions are carried 

out by the investigator, these studies are still considered relevant, because many questions can 

efficiently be answered (Mann, 2003). Table 2.1 outlines three major observational research 

study designs and their differences (Mann, 2003). 
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Table 2. 1 Observational research methods 

 

 

Cross-sectional studies are usually conducted to estimate the prevalence of the outcome of 

interest for a given population (Levin, 2006). It determines the number of cases in a 

population at a given point in time rather than over a period of time. Cross-sectional studies 

are designed to establish “What is happening?” right now (Dawson et al., 2004; Mann, 2003). 

In other words, it provides a ‘snapshot’ of the outcome and the characteristics associated with 

it, at a specific period (Levin, 2006). Figure 2.2 illustrates a clear description of the different 

time frames involved in the three types of observational study designs. 
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Figure 2. 2 Diagram of three observational studies based on time-frame and direction of 

research question (Levin, 2006) 

 

At a certain point in time, the subjects in a cross-sectional study are assessed on whether they 

were exposed to the relevant predictor and whether they have the outcome of interest (Mann, 

2003). Some of the subjects may not have been exposed nor have the outcome of interest. 

This distinguishes cross-sectional studies from the other observational studies (cohort and 

case-control), where reference to either exposure and/or outcome is made (Mann, 2003). 

Cross-sectional studies are generally carried out using questionnaires, surveys and polls. 

Alternatively subjects of interest may also be interviewed  (Dawson, et al., 2004; Mann, 

2003). 

 

A summarized model of a cross-sectional study design is presented in Figure 2.3. 
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Why carry out a cross-sectional study? (Levin, 2006)  

 

A cross-sectional study design is used when: 

 The purpose of the study is descriptive, often in the form of a survey, where the aim is 

usually to describe a population or a subgroup within the population with respect to an 

outcome and a set of risk factors. 

 The purpose of the study is to find the prevalence of the outcome of interest, for the 

population or subgroups within the population at a given time-point 

 The purpose of the study is to investigate associations between risk factors and the 

outcome of interest. 

 

The steps to running a cross-sectional design is summarized in Table 2.2 (Mann, 2003). 
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2.6.2.1 Sample selection and response rate 

The sample used in a large cross-sectional study is often taken from the whole population. If 

the sample is selected using a random technique, it is likely that it will be highly 

representative. However, in order for the results to be representative of the population, not 

only must the selected sample be representative, but the responders as well (Levin, 2006). 

Non-response is a common problem in wide-scale surveys; techniques to minimize non-

response include telephone and mail prompting, second and third mailing of surveys, letters 

outlining the importance of replying and a range of incentives (Levin, 2006). 

2.6.2.2 Advantages and disadvantages of a cross-sectional study design  

The most important advantage of cross sectional studies is that, in general, they are relatively 

inexpensive and take up little time to conduct (Levin, 2006). A cross-sectional study may also 

be considered good practice for new researchers, to familiarise with sample size counting, 

conducting interviews and getting used to statistical packages while performing simple 

analysis (Dadonienė et al., 2013). As there is no follow up, fewer resources are required to 

perform the study; however it may take a long period of time to assemble the needed sample 

of participants (Dadonienė, et al., 2013; Levin, 2006). In addition, cross-sectional studies are 

considered the best way to estimate prevalence, because sample is usually taken from the 

whole population (Dadonienė, et al., 2013; Levin, 2006; Mann, 2003). They are also 

considered a useful starting point extending to either cohort or case-control study designs 

(Dadonienė, et al., 2013).  

 

Conversely, the main disadvantage with this type of study is differentiating cause and effect 

from simple association (Dadonienė, et al., 2013). These types of studies do not provide 

explanations for cause effect relationship; they identify associations expressed in likelihood 

ratios (Dadonienė, et al., 2013). Also, rare conditions cannot be efficiently examined using 

cross sectional studies because even in large samples there may not be anyone with this 

uncommon disease (Dadonienė, et al., 2013). In this situation it is better to study a cross 

sectional sample of patients who already have the disease (case series) (Dadonienė, et al., 

2013). Thus the disadvantages are summarized as follows: 1) mainly descriptive, 2) cannot 

determine incidence, 3) cannot be used to determine causality, and 4) low response rate and 

bias are more likely to occur in cross-sectional studies compared to cohort and case-control 

study designs (Dadonienė, et al., 2013).  
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2.6.2.3 Articulation of cross-sectional studies applied to investigate statin use and 

determine factors involved in the prevention/treatment of CHD 

Various cross-sectional studies have been carried out to investigate CHD risk factors, to 

measure adherence to statins, identify factors associated with adherence, and to investigate 

possible inequities in the use of statins among patients with or at risk of developing CHD 

(Jiang et al., 2010; Kotseva et al., 2010; Mann, et al., 2007; McGinnis et al., 2007; 

Namayandeh et al., 2011; Reid et al., 2002; Stocks et al., 2004).  Reid et al. (2002) used 

national data from 1998 Health Survey for England, to carry out a cross-sectional study 

examining the association of statin use with various demographic, lifestyle, and clinical 

variables (Reid, et al., 2002). A similar cross-sectional study design was carried out by Stocks 

et al. (2004), to assess differences in statin prescribing across Australia, according to 

socioeconomic status or gender (Stocks, et al., 2004).  In addition, Natarajan et al. (2007) 

carried out a cross-sectional study using a mailed self-report Morisky scale, to measure level 

of adherence to statin medications and identify factors associated with adherence to these 

medications (Mann, et al., 2007; Natarajan et al., 2007). In 2010, Jiang et al. used a cross-

sectional study design, to investigate the degree and determinants of statin use among patients 

with atherosclerotic ischemic stroke in China (Jiang, et al., 2010). A cross-sectional study 

design was also carried out in Iran, by Namayandeh et al. (2011), to determine the prevalence 

of CAD risk factors among 2000 Yazd citizens (Namayandeh, et al., 2011).  Finally, the 

EUROASPIRE III study, carried out a cross-sectional survey to determine whether the 2003 

Joint European Societies’ guidelines on cardiovascular disease prevention in people at high 

cardiovascular risk, is followed in general practice. The EUROASPIRE survey was carried 

out in 2006-2007 in 66 general practices in 12 European countries (Kotseva, et al., 2010).   

2.7 Methodology  

This section will elaborate and describe the different questionnaires, surveys and instruments 

used to locate subjects of interest, and collect necessary information on these subjects. It will 

also describe the tools used to investigate, analyse and interpret data collected, and explain 

their purpose in this research. 

2.7.1 Recruitment 

A cross-sectional study design comprising 200 Kuwaiti patients previously prescribed statin 

therapy to manage hyperlipidemia (classified as total serum cholesterol levels of > 7.8 mmol/l 

(Grover et al., 1992), was carried out in Kuwait between October 2011-October 2012.  
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The study involved patients of both genders (63 males and 137 females), aged 30-69 years,  

statin users of 6-24 months, were at risk but have not had prior history of CHD, MI, bypass 

grafting or coronary angioplasty, uncontrolled psychiatric disorders or substance abuse 

disorder. Confirmation of this status was obtained from their attending Medical Practitioner. 

These patients were recruited from various government medical outpatient clinics in four out 

of the six governorates in Kuwait, to test the hypotheses across a range of residential settings. 

These governorates comprised: Al Asimah, Al-Farwaniya, Hawalli and Mubarak Al-Kabir. 

Kuwait is divided into six regions of governorates: 1) Al-Asimah, which is entirely urban; 2) 

Hawalli, which is also entirely urban; 3) Farwaniya, which is mostly urban; 4) Ahmadi, which 

is semi rural; 5) Jahra, which is mostly rural; and 6) Mubarak Al-Kabir, which is also mostly 

rural (Al-Isa, 1997; Bu-Olayan et al., 2012). 

 

A total of twelve primary healthcare clinics located across four governorates of Kuwait were 

visited by the researcher, where full access of patient blood test results, medical records, and 

equipment to collect relevant data were provided. Patients attending these twelve clinics 

between October 2011 - October 2012, for any primary healthcare condition were approached, 

and a brief face-to-face screening was conducted to determine subjects suitable for the study. 

They were interviewed on demographic characteristics, pre-existing self-reported medical 

conditions (hypercholesterolemia, hypertension, diabetes), and medications prescribed. 

Patients were then chosen according to these specific criteria;  Kuwaitis of both genders, aged 

30-69 years, living in both urban and rural areas, having hyperlipidemia but free of diagnosed 

CHD and having been prescribed statins at least 6 months prior to first interview. Patients 

with coexisting medical conditions such as hypertension and diabetes; taking concurrent 

medications were also included in the study. Hence, patients’ electronic records were 

reviewed to ascertain medical history/conditions and the various drugs prescribed. The 

patients were then informed of the purposes of the study, the confidentiality maintained, and 

consequently were invited to participate. Each participant completed a two hour assessment 

process which included a demographic interview by the researcher, five self-administered 

questionnaires, and a comprehensive anthropometric assessment process.  In addition, blood 

tests were requested and collected from the clinic's laboratory the following day (both 

anthropometric measurements and collection of blood test results were carried out by the 

researcher; hence approval from the patient was provided). Finally, 30 random patients also 

completed 3 day food records (FR), which were either dropped off to the clinic by the patient; 

or in certain situations where patients were unable to return to the clinic; were collected by the 
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researcher from patients' homes. All the questionnaires and anthropometric measurements 

used will be discussed further in latter sections of this chapter. 

 

Initially the age range of interest for this research was 35-69 as it appears to be the age range 

within which CHD generally develops (National Cholesterol Education Program (NCEP), 

2002). According to the National Cholesterol Education Program (NCEP), approximately 

one-third of all new CHD events occur in middle aged men (National Cholesterol Education 

Program (NCEP), 2002). In addition, although the onset of CHD is delayed by 10-15 years in 

women compared to men, this lower margin of the range (45 years)  still lies within the age 

range set for investigation (Fodor et al., 2004; National Cholesterol Education Program 

(NCEP), 2002). However, since discussions with local physicians in Kuwait revealed that 

patients as young as 30 years were regularly being prescribed statins, the range of 30-69 years 

was chosen.  

2.7.2 Exclusion criteria 

The exclusion criteria were non-Kuwaitis, patients, not within the 30-69 age range, with prior 

history of CHD, MI, bypass grafting or coronary angioplasty, uncontrolled psychiatric 

disorders or substance abuse. Patients who had been on statins for less than 6 months or more 

than 2 years were excluded from the study. 

2.7.3 Data collection techniques 

Table 2.3 provides an overview of the factors explored in this study. Interviews, 

questionnaires, bioelectrical impedance devices, blood tests, accelerometers and stadiometers 

have all been used to address and explore these factors. The instruments applied will be 

further discussed in latter sections of this chapter.   
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Table 2. 3 Factors investigated in the study 

Socio-Demographics 

Age, Sex, Work status, Governorate 

Dietary Intake 

Energy, Total fat, Saturated fat, MUFA, PUFA, CHO, Protein, Dietary fibre, Vitamin E, Vitamin C, 

-carotene, Omega-3 fatty acids, Omega-6 fatty acids, Folate, Potassium, Sodium, Caffeine 

Lifestyle factors 

Physical activity, Smoking status 

Psychosocial factors 

Depression, Anxiety, Stress 

Statins 

Statin adherence, Type, Dosage, Duration of statin intake 

Blood Chemistry 

Glucose, Cholesterol, Triglycerides, HDL, LDL, VLDL 

Anthropometry 

Percentage body fat, BMI, WC  

Health status 

Diabetes, Hypertension 

 

2.7.4  Questionnaires 

Data collection was conducted via face-to-face questionnaires to obtain information on 

patients’ socio-demographic background, statin adherence, dietary intake, physical activity, 

and for the general diagnosis of psychological issues (if any). Initially, patients were asked to 

provide demographic details, and report their smoking status, their current or past use of 

additional medications, and whether they had prior history of diabetes or/and hypertension. In 

addition, adherence levels to statin therapy were determined using the Morisky Medication 

Adherence Scale (MMAS), which will be further described in the sections below. An 

International Physical Activity Questionnaire (IPAQ) was applied to provide a general 

overview of the patients’ physical activity (daily, domestic, physical labour at work, and in 

transportation). A 24-hour recall Questionnaire and FFQ were also presented to these patients, 

as well as a 3-day diet diary on a subsample of 30 patients. The Depression, Anxiety and 

Stress Scale (DASS) was utilized to examine potential psychological determinants of poor 

adherence to medication (Crawford et al., 2003).  
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Permission to use the Morisky Scale was granted by David E. Morisky, by which a waiver of 

licensure fee was also received. In addition, consent was also obtained from Dr Tim Byers, 

Professor Adrian Bauman, Professor Cora Lynn Craig and Michael Sjostrom to apply and 

translate the IPAQ and the 3-day FR into Arabic. Arabic versions of the Morisky Scale, FFQ, 

24 hour recall and DASS, were previously available. The FFQ as well as the 24 hour recall 

were extracted from a previous study carried out in Kuwait by Al Ajmi (2004) (Alajmi, 2004), 

however, the 24 hour recall was originally derived from Lee et al. 1996 (Lee et al., 1996). The 

questionnaires used in the study, consent and permission documents have all been included in 

the appendices.   

 

Figure 2.4 outlines the role and intent of each questionnaire used in the present study. 

 

       DIET  

       (24 Hour Recall, FFQ, 3 Day Food   

        Record) 

 

 STATIN ADHERENCE LEVEL                                                              PHYSICAL ACTIVITY 

                  MMAS-8-ITEM SCALE                                                                            (IPAQ) 

 

                                                                                      
                                                                                                  PSYCHOSOCIAL FACTORS 

                                                                                                        (DASS) 

 

Figure 2. 4 Structural model of questionnaires involved in the study 

 

2.7.4.1 Determinants of statin adherence 

2.7.4.1.1 Morisky Medication Adherence Scale 

An eight-item self-report MMAS was applied, which has been developed from a previously 

validated four- item scale with additional items to achieve more accuracy and specificity 

(Krousel-Wood et al., 2009; Morisky et al., 2008). The Morisky Scale in general is a 

common, validated tool used to determine adherence levels (Morisky, et al., 1986; Shalansky 

et al., 2004). The MMAS score can range from 0 to 8 and is divided into the following 3 

levels of adherence: high adherence (score 8), medium adherence (score 6 to <8), and low 

adherence (score, <6) (Krousel-Wood, et al., 2009; Morisky, et al., 2008). Patients who 

answered “no” to questions (1-4, 6 and 7) were classified as highly adherent. Patients who 

answered “yes” to at least 1 question were classified as having medium or low adherence. 
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Also, recoding was carried out for question 5 and 8, by which patients who answered “yes” in 

question 5, were considered adherent; and “no” was classified as non-adherent. As for 

question 8, answers involved a 5-point Likert scale ranging from 4 (Never/Rarely) to 0 (All 

the time), indicating highest to lowest adherence respectively (Morisky, et al., 2008). This 

instrument has been validated in a number of studies across a variety of diseases (Krousel-

Wood, et al., 2009; Mann, et al., 2007; Nelson et al., 2006; Vlasnik et al., 2005a), and is 

recognized as simple, feasible, and easily incorporated into clinical practice (Krousel-Wood, 

et al., 2009). Patients with higher scores are predicted to be more adherent to prescribed 

medication therapies, and patients with lower scores are at greater risk of non-adherence 

(Krousel-Wood, et al., 2009). A variety of studies have employed this method to categorize 

adherence (Krousel-Wood, et al., 2009; Mann, et al., 2007; Nelson, et al., 2006; Vlasnik, et 

al., 2005a). Mann et al. (2007), used the self-reported Morisky Scale on 71 veterans, to 

determine predictors of adherence to statins for primary prevention (Mann, et al., 2007). A 

study by Nelson et al. (2006), investigated whether responses to the four-item Morisky Scale 

were associated with adverse cardiovascular events (Nelson, et al., 2006). Results reported a 

strong correlation between low adherence to medication (diuretic medication and 

angiotensin-converting enzyme (ACE) inhibitors), and overall risk of major cardiovascular 

events (Nelson, et al., 2006).  In 2005, Vlasnik et al., used the Modified Morisky Scale as 

well as tools for assessing medication knowledge, motivation, health literacy and social 

support; on an evidence based assessment study, to understand the reasons behind low 

adherence to prescribed medication plans (Vlasnik, et al., 2005a). The reliability/application 

of the MMAS is therefore well documented in the literature. 

2.7.4.2 Dietary intake measurement 

“It is easy to ask what people eat, but finding an answer can be a daunting task” (Helsing, 

1991; Rutishauser, 2005) . 

 

Two separate 24-hr recall interviews were collected from patients six months apart (in winter 

and summer) to control for seasonal variations in dietary intake (Ma et al., 2006; Rutishauser, 

2005; Van Staveren et al., 1986; Woodhouse et al., 2000). Due to the limited timeframe of 

the present study, data were collected for two non-consecutive days rather than the ideal three 

non-consecutive days (Ma, et al., 2006). The patients were asked to report all foods and 

beverages consumed in the preceding 24 hours. In order to improve data quality, a three step 
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multiple-pass 24-hour recall approach was employed (Jonnalagadda et al., 2000). The 

multiple-pass 24-hour recall method was originally developed by the U.S Department of 

Agriculture (USDA)-Human Nutrition Information Service (HNIS) to minimize 

underreporting that occurs with self-reported food intake (Johnson, 2002; Johnson et al., 

1996; Jonnalagadda, et al., 2000). This recall methodology technique differs from the 

traditional 24-hour recall in that three distinct passes are used to garner information about the 

subject’s dietary intake (Jonnalagadda, et al., 2000). The participant was first asked to recall 

and report a “quick list” of all the foods and beverages consumed without interruption from 

the interviewer (Pass 1). Then he/she was asked to provide a “detailed description” of all the 

food items listed in Pass 1, including type, amounts, additions/toppings, and preparation 

method (Pass 2). The final pass of this recall technique included a “review” of all foods 

listed, details of the food eaten, and the amounts consumed; thus participants were given an 

opportunity to further report forgotten food items or fix incorrect information, while the 

interviewer probed for any additional eating occasions (Pass 3) (Johnson, 2002; Johnson, et 

al., 1996; Jonnalagadda, et al., 2000; Thompson, et al., 2001).  The multiple pass 24 hour 

recall approach has been used in a number of studies to evaluate dietary intake and validate 

newly developed dietary assessment questionnaires (Johnson, et al., 1996; Jonnalagadda, et 

al., 2000; Ritter-Gooder et al., 2006; Traynor et al., 2006). Johnson et al. (1996) has shown 

previously that data from the multiple pass 24 hour recalls provide a valid estimate of EI 

(Johnson, et al., 1996). Ritter-Gooder et al. (2006), assessed the validity and reliability of a 

quantitative n-3 fatty acid FFQ, by analysing the association between mean intakes collected 

by multiple pass 24-hour food recalls and total calculated estimates collected using the FFQ 

(Ritter-Gooder, et al., 2006). In addition, Traynor et al. (2006) used the multiple pass 24-hour 

recall as a reference method in the validation of the “Rapid Risk Factor Surveillance System 

(RRFSS)” FFQ for vegetable and fruit consumption (Traynor, et al., 2006).  

 

Patients who had their first 24-hour recall collected towards the end of the one year data 

collection period had to have their second 24-hour recall collected over the telephone, since 

the researcher was no longer in Kuwait. Casey et al. (1999), confirmed the validity and 

feasibility of collecting detailed food intake data over the telephone, by reporting no 

significant differences in mean intakes of major nutrients between the telephone survey 

results and the in-person interviews collected in the 1996 Continuing Survey of Food Intakes 

by Individuals (CSFII) (Casey et al., 1999). The foods and beverages recorded were then 

converted into nutrient values using the computerized database system “FoodWorks 2009” 



 

122 

 

for nutrient analysis (AUSNUT, 2007). A FFQ was also implemented to assess patients’ 

habitual dietary intake, and record food items that may have been missed by the 24-hour 

recall method. Cade et al. (2002) defined the food frequency questionnaire as: “A 

questionnaire in which the respondent is presented with a list of foods and is required to say 

how often each is eaten in broad terms such as x times per day/per week/per month, etc. 

Foods chosen are usually chosen for the specific purposes of a study and may not assess total 

diet” (Cade et al., 2002). The FFQ used in this particular study collected consumption 

information for 63 food items. These items were chosen to reflect the Kuwaiti food habits, 

and acknowledge the typical food items involved in the Kuwaiti diet, such as consumption of 

animal organs (liver, kidney, brain, heart); and the use of animal fat for cooking traditional 

dishes.  Patients were asked to recall and report their usual frequency of consumption of each 

food item in the list, during the past month. Response options ranged from “Never or less 

than once a month” to “6+ times a day”. Further information collected included cooking 

method and specific types of oil eaten, including ghee, vegetable oil, margarine and butter 

(Alajmi, 2004).  FoodWorks (2009), was then used to convert these frequencies into mean 

daily grams of nutrient intake for individual FFQ items (AUSNUT, 2007). The Foodworks 

software programme calculates both total EI including dietary fibre and excluding dietary 

fibre. In the current study, however, total EI including dietary fibre (Energy DF) was assessed 

and investigated, since not only does dietary fibre clearly contribute to the total EI (Wisker et 

al., 1988), but also shows relevance to the current research, as previous literature has 

indicated that dietary fibre promotes gastrointestinal function and helps reduce the risk of 

cardiovascular diseases by reducing serum total and LDL-cholesterol concentrations (Pereira, 

et al., 2004; Ruottinen et al., 2010; Tungland et al., 2002; Wisker, et al., 1988). Additionally, 

after completion of the FFQ, a random selection of 30 subjects, from the study group, were 

contacted, in the course of the data collection period, to complete a 3 day food record, in 

order to validate the FFQ, for total EI, total dietary fat intake, saturated fatty acids, MUFA, 

PUFA, total cholesterol intake, carbohydrates, dietary fibre, antioxidants; vitamin E, vitamin 

C and carotene, total folate intake, sodium, potassium and caffeine. These selected 

nutrients were considered to be of prime importance in the prevention/treatment of CHD 

(Reddy, et al., 2004). The 3 day food record was adopted from Thompson et al. (1994), which 

was also translated to Arabic (Thompson, et al., 1994). It was carried out on a subsample of 

30 random patients that had to record a complete description of the food items and beverages 

consumed, as well as the quantity, time and place of consumption for 3 consecutive days (two 
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weekdays and one weekend). Subsequently, the average daily nutrient intake calculated from 

the FFQ, and the mean daily nutrient intake computed from the 3 day food record was 

compared.                               

2.7.4.2.1 Evidence supporting the association between several nutrients selected and 

CHD risk factors    

In accordance with the American Heart Association guidelines (Lichtenstein et al., 2006a), 

the association of CHD risk with total fat intake, saturated fat, monounsaturated and 

polyunsaturated fatty acid intake, total cholesterol, dietary fibres, antioxidants, sodium, 

potassium and caffeine intake has been documented in the literature review. However, several 

other nutrients were included in this study, due to evidence suggesting their relationship with 

CHD risk. These are included below.  

 Carbohydrates 

Dietary carbohydrate intake appears to be associated with CHD risk through indirect 

mechanisms involving; 1) contribution to total energy, 2) influence on overweight and 

obesity, and 3) effects on plasma lipids and glycaemic control (Reddy, et al., 2004). 

According to Reddy et al. (2004), a high carbohydrate diet appears to reduce HDL cholesterol 

levels and slightly raise LDL levels, both of which are recognised as independent risk factors 

for  CHD (Reddy, et al., 2004).  

 

There has been recent debate on the type of carbohydrate consumed, arguing that low 

glycaemic index (GI) carbohydrates could improve CHD risk factors (Kelly, et al., 2004; 

Sacks et al., 2002). However, there is very little evidence in the current literature, supporting 

this hypothesis (Franz, 2008; Sacks, et al., 2002; Shikany et al., 2009). Glycaemic index is a 

measure of the ability of a carbohydrate to affect blood glucose levels, depending on its rate 

of intestinal absorption (Kelly, et al., 2004). White bread has a GI of 100, and the remaining 

carbohydrates such as whole grains, beans, nuts and vegetables have GI between 0-100, 

indicating a slower carbohydrate digestion, hence the gradual release of  glucose into the 

bloodstream (Kelly, et al., 2004; Sacks, et al., 2002).  

 

In addition to several earlier studies, a recent randomized control trial, carried out by Shikany 

et al. (2009), to investigate the effects of low and high GI diets on CHD risk factors, also 

reported no statistically significant difference between the low and high glycaemic load diets 
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on CHD risk factors (thrombosis, fibrinolysis, lipoproteins, lipids and body composition) 

(Shikany, et al., 2009).  

 Folate  

Adequate folate consumption has been identified as essential in the prevention of CHD (Hu, 

et al., 2002). According to Reddy et al. (2004), folic acid is required for the methylation of 

homocysteine to methionine. Hence, reduced plasma folate levels result in elevated plasma 

homocysteine, which is considered an independent risk factor for cardiovascular disease 

(Reddy, et al., 2004). It has also been indicated that the elevation of plasma homocysteine 

results in endothelial dysfunction, a condition that can be reversed by oral folate 

supplementation. Intake of folate, whether through supplementation or natural food sources, is 

therefore strongly recommended (Reddy, et al., 2004).  

 

Table 2.4 summarizes the recommended daily intakes of the nutrients mentioned in previous 

sections, by age and gender, developed primarily from the “ Ministry of Health in Oman”, 

along with the “Dietary Guidelines for Americans 2010”, and the “American Heart 

Association 2011” (Alasfoor et al., 2009; American Heart Association, 2011; U.S. 

Department of Health and Human Services (USDHHS), et al., 2010). It is unfortunate that 

Kuwait has not yet developed its’ own national recommended guidelines for dietary intake 

and physical activity; therefore these references were used as alternatives. It has been 

established that the Arab Gulf countries share similar socioeconomic backgrounds, lifestyle 

behaviours and food consumption patterns, and thus the Omani reference was used (Musaiger 

et al., 2012). In addition, it appears that previous studies assessing dietary intakes in Kuwait 

have referred to the U.S recommended guidelines (Al-Shawi, 1992; Ghloum et al., 2011; 

Zaghloul, et al., 2012). The nutritional transition of the traditional Kuwaiti diet to more 

western foods such as beef burgers and French fries (Al-Isa, 1999a), indicate possible 

similarities in food consumption patterns between U.S.A and Kuwait, and thus was used as 

an additional reference in the present study.    
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Table 2. 4 Food based dietary guidelines of public health importance for various age/gender groups  

a
MUFA: Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty acids, CHO: Carbohydrate

Males Age-
Group 

Energy 
(kcal) 

Total Fat 
(g) 

Saturated 
Fat (g) 

MUFA 
(g) 

PUFA 
(g) 

Dietary 
Cholesterol(mg) 

CHO 
(g) 

Protein 
(g) 

Dietary 
Fibre (g) 

Vitamin E 
(mg) 

 19-30 
 

2200 - 
2600 

35-70 < 23.1 14.0-23.3 14.0-
23.3 

      <300 288.8- 
393.8 

42-52.5 17-42 7.3-10.5 

31-50 2000 - 
2400 

40-80 < 26.4 16.0-26.7 16.0-
26.7 

       <300 350-450 48-60 19-48 8.4-12.0 

51-70  1800 - 
 2200 

36.7-66.7 < 24.2 14.7-24.4 14.7-
24.4 

       <300 302.5- 
412.5 

44-55 18-44 7.7-11.0 

Females 19-30 
 

 1800 - 
 2200 

33.3-66.7 < 22.0 13.3-22.2 13.3-
22.2 

      < 300 275-375 40-50 16-40 7.0-10.0 

31-50 
 

 1600 - 
 2000 

33.3-66.7 < 22.0 13.3-22.2 13.3-
22.2 

      < 300 275-375 36-45 16-40 7.0-10.0 

51-70 
 

 1400 - 
1800 

30-60 < 22.0 12.0-20.0 12.0-
20.0 

       <300 247.5-
337.5 

32-40 14.5-36 6.3-9.0 

Males Age-
Group 

Vitamin C 
(g) 

- 
Carotene(g) 

Folate 
(g) 

Potassium 
(mg) 

Sodium 
(mg) 

Caffeine 
(mg) 

n-3 fatty 
acids (g) 

n-6 fatty 
acids (g) 

  

 19-30 52.5-63 8750-12500 315-420 >4700 <2300 60-120 1.2-2.5 11.7-18.7   

31-50 60-72 10000-14285 360-480 >4700 <2300 60-120 1.4-2.8 13.3-21.3   

51-70 55-66 9166-13095 330-440 >4700 <2300 60-120 1.3-2.6 12.2-19.6   

Females 19-30 50-60 8333-11905 300-400 >4700 <2300 60-120 1.2-2.4 11.1-17.8   

31-50 50-60 8333-11905 300-400 >4700 <2300 60-120 1.2-2.4 11.1-17.8   

51-70 45-54 7500-10714 270-360 >4700 <2300 60-120 1.1-2.2 10.0-16.0   
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2.7.4.2.2 Reliability and validity of 24 hour recall, food frequency questionnaire and 3 

day food record 

Diet is consistently recognised as a major factor in the prevention/treatment of CHD. 

Therefore, it is necessary to develop an adequate and reliable assessment of dietary intake. 

According to Vucic et al. (2009), the preferred methods are 24 hour recall and FFQ, as they 

are the most practical and economical techniques for collecting data on ‘usual’ dietary intake 

of subjects with minimal error (Vucic et al., 2009). The 24-hour recall method, involves 

assessing all food and drink consumed by a participant on the day prior to the interview, from 

the moment he/she wakes up until bedtime, for each single food, mixed plates and recipes 

(EPIC Group of Spain, 1997). The FFQ asks respondents to report their usual frequency of 

consumption of each food from a list of foods for a specific period of time (Thompson, et al., 

1994; Thompson, et al., 2001). The FFQ is considered a practical instrument for categorizing 

participants according to their energy and nutrient intakes over a longer term basis (Jønneland 

et al., 1991; Shahar et al., 2001). Additionally, several studies have reported a clear 

association between certain nutrient intakes and CHD, type 2 diabetes and blood lipids when 

FFQ questionnaires were used exclusively for dietary data collection (Hu et al., 2001b; Hu, et 

al., 1997; Yang et al., 2010). Nevertheless, all self-reported methods are challenging 

(Thompson et al., 2010). Most people are not particularly aware of the foods they have eaten; 

do not necessarily remember everything; do not know the contents of the foods eaten; and 

cannot estimate portion sizes accurately (Thompson, et al., 2010).  For this reason, the three 

principal types of dietary assessment; FFQ, food record (or diary) and 24 hour dietary recall 

are often used in combination (Thompson, et al., 2010). Table 2.5 illustrates the most apparent 

strengths and weaknesses of these dietary assessment instruments (Thompson, et al., 2001). 

 

The food record approach asks participants to record dietary consumption over one or more 

days. It can minimize error from incomplete attention and memory because data are collected 

prospectively (Thompson, et al., 2010). The 3-day food record method has been utilized in 

several studies to validate newly developed or modified FFQs (Labonté et al., 2011; Matthys 

et al., 2007; Yang, et al., 2010). A study by Matthys et al. 2007, used a 3-day estimated diet 

diary ( 2 weekdays and 1 weekend day) for the validation of  a web-based FFQ, which 

contained 15 food groups (Matthys, et al., 2007). Similarly, Labonte' et al. (2011), instructed 

subjects on how to complete three non-consecutive 3-day diet diaries, including two 

weekdays and one weekend day, to assess the validity and the reproducibility of a newly 
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developed web-based, self-administered FFQ. Results indicated that the newly developed 

web-based FFQ has reasonable validity and good reproducibility for assessing nutrient intakes 

(Labonté, et al., 2011).  

 

Table 2. 5 Comparison of dietary assessment instruments (Thompson, et al., 2001) 
 

 

Advantages Disadvantages 

 Food Record  1. Intake quantified 

2. Does not require recall of foods 

eaten  

3. Could enhance self-monitoring 

for weight control or other 

behaviour change 

 

1. High respondent burden 

2. Extensive respondent  

training and motivation 

required 

3. Many days needed to 

capture individual’s usual 

intake 

4. Affects eating behaviour 

5. Intake often underreported 

6. Reports of intake decrease with time 

7. May lead to a 

Non-representative sample and 

subsequent non-response bias  

8. High investigator cost  

24-Hour Recall 1. Intake quantified 

2. Appropriate for most  

populations, thus less potential for 

non-response bias 

3. Relatively low respondent 

burden 

4. Does not affect eating 

behaviour 

1. Many days needed to  

capture individual’s usual 

intake 

2. Intake often underreported 

3. High investigator cost  

Food Frequency 

Questionnaire 

1.Usual individual intake asked 

2.Information of total diet 

obtained 

3. Does not affect eating  

behaviour 

4. Low investigator cost 

1.Not quantifiably precise 

2. Difficult cognitive task for 

respondent 

3.Intake often misreported 

1.  

