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Abstract 
 
The food situation in Saudi Arabia has markedly changed during the last two decades. A 

nutrition transition is taking place in the country in which traditional foods are being 

replaced by fast foods high in fat, sugar, and salt. Since one important modifiable risk 

factor of cardiovascular disease (CVD) is dietary intake is important to monitor these 

changes in order to estimate the potential effects of this dietary transition as CVD risk. 

Saudi Arabia has a wide geographical variation with its two major cities located in 

contrasting regions where local food availability is very different. Therefore, this study 

was designed to investigate dietary intake in two samples of adults living in different 

geographic locations (coastal and internal areas) of Saudi Arabia and also, those living 

abroad (in this case, in Newcastle, UK). 308 Saudi men and women aged 18 - 65 years 

were recruited from King Abdul-Aziz University, in the coastal city of Jeddah (50 men, 50 

women), Umm Al Qura University, in the inland city of Makkah (73 men, 56 women) and 

those living abroad in Newcastle, UK (32 men, 47 women). All participants completed 

detailed three consecutive day food records and an assessment questionnaire that included 

question on lifestyle practices and socioeconomic status. Height and weight, waist and hip 

circumference were measured in order to calculate body mass index (kg/m2), and waist/hip 

ratio. The mean (SD) ages of women and men were 31.1 years (7.35) and 32.2 years 

(8.27), respectively. BMI was lower in men and women from the coastal region 25.1 

(2.76) than the inland region 26.3 (3.21), and for Saudis in Newcastle it was 25.6 (4.36) (P 

< 0.05). Smoking was more prevalent in the internal area (63%) than coastal area (34%) 

and (26%) in Saudi immigrants (P < 0.001). Men were more physically active than women 

in three cities. Dietary intake data across the three locations demonstrate that subjects from 

the coastal city had a significantly lower energy intake and SFA intake but higher intakes 

of MUFA and PUFA, fibre, selenium and vitamin A (P < 0.05). In contrast they ate 

significantly less carbohydrates, calcium, magnesium, sodium, potassium and zinc (P < 

0.05). Altogether, the diet of internal city resembled the samples in Newcastle more than 

the coastal city diet because the levels of key nutrient and food intakes, such as energy, 

SFA, carbohydrates, calcium, magnesium, potassium and vitamin A, were similar. On the 

other hand, MUFA and PUFA intakes were different between the three cities (P < 0.001). 

Fatty acids intakes differed markedly between locations, with the coastal diet higher in 

omega 3 fatty acids 1.3 vs. 0.37 vs. 0.78 g/day compared with internal diet and Saudi 

immigrants diet, respectively (P < 0.001), while internal area had highest in trans fatty 

acids intake (P < 0.001). It is concluded that, the results indicate that the prevalence of 
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CVD risk factors in Saudi adults seems to be high. Food intake was statistically 

significantly correlated with CVD risk factors for the whole study population. There were 

differences between each location: people living close to the coastal area consumed more 

fish and therefore more total omega 3 fatty acids relative to individuals living in the 

internal areas of Saudi Arabia, in Makkah. This higher intake of total omega 3 fatty acids 

by individuals living in the coastal city of Jeddah may be one of the reasons for the city’s 

lower rates of CVD. Nutrition education among internal residents is needed for improving 

diet quality and for increasing consumption of omega 3 fatty acids. 
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Chapter 1 Introduction 
 

Cardiovascular disease (CVD) is the most significant cause of death on a global level. The 

World Health Organization (WHO) estimates that 17 million people around the world die 

of CVD each year (WHO, 2001/2002). CVD is a leading cause of death in both developed 

and developing countries. For example, in developed countries such as the United States 

of America (USA) CVD accounts for an estimated over 40% of  the deaths of nearly 2.4 

million Americans who die each year (Minino et al., 2011), while in the United Kingdom 

(UK), it accounts for around 200,000 deaths each year (British Heart Foundation Statistics 

Database, 2009). In developing countries morbidity due to CVD is double that of 

developed countries (WHO, 2003). CVD is the main cause of death in Arab Gulf countries 

and health statistics reveal that 28-30% of the total deaths in these countries are due to 

CVD (Executive Board of Health Ministers Council for Gulf Cooperation Council States, 

2008). Furthermore, the statistics collected in the Kingdom of Saudi Arabia over the past 

forty years show an increase in deaths caused by CVD, including vascular diseases, 

coronary heart disease and stroke (Kumosani & Al Madany, 2002). The number of deaths 

due to CVD increased by 333 cases in only one year from 5392 cases registered in 2005 

(Health Statistical Year Book, 2006). It is estimated that by the year 2030 the death rates 

from CVD will have further increased and will remain the leading cause of death in the 

world (WHO, 2008).  

 

The reasons for the increasing incidence of diseases of the heart and vascular system 

include a wide range of factors such as lack of physical activity, obesity, diabetes and 

smoking, as well as a change in the pattern and quantity of food consumed (Houston et al., 

2009). Over the past several years Saudi Arabia has undergone major socioeconomic 

development which has led to changes in standards of living and lifestyle. There has been 

an accompanying drastic change in food consumption patterns in Saudi Arabia. The 

change includes both quantitative and qualitative variations in diet. In addition, the 

structure of the diet has shifted towards a high energy dense diet with higher saturated 

fatty acids (SFA) mostly of animal origin, added sugar in foods and a lower intake of 

dietary fibre, fish, fruit and vegetables (Khoja et al., 2007). Osman and Al Nozha (2000) 

highlighted that it is essential to investigate interaction for planning and successful 
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nutrition intervention strategies for primary prevention and control of CVD. Moreover, the 

knowledge of determinants of CVD risk factors in an adult population will increase when 

more data of the differences between groups or population are available. Studies both of 

risk factors status and change of social and economic developments are needed to achieve 

an understanding of differences in risk factors or changing circumstances (WHO, 2000). 

 

Diet has been claimed to be the most prominent environmental factor attesting the risk of 

heart diseases among the general population worldwide. For example, clinical and 

epidemiological studies suggest a significant role for omega 3 fatty acids in preventing 

coronary heart diseases (CHD). Horrocks and Yeo (1999), mention that these are crucial 

fatty acids which the body cannot synthesise and therefore should be gained through food. 