 

A significant factor that has been considered in dietary assessment is temporal variation due to 

season. This seasonal variation in nutrient intake has been widely recognised and 

acknowledged in the literature (Gordon et al., 1987; Ma, et al., 2006; Van Staveren, et al., 
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1986; Woodhouse, et al., 2000). Studies dating as far back as the 1980s have reported 

significant seasonal changes in dietary intake (Gordon, et al., 1987; Van Staveren, et al., 

1986). Van Staveren et al. (1986) reported higher intakes of fat in winter and spring than in 

summer and autumn. Also, intake of dietary fibre was higher in autumn than in summer, with 

intermediate values for winter and spring (Van Staveren, et al., 1986). A similar study by Ma 

et al. (2006) reported higher daily caloric intake by 86kcal during autumn, compared to 

spring. The percentage of calories from saturated fat also appeared to be higher in autumn 

than in spring (Ma, et al., 2006). Woodhouse et al. (2000), reported seasonal variations in 

intake of fat, copper, beta-carotene and vitamins A, C and E, with increased fat, beta-carotene 

and vitamin A intakes in autumn and winter while vitamin C and E intakes peaked in the 

summer (Woodhouse, et al., 2000). Furthermore, a study carried out by  Shahar et al. (2001), 

identified a significantly higher intake of  meat, dairy products and eggs during winter, 

compared to summer, and  hence a higher intake of fat and cholesterol resulting in increased 

BMI, and serum total and LDL cholesterol (Shahar, et al., 2001). These studies demonstrate 

that although the degree of seasonal changes has not been consistent between the different 

studies, a definite winter/summer difference has been identified. Therefore, in order to 

minimise any potential bias, 24-hour recall data were obtained on randomly selected days, 

twice a year, categorising October to March as “winter” and April to September as “summer” 

(Gordon, et al., 1987; Rutishauser, 2005).  

2.7.4.3 Physical activity assessment  

2.7.4.3.1 International Physical Activity Questionnaire 

The questionnaire used in this particular study was the International Physical Activity 

Questionnaire-Long Form (IPAQ). This questionnaire involved collecting information on the 

type of physical activity carried out by these patients as part of their everyday lives. 

Participants were asked to report activities performed for at least 10 minutes during the last 7 

days. The unique feature of the IPAQ is that is assesses all believed health related physical 

activity that can take place in different settings (Al-Hazzaa, 2007). Patients were asked to 

state time spent in physical activity performed across leisure time, work, domestic activities, 

and transport at each of 3 intensities; light (walking), moderate, and vigorous (Wolin, et al., 

2008). Examples of activities that represent each intensity were provided; for instance, 

participants were asked about vigorous housework activity such as “heavy lifting, chopping 

wood, shovelling snow or digging” (Wolin, et al., 2008). These respondents were also asked 
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to provide information on time spent sitting while at work, at home, while doing course work 

and during leisure time. 

2.7.4.3.1.1 Interpretation of IPAQ data 

Data collected from the IPAQ was then converted and arranged into both continuous and 

categorical scores. Guidelines for data processing and analysis of the International Physical 

Activity Questionnaires were followed (IPAQ Research Committee, 2005). Using the IPAQ 

scoring protocol, total weekly physical activity was calculated as follows: 

 

              (MET level) x (minutes of activity/day) x (days per week)  

 

MET is defined as the metabolic equivalent energy expenditure.  The IPAQ scoring protocol 

assigns the following MET values to light (walking), moderate, and vigorous intensity 

activity: 3.3 METs, 4.0 METs, and 8.0 METs, respectively (IPAQ Research Committee, 

2005; Wolin, et al., 2008). As for questions involving sitting, ‘Minutes’ is used as the 

indicator to reflect time spent in sitting rather than MET-minutes, which would suggest an 

estimate of energy expenditure. It is an additional indicator variable and is not included in the 

summary score of physical activity (IPAQ Research Committee, 2005).  

 

Each participant was also given a categorical score of : “Low, Moderate and High” according 

to the following (IPAQ Research Committee, 2005) :  

1) Low 

No reported activity or some activity, but not enough to meet categories 2 or 3. 

2) Moderate 

Either of the following 3 criteria 

a. 3 or more days of vigorous –intensity activity at least 20 minutes/day 

b. 5 or more days of moderate –intensity activity and/or light (walking) of at least 30 minutes 

per day 

c. 5 or more days of any combination of light (walking), moderate –intensity or vigorous-

intensity activities achieving a minimum of at least 600 MET-min/week. 

3) High 

Any one of the following 2 criteria  
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a. Vigorous-intensity activity on at least 3 days and accumulating at least 1500 MET-

minutes/week 

b. 7 or more days of any combination of light (walking), moderate – or vigorous-intensity 

activities accumulating at least 3000 MET-minutes/week. 

 

In addition, reported minutes of moderate and vigorous weekly physical activity levels, were 

evaluated against the “2008 Physical Activity Guidelines for Americans” (U.S. Department of 

Health and Human Services, 2008). These guidelines suggest that adults should perform a 

minimum of 150 minutes (2 hours and 30 minutes) a week of moderate intensity, or 75 

minutes (1 hour and 15 minutes) a week of vigorous intensity aerobic physical activity, or an 

equivalent combination of moderate and vigorous intensity aerobic physical activity. Aerobic 

activity should be performed in episodes of at least 10 minutes and should preferably be 

spread throughout the week. For additional and more extensive health benefits, adults should 

increase their aerobic activity to 300 minutes (5 hours) a week of moderate-intensity, or 150 

minutes a week of vigorous-intensity activity. As for older adults, hence adults with, or at risk 

of developing chronic diseases, the key guidelines for adults also apply, in addition to the 

following:  

 

 If 150 minutes of moderate intensity aerobic activity a week cannot be achieved due to 

chronic conditions, these adults should be as physically active as their abilities and conditions 

allow.  

 The effect of these chronic conditions on their ability to do regular physical activity safely 

should be fully acknowledged and comprehended. 

 These adults should determine their level of effort for physical activity relative to their 

level of fitness 

  

* The 2008 Physical Activity Guidelines for Americans was selected, since no guidelines 

have yet been developed for the Arab society, and studies conducted in the Middle East 

appear to commonly use American guidelines in assessing physical activity levels (Al-

Hazzaa et al., 2011; Al Nassar et al., 2013; U.S. Department of Health and Human Services, 

2008). Also, in 2004, international organizations and institutions from America, Europe and 

Australia collaborated to develop a training course promoting physical activity and public 

health across 60 countries worldwide, including Kuwait. The “2008 Physical Activity 
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Guidelines for Americans” was used in the provision of a public health program promoting 

physical activity across these countries (Centers for Disease Control and Prevention, 2010). 

 

In addition to the IPAQ, accelerometers were used on a subsample of 30 random patients to 

validate the IPAQ carried out on the study population. Participants were instructed to place 

the accelerometer at the hip via an attached clip for 3 consecutive days, with the option of 

removing the device when sleeping, bathing or showering (Garatachea et al., 2010; Trost et 

al., 2005; Wolin, et al., 2008). Several studies have indicated that 3 to 5 days of monitoring is 

s2566871
Typewritten Text
Image removed
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considered sufficient in reliably estimating habitual physical activity amongst adults 

(Garatachea, et al., 2010; Trost, et al., 2005). Matthews et al. (2002), reported an 80% 

reliability when 3-4 days of accelerometer data was investigated (Matthews, et al., 2002). 

Steele et al. (2000) examined the reliability, validity and stability of a tri-axial accelerometer 

for daily activity measurement. Daily activity was monitored using an accelerometer over a 3 

day period in a free living environment. Results verified the reliability and validity of the tri-

axial accelerometer, further suggesting that 3 days is adequate for monitoring physical activity 

using an accelerometer (Steel et al., 2000). 

 

In addition, no incidences of water-based physical activities were reported, hence data were 

unlikely to have been compromised (Mâsse et al., 2005). Also, data were only considered 

valid if 10 or more hours of data for each day were collected (Boon et al., 2010; Wolin, et al., 

2008).  The 10-hour minimum could include a single 2-hour period of no activity, however, 

partial days (<10hours) were not counted in the analyses regardless of the activity content for 

that day, as suggested by Wolin et al. (2008). 

 

Finally, contact details were provided to all participants, in case of any concerns or 

complications, as recommended by Boon et al. (2010). 

2.7.4.3.2 Accelerometer features  

According to accelerometer features described by Kumahara et al. (2004), the Kenz 

Lifecorder EX model (Lifecorder, Suzuken Co. Ltd, Nagoya, Japan); is a small, non-obtrusive 

uni-axial accelerometer device (Kumahara et al., 2004a; Yoshioka et al., 2005). It is 625 x 465 

x 260mm in size, weighs 60g and attaches to the waist line or belt by an attached belt clip at 

the midline of either thigh (McClain et al., 2007; Yoshioka, et al., 2005). The accelerometer is 

designed to detect acceleration along the vertical axis at the hip during body movements, and 

automatically calculate total energy expenditure (TEE) from the product of the step rate, 

acceleration and BMR (Kumahara, et al., 2004a; Kumahara et al., 2004b; McClain, et al., 

2007; Yoshioka, et al., 2005). According to technical details provided by the manufacturer 

(Suzuken Co. Ltd), it samples the acceleration at 32Hz and assesses values ranging from 0.06 

to 1.94g (1.00g is equal to earth-gravity acceleration). The acceleration signal is filtered by an 

analog bandpass filter and digitized (Kumahara, et al., 2004a; McClain, et al., 2007; 

Yoshioka, et al., 2005). A maximum pulse over 4 seconds is recorded as the acceleration 
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value, and subsequently categorized into 1 of 11 activity levels (0, 0.5, and 1-9) (Kumahara, et 

al., 2004a; Kumahara, et al., 2004b; McClain, et al., 2007). 

 

The Lifecoder is initialized by setting time and date, and optionally includes inputting height, 

weight, age, and gender of the participant (McClain, et al., 2007; Yoshioka, et al., 2005). The 

validity of this device for assessing physical activity correlates well with other accelerometers 

in addition to alternative methods for measuring EE, such as DLW, metabolic chamber and 

indirect calorimetry (Kumahara, et al., 2004b). Table 2.7 summarizes the various studies 

validating this device.  

Table 2. 7 Previous comparative studies of EE estimation using a lifecoder accelerometer device 

with other measuring techniques 
Reference N Type of 

Activity 

 Reference 

Method 

 Accelerometer 

Output 

 

(Kumahara et al., 2001) 13 24h in a 

chamber 

 DB 

  

 Highly 

Significant 

Correlation 

 

(Kumahara, et al., 

2004a) 

79 

10 

24h in a 

chamber 

Walking & 

running 

on a treadmill 

 IC 

 

  Highly 

Significant 

Relationship 

 

(Kumahara et al., 2002) 55 Walking on  

treadmill 

   IC  Highly 

Significant 

Correlation 

 

(Kumahara, et al., 

2004b) 

 

(Abel et al., 2008)                               

16 24h in a 

chamber 

 IC  Significant 

Correlation 

 

20 1hr in a chamber 

walking & 

running on a 

treadmill 

  

IC 

 Significant 

Correlation  

 

(McClain, et al., 2007)  

 

 

(Rafamantanantsoa et 

al., 2002) 

10 1d in a free-

living  

Condition 

 AG  No Significant 

Difference 

 

25 14d in a free-

living  

Condition 

 DLW  Significantly 

Correlated 

 a Lifecorder devices applied were all based on uni-axial accelerometry sensors except for Kumahara et al.(2001).bReferences of 

studies are referred to the references section.cN: Number of subjects, DB: Doubly labelled  water method, IC: Indirect calorimetry, 

EE: Energy Expenditure, AG: Actigraph accelerometer, Fort Walton Beach, FL).  
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2.7.4.3.2.1 Interpretation of data  

The Lifecorder EX data were categorized into 11 activity levels (0, 0.5, and 1-9) (Kumahara, 

et al., 2004b; McClain, et al., 2007).  Level 0 corresponds to acceleration values less than 

0.06g (ie., no detectable signal). Level 0.5 (micro-activity) indicates that an acceleration 

signal was detected above the minimum threshold, but fewer than three pulses were detected 

during the 4 second sampling interval (i.e., detected accelerations were not indicative of a 

recognizable locomotor movement pattern). Levels 1-9 categorizes intensities that are 

reflective of increased number and magnitude of pulses (McClain, et al., 2007). These levels 

were then further classified into categories of METs; illustrated in Table 2.8 (Kumahara, et 

al., 2004a). 

 

Table 2. 8 The different activity levels of the accelerometer* classified into categories of 

metabolic equivalents  

      Activity Levels    Estimated MET  

Light Intensity 1.0 

2.0 

3.0 

1.8 

2.3 

2.9 

 

Moderate Intensity 4.0 

5.0 

6.0 

3.6 

4.3 

5.2 

 

Vigorous Intensity 7.0 

8.0 

9.0 

6.1 

7.1 

>8.3 

 

*Lifecorder; Suzuken Co. Ltd., Nagoya, Japan. 

 

2.7.4.3.3  Reliability and validity of the International Physical Activity Questionnaire  

Previous research studies have verified the reliability and validity of the IPAQ, through 

assessments against accelerometers, doubly labelled water and test-retest techniques (Boon, et 

al., 2010; Craig et al., 2003; Maddison et al., 2007).  According to Craig et al. (2003), data 

collected from 14 centres across 12 countries, produced repeatable results with an average 

test-retest correlation coefficient of approximately 0.8, with comparable data from short and 

long forms (Craig, et al., 2003).  Boon et al. (2010) carried out a validation study by which 

subjects wore an accelerometer (Actigraph GTM1) for 7 consecutive days, as a reference. 

Data revealed moderate correlations between the IPAQ and the Actigraph GTM1, hence 
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suggesting acceptable validity (Boon, et al., 2010). Maddison et al. (2007) reported good 

agreement between DLW and IPAQ at lower levels of physical activity, but underestimating 

of questionnaire-derived EE at higher levels of activity (Maddison, et al., 2007). In addition, 

validity and reliability were also established through studies by Hagstomer et al. (2005), 

Dinger et al. (2006), Ku et al. (2006) and Wolin et al. (2008) (Dinger et al., 2006; Hagströmer 

et al., 2005; Ku et al., 2006; Wolin, et al., 2008). Hagstromer et al. (2005) revealed that the 

long-version, self-administered IPAQ questionnaire was an acceptable tool for assessing 

physical activity in healthy adults (Hagströmer, et al., 2005).  Also, a study by Wolin et al. 

(2008) reported moderate correlations between an accelerometer and the International 

Physical Activity-Short Form (IPAQ-S) (Wolin, et al., 2008). In addition, Kurtze et al. (2008) 

reported significant reliability and validity of the IPAQ for vigorous activity and sitting; and 

moderate reliability for walking (Kurtze et al., 2008). Finally, a study by Pitsavos et al. (2008) 

used the IPAQ; on almost all the ACS patients in 6 hospitals located in urban and rural Greek 

regions, to verify that physical activity is indeed associated with a reduced severity of ACS 

(Pitsavos et al., 2008). Consequently, the IPAQ instrument was applied in the present study.  

2.7.4.3.4  Reliability and validity of accelerometers 

Accelerometers are regarded as reliable and valid tools for measuring physical activity for 

research studies, provided that individuals participating in the study are compliant with 

wearing it as directed by the study protocol (Garatachea, et al., 2010). Previous studies have 

also used accelerometers to examine the reliability of several versions of the IPAQ (Boon, et 

al., 2010; Macfarlane et al., 2007; Wolin, et al., 2008). Macfarlane et al. (2007) used an MTI 

accelerometer to examine the reliability and validity of the Chinese version of the 

International Physical Activity Questionnaire (IPAQ-C) (Macfarlane, et al., 2007). In 

addition, a study by Boon et al. (2010), used an Actigraph accelerometer to validate two self-

reported physical activity questionnaires; the New Zealand Physical Activity Questionnaire-

Long Form (NZPAQ-LF) and International Physical Activity Questionnaire (IPAQ-LF) 

(Boon, et al., 2010). Wolin et al. (2008) evaluated the validity of the IPAQ amongst blacks 

using an Actical Accelerometer for 6 consecutive days. Results reported a moderate 

correlation between the accelerometer data and the IPAQ-LF in the Black community (Wolin, 

et al., 2008). 
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Accelerometers are therefore widely recognized and accepted as valid and objective tools for 

assessing frequency, intensity, and duration of ambulatory physical activity in both children 

and adults (Garatachea, et al., 2010; McClain, et al., 2007; Yoshioka, et al., 2005).  

2.7.4.4  Psychosocial assessment  

The aim of carrying out psychosocial analysis was to determine the extent to which 

depression, social isolation and lack of confidence, motivation and social support, have on the 

adherence to medication and on the risk of developing CHD. Depression is regarded as a 

major risk factor for CHD morbidity, while interrelated emotions such as anxiety and stress 

may result in risk of MI and unstable angina (DiGiacomo et al., 2007; Tully et al., 2008). In 

addition, several studies have suggested hospital readmission after CABG surgery in patients 

suffering depression, anxiety and stress (Oxlad et al., 2006; Tully, et al., 2008).  A DASS 

questionnaire was therefore distributed to all participants included in the study. 

2.7.4.4.1  Depression, Anxiety and Stress Scale 

The DASS is a 42-item self-report measure of anxiety, depression and stress developed by 

Lovibond et al. (Crawford, et al., 2003; Lovibond et al., 1995b). It consists of 42 symptoms 

divided into 3 subscales of 14 items: Depression scale (hopelessness, devaluation of life, self-

deprecation, lack of interest/ involvement, meaningless and inertia); anxiety scale (shakiness, 

trembling, worried, terrified and perspired), and stress scale (difficulty relaxing, nervous, 

irritable, agitated, over-reactive and impatient) (Crawford, et al., 2003; Nieuwenhuijsen et al., 

2003).  In this type of questionnaire, participants were asked to rate the extent to which they 

had experienced each symptom over the preceding week on a four point Likert scale ranging 

from 0 (did not apply to me at all) to 3 (applied to me very much, or most of the time) 

(Nieuwenhuijsen, et al., 2003). Examples of depression scale items include: “I couldn’t seem 

to experience any positive feeling at all” and “I just couldn’t seem to get going”. The anxiety 

scale contains such items such as “I felt scared without any good reason” and I felt I was close 

to panic”. The stress scale includes items such as “ I tended to over-react to situations” and I 

found myself getting impatient when I was delayed in any way” (Tully, et al., 2008). This 

instrument was therefore used to measure the psychosocial factors involved in statin 

adherence levels. It involved questions ranging from behavioral issues such as irritability and 

sensitivity, to health issues; such as excessive breathing and palpitations. 
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Interpretation of the DASS was based primarily on the use of cut-off scores provided by 

Lovibond et al. (Lovibond, et al., 1995b). Severity ratings were classified “normal”, “mild”, 

“moderate”, “severe” and “extremely severe”, on the basis of combined collective scores in 

every subscale category. 

 

Table 2.9 illustrates the different categories according to specific cut-off scores.  

 

Table 2. 9 Score interpretation of the DASS (Lovibond, et al., 1995b) 

   Depression (D)       Anxiety (A)         Stress (S) 

Normal 0-9 0-7 0-14 

Mild 10-13 8-9 15-18 

Moderate 14-20 10-14 19-25 

Severe 21-27 15-19 26-33 

Extremely Severe 28+ 20+ 34+ 

 

2.7.4.4.2  Reliability and validity of the Depression, Anxiety and Stress Scale 

The DASS has been used and recognized as a reliable tool for measuring psychological 

parameters in different populations (Crawford, et al., 2003; Nieuwenhuijsen, et al., 2003; 

Tully, et al., 2008). A study by Crawford et al. (2003) stated that “ The reliability of the DASS 

was excellent, and the measure possessed adequate convergent and discriminant validity” 

(Crawford, et al., 2003). In addition, a study by Nieuwenhuijsen et al. (2002) showed 

consistency in results with application of the DASS verifying its reliability (Nieuwenhuijsen, 

et al., 2003). Tully et al. (2008) used the DASS  in a study investigating the association 

between depression, anxiety and general stress symptoms with hospital readmissions after 

CABG surgery (Tully, et al., 2008). Moreover, DiGiacomo et al. (2007) carried out a study to 

document incidence of depression, anxiety and stress in women post-acute coronary syndrome 

(6 -12 months). Scores on the DASS were used to determine participants’ psychological 

factors during recovery period following an acute coronary syndrome (DiGiacomo, et al., 

2007). Therefore, similar studies have also applied this scale in contexts relevant to the 

present study. 
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2.7.5 Anthropometric and clinical measurement 

A comprehensive risk profile for each patient was assembled using clinical measures collected 

as part of usual care, where patients were referred to a local pathology collection centre for 

analysis of the serum risk factors, which, as noted in previous chapters of this research, 

include; a complete lipid profile and blood chemistry by which glucose, serum cholesterol, 

triglycerides, HDL, LDL and VLDL in the blood, were collected, after an overnight fast of 12 

hours (Alison et al., 2003; Wilson et al., 1998). According to the Ministry of Health in 

Kuwait, cut-off values for glucose, serum cholesterol, triglycerides, HDL, LDL and VLDL 

are as follows (Al-Nesf, et al., 2008):    

 

Table 2. 10 Reference range for blood chemistry according to Ministry of Health in Kuwait 
Blood Chemistry Reference Range (mmol/l) 

Glucose 3.9-6.1mmol/l 

Serum Cholesterol 3- 5.2mmol/l 

Triglycerides 0.4- 2mmol/l 

HDL 0.9- 2.5mmol/l 

LDL 2.6- 3.4mmol/l 

VLDL 0.6- 2mmol/l 

 

These cut offs were similar to those from the U.S. Department of Health and Human Services, 

with a recommended serum cholesterol of < 4.5mmol/l, triglycerides of < 2mmol/l, , HDL of  

> 1mmol/l and LDL <2.5 (U.S. Department of Health and Human Resources, 2010). In 

addition, Drexel (2006), cited the Framingham study, which suggested that every decrease of 

0.03mmol/L in HDL-cholesterol, may be associated with an increase of 2-3% in the risk of 

CHD (Drexel, 2006; Kannel, et al., 1969). 

 

Anthropometric assessment was also conducted. Initially, height was measured to the nearest 

0.1 centimetre using a Seca 217 stadiometer (Hamburg, Germany), with the participant 

standing upright, without shoes, and with weight distributed evenly between both feet, heels 

together, arms relaxed at the sides and the head in a horizontal plane (Ihmels et al., 2006). 

Bioelectrical impedance assessment (BIA) was then carried out, by which the participant’s 

height, gender and age were entered into the Omron body fat analyser, Model HBF-500 

(Omron Medizintechnik, Mannheim, Germany). The Omron HBF-500 BIA device uses eight 
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electrodes in a tetrapolar arrangement that requires the subject standing on metal footpads in 

bare feet and grasping a pair of electrodes fixed on a handle with arms extended in front of the 

chest (Bosy-Westphal et al., 2008). Hence, subjects were instructed to hold the analyser 

according to the manufacturer’s directions (arms extended from body and perpendicular to the 

floor, thumbs on top). The body fat percentage estimate and skeletal muscle mass were 

recorded, along with the computed BMI value (Ihmels, et al., 2006). Several studies have 

investigated the overall reliability and validity of the “Omron” devices in comparison to other 

accepted BIA devices/ body composition assessment techniques, and found the “Omron BF” 

to be an acceptable device (Bosy-Westphal, et al., 2008; Dehghan et al., 2008; Demura et al., 

2002; Ihmels, et al., 2006; Martin et al., 2001). Ihmels et al. (2006), tested the reliability and 

validity of the Omron BF306 device by comparing it with the Tanita BF626 (Tanita Corp. of 

America, Inc., Arlington Heights, IL) Results reported an overall agreement between these 

selected methods of body composition assessments (Ihmels, et al., 2006). Additionally, in 

2001, Martin et al., assessed the accuracy and validity of the Omron BF300 body fat monitor, 

for the measurement of body fat percentage against the Siri equation (% Body Fat = (495 / 

Body Density) – 450) (Siri, 1961). Results suggested that 80.2% of the monitor/equation 

differences were below 5%, and the technical error of the monitor was reported as 2.2%, 

hence satisfying the precision criteria and validation of this device (Martin, et al., 2001). 

Demura et al. (2002), also validated the Omron, BF300 on a sample of 50 Japanese men aged 

18-27 years (Demura, et al., 2002). Bosy-Westphal et al. (2008) reported a high correlation 

between body composition determined by the Omron HBF-500 and that determined by dual 

energy X-ray absorptiometry (DXA) and whole body magnetic resonance imaging (MRI); 

with ‘r’ values of 0.92 and 0.96, and p<0.001. The study therefore reported a good overall 

agreement with DXA and MRI for the Omron HBF-500 device (Bosy-Westphal, et al., 2008).  

 

Additional measurements of adiposity were also obtained via skinfold thickness, measured 

with a Lange skinfold caliper (Beta Technology Incorporated, Cambridge, Massachusetts, 

USA), and waist circumference measured with a tape measure (Seca 201CM). In accordance 

with the procedures described in the “Lange Skinfold Operators Manual”, the skinfold 

thickness of the following sites was measured, on the right side of the body: biceps, triceps, 

subscapular and suprailiac (Beam et al., 2010). The percentage body fat of each subject was 

then obtained (using the sum of the 4 skinfolds), from the tables designed for the Lange 

skinfold calipers (McRae, 2010). According to Cyrino et al. (2003), amongst the many 

calipers available in the market, Lange (USA) and Harpenden (UK) are considered the best, as 
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various studies have examined the reliability of these instruments, by comparing relative fat 

estimates calculated from these calipers, with results obtained from the ultrasound devices, 

MRI and other types of calipers (Borkan et al., 1982; Cyrino et al., 2003; Hayes et al., 1988). 

In 1982, Borkan et al. used the Lange skinfold caliper to compare ultrasound and skinfold 

methods in the measurement of subcutaneous fat thickness, with prediction of total fat weight 

(by whole body potassium counting). Results indicated a higher reproducibility in the skinfold 

caliper measurements (Borkan, et al., 1982). In addition skinfolds were more highly correlated 

with total fat weight than were ultrasound measurements. These results suggested that 

skinfolds were a more effective means of assessing subcutaneous fat than ultrasound (Borkan, 

et al., 1982). Hayes et al. (1988) carried out a similar study comparing MRI, ultrasound, and 

Lange calipers to measure subcutaneous fat thickness at 12 sites on the body surface of 50 

subjects. A good between-subject correlation was found between all three methods in the 

males, but only the Lange calipers and MRI were well correlated in females. These findings 

confirm the reliability of the Lange calipers for determining skinfold estimates over a range of 

subjects (Hayes, et al., 1988). In addition, Talbert et al. (2009) compared the Lafayette 

Instruments (LI) skinfold caliper to the Lange and Harpenden calipers, to determine the 

validity of the LI caliper. The Lange caliper was therefore used as a partial reference device 

for validation of a somewhat newly manufactured instrument (Talbert et al., 2009). 

 

Weight classifications by BMI and percentage fat, selected for use in this research study, are 

shown in the tables below (Gallagher et al., 2000). 

 
Table 2. 11 Guidelines on the identification of healthy percentage body fat (Gallagher, et al., 

2000): 

Females 

     AGE      Underweight       Healthy    Overweight         Obese 

20-40yrs < 21% 21-33% 33-39% > 39% 

41-60yrs < 23% 23-35% 35-40% >40% 

61-79yrs < 24% 24-36% 36-42% >42% 

 

Males 

     AGE       Underweight         Healthy  Overweight         Obese 

20-40yrs < 8% 8-19% 19-25% >25% 

41-60yrs < 11% 11-22% 22-27% >27% 

61-79yrs < 13% 13-25% 25-30% >30% 
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Table 2. 12 Classification of overweight and obesity by BMI (Pi-Sunyer et al., 1998) 

 Obesity Class                     BMI kg/m
2
 

Underweight  <18.5 

Normal weight  18.5-24.9 

Overweight  25.0-29.9 

Obesity  I 30-34.9 

 II 35-39.9 

Extreme Obesity III >  40 

 

Finally, waist circumference was measured at the midpoint level of the mid-axillary line 

between the 12
th

 rib head and the superior iliac spine (Delavari et al., 2008).  According to Pi-

Sunyer et al. (1998), the presence of excess fat in the abdomen out of proportion to total body 

fat is an independent predictor of risk factors and morbidity (Pi-Sunyer, et al., 1998). Waist 

circumference is recognized as being positively correlated with abdominal fat content. Hence 

provides a clinically acceptable measurement for assessing generalized and abdominal obesity 

(Delavari, et al., 2008; Pi-Sunyer, et al., 1998). 

 

The sex-specific WC cut-off points, for the identification of cardiovascular risk factors, 

originally developed by Lean et al. (1995) are;  >102cm (>40 inches) for males and >88cm 

(>35 inches) for females (Janssen et al., 2002; Lean et al., 1995; Pi-Sunyer, et al., 1998). 

 

It has also been documented, that these WC cut-off values, lose their incremental predictive 

power in patients with a BMI >35kg/m
2
, because these patients will exceed the cut-offs noted 

above (Pi-Sunyer, et al., 1998). 

 

Al-Lawati et al. (2008) carried out a study in the Middle East, to determine the gender-

specific optimal cut-off values for BMI, WC and WHR associated with risk of cardiovascular 

diseases, among Omani Arabs.  Published equations derived from the Framingham Heart 

Study, were used to determine individuals’ 10 year total CHD risk.  Results indicated that, 

among Omani men and women respectively, BMI values of >22.6 and >22.9kg/m
2
, WC of 

>78.5 and >84.5cm best characterise individuals’ 10 year CHD risk of  > 20% (Al-Lawati, et 

al., 2008). 
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This approach to risk profiling extends beyond that developed by Stevens et al. (Stevens et al., 

2001), and used to categorise cardiovascular risk in patients with diabetes in the NEFRON 

study (National Evaluation of the Frequency of Renal impairment co-existing with Non-

insulin dependent diabetes mellitus)
 
(Thomas, et al., 2007), by adding dietary, physical 

activity, and anthropometric data. The study by Stevens et al. (2001) was carried out to create 

a model predicting absolute risk of CHD in males and females with Type II diabetes based on 

data from the U.K Prospective Diabetes Study (UKPDS) (Stevens, et al., 2001). The UKPD is 

a landmark randomized control trial carried out in 23 participating UK hospitals on newly 

diagnosed diabetic patients aged 25-65 years to determine whether improved blood glucose 

control in people with type 2 diabetes will prevent the complications of diabetes (Stevens, et 

al., 2001; Turner, 1998). The NEFRON study was a clinic-based survey of patients with type 

2 diabetes in the Australian primary care setting. Its main aim was to determine the frequency 

of Chronic Kidney Disease (CKD) and its association with adverse outcomes, i.e. 

cardiovascular disease, in a clinic based sample of patients with type 2 diabetes. It was 

reported that CKD was found in approximately half of all patients with type 2 diabetes, which 

contributed to over 10 times the risk of CVD compared to diabetics with normal kidney 

function (Thomas, et al., 2007; Thomas, et al., 2006). These studies are two of the various 

larger, more popular clinical research studies conducted (Turner, 1998). 

2.7.6  Data management and statistical analysis 

2.7.6.1 Modelling study outcomes 

2.7.6.1.1  Statistical design 

General linear model was used to perform the modelling of all the continuous outcomes 

involved in the study. As opposed to classical multiple regression, the general linear model 

allows the inclusion of both continuous and categorical covariates (McNeil et al., 1996). As 

for total physical activity, this variable was expressed along an ordinal three-point scale (low, 

medium and high); by which proportional odds ordinal logistic regression was used to gauge 

the effects of the study predictors.  

 

In addition, when the binary variable statin adherence (low/medium) was measured as an 

outcome, binary logistic regression was employed. Associations between risk factors and the 

outcomes were gauged using odds ratios. All analyses were performed using STATA 

(Version 11.0, Stata Corporation, College Station, TX) (StataCorp., 2009) 
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2.7.6.1.2  Model building 

Model building was performed using a modified version of the Purposeful Selection of 

Covariates (PSC) approach outlined by Hosmer et al. (Hosmer et al., 2008). According to 

Bursac et al. (2008), the PSC helps guide the retention of significant covariates, as well as 

confounding ones, resulting in a possibly slightly richer model (Bursac et al., 2008). 

However, this version of PSC is mainly used to build predictive models, or identify risk 

factors where there is no primary study effect (all risk factors are considered equally 

important “a priori”) (Bursac, et al., 2008; Hosmer, et al., 2008). Therefore, for the current 

study, the PSC approach was modified to consider a study effect where gauging the 

significance of a particular risk factor is the primary objective, with identifying other risk 

factors as a secondary objective.  

 

“Purposeful selection of covariates” is recognized as superior to purely computer-based model 

building algorithms (i.e. forward and backwards stepwise approaches and best-subsets) as 

PSC allows for the detection of, and therefore subsequently adjustment for, confounders 

(Bursac, et al., 2008; Hosmer, et al., 2008). Therefore, as adherence level (low, medium) was 

the main study effect (focal covariate) the following 6 step model was used in the 

implementation process: 

 

1. Bivariate associations: The crude association of each covariate was estimated with the 

outcome of interest. For continuous outcomes, this was carried out using simple linear 

regression, and for the categorical outcomes; total physical activity and adherence (as an 

outcome), this was achieved using bivariate logistic regression to obtain crude odds ratios. 

Then, all associations with p<0.25 are flagged for the next step in the PSC process. A p-value 

of 0.25 is used (as opposed to the traditional significance level of 0.05 often used) to ensure 

that risk factors that might become statistically significant are not excluded too early in the 

process. 