There are three major types on omega 3 fatty acids that are ingested in foods and used by 

the body: Alpha linolenic acid (ALA), Eicosapentaenoic acid (EPA) and Docosahexaenoic 

acid (DHA). Once eaten, the body converts ALA to EPA and DHA (Holub, 2002). Fish is 

considered as a major source of omega 3 fatty acids, however, they can also be found in 

alternative sources such as vegetables, grains and oils. Plants are rich with ALA whereas 

fish oils are higher in EPA and DHA. It has been claimed that the SFA intake is the major 

CVD environmental factor (Amani & Sharifi, 2012). Intervention trials have revealed that 

cardiac decreases whenever the diet is rich with the fatty acids of omega 3, particularly 

ALA (Lanzmann-Petithory, 2001), therefore the ratio of SFA to polyunsaturated fatty 

acids (PUFA) is important in determining the health fullness of the diet.   

 

Making informed recommendations at both the individual and the group level requires a 

careful assessment of the intake of omega 3 fatty acids (Al Numair et al., 2005).  It has 

been assumed that individuals are living near coastal areas are likely to consume more fish 

and consequently more omega 3 fatty acids than other inhabitants residing far away from 

the coast. One of the serious limitations when assessing the risks of the CVD and how 

they are related to diet intake and sources in Saudi Arabia is the shortage of data as well as 

a shortage in published materials on different population groups. Furthermore, to the 

knowledge of the researcher, there are few published research data available on the dietary 

intake of omega 3 fatty acids in Saudi Arabia. Well-designed research that investigates the 

consumption, and the source of dietary components that contain total omega 3 fatty acids 

and their effects on CVD risks will be of benefit the public in general, the participating 

groups as well as providing evidence for the development of improved public health 

systems.  
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Moving to a new country, the Saudis in the UK experience a totally different culture from 

their own which is likely to affect their overall lifestyle including their psychological, 

mental, nutritional health as well as their physical status (Papadaki et al., 2007). This 

major change in Saudi expat lifestyle, eating habits and patterns is because of 

acculturation as well as their desire to integrate into the new host community. Food 

consumption and dietary intake will have undergone modifications that are normally 

related to the availability of food items. A systematic review by Gilbert and Khokhar 

(2008) have identified that dietary habits change towards a more westernized food or 

mixed diet as opposed to a traditional diet in European populations. The living 

arrangements, financial resources, cost and social setting of the individuals living abroad 

are also among the critical factors in maintaining certain lifestyles and eating patterns 

(Papadaki et al., 2007). Concerning the dietary changes of international students, research 

has revealed that single students are more likely to eat less healthy foods than married 

students; married students consumed higher amounts of vegetables and fruit than those 

who were single (Perez-Cueto et al.,  2009). Yoh et al. (2008) maintains that the everyday 

life activities are focused only on home duties, school and some social networking that 

may extend to other ethnic groups.  

 

Research that collects and compares relevant information on the dietary intake effects on 

health can help to introduce more effective preventative measures that may reduce the 

CVD risks to the public in Saudi Arabia. Likewise, a raised public awareness concerning 

the significance of total omega 3 fatty acids as fundamental nutrients is expected through 

the proper investigation of their effects on the participants and among the population 

groups that live in the same or different environs. This research is expected to furnish such 

data as well as provide a comparison between geographical locations within Saudi Arabia. 

Moreover, it will also compare Saudi people at home and those living in Britain, who may 

have developed different lifestyles and dietary habits. 
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Chapter 2 Literature Review 
 

The aim of this chapter is to provide a summary of the published data relating to diet and 

its association with the risk factors of CVD. Part of this literature review will be presented 

in outline, with the remainder presented in more detail, determined by what is considered 

to be of greater relevance and importance to the current study. 

 

2.1 CVD in Saudi Arabia 

2.1.1 Demographic and geographical background 

Saudi Arabia is the largest country in the Arabian Gulf (with a land area of 2,250,000 

square kilometres), and lies in the south-western part of Asia. It comprises four-fifths of 

the Arabian Peninsula and extends from the Red Sea in the west to the Arabian Gulf in the 

east. Saudi Arabia is bordered to the north by Jordan, Iraq and Kuwait and to the south by 

Yemen and Oman and to the east by Bahrain, Qatar and the United Arab Emirates (Saudi 

Arabia Information Resource, 2010) (Figure 2.1).  

 

Figure 2.1: Map of the Kingdom of Saudi Arabia* 

 
                                                *Saudi Arabia Information Resource, 2010. 
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The total population of Saudi Arabia according to the 2010 Census is 27,136,977. Of 

those, the Saudi native population is 18,707,576 consisting of 9,527,173 males and 

9,180,403 females (Saudi Arabia Central Department of Statistics and Information, 2010). 

Saudi Arabia’s terrain is varied but is generally barren and harsh, characterised by salt 

flats, gravel plains and sand dunes and few lakes or permanent streams. The Rub Al Khali 

in the south is the largest Sahara in the world. The south-western Asir Province contains, 

9,000 feet mountain ranges while the western regions are coastal areas with a very distinct 

climate. The principal cities in the western coastal region of Al Garbia include Jeddah, 

Yunba, Debah, Hagel and Rabig. Dammam, Dhahran, Jubail and Khobar are the 

prominent cities and towns located in the eastern coastal region of Al Sharqia (Saudi 

Arabia Information Resource, 2010). All other regions are characterised as internal or 

interior regions. 

 

2.1.2 Economic and cultural in Saudi Arabia 

In the 1970s, Saudi Arabia was one of the least developed countries worldwide. Today it 

has achieved a high income level which is comparable to that of industrialized countries. 

The oil boom of the 20th century has had a great impact on Saudi Arabia, enabling it to 

bypass the difficulties other industrialising countries face when developing their 

economies. The oil boom not only had an impact on the Saudi economy but also the rapid 

increase of wealth transformed Saudi society from a traditional to a commercial society. 

Moreover, Saudis enjoy a wide range of social benefits such as free education and health 

care, housing, interest free loans and pure drinking water. However, a nutritional shift has 

emerged among the population, namely a sequence of changes in dietary patterns, food 

intake and lifestyle (Statistical Yearbook, 2010). Being a Muslim country, the religious 

Muslim beliefs are wide spread in almost every aspect of Saudi life, particularly the 

economic and the social development (Al Dossary et al., 2008; Littlewood & Yousuf, 

2000). Nearly, all aspects of the Saudi citizens are affected in a way or another by the 

Islamic believes including language, food, behaviour as well as healthcare. In addition, El 

Gilany and Al Wehady (2008) maintain that Islam is a religion that encourages the 

Muslim to maintain good health. For instance, the Islamic religion calls on Muslims to 

exercise on a regular basis, abstain from eating too much food, maintain reasonable 

personal hygiene, and not to smoke tobacco or drink any types of alcohol.  However, due 

to various socio-cultural factors, not all Muslims observe these Islamic guidelines (for 

example smoking). Similarly, the rise of many liberal ideas in the Muslim countries has 
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encouraged many young females to take up smoking in public places such as the 

restaurants and the cafes.     

 

2.1.3 Prevalence of CVD in Saudi Arabia 

The rapid economic growth of Saudi Arabia has led to significant lifestyle changes with 

effects on health, nutritional status and of disease patterns (Bani & Hashim, 1999). The oil 

boom encouraged new lifestyle patterns involving less physical work and greater mobility 

using new forms of transportation, as well as time saving technology leading to the 

reduction of physical activity (Kumosani et al., 2011). In addition, urbanization and 

economic growth led to a shift in eating habits and brought with it fast food with increased 

calories and high levels of fat, salt and sugars. This food combined with a sedentary 

lifestyle has led to an epidemic of CVD in Saudi Arabia (Kumosani et al., 2011). 

 

CVD was the second most common cause of death in Saudi Arabia, in 2010 and 2011, 

representing 19.8 % of total deaths 29,275 (Health Statistical Yearbook, 2011). The 

statistics indicated in 2011 that men were at a higher risk compared to women. The 

distribution of deaths due to circulatory system diseases according to gender is presented 

in Table 2.1. The statistics also indicate a risk gradient, with the highest number of deaths 

in Makkah (17.7%) followed by Riyadh (13.5%) and Jeddah (9.5%). Distribution of 

deaths due to circulatory system diseases according to region is shown in Table 2.2 

(Health Statistical Yearbook, 2003 & 2011). These differences in percentage may be due 

to the impact of geographic location, since both Makkah and Riyadh are in inland cities 

whereas Jeddah is a coastal city. 

 

Table 2.1: Distribution of deaths due to circulatory system diseases according to 
gender, 2011* 

Gender Number Percent (%) 

Male 3,206 10.9 

Female 2,594 8.9 

Total 5,800 19.8 

* Health Statistical Yearbook, 2011. 
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Table 2.2: Distribution of deaths due to circulatory system diseases according to 
region, 2003*    

Regions (Description) Number Percent (%) 

Riyadh (Internal City) 867 13.5 

Makkah (Internal City) 1137 17.7 

Jeddah (Coastal City) 610 9.5 

Ta’if (Internal City) 231 3.6 

Eastern (Coastal City) 352 5.5 

Medinah (Internal City) 558 1.6 

Northen (Internal City) 100 8.7 

Aseer (Internal City) 402 6.3 

* Health Statistical Yearbook, 2003. 

 

2.2 CVD risk factors 

On the international level, previous research has tried to find strategies that can effectively 

prevent CVD by identifying the risk factors that contribute to such diseases and adopting 

programmes of public health (Flynn et al., 2007; National Heart Foundation of Australia, 

2008; National Vascular Disease Prevention Alliance, 2009). According to the National 

Vascular Disease Prevention Alliance (2009), the risk factors of CVD can be categorised 

into two major types: risk factors that can be modified and risk factors that cannot be 

modified. Khatib (2004) and the National Vascular Disease Prevention Alliance (2009) 

maintain that the former refers to physical inactivity, obesity, an unhealthy diet, 

hypercholesterolemia, tobacco use, hypertension, and all other factors that can be altered. 

The latter involves those inherited risk factors such as gender, socioeconomic status, age, 

social history, mental health, and CVD family history. According to Lloyd-Jones et al. 

(2009) and WHO (2010), around 80% of coronary heart diseases are the result of 

modifiable risk factors. Furthermore, Khatib (2004) and Lloyd-Jones et al. (2009) 

suggested that risk factors can be modified by techniques of self-management and lifestyle 

education. In 2008, the National Heart Foundation of Australia explained that such 

techniques of self-management include following appropriate medication, observing 

symptoms, and managing risk factors in one’s lifestyle, particularly smoking and obesity.  
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2.2.1 Age and gender 

Yen et al. (2010) showed that there is a rise in CVD incidence in men and women with 

age, although generally women develop CVD approximately 10 years later than men. 

Compared with men, women up to middle age are at a lower risk of developing CVD than 

men (Rosamond et al., 2007). Research has revealed that a mixture of various 

environmental, genetic and hormonal factors may be the reason behind earlier CVD 

development in men (Mendelsohn & Karas, 2005; Ordovas, 2007; Pilote et al., 2007). 

Estrogen has been shown to have protective effect against the development of the risk 

factors of CVD and therefore it was considered the most frequently cited reason for the 

differences between both genders (Regitz-Zagrosek et al., 2006). Pilote et al. (2007) have 

suggested that estrogen contributes to the tendency of the premenopausal women to have 

lower plasma concentrations of triglyceride, lower systolic blood pressure as well as 

higher concentrations of HDL cholesterol than men. Another factor that is thought to 

contribute the lower degree of CVD incidence as well as mortality rates among women is 

that the smoking prevalence among women is lower than in men. The number of the 

female smokers worldwide is lower than the number of the smoking men (Pilote et al., 

2007). In spite of the fact that hypertension, dyslipidemia and smoking are generally 

higher among men than women, the latter tends to have profiles that are less favorable for 

other main risk factors of CVD. The increasing obesity among women than men is another 

disturbing gender difference. Data obtained from WHO reveal that overweight (BMI ≥25 

kg/m2) is globally less common among women than men; however, obesity (BMI ≥30 

kg/m2) is less common among men than women. 

 

2.2.2 Obesity 

In Saudi Arabia, the population’s behavioural and social patterns as well as their overall 

lifestyle have recently changed in a dramatic way. To name one example, the eating 

behaviours of both adults and children have leaned towards the consumption of high 

amounts of unhealthy foods such as western fast foods, high fat foods and foods that are 

high in sugar (Musaiger et al., 2011). These eating behaviours have lead to a dramatic 

increase in diabetes and obesity among Saudis. Shara (2010) maintains the daily intake of 

fats among Saudis per capita is 143.3%.  Saudis’ modern diets are currently characterised 

by high amounts of red meat, carbohydrates and sugar. According to WHO (2005), 7.6% 

of Saudi women have morbid obesity and 43.8% of them are overweight. Several recent 

studies indicate that the prevalence of obesity in the general population is high for both 

Saudi men and women compared with other Arab countries (Kumosani et al., 2011). A 
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study by Madani et al. in 2000 highlighted the obesity situation in Saudi Arabia, indicating 

that it ranged from 14% in children less than 6 years old to approximately 38% in adults. 