 

2. Initial Multivariable model: 

a. A multivariable model was carried out with both adherence (regardless of its p-value) and 

all statistically significant covariates identified in step 1. 

b.  All covariates (with the exception of the study effect, statin adherence level) not 

statistically significant in the modelling of step 2a are excluded. This model is then rerun to 
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get the Initial multivariable model. The coefficient of adherence is represented by ‘’ in the 

following steps. It should be noted that in logistic regression analysis, ‘’ rather than the odds 

ratio is used, because as opposed to odds ratio,  is linearly related to the outcome; that is, any 

given change in a coefficient is of equal magnitude in terms of the level of association, 

regardless of its’ direction on the linear scale (increase or decrease).  

 

3. The covariates excluded in step 2b are then refitted gradually into the model, noting (a) It’s 

p-value (to determine if it is statistically significant) and (b) the change in the statin adherence 

() from the initial multivariable model (from step 2b). Where the covariate re-inclusion 

results in a change in adhere greater than 10% (i.e. adhere > 10%) the covariate is considered 

a confounder. If a particular covariate is identified as of potential importance (i.e. statistically 

significant or a confounder), it is flagged for re-inclusion at the end of this step. Once all of 

the covariates are evaluated, those identified as important are included for the reiteration of 

the modelling step, noting the new adhere. 

 

4. This step is very similar to step 3, however, instead of reconsidering the covariates 

excluded in step 2b (initial multivariable model), those excluded in step 1 (bivariate analysis) 

are re-evaluated. Similarly, a covariate will be re-entered into the model if (a) it becomes a 

significant risk factor, and (b) it is identified as a confounder. It should be noted, that in 

contrast to the adhere used to gauge confounders in step 3 (the adhere from the initial 

multivariable model), the re-adjusted adhere from the end of step 3 is used to gauge 

confounders in this step.   

 

Then, the model with all covariates identified as risk factors and/or confounders is rerun to get 

a preliminary main effects model. 

 

5. Effect Modification: In this particular step, the potential of age and gender to modify the 

effect of adherence on the outcome of interest is considered. However, in order to avoid the 

circular nature of re-introducing many interaction effects into the model (resulting in a model 

that is likely to be both over-fit, and difficult to interpret), the analysis of effect modification 

has been restricted to age and gender, hence only the significance of the adhereXgender and 

adhereXage terms will be considered. Where an interaction term is identified as significant, they 

are retained in the model. 
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6. Model adequacy: In the current step, both the model fit and statistical significance are 

considered, along with the assessment of model assumptions. Therefore, for continuous 

outcomes (general linear model), the F-test was evaluated to gauge statistical significance and 

the adjusted R
2
 was used to gauge model fit. Residuals were then checked to determine if they 

were normally distributed around zero with a constant variance (homoscedasticity). However, 

as for logistic regression methods, statistical significance alone was assessed to gauge model 

adequacy. 

 

It should be noted that for the purposeful selection of covariate approach outlined above, the 

adherence effect is forced into the model at each step, regardless of its statistical significance. 

This to ensure that the research hypothesis of the current study is addressed (the significance 

of the adherence effect on various outcomes). Therefore, if adherence had been treated like all 

of the other predictors evaluated in the study, early exclusion would mean that the 

significance of its effect could not be tested. Accordingly, this differential treatment of the 

study effect alone (statin adherence) led to the modification of the original PSC approach 

suggested by Hosmer and colleagues (Hosmer, et al., 2008).  However, when statin adherence 

is considered an outcome, there is no single study effect and the modelling process is more 

exploratory (determination of risk factors associated with adherence), hence, the exact model 

building protocol advocated in Hosmer et al. (2008) is employed. 

2.7.7 Sample size 

Estimating an adequate number of participants is critical to the success of a study (Chaun et 

al., 2006). Researchers normally develop inferences about a population, based on a 

representative sample. It is therefore necessary to develop an appropriate sample size, to allow 

the researcher to make accurate assumptions from the sample statistics to the study population 

(Chaun, et al., 2006). If the sample size is too low, it lacks precision to provide reliable 

answers to research questions investigated. On the other hand, if the sample size is too large, 

time resources could be wasted often for minimal gain (Chaun, et al., 2006). The following 

section will present an overview of the process employed to determine sample size for this 

particular study. Many aspects were considered when deciding on the sample size for 

modelling (n=200). Firstly, the current study involved a large number of outcomes, and little 

is known both in general, and in this study population, of the effect size of adherence in all of 

the outcomes considered. Also, this study is observational; hence, there was no control of the 
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balance of individuals, both in terms of numbers and confounders, between the adherence 

classes. The difficulty of appropriately powering this study (through sample size calculation) 

was further compounded by the large number of risk factors and confounders that needed to 

be considered in all statistical analysis.  

 

In accordance with previous research, a specific statistical sample size calculation for 

exploratory/observational analyses involving multivariable modelling, does not appear to have 

been established (Jones et al., 2003), therefore a “Rule of Thumb” approach was employed. 

This approach advocated by Green (1991) (Green, 1991) is as follows: 

                                                         N > 50 + 8m 

 

‘M’ is the proposed number of continuous covariates to be included in a multiple regression, 

which has been modified for the current study, as some of the covariates considered are 

nominal categorical variables with more than two classes. These include, governorate (4 

classes) and statin type (3 classes), by which each contribute 3 (4-1) and 2 (3-1) parameters to 

the model. Therefore, the rule of thumb approach was modified to N> 50 + 8k, where ‘k’ is 

the number of parameters (excluding the intercept) in the model. Table 2.13 below provides 

the individual covariates and the number of parameters each variable contributes to the model.   

 

Table 2. 13 Covariates examined in multivariable modelling 
                           Predictor variable Number of parameters 

Adherence 1 

Age 1 

Gender 1 

Governorate 3 

Work status 1 

Smoking 1 

Diabetes 1 

Hypertension 1 

Statin type 2 

Statin duration 1 

Depression 1 

Anxiety 1 

Stress 1 

Total number of parameters 16 

 

  

 

It is evident from Table 2.13, that 16 parameters are associated with the main effects, yielding 

a proposed sample size of N = 50 + 8 x 16 = 178. However, in order to allow leeway for the 
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additional parameters associated with (potential) interaction effects, a sample size of N=200 

was used. 

2.7.8  Validation analysis 

  “A valid instrument helps to collect better quality data with high comparability which 

reduces the effort and increases the credibility of data” (Kazi et al., 2012). 

 

As described in earlier chapters, several instruments were used to collect data on the dietary 

intake and physical activity levels of the study population. These instruments include; FFQs, 

24-hour recalls and 3-day FRs for measuring dietary intake; and accelerometers and IPAQ for 

measuring physical activity levels.  

 Assessing agreement between the different measurement tools 

In order to test the validity of the FFQ and the IPAQ; both 3-day FRs and accelerometers 

were used. Since all the variables involved in these analyses techniques are continuous, both 

intra-class correlation (ICC) and Bland-Altman plots (BA-plots) were considered. However, 

ICC represents a single statistic, used to assess inter-method agreement, where values closer 

to one indicate strong agreement, and those close to 0 suggest poor agreement (Bland et al., 

1990; Yen et al., 2002). Therefore, as a single statistic, ICC cannot differentiate between bias 

and variability, in the case of poor agreement, hence cannot recognize whether the low 

agreement is a consequence of the bias or the variability found in the data collected(Bland, et 

al., 1990; Yen, et al., 2002). 

The Bland-Altman plot (BA-plot), on the other hand, provides a test allowing visual 

appreciation of the nature of disagreement, including: (1) bias: where one measure is 

consistently higher (or lower) than the other across individuals; (2) variability: lack of 

agreement appears to be random and of a high magnitude; (3) either bias or variability 

occurring at different levels over the whole scale of the instruments (for instance, high 

agreement may exist at one end of the scale, but becomes increasingly poor as it moves up the 

scale)  (Bland et al., 1986; Bland et al., 1999; Myles et al., 2007). 

 

The y-axis in the BA-plot represents the difference between values from the two instruments 

used, and the x-axis is represented by the average of the two values measured. A scatter plot 

can then be generated that gauges agreement along the whole scale of a given measure. 
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However, to use this plot, in this particular form is still somewhat subjective, hence a number 

of ‘guidelines’ are added to the plot. The first line represents the overall average difference; 

by which bias can be determined. A line close to zero in the y-axis indicates low bias, and 

those departing from zero, suggests high bias. The second set of dotted lines, represent the 

limits-of-agreement (LOA), and are estimated by mean difference ±1.96 times the standard 

deviation (SD) of the differences (Bland, et al., 1986; Bland, et al., 1999; Myles, et al., 2007). 

The LOAs can be used for two purposes; firstly, the width of the LOAs represents the level of 

variability between the two instruments measured; with narrow LOAs indicating a low level 

of variability. Secondly, it is to gauge the variability in individual differences, where those 

with differences (between the two instruments) that fall within the two limits of agreement 

(LOA), can be assumed to ‘agree’ and those outside the LOAs, exhibit disagreement between 

the two instruments. Assuming that the differences between the two measures (across 

individuals) are normally distributed, a 95% of inter-measure differences would be expected 

to fall within the LOA (Bland, et al., 1986; Bland, et al., 1999; Myles, et al., 2007). 

 

To facilitate the understanding of the Bland-Altman plot, a detailed description using the 

percentage fat measurements obtained from two different instruments, is included at the 

beginning of the reliability section in the results. 

2.7.8.1  Sample size for validation analysis 

A number of methods have been proposed to determine the sample size needed in validation 

analyses (Shoukri et al., 2004; Walter et al., 1998; Zou, 2012). Most of these studies have 

been formula for estimating validity with a certain level of precision (Bonett, 2002; Charter, 

1999; Zou, 2012). As for the current validation studies, a formal sample size calculation was 

not used. Reasons for this are: 1) the Bland-Altman plot method does not lend itself to formal 

sample size calculation as it is not represented by a single statistic, but is rather a graphical 

method to assess validation; and 2) the validation analysis that is conducted in this study was 

only a subsidiary objective of the study hypothesis. For this reason feasibility guided by 

sampling effort was one of the major consideration is determining sample size. Obtaining 

sufficient compliance among study participants to complete a 3-day food records, as well as 

provide physical activity levels, by wearing an accelerometer for three consecutive days 

proved, very challenging. Therefore, the validation analysis was restricted to 30 subjects for 

both instruments used. 
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2.7.9 Informed consent 

 Details 

Participants (30-69 years CHD high risk patients) were presented with an information sheet 

describing the purpose of the study, benefits of the research and risks to participants, such as 

discomfort associated with blood samples taken (some people may feel faint with blood 

sampling). The basis of participant collection was also described, in addition to complete 

requirements necessary from participants. Anonymity was also discussed. In addition, 

participants was asked to provide the researcher with both a verbal and written consent 

allowing the specific tests mentioned earlier to be carried out on them. The written consent 

has been attached with the raw data, in the final section of this research study. 

2.7.10 Ethical considerations 

Ethical approval was completed in September 2009 in Accordance with the Griffith 

University Ethics committee which conducts research in accordance with the National 

Statement on Ethical Conduction in Research Involving Humans. In addition, ethical approval 

was also obtained in February 2010 from the Medical Research Ethics Committee, in the 

Kuwaiti Institute of Medical Specialization within the Ministry of Health in Kuwait.  

 

This research topic did require private and confidential information from a range of 

participants. Patients were asked to disclose information on psychological issues, including 

depression, stress and anxiety which may seem slightly intrusive to patients. 

  

Data will therefore be kept confidential, and will not be disclosed to third parties without the 

consent of the participant involved in the study, except to meet government, legal or other 

regulatory authority requirements. 
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3  RESULTS 

This chapter presents and reports observational data, characteristic frequencies and overall 

research findings. The results section is subdivided into three segments; 1) descriptive data 

analysis using frequency distributions, where data are expressed as frequencies and 

percentages for categorical variables, and mean and SD for normally distributed continuous 

variables. These variables are described in either text, tables or graphs. Subsequently, 2) 

further descriptive analysis via cross-tabulations (contingency tables) were carried out to 

establish an interdependent relationship between various research variables, such as statin 

adherence and age, gender, area of residence and work status. These descriptive data analyses 

summarize various aspects about the data, giving details about the sample and providing 

information about the population from which the sample was collected. Also, in the third 

segment of this chapter, the process of inferential multi-variable modelling and the results 

obtained are illustrated in graphs, tables and charts. Finally, ICC coefficients and BA-plot 

were generated to assess and determine the validity of certain instruments used to collect 

data.  

3.1 Frequency distributions  

3.1.1 Distribution of subjects based on socio-demographic characteristics 
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Table 3. 1 Socio-demographic factors 

Gender         Frequency (n=200)           Percentage (%) 

Male n=63 31.5% 

Female n=137 68.5% 

Age category   

30-50 n=56 28% 

51-60 n=75 37.5% 

61-69 n=69 34.5% 

Governorate   

Al-Asimah n=125 62.5% 

Hawalli n=61 30.5% 

Al-Farwaniya n=11 5.5% 

Mubarak Al-Kabir n=3 1.5% 

Work status   

Yes n=54 73% 

No n=146 27% 

The average age of these patients was 55.84 years (SD=9.08). Also, the non-working 

participants were either unemployed or retired.  

3.1.2 Dietary intake distribution of study population 

Data collected using both FFQ and the mean of two separate 24 hour recall interviews are 

presented in Table 3.2 and Table 3.3. 
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Table 3. 2 Nutrient intake using two separate 24-hours recalls 

                                                                Nutrient intake in male subjects 

Nutrient                                                                                   Minimum  Maximum   Mean          SD
 

                                                                                                       
 

Total Energy (kcals) 1073 3167 2207 496 

Protein (g) 

Protein (%) 

45.9 

13 

155.8 

27 

99.9 

18.6 

26.7 

3.7 

Total fat (g) 

Total fat (%) 

26.8 

20.8 

158.3 

46.9 

82.9 

32.7 

26.8 

6.5 

Saturated fat (g) 

Saturated fat (%) 

10 

24.3 

47.9 

51.8 

26.7 

35.9 

8.9 

6.4 

Polyunsaturated fatty acids (g) 

Polyunsaturated fatty acids (%) 

5.5 

11.8 

32 

33.7 

15.2 

20 

6.3 

5.6 

Omega-6 fatty acid (g) 4.53 29.8 12.9 5.6 

Omega-3 fatty acid (g) 0.68 4.01 1.5 0.7 

Monounsaturated fatty acids (g) 

Monounsaturated fatty acids (%) 

6.9 

29 

72.4 

58 

34.4 

44 

13.4 

5.6 

Cholesterol (mg) 88.2 765.2 295.9 142.5 

Carbohydrate (g) 

Carbohydrate (%) 

101.3 

28.9 

405.1 

58.8 

246.2 

44.1 

63.8 

6.7 

Dietary Fibre (g) 

Dietary Fibre (%) 

6.3 

0.88 

77.9 

5.9 

34.9 

3 

12.9 

0.83 

Vitamin C (g) 1.9 713.6 269.4 155.3 

Vitamin E (g) 4.2 31.5 14.9 6.5 

Folate (g) 141.4 1020 455.6 202.3 

Carotene (g) 151.4 34615.6 7109.3 5994.4 

Sodium (mg) 834.3 17284 3580.1 2289.5 

Potassium (mg) 1286.9 8349.5 4574.4 1482.5 

Caffeine (mg) 2.3 2189.8 232.4 295.6 

                                          

   Nutrient intake in female subjects 

Total Energy (kcals) 810.5 3366 1964.6 454.9 

Protein (g) 

Protein (%) 

37.9 

11.2 

146.2 

35.8 

87.4 

18.4 

23.1 

4.1 

Total fat (g) 

Total fat (%) 

13.9 

14.5 

189.8 

52 

77 

33.8 

27.5 

6.5 

Saturated fat (g) 

Saturated fat (%) 

7.5 

22 

64.1 

58.6 

24.8 

35.7 

10.5 

7.5 

Polyunsaturated fatty acids (g) 1.4 62.3 13.8 7.4 
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Polyunsaturated fatty acids (%) 8.9 35 19.3 5.5 

Omega-6 fatty acids (g) 1.1 57.5 11.7 6.7 

Omega-3 fatty acids (g) 0.32 6.6 1.4 0.8 

Monounsaturated fatty acids (g) 

Monounsaturated fatty acids (%) 

3.8 

27.9 

65.5 

58.2 

32.5 

45 

11.8 

5.9 

Cholesterol (mg) 33.7 614.9 239.6 115.5 

Carbohydrates (g) 

Carbohydrates (%) 

115.8 

28.5 

368.4 

58.3 

213.9 

43.1 

51.7 

5.9 

Dietary Fibre (g) 

Dietary Fibre (%) 

9.4 

1.1 

61.7 

6 

32.8 

3.2 

10.1 

0.9 

Vitamin C (g) 39.9 758.9 259.3 127.8 

Vitamin E (g) 3.8 34.1 14.3 5.7 

Folate (g) 136.6 1075.5 453.8 156.9 

Carotene (g) 650.8 24561.7 6724.8 4169 

Sodium (mg) 997.3 7052.2 2723.2 1018.9 

Potassium (mg) 1709.9 7026.4 4192.6 1061 

Caffeine (mg) 0 464 84.1 90 

  

Table 3. 3 Nutrient intake using a food frequency questionnaire 

                                                              Nutrient intake in male subjects 

Nutrient                                                                                  Minimum   Maximum   Mean          SD
 

                                                                       
 

Total Energy (kcals) 1394.2 8210.3 3820.3 1262 

Protein (g) 

Protein (%) 

76 

14.8 

525 

40.3 

214.3 

22.7 

93.2 

5 

Total fat (g) 

Total fat (%) 

39.9 

17.9 

395.9 

62.33 

132.1 

30.1 

62 

7.35 

Saturated fat (g) 

Saturated fat (%) 

12.7 

22.2 

185.9 

66.5 

48.2 

39.7 

26.7 

6.1 

Polyunsaturated fatty acids (g) 

Polyunsaturated fatty acids (%) 

5.3 

5.6 

154.1 

41.7 

26.2 

21.4 

19.3 

5.3 

Omega-6 fatty acids (g) 4.1 132.7 21.7 16.7 

Omega-3 fatty acids (g) 0.8 19.5 3.1 2.4 

Monounsaturated fatty acids (g) 

Monounsaturated fatty acids (%) 

15.1 

28 

133.6 

47.6 

46.2 

38.9 

20 

3.65 

Cholesterol (mg) 240.1 1454.3 624.1 264.6 

Carbohydrates (g) 

Carbohydrates (%) 

167.8 

18.8 

1092.8 

58.2 

421.1 

44.1 

150.5 

7.8 

Dietary Fibre (g) 19.4 119.2 44.9 19.1 
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Dietary Fibre (%) 1 5 2.3 0.7 

Vitamin C (g) 30.3 663.6 173.2 97.6 

Vitamin E (g) 6.5 67.4 17.9 9.2 

Folate (g) 192.7 1259.1 509.5 203.5 

Carotene (g) 424.2 26620.9 5069.6 4263.3 

Sodium (mg) 885.3 6616.9 3012.5 1204.7 

Potassium (mg) 1872.1 11688.8 5630.6 2271.9 

Caffeine (mg) 9.36 228.7 80.7 54.1 

                                          

                                                            Nutrient intake in female subjects 

Total Energy (kcals) 1196.2 7483 3425.2 1165.7 

Protein (g) 

Protein (%) 

69.6 

10 

862.9 

46.8 

182.7 

21.8 

83.9 

4.7 

Total fat (g) 

Total fat (%) 

38.5 

8.9 

292.1 

45.8 

116 

29.8 

48.7 

6.1 

Saturated fat (g) 

Saturated fat (%) 

11.9 

23.5 

122.2 

59 

44 

41.6 

20.2 

6.6 

Polyunsaturated fatty acids (g) 

Polyunsaturated fatty acids (%) 

5.1 

8.7 

73.6 

35.8 

22.4 

20.8 

12.6 

6 

Omega-6 fatty acids (g) 3.7 61.97 18.3 10.8 

Omega-3 fatty acids (ALA) (g) 0.67 9.9 2.7 1.6 

Monounsaturated fatty acids (g) 

Monounsaturated fatty acids (%) 

13.7 

30.6 

95.8 

46.8 

39.5 

37.6 

16.1 

3.34 

Cholesterol (mg) 167.4 2509.2 529.6 259.8 

Carbohydrates (g) 

Carbohydrates (%) 

93.9 

23.7 

1311.7 

80.1 

391.3 

45.2 

156.4 

7.9 

Dietary Fibre (g) 

Dietary Fibre (%) 

13.4 

0.8 

115.3 

3.9 

40.1 

2.3 

16.7 

0.6 

Vitamin C (g) 16.6 481.6 152.7 84.2 

Vitamin E (g) 3.3 39.3 15.8 7.3 

Folate (g) 146.8 1052.9 454.8 162.9 

Carotene (g) 510.1 35128.3 5066.2 4538.8 

Sodium (mg) 936.8 7351.6 2704.3 1141.7 

Potassium (mg) 1781.5 14039.3 5174.2 2040.3 

Caffeine (mg) 1.95 252.9 45.5 44.5 
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3.1.3 Distribution of subjects based on lifestyle variables 

According to the yes/no answers provided by the participants with regards to smoking, 88.5% 

(n= 177) of the study population reported being non-smokers. Also, of the 11.5% who 

reported smoking tobacco, only one was female. As for physical activity levels, the numbers 

and percentages of subjects within each category are shown in Table 3.4. 

 

Table 3. 4 Physical activity levels in the study population, assessed by the International Physical 

Activity Questionnaire 

Physical Activity Level N % 

Low 99 49.5% 

Medium 68 34% 

High 33 16.5% 

Total 200 100% 

 

 

Gender 

 

Physical Activity Level 

Low                  Medium                High 

Total 

(N) 

Males  35 24 4 63 

Females  64 44 29 137 

Total (N) 99 68 33 200 

 

               

3.1.4 Distribution of psychosocial variables in the study population 

Over 50% of the sample population were within the normal range on the DASS, with only a 

small prevalence of extreme severities, for depression, anxiety and stress. Also, for all the 

psychosocial factors (depression, anxiety and stress) female subjects were consistently higher 

than males. Severe and extreme stress however, showed similar percentage rates, between the 

two genders (Table 3.5). 
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Table 3. 5 Depression, Anxiety and Stress in study population, assessed by the DASS scale 

DASS-Depression 

Level N % 

Normal 

Males 

Females 

174 

58 

116 

87% 

29% 

58% 

Mild 

Males  

Females 

8 

2 

6 

4% 

1% 

3% 

Moderate 

Males 

Females 

14 

2 

12 

7% 

1% 

6% 

Severe 

Males 

Females 

4 

1 

3 

2% 

0.5% 

1.5% 

Extremely Severe 0 0% 

DASS-Anxiety 

Level N % 

Normal 

Males 

Females 

109 

34 

75 

54.5% 

17% 

37.5% 

Mild 

Males 

Females 

24 

9 

15 

12% 

4.5% 

7.5% 

Moderate 

Males 

Females 

34 

10 

24 

17% 

5% 

12% 

Severe 

Males 

Females 

21 

6 

15 

10.5% 

3% 

7.5% 

Extremely Severe 

Males 

Females 

12 

4 

8 

6% 

2% 

4% 

                                             DASS- Stress  

Level N % 

Normal 139 69.5% 
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Males 

Females 

44 

95 

22% 

47.5% 

Mild 

Males 

Females 

11 

4 

7 

5.5% 

2% 

3.5% 

Moderate 

Males 

Females 

28 

5 

23 

14% 

2.5% 

11.5% 

Severe 

Males 

Females 

16 

7 

9 

8% 

3.5% 

4.5% 

Extremely Severe 

Males 

Females 

6 

3 

3 

3% 

1.5% 

1.5% 

Total 200 100% 

 

3.1.5 Distribution of subjects based on adherence to statin medications 

The level of adherence to statin medication in the study population was low. Amongst the 

200 patients investigated in the study, none of the subjects had high adherence; and a higher 

proportion of low adherence to medium adherence was reported (see Table 3.6). 

 

Table 3. 6 Subjects adherence to statins 

Adherence Level N % 

Low Adherence 

Males 

Females 

117 

36 

81 

58.5% 

18% 

40.5% 

Medium Adherence 

Males 

Females 

83 

27 

56 

41.5% 

13.5% 

28% 

High Adherence 0 0 

Total 200 100% 
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3.1.6 Distribution of subjects according to statin intake; type, dosage and duration 

Participants included in the study were receiving either Atorvastatin (Lipitor), Simvastatin 

(Zocor) or Rosuvastatin (Crestor), with the majority (79% of total study population) on 

Atorvastatin (Lipitor). The type, dosage and duration since either of these three lipid-

lowering drugs had been prescribed, are demonstrated in Figures 3.1 and 3.2, and Table 3. 7.  

 

 

Figure 3. 1 Distribution of subjects according to statin type 

 
Table 3. 7 Dosages of statin intake in study population 

STATIN TYPE 

(Lipitor n=158) 

Dosage N
* % 

10mg 112 70.9% 

20mg 41 25.9% 

40mg 5 3.3% 

(Zocor n= 30) 

10mg 6 20% 

20mg 21 70% 

40mg 3 10% 

(Crestor n= 12 ) 

10mg 10 83.3% 

20mg 2 16.7% 

 *N= Number of Subjects 

 

Duration by which statin therapy had been prescribed, extended from 6-24 months. The 

distribution in timeframe since statin had been prescribed to participants is shown in Figure 

3.2.  

Lipitor 

79% 

Zocor 

15% 

Crestor 

6% 

Statin Type 
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Figure 3. 2 Distribution of duration of statin intake within sample population 

 

The average time since statins had been prescribed in the study population was 17.3 months. 

 

3.1.7 Distribution of subjects based on anthropometric and clinical measures 

Frequency distributions according to various anthropometric and clinical measures are 

presented below. Anthropometric measurements for males and females were classified into 

separate categories due to the gender-specific cut-off points available in the current literature 

for BMI, percentage fat and waist circumference (Janssen, et al., 2002; Lean, et al., 1995; Pi-

Sunyer, et al., 1998). These categories in distribution are shown in Tables 3.8, 3.9 and 3.10. 
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Table 3. 8 Gender-specific subject distribution for percentage body fat  

                             Percentage Body Fat from Omron Body Fat Analyser 

 

Sex 

          % Fat 

Minimum   Maximum 

                                  % Subjects 

Underweight     Healthy       Overweight        Obese 

Males 19.8% 45.5% 0% 3.2% 19% 77.8% 

Females 25.8% 58.5% 0% 6.6% 8% 85.4% 

                            Percentage Body Fat from Lange Skinfold Caliper 

Males 22.9% 45.6% 0% 3.2% 4.8% 92.1% 

Females 33.2% 51.6% 0% 2.2% 4.4% 93.4% 

 

 

Sex                      % Body Fat from Omron Body Fat Analyser 

               Mean (%)                                                     SD 

Males 32.4% 5.03% 

Females 46.1% 6.05% 

                                                   % Body Fat from Lange Skinfold Caliper 

                                                      Mean (%)                                                      SD 

Males 36.8% 5.41% 

Females 47.4% 3.61% 

 

 

Table 3. 9 Gender-specific subject distribution for BMI 

Sex          BMI 

 

Minimum     Maximum 

                             % Subjects 

Under-                      Over-                        Extreme     

weight     Normal    weight      Obese       Obesity 

Males  21.8 44.5 0% 6.3% 38.1% 52.4% 3.2% 

Females 21.9 57.2 0% 6.6% 30.7% 51.1% 11.7% 

 

Sex                                                             BMI 

                            Mean                                                               SD 

Males 31.1 4.49 

Females 32.4 6.34 

 

The average BMI was relatively high at 32.03 + 5.84 Kg/m
2
. 
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Table 3. 10 Gender-specific subject distribution for waist circumference 

Sex Waist Circumference (cm) 

Minimum        Maximum 

Mean    

(cm) 

 

SD 

             % Subjects   

Normal WC
         

High WC 

Males 63cm 134cm 104.6cm 11.5cm 46% 54% 

Females 43cm 129cm 96cm 13.5cm 24.8% 75.2% 

 

Table 3. 11 Distribution of BMI according to statin adherence levels 

Statin Adherence 

         Levels                                           

                                                BMI  

      Minimum          Maximum             Mean                         SD 

Low adherence 22.4 57.2 31.9 5.6 

Medium Adherence 21.8 52.9 32.1 6.2 

   

Table 3. 12 Distribution of BMI according to statin intake type 

Statin Type                                                                                          BMI  

       Minimum           Maximum           Mean                         SD 

Lipitor 21.8 57.2 32.1 6.1 

Zocor 25.2 41.5 31.6 4.6 

Crestor 24.6 43.6 31.6 5.3 

   

The sex-specific BMI cut-off points, for the identification of CHD risk factors are shown in 

Table 3.12. Blood chemistry test results are illustrated in Table 3.13. 

      

 Table 3. 13 Clinical measures in the sample population 

            Reading (mmol/l) 

Minimum        Maximum 

Mean 

(mmol/l) 

SD N
*
 N        %    

Missing
*
 

% Subjects 

Low     Normal    High 

Glucose 4.2mmol/l 19.27mmol/l 7.1mmol/l 2.69 190 10 5% 0% 51.1% 48.9% 

Cholesterol 2.5mmol/l 8.9mmol/l 4.9mmol/l 1.18 200 0 0% 1.5% 66.5% 32% 

Triglyceride 0.34mmol/l 35.1mmol/l 1.76mmol/l 2.54 197 3 1.5% 0.5% 80.2% 19.3% 

HDL 0.57mmol/l 2.61mmol/l 1.25mmol/l 0.33 180 20 10% 20% 77.2% 2.8% 

LDL 0.7mmol/l 6.01mmol/l 2.85mmol/l 1.03 176 24 12% 43.2% 32.4% 24.4% 

VLDL 0.14mmol/l 14.05mmol/l 0.84mmol/l 1.39 101 99 49.5% 39.6% 58.4% 2% 

*N: Number of Subjects, *Missing; Missing data. 

 

3.1.8 Subject distribution based on medical history 

Amongst the 200 subjects investigated, 43.5% (n=87) reported having diabetes, and hence 

were either on oral diabetes medication such as metformin, or taking insulin injections, and 

42% (n=84) reported being hypertensive and were taking antihypertensive drugs, while only 
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36.5% (n=73) reported being free of both diabetes and hypertension; and 22% (n=44) had 

both. 

3.1.9 Missing data  

During the data collection process, 200 of each of these questionnaires were issued; MMAS, 

two 24-hour dietary recalls, FFQs, DASS, IPAQ and 3-day food records; and 200 were fully 

completed. There were no missing data.  However, the blood tests included missing data for 

glucose, triglyceride, HDL, LDL and VLDL. This is shown in Table 3.13. 

3.2 Tests of simple association  

The results presented in this section provide a general description of the association between 

statin adherence and gender, age, residential area, work status, BMI, diabetes, hypertension, 

smoking status, statin type, duration of statin intake, total EI, psychosocial factors and 

physical activity. 

 

Table 3. 14 Relationship between age and statin adherence determined by Morisky Scale  
Age            Low Adherence 

# subjects          % subjects 

     Medium Adherence 

# subjects         % subjects 

Total #  subjects 

30-50 39 69.6% 17 30.4% 56 

51-60 45 60% 30 40% 75 

61-69 33 47.8% 36 52.2% 69 

 

                         

Age categories x
2 P-value

* 

30-50, 51-60 1.296 0.256 

30-50, 61-69 6.024 0.014 

51-60, 61-69 2.145 0.143 

   x2 test, P>0.05, P<0.0167: Pearson’s chi-square analyses in different age groups 

 

Table 3.14 shows that subjects in the age group 61-69 years have the highest adherence to 

statin therapy, with medium adherence in 52.2% subjects. However, the only age categories 

that when combined appear to be significantly related to adherence are 30-50 years and 61-69 

years (52.2% vs. 40% vs. 30.4%, x
2
=6.024, p=0.014). The combined age groups of 51-60 

years and 61-69 years (x
2
= 2.145, p=0.143), as well as 30-50 years and 51-60 years (x

2
= 

1.296, p=0.256), showed no significant association with statin adherence.     
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  Table 3. 15 Relationship between work status and statin adherence levels 
Work Status          Low Adherence 

#of subjects     % of subjects 

    Medium Adherence 

# subjects     % subjects 

Total #  

subjects 

x
2
 P-

value
*
 

Yes 36 66.7% 18 33.3% 54 2.032 0.154 

No 81 55.5% 65 44.5% 146 

 x2 test, P>0.05: Pearson’s chi-square analyses between subjects working and not working 

 

Table 3.15 indicates that non-working subjects had higher adherence than working subjects, 

with medium adherence in 44.5% of the non-workers. These differences were non-significant 

(P > 0.05). 

 

  Table 3. 16 Relationship between area of residence and statin adherence levels 
Governorate          Low Adherence 

#subjects        % subjects 

   Medium Adherence 

# subjects  % subjects 

Total # 

subjects 

x
2
 P-

value
*
 

Al-Asimah 74 59.2% 51 40.8% 125 0.21       

0.976                    Hawalli 35 57.4% 26 42.6% 61 

Al-Farwaniya 6 54.5% 5 45.5% 11 

Mubarak Al-Kabir 2 

 

66.7% 1 33.3% 3 

x2 test, P>0.05: Pearson’s chi-square analyses between subjects in different governorates 

 

Table 3.16 indicates that subjects living in Al-Farwaniya had the highest adherence, with 

medium adherence in 45.5% subjects. However, no significant relationship was found (P > 

0.05). 