Men are generally less prone to be obese or overweight than women. In a different study, 

using a national epidemiological survey, Al Nuaim (1997a) set out to investigate the 

prevalence of being overweight and its connection with the socio-demographic 

characteristics of 10,657 Saudis between the aged of 20 years and over. The mean age was 

35.8 (14.3) and 50.8% of the sample were men. The overall prevalence of being 

overweight was 31.2% (33.1% for men and 29.4% for women). For obesity, the overall 

prevalence was 22.1% (17.8% for men and 26.6% for women). Statistically, multiple 

regression analysis revealed that income, education, region, residential area, gender and 

age significantly predicted obesity. Obesity was found to be lower in men than women, it 

increased with age, and obesity rates decreased among participants living in rural areas, 

whose lifestyles were traditional, as opposed to participants who lived in urban 

environments. Al Suliman (2008) and Al Qauhiz (2010) observed that rates of obesity and 

being overweight were increasing especially among women, with 70.5% in Saudis western 

region and 65.4% in the eastern area being affected. Al Rukban (2003) reported lower 

rates of 43.3% among Saudi men. Rasheed (1998) conducted a case-control study on 

obese as well as non-obese Saudi women to investigate their perceptions of exercise and 

their eating and body weight. The study revealed that participants had misconceptions 

regarding programs of weight control, exercise, eating behaviours and their effects on the 

weight status of the individual. The study also revealed that when Saudi women 

experience negative feelings, they, in response to such anger and stress, tend to eat more 

which may, in turn, affect their weight. Moreover, Rasheed (1998) mentioned that 

compared with the average woman in Europe, the Saudi woman is considered more obese. 

The researcher contended that this could be due to several reasons, such as a lifestyle of 

inactivity, a lack of physical activity, the traditional foods that are eaten and 

socioeconomic status. It is worth noting here that the Saudi woman is responsible for 

preparing family meals, which are normally made up of two or possibly more kinds of 

traditional foods that are normally rich in meat, fat and sugar. Rawas et al. (2012) 

maintains that cooking foods that suit all members of the family could prevent the Saudi 

woman from preparing healthy foods.   

 

2.2.3 Diabetes mellitus 

The spread of diabetes mellitus all over the world correlates with the aging of populations 

and changes in lifestyle. According to WHO (2003), 177 million of the world’s population 
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are developing diabetes, this number is expected to double by 2030. Diabetes ranked 

fourth among the causes that lead to death in Europe. Individuals with diabetes are 3-4 

times more at risk than healthy individuals of developing major cardiovascular 

complications. More recently, diabetes is considered the most common cause of strokes 

and heart attacks. It is even considered a chief cause of peripheral neuropathy that leads to 

a high risk of amputation (20 times more likely than normal) and peripheral vascular 

diseases (Kumosani et al., 2011). In the Arab Gulf countries, diabetes is much more 

widespread among adults than among their counterparts in the west. One study found that 

the rate of diabetes (type 2) among adults ranged from 12% to 23% (Musaiger, 2002). In 

addition, the chance of developing diabetes increases with the advancement of age, a fact 

that is alarming in view of the increasing number of elderly people worldwide in general 

and in Saudi Arabia in particular (Kumosani et al., 2011). In Saudi Arabia, it was found 

that 28% of diabetes sufferers were unaware of their condition (Mabry et al., 2010a). At 

least one in five Saudis (more than three million individuals) were found to be diabetic in 

Saudi Arabia in a 2007 study (El Hadad et al., 2007). Previous surveys of the country have 

suggested that diabetes is present in epidemic proportions throughout the nation, with 

exceedingly high rates concentrated in urban areas (Al Zaid, 1997). In a national survey by 

Al Nozha et al. (2004), 17232 Saudi subjects aged between 30-70 years were assessed. 

4004 were diagnosed to have diabetic (24%). Diabetes was more prevalent men and 

women living in urban areas with 25.5% compared to rural Saudis 19.5%. Furthermore, by 

comparing different regions of Saudi Arabia it can be observed that the highest prevalence 

is in the northern region at 28% followed by the eastern region then western region at 

25%. 

 

2.2.3 Hypercholesterolemia 

Hypercholesterolemia is defined as the presence of high concentrations of cholesterol in 

the blood. It is not a disease per se but a metabolic derangement that can emerge 

secondary to many other illnesses and can contribute to many forms of disease, most 

notably CVD (Kumosani et al., 2011). A number of studies have reported the prevalence 

of hypercholesterolemia in the Saudi Arabian population. A study by Al Nuaim et al. 

(1996) indicated a prevalence of hypercholesterolemia in Saudi Arabia of 9% and 11% for 

men and women, respectively in a sample of 4500 Saudi subjects. A more recent study 

reported by Al Nozha et al. (2008) investigated 16819 Saudi participants aged between 

30-70 years, and found a significant percentage of the study subjects with serum 

cholesterol of 5 mmol/l or higher. Prevalence of hypercholesterolemia among men was 
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55% and 53% for women, while the figure was 53.4% among urban Saudis and 55.3% for 

rural Saudis. Participants living in northern and eastern regions showed the highest 

prevalence of hypercholesterolemia followed by the western region with 24.4%. It has 

been argued that the increasing ageing of the population of Saudi Arabia and the lengthy 

exposure of the population to the western nutritional habits and lifestyles is reflected in the 

spread of obesity among Saudi citizens, which is expected to cause a further rise in 

hypercholesterolemia in the future (Kumosani et al., 2011). Coronary heart disease can be 

caused by many factors, with hypercholesterolemia being one of the main causes. 

Consequently, there is a practical need for a detailed study that investigates the prevalence 

of other potential risk factors, such as obesity, hypertension and smoking (Kumosani et 

al., 2011).   

 

2.2.5 Hypertension 

Hypertension is considered a risk factor of heart failure, stroke and CVD. In a review of 

the effects of high blood pressure that was published recently, it was stated that roughly 

47% of heart diseases, 25% of other CVD, and 54% of strokes can be attributed to 

hypertension (Amani & Sharifi, 2012). Kumosani et al. (2011) demonstrated that body 

weight, access to treatment and dietary sodium intake are considered to be among the 

major causal factors for hypertension. Studies conducted in Saudi Arabia to investigate the 

prevalence of hypertension have revealed that numbers of individuals suffering from 

hypertension are consistently increasing. Such an increase may be ascribed to many 

factors, such as changes in the lifestyles of Saudis, higher levels of urbanisation, the 

increase of obesity, and the adoption of eating habits that can potentially cause 

hypertension. One study conducted as part of a major national research project on 

Coronary Artery Disease in Saudis (CADISS) by Al Nozha et al. (2007a) analysed the 

prevalence of hypertension among Saudis of both genders aged between 30 and 70 years 

in both rural and urban communities. The result of his study concluded that, in general, 

hypertension is increasing in prevalence in Saudi Arabia affecting more than a quarter of 

the adult Saudi population. 

 

2.2.6 Cigarette smoking 

Tobacco smoking is the most significant cause of early death that can be avoided in the 

USA. Of the 2.4 million yearly deaths, smoking is responsible for more than 440,000 of 

them. According to WHO (2010), many studies maintain that coronary heart diseases are 

often caused by cigarette smoking, often ending with heart attacks. It has been reported 
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that the percentage of both men and women smokers has increased in Arab Gulf countries; 

the percentage of smoking men ranged between 20% and 50% whereas that of women was 

between 5% and 12%. Ward et al. (2004), interestingly, observed that use of shisha (the 

Arabic colloquial name for the water pipe) has dramatically spread in the Gulf region and 

started to be an acceptably social behaviour. Al Nozha et al. (2009) emphasise in their 

study the prevalence of smoking among Saudis and its relationship to CVD. In their study, 

2217 participants of the 17350 they investigated turned out to be smokers, making a 

percentage of 12.8%. Of the smokers, 1555 were men and 662 were women. The 

geographical survey of the study also uncovered other interesting facts; smoking was 

much more widespread among Saudi citizens who lived in the north, west and east than 

the other regions of the kingdom. Reports from Siddiqui et al. (2001) consolidate such 

findings, where they demonstrated that smoking shisha and cigarettes has become an 

increasing habit among Saudi individuals. According to a WHO (2000) report, 7.4% of 

30-year Saudi females smoked tobacco. Various types of tobacco are used in the shisha 

smoking; the most widely used being sweet flavoured with cappuccino and apple, which is 

locally recognised as Maassel (Maziak et al., 2004). Merdad et al. (2007) claim that 

lifestyle changes in terms of smoking have influenced female teenagers more than male 

teenagers. According to Merdad et al. (2007), women believe that smoking shisha is more 

stylish, prestigious and fashionable than smoking cigarettes. A study conducted in Jeddah 

to determine the prevalence of tobacco smoking among female students in colleges of 

medicine, dentistry, and art and science (Merdad et al., 2007) found that 10% of students 

were not aware of the relationship between smoking and heart disease, and that the 

prevalence of smoking was 14%. A total of 5% of the 14% were cigarette smokers, 8.7% 

used shisha and other tobacco products while 2.7% smoked both cigarettes and other 

tobacco products. Interestingly, the study revealed that 8.7% of the participants smoked 

the water pipe as well as other types of tobacco, in spite of their awareness that the water 

pipe has more harmful effects on them than cigarettes. Smoking shisha may be an 

entertaining activity in the social lives of Saudi women, yet such unhealthy practices may 

affect their health status and increase the risk of them developing CVD (Rawas et al., 

2012). 

 

2.2.7 Physical activity 

After reviewing literature covering the physical inactivity of people in Saudi Arabia over 

the past two and a half decades, Al Hazzaa (2004) concluded that changes in the lifestyles 

of Saudi citizens have resulted in physical inactivity, which in turn has caused an increase 
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in CHD risk. In a similar vein, Al Hazzaa (2004) also reported that 53.4% of Saudi men 

are at risk of developing CHD as a result of physical inactivity. More recently, similar 

findings have been reported by Shara (2010) for Saudi women. It has been found that the 

rates of physical activity among women of other countries are higher than seen in women 

in Saudi Arabia. In the study conclusion, Shara maintained that the high rates of physical 

inactivity among Saudi women may be attributed to the fact that few women play an 

active role in their society, which might pose barriers to the adoption of physical activity 

by subjects of the study. Another study by Al Nozha et al. (2007b) reported that physical 

inactivity among Saudi men and women was as high as 96%. Inactivity for women was 

shown to be 98% compared with men at 93.9%. In another interesting study conducted on 

Saudi Arabian women that investigated barriers to physical activity and healthy eating, Al 

Quaiz and Tayel (2009) found that among patients attending a clinic of primary health-

care, who were the subjects of the study, not a single participant had reached the 

recommended level of physical activity according to the Centre for Disease Control 

(CDC). According to the study, the percentage of participants who were considered 

physically inactive was 82.4%; 87.6% of those identified were women. In addition, the 

study revealed that a shortage of resources like limited availability of exercising facilities, 

especially for women, was the chief cause of inactivity. A lack of energy and willpower 

came second. The study also highlighted lack of time, lack of willpower, lack of resources, 

and lack of social support as the major barriers to maintaining levels of physical activity. 

Al Quaiz and Tayel (2009) highlighted the benefits of exercising, having a healthy diet, 

providing appropriate physical exercise areas, and providing access to healthy foods, 

combined with understanding and awareness, stating that these ought to be essential 

concerns of Saudi individuals. These findings are significant for the Saudi woman, who 

has the main responsibility of selecting and preparing different kinds of foods for the 

entire Saudi family. Another significant fact is that there are no physical education classes 

or physical activities for Saudi females throughout their education, making them more 

susceptible to obesity than men. According to the latest WHO report (2010), Saudi women 

are more obese than men, at 44% and 26.4%, respectively. A further survey by Ng et al. 

(2011) has found that 28% of men and 44% of women were obese, and 66% of men and 

71% of women were overweight or obese. In the conclusion of their study, Ng et al. 

maintained that obesity rates were higher among women in the region than men, while 

they appear to be rising more quickly in men than women (Ng et al., 2011).  Furthermore, 

Badran and Laher (2011) maintain that desertification, the lack of vegetation and 

forestation, hot weather and exceptionally dry climate of Saudi Arabia generally leave 



14 
 

Saudi people nowhere to go but to remain indoors, which in turn encourage them to lead a 

sedentary lifestyle and reduces the time allocated to physical exercise.   

 

2.2.8 Socioeconomic status 

Research-based evidence indicates that not all sectors of the community equally match 

CVD mortality trends. A number of studies (Cooper, 2001; Gran, 1995; Lantz et al., 2001) 

have observed that factors such as the individual’s income, socioeconomic status, formal 

educational level and occupation all have an impact on CVD morbidity and mortality rates 

among adults. It is no wonder that the most remarkable progress in CVD health has been 

seen in the wealthier classes and among highly educated individuals, whereas the same 

level of progress cannot be attained by lower socioeconomic groups (Lantz et al., 2001). 