 

 Table 3. 17 Relationship between gender and statin adherence levels 
Gender          Low Adherence 

# subjects        % subjects 

    Medium Adherence 

# subjects  % subjects 

Total #  

subjects 

x
2
 P-

value
*
 

Male 36 57.1% 27 42.9% 63 0.07 0.792 

Female 81 59.1% 56 40.9% 137 

 x2 test, P>0.05: Pearson’s chi-square analyses between males and females 

 

Table 3.17 indicates that males had a higher adherence level than females, with medium 

adherence in 42.9% males. However, these differences were non-significant (P > 0.05). 
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Table 3. 18 Relationship between total energy intake and statin adherence levels 
Total Energy 

Intake (kcal) 

        Low Adherence 

#  subjects      % subjects 

   Medium Adherence 

# subjects  % subjects 

Total  # 

subjects 

x
2
 P-

value
*
 

Low 15 48.4% 16 51.6% 31 1.611 0.447 

Normal Range 37 61.7% 23 38.3% 60 

High 65 59.6% 44 40.4% 109 

 x2 test, P>0.05: Pearson’s chi-square analyses between different energy intake levels(kcal) 

 

Table 3.18 suggests that subjects with the lowest total EI (kcal) had the highest adherence to 

statin therapy, with medium adherence in 51.6% subjects. These differences were non-

significant (P > 0.05). 

 

Table 3. 19 Relationship between total fat intake and statin adherence levels 
Total Fat 

Intake (g) 

        Low Adherence 

#  subjects      % subjects 

Medium Adherence 

# subjects % subjects 

Total  # 

subjects 

x
2
 P-

value
*
 

Low 3 60% 2 40% 5 0.564 0.754 

Normal Range 35 54.7% 29 45.3% 64 

High 79 60.3% 52 39.7% 131 

  x2 test, P>0.05: Pearson’s chi-square analyses between different total fat intake levels(g) 

 

Table 3.19 shows that subjects with a total fat intake within the recommended range had the 

highest adherence to medication, with medium adherence in 45.3% subjects. This relationship 

was non-significant (P > 0.05). 

 

 Table 3. 20 Relationship between smoking and statin adherence levels 
Smoking          Low Adherence 

# subjects     % subjects 

     Medium Adherence 

# subjects     % subjects 

Total# 

subjects 

x
2
 P-

value* 

Yes 13 56.5% 10 43.5% 23 0.042 0.838 

No 104 58.8% 73 41.2% 177 

  x2 test, P>0.05: Pearson’s chi-square analyses between smokers and non-smokers 

 

Table 3.20 indicates that smokers had higher adherence than non-smokers, with medium 

adherence in 43.5% smokers. These differences were non-significant (P > 0.05). 
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 Table 3. 21 Relationship between physical activity and statin adherence levels      
Physical Activity         Low Adherence 

#  subjects    % subjects 

Medium Adherence 

#subjects      % subjects 

Total # 

subjects 

x
2
 P-

value* 

Low 56 56.6% 43 43.4% 99 0.303 0.859 

Moderate 41 60.3% 27 39.7% 68 

High 20 60.6% 13 39.4% 33 

   x2 test, P>0.05: Pearson’s chi-square analyses between different physical activity levels 

 

Table 3.21 indicates that subjects with the lowest physical activity had the highest adherence 

to statin therapy, with medium adherence in 43.4% subjects. This relationship was non-

significant (P > 0.05). 

 

  Table 3. 22 Relationship between psychosocial factors and statin adherence levels           
DEPRESSION         Low Adherence 

#  subjects     % subjects 

 Medium Adherence 

#subjects   % subjects 

Total # 

subjects 

x
2
 P-

value* 

Normal 100 57.5% 74 42.5% 174 2.98 0.395 

Mild 5 62.5% 3 37.5% 8 

Moderate 8 57.1% 6 42.9% 14 

Severe 4 100% 0 0% 4 

ANXIETY 

 

   Low Adherence 

# subjects      % subjects 

  Medium Adherence 

#subjects     % subjects 

Total # 

subjects 

x
2
 P-

value* 

Normal 59 54.1% 50 45.9% 109 6.58 0.160 

Mild 17 70.8% 7 29.2% 24 

Moderate 21 61.8% 13 38.2% 34 

Severe 10 47.6% 11 52.4% 21 

Extremely severe 10 83.3% 2 16.7% 12 

STRESS 

 

     Low Adherence 

#subjects      % subjects 

  Medium Adherence 

#subjects    % subjects 

Total # 

subjects 

x
2
 P-

value* 

Normal 82 59% 57 41% 139 0.61 0.962 

Mild 7 63.6% 4 36.4% 11 

Moderate 15 53.6% 13 46.4% 28 

Severe 9 56.3% 7 43.8% 16 

Extremely severe 4 66.7% 2 33.3% 6 

x2 test, P>0.05: Pearson’s chi-square analyses between different levels of psychosocial factors 

 

Table 3.22 shows the distribution of depression, anxiety and stress in the study population in 

relation to statin adherence. According to Table 3.22, subjects who reported being moderately 

depressed had the highest level of adherence to statin therapy (medium adherence in 42.9% 
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subjects), when compared with normal, mild and severe depression. However, this 

relationship was non-significant (P >0.05). In addition, subjects who reported being severely 

anxious, had the highest level of adherence to medication (medium adherence in 52.4% 

subjects), when compared with normal, mild, moderate and extremely severe anxiety. This 

relationship was non-significant (P >0.05). Finally, subjects who reported being moderately 

stressed had the highest level of adherence to medication (medium adherence in 46.4% 

subjects), when compared with normal, severe and extremely severe stress. This relationship 

was non-significant (P > 0.05).   

       

Table 3. 23 Relationship between statin type and adherence levels 
Statin Type          Low Adherence 

#subjects        % subjects 

      Medium Adherence 

#subjects      % subjects 

Total # 

subjects 

x
2
 P-

value* 

Lipitor 93 58.9% 65 41.1% 158 4.79 0.091 

Zocor 14 46.7% 16 53.3% 30 

Crestor 10 83.3% 2 16.7% 12 

x2 test, P>0.05: Pearson’s chi-square analyses between different types of statin therapy 

 

Table 3.23 suggests that subjects on Zocor therapy had the highest adherence level to 

medication, with medium adherence in 53.3% Zocor subjects. This relationship was non-

significant (P > 0.05). 

 

Table 3. 24 Relationship between statin intake duration and adherence levels 
Statin Duration Low Adherence 

#  subjects     % subjects 

Medium Adherence 

# subjects    % subjects 

Total  # 

subjects 

x
2
 P-

value* 

6- 12 months 48 67.6% 23 32.4% 71 3.77 0.152 

12-18 months 10 52.6% 9 47.4% 19 

18-24 months 59 53.6% 51 46.4% 110 

x2 test, P>0.05: Pearson’s chi-square analyses between various durations of statin therapy 

 

Table 3.24 indicates that subjects who had been on statin therapy for 12-18 months had the 

highest level of adherence to medication, with medium adherence in 47.4% subjects. This 

relationship was non-significant (P > 0.05). 
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 Table 3. 25 Relationship between BMI and statin adherence levels 
BMI Low Adherence 

#subjects   % subjects 

Medium Adherence 

# subjects       % subjects 

Total #  

subjects 

x
2
 P-

value* 

Normal 5 38.5% 8 61.5% 13 4.296 0.231 

Overweight 40 60.6% 26 39.4% 66 

Obese 64 62.1% 39 37.9% 103 

Extreme obesity 8 44.4% 10 55.6% 18 

  x2 test, P>0.05: Pearson’s chi-square analyses between different BMI categories 

 

Table 3.25 shows that subjects having a BMI within the normal range had the highest level of 

adherence, with medium adherence in 61.5% subjects. This relationship was non-significant 

(P > 0.05). 

 
 Table 3. 26 Relationship between diabetes and statin adherence levels 

Diabetic         Low Adherence 

# subjects  % subjects 

  Medium Adherence 

#subjects        % subjects 

Total # 

subjects 

x
2
 P-

value* 

Yes 40 46% 47 54% 87 9.947 0.002 

No 77 68.1% 36 31.9% 113 

 *x2 test, *P<0.05: Pearson’s chi-square analyses between diabetics and non-diabetics 

  

Table 3.26 indicates that diabetics had significantly higher adherence than non-diabetics, with 

medium adherence level in 54% diabetics vs. 31.9% in non- diabetics (P < 0.05). 

 

 Table 3. 27 Relationship between hypertension and statin adherence 
Hypertensive      Low Adherence 

# subjects  % subjects 

  Medium Adherence 

#subjects         % subjects 

Total  # 

subjects 

x
2
 P-

value* 

Yes 41 48.8% 43 51.2% 84 5.602 0.018 

No 76 65.5% 40 34.5% 116 

*x2 test, *P<0.05: Pearson’s chi-square analyses between hypertensive and non-hypertensive subjects 

Table 3.27 indicates that hypertensive subjects had significantly higher adherence than non-

hypertensive subjects, with medium adherence level being 51.2% in hypertensive subjects (P 

< 0.05). 
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3.3 The association between statin adherence and subjects’ dietary intake, physical 

activity, blood chemistry and anthropometric status  

3.3.1 The association between statin adherence and dietary intake 

3.3.1.1 Relationship between statin adherence and dietary cholesterol intake 

A range of covariates related to CHD risk, were selected to test for associations with statin 

adherence. The association between statin adherence and dietary cholesterol intake is used 

here as a detailed example of the approach used for each covariate.  

 

Step 1: Bivariate associations 

In this primary step, bivariate associations of each predictor with the outcome (dietary 

cholesterol) were considered. Predictors with p-values less than 0.25 (p<0.25) were included 

in the next step (the multivariable model).  It should be noted that the initial predictor 

associations (as represented by ‘β’ in Table 3.28) are crude. 

Table 3. 28 Crude associations of adherence and other risk factors with dietary cholesterol 

Predictor variables βCrude p-value 
Adherence -28.281 0.121 
Age -2.601 0.008 
Gender -56.321 0.003 
Governorate2 (Hawalli) 6.372 0.942 
Governorate3 (Al-Farwaniya) 10.594  
Governorate4 (Mubarak Al-Kabir) 39.44  

Work status 52.051 0.01 
Smoker -78.163 0.005 
Diabetes 1.577 0.931 
Hypertension 24.108 0.186 
Statin Type2 (Zocor) 14.159 0.76 
Statin Type3 (Crestor) 20.841  
Statin duration 0.0845 0.944 
Depression -0.843 0.63 
Anxiety -0.727 0.628 
Stress -0.527 0.575 

 

All associations with ‘p’ values less than 0.25 (variables presented in bold) were entered into 

the initial multivariable model. Also, since statin adherence is the focal variable of interest, it 

is forced into the model regardless of its’ p-value. Hence, providing the following general 

linear model: 

 

DCholi = 0 + dhereAdherei + AgeAgei + GenGeni + WorkWorki + smkSmki + HTHTi 
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** “DChol” represents the continuous outcome variable dietary cholesterol. Age is a 

continuous covariate; whereas adherence, gender, smoking, diabetes and hypertension are 

indicator variables; with low adherence, males, non-workers, smokers, hypertension and 

diabetes representing the referent group for each of these binary factors. 

 

This above model was subsequently statistically analysed, and all effects with p >0.05 (Table 

3.28) were considered non-significant, and thus excluded. 

 

Table 3. 29 Initial multivariable model of dietary cholesterol 

Predictor variables βAdj p-value 

Intercept 368.325  

Adherence -23.187 0.206 

Age -0.909 0.441 

Gender -27.279 0.248 

Work status 22.676 0.343 

Smoker -45.04 0.167 

Hypertension 4.185 0.22 

F(df
*
1=6, df2=193)= 2.84 p=0.0114  

*df: degrees of freedom  

 

As none of the above variables were significant at the 0.05 level, all were excluded from the 

model. The exception to this exclusion was statin adherence (the focal variable). Thus 

providing the following model: 

 

DCholi = 0 + AdhereAdherei 

 

This model was then analysed: 

 
Table 3. 30 Initial multivariable model with non-significant predictors (p>0.05) excluded 

Predictor variables βAdj p-value 
Intercept 269.116  
Adherence -28.281 0.121 
F(df1=1, df2=198)= 2.42 p=0.121  

 
  Therefore,  

DCholi = 269.116 + 28.281Adherei 

 

Step 2: 

In the second step, the variables excluded from the initial multivariable model, were entered 

one at a time to see whether; 1) they became significant (p<0.05), and 2) they confounded the 

adherence effect (change βAdhere > 10%). To avoid issues concerning variable entry order, 

when a variable was identified for entry (significance/confounder), it was held out until the 
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end of this step; only at the end of this step were the variables all simultaneously re-entered 

into the model. 

 

Table 3.31 presents the effects of age covariate re-entry on the stain adherence effect. In 

Tables 3.31-3.35 and 3.37-3.42; a variable re-entered the step 2 model if: 

 It was significant in its own right (p<0.05); 

 It represented a confounder (∆βAdhere > 10%) 

 

Table 3. 31 Effects of age on dietary cholesterol/statin adherence relationship 

 

It can be seen from Table 3.31, that age should be re-entered into the model on the grounds 

that it was both an independent risk factor (p<0.017) and that it represented a confounder 

because it had changed the effect of statin adherence by > 10%. That is, βAdhere =-28.281 

(Table 3.30) changes to βAdhere = -19.819 (Table 3.31) which represents a change of 29.92%. 

Similarly, the remaining predictors excluded from the initial multivariate model, underwent 

the same process. 

 

Table 3.32 presents the effects of gender factor re-entry on the statin adherence effect. 

Table 3. 32 Effects of gender on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 308.51  
Adherence -29.283 0.102 
Gender -56.902 0.003 
F(df1=2, df2=197)=5.8  p=0.004  

 
It can be seen from Table 3.32, that gender represented an independent risk factor in its’ own 

right (p<0.05), hence should be re-entered into the model. It should be noted however, that 

gender does not seem to have a confounding effect on the dietary cholesterol/adherence 

relationship (∆βAdhere < 10%). 

 
 
 
 
 
 

Predictor variables βAdj p-value 
Intercept 399.221  
Adherence -19.819 0.280 
Age -2.393 0.017 
F(df1=2, df2=197)=4.13 p=0.018  
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Table 3.33 presents the effects of work status factor re-entry on the statin adherence effect.  

Table 3. 33 Effects of work status on dietary cholesterol/statin adherence relationship 
Predictor variables βAdj p-value 
Intercept 253.92  
Adherence -23.795 0.188 
Work status 49.389 0.014 
F(df1=2, df2=197)= 4.29 P=0.015  

 
According to Table 3.33, work status represented both an independent risk factor (p<0.05) 

and confounder of the dietary cholesterol intake/statin adherence relationship (∆βAdhere > 

10%). 

 
Table 3.34 presents the effects of smoking factor re-entry on the statin adherence effect. 

Table 3. 34 Effects of smoking on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 339.17  
Adherence -29.02 0.106 
Smoking -78.811 0.005 
F(df1=2, df2=197)= 5.34 p=0.006  

 
According to above table, smoking appeared to represent an independent risk factor (p<0.05) 

but did not represent a confounder (∆βAdhere ≤ 10%). 

 

Table 3.35 presents the effects of hypertension re-entry on the statin adherence effect.  

Table 3. 35 Effects of hypertension on dietary cholesterol/statin adherence relationship 
Predictor variables βAdj p-value 
Intercept 256.164  
Adherence -24.938 0.177 
Hypertension 19.941 0.278 
F(df1=2, df2=197)=1.8 p=0.278  

 
Although hypertension did not represent a significant independent risk factor in its own right 

(p>0.05), its inclusion in the model resulted in an adjustment of the adherence effect that 

exceeds 10%. On these grounds, the hypertension effect should be added into the model 

 

After re-examining the effects excluded from the initial multivariable model, the following 

variable effects: age, gender, work status, smoking and hypertension, were all re-entered in 

the model, resulting in the following: 

 

                     DCholi = 0 + AdhereAdherei   +AgeAgei + GenGeniWorkWorkiSmkSmkiHTHTi 
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These variables were subsequently fitted into Table 3.36, which presents a multivariable 

approach where predictors excluded from the initial multivariable model were re-examined 

for entry into the modelling process. 

 

Table 3. 36 Final multivariate model 
Predictor variables βAdj p-value 
Intercept 368.325   
Adherence -23.187 0.206 
Age -0.909 0.441 
Gender -27.279 0.248 
Work status 22.676 0.343 
Smoker -45.04 0.167 
Hypertension 4.185 0.22 
F(df1=6, df2=193)= 2.84 p=0.0114  
*It should be noted that the model in Table 43, is equivalent to the initial multivariable model. Hence 

every covariate excluded from the initial multivariable model at the end of step 1, has now been re-

introduced. 

 

Step 3: 

The third step is similar to step 2, however, in this step, potential predictors excluded in step 

1 (bivariate associations) were re-examined. Also, as per previous steps, qualification for re-

entry can be by identification as either an independent predictor (p<0.05) or a confounder 

(∆βAdhere ≤ 10%). However, due to complexities introduced by assessing a large number of 

model permutations, and since risk factors other than statin adherence are not the main focus 

in the current study, only changes in the statin adherence effect (∆βAdhere) were considered. 

Table 3.37 presents the effects of governorate factor re-entry on the statin adherence effect.  

Table 3. 37 Effects of governorates on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 367.891  
Adherence -23.062 0.213 
Age -0.934 0.438 
Gender -26.995 0.258 
Work status 22.543 0.354 
Smoker -44.878 0.174 
Hypertension 4.244 0.826 
Governorate 2 (Hawalli) 2.919 

2
LR(df=3)=0.06 

Governorate 3 (Al-Farwaniya) -3.585 P=0.996 
Governorate 4 (Mubarak Al-Kabir) 12.211  
F(df1=9, df2=190)= 1.87 p=0.059  

 
According to Table 3.37, “governorate” did not represent a significant risk factor (

2
LR=0.06, 

df=3, p=0.996).  However, since “governorate” has 4 levels, a local test (e.g. t-test for H0: 
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β=0) cannot be used to gauge the significance, instead the likelihood ratio test was used to 

test the global hypothesis, H0: βGov2 = βGov3 =βGov4 =0.  

 

When the effect of statin adherence at the end of step 2 (βAdhere =-23.187) was compared with 

statin adherence obtained from the model in Table 3.36 (βAdhere =-23.062), minimal change 

was observed, suggesting that “governorate” does not represent a confounder. 

 

Table 3.38 presents the effects of diabetes re-entry on the statin adherence effect.  

Table 3. 38 Effects of diabetes on dietary cholesterol/statin adherence relationship 
Predictor variables βAdj p-value 
Intercept 375.854  
Adherence -25.559 0.173 
Age -0.927 0.438 
Gender -28.011 0.237 
Work status 23.129 0.334 
Smoker -44.750 0.172 
Hypertension 5.418 0.779 
Diabetes -11.828 0.519 
F(df1=7, df2=192)= 2.49 p=0.0184  

 
Although diabetes did not represent a significant risk factor (p=0.519), its’ inclusion in the 

model did substantially change the adherence effect (∆βAdhere > 10%) and was re-entered back 

into the model. 

 
Table 3.39 presents the effects of statin type covariate re-entry on the statin adherence effect. 

 

Table 3. 39 Effects of statin type on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 366.379  
Adherence -22.159  
Age -0.937  
Gender -27.443  
Work status 22.702  
Smoker -44.207  
Hypertension 4.529  
Statin Type 2 (Zocor) 3.689 

2
LR(2)=0.27 

Statin Type 3 (Crestor) 18.816 P=0.872 
F(df1=6, df2=193)= 2.84 p=0.0114  

 
Table 3.39 suggests that statin type neither represented a significant risk factor (for dietary 

cholesterol) in its’ own right (P>0.05), nor did it represent a confounder of the dietary 
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cholesterol/statin adherence relationship (∆βAdhere ≤ 10%). Hence, the inclusion of statin type 

in the final model was not justified. 

 
Table 3.40 presents the effects of statin duration covariate re-entry on the statin adherence 

effect.  

Table 3. 40 Effects of statin duration on dietary cholesterol/statin adherence relationship 
Predictor variables βAdj p-value 
Intercept 360.724  
Adherence -24.652 0.181 
Age -1.073 0.375 
Gender -25.659 0.279 
Work status 21.97 0.359 
Smoker -47.881 0.146 
Hypertension 5.645 0.770 
Statin duration 1.016 0.411 
F(df1=7, df2=192)= 2.53 p=0.0166  

 
It can be seen from Table 3.40, that statin medication duration neither represented a 

significant risk factor in its’ own right (p>0.05), nor a confounder of the dietary cholesterol/ 

statin adherence relationship.  

Table 3.41 presents the effects of depression covariate re-entry on the adherence effect. 

Table 3. 41 Effects of depression on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 382.615  
Adherence -23.130 0.208 
Age -1.082 0.373 
Gender -23.305 0.335 
Work status 22.001 0.358 
Smoker -47.755 0.147 
Hypertension 6.542 0.736 
Depression -1.408 0.439 
F(df1=7, df2=192)= 2.51 p=0.0171  

 
Table 3.42 presents the effects of anxiety re-entry on the statin adherence effect.  

Table 3. 42 Effects of anxiety on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 398.738  
Adherence -25.173 0.171 
Age -1.092 0.362 
Gender -22.812 0.338 
Work status 23.943 0.316 
Smoker -53.358 0.109 
Hypertension 4.897 0.798 
Anxiety -1.999 0.189 
F(df1=7, df2=192)= 2.69 p=0.0111  
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Table 3.43 presents the effects of stress covariate re-entry on the statin adherence effect. 

Table 3. 43 Effects of stress on dietary cholesterol/statin adherence relationship 

Predictor variables βAdj p-value 
Intercept 413.389  
Adherence -22.590 0.217 
Age -1.371 0.267 
Gender -20.895 0.383 
Work status 23.005 0.335 
Smoker -53.919 0.105 
Hypertension 3.467 0.856 
Stress -1.386 0.160 
F(df1=7, df2=192)= 2.73 p=0.0101  

 
Perusal of Tables 3.41-3.43 indicates that none of the DASS subscales, “depression, anxiety 

or stress” represented neither significant predictors (all p>0.05), nor confounders of the 

dietary cholesterol/ statin adherence relationship (for all three models, ∆βAdhere ≤ 10%). 

 
Therefore, of all the predictors considered in Step 3; governorate, diabetes, statin type, statin 

duration, depression, anxiety and stress, only diabetes was re-entered back in the model. This 

inclusion was not because diabetes represented a significant risk factor for dietary 

cholesterol, but rather because it was shown (Table 3.38) to confound the dietary 

cholesterol/statin adherence relationship. Hence, at the end of step three the model was: 

 

DCholi = 0 + AdhereAdherei   +AgeAgei + GenGeniWorkWorkiSmkSmkiHTHTi + 

DiabetesDiabetesi 

 
This main effects model is known as the preliminary model. Thus the following step will 

determine if any effect modification exists. This will be provided in step 4. 

 Step 4: Effect modification 

In the current step, determination of effect modifiers were restricted to age and gender 

covariates. Also, only effect modification on the statin adherence effect was considered. The 

investigation of effect modification included these limited variables to avoid a number of 

issues including: 1) given the large number of covariates there were many model 

permutations, hence to assess and re-assess them all may lead to a large number of model 

permutations, while also leading to increased model reiterations, which may or may not 

reveal an optimal model, thus affecting accurate and meaningful interpretations; and 2) a 

relatively modest sample size of 200, including many interaction terms, would likely lead to 



 

176 

 

over-fit models. Therefore a judicious selection on which interaction terms should be 

included to test for effect modification, in order to provide an appropriate final model.   

 

Both interaction terms (“Age x Adherence”, and “Gender x Adherence”) were entered 

simultaneously. Table 3.44, provides the results of the general linear model with both 

interaction terms included. 

 

Table 3. 44 Model testing the significance of the "Age x Adherence" and "Gender x Adherence" 

interaction terms 
Predictor variables βAdj p-value 
Intercept 367.392  
Adherence -2.898 0.981 
Age -0.770 0.599 
Gender -28.832 0.333 
Work status 22.771 0.346 
Smoker -44.484 0.177 
Hypertension 5.912 0.763 
Diabetes -11.795 0.523 
Age x Adherence -0.411 0.848 
Gender x Adherence 0.937 0.981 
F(df1=9, df2=190)=1.92                                             p=0.0517  

 
Finally, the general linear model included in Table 3.44 did not provide evidence that age or 

gender modified the adherence effect. For this reason, the two interaction terms were 

excluded from the model and the preliminary model (reproduced in Table 3.45) represented 

the final model. This model is presented below. 

 

 Table 3. 45 Final model of dietary cholesterol obtained via "the purposeful selection process" 
Predictor variables βAdj p-value 
Intercept 375.854  
Adherence -25.559 0.173 
Age -0.927 0.438 
Gender -28.011 0.237 
Work status 23.129 0.334 
Smoker -44.750 0.172 
Hypertension 5.418 0.779 
Diabetes -11.828 0.519 
F(df1=7, df2=192)= 2.49 p=0.0184  

 
As a result, these four comprehensive steps reported no difference in the dietary cholesterol 

intake levels between low and medium adherence groups. Also, when age, gender, work 

status, smoking and hypertension were mutually adjusted, none of these variables appeared to 

be a risk/protective factor for dietary cholesterol in the population of interest (all p> 0.05). 
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The substantial change in some effects with the addition of others to the models suggests that 

the adherence groups are not balanced in these factors (refer to frequency distribution 

section). 

 
Finally, it was not practical to provide a similar description (as outlined in the above 4 steps) 

for every outcome variable. Although the above PSC approach was used for every outcome 

variable, only the crude (step 1) and final model adjusted effects are provided in this section. 

The full output from STATA (with minimal description) can be found in the appendices 

(StataCorp., 2009). 

 

3.3.1.2 Relationship between statin adherence and dietary fat intake 

The association between statin adherence and dietary fat intake in the sample population is 

presented in Table 3.46. Crude estimates in bold were identified as potentially significant, 

hence important for further modelling (p< 0.25) in the first step of PSC. Note that main 

effects are only adjusted for significant interaction terms. Where there is no significant effect 

modification, estimates in the final model are purely main effects, and the F-statistic reported 

is for the final main effects model. 
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Table 3. 46 Crude and adjusted mean differences in dietary fat intakes between low and 

medium statin adherence groups  

 Total fat Saturated fatty    

acid 

Polyunsaturated 

fatty acid 

Monounsaturated 

fatty acid 

Dietary      

cholesterol 

Predictor βcrude βadjusted βcrude βadjusted βcrude βadjusted  βcrude βadjusted βcrude βadjusted 

Statin -3.934 -2.197 -1.765 -0.728 -0.020 -0.238 -2.016 -1.34 -28.281 -25.56 

Adherence           

 

Age 

 

-0.621 

 

-0.269 
 

-0.276 

 

-0.132 
 

-0.079 

 

-0.047 
 

-0.224 

 

-0.065 
 

-2.601 

 

-0.7698 

Gender -5.892  -1.861  -1.402 -2.096 -1.8899  -56.321 -28.832 

Hawalli 4.299 3.486 1.328 1.178 1.222 1.154 1.602  6.372  
Al-

Farwaniya 

11.242 6.997 6.041 4.633 2.048 1.352 2.856  10.504  

Mubarak 

Al-Kabir 

0.363 -3.349 5.258 4.267 -3.752 -5.975 -2.024  39.443  

Work status 12.392 7.428 4.689 2.199 1.045  5.505 4.242 52.051 22.771 

Smoker -5.945  -3.209  -2.981 0.951 -1.612  -78.163 -44.484 

Diabetes -2.688 -5.445 0.106 -0.925 -1.681 -2.147* -0.874 -2.178 1.577 -11.795 
Hypertension 7.981 5.098 3.910 2.4095 0.971 1.048 2.691 1.547 24.108 5.912 

Zocor -3.042 -4.643 -1.252 -2.014 0.404 0.178 -2.138 -2.533 14.159  

Crestor 1.297 1.337 -0.614 -0.834 2.501 2.944 -0.438 -0.334 20.841  

Statin 

duration 

-.074 0.059 -0.080  0.039 0.071 -0.018  0.085  

Depression 0.175  0.059  -0.003  0.129  -0.843  

Anxiety 0.201  0.113  -0.034 -0.089 0.114  -0.727  

Stress 0.251  0.091  0.036  0.112  -0.527  

(Adherence 

x Age) 

 -0.284  -0.097  -0.098  -0.106  -0.411 

(Adherence 

x Gender) 

     1.278    0.937 

F-statistic  1.41  2.20  1.00  1.60  1.92 

Prob(F)  0.1639  0.0264  0.4620  0.1275  0.0517 

Adjusted R
2 

 0.0242  0.0546  -0.0004  0.0235  0.0398 

 *p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level. 

 

The estimated marginal adjusted means, mean differences, percentage differences and 95% 

confidence interval for dietary fat (total fat, saturated, polyunsaturated fatty acid and 

monounsaturated fatty acid) and dietary cholesterol intakes, between low and medium statin 

adherers are shown in Table 3.47.  
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Table 3. 47 Relationship between statin adherence levels and dietary fat intake 

Outcome 
Low 

adherence 

Medium 

adherence 

Mean 

difference 

95%CI for 

difference 
Percentage 

difference 

Total fat 77.76 75.57 -2.197 (-10.3, 5.91) -2.83% 

Saturated fatty acid 25.68 24.95 -0.728 (-3.62, 2.17) -2.92% 

Polyunsaturated fatty 

acid 
14.38 14.15 -0.238 (-2.38, 1.80) -1.17% 

Monounsaturated 

fatty acid 
33.66 32.32 -1.34 (-4.97, 2.28) -4.15% 

Dietary cholesterol 267.99 242.428 -25.56 (62.15,11.03)      -10.54% 

 

It can be seen from both Tables 3.46 and 3.47, that there was little evidence to suggest a 

difference in the dietary fat intake between subjects with low and medium adherence levels to 

statin therapy, with differences being neither statistically significant nor appearing to be of 

clinical significance (2%-5% difference). Dietary cholesterol intake levels did appear to 

exhibit a high percentage difference between the low and medium statin adherers; with 

medium adherers consuming 10.54% less dietary cholesterol in this population of interest 

(Table 3.47), albeit non-significant (p>0.05). 

It is noteworthy that adjusting for confounders in all dietary fat outcomes, and dietary 

cholesterol, had only a minimal effect on the magnitude between the statin adherence groups 

(Table 3.46). With the exception of polyunsaturated fatty acid, adjustment for confounders 

decreased the level of differences between the groups, suggesting that some of the other risk 

factors had some confounding effect. That is, some differences between the unadjusted 

sample means for fat (except polyunsaturated fatty acid) and dietary cholesterol are partially 

explained by the different profiles of these groups (age, gender, governorate, work status, 

socioeconomic status). For polyunsaturated fatty acid, the confounding effect was reversed; 

profile differences between the groups masked the mean difference (crude and adjusted) in 

polyunsaturated fatty acid intake between low and medium adherers (Table 3.46). However, 

since the differences between the adherence groups were so small for both sample 

(unadjusted) and estimated marginal (adjusted) means, this increase in difference is of little 

concern. 

Among all of the dietary fat and the dietary cholesterol outcomes, very few independent risk 

factors were identified. Bivariate analysis did reveal a number of potential associations; the 

effects of age, gender and work status on total fat, saturated fat, and dietary cholesterol 

intakes. However when these risk factors were mutually adjusted for other confounders, only 
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diabetes was identified as a significant risk factor for polyunsaturated fatty acid intake (mean 

difference = -2.147g, p<0.05) with diabetics consuming 2.147g higher levels of 

polyunsaturated fat in their diet than non-diabetics.  

3.3.1.3 Relationship between statin adherence and energy, protein, carbohydrate and 

dietary fibre intake 

The association between statin adherence and the dietary intake of total energy (kcal), 

proteins, carbohydrates and dietary fibre, in the sample population, are presented in the table 

below (Table 3.48).  Crude estimates in bold were identified as potentially important for 

further modelling (p<0.25) in the first step of PSC. Note that main effects are only adjusted 

for significant interaction terms. Where there was no significant effect modification, 

estimates in the final model were purely main effects, and the F-statistic reported is for the 

final main effects model. 