Moreover, the latest observational studies have indicated that there is an association 

between individuals with low socioeconomic status and an increase in the prevalence of 

risk factors of CVD, such as high cholesterol, hypertension, cigarette smoking, inactive 

lifestyle, and unhealthy dietary habits (López-Azpiazu et al., 2003; Luepker et al., 1993; 

Sanchez-Villegas et al., 2003). It has been claimed that the dietary choices of an individual 

is the result of his/her social class and that this influences his/her CVD risk. In developing 

countries, families have adopted a westernised lifestyle when there is an increase in their 

income (Panagiontakos et al., 2008).  

 

Badran and Laher (2011) maintain that in urban areas the growing effect of the Western 

media has led to a decrease in physical activity levels of individuals and encouraged the 

consumption of foods with higher nutrient density. As a result, the final outcome of 

increased westernisation and urbanisation is that individuals become overweight and 

obesity increases, which in turn leads to increased risk of CVD (Musaiger, 2011). The 

rapid economic developments witnessed in Arab countries over recent decades have led to 

noteworthy changes in many aspects of life. For example, comprehensive road networks 

have been developed for transportation and a wide variety of personal vehicles have 

become more available than before. Similarly, modern farm and home equipment and 

appliances have seen increased use. Likewise, televisions sets, personal computers, and 

various other electronic devices have become common in the modern home, a fact that has 

resulted in a more sedentary lifestyle and accumulation of more body fat (Badran & Laher, 

2011). The last century has even witnessed a change in the nature of jobs. Farming, 

ploughing, animal husbandry, harvesting, planting and different types of heavy manual 

work have started to be replaced by more advanced technologies in almost all work sectors 
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and now they normally require less physical effort (Bener, 2010). Levels of education also 

contribute to the prevalence of obesity and being overweight among individuals, either by 

lowering the overall income of the family or the level of knowledge regarding healthy 

foods, which in turn reduces parents’ chances of passing their knowledge to the next 

generation. Indeed it has been documented that in Arab speaking countries, illiteracy may 

be a factor in the increased level of obesity among children, young people and adults. 

Moreover, the educational background of parents may be associated with children and 

young people becoming overweight or obese (Badran & Laher, 2011). There is a shortage 

of studies related to childhood obesity in Saudi Arabia and a need to carry out national-

base studies on overweight and obesity among preschoolers, schoolchildren, and 

adolescents (Ng et al., 2011). 

 

2.3 Diet and CVD 

Diabetes, serum cholesterol, body weight and blood pressure are some of the risk factors 

of CVD that are influenced by dietary habits. The quality as well as the quantity of the diet 

is significant. In terms of quantity, which refers to the amount of energy consumed, it is 

recognised that ideally it should be balanced so that the energy intake is the amount that is 

needed to obtain (maintain) an appropriate body weight (Perk et al., 2012). Three different 

levels can be utilized to evaluate the influence of diet on CVD. Nutritional research has, 

for a significant period of time, focused on nutrients by investigating particular nutrients 

such as fatty acids. Looking at foods or groups of foods as examples, vegetables and fruits 

are easy to translate into dietary recommendations. Verschuren (2012) argues that since 

correlations and interactions between nutrients can affect their absorption and 

bioavailability, it is not sufficient to investigate single foods and nutrients. This approach 

to investigating dietary patterns could be seen as corresponding to change from the single 

risk factor evaluation to total risk profile evaluation. The most significant nutrients for the 

prevention of CVD are fibres, fatty acids which chiefly influence lipoprotein levels, 

vitamins, and minerals which chiefly influence blood pressure (Verschuren, 2012).  

 

2.3.1 Fat and fatty acids intake 

Since the 1950s, research into the prevention of CVD through dietary changes has focused 

on the total fat content and fatty acid composition of the diet (Verschuren, 2012). As for 

the CVD prevention field, Alissa and Ferns (2012) report that the composition in fatty 

acids of the diet is more significant than the total fat content. Verschuren (2012) mentions 

that, recently, knowledge about fatty acid subclasses, such as PUFA, monounsaturated 
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fatty acids (MUFA) and SFA, and the particular fatty acids inside those subclasses, for 

example trans fatty acids and omega 3 fatty acids, and how they affect the fractions of 

lipoprotein inside the blood, has witnessed significant progress. Excessive dietary fat 

intake has been linked to an increased risk of CVD (McNaughton et al., 2009), although 

the type rather than the total intake of fat consumed is more important in attesting risk of 

CVD (Tyrovolas & Panagiotakos, 2010), through changes in lipid and lipoprotein profiles 

(Tarino et al., 2010).   

 

Fats are considered a vital source of energy. Therefore, high intake of fats is connected 

with excessive intake of energy. The latter expectedly leads to an increase in the weight of 

the body, obesity and possibly other complications related to it, such as diabetes 

(Verschuren, 2012). Normally, a diet that offers 30% of its total energy as fat is 

recommended for the human body by the American Heart Association with cholesterol 

restricted to less than 300 mg/day (Krauss et al., 2000). Typical dietary fat comprises of 

the three groups of fatty acids characterised by the degree of saturation; SFA, MUFA and 

PUFA. Mean daily intakes of total fat (33% of total energy intake) with SFA (10% of total 

energy intake), MUFA (12% of total energy intake) and PUFA (6% of total energy intake) 

fatty acids have been recommended by the American Heart Association (Krauss at al., 

2000). Furthermore, there are two main types of PUFA, the omega 3 and omega 6 series of 

fatty acids. These fatty acids cannot be converted into each other in the human body. The 

group of omega 6 fatty acids are synthesised from the essential fatty acid Linoleic Acid 

(LA), whereas omega 3 fatty acids are synthesised from the essential fatty acid Alpha-

Linolenic Acid (ALA) (Gebauer et al., 2006). Omega 3 fatty acids are available in fatty 

fish such as salmon, mackerel, herring, and trout. They can also be derived from plants 

and are found in nuts, canola oil, flaxseed and flaxseed oil. In contrast, omega 6 fatty acids 

are obtained predominantly from the seeds of plants such as corn, sunflower, soybean and 

sesame. Simopoulos (1999), in a review of fatty acids in health and diseases, showed that 

the omega 3 fatty acids family includes ALA, eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), which are linked to the hormone-like substances known as 

eicosanoids (Prostaglandin, Leukotriene and Thromboxanes).  These can have a profound 

influence on heart disease (Wijendran & Hayes 2004). On the other hand, the omega 6 

fatty acids family includes LA, gamma-linoenic acid (GLA) and arachidonic acid (AA) 