Table 3. 48 Crude and adjusted mean differences in total energy, carbohydrate, protein, and 

dietary fiber intakes between low and medium statin adherence groups 

      Energy (kCal) Carbohydrates Protein Dietary fibre 

Predictor  βcrude βadjusted   βcrude βadjusted βcrude βadjusted βcrude βadjusted 

Statin -107.01 -83.27 -10.2896 -15.706 -6.338 -5.727 -0.447 4.308 

Adherence         

 

Age 

 

-11.911 

 

-2.4 
 

-0.856 

  

-0.705 

 

-0.514* 

 

0.055 

 

0.227 

Gender -242.71 -115.20 -32.338 -27.164* -12.52 -9.184* -2.153  

Hawalli 76.80  6.433  1.577  -0.424  

Al-Farwaniya 196.55  20.564  2.34  2.931  

Mubarak Al-

Kabir 

84.79  8.3695  10.981  4.702  

Work status 246.71 119.04 19.312  11.342  1.749 2.9198 

Smoker -329.83 -176.26 -48.101 -25.805 -14.043 -3.391 -2.478  

Diabetes -8.57 -77.65 4.400 -3.265 -1.496 -4.552 -0.125 -0.219 

Hypertension 215.24 152.16
*
 30.933 24.797** 4.101  0.825 1.372 

Zocor -2.2  9.706  -1.63  -0.943 -0.941 

Crestor 7.32  -1.131  1.041  -2.122 -2.583 

Statin 

duration 

-5.12  -0.743 -0.162 -0.252  -0.017  

Depression 4.81  0.649  0.251  -0.014  

Anxiety 7.75  1.125 0.528 0.251  0.109 0.0197 

Stress 5.92  0.688  0.172  0.089 0.117 

Adherence x 

Age 

       -0.0879 

Adherence x 

Gender 

   13.672     

F-statistic  4.18  4.44 4.94   0.61 

Prob(F)  0.0003  0.0001 0.0003   0.8040 

Adjusted R
2  

0.10007  0.1214 0.093   -0.020 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level 
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Additionally, the estimated marginal adjusted means, mean differences, percentage 

differences and 95% confidence interval for energy, carbohydrate, protein and dietary fibre 

intakes, between low and medium statin adherers are shown in Table 3.49. 

Table 3. 49 Relationship between statin adherence levels and total energy, carbohydrate, protein 

and dietary fiber intake 

Outcome Low adherence 
Medium 

adherence 

    Mean  

difference 

95%CI for 

difference 
Percentage 

difference 

 

Total Energy 

 

Carbohydrates 

 

       2075.6 

 

        226.81 

   1992.30  

 

220.48 

   -83.27                 

   

   -6.34
†

 

(-217.9, 

51.34) 

(-22.31,    

9.63) 

       - 4.01%      

        

        -2.88% 

Proteins 93.76 88.03   -5.727 
(-12.73, 

3.57) 
       -6.51% 

Dietary Fibre 33.79 33.10   -0.697
†
 

(-4.04, 

2.64) 
       -2.11% 

†
Estimated marginal means (and their difference) calculated from the main effects model 

As with previous dietary intake outcomes, there was little evidence to suggest a difference in 

energy, carbohydrate, protein and dietary fibre intakes between those with low and medium 

adherence (Tables 3.48 and 3.49, all p values > 0.05). However, although not statistically 

significant, differences in protein intakes (mean difference -5.727grams; percentage 

difference = -6.51%) may be clinically meaningful. It is also noteworthy that the association 

for all four outcomes was always in the same direction, with medium level adherers always 

showing lower average levels of total energy, carbohydrate, protein and dietary fibre intakes. 

In addition, those with hypertension had significantly lower total energy (mean difference -

152grams, p<0.05) and carbohydrate intakes (mean difference -24.8grams, p<0.01) than non-

hypertensive subjects. Also, protein intake was shown to decrease on average by 0.514grams 

for every year older a patient is, and on average, females consumed 9.814 grams less protein 

(p<0.05) than male subjects. 

It should be noted that there was a discrepancy between the main effect reported for 

adherence stemming from the model (Table 3.48), and the difference between the marginal 

means, for both carbohydrates and dietary fibre (Table 3.49). This discrepancy is due to the 

presence of an interaction effect in the model (altering the main effect of adherence), and the 

calculation of the estimated marginal means. These marginal means are estimated from the 

main effects model only.  
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3.3.1.4 Relationship between statin adherence and vitamin intake 

The association between statin adherence and vitamin intake in the sample population is 

presented in Table 3.50. Crude estimates in bold were identified as potentially important for 

further modelling (p<0.25) in the first step of PSC. Note that main effects are only adjusted 

for significant interaction terms. Where there was no significant effect modification, 

estimates in the final model were purely main effects, and the F-statistic reported is for the 

final main effects model. 

Table 3. 50 Crude and adjusted mean differences in carotene, vitamin C, vitamin E, and total 

folate intakes between low and medium statin adherence groups 

 B-Carotene Vitamin C Vitamin E Total Folate 

Predictor βcrude βadjusted βcrude βadjusted βcrude βadjusted βcrude βadjusted 

Statin 179.891 -168.202 19.881 11.34 -1.054 -1.157 -5.314 6.24 

Adherence         

 

Age 

 

89.561 

 

123.516* 
 

2.087 

 

3.265* 

 

-0.027 

  

1.646 

 

4.081* 

Gender -384.536 -1357.05 -10.055 -53.295 -0.607  -1.832  

Hawalli 276.117  1.375  1.029  -2.6596  

Al-Farwaniya -193.017  -1.132  -0.530  12.353  

Mubarak Al-

Kabir 

973.834  2.952  -0.659  -46.072  

Work status -264.264  -2.027  2.060 2.047* 17.478  

Smoker 757.083  5.945  -0.5295  35.6298 18.034 

Diabetes 462.143 572.135 19.132 27.436 -1.2699 -1.709* 39.217 35.0698 

Hypertension -63.920 467.8098 -25.299 -11.723 -0.244  45.093 65.941* 

Zocor -5.637 112.482 -9.384 -1.007 0.873  -39.759 -31.867 

Crestor -1673.2 -1760.94 -29.819 -26.803 0.105  10.787 8.786 

Statin duration 22.417  2.097 1.4969 -0.007  1.507  

Depression 0.333  -1.754  0.009  0.542  

Anxiety -25.202  -1.120  0.092 0.067 0.717  

Stress -5.196  -0.757  0.094  -0.393  

Adherence x Age  -8.299  -3.186    -3.415 

Adherence x 

Gender 

 1131.9  76.659     

F-statistic  1.19  1.33  2.77  1.57 

Prob(F)  0.3020  0.2189  0.0287  0.1346 

Adjusted R
2 

 0.0086  0.0161  0.0343  0.0226 

 *p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level 

 

The estimated marginal adjusted means, mean differences, percentage differences and 95% 

confidence interval for -carotene, vitamin C, vitamin E, and total folate intakes, between 

low and medium statin adherers are shown in Table 3.51. 
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Table 3. 51 Relationship between statin adherence levels and vitamin intake 

 

Tables 3.50 and 3.51 show that there was little evidence to suggest that level of statin 

adherence was associated with vitamin intake (Table 3.50), with differences being neither 

statistically significant (all p-values > 0.05) nor appearing clinically important (Table 3.51), 

for most outcomes. However, vitamin E may be seen as approaching a clinically important 

level; 1.157mg (8.38%) lower intakes in medium adherers. Also, the use of adjusted effects is 

justified with adjustment of confounders, changing the direction of the effect for both 

carotene and total folate. 

In terms of other risk factors, age featured in all vitamin intakes except for vitamin E, with 

intakes increasing by  123.516g, 3.265g and 4.081g for -carotene, vitamin C and total 

folate, respectively, for every additional year of age (Table 3.50, all p values <0.05). For 

vitamin E intake, both work status and diabetes were significant predictors (Table 3.50) with 

those working showing significantly higher vitamin E intake than those not working (mean 

difference=2.047mg, p<0.05) and those without diabetes showing a significantly lower intake 

of vitamin E intake those with diabetes (mean difference=-1.709mg, p<0.05). The only other 

statistically significant risk factor for this set of outcomes was hypertension, for total dietary 

folate (Table 3.50), with hypertensive patients exhibiting significantly lower folate intakes 

than those without hypertension (mean difference=65.941g, p<0.05). 

3.3.1.5 Relationship between statin adherence and omega-3/omega-6 fatty acid, sodium, 

potassium and caffeine intake 

The association between statin adherence and the dietary intake of omega-3 and omega-6 

fatty acids, sodium, potassium and caffeine in the sample population are presented in Tables 

3.52-3.54. Crude estimates in bold were identified as potentially important for further 

modelling (p<0.25) in the first step of PSC. Note that main effects are only adjusted for 

significant interaction terms. Where there was no significant effect modification, estimates in 

Outcome 
Low 

adherence 

Medium 

adherence 

Mean 

difference 

95%CI for 

difference 
Percentage 

difference 

-Carotene 6920.36 6752.16 -168.202  (-1593.13,1256.72)        -2.4% 

Vitamin C 258.02 269.36 11.34 (-29.45, 52.14)          4.21% 

Vitamin E 14.96 13.80 -1.157 (-2.86, 0.54)        -8.38% 

Total Folate 451.77 458.01 6.241 (-44.54, 57.02)         1.36% 
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the final model were purely main effects, and the F-statistic reported is for the final main 

effects model. 

Table 3. 52 Crude and adjusted mean differences in omega-3 and omega-6 fatty acid intakes 

between low and medium statin adherence groups 

 Omega-3              Omega 6 

Predictor βcrude βadjusted βcrude βadjusted 

Statin 0.039 0.052 0.131 -0.09 

Adherence     

 

Age 

 

-0.004 

 

-0.0005 
 

-0.067 

 

-0.033 

Gender -0.134  -1.231 -1.854 

Hawalli 0.019  0.757 0.581 

Al-Farwaniya 0.161  1.389 0.9297 

Mubarak Al-Kabir -0.261  -3.540 -5.325 

Work status 0.076 0.033 1.075 -0.052 

Smoker -0.029 -0.004 -0.117 1.156 

Diabetes -0.071 -0.091 -1.355 -1.696 

Hypertension 0.121 0.151 0.770 0.886 

Zocor -0.096 -0.111 0.307 0.112 

Crestor 0.0005 0.043 2.122 2.4999 

Statin duration 0.006 0.005 0.037 0.0565 

Depression -0.0004 -0.005 -0.012 0.004 

Anxiety -0.003  -0.042 -0.136 

Stress 0.004 0.004 0.032 0.055 

Adherence x Age  -0.005  -0.080 

Adherence x Gender    0.6396 

F-statistic  0.37  0.74 

Prob(F)  0.9726  0.7613 

Adjusted R
2 

 -0.0395  -0.0236 

*p<0.05, **p<0.01, ***p<0.001;  Values in bold indicate significance  at the crude level 
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Table 3. 53 Crude and adjusted mean differences in sodium and potassium intakes between low 

and medium statin adherence groups 

 Sodium Potassium 

Predictor βcrude βadjusted βcrude βadjusted 

Statin -155.385 -19.129 -149.225 -174.588 

Adherence     

 

Age 

 

-39.682 

 

-7.532 

 

-0.665 

 

20.700 

Gender -856.922  -381.825 -633.09* 

Hawalli 419.646  -53.473  

Al-Farwaniya 601.413  180.548  

Mubarak Al-Kabir 1229.841  195.752  

Work status 972.362 646.368* 348.3296 304.084 

Smoker -1492.07 -1199.63** -351.891  

Diabetes 182.932 2.817 76.9595  

Hypertension 599.941 407.260 137.173  

Zocor 145.670 -128.946 -188.720  

Crestor -494.798 -419.400 -263.553  

Statin duration -16.325 -10.482 1.0595  

Depression -21.053 -51.516 -12.098  

Anxiety 13.793 17.286 10.841  

Stress 16.562  2.596  

Adherence x Age  4.019  -17.6296 

Adherence x Gender    674.679 

F-statistic  3.37  1.78 

Prob(F)  0.0002  0.1060 

Adjusted R
2 

 0.1249  0.0228 

 *p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level 
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Table 3. 54 Crude and adjusted mean differences in caffeine intake between low and medium 

statin adherence groups 

Predictor variables 

 

 

 

βCrude  βAdjusted 

Statin Adherence  -47.027  -38.679 

    

Age  -5.375  -3.372 

-130.1799** Gender  -148.251  

Hawalli  -35.275  

Al-Farwaniya  15.490  

Mubarak Al-Kabir  84.997  

Work status  92.8996  -88.746 

Smoker  -180.886  

Diabetes  47.0698  21.644 

Hypertension  46.698  
Zocor  -3.055  -29.885 

Crestor  -73.916  -71.883 

Statin duration  -2.583  

Depression  -3.529  

Anxiety  0.518  

Stress  -1.228  

Adherence x Age    2.753 

60.773 Adherence x Gender    

F(df1= 9, df2=190)    5.32 

Prob(F)    0.0000 

Adjusted R
2  

  0.1634 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate  significance at the crude level 

 

The estimated marginal adjusted means, mean differences, percentage differences and 95% 

confidence interval for omega-3 and omega-6 fatty acid, sodium, potassium and caffeine 

consumption, between low and medium statin adherers are also shown in Table 3.55. 

Table 3. 55 Relationship between statin adherence levels and omega-3/omega-6 fatty acid, 

sodium, potassium and caffeine intake 

Outcome 
 

 

Low  

adherence 

Medium 

adherence 

Mean 

difference 

95%CI for 

difference 

Percentage 

difference 

Omega 3  1.41 1.46 0.052 
(-0.175, 

0.279) 
3.56% 

Omega 6  12.13 12.04 -0.09 
(-2.058, 

1.88) 
-0.75% 

       

Sodium  3001.05 2981.92 -19.129 
(-464.6, 

426.34) 
-0.64% 

Potassium  4387.87 4213.28 -174.588 
(-520.97, 

171.79) 
-4.14% 

       

Caffeine  147.18 108.50 -38.679 
(-91.33, 

13.98) 
-35.65% 
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It can be seen from Tables 3.52 and 3.55 that there was little evidence to conclude a 

difference in either omega-3 or omega 6 fatty acid intakes, with the mean difference between 

statin adherence level groups being very low for both of these dietary outcomes. There was 

also no evidence to suggest that any of the measured risk factors were associated with intakes 

of omega-3 and omega-6 fatty acids (Table 3.52 all p-values >0.05). 

 

In addition, sodium and potassium intake levels were not different between the statin 

adherence groups. Also, although there was some difference between the estimated marginal 

means for potassium intake (-4.14%, 174.588mg lower potassium intakes in medium statin 

adherers), this was not statistically significant. It is noteworthy that the crude difference in 

sodium intake levels seemed quite high (sample mean difference =-155.385mg, Table 3.53). 

However, with adjustment for confounders, this difference was substantially reduced 

(estimated marginal mean difference in sodium intake between statin adherence groups = -

19.129mg). 

 

Both work status and smoking were identified as significant predictors for sodium intake, 

with those in employment consuming 646.37mg more sodium on average (p<0.05), and 

smokers consuming 1199.63mg more sodium on average (p<0.01). Gender was also 

identified as a significant predictor in the dietary intake of potassium, by which females on 

average, consumed 633.09mg less potassium than male subjects (p<0.05). 

 

The difference in caffeine consumption between subjects of low and medium statin adherence 

levels, was not statistically significant, although the level of difference could be of clinical 

importance, with medium adherers consuming 38.68mg less caffeine (-35.56%) on average 

than low adherers (Tables 3.54 and 3.55). Gender was also identified as a significant risk 

factor for caffeine consumption with females, on average, consuming 130.18mg less caffeine 

per day. 

 

3.3.2 The association between statin adherence and physical activity 

The relationship between subjects’ statin adherence and physical activity, as both continuous 

and categorical variables, are presented in Tables 3.56-3.58. In Table 3.56, mean differences 

were presented for the continuous physical activity outcomes; light (walking), moderate 

intensity physical activity, vigorous and total physical activity (walking + moderate + 
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vigorous). All continuous physical activity variables were measured in minutes/day, except 

for total physical activity which was measured in hours/day. Crude estimates in bold were 

identified as potentially important for further modelling (p<0.25) in the first step of 

purposeful selection of covariates (bivariate analysis). Note that main effects were only 

adjusted for significant interaction terms. Where there is no significant effect, modification 

estimates in the final model were purely main effects, and the F-statistic reported is for the 

final main effects model. 

Table 3. 56 Crude and adjusted mean differences between low and medium statin adherence 

groups for "continuous" physical activity outcomes 

 Light (Walking) 

(mins/day) 

Moderate(mins/day) Vigorous   

(mins/day) 

Total P.A
*
         

(hours/day) 

Effect βcrude βadjusted βcrude βadjusted βcrude βadjusted βcrude βadjusted 

Statin 1.041 5.2 -5.59 -9.51 8.792 9.679 -0.354 -0.689** 

Adherence         

 

Age 

 

-0.441 

  

0.094 

  

-0.149 

 

-0.251 

 

-0.002 

 

Gender -9.322  35.518 30.979** -5.85  0.063  

Hawalli 1.263  29.894 28.142** 3.545  0.562  

Al-Farwaniya 4.159  -4.509 -10.399 6.589  0.405  

Mubarak Al-

Kabir 

5.069  28.349 35.739 -4.32  0.399  

Work status 19.209 18.315*** -10.175  4.386  0.26  

Smoker 3.334 10.012 33.985  -2.402  0.051  

Diabetes 6.433  -9.093 -3.673 -2.118  -1.06 -1.133** 

Hypertension 10.454 8.451* -7.37 -11.882 -0.025  -0.274  

Zocor 3.877  16.749 18.152 9.443  1.067 0.982* 

Crestor 3.377  -11.63 -15.199 -4.557  -0.07 -0.143 

Statin duration 0.302 0.423 -0.886 -0.346 0.617  0.015  

Depression 0.428  2.407 3.486** -0.538  0.025  

Anxiety 0.484 0.500 -0.190 -1.224 -0.628  0.037  

Stress 0.072  -0.054 -0.778 -0.527  0.034  

Adherence x Age         

Adherence x 

Gender 

        

F-statistic  6.59  3.88  1.12  4.65 

Prob(F)  <0.0001  <0.0001  0.328  0.0013 

Adjusted R
2 

 0.1634  0.158  0.0012  0.068 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level; *P.A: Physical 

Activity 

The estimated marginal adjusted means, mean differences, percentage differences and 95% 

confidence interval for the continuous physical activity outcomes (minutes/hours spent on 

light (walking), moderate intensity, vigorous and total P.A) between low and medium statin 

adherers are shown in Table 3.57. 
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Table 3. 57 Relationship between statin adherence levels and physical activity (as continuous 

variables) 

Outcome 
Low 

adherence 

Medium 

adherence 

Mean 

difference 

95%CI 

for 

difference 

Percentage 

difference 

Light (Walking) (mins/day) 12.035 17.235 5.200 
(-1.544, 

11.94) 
30.17% 

Moderate(mins/day) 47.75 38.241 -9.510 
(-26.135, 

7.116) 
-24.87% 

Vigorous(mins/day) 1.683 11.363 9.68 
(-3.51, 

22.87) 
85.21% 

Total Physical Activity 

(hours/day) 
11.30 10.611 -0.689** 

(-1.359 

,0.0195) 
-6.49% 

*p<0.05, **p<0.01, ***p<0.001 

Tables 3.56 and 3.57 show that there was a significant association between statin adherence 

level and one of the continuous physical activity outcomes; total physical activity (mean 

difference=-0.689hours/day, p<0.01). Results reported 6.49% less total physical activity (on 

average) in medium level statin adherers, compared to low level statin adherers. In addition, 

although not statistically significant, perusal of the observed differences between the samples 

revealed strong differences that may be clinically important. All of the individual physical 

activity-intensity level variables showed strong differences between the statin adherence 

groups ranging from a 24.87% difference in the level of moderate physical activity levels 

(medium statin adherers, on average, carried out 9.51 minutes less moderate physical activity 

per day than low statin adherers) to a 85.21% difference in vigorous levels of physical 

activity (medium statin adherers, on average, carried out 9.68 minutes more vigorous 

physical activity per day than low statin adherers). 

 

Additionally, several variations of other risk factors were identified for physical activity 

among the individual continuous physical activity outcomes (Table 3.56). Work status was 

shown to be directly associated with time spent on light physical activity (walking; p<0.001), 

where employed subjects walked 18.315 minutes more/day; and also hypertensive subjects 

appeared to spend 8.451 minutes less per day walking than non-hypertensive participants (p 

<0.05).  Similarly gender and governorate were shown to differ for moderate physical 

activity, by which female subjects and Hawalli residents spent 30.979 minutes and 28.142 

minutes more, respectively, on moderate physical activity, than male subjects and those from 

Al-Asimah (p<0.01). Depression was also identified as positively associated with time spent 

on moderate-level physical activity, by which depressed subjects carried out 3.486 minutes 

more moderate physical activity per day than non-depressed subjects (p<0.01). It is 



 

190 

 

noteworthy, that no covariate (including adherence levels) was identified as significantly 

associated with vigorous levels of physical activity. Diabetes status was identified as a 

significant factor for total (hours/day) physical activity, by which those with diabetes carried 

out 1.13 hours more physical activity per day (p<0.01) than those without this disease. Statin 

type was also identified as having a significant effect on the daily levels of physical activity, 

by which those on Zocor carried out physical activity of approximately one hour more per 

day (mean difference=0.982, p<0.05) relative to those on Lipitor. 

 

The association between statin adherence and physical activity was also analysed as 

categorical variables. Table 3.58 presents the crude and adjusted odds ratios from 

proportional odds ordinal logistic regression for the outcome; total physical activity. Bolded 

values showed p<0.25 in the bivariate analysis. For the final model, the main effects were 

only adjusted for significant interaction terms.  

 

Table 3. 58 Crude and adjusted odd ratios for the association between statin adherence and 

physical activity as “categorical” variables 

Predictor variables  ORCrude  ORAdjusted 

Statin Adherence  0.87  1.02 

     

Age  0.99   

Gender  1.7  1.88 

Hawalli  2.18  2.15* 

Al-Farwaniya  0.69  0.34 

Mubarak Al-Kabir  2.82  4.98 

Work status  1.64  2.78** 

Smoker  4.3  4.1* 

Diabetes  1.11  1.27 

Hypertension  0.96  0.71 

Zocor  1.18  1.53 

Crestor  0.87  0.88 

Statin duration  0.98  0.99 

Depression  1.08  1.15*** 

Anxiety  1.01  0.99 

Stress  0.99  0.96 

Adherence x Age     

Adherence x Gender    0.84 


2

LR(df=16)    43.16 

Prob(
2

LR)    p<0.001 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level 

 

 

It can be seen from Table 3.58, there was little evidence for a significant association between 

statin adherence and the level of total physical activity. Hence although the odds of being in 

the next increased level of physical activity (i.e. low to medium, and medium to high) was 

1.02 times higher in the medium adherence group, relative to the low adherence group, this 
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association was non-significant. A number of other potential predictors of physical activity 

were identified, including governorate (ORadjusted=2.15, p<0.05), work status (ORadjusted=2.78, 

p<0.01), smoking (ORadjusted=4.1, p<0.05), and depression (ORadjusted=1.15, p<0.001).  

Individuals residing in Hawalli exhibited 2.15 times the odds (relative to those in Al-Asimah) 

of being in the next higher physical activity category; and those employed also exhibited 2.78 

times the odds of increased physical activity. In addition, non-smokers exhibited 4.1 higher 

odds of being in the next highest physical activity category. Counter-intuitively, those with 

higher levels of depression, exhibited higher odds of increased physical activity levels, and 

the effect size associated with this covariate was large. 

 

3.3.3 The association between statin adherence and anthropometric parameters/ blood  

chemistry 

3.3.3.1 Relationship between statin adherence and anthropometrical outcomes in 

subjects 

The association between statin adherence and subjects’ anthropometry is presented Table 

3.59. Crude and adjusted effects obtained from the bivariate and multivariate models 

respectively, are shown. These anthropometric measures include; percentage body fat 

measured by Omron scales, percentage body fat measured using calipers, BMI, weight in 

kilograms and WC in centimetres. Crude estimates in bold were identified as potentially 

important for further modelling (P<0.25) in the first step of PSC. Note that main effects were 

only adjusted for significant interaction terms. Where there was no significant effect 

modification, estimates in the final model are purely main effects, and the F-statistic reported 

is for the final main effects model.  
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Table 3. 59 Crude and adjusted mean differences in subjects' anthropometry between low and medium statin adherence groups 

 Fat (Scale) Fat (Calipers) BMI Weight Waist  Circumference 

Effect βcrude βadjusted βcrude βadjusted βcrude βadjusted βcrude βadjusted βcrude βadjusted 

Statin -0.704 -0.461 -0.041 0.057 0.198 0.170 0.531 0.511 2.512 0.822 

Adherence           

 

Age 

 

0.114 

 

-0.052 
 

0.105 

 

-0.073 
 

-0.068 

 

-0.0999 
 

-0.573 

 

-0.461** 
 

-0.146 

 

0.113 

Gender 13.704 14.709*** 9.966 11.496*** 1.318 2.030 -12.1796 -8.616* -8.592 -9.8*** 

Hawalli 0.355  -0.186  2.026 2.261* 4.668 4.910* 3.991  

Al-Farwaniya 0.267  0.972  0.8099 1.268 0.7959 0.536 0.560  

Mubarak Al-Kabir -2.618  -3.458  2.640 1.802 16.063 8.359 3.560  

Work status -5.505  -4.164 -0.148 0.499  9.059  5.803 2.7297 

Smoker 9.649  6.408  0.553  -13.417 -4.4895 -8.988  

Diabetes -2.107 -1.335 -1.067 -0.226 -2.716 -2.528** -3.542 -4.357 -6.144 -6.59*** 

Hypertension -1.785 -0.795 -1.892 -1.240 -1.839 -1.864* -0.869 -3.777 -2.5495 -2.052 

Zocor -2.574 -0.907 -1.236 0.195 -0.522 -1.017 1.144 -2.633 0.164 -2.779 

Crestor 1.174 0.361 -0.076 -0.666 -0.583 -0.448 -5.646 -3.718 -5.594 -4.399 

Statin duration -0.016  -0.008  0.035 0.0004 0.025 0.018 0.057 -0.099 

Depression 0.029  0.032  -0.095 -0.151 -0.375 -0.421 -0.442 -0.514* 

Anxiety -0.034  -0.0299 -0.002 -0.021  0.045  -0.038 -0.012 

Stress 0.012  0.003 -0.030 0.037  0.155  0.109 0.227 

Adherence x Age  -0.133  -0.018  -0.173  -0.321  -0.401 

Adherence x Gender  -1.975  -3.037*  -0.214  2.0998  4.828 

F-statistic  29.06  20.08  2.94  4.37  4.06 

Prob(F)  0.0000  0.0000  0.0005  0.0000  0.0000 

Adjusted R
2 

 0.5593  0.5350  0.1202  0.2025  0.1772 

*p<0.05, **p<0.01,***p<0.001; Values in bold indicate significance at the crude level
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The estimated marginal adjusted means, mean differences, percentage difference and 95% 

confidence interval for differences in anthropometric measures: percentage body fat 

(measured from both scales and calipers), BMI, weight (kilograms) and waist circumference 

(centimetres), between low and medium statin adherers, are shown in Table 3.60.  

 

Table 3. 60 Relationship between statin adherence levels and anthropometric outcomes 

Outcome 
Low 

adherence 

Medium 

adherence 

Mean 

difference 

95%CI for 

difference 

Percentage 

difference 

% Body fat (scales) 41.92 41.45 -0.461 (-2.17, 1.24)      -1.11% 

%Body fat(calipers) 44.30 44.36 0.057 (-1.24, 1.35)         0.13% 

BMI 32.10 31.93 -0.170 (-1.83, 1.49)        -0.53% 

Weight 82.00 82.52 0.511 (-3.95, 4.97)          0.62% 

W.C        98.41 99.24 0.822 (-2.91, 4.55)          0.83% 

      
 

It can be seen from Tables 3.59 and 3.60 that there was little evidence to suggest that 

adherence is associated with any of the body weight outcomes, percentage body fat (scales), 

percentage body fat (calipers), BMI, weight and WC. Perusal of Table 3.60 suggests that this 

is unlikely to be, due to low power, as differences among the estimated marginal means are 

all very close to zero.  

As for other predictor variables, gender represented a significant risk factor for all 

anthropometric outcomes, with the exception of BMI (Table 3.59), where female subjects 

exhibited significantly higher percentage body fat; for both scales (mean difference =14.7%, 

p<0.001) and calipers (mean difference =11.5%, p<0.001), and lower weight scales (mean 

difference =8.6kg, p<0.05) and waist circumference scales (mean difference =9.8cm, 

p<0.001). However, caution should be taken when interpreting the risk factor gender for 

percentage body fat measured by calipers, as the magnitude of the effect is modified by 

adherence level (p<0.05, adjusted=-3.3037). Also, other risk factors were identified across the 

anthropometric outcomes, but with less consistency. Governorate was identified as a 

significant risk factor for both BMI and weight (p<0.05), with those from Hawalli exhibiting 

2.3 units higher in BMI and 4.9kg higher in weight, on average in comparison to the referent 

governorate; Al-Asimah (Table 3.59). Diabetes is identified as a risk factor for both BMI and 

WC, as those with diabetes exhibited 2.528 units higher levels of BMI (p<0.01) and a 6.59cm 

larger WC (p<0.001). In addition hypertension was identified as a risk factor for BMI, as 

hypertensive subjects had significantly higher BMI levels (mean difference =1.864, p<0.05). 
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Finally depression was identified as positively associated with waist circumference, with WC 

increasing by 0.514cm for every unit increase in depression levels (p<0.05, Table 3.59). 

Unlike the models for dietary outcomes, a number of anthropometric outcome models had 

reasonably explanatory power. Most noticeable of these were percentage fat values, collected 

by both scales and calipers, with adjusted R
2
 values, in the multivariable models, of 55.9% 

and 53.5%, respectively. 

3.3.3.2 Relationship between statin adherence and biochemical outcomes in subjects 

The relationship between statin adherence and subjects’ blood chemistry will be presented in 

Table 3.61. Crude estimates that are in bold were identified as potentially important for 

further modelling (p<0.25) in the first step of PSC (bivariate analysis). Note main effects are 

only adjusted for significant interaction terms. Where there is no significant effect 

modification, estimates in the final model are purely main effects, and the F-statistic reported 

is for the final main effects model. 
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 Table 3. 61 Crude and adjusted mean differences in blood chemistry between low and medium statin adherence groups 
 Cholesterol (Plasma) Glucose        Triglycerides High Density 

Lipoproteins 

Low Density 

Lipoproteins 

V. Low Density  

Lipoproteins 

Effect βcrude βadjusted crude adjusted    βcrude βadjusted βcrude βadjusted βcrude βadjusted βcrude βadjusted 

Statin -0.719 -0.577*** 1.206    0.525 0.531 0.348 -0.092 -0.190 -0.658 -0.492** 0.316 0.315 

Adherence             

 

Age 
 

-0.024 

  

0.023 

  

-0.021 

  

0.008 

 

0.008* 
 

-0.021 

  

-0.008 

 

-0.005 

Gender -0.324  -0.223  -0.934  0.306 0.194** -0.269  -0.562  

Hawalli -0.062  -0.007  -0.372  -0.016  0.166  -0.337  

Al-Farwaniya -0.289  -0.622  -0.228  -0.134  -0.061  0.316  

Mubarak Al-Kabir -0.4898  0.819  -0.433  -0.239  0.292    

Work status 0.288  -0.338  0.1297  -0.138  0.414  -0.039 -0.261 

Smoker -0.921 -0.822** -1.009 -0.913 -2.236 -2.617*** 0.237  -0.391  -1.558 -1.99*** 

Diabetes 0.541 0.363* -3.288 -3.110*** -0.586 -0.565 0.113 0.114* 0.539 0.353* -0.424 -0.5896* 

Hypertension 0.451  -1.118 -0.819** -0.491 -0.488 0.067 0.113* 0.531 0.371* -0.360  

Zocor 0.035  0.937 -0.011 -0.069 -0.651 -0.011  0.026  -0.181 -0.635 

Crestor -0.009  -0.507 -0.427 0.314 0.481 0.113  -0.181  0.262 0.393 

Statin duration -0.043 -0.031** -0.031 -0.051* 0.011  -0.002  -0.033 -0.021* 0.011 0.002 

Depression 0.012  -0.024  -0.032  0.003  0.007  -0.036  

Anxiety 0.018  -0.001  -0.013 -0.031 0.000  0.009  -0.018 -0.016 

Stress 0.011  -0.006  0.002  -0.001  0.012  0.002 -0.010 

(Adherence x Age)        -0.000    -0.002 

(Adherence x Gender)        0.184     

F-statistic  13.49  19.31  3.95  9.65  10.92  1.88 

Prob(F)  0.0000  0.0001  0.0005  0.0000  0.0000  0.053 

Adjusted R
2 

 0.2006  0.4041  0.0952  0.2527  0.183  0.088 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level
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The estimated marginal adjusted means, mean differences, percentage differences and 95% 

confidence interval for mean differences in blood chemistry outcomes between low and 

medium statin adherers, are shown in Table 3.62.   

 

Table 3. 62 Relationship between statin adherence levels and biochemical outcomes 

Outcome 
Low 

adherence 

Medium 

adherence 

Mean 

difference 

95%CI for 

difference 
Percentage 

difference 

Cholesterol(plasma) 

 

Glucose  

5.121 

 

6.874 

4.544 

 

7.34 

-0.577*** 

 

    0.525                   

(-0.884, 

0.269) 

  (-1.006,  

   1.151)                    

 -12.7% 

 

  7.64% 

Triglycerides 1.618 1.966 0.348 
(-0.373, 

1.068) 
 17.7% 

High density lipoproteins 1.279 1.216 -0.064
†
 

(-0.154, 

0.026) 
 -5.2% 

Low density lipoproteins 3.057 2.565 -0.492** 
(-0.779, 

0.206) 
 -19.2% 

Very low density 

lipoproteins 
0.771 0.943 0.171

†
 

(-0.411, 

0.754) 
  18.1% 

 *p<0.05, **p<0.01, ***p<0.001; 
†
Estimated marginal means (and their difference) calculated from the main effects model 

 

It can be seen from both Tables 3.61 and 3.62, that there was a statistically significant 

difference in both plasma cholesterol (p<0.001) and LDLs (p<0.01), between medium and 

low statin adherence groups, by which low adherence resulted in higher plasma cholesterol 

and LDL levels. The effect size for both plasma cholesterol and LDL of -12.7% and -19.2% 

indicate that these differences may also be of clinical importance (Table 3.62). In addition, 

although not statistically significant, there were sizable differences in the triglyceride levels.  

 

In addition, a number of other significant independent risk factors were associated with blood 

chemistry outcomes (Table 3.61). Smoking was recognized as a significant risk factor for 

plasma cholesterol (p<0.01), triglycerides (p<0.001) and VLDL values (p<0.001), with 

smokers having 0.822mmol/l, 2.617mmol/l and 1.99mmol/l higher levels of plasma 

cholesterol, triglycerides and VLDL, respectively. In addition, diabetes was a significant 

predictor for plasma cholesterol (p<0.05), glucose (p<0.001), HDL (p<0.05), LDL (p<0.05) 

and VLDL (p<0.05), by which diabetic subjects had lower levels of plasma cholesterol, HDL, 

LDL; and higher levels of glucose and VLDL. Also, subjects with hypertension had 

significantly higher plasma concentrations of glucose (p<0.01; 0.819mmol/l), and lower 

serum levels of HDL (p<0.05; 0.113mmol/l) and LDL (p<0.05; 0.371mmol/l). Finally, statin 
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intake duration was recognized as significantly protective for plasma cholesterol (p<0.01), 

glucose (p<0.05) and LDL (p<0.05), by which those on statin therapy longer had 

0.031mmol/l, 0.051mmol/l and 0.021mmol/l lower plasma cholesterol, glucose and LDL 

levels, respectively. As both the age and gender effects are shown to be significant effect 

modifiers of statin adherence on HDL, and age a significant effect modifier of statin 

adherence on VLDL (Table 3.61), the estimated marginal means for statin adherence on HDL 

and VLDL (Table 3.62), cannot be meaningfully interpreted.   

Finally, much like various models for anthropometric outcomes, the explanatory power was 

quite substantial for some of the blood chemistry outcomes. In particular, plasma glucose by 

which “adjusted R
2
” was 0.4041; suggesting that over 40% variation in glucose (among 

sample population), can be explained by the general linear model for this outcome. This was 

followed by serum concentrations of HDLs, cholesterol, and LDLs, with adjusted R
2
 values 

of 0.253, 0.2006 and 0.183, respectively; in the multivariable models.  

3.4 The association between demographic, socioeconomic, psychosocial, health and 

medication status on statin adherence 

This section will investigate factors associated with statin adherence; hence adherence will be 

measured as an outcome variable. Table 3.63 presents the crude and adjusted odd ratios for 

statin adherence (low, medium). Bolded values had p<0.25 in the bivariate logistic regression 

analysis.  

 

Table 3. 63 Crude and adjusted odds ratios for the determinants of statin adherence  
    Predictor variables  βCrude  βAdjusted 

    Age  1.05**  1.05** 

   Gender  0.92                      0.74 

   Hawalli  1.07   

   Al-Farwaniya  1.21   

   Mubarak Al-Kabir  0.73   

   Work status  0.62   

   Smoker  0.91                     0.69 

   Diabetes  0.4**  0.42** 

   Hypertension  0.50*   

   Zocor  1.64   

   Crestor  0.29   

   Statin duration  1.04*   

   Depression  0.98   

   Anxiety  0.96   

   Stress  0.99   

   
2
LR(df=4)                       17.97 

   Prob(
2

LR)    0.0013 

*p<0.05, **p<0.01, ***p<0.001; Values in bold indicate significance at the crude level 
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The preliminary investigation of potential risk factors for statin adherence; as an outcome 

variable (bivariate analysis), revealed four statistically significant predictors; age, diabetes, 

hypertension, and statin intake duration. However, after adjusting for confounders in the final 

multivariable model (in particular for smoking; which was a strong confounder), only age and 

diabetes remained associated with statin adherence level. The odds of medium adherence are 

1.05 times that of low adherence for every extra year of age (p<0.01; Table 3.63). In addition, 

diabetes was significantly associated with statin adherence level; where those without 

diabetes had 0.42 times the odds of medium adherence (lower odds of medium adherence) 

relative to those with diabetes (p<0.01; Table 3.63). 

3.5 Dietary intake in relation to national recommendations  

Table 3.64 compares collected dietary intakes of the study population using both 24-hour 

recall method and FFQs, with dietary guidelines provided by the “American Heart 

Association”, and the “Ministry of Health” of both America and Oman. 

Table 3. 64 Dietary intakes of sample in relation to guidelines by the “American Heart 

Association/ Ministry of Health in Oman” 

       24-Hour Recall Food Frequency     

Questionnaire 

 Group Benchmark Mean 95%CI Mean   95%CI 

         Energy 

         (Kcal) 

M
1
 31-50 

M  51-70 

F
2
  31-50 

F   51-70 

   2000-2400 

   1800-2200 

   1600-2000 

   1400-1800 

2237.3 

2054.3 

2025.0

1874.8 

  2046.5-2428.0 

 1892.7-2215.9 

 1832.5-2217.4 

 1793.0-1956.7 

3663.0* 

3940.4* 

3547.0* 

3298.0* 

  3187.3-4138.7 

  3483.9-4397.0 

  3070.1-4024.0 

  3178.6-3617.3 

Total  M 31-50            40-80 89.60     75.68-100.52     121.25*       102.5-140.0 

fat (g) M 51-70      36.7-66.7 77.04*       68.58-85.51    141.21*       115.5-166.9 

 F 31-50      33.3-66.7 85.06*       74.76-95.35     122.05*       105.8-138.3 

 F 51-70            30-60 75.17*       69.98-80.42      114.67*       105.2-124.1 

Saturated fatty  M 31-50            <26.4 30.24*       26.84-33.64         42.25*           36.0-50.6 

acid (g) M 51-70            <24.2 23.57       20.91-26.24 52.39*           40.9-63.9 

 F 31-50               <22 27.23*       23.45-26.25 47.21*           39.7-54.8 

 F 51-70               <22 24.24*       22.24-26.25 43.31*           39.5-47.2 

Monounsaturated  M 31-50         16-26.7 37.12*       31.48-42.76 43.69*           37.0-50.4 

       fatty acid (g) M 51-70      14.7-24.4 32.13*       27.99-36.27 48.37*           40.4-56.3 

 F 31-50      13.3-22.2 36.96*       32.14-41.77 40.91*           36.0-45.8 

 F 51-70           12-20 31.51*       29.32-33.71 39.16*           36.0-42.3 

Polyunsaturated M 31-50         16-26.7 15.27       12.95-17.59 23.53           19.4-27.7 

 fatty acid (g) M 51-70         14-24.4 15.07         12.7-17.44 28.27           19.4-37.2 

 F 31-50      13.3-22.2 14.57       12.25-16.90 23.83           18.9-28.8 

 F 51-70            12-20 13.68       12.23-15.12 22.03           19.6-24.4 

Omega-3 fatty 

acids (g) 

 M 31-50 

M 51-70 

 F 31-50 

 F 51-70 

         1.4-2.8 

         1.3-2.6 

         1.2-2.4 

         1.1-2.2 

1.57 

1.50 

1.33 

1.40 

         1.32-1.81 

         1.24-1.76 

          1.11-1.56 

          1.25-1.56 

2.74 

3.42 

2.87 

2.64* 

         2.25-3.21 

         2.30-4.55 

         2.27-3.48 

          2.34-2.95 
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   24-Hour Recall Food Frequency 

Questionnaire 

 Group Benchmark Mean 95%CI Mean 95%CI 

Potassium M 31-50            ≥4700    4490.2   3918-5062 5277.7            4388-6168 

(mg) M 51-70            ≥4700    4674.7   4144-5206 5894.6            5116-6673 

 F 31-50            ≥4700    4315.0   3738-4891 4765.7             4192-5335 

 F 51-70           ≥4700  4165.3*   3982-4348 5265.9             4862-5669 

Sodium M 31-50            <2300  4327.7*   3290-5327 2890.3*            2393-3388 

(mg) M 51-70            <2300  2935.6*   2393-3477 3139.1*            2395-3538 

 F 31-50            <2300  3043.6*   2478-3609 2800.5*             2355-3246 

 F 51-70            <2300  2651.7*   2480-2823 2682.8*             2466-2900 

Caffeine M 31-50           60-120  299.57* 151.0-448.1 91.32         69.72-112.91 

(mg) M 51-70           60-120  175.31* 127.2-223.4 68.37          51.12-85.62 

 F 31-50           60-120      91.41   49.4-133.4 64.18          37.38-90.97 

 F 51-70            60.120      82.49    66.1-98.9 41.28           34.21-48.33 

 1M; Males, 2M; Females,   3CHO: Carbohydrates, *p<0.05 

Omega-6 fatty 

acids (g) 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

     13.3-21.3 

     12.2-19.6 

     11.1-17.8 

     10.0-16.0 

12.73 

12.99 

12.43 

11.54 

10.75-14.72 

10.84-15.14 

10.18-14.68 

10.23-12.85 

19.50 

23.41 

19.75 

18.01 

      15.93-23.04 

      15.68-31.14 

      15.43-24.07 

      15.97-20.06 

      Dietary M 31-50             <300 294.61       247.9-341.4 619.1*       516.1-722.1 

Cholesterol (mg) M 51-70             <300 298.49       240.5-356.5 628.2*       533.6-722.7 

 F 31-50             <300 268.47       220.4-316.5 535.0*       465.8-604.3 

 F 51-70             <300 233.21       211.7-254.7 528.4*       476.6-500.2 

CHO
3 

            (g) 
 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

       350-450 

 302.5-412.5 

       275-375 

 247.5-337.5 

248.6* 

244.1* 

219.2* 

212.8* 

      223.3-273.9 

      221.8-266.6 

      195.2-243.2 

      203.3-222.2 

404.5 

432.8 

415.3 

385.9* 

      354.5-454.6 

      372.9-492.8 

      339.7-490.9 

      357.8-414.0 

Protein 

            (g) 

 

 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

          48-60 

           44-55 

           36-45 

           32-40 

103.9* 

96.05* 

95.03* 

85.03* 

    94.36-113.40 

    85.96-106.15 

    85.39-104.67 

      81.46-90.02 

217.64* 

210.36* 

178.25* 

183.69* 

      177.6-257.7 

      181.2-239.5 

      160.4-196.1 

      166.7-200.7 

   Dietary  fibre 

             (g) 

M 31-50 

M 51-70 

F 31-50 

           19-48 

           18-44 

           16-40 

33.87 

36.20 

32.28 

      29.21-38.53 

      31.31-41.09 

      27.12-37.44 

41.69 

47.59 

36.82 

          35.0-48.4 

          40.3-54.9 

          30.2-43.4 

 F 51-70         14.5-36 32.95       31.16-34.73 40.89*           37.7-44.0 

Vitamin E 

            (mg) 

 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

          8.4-12 

          7.7-11 

            7-10 

           6.3-9 

16.65* 

15.11* 

15.91* 

13.93* 

      12.34-16.97 

      12.62-17.59 

      13.27-18.55 

      12.90-14.95 

16.41* 

19.04* 

15.18* 

15.90* 

      13.64-19.17 

      15.21-22.87 

      12.29-18.08 

      14.52-17.28 

Vitamin C 

(g) 

 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

           60-72 

           55-66 

           50-60 

           45-54 

251.3* 

291.9* 

246.4* 

262.2* 

  195.18-307.40 

  234.71-349.16 

  200.71-292.17 

  237.51-286.81 

158.6* 

182.7* 

136.4* 

156.3* 

      129.6-187.6 

      142.3-223.1 

      105.9-166.9 

      140.2-172.4 

carotene 

(g) 

 

M 31-50 

M 51-70 

F 31-50 

F 51-70 

10000-14285 

9166-13095 

8333-11905 

7500-10714 

6139* 

8212 

6103* 

6864 

        4473-7801 

      5665-10759 

        4449-7756 

        6075-7651 

4156* 

5508* 

3859* 

5336* 

        2860-5452 

        3965-7052 

        2367-5350 

        4457-6214 

Folate 

(g)

M 31-50 

M 51-70 

F 31-50 

F 51-70 

       360-480 

       330-440 

       300-400 

       270-360 

418.39 

494.06 

476.03 

448.3* 

      350.8-486.0 

      415.1-573.0 

      394.6-557.5 

      421.3-476.4 

480.6 

530.4* 

436.1 

459.0* 

      403.5-557.6 

      457.8-603.0 

      378.8-493.4 

      427.5-490.4 
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According to 24-hour recall data, females of both age groups exceeded dietary 

recommendations for energy, total fat, saturated fatty acids, MUFA and protein. Also, 

potassium intakes amongst Kuwaiti female subjects were lower compared to 

recommendations, while sodium consumption significantly exceeded guidelines. Nutrient 

intakes of dietary cholesterol, PUFA, dietary fibre, omega 3/omega 6 fatty acids and caffeine 

however, fell within the recommended range. Male subjects were within guidelines for 

consumption of total energy, dietary cholesterol, omega 3 fatty acids and dietary fibre 

intakes, while total fat, MUFA and protein intakes exceeded recommendations. The younger 

male group (31-50 years), consumed significantly higher saturated fatty acids; and lower 

polyunsaturated and omega 6 fatty acids than the recommended guidelines. Also, potassium 

intakes were lower in males compared to recommendations, while sodium intakes 

significantly exceeded guidelines. Finally, caffeine consumption was significantly higher 

than the recommended guidelines for males of all age groups involved in the study.  

Food frequency questionnaires were consistently higher than 24-hour recall data. 

Accordingly, both male and female subjects of all age groups consumed significantly higher 

dietary cholesterol, total fat, saturated fatty acids, MUFA, total energy, protein and sodium 

compared to recommendations. Females of all age groups also consumed higher PUFA, 

omega 3 and omega 6 fatty acids; while potassium and caffeine intakes fell within guidelines 

for both male and female subjects. Finally, the older male group (51-70 years) consumed 

higher polyunsaturated fatty acid, dietary fibre, omega 3 and omega 6 fatty acids compared to 

recommendations. 

3.6 Physical activity levels of study population in accordance with the “2008 Physical 

Activity Guidelines for Americans” 

According to the “2008 Physical Activity Guidelines for Americans”, adults should perform a 

minimum of 150 minutes per week of moderate intensity physical activity, or 75 minutes per 

week of vigorous intensity physical activity, or an equivalent combination of both moderate 

and vigorous intensity. Data collected on the study population via IPAQ questionnaires have 

been evaluated and interpreted against these guidelines and presented in Table 3.65.  
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 Table 3. 65 Physical activity of sample in relation to the "2008 Guidelines for Americans” 

 1 <: lower than recommendations, 2 >: within recommendations, PA: Physical Activity 

 

Data revealed that only 46.5% (n=93) of subjects, engaged in physical activity within 

recommended guidelines. Also, regardless of statin adherence levels, a larger proportion of 

the study population, carried out physical activity inferior to national guidelines. This was 

evident in 53% (n=62) and 54.2% (n=45) of low and medium statin adherers, respectively. 

Perusal of Table 3.65 therefore suggests that, overall, insufficient physical activity exists 

among the sample investigated, when measured against the “2008 Physical Activity 

Guidelines for Americans”. 

3.7  Validity of instruments used  

This section will investigate the validity of specific instruments used to collect data on 

percentage fat, dietary intake and physical activity. 

3.7.1  Omron Body Fat Analyser, Model HBF-500       

  Calipers vs. Omron Scale for Percentage Fat 
                                       

             

         Figure 3. 3 Agreement Plot                                         Figure 3. 4 Bland-Altman Plot 

   Adherence level  

 Low Medium  Total 

Sample size (%) 117(58.5%) 83(41.5%)  200 

     

2008 US PA 

guidelines* 

    

       1< 62(53%) 45(54.22%)  107(53.5%) 

       2> 55(47%) 38(45.78%)  93(46.5%) 
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The two figures above (Figure 3.3 and Figure 3.4) represent two ways of gauging the 

agreement between percentage fat measurements obtained from the Omron scale and skinfold 

calipers. Figure 3.3 represents a simple XY scatter-plot of percentage body fat measurements 

taken using the caliper, compared to those obtained from the Omron scale. The solid line 

represents a guideline of perfect agreement. Values falling exactly on the line represent those 

in perfect agreement obtained from the two measurement methods. Figure 3.3 suggests that 

percentage body fat measurements estimated from the Omron scales provided higher values 

than the calipers for a majority of the range of weights (those individuals occupying the 20% 

to 50% body fat range). Above 50% body fat, the relationship was reversed with the calipers 

providing higher estimates relative to the weight scales.  

 

Figure 3.4 is a Bland-Altman plot that captures all the features shown in Figure 3.3. For 

example the tendency of the scale to provide higher values for the range 20-40% body fat is 

demonstrated by the negative values on the difference axis (calipers – scale). Conversely it is 

evident that this difference becomes positive for higher values. 

 

In addition, with regards to the Bland-Altman plot, the solid line represents the overall 

average difference between percentage fat obtained from scales vs. that obtained from 

calipers. The negative overall differences in Figure 3.4 suggests that the larger magnitude of 

positive differences of calipers –scale at the upper end of the percentage body fat scale, is not 

sufficient to offset the negative values occurring in the 25-50% range. The average difference 

can be seen as an overall measure of bias. The dotted lines in the Bland-Altman plot represent 

the LOA. It can be seen that a majority of values fall within the LOA, with the only values 

falling outside when the two methods are at maximal disagreement; the first occurring when 

caliper values were much higher than scales, and the second, when the relationship between 

the two measurement methods was reversed. Finally, the widths of the LOA by which the 

points are scattered show consistency between these two instruments (wider LOAs suggest a 

higher degree of variability). 

 

Figure 3.3 and Figure 3.4, therefore indicate that when all aspects of agreement are taken into 

account (variability, bias etc.), it can be seen that there is low variability in the agreement 

between the two instruments, and perusal of the overall difference, suggests that there is no 

constant bias over the whole range of percentage fat measures observed, which is often a 
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good sign, however, both Figures 3.3 and 3.4, show a strong non-linear trend in the levels of 

agreement; where the nature of the bias changes with the levels of total fat measured.  

 

Finally, in this section, the agreement of percentage fat as measured by the weight scales, and 

that measured by calipers, have included both an agreement plot (Figure 3.3) and the Bland-

Altman plot (Figure 3.4). It should be evident when perusing both plots (Figures 3.3 and 3.4) 

that all information provided by the agreement plot is also provided in the Bland-Altman plot. 

Moreover, the Bland-Altman plot provides further information (i.e. mean difference, level of 

agreements etc.) hence for the rest of the validation section, the Bland-Altman plot will only 

be provided. 

 

3.7.2 Food frequency questionnaire 

This section will examine the agreement between dietary intakes as measured by the FFQ and 

the 3-day FR. Figure 3.5 gives the Bland-Altman plot demonstrating the level of agreement 

between the FFQ and 3-day FR for total energy.  

 

 Bland-Altman Plots  

 

Food Frequency Questionnaire vs. 3-Day Food Record for Total Energy Intake 

  

 

                                                    Figure 3. 5 Total energy 

 

Perusal of the Bland-Altman plot provided in Figure 3.5 suggests that there is a large degree 

of bias with the 3-day FR instrument generally yielding lower estimates of daily EI, relative 
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to the FFQ; a disparity that appears to increase for higher levels of total energy consumption. 

A large majority of values fall within the LOA, however, the high degree of bias and variable 

disparity between the two measures lowers the agreement between the FFQ and 3-day FR for 

total EI. 

 

Food Frequency Questionnaire vs. 3-Day Food Record for Fats 
          

                                              

                                 

           Figure 3. 6 Total fat                                             Figure 3. 7 Saturated fatty acids 

     

         Figure 3. 8 Monounsaturated fatty acids            Figure 3. 9 Polyunsaturated fatty acids  

                                                                                                         

It appears from the above figures that there is moderately strong agreement among dietary 

polyunsaturated and monounsaturated fat measures obtained from the FFQ and that obtained 

from the 3-day food record (Figures 3.8 and 3.9). There was a small degree of bias as 

demonstrated by an average difference slightly smaller than zero. The tendency of the FR to 
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provide substantially lower estimates of fat intake (than the FFQ), is much more pronounced 

in the saturated and total fat measurements (Figures 3.6 and 3.7). In this case the average 

difference was substantially lower than zero showing that the 3- day food diary provided 

much lower values for fat intake. Differences between saturated fat intakes between the two 

methods become even more pronounced at the higher end of the scale (Figure 3.7). 

 

Food Frequency Questionnaire vs. 3-Day Food Record for Dietary Cholesterol,  

Carbohydrates and Proteins 

 

       

                     Figure 3. 10 Dietary Cholesterol                 Figure 3. 11 Carbohydrates 

                        

 

                                                     Figure 3. 12 Proteins 

 

It appears from the Bland-Altman plot that the 3-day food record provides estimates of 

dietary cholesterol, that are on average substantially lower than those provided by the FFQ 

(Figure 3.10). The level of agreement between dietary cholesterol obtained from these two 
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instruments appears to be quite low. In addition, it appears from the overall average 

difference in both Figures 3.11 and 3.12, for carbohydrates and proteins, that there is a 

systematic difference (bias) between intake estimates obtained from the 3-day food record 

and the FFQ, with the 3-day FR yielding substantially lower values for both carbohydrates 

and proteins.  

 

Food Frequency Questionnaire vs. 3-Day Food Record for Dietary Fibre and Total Folate 

  

     

                  Figure 3. 13 Dietary fibre                                 Figure 3. 14 Total folate 

 

There is strong agreement between the 3-day FR and FFQ for both dietary fibre (Figure 3.13) 

and total folate (Figure 3.14), with a low systematic difference, hence low bias (average 

difference close to zero) and a large majority of values falling within the LOAs. 
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Food Frequency Questionnaire vs. 3-Day Food Record for Vitamins C, E and Carotene 

 

 

             Figure 3. 15 Vitamin C                                          Figure 3. 16 Vitamin E                             

 

                                                    Figure 3. 17 -carotene 

 

For all three vitamin intakes (C, E and carotene), there was a moderately high level of 

agreement. Vitamin C perhaps stands out as showing some degree of bias with the FFQ 

estimates on average being lower than the 3-day food record estimates (i.e. average of 3-day 

food record – food frequency questionnaire> 0). These differences became more pronounced 

at higher level of vitamin C intake (Figure 3.15); however, the level of difference still 

remains quite small in terms of the range of values observed. All three vitamin measures 

produced BA-plot with a vast majority (100% for vitamin E and carotene) of values falling 

within the LOAs. 
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Food Frequency Questionnaire vs. 3-Day Food Record for Omega-3 and Omega-6 Fatty 

Acids 
 

 

           Figure 3. 18 Omega-3 fatty acids                    Figure 3. 19 Omega-6 fatty acids 

 

Figure 3.18 suggests that there is quite strong agreement between the 3-day FR and FFQ for 

measuring omega-3 fatty acid intake. The solid line in Figure 3.18 suggests that there is a 

small degree of bias, however, perusal of the plot suggests that this is due to the large 

disagreement from a single participant. The remaining values are quite closely clustered 

around zero, and show strong agreement, as they occur within the LOAs. Similarly, Figure 

3.19 also indicates that only two subjects are responsible for the overall average difference 

departure from zero, and the remaining values are tightly clustered around zero, and 

occupying the central region of the LOA. Hence, both omega-3 and omega-6 had quite strong 

agreements between the two measures used to test for validation. 
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Food Frequency Questionnaire vs. 3-Day Food Record for Sodium and Potassium 

 

          

         Figure 3. 20 Sodium                                                Figure 3. 21 Potassium 

 

The level of agreement between the FFQ and 3-day FR is quite high for sodium and 

potassium, with little bias (mean difference close to zero) and a large majority of values 

falling within the LOAs. In both cases, only a single individual did not show agreement 

between the two methods of gauging sodium and potassium intake, and in both cases, this 

was at the extreme end of the scale (Figures 3.20 and 3.21). Interestingly, for sodium it was 

the 3-day food record that provided a much higher estimate of intake for the single individual 

with low agreement, whereas it was the FFQ that provided the much higher estimate for 

potassium. 

 

Food Frequency Questionnaire vs. 3-Day Food Record for Caffeine 

 

 

                                                                   Figure 3. 22 Caffeine 
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Figure 3.22 presents the Bland-Altman plot for assessing agreement of caffeine intake 

estimates from the 3-day FR and FFQ. There seems to be a minimal average difference 

between caffeine estimates obtained from the two methods, and all values fall well within the 

LOA. However, perusal of Figure 3.22 suggests that the average difference is misleading as 

caffeine intake estimates at the lower end of the scale show that the 3-day FR provides 

systematically lower estimates, whereas for higher levels of caffeine intake the FFQ provides 

the lower estimates. 

 

In conclusion, dietary intake measurements for several nutrients have shown strong 

agreement between the 3-day FR and FFQ, such as; measurements for PUFA, MUFA, dietary 

fibre, total folate, vitamin E, -carotene, sodium and potassium, while other dietary intake 

measurements have shown moderate to weak agreement between the two instruments used. 

These include; total fat, saturated fatty acids, dietary cholesterol, carbohydrates, proteins, 

vitamin C, and caffeine. 

3.7.3 International Physical Activity Questionnaire 

This section investigates the validity of the IPAQ, using accelerometer data as a reference. 

Figures 3.23 through 3.25 illustrate the BA-plot used to determine the level of agreement 

between these two instruments for light physical activity (walking), moderate and vigorous 

physical activity. 

Bland-Altman Plots 

 

International Physical Activity Questionnaire vs. Accelerometers 

               

        

         Figure 3. 23 Light physical activity (walking)       Figure 3. 24 Moderate physical activity 
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 Figure 3. 25 Vigorous physical activity                                   

 

According to Figure 3.23, there is a relatively strong agreement between the two instruments 

for levels of light physical activity, with only two measurements falling outside the levels of 

agreement. However, for moderate physical activity, although a majority of values fall within 

the LOA, which would indicate good agreement; there is a clear systematic bias of one 

instrument towards the other. The points were not randomly distributed. The accelerometer 

consistently provides values at the lower end of the moderate physical activity gradient, 

whereas the IPAQ provides substantially lower measures of moderate physical activity at the 

upper end of the scale. In addition, the solid line representing the overall average difference, 

between moderate physical activity levels obtained from IPAQ vs. accelerometer, shows that 

they were approximately 25 minutes of each other (Figure 3.24). This may be considered 

relatively high compared to the physical activity levels carried out by the sample (mean 

physical activity levels of approximately 45 minutes/day).  Hence, despite most values 

occurring within the LOA, it cannot be determined that the IPAQ and accelerometer for 

moderate physical activity levels demonstrate good agreement. Similarly, it can be seen in 

Figure 3.25, that a large majority of values fall within the LOA for levels of vigorous 

physical activity. However, vigorous activity levels collected via accelerometers 

progressively provide lower estimates of activity as it goes along the gradient. The points on 

the Bland-Altman plot should primarily be randomly/normally distributed around the mean 

difference line, before the LOA and the overall mean difference are even considered. Hence, 

since the progressive descend identified in Figure 3.25 is clearly systematic, a strong degree 

of bias is evident, suggesting lower degree of agreement.  
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In conclusion, the IPAQ instrument has highly acceptable measurement properties for 

monitoring light physical activity among Kuwaiti population, as light physical activity 

demonstrated relatively strong agreement, however moderate and vigorous physical activity 

levels, exhibited bias and low degree of agreement. 
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4 DISCUSSION 

 

The principal goals of this research study were to investigate the degree of adherence to 

statin therapy and other lifestyle factors in Kuwaiti hypercholesterolemic patients, and 

examine the association of factors such as diet, physical activity, demography, health status, 

psychosocial and socioeconomic status, anthropometry and blood chemistry with statin 

adherence. In addition, it was to determine whether factors associated with adherence to 

various CHD risk reduction modalities cluster or are mutually exclusive. The current study 

therefore aimed to; (1) assess adherence to statins and other lifestyle factors in 

hypercholesterolemic Kuwaiti patients, (2) determine the association of statin adherence 

levels with other risk reduction modalities, (3) identify the relationship between statin 

adherence and overall CHD risk profile (biochemical and anthropometric factors) (4) 

determine demographic, psychosocial and medical factors affecting statin adherence and 

finally, (5) investigate the association between different coronary risk reduction behaviours. 

The study therefore hypothesizes “low statin adherence in Kuwaiti hypercholesterolemic 

patients, and also dietary modifications, physical activity and other lifestyle factors inferior 

to recommendations, irrespective of statin adherence". The hypothesis also suggests that 

"statin prescription is effective in lowering CHD risk for patients who adhere". Hence latter 

sections of this chapter will discuss and determine if the results support this hypothesis. 

Also, recommendations for future research will be incorporated within the following 

sections, and finally, the strengths and weaknesses of this study will be described. 

4.1 Adherence to CHD risk reduction modalities amongst Kuwait subjects investigated  

4.1.1 Statin adherence 

The extent of adherence to statin prescription in this group of subjects was generally poor. 

According to the Morisky scale, none of the 200 subjects investigated were classified as 

highly adherent to statin therapy, while the majority of these subjects were classified as 

having low statin adherence. The adherence levels identified in the present study were far 

less prevalent than those reported in other countries. A study by Natarajan et al. (2007), 

carried out to measure family practice patients’ adherence to statin medications in Canada, 

reported high adherence in 63% of the sample investigated (Natarajan, et al., 2007). Cutler et 

al. (2010), reported high statin adherence in 36.8% of 14257 patients from New Jersey 

(Cutler et al., 2010); while Esposti et al. (2012), reported high statin adherence in 41.1% of 
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the 19232 Italian patients investigated (Esposti et al., 2012). In addition, Al-Qasem et al. 

(2011) carried out a comprehensive review of 19 previous studies, to investigate adherence 

to medication among patients with chronic conditions; such as diabetes, hypertension, and 

depression in Middle Eastern countries (Al-Qasem et al., 2011). The review reported non-

adherence rates as high as 88% and 55% in the Kuwaiti population, when compared with 

non-adherence rates of 22.2%, 25% and 27.1% in other Middle Eastern countries (Al-

Qasem, et al., 2011). This variation however, could be due to the different disease conditions 

investigated. Hence, since it appears that prevalence of statin adherence in Kuwait and the 

Middle East has not been previously documented, further research is necessary. 

 

The low statin adherence identified in the present study may limit the effectiveness of this 

drug, thus compromising primary prevention of CHD (Bates et al., 2009; Jackevicius, et al., 

2002; Latry et al., 2011; Mann et al., 2010). It is difficult to extrapolate definitive reasons 

for the low levels of statin adherence identified in this sample, as open ended interviews 

were not conducted. However, although studies regarding statin adherence in Kuwait have 

not been previously conducted, according to findings by Mann et al. (2007), most common 

reasons for non-adherence to statins include: not believing that statins are necessary, running 

out of statin pills, wanting to try diet instead, feeling that drugs are inconvenient, and most 

importantly, unpleasant side-effects associated with statin medications (Mann, et al., 2007). 

Hence, factors contributing to poor medication adherence are myriad and include those 

related to patients, practitioners and health care systems (Brown, et al., 2011). It has been 

previously advised that upon statin prescription, health providers/ primary health care 

physicians in Kuwait should address such barriers to adherence, by emphasizing the 

importance of statin therapy on the reduction of CHD risk, and by understanding patients’ 

knowledge and attitudes towards medication (Brown, et al., 2011). Subsequently, after 

statins have been prescribed, regular follow-up of patients and annual serum lipid 

evaluations are recommended (Campione et al., 2005; Davidson, 2002). This includes 

reporting of LDL-C levels to patients, to allow them to monitor progress and provide the 

necessary motivation for improved statin adherence (Campione, et al., 2005; Davidson, 

2002). A study by Campione et al. (2005), examined the relationship between primary care 

physicians' compliance with primary care guidelines and patients' adherence to statin 

therapy. The major finding was that increased primary care physicians' compliance with 

annual lipid evaluations for established statin users positively affected patients' adherence 

(Campione, et al., 2005).  
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It should be noted that after thorough discussions with several general practitioners in 

Kuwait, it has been determined that there is no organized/consistent way by which patients 

enter the healthcare system. A free polyclinic/general practice is available in each residential 

area, however no compulsory registration is necessary. Patients may visit their local clinic 

when or if presented with symptoms, and an available physician will attend to them. Patients 

may also be referred to specific healthcare professionals of the same clinic such as dietitians 

and nurses or to hospitals local to them, if further preventive/treatment strategies are required. 

In addition, patients are left to follow practitioner's advice at their own discretion, since 

healthcare systems in Kuwait lack emphasis on patient follow up.  