(Hibbeln et al., 2006). Eicosanoids have important functions in inflammation, immunity, 

platelet function, arterial function and blood pressure with different effects for the two 

families (Tapiero et al., 2002). Jung et al. (2008) explained that oils high in omega 6 fatty 
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acids are converted into a type of eicosanoid known as thromboxane A2, which is a potent 

arterial constrictor. In contrast, oils high in omega 3 fatty acids are converted onto a 

closely related eicosanoid called thromboxane A3, which has a fraction of the potential to 

constrict the arteries and also can increase production of an important chemical, nitric 

oxide, which has a key role in arterial relaxation. Endo et al. (2006) have claimed that the 

omega 3 fatty acids derived from fish oils work by protecting the heart from disease due to 

their impact on reducing the proportion of total cholesterol, reducing low-density 

cholesterol (LDL) cholesterol and increasing HDL cholesterol. Mazier and Jones (1999) 

have indicated that dietary fat also has effects on triglycerides concentrations in serum 

where the highest concentrations of triglycerides occur when consuming higher levels of 

SFA, whereas the lowest concentrations were seen when consuming unsaturated fatty 

acids. Wijendran and Hayes (2004) concluded that omega 6 and omega 3 fatty acids may 

play a beneficial role in the prevention of heart disease and may be important to total 

energy balance. In this respect, oils which are rich in omega 3 (fish oil) appear to be more 

efficacious than oils rich in omega 6 (corn oil). Other studies have shown that 

consumption of fatty fish such as salmon and fish oil results in decreased LDL 

concentrations (Benatti et al., 2004) and causes a mild increase in HDL concentrations 

(Lee & Lip, 2003). Furthermore, Lavie et al. (2009) have stated that studies have shown 

that omega 3 fatty acids decrease serum triglycerides; that they reduce the risk of CHD as 

well as the risk of sudden death due to CVD and myocardial infarction (MI) whereas trans 

fatty acids and SFA may raise the risk of these diseases. Also, Lee et al. (2008) have 

pointed out that epidemiological studies show that ALA intake is inversely associated with 

markers of CVD risk including blood concentrations of cholesterol, LDL and triglycerides. 

Furthermore, total omega 3 fatty acids can lower triglycerides concentrations and inhibit 

endothelial cell activation (Brown & Hu, 2001). They can also reduce platelet aggregation 

and decrease the heart rate (Hu & Willett, 2002). 

 

Chahoud et al., (2004) have indicated that trans fatty acids are produced during the 

process of hydrogenation of unsaturated fatty acids. These fatty acids are found in 

margarine and in oils maintained at high temperatures for long periods. Milan and 

Stanislav (2002) stated that consumption of trans fatty acids is associated with an increase 

in total cholesterol concentrations and the proportion of LDL and a reduction in HDL 

concentrations. In North America and Europe, epidemiological studies have revealed that 

there is a clear connection between the consumption of trans fatty acids and a high rate of 

cardiovascular mortality and morbidity (Mozaffarian et al., 2006). The same applies to 
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concentrations of LDL cholesterol. It has been found that the effects that trans fatty acids 

exert on the causes of CHD are more prominent than the effects of SFA. In a meta-

analysis conducted by Mozaffarian and Rimm (2006), it was shown that on average, the 

risk of developing CHD increased by 23% when trans fatty acid intake was higher than 

2% of energy intake. It has been recommended by the American Heart Association that no 

more than 1% of an individual’s total energy intake (approximately 1-3 g/day) should 

derive from trans fatty acids (Lichtenstein et al., 2006).  

 

2.3.2 Minerals 

Sodium intake and its effect on human blood pressure have undergone a long debate. It is 

generally accepted that higher amounts of sodium increase blood pressure. In a meta-

analysis, He and MacGregor (2002) investigated a group of studies on blood pressure and 

interestingly found that on average, systolic blood pressure decreased by 3.1 mmHg in 

patients with hypertension and in normotensive patients by 1.6 mmHg when sodium 

intake is reduced to 1 g/day. Compared with the sodium intake recommended by WHO 

(2002), 1.7 g of sodium per day, which is equal to 5 g of salt per day, the salt intake of 

individuals in most western countries is considerably higher, reaching about 9-10 g/day. 

Likewise, it has been found that people in the Arabian Gulf region consume more sodium 

than they actually need (Musaigar, 2002). High amounts of salt can be found in almost all 

traditional Gulf dishes, fast foods and canned foods, whereas in western countries 

processed foods are considered the most significant contributor to everyday salt intake. 

Consequently, there is a significant opportunity for the food industry to help prevent CVD 

by reducing the content of salt in products (Verschuren, 2012). In a recent study that was 

conducted in the USA, it was established that if daily sodium intake were reduced by 

roughly 3 g/day, the incidence of CHD would be reduced by 5.9-9.6%, the occurrence of 

heart strokes would be reduced by 5.0-7.8%, and the frequency of death from any cause 

would be reduced by 2.6- 4.1% (Bibbins-Doming et al., 2010). Potassium, on the other 

hand, is one mineral that has a positive effect on blood pressure. In the diet, it can be 

mainly found in vegetables and fruits. It has been found that the amount of potassium 

intake largely affects the risk of stroke. Study by He and MacGregor (2001) found that the 

risk of stroke may be reduced by 40% depending on the quintile of potassium intake; 

therefore, aside from a reduction of sodium intake, an increase in potassium intake is a 

recommended change for the diet that can be adopted to reduce blood pressure. 
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2.3.3 Vitamins 

Results obtained from the various observational and case-controlled studies that have been 

published indicate that there is an inverse relationship between a high intake of vitamins A 

and E, and the risk of CVD; the higher the vitamin intake, the lower the risk of CVD. It 

has been claimed potential effect can be ascribed to the vitamins with antioxidant 

properties. Nevertheless, subsequent intervention trials that were designed to investigate 

the causality of the observed relationship have failed to confirm the results from these 

studies (Vivekananthan et al., 2003). For that reason, it can be concluded that an increase 

in the intake of vitamins A and E, through dietor even supplements may be potentially 

beneficial for preventing CVD. In Saudi Arabia, a study by Alissa et al. (2005b) showed 

that a diet low in vitamin A may be a cardiovascular risk factor in a study with 130 Saudi 

participants with CVD. This study concluded that there was a relationship between 

vitamin A intake and coronary risk factors in a non-Caucasian population. Aguirre and 

May (2008) suggest that vitamin C has strong antioxidant functions which help to 

minimize the concentrations of reactive oxygen in tissue, slow down vascular smooth 

muscle proliferation and minimize the concentrations of oxidized LDL cholesterol. Results 

of EPIC studies concluded that eating food rich in vitamin C may by associated with lower 

risk of CVD and stroke (Myint et al., 2008). Knekt et al. (2004) report a number of studies 

which have investigated the role of dietary and supplementary vitamin C but which have 

produced mixed results. Most of the clinical studies conducted have not tested vitamin C 

on its own but within a mixture that includes vitamins A and E; however, no discernible 

influence on the results have been found in regard to the relationship with CVD (Cook et 

al., 2007; Sesso et al., 2008). 