 

Guidelines from the Ministry of Health in Kuwait suggests that patients with total cholesterol 

levels >5.2mmol/l and LDL >1.7mmol/l are to primarily modify dietary intake and lifestyle 

behaviours (Al-Adsani et al., 2011). This includes: 1) reduction of saturated fat, trans-fat, and 

cholesterol intake, 2) increase of n-3 fatty acids (fish or fish-oil supplements), 3) intake of 

dietary fibre (kidney beans, other dry beans, whole grain oats, nuts, barley), 4) intake of plant 

sterols (fruits, vegetables, vegetable oils, nuts, seeds, cereals, and legumes, 5) weight loss and 

finally, 6) increased physical activity. Statin therapy is prescribed, however, to those with the 

following risk factors: 1) patients over the age of 40 having one or more CHD risk factors, 

regardless of baseline lipid levels, 2) patients with multiple CHD risk factors in those under 

the age of 40, and 3) target LDL/total cholesterol levels not reached after 3-6 months of 

behavioural therapy. The Ministry of Health in Kuwait also advised that patients monitor 

transaminase values before starting and 12 weeks after initiation of statin therapy (Al-Adsani, 

et al., 2011). 

4.1.2 Dietary intake 

Using the dietary guidelines established by “The Ministry of Health in Oman”, The 

American Heart Association 2011 and “Dietary Guidelines for Americans 2010” as a 

reference, dietary intake collected by 24 hour recall indicated higher total fat intake 

compared to recommended guidelines in both male and female subjects of all age groups, 

while saturated fatty acid intake in females exceeded recommendations. It is well-

documented that increased intake of total fat and saturated fatty acids are associated with 

increased levels of serum LDL concentrations (Ernst et al., 1997). Also, Xu et al. (2006) 

examined the association between dietary fat intake and CHD incidence in 2938 participants 
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aged 47–79 years and free of CHD. Results indicated that total and saturated fat intakes were 

strong predictors of CHD mortality (Xu, et al., 2006). Low adherence to statins compounds 

the issue that subjects in the present study had previously diagnosed increased levels of 

plasma LDL, and were already at higher risk of CHD mortality than the general Kuwaiti 

population. It is therefore prudent that these subjects become more aware of their diet, 

particularly intakes of total and saturated fat. In addition, all age/gender groups included in 

the study consumed significantly lower carbohydrates and higher protein than 

recommendations. Interestingly, although the present study sample is not representative of 

the Kuwaiti population,  a recent review article supported these findings by indicating that 

the structure of diet in the Arab Gulf countries has shifted towards a high energy-dense diet 

with increased fat and sugar, higher saturated fat, lower intake of complex carbohydrates 

and higher intake of animal source foods (Arab Center for Nutrition, 2009; Musaiger, et al., 

2012). It was therefore proposed that although animal foods are the main source of high 

biological value protein and essential nutrients, such as iron and zinc, they are also a source 

of saturated fatty acids and intake should be restricted to approximately 0.5kg per week 

(Kushi et al., 2006; Musaiger, et al., 2012); while intakes of complex carbohydrates in the 

form of dietary fibre, vegetables and whole grain foods is encouraged, since the 

consumption of these foods by Middle Easterners has been reported as below recommended 

allowances (Musaiger, et al., 2012; Ng et al., 2011). The Eastern Mediterranean Regional 

Office of the World Health Organization (WHO/EMRO) reported more than 85% adults in 

the Arab Gulf countries with fruit and vegetable consumption below the recommended five 

servings per day (Musaiger, et al., 2012; WHO/EMRO, 2011).  

 

Furthermore, in addition to saturated fat intake, female subjects consumed higher total EI 

than recommendations, whereas male subjects of all ages were within the recommended 

range for total EIs. This is consistent with previous studies showing that Arab women may 

be less knowledgeable than Arab men and thus less aware of the health consequences 

associated with certain dietary habits and behaviours (Baroudi et al., 2010; Rasheed et al., 

1999). Jakobsen et al. (2004) indicated that a five per cent higher level of EI from saturated 

fat is associated with a 36 per cent greater risk of CHD among women, whereas no 

associations were found among men (Jakobsen et al., 2004).  In addition, Olusi et al. (2003) 

reported hypercholesterolemia (a significant risk factor for CHD) in 30.2% vs. 36.6% 

Kuwaiti males and females, respectively (Olusi et al., 2003). Therefore, although the 

prevalence of CHD in relation to gender amongst Kuwaitis does not appear to have been 
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previously documented, it is suggested that female heart patients may require increased 

attention and focus during preparation and provision of dietary regimens for the reduction of 

CHD risk in the Kuwaiti population.   

 

Additionally, findings from the current research revealed that sodium intakes were 

considerably higher in all age/gender groups investigated. The salt content in traditional 

Arabic dishes (particularly seafood-based), was a major underlying source to the increased 

sodium intake identified in this study. A systematic review of studies published between 

1990 and 2010, on food consumption patterns in the Arab Gulf countries reported high salt 

intake (clearly, on a more representative sample) (Musaiger, et al., 2012). Also, according to 

Musaiger et al. (2012), data available from food composition of dishes commonly consumed 

in the Arab Gulf countries showed a high content of sodium (Musaiger, 2006; Musaiger, et 

al., 2012). It was suggested that the high use of table salt, spices and pickles, as well as the 

salinity of water in several countries, may be possible explanations for the high sodium 

content in the Arabic diet (Musaiger, et al., 2012). The association of carbohydrate, protein 

and sodium intakes with CHD risk are well described (Anderson et al., 1995; Daniels, 2002; 

Erdman, 2000; Esrey, et al., 1996; He, et al., 2002a; Mann, 2002; Reddy, et al., 2004; 

WHO/EMRO, 2011).  

 

Finally, male subjects consumed significantly higher amounts of caffeine than both female 

subjects and the recommended intake range. A previous study on the impact of Arabic 

coffee consumption on serum cholesterol also reported significantly high intakes of caffeine 

among Arabs (approximately 2-10 cups of coffee in one sitting) (El Shabrawy et al., 1993), 

with a higher female/male ratio of coffee consumption (El Shabrawy, et al., 1993). However, 

regardless of gender differences, it is documented that excess caffeine consumption can 

increase blood pressure and homocysteine levels, thus contributing to CHD risk (Cornelis et 

al., 2007; Zhang et al., 2009). In addition, Arabic coffee is prepared in a different way from 

western and other oriental types of coffee, specifically it is boiled far longer (El Shabrawy, 

et al., 1993).  Boiling roasted ground coffee beans has been found to raise serum cholesterol 

levels in humans and in experimental animals (Al-Kanhal, 1996; Alsaif et al., 2007; Urgert 

et al., 1995; Zock et al., 1990). Dusseldorp et al. (1991) reported that, coffee boiling caused 

an increased extraction of hyphercholesterolemic lipid factor from coffee, which can raise 

serum cholesterol levels (Alsaif, et al., 2007; Van Dusseldorp et al., 1991). Thus, in addition 
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to the excess caffeine levels associated with coffee drinking, the preparation method of 

Arabic coffee may contribute to CHD risk among this group of subjects. 

 

In summary, the dietary intake of these hypercholesterolemic patients was overall 

inconsistent with risk reduction, indicating that dietary modifications for CHD risk reduction 

in Kuwait have clearly not been successful. There is extensive documentation of the adverse 

effects of certain dietary patterns on the prevalence of CHD (Connor, et al., 2002; Jenkins et 

al., 2003; Kratz, 2005; Musaiger, 2002). Dietary components of particular interest include 

total, polyunsaturated, monounsaturated and saturated fat, cholesterol, salt, fibre, tea and 

coffee (Hu, et al., 2001a; Labarthe, 1998; Musaiger, 2002). Hence, since data collected on 

this sample revealed increased consumption of total fat, saturated fat, sodium and caffeine, 

the biochemical risk profiles of these hypercholesterolemic patients should be closely 

monitored.  

 

It should be noted, that dietary intake data collected via FFQs were consistently higher than 

almost all the nutrients collected via 24 hour recall; by which all subjects exceed 

recommended guidelines for the majority of nutrients investigated. According to Brown 

(2006), food frequency questionnaires are prone to measurement error. Cognitively, the 

usual frequency of intake questions is difficult to answer. The number of foods one can ask 

about is limited and extensive detail about food preparation is not collected (Brown, 2006; 

Thompson et al., 2002). Food frequency questionnaires generally question usual portion 

size, which is not problematic for discreet foods such as pieces of fruit, but can be highly 

variable for foods like pasta, vegetables, beverages, and meats” (Brown, 2006; Thompson, et 

al., 2002). This is exacerbated by the traditional meal structure in Kuwait, which involves 

sharing of food rather than having discrete servings on individual plates. Accordingly, 

overestimation of certain nutrients has been reported in several previous studies assessing 

dietary intake (Bowen et al., 2012; Erkkola et al., 2001; Schaefer et al., 2000). In addition, a 

review by Somerset (2011) identified several weaknesses in using FFQs to determine 

habitual intakes of specific nutrients associated with non-communicable diseases. Firstly, 

the absence of certain food items, in the FFQ, may be major sources of nutrients associated 

with the disease investigated (i.e. fish oil; a major source of omega 3 fatty acids for CHD 

risk reduction) (Somerset, 2011). In addition, the grouping of foods may not necessarily 

indicate equivalent nutrient profiles (Somerset, 2011). To account for these potential flaws, 
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the current study therefore simultaneously employed two separate 24 hour recall methods, 

FFQs and a 3-day food records. 

4.1.3 Physical Activity 

Physical activity levels in the sample population were inferior to recommendations. It is well 

established that participation in physical activity by the general Kuwaiti population is low 

(Mabry et al., 2010; MOH, 2006; Olusi, et al., 2003). According to the Ministry of Health in 

Kuwait (2006), only 42.1% males and 28.4% females, report engaging in at least 600 MET- 

min per week of moderate or vigorous intensity physical activity, which is equivalent to a 

total of 150 minutes of moderate or 75 minutes of vigorous intensity physical activity per 

week (Mabry, et al., 2010; MOH, 2006). Present findings reported low levels of physical 

activity in 71.4% and 48.2% males and females, respectively. Similarly, Olusi et al. (2003) 

reported a prevalence of 50.6% and 71.4% for low physical activity in Kuwaiti men and 

women, respectively (Olusi, et al., 2003). These rates are relatively high, when compared to 

countries such as Australia and USA, by which, Bauman et al. (2009), reported low levels of 

physical activity in merely 14.3% and 20.1% Australian men and women; and 13.6% and 

18.2% American men and women, respectively (Bauman et al., 2009). This deficit of 

physical activity is particularly important in hypercholesterolemic patients since they are at 

increased risk of mortality compared to the general population. 

 

Results therefore suggest that having high serum cholesterol levels did not affect the dietary 

intake or physical activity levels of these hypercholesterolemic patients, since insufficient 

physical activity levels and unhealthy dietary regimens were observed. It could be that these 

subjects have not been well informed of the importance of diet and physical activity in 

improving their blood lipid profile, or it may just be that these subjects are generally inactive 

and inattentive in spite of their health status.  Also, a previous section of this study (1.9.2.2) 

described the socioeconomic, environmental and socio-cultural constraints that hinder 

Kuwaiti individuals from engaging in physical activity through transportation, daily 

household chores, sports events, gyms and health clubs. These include; the conservative 

social norms in various Kuwaiti families, the hot arid climate, high dependency on 

automobiles, and the employment of domestic helpers (Al-Isa, 1995; Al-Isa, 1999a; Al-Isa, 

et al., 2011; Al Orifan, et al., 2007; Mabry, et al., 2010). Similarly, a review by Ramadan et 

al. (2010), indicated that rapid urbanization in Kuwait has led to profound changes in 
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lifestyle, including low levels of physical activity, which has contributed to a high 

prevalence of obesity, resulting in an escalation of non-communicable disease rates, 

particularly CHD, stroke, hypertension and diabetes (Olusi, et al., 2003; Ramadan et al., 

2010).  

 

In addition, total physical activity of the sample population was evaluated against guidelines 

developed by the “2008 Physical Activity Guidelines for Americans”. Data revealed physical 

activity levels below recommendations in the majority of these subjects. A recent study by 

Tucker et al. (2011) assessed self-reported physical activity among U.S. adults according to 

the 2008 Physical Activity Guidelines for Americans (PAGA) (Tucker et al., 2011). The 

study reported 62% of U.S adults meeting the PAGA, whereas the present study reported 

46.5% meeting these guidelines, Also, when subjects were categorized according to statin 

adherence level, both low and medium statin adherers engaged in physical activity levels 

lower than recommended national guidelines (refer to Table 3.65), thus further supporting 

the hypothesis that regardless of statin adherence level, physical activity in these subjects is 

overall inadequate. It is therefore apparent that regarding their physical activity levels, the 

group of Kuwaiti subjects investigated appeared to be at heightened risk of developing 

CHD.  

4.1.4 Obesity 

The present study identified a high prevalence of obesity in both male and female subjects as 

indicated by percentage body fat and BMI, reflecting the high prevalence in the general 

Kuwaiti population. A previous study on the prevalence of risk factors for CAD among 

normal, healthy Kuwaiti individuals reported levels of obesity in 23.6% subjects (Olusi, et 

al., 2003).  This was significantly higher than obesity rates in France, U.K, the United 

States, and Saudi Arabia, of 7%, 9%, 15% and 17%, respectively (El-Hazmi et al., 1997; 

Laurier et al., 1992; Olusi, et al., 2003). Obesity therefore, continues to be a growing health 

concern in Kuwait (Al-Kandari, 2006; Mabry, et al., 2010; Olusi, et al., 2003; Ramadan, et 

al., 2010).   

 

Also, since present findings have shown low physical activity and dietary modifications; and 

BMI levels > 30kg/m
2 

in 60.5% (n=121), it appears that major risk factors associated with 

CHD are highly prevalent among this group of patients.  
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A review by Pinkney et al. (2001) indicated that undoubted improvements in cardiovascular 

risk factors can result from weight loss (Pinkney, 2001). Accordingly, it was reported that 

10kg of weight loss among overweight/obese hypercholesterolemic individuals is generally 

associated with 10% decrease in total serum cholesterol, 15% decrease in LDL cholesterol, 

30% decrease in serum triglycerides and 8% increase in HDL cholesterol (Jung, 1997; 

Pinkney, 2001). Hence, modest weight loss is a valid target for CHD risk reduction among 

these overweight/obese Kuwaiti hypercholesterolemic patients. Progress is therefore needed 

with the design of more effective weight loss strategies, as current physical activity/dietary 

promotion programmes have either not reached this population or have not been effective.   

 

4.1.5 Smoking 

The prevalence of smoking amongst hypercholesterolemic patients in the present study was 

relatively low, compared to previous studies on the Kuwait population (11.5% of subjects). 

Shawa et al. (1993) identified smoking as the second most frequent risk factor for PAD in 

Kuwait (Shawa, et al., 1993). Hamdan et al. (2007) reported prevalence of smoking in 

40.6% of adult males, aged >18 years; and Al-Adsani et al. (2000), reported prevalence of 

smoking in 36% of Kuwaiti coronary patients attending a major hospital in Kuwait (Al-

Adsani et al., 2000; Al Hamdan et al., 2007). It is possible that this prevalence may have 

been underestimated, particularly as merely 0.5% women smokers were identified. There is 

some indication that Kuwaiti women tend to hide their smoking habits, as it is considered a 

socially undesirable and unacceptable behaviour, thus leading to under-reporting (Memon, et 

al., 2000; Radovanovic et al., 1999). Also, in the current study, the sample was not 

representative of all Kuwaiti hypercholesterolemic patients attending primary health care 

facilities. Thus, although the present study did not report a high frequency of smokers 

among the sample population, previous research has suggested otherwise. It is, however, 

possible that the low rates of smoking identified in this study are real, and this is one 

modality which patients have indeed adopted. Accordingly, further research is required to 

thoroughly investigate the prevalence of smoking among Kuwaiti men and women, targeting 

particularly those at CHD risk, since according to Al-Adsani et al. (2000), smoking 

cessation may reduce the burden of acute MI-related morbidity and mortality in Kuwait (Al-

Adsani, et al., 2000). Also, a more recent study carried out in Saudi Arabia, reported 

considerably higher concentrations of plasma total cholesterol, LDL-C and triglycerides; and 

lower HDL-C levels in smokers compared to non-smokers (Babiker et al., 2012).  
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4.1.6 Affective psychology factors 

A previous cross-sectional study was carried out on 2,320 Kuwaiti participants in primary 

healthcare settings in Kuwait, to investigate the prevalence of depressive disorders, using the 

Beck Depression Inventory Questionnaire (BDI II). The study reported high levels of 

depression, by which 860 (37.1%) of these patients were classified as depressed (mild, 

moderate and severe), among whom 352 (15.3%) were males and 508 (21.7%) females (Al-

Otaibi et al., 2007). A relatively lower prevalence of depression (13%) was found in the 

present study. However, a different method was used to measure depression in the present 

study compared to that by Al-Otaibi et al. (2007). Previous studies suggest that the DASS 

may somewhat be more reliable in measuring specific psychological constructs than 

measures such as the BDI II and Hamilton rating scales (HRS) (Brown et al., 1997; 

Lovibond et al., 1995a). Lovibond et al. (1995) reported a low correlation between the 

DASS Depression scale and the BDI (Lovibond, et al., 1995a). According to Lovibond et al. 

(1995), the primary reason for the low correlation between the DASS depression scale and 

the BDI appears to be the inclusion in the BDI, of several items which are not strongly or 

uniquely related to depression. In particular, weight loss, irritability, loss of appetite and 

somatic preoccupation (Lovibond, et al., 1995a). In addition, Brown et al. (1997), indicated 

that the DASS anxiety scale may be a more accurate index of overall severity of negative 

emotion than more heterogeneous scales emanating from two-factor models of anxiety and 

depression (such as the Beck inventories and the Hamilton rating scales) (Brown, et al., 

1997).  

 

The DASS anxiety scale in this study reported relatively high prevalence of anxiety (46.5%), 

compared to several other Arab populations, 28.2% in Jordan, 16% in Saudi Arabia, 16.7% 

in Lebanon and 10% in UAE (El-Rufaie et al., 1995; Takriti et al., 1992; Tanios et al., 

2009). Psychosocial factors have been previously identified as independently associated 

with CHD risk (Al-Isa, 1999a; Al-Isa, et al., 2011; Al-Kandari, 2006; Al-Otaibi, et al., 2007; 

Hemingway, et al., 1999). According to Hemingway et al. (1999), three interrelated 

pathways may be involved in this association, including: 1) psychosocial factors may affect 

health related behaviours such as smoking, diet, alcohol consumption, or physical activity, 

2) psychosocial factors may cause direct acute or chronic pathophysiological changes; and 

3) adherence to therapy may plausibly be influenced by social support, self-efficacy and 

motivation (Hemingway, et al., 1999). In light of present findings, it is postulated that 
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psychosocial factors will most likely affect behaviours such as smoking, diet and physical 

activity in this sample, as these patients appear susceptible to unhealthy lifestyle behaviours. 

Given the potential for these affective factors to have an effect on CHD risk directly, and 

indirectly, through other risk factors, such as diet and physical activity, the observed high 

prevalence deserves attention in future strategies to reduce risk in this patient group.  

4.2 The association of statin adherence with dietary intake and physical activity in the 

sample population 

No significant association between dietary intake and statin adherence was identified. 

Patients on statins appear unresponsive to dietary modifications. This may pose increased 

risk of CHD mortality since patients with low statin adherence, have not relied upon 

alternative therapy. There is clearly a need for Kuwaiti hypercholesterolemic patients to 

recognise that with low statin adherence, CHD risk reduction is mainly dependent on 

concomitant therapies (diet and physical activity).  Higher statin adherers were also not 

moderating their consumption of dietary risk factors such as total energy, total fat and 

saturated fat. It is possible that higher statin adherers assume that medication completely 

counteracts the negative effects of high fat/high calorie diets on their biochemical risk 

profile, however this is speculative at this point, as relevant data were not collected.    

According to Badran et al. (2011), there is a disproportionately low priority in governmental 

spending aimed at increasing awareness of the healthcare consequences of unhealthy eating 

habits in Arab countries (Badran et al., 2012). Also, it has been previously documented, that 

in Kuwait, most of the intervention programs to prevent and control non-communicable 

diseases focus on education through mass media, especially television, the press, and 

booklets (Musaiger, et al., 2012). Thus, Kuwaiti hypercholesterolemic patients may not fully 

comprehend the importance of diet in treating hypercholesterolemia. Evidence suggests that 

the initiation of lifestyle interventions in conjunction with lipid-lowering medication 

augment the benefits of medication and results in better long-term compliance, and thus 

more lasting rates of success in CHD risk reduction (Al Aqeel et al., 2004; Yarzebski et al., 

2001). Therefore, upon initiation of statin therapy, a comprehensive dietary prescription is 

warranted in the reduction of CHD risk. It is apparent however, that prescription per se was 

not effective among this population, as statin adherence was generally low. A study by 

Arafah et al. (2012), however, indicated that in Middle Eastern countries, only 43.9% of 

hypercholesterolemic patients, on lipid-lowering therapy, were informed about their 

cholesterol levels (Arafah et al., 2012). Hence, it is possible that the low adherence 
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identified in the present study is related to patients’ lack of knowledge and awareness of 

their health status. Provision of detailed information regarding their hypercholesterolemia, 

may therefore be necessary to enhance adherence.   

 

Higher adherence to statin therapy was inversely associated with total physical activity 

(light, moderate and high), where higher statin adherers engaged in less physical activity per 

day than low level statin adherers, and thus, to some extent, may compromise the long term 

protective effects of statin adherence on CHD risk among these Kuwaiti individuals. The 

efficacy of statins can be enhanced by lifestyle modifications including physical activity, 

thus further supporting the importance of adherence to collaborative therapy for optimal 

health (Eidelman, 2002).  

 

There are several possible explanations for the inverse relationship identified. Firstly, 

subjects may have experienced “muscle pain and weakness”, as a side effect of statin intake 

(Bhardwaj et al., 2013; Bruckert, et al., 2005; Di Stasi et al., 2010; Scott et al., 2009; 

Wierzbicki et al., 1999). Although data were not collected on statin side effects in the 

present study, Scott et al. (2009) in a study on 774 older adults, found that statin therapy was 

associated with greater declines in strength and muscle quality, and greater increases in falls 

risk (Scott, et al., 2009). According to Scott et al. (2009), these associations may be 

reversible as cessation of statin use was associated with a significantly smaller decrease in 

leg strength and leg muscle quality over 2.6 years compared to those who continued statin 

use (Scott, et al., 2009). In addition, a study by Bruckert et al. (2005), found overall 

muscular symptoms were reported by 10.5% of subjects prescribed statins, with a median 

time of onset of 1 month following initiation of statin therapy. Muscular pain prevented even 

moderate exertion during everyday activities in 38% of these subjects, while 4% were 

confined to bed or unable to work (Bruckert, et al., 2005). Although data were not collected, 

on associations of statin type and muscular pain, an association was identified between the 

type of statin prescribed and total physical activity carried out per day. Participants on Zocor 

engaged in more physical activity than Lipitor subjects.  Data in Table 3.12 show, that 

subjects on Lipitor and Zocor have similar BMI distribution (32.1 and 31.6, respectively); 

discounting BMI as a confounding factor. A study comparing atorvastatin with simvastatin 

in the management of severe familial hyperlipidemia, revealed that atorvastatin is more 

effective at lower doses than simvastatin in treating hypercholesterolemia (higher lipid-
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lowering potency), but at the expense of possible increase in side-effects (Wierzbicki, et al., 

1999). 

 

Finally, the most common risk factors associated with SIM, muscle pain and weakness are  

being female and having advanced age (Alexander et al., 2009; Bhardwaj, et al., 2013; Gaist 

et al., 2001; Pasternak et al., 2002; Scott, et al., 2009; Walsh et al., 2004), and since the 

majority of subjects involved the present study were older females, these symptoms and 

side-effects were, to a certain extent, anticipated. It should be noted, however, that in the 

current study, all inferences with respect to the effect of statin adherence on various 

outcomes were adjusted for age and gender.  

Musaiger et al. (2011) presented an ongoing five year intervention strategy to promote 

physical activity in patients attending healthcare facilities in Kuwait and other Middle 

Eastern countries. This strategy includes: 1) enhancing knowledge and skills related to 

promoting physical activity (among healthcare professionals), by organizing training 

courses, and 2) improving knowledge and awareness among patients, attending healthcare 

facilities, by conducting educational programs; and formulating/promoting guidelines for 

daily physical activity (Musaiger et al., 2011). In addition, Al-Eisa et al. (2012) reported 

positive associations between health beliefs (beliefs about what controls ones’ health), and 

self-efficacy (beliefs about ones’ ability to cope with stressors); and the initiation and 

maintenance of physical activity in Saudi Arabia (Al-Eisa et al., 2012). It is therefore 

suggested that upon full knowledge and awareness of their health status and consequences 

associated with low physical activity; and with the continuous support and encouragement 

of health care professionals, increased physical activity among these hypercholesterolemic 

patients may be achieved.  

In conclusion, the present findings suggest that hypercholesterolemic patients adhering to 

statin medication are probably relying on statins alone to reduce CHD risk, since dietary 

intake and physical activity were generally inferior to national recommendations. It is 

difficult to extrapolate definitive reasons behind these findings, as relevant data were not 

collected, however, the observed low dietary modifications and physical activity levels may 

be attributed to several possible reasons; 1) inadequate knowledge on the importance of 

incorporating physical activity and dietary modifications with statin intake (Bates, et al., 

2009; Mansur et al., 2001; Serour, et al., 2007), 2) limited communication between subjects 
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and health-care provider- hence patients may not fully comprehend their condition, and may 

be under the misconception that statins will counterbalance the effect of a high fat diet/low 

physically active lifestyle on their blood cholesterol levels (Bates, et al., 2009; Mansur, et 

al., 2001), 3) insufficient moral and emotional support from significant others (Bates, et al., 

2009; Levesque et al., 2012; Serour, et al., 2007), and 4) potential muscle pain and weakness 

associated with statin intake, and thus type of statin administered, may discourage physical 

activity in several subjects (Bhardwaj, et al., 2013; Scott, et al., 2009) . Further research is 

required to deduce definitive reasons for the overall low adherence levels identified. 

However, it may be necessary for a multi-disciplinary team to provide information on diet 

and physical activity to each coronary patient through education programmes tailored to the 

individuals’ needs and understanding, in order to enhance overall adherence.  

4.3 The association of statin adherence with biochemical and anthropometric risk 

profiles 

Higher adherence to statin therapy was inversely associated with plasma cholesterol and 

LDL levels. Also, subjects that had been on statin medication longer had lower plasma 

cholesterol, glucose and LDL levels. These results reflect the intended effect of statins, and 

thus were consistent with measures of adherence. Therefore, statin prescription seems to 

have been effective in lowering CHD risk for those who had adhered.  

 

The present findings support the established inverse relationship between statin intake and 

LDL/plasma cholesterol levels (Mansur, et al., 2001; Parris, et al., 2005; Sacks et al., 1996; 

Serruys et al., 2002; Sever et al., 2004; Shepherd et al., 2002; Shepherd et al., 1995).  

Mansur et al. (2001) reported lower total cholesterol and LDL levels in compliant 

hypercholosterolemic patients compared to noncompliant patients treated with statins 

(Mansur, et al., 2001). Similarly, a more recent study indicated that adherence to statin 

therapy (medication possession ratio >80%) was highly effective in decreasing LDL 

cholesterol levels in patients with dyslipidemia (Parris, et al., 2005). Stroes et al. (2005) 

argues, however, that despite the success of lipid-lowering therapy using statins; the 

reduction in LDL from statins alone may not suffice in reducing overall risk of CVD (Sacks, 

et al., 1996; Serruys, et al., 2002; Sever, et al., 2004; Shepherd, et al., 2002; Shepherd, et al., 

1995; Stroes, 2005). Hence suggesting that in order to maximise risk reduction in 

cardiovascular events, additional therapeutic targets, such as; dietary modifications, physical 
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activity and maintenance of normal body weight (BMI<25), to improve management of 

dyslipidaemia are necessary. 

 

No significant associations were identified between statin adherence and anthropometric 

measures. These findings were somewhat anticipated, as these hypercholesterolemic 

patients, did not improve their dietary intake nor increase levels of physical activity. The 

main objective of statin medication is to reduce serum cholesterol concentrations and thus 

CHD risk (Jula, et al., 2002; Schultz et al., 2005; Stroes, 2005; Versmissen, et al., 2008); 

however, present findings have reported unhealthy lifestyle behaviours among statin 

adherers, which have clearly affected their anthropometric status.  Hence, the long-term 

effectiveness of statin treatment may be mitigated by the increased adiposity identified in 

this group.  Previous research has shown that anthropometric measures, such as BMI and 

WC are significant predictors of CHD risk (Choi et al., 2011). It is therefore necessary that 

these patients improve dietary intakes and physical activity levels upon initial use of statin 

medication, to improve their anthropometric status, and overall risk of CHD.  

 

This section concludes that in populations with dietary intake and physical activity inferior 

to national recommendations, statins are effective in lowering at least some of the risk. An 

optimal lower risk profile is particularly important for these hypercholesterolemic patients, 

since they are at higher risk of morbidity and mortality than the general population. 

However, as reported for overall dietary modifications, a high prevalence of obesity was 

evident amongst this group regardless of statin adherence level, which may be reflective of 

their diet and physical activity behaviours. Therefore, although, the present sample is non-

representative of the general Kuwaiti population, due to limited sample size and scope of the 

study; these findings further support the preceding hypothesis that Kuwaiti 

hypercholesterolemic patients depend solely on statin medication to reduce 

hypercholesterolemia. It is possible that these patients are under the misconception that 

statins are a substitute for diet, physical activity and the maintenance of a healthy BMI. 

Therefore, upon prescription of statins, Kuwaiti heart patients need to be exposed to 

effective interventions to improved lifestyle measures as adjunctive therapy to statin 

medications.  
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4.4 Determinants of statin adherence 

Data from the present study revealed that age and previous history of diabetes were 

significantly associated with statin adherence. Age was positively associated with statin 

adherence, thus higher adherence to statin therapy was observed in older subjects. Similarly, 

previous history of diabetes was also positively associated with statin adherence. A recent 

study by Latry et al. (2011) reported low overall adherence to statin therapy. However, 

higher adherence was detected in those with increased number of associated cardiovascular 

risk factors; including older age, diabetes and other CVD co-morbidities (Latry, et al., 2011).  

It was postulated that patients with several risk factors are probably more aware of their own 

mortality and thus more attentive to their treatment (Latry, et al., 2011). This is supported by 

the Health Belief Model that predicts an individual will take a health-related action if a 

negative health condition can be avoided (Becker et al., 1975; Latry, et al., 2011). According 

to Latry et al. (2011), these results confirm that long-term drug treatments are a difficult 

challenge, particularly for patients who may not have experienced any previous direct health 

consequences of poor adherence to medications (Latry, et al., 2011). In addition, Natarajan 

et al. (2007) found patients older than 65 years were >3 times as likely to report high 

adherence than younger patients; and those taking 4 to 6 other medications were more than 

twice as likely to report high adherence as those taking fewer than 4 or more than 6 other 

medications (Natarajan, et al., 2007). Similarly, several previous studies indicated that 

patients who claimed a greater number of concurrent medications were more adherent to 

their statins (Benner, et al., 2002; Grant et al., 2004; Natarajan, et al., 2007). There could be 

several reasons for the higher level of adherence reported in older patients, with prior history 

of diabetes. Subjects with diabetes have most likely experienced the consequence of non-

adherence to a specific medication (e.g. hypo- or hyperglycemia), and as a result, may fully 

comprehend the ramifications of medication non-adherence or cessation; while others at risk 

may not have been well-informed by their health-care professionals, and since patients may 

weigh the perceived benefits, perceived risks, costs and convenience of medications upon 

prescription; lack of information may therefore lead to low adherence (Cheng et al., 2001; 

Foody, 2006; Latry, et al., 2011).  In addition, a possible reason for the higher statin 

adherence identified with increasing age could be that, in older patients, peers may also have 

the same health issue, which could lead to peer/social support, thus encouraging adherence 

to statins. A positive association between social support and adherence to medication has 

been previously documented (Carter, et al., 2005). Also, higher statin adherence could also 
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be a result of the increased prevalence of non-communicable diseases associated with 

advancing age, by which intake of other medications prior to statin therapy is most likely 

prevalent (Katz et al., 2008; Negin et al., 2011). It is postulated that older subjects were 

probably taking at least two other medications for chronic diseases, and thus do not need to 

focus on remembering statin medications alone, as most of these drugs are generally taken 

together (Katz, et al., 2008; Negin, et al., 2011). Also, while statins may be an 

inconvenience to patients with hypercholesterolemia, it is merely one more drug to older 

patients with multiple risk factors/non-communicable diseases; and finally 

acknowledgement and experience of health consequences associated with poor adherence to 

any medication may encourage higher adherence to statins (Katz, et al., 2008; Natarajan, et 

al., 2007; Negin, et al., 2011).  

 

These findings therefore suggest that while several demographic, socioeconomic and 

psychosocial factors are known to be associated with statin adherence in various other 

studies, this was not evident among the present population. Gender, for instance, has been 

identified as a potential factor associated with statin adherence levels (Lewey et al., 2013). A 

meta-analysis by Lewey et al. (2013), on 53 previous studies, reported higher adherence to 

statin therapy in male subjects compared to females (Lewey, et al., 2013). In addition, 

depression has been recognised as one of the most important factors affecting adherence to 

medical treatment (Ziegelstein et al., 2010). According to Weilburg et al. (2009), depressed 

hyperlipidemic diabetic patients tend to refill their statin prescriptions less often than those 

without depression (Weilburg et al., 2009). Weilburg et al. (2009) also revealed that patients 

receiving adequate anti-depressants were twice as likely to adhere to chronic disease 

medications (including statins) than patients receiving inadequate AD treatment (Weilburg, 

et al., 2009). In addition, a study by Sulaiman et al. (2010) revealed that depressed Arab 

patients in UAE were less likely to adhere to prescribed healthcare regimens (Sulaiman et 

al., 2010). These studies however, used different methods to assess depression. Weilburg et 

al. (2009), examined AD therapy users, thus subjects were classified as depressed prior to 

study recruitment; while Sulaiman et al. (2010) used a self-report K6 scale (Sulaiman, et al., 

2010; Weilburg, et al., 2009). The K6 scale, used by Sulaiman et al. (2010), is a non-specific 

psychological distress scale that screens for severe mental illness (SMI) (Prochaska et al., 

2012; Sulaiman, et al., 2010). The DASS scale, on the other hand, is more distinct to 

depression, anxiety and stress; and may capture individuals struggling with both moderate 

and severe mental distress (Antony et al., 1998; Brown, et al., 1997; Lovibond, et al., 
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1995a). This type of screening is more relevant to the present study. Nonetheless, no 

associations were identified between these potential factors and statin adherence, while other 

studies reported otherwise. Therefore, further research is required, among Kuwaiti statin 

users, to examine these previously established factors associated with statin adherence.   

4.5 The associations in CHD risk reduction modalities, between subjects of different 

demographic, socioeconomic and clinical backgrounds  

Data showed that smokers engaged in less total physical activity per day than non-smokers, 

consumed higher levels of sodium; and had higher serum concentrations of cholesterol, 

triglycerides and VLDL (refer to Tables 3.53, 3.58 and 3.61). It is well-documented that 

smoking, dietary intake, and physical activity rank among the top three modifiable risk 

factors for chronic disease (Kaczynski et al., 2008; WHO, 2005). The inverse relationship 

between smoking and physical activity is consistent with several previous studies on adults 

(Hart, 1984; Kaczynski, et al., 2008; Paavola et al., 2004; Papathamasiou et al., 2012; 

Pitsavos et al., 2005; Rodriguez-Romo et al., 2011; Schmitz et al., 1997; Takemura et al., 

2000). A recent study carried out by Rodriguez-Romo et al. (2011), indicated that 

individuals who smoked were less likely to achieve recommended levels of physical activity 

compared to non-smokers (Rodriguez-Romo, et al., 2011). Similarly, a cross-sectional study 

on 781 male Japanese office-workers, revealed a strong inverse relationship between 

physical activity and smoking habits (Takemura, et al., 2000). There have been several 

hypotheses proposed to explain the inverse smoking/physical activity association, citing 

mainly psychological, behavioural and physiological factors (Kaczynski, et al., 2008; 

Papathamasiou, et al., 2012; Papathanasiou et al., 2010). Firstly, both behaviours serve 

similar purposes and provide similar rewards. For instance, both smoking and physical 

activity, can temporarily decrease stress and elevate mood (Fisher et al., 1993; Kaczynski, et 

al., 2008). Secondly, the ability of smokers to engage in physical activity may be impaired 

by their reduced cardio-respiratory fitness (Kaczynski, et al., 2008; Papathamasiou, et al., 

2012; Papathanasiou, et al., 2010). Moreover, it has been postulated that sedentary adults 

(especially females) may smoke as a weight control strategy (Gonseth et al., 2012; 

Kaczynski, et al., 2008; Papathamasiou, et al., 2012); and finally, the most common 

explanation is that health behaviours tend to cluster; that is, involvement in one positive 

behaviour (non-smoking), increases the likelihood of involvement in another (physical 

activity) (Kaczynski, et al., 2008; Papathamasiou, et al., 2012). This cluster hypothesis 

appears somewhat relevant to the present study, as smokers also consumed higher intakes of 
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sodium; a dietary risk factor for CHD (He, et al., 2002a; He, et al., 1999; Pietinen, et al., 

1988). Upon converting dietary intake into nutrients via “FoodWorks 2009” (AUSNUT, 

2007),  data revealed that the main sources of sodium consumption in this group of patients 

were the traditional meat, chicken and seafood-based dishes. The salt content in these dishes 

was a major underlying source of the increased sodium intake (Sawaya et al., 1996). The 

association identified in the present study are supported by a meta-analysis of 51 previous 

studies, showing that smokers have unhealthy patterns of nutrient intake compared with non-

smokers, and that these habits are homogeneous among studies despite extreme variability in 

food intake habits in different countries (Dallongeville et al., 1998). Dallongeville et al. 

(1998) found that smokers consume more fat, a greater EI, more saturated fat and 

cholesterol; and less polyunsaturated fat and fibre (Dallongeville, et al., 1998). Although the 

association was statistically non-significant, the present findings also reported smokers 

consuming an average of 0.95g less polyunsaturated fat, and 44.5mg more dietary 

cholesterol. All of these dietary factors have significant implications for coronary risk 

(Daniels, 2002; Kratz, 2005; Oh et al., 2005; Reddy, et al., 2004). A possible reason, other 

than the cluster-effect, for the connection between smoking and dietary intake is that the 

marked reduction in monoamine oxidase (an enzyme that is associated with mood function) 

associated with tobacco smoke, results in dysregulation of appetite and attitudes toward 

food, which may increase food intake (Dallongeville, et al., 1998; Fowler et al., 1996; 

Grunberg, 1982). However, regardless of these preceding inferences, smoking was shown to 

be consistently associated with unhealthy dietary patterns and lower levels of physical 

activity (Dallongeville, et al., 1998; Hart, 1984; Kaczynski, et al., 2008; Papathamasiou, et 

al., 2012; Pitsavos, et al., 2005; Rodriguez-Romo, et al., 2011; Schmitz, et al., 1997; 

Takemura, et al., 2000). Additionally,  a systematic review by Craig et al. (1989) reported an 

overall dose-dependent increase in serum concentrations of total cholesterol, triglycerides, 

VLDL and LDL and lower serum concentrations of HDL in subjects who smoked (Craig et 

al., 1989). Similarly, a more recent study carried out by Bayati et al. (2009), reported a 

significant dose response increase in total cholesterol, triglycerides and VLDL in smokers 

compared to non-smokers (Al-Bayati et al., 2009). The mechanism behind this association 

suggests that smoking increases catecholamine release, causing a surge in circulating free 

fatty acids, which may increase VLDL and LDL concentrations and reduce HDL-C 

concentrations (Campbell et al., 2008; Gepner et al., 2011). It appears however, that the 

preceding studies, did not adjust for dietary intake, which could have been a possible 

confounder.  
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Data collection revealed that Hawalli residents engaged in more moderate and total physical 

activity than subjects residing in Al-Asimah. These governorates are both considered urban 

areas, however Al-Asimah is classified as the most central region and capital of Kuwait (Bu-

Olayan, et al., 2012). Similarly, a study by Al-Nozha et al. (2007) reported highest levels of 

physical inactivity in the central regions and urban areas of Saudi Arabia (Al-Nozha et al., 

2007). A possible explanation for this association may be that patients residing in central 

areas in Kuwait are probably of higher social class, with increased availability of domestic 

help and cars for transportation. However, this is merely speculative, since it appears that 

previous studies in the Middle East have not addressed/examined reasons for this 

association. The present study also reported higher average weight and BMI in Hawalli 

residents than subjects residing in Al-Asimah, in spite of the adjustments for age, gender, 

smoking habits, psychosocial factors and other possible confounders (refer to Table 3.59).  

The findings in the present research contradict an earlier study showing higher BMI levels in 

subjects residing in Al-Asimah compared to Hawalli (Al-Isa, 1997). It should be noted, 

however, that the sample investigated in the present study was purposive; by which focus 

was only on hypercholesterolemic statin users. Hence, this is not representative of the entire 

Kuwaiti population.  

 

Furthermore, subjects with high depression scores engaged in more moderate-level physical 

activity than non-depressed individuals; in contrast to previous studies reporting an inverse 

relationship between depression and physical activity (Brummett et al., 2003; Roshanaei-

Moghaddam et al., 2009; Van Gool et al., 2003). A systematic review carried out by  

Roshanaei-Moghaddam et al. (2009), reported a significant association between depression 

at baseline and a decline in the level of physical activity (Roshanaei-Moghaddam, et al., 

2009). In addition, Brummett et al. (2003) found that depressive symptoms were positively 

associated with sedentary behaviour, which was an independent predictor of mortality 

(Brummett, et al., 2003). According to Roshanaei-Moghaddam et al. (2009), higher rates of 

sedentary behaviour in depressed patients may be partly due to decreased motivation and 

interest for activity (Roshanaei-Moghaddam, et al., 2009). Present findings were therefore 

not consistent with previous research (Bonnet, et al., 2004; Roshanaei-Moghaddam, et al., 

2009). It should be noted however, that different scales were used to measure depression. 

Brummett et al. (2003) for instance, employed the Zung Self-Rating Depression Scale 

(ZSDS) (Brummett, et al., 2003), which is a self-reported 20-item measure of the symptoms 

of depression (Zung, 1965).  Although the DASS and ZSDS are both self-report methods, 

http://www.sciencedirect.com/science/article/pii/S0163834309000607
http://www.sciencedirect.com/science/article/pii/S0163834309000607
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different parameters were addressed to measure prevalence and severity of depression, thus 

possibly explaining the inconsistent findings detected (Lovibond, et al., 1995b; Zung, 1965). 

 

It is acknowledged and well-documented that physical activity is associated with reduced 

risk of CHD. However, for treating hyperlipidemia, it has been recognized as an adjunct to 

statin therapy and not a substitute (Kokkinos et al., 2013), hence suggesting that physical 

activity alone may not suffice in the reduction of CHD risk, among these depressed 

hypercholesterolemic patients that have engaged in moderate physical activity levels. 

Therefore, attention to addressing depression symptoms in conjunction with other coronary 

risk reduction strategies may be advantageous.  

 

Also, in the present study, diabetic subjects consumed higher levels of polyunsaturated fat, 

engaged in higher total physical activity, and had significantly lower serum concentrations 

of LDL and cholesterol than non-diabetics (all protective risk factors against coronary heart 

disease). It appears that awareness and attention to diabetes may be higher than CHD in the 

general Kuwaiti population. Although studies continue to document low levels of awareness 

towards diabetes in Kuwait (Al-Adsani et al., 2009; Awad et al., 2011), a recent review by 

Alarouj et al. (2013), reported diabetes as the least prevalent of non-communicable diseases 

and risk factors among Kuwait nationals, with diabetes, dyslipidaemia, hypertension and 

obesity in 17.9%, 70.3%, 25.3% and 48.2% subjects, respectively (Alarouj et al., 2013). Al-

Mutairi et al. (2009) examined the use of statins by primary care practitioners, in the 

management of cardiovascular diseases in Kuwait. In accordance with clinical practice 

guidelines, the study reported a significant underuse of statins (Al-Mutairi, et al., 2009). Al-

Taweel et al. (2013), on the other hand, reported 77.7% adherence, among healthcare 

practitioners, to international guidelines for treating patients with type 2 DM in Kuwait (Al-

Taweel et al., 2012). Also, collaborative intervention programs to prevent, control and 

mitigate the impact of diabetes in Kuwait have recently been developed (Dasman Diabetic 

Institute). The Kuwait Scotland Health Innovation Network adopted an integrated approach 

to establish systems of high quality diabetes care in Kuwait; including the core components 

of patient registration, clinical guideline and standard development, patient and professional 

education, audit and monitoring for service improvement and patient information (Dasman 

et al., 2011). Also, a newly established Diabetes Kuwait Resource Centre has provided 

diabetes focused education and support for individuals, family members, and the public of 

Kuwait thereby improving the lives of all those affected by diabetes and increasing overall 
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awareness (Dasman Diabetes Institute). Thus, higher response to healthy behavioural 

messages among diabetic subjects may have been attributable to the improved attention by 

healthcare practitioners; and the development of programmes and projects to increase 

awareness and knowledge of diabetes in Kuwait.  

 

Another possible explanation for this association may be the “cluster effect” theory  

described in earlier sections of this chapter; where one positive behaviour increases the 

likelihood of the involvement in another (Kaczynski, et al., 2008; Papathamasiou, et al., 

2012). Serour et al. (2007), however, carried out a study on 334 adult males and females 

with hypertension and diabetes in Kuwait. The majority of individuals in the sample were 

overweight, did not engage in recommended levels of physical activity, and did not follow 

dietary recommendations (Serour, et al., 2007). Kuwait generally is an obesogenic 

environment, by which extreme heat and humidity is described as a significant barrier to 

physical activity, and the lack of social support regarding healthy dietary regimens is highly 

evident (Serour, et al., 2007). Although data were not collected in the present study 

regarding social support, it was reported previously by Serour et al. (2007) that the domicile 

situations of extended families living in one household, and the high number of social 

gatherings, makes adherence to a specific diet difficult (Serour, et al., 2007). Aggarwal et al. 

(2010) evaluated the prospective relationship between low social support and adherence to 

diet in a CVD lifestyle intervention trial. In that study, an independent association between 

low social support and non-adherence to diet was reported; thus a heightened cardiovascular 

disease risk among these cardiac patients, due to poor dietary adherence (Aggarwal et al., 

2010). In addition, a cross-sectional study indicated that higher social support is associated 

with increased physical activity and increased HDL-cholesterol levels (both protective 

factors for CHD) (Aggarwal et al., 2008). 

 

In summary, although it is well-established that statin medications are efficacious in 

reducing CHD risk (Jones et al., 1998; Kjekshus, et al., 1995; Kopjar, et al., 2003; Sacks, et 

al., 1996; Sheperd, et al., 1995), their full benefits may be compromised through low 

adherence, among this sample. In addition, dietary intake, physical activity and lifestyle 

modifications were inferior to recommendations among these hypercholesterolemic patients. 

High statin adherence was inversely associated with physical activity, thus suggesting that 

these patients were most likely relying on statins to reduce CHD risk. Results from the 

present study, however, reported a lower biochemical risk profile in this higher statin 
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adherence group, indicating that statin medication was effective in those who adhered, and 

thus the overall risk of developing CHD was somewhat reduced. Low statin adherers, 

however, may be at increased risk of morbidity and mortality, as their risk reduction is 

entirely dependent on diet, physical activity and BMI, which were inferior to guidelines. 

According to the ‘National Cholesterol Education Program-Adult Treatment Panel (III)’, 

dietary modifications should be initiated for treatment of hypercholesterolemia, by which 

weight control is anticipated. Subsequently, increased physical activity is advised. Finally, if 

reductions in serum cholesterol levels are not achieved by diet and physical activity, lipid-

lowering drugs are recommended, simultaneously with therapeutic lifestyle changes 

(National Cholesterol Education Program (NCEP), 2002) It appears however, that in the 

present study, patients have directly resorted to statin therapy. It is possible, that these 

hypercholesterolemic patients were not advised on the importance of lifestyle modifications 

in the reduction of CHD risk. Therefore, intervention strategies based on enhancing diet and 

physical activity behaviours in conjunction with the initial prescription of statin therapy, 

may help increase overall adherence, hence achieve optimal health.  

 

Furthermore, subjects with diabetes were more responsive to statin therapy and lifestyle 

recommendations; suggesting that the recent development of diabetic awareness 

programmes in Kuwait may have attributed to higher adherence levels (Dasman, et al., 

2011).  

 

Necessary measures are needed to enhance overall adherence in this population. According to 

Arafah et al (2012), hypercholesterolemia in Middle-Eastern countries is still being 

undertreated (Arafah, et al., 2012). Arafah et al. (2012), reported controversy between 

physicians and patients regarding knowledge of their cholesterol levels, by which 43.9% of 

hypercholesterolemic patients indicated being informed of their cholesterol levels, while 

physicians reported setting individual target cholesterol levels for 70% of their patients 

(Arafah, et al., 2012). This suggests that lack of communication exists between the patient 

and physician, by which medication is being prescribed, but patients are not aware of the 

reasons for this prescription (Arafah, et al., 2012). It is therefore recommended, that upon 

diagnosis of hypercholesterolemia, patients need to be fully informed of their health status, 

and the importance of adherence to therapy (statin and lifestyle factors), particularly in the 

form of counselling sessions, to examine patients’ understanding and awareness. Al-Sinani et 

al. (2010), reported minor improvements in the metabolic outcomes of Omani patients 
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receiving nutrition and lifestyle counselling; suggesting that these minor improvements can 

be further enhanced by more health education (Al-Sinani et al., 2010). In addition, several 

studies have established that little awareness exists in the Middle East regarding CHD risk 

(Al-Mutairi, et al., 2009; Arafah, et al., 2012) 

 

This study therefore has implications for development of intervention strategies, focusing on 

improved patient/physician communication, awareness and educational programmes on 

hypercholesterolemia, statins, and the importance of adherence, as it appears that knowledge 

and awareness may be key factors to higher adherence in Kuwait. Also, additional research 

on statin adherence and health outcomes in younger Kuwaiti hypercholesterolemic patients 

with fewer concomitant diseases is needed, as current data suggests lower adherence among 

these groups.  

4.6 Validity of the several instruments used 

The BA-plots (Figures 3.4 - 3.25) describe the agreement (how close one measure compares 

to another) in percentage body fat between skinfold calipers and Omron scales (Diboll et al., 

2003). Validation analyses between “Omron” scales and calipers, for percentage body fat 

reported relatively good agreement in subjects with percentage body fat 40%-50%, however 

with percentage fat increase the calipers constantly gave higher values than the Omron scale.  

A low degree of variability was detected between the two instruments analysed and non-

constant bias among the range of percentage fat was observed, which is often an indicator of 

high agreement between the two instruments. However, a strong non-linear trend in the levels 

of agreement was identified, where the nature of bias changed with the levels of total fat 

measured; that is while the Omron scale provided higher estimates on the lower end of the 

percentage fat scale, the relationship was reversed at the higher end of the scale, with calipers 

providing higher estimates. A study by McRae et al. (2010) reported no significant difference 

between skinfold measurements and BIA when estimating percentage body fat for men; but 

the difference was significant for women. It was speculated that the compressibility of fat 

differs between men and women, with the trend for women to be slightly less compressible 

than men. Therefore, agreement was dependent on the degree of body fatness measured 

(McRae, 2010). Similarly, the present results suggest that in Kuwaiti hypercholesterolemic 

patients, the “Omron’ scale is acceptable for measuring percentage body fat of 40%-50%, 

however at percentage body fat ranges higher and lower, alternative measurement 
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instruments may be necessary. It can be seen from Figures 3.3 and 3.4 that a large proportion 

of the present sample was within this percentage fat range. 

 

Measures of dietary intake collected via 3-day FRs and FFQs reported high agreement in 

several estimates between these two instruments, such as intakes of polyunsaturated fatty 

acid, monounsaturated fatty acid, acids, dietary fibre, total folate, vitamin E, -carotene, 

sodium and potassium, while other measures reported lower agreement, such as dietary 

cholesterol, protein and carbohydrate intakes. In addition, some estimates demonstrated 

strong agreement on specific regions of the agreement plot, particularly where the majority 

of subjects clustered; such as measures of saturated fatty acid and vitamin C intakes, where 

agreement between the two instruments was fairly strong in the lower 50% of the scale, but 

exhibited poor agreement in the upper 50% of the scale. Vitamin C intakes were 

predominantly higher than guidelines among this sample, however, increased intakes 

lowered the agreement between the instruments used. The fact that the disagreement 

increased as the mean intake increased (for saturated fat and vitamin C), does not invalidate 

the data, but indicates that mean intakes higher than 40g and 200g for saturated fatty acid 

and vitamin C, respectively, should be evaluated with caution  (Pereira et al., 2009). Similar 

trends using Bland-Altman analysis was observed by Pereira et al. (2009) (Pereira, et al., 

2009), where a majority of nutrients showed no significant differences between the 3-day FR 

and the FFQ, while nutrients such as carbohydrates and magnesium reported otherwise 

(Pereira, et al., 2009). These results indicate that the FFQ used in the present study, is an 

acceptable method for assessing the general dietary patterns of patients with 

hypercholesterolemia in Kuwait, and thus may be used in clinical studies, to verify nutrient 

values collected via 24 hour recalls or 3 day diaries; particularly saturated fatty acids, PUFA, 

MUFA, dietary fibre, sodium and potassium. Also, there is extensive documentation of the 

adverse effects of these particular nutrients on the prevalence of CHD (Musaiger, 2002); 

suggesting that this tool may be used to measure dietary intake associated with CHD risk.    

 

Finally, light physical activity levels obtained by IPAQ questionnaires and accelerometers 

demonstrated high agreement, whereas moderate and vigorous physical activity levels 

exhibited lower agreement. These results suggest that the IPAQ instrument is a highly 

acceptable method for monitoring low physical activity among Kuwaiti 

hypercholesterolemic patients, however, further effort is required to develop a questionnaire 
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that better captures moderate and vigorous physical activity in a similar population. Also, 

Warner et al. (2012), reported highest agreement between these two instruments among non-

obese persons (Warner et al., 2012). Correlations between accelerometer-measured and self-

reported physical activity levels were consistently lower among obese participants, than 

those with lower BMIs, particularly for vigorous physical activity estimates (Warner, et al., 

2012). Hence, although the present study did not measure the agreement in physical activity 

between self-report and accelerometer according to BMI category, it is possible that obese 

subjects (60.5% of the sample), overestimated their IPAQ responses, particularly for 

moderate and vigorous physical activity levels. Therefore, the IPAQ may be an unreliable 

method to measure moderate and vigorous physical activity in obese subjects, but acceptable 

to use among non-obese hypercholesterolemic patients in Kuwait. However further 

investigation is necessary to verify this proposition. 

4.7 Strengths and limitations  

4.7.1 Overall study limitations 

This study contains several important limitations. Firstly, it should be noted that the present 

sample is non-representative of the general Kuwaiti population, due to limited sample size 

and scope of the study. Also, it is necessary to discuss the lack of compliance and 

participation identified in the study population. A majority of patients at risk demonstrated 

lack of interest in completing questionnaires and measurement instruments utilised. Also, 

during complete blood count testing, numerous patients did not return to collect these test 

results, hence had to be replaced with other subjects. This may lead to non-response bias, 

particularly at the low-adherence scale, thus suggesting that low adherers to statins are less 

likely to respond and return than medium adherers. Data collection therefore proved to be a 

major challenge among CHD risk patients in the primary health care facilities of Kuwait. 

  

Moreover, another relevant limitation worth noting is the relatively small sample size 

investigated in both the main research design (n=200) and validation analyses of instruments 

applied (n=30). Accordingly, several findings may have appeared to be clinically significant 

between risk factors measured; however a statistical significance was not identified. 

Additionally, due to the limited timeframe of the current study, data were collected on 

dietary intake, via 24-hour recall, for two non-consecutive days rather than the ideal three 

non-consecutive days (Ma et al., 2009). Also, interestingly, results reported only low and 
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medium statin adherence levels amongst these subjects investigated, whereas high adherers 

to statin therapy were not identified. A case-control study design (assuming that statin 

adherence is the outcome), where individuals are adequately sampled for adherence/non 

adherence; could have provided more evenly distributed adherence groups. Alternatively, 

stratified sampling (using statin adherence as a risk factor), by which subjects are recruited 

according to their level of statin adherence; could have been used to ensure that high levels 

of statin adherers were adequately sampled.  

 

An additional limitation that should be considered is the “behavioural clustering effect”, 

which could have led to a Type I error. That is, falsely identifying effects as significant 

when no association exists (Jo et al., 2008). Patients at the same clinic or with the same 

physician are likely to interact and thus may behave similarly, to the same design artefacts. 

This potential clustering effect was not adjusted for in the present research due to the modest 

sample size. Adjusting for design effects typically requires an inflation of sample size, and 

thus the clustering design effects in the present study was not substantial as to affect the 

outcome investigated (Sawyer, 1982). Consequently, another limitation related to the target 

population, is that only four out of the six governorates in Kuwait were examined, which 

cannot determine general adherence to multiple risk reduction behaviours among the entire 

Kuwaiti hypercholesterolemic population. It is possible that patients’ adherence levels and 

characteristics differ markedly in the two remaining governorates. Also, the subjects 

investigated were not equally distributed with regards to gender, governorate, and other 

demographic risk factors. Hence, in addition to reasons of modest sample size, results 

extrapolated from this study cannot be generalized to all patients of healthcare settings in 

Kuwait, thus limiting representation of the Kuwaiti coronary population.  

 

Furthermore, a noteworthy limitation is that the self-administered questionnaires/surveys 

applied in this study depend largely on individuals’ memory and perception, and thus may 

lead to recall bias (Lee et al., 2013). In addition, on several occasions, the researcher 

detected different behaviours than those self-reported by the subjects investigated, including 

various psychosocial characteristics, indicating misrepresentations of several CHD risk 

reduction behaviours. 
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4.7.2 Strengths of the study 

Despite the apparent limitations, there are a number of notable strengths in the present study, 

including the quantity of variables investigated. A decision had to be made by the researcher 

in terms of “number of variables vs. sample size”. Therefore considering that the current 

research is exploratory, a higher number of variables, at the expense of sample size, were 

examined.   

 

Another strength worth noting is that the present study appears to be the first to investigate 

the association of statin adherence with various blood chemistry, dietary intake, physical 

activity and morphological outcomes in Kuwait and other countries in the Gulf region. Al-

Qasem et al. (2011) reviewed studies investigating adherence to medication among patients 

with hypertension, chronic obstructive pulmonary disease, asthma, diabetes, depression, 

schizophrenia and epilepsy in the Middle East. However, hypercholesterolemia and statin 

therapy, were not addressed (Al-Qasem, et al., 2011). Moreover, Serour et al. (2007) 

examined adherence to lifestyle recommendations among patients with high cardiovascular 

risk factors, where dietary intake, physical activity and BMI levels were measured. 

Adherence to statin therapy, on the other hand, was not considered (Serour, et al., 2007). In 

addition, since the sample population comprised statin users of 6-24 months, the present 

study considered change in adherence that may develop from psychosocial and behavioural 

factors associated with long-term use of a drug; as subjects were not examined upon initial 

prescription of statins, the average time of statin users was 17.3 months (>1 year). Hence, 

this study aimed to capture the effectiveness, as well as the efficacy of statin therapy in 

lowering serum cholesterol among these hypercholesterolemic patients. A multivariate 

approach was also executed to gauge the mutually exclusive effect of demographic, 

behavioural and psychological risk factors on statin adherence, since crude effects from 

bivariate analyses may not provide an accurate picture. 

 

Finally, it is necessary to acknowledge that the observational research design carried out in 

the present study, employed mainly retrospective questionnaires/ surveys that are unlikely to 

alter the behaviour of the participants investigated, and thus credible information regarding 

genuine behaviours was most likely collected. 
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5 Conclusion 

 

Coronary Heart Disease remains a major cause of mortality and morbidity in developed and 

several of the developing countries (FAO, 2006; Jackson, et al., 2002; Rashed, et al., 2002; 

WHO, 2002; WHO, 2003; Zubaid, et al., 2004), and hypercholesterolemia has been clearly 

documented as a pivotal underlying determinant of this disease (Hansson, et al., 2006; 

Sheperd, et al., 1995; Stipanuk, 2000; Tonkin, et al., 2005; Verschuren, et al., 1995). Statins 

are identified as the principal class of medications used to treat hypercholesterolemia, and 

their efficacy to reduce adverse cardiovascular outcomes is well-established (Gotto, 2005; 

Latry, et al., 2011; McGinnis, et al., 2007; Pedersen, et al., 2004; Versmissen, et al., 2008). 

However, there has been much debate over the effectiveness of statins, as discontinuation 

and/or reduction in the dose of statin therapy is becoming a growing dilemma and poses a 

significant challenge for health-care professionals. Medication adherence is widely 

recognized as an important component to any treatment success (Benner, et al., 2002; 

McGinnis, et al., 2007; Paraskevas et al., 2011; Pearson, et al., 1997). Adherence to statin 

medication was examined to determine the effectiveness of this drug on hypercholesterolemic 

patients in Kuwait. In addition, the prevalence of behavioural risk factors among Kuwaiti 

hypercholesterolemic subjects was investigated; and the association of these risk factors with 

statin adherence was ultimately analysed.   

 

In light of this research, it can be concluded that the multiple risk factors for CHD are highly 

prevalent among hypercholesterolemic patients in Kuwait. These factors were low statin 

adherence, obesity, insufficient physical activity and dietary intake inferior to national 

guidelines. This suggests that these hypercholesterolemic patients may be at increased risk of 

morbidity and mortality, as the full benefits of statins may have been compromised by low 

adherence, and alternative behavioural parameters (diet, physical activity and BMI < 25) have 

clearly not been carried out/achieved. The poor overall adherence observed may have resulted 

from several parameters including; 1) insufficient explanation about the disease and the 

consequences associated with low adherence, 2) limited communication between health-care 

providers and patients at risk, 3) underestimation or denial of the seriousness of the disease, 4)  

lack of moral and emotional support from loved ones, and finally, 5) adverse effects of statins, 

particularly muscle pain and weakness, that may influence poor adherence to statin intake and 

reduced physical activity (Di Stasi, et al., 2010; Donnelly et al., 2008; Latry, et al., 2011; 
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Pasternak, et al., 2002). However, further research is required to extrapolate reasons for low 

overall adherence, as relevant data were not collected; and studies regarding adherence to 

statin medication in Kuwait do not appear to have been previously conducted.    

 

Furthermore, findings revealed that subjects adhering to statin medication had dietary intake 

and physical activity inferior to national guidelines, suggesting that these 

hypercholesterolemic patients were most likely relying on statins alone to reduce CHD risk. It 

is possible that these patients were under the assumption that statin medication replaces diet, 

physical activity and maintenance of healthy BMI. Nonetheless, statin adherence was 

effective in reducing some of the risk, as a lower biochemical risk profile was observed in the 

higher statins adherence group. In addition, data showed that patients were overweight/ obese 

regardless of their statin adherence levels, which may probably be reflective of their poor diet 

and physical activity levels. Hence, it is suggested that in order to maximise effectiveness of 

statin therapy, and achieve optimal health, future intervention strategies based on enhancing 

diet and physical activity behaviours in conjunction with statin therapy is warranted.  

 

In addition, the current study has highlighted older age as a direct determinant of higher statin 

adherence among these subjects of interest. A hypothesis suggests that the possible prevalence 

of other non-communicable diseases/risk factors associated with advancing age, may have 

attributed to higher adherence to statin therapy, where intakes of other medications prior to 

statin therapy is common (Katz, et al., 2008; Negin, et al., 2011). Hence, older patients may 

not need to focus on remembering statin medications alone, as most of these drugs are 

generally taken together (Katz, et al., 2008; Negin, et al., 2011). Also, statin therapy is merely 

one more drug to these older subjects, and thus may not be as inconvenient as it would to 

younger patients probably free of these non-communicable diseases/risk factors (Katz, et al., 

2008).  

 

Also, present findings have established that adherence to overall therapy is predominantly 

low, diabetic patients however, showed potential to an improved overall CHD risk profile, as 

higher adherence to statin medication as well as healthier dietary intake and higher physical 

activity levels were evident among this group of hypercholesterolemic/ diabetic patients 

(CHD protective factors) (Aggarwal, et al., 2008; Caspersen, et al., 1996; Castelli, et al., 

1977; Hu, et al., 2001a; Lacoste, et al., 1995; Lichtenstein et al., 1999; Sorrentino, 2004; 

Verschuren, et al., 1995; Woodside, et al., 2005). Recent developments of diabetic 
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intervention programmes in Kuwait suggest that awareness and attention to diabetes may be 

higher than CHD in the general Kuwaiti population (Dasman, et al., 2011) thus most likely 

contributing to the higher overall adherence identified among this diabetic group. In addition, 

a previous study on hypercholesterolemic patients in Kuwait reported lack of communication 

between the patient and practitioner, by which a majority of patients were unaware of their 

high serum cholesterol levels (Arafah, et al., 2012). It is therefore recommended that 

educational programs be conducted in Kuwait to enhance awareness. In addition, physicians 

are advised to collaboratively discuss with patients their health status, target serum cholesterol 

levels, and the importance of adherence to multiple intervention strategies. Also, upon initial 

prescription of statin therapy, provision of comprehensive diet and physical activity 

guidelines is advised, among this group of Kuwaiti hypercholesterolemic patients, to enhance 

overall adherence and maximise CHD risk reduction.  
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7 Appendices 

 

The appendices have been provided electronically on the USB stick accompanying this 

dissertation. It contains five directories:  

 

1) Information Sheet and Consent Form 

2) Ethical Approval Forms 

a) Griffith University Human Research Ethics Committee 

b) Ministry of Health in Kuwait 

3) Questionnaires in English 

4) Questionnaires in Arabic 

5) Data Analysis
 
 

a) SPSS=  Raw data and descriptive statistics used by SPSS   

b) Data
*
 =  Raw data used by both STATA and ‘R’  

c) R
*
= Script files used for validation steps  

d) Stata_do
*
 = Script files used for descriptive statistics and modelling 

 

 

 

*
To run the analyses, the working directory should be changed in the script files 

 