 

2.3.4 Fibre 

Musaiger et al. (2012) emphasise that it is important for an individual to have foods that 

are rich in fibre because there is a well established relationship between the prevention of 

some chronic diseases and fibre in the diet. Fruits, vegetables, wholegrain products and 

legumes are considered essential sources of fibre. In a recommendation issued by the 

American Institute of Medicine in 2002 it was recommended that adults should consume 

an amount of 3.4 g fibre/MJ, which is equal to an intake of around 30- 45 g fibre/day 

(Musaiger et al., 2012). In the Arabian Gulf countries, it has been observed that 

consumption of wholegrain has markedly decreased; unfortunately, this decrease has been 

met with a tendency and reliance towards refined cereals and consequently a reduction in 

fibre intake. In Saudi Arabia, Musaigar (2002) found that foods that are based on 
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vegetables are the main source of dietary fibre intake at 31%, cereal and related products 

were next in important at 26%, and fruits and related products came in third position. 

 

2.3.5 Food group intake 

2.3.5.1 Nuts and seeds 

Musaigar (2002) found that various types of nuts consumed in the Arabian Gulf countries, 

such as almonds, walnuts, pine nuts and hazelnuts, in addition to the different types of 

seeds consumed, such as the seeds of muskmelon, sunflower and watermelon, are made a 

significant contribution to energy intake because of their high content of fat which ranges 

from 30% up to 60%. Craig (2010) mentions that nuts and seeds are not only energy rich 

but they also contain significant amount of vitamins as well. Magnesium and potassium, 

vitamins and unsaturated fatty acids that have been recommended for the protection they 

provide against heart diseases have been found to be contained in seeds and nuts 

(Azadbakht, & Rouhani, 2013). Nuts and seeds are recommended to be taken at least once 

or twice a week. Sabat´e and Ang (2009) recommend that more unsalted roasted nuts than 

salty nuts and seeds should be consumed, since the latter have a high content of sodium. 

Despite the recommendation to eat more nuts, it is worth noting that the over-consumption 

of nuts and seeds may cause an increase in energy consumed. However, Nettleton (1991) 

states that an increase in the consumption of some nuts, for example walnuts, provides the 

body with total omega 3 fatty acids, and increases the intake of ALA which is thought to 

protect against CHD (Azadbakht & Rouhani 2013; Kris-Etherton et al., 2003; Lemaitre et 

al., 2003).           

 

2.3.5.2 Fish 

The beneficial effects that eating fish is believed to have on CVD can be ascribed to the 

high content of omega 3 fatty acids. He et al. (2004a) mention that an estimate of pooled 

risk has revealed that eating fish on a weekly basis, even if just once, leads to a reduction 

in the risk of CHD by 15%. He et al. (2004b) conducted a meta-analysis study and found 

that the risk of developing stroke was reduced by 18% among individuals who ate fish 2 to 

4 times a week, compared with those who ate fish less than once a month. The risk of 

CVD rapidly decreases among individuals who eat small to moderate amounts of fish, 

compared with those individuals who do not eat fish. Therefore, the impact an increase in 

fish consumption would have on the health of the population in general is potentially 

large. In one study, Mozaffarian and Rimm (2006) found that a modest increase in the 

consumption of fish from 1 to 2 times a week can reduce all cause mortality by 17% and 
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the CHD mortality by 36%. Consequently, individuals are recommended to eat fish two 

times a week at least; ideally one of those meals should be of oily fish. The Arab Gulf 

Countries witnessed a slight increase in the intake of fish between 1990 and 2005; yet still, 

Musaiger et al. (2012) argue that the daily average per capita fish consumption is low 

when compared with the consumption of poultry and meat (between 24 to 52 g).  

 

2.3.5.3 Fruits & vegetables 

Fruits and vegetables must be a basic part of the daily diet of an individual for them to 

maintain a healthy body. Lock et al. (2005) argue that the regular consumption of fruits 

and vegetables helps prevent many of the chronic diseases that are related to diet. A 

number of meta-analysis studies have found significant health benefits from the 

consumption of fruits and vegetables. It has been reported that each extra serving of fruit 

and vegetables per day decreases the risk of developing CHD by approximately 4%. 

Likewise, the risk of having a stroke is reduced by 5% for each extra serving of fruit and 

vegetables (Dauchet et al. 2006). He et al. (2006) updated this estimate and reported a 

combined relative risk of stroke of 0.89 for those eating 3-5 servings of fruit and 

vegetables daily, compared with those eating less than three servings, and a combined 

relative risk of 0.74 for those eating more than five servings of fruit and vegetables per 

day. One serving was deemed to be approximately 80g. The protective effect of fruit and 

vegetables appeared to be slightly greater in the prevention of stroke compared with the 

prevention of CHD. One possible reason is the effect of fruit and vegetables on blood 

pressure, based on the fact that such foods are a key source of potassium. More research 

needs to be conducted to ascertain whether there are specific fruits or vegetables that are 

more efficacious in CVD prevention. The constituent elements within fruit and vegetables 

that may provide beneficial effects include minerals, fibre and antioxidants. The evidence 

on the health benefits of consuming fruits and vegetables has given rise to the 

recommendation to eat a variety of different fruit and vegetables and to eat at least 200 g 

of fruit (2-3 servings) and 200 g of vegetables (2-3 servings) per day (Verschuren, 2012). 

The consumption of fruit and vegetables by individuals in Arab Gulf countries is below 

the recommended allowances. WHO reported that more than 85% of adults in Arab Gulf 

countries consumed fewer than five servings of fruit and vegetables per day (Musaiger et 

al., 2012). Currently, in the UK the mean daily intake of fruit and vegetables is 245 g per 

person per day, or about 2 two portions (Bates et al., 2009). 
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2.3.5.4 Fast food 

In recent decades, fast foods have started to be considered as contributors to increased 

CHD rates (Cheng, 2003; De Maria, 2003; Isganaitis & Lustig, 2005; Pereira et al., 2005). 

Guthrie et al. (2002) identify that the growth which the fast food industry has witnessed 

has resulted in higher consumption of ready-made foods, which normally have high levels 

of sodium as well as high SFA content but are low in fibre, iron and calcium. Prospective 

data collected from various western countries have revealed that weight gain is positively 

associated with the frequency of eating fast foods from restaurants (Duffey et al., 2007; 

French et al., 2000; Pereira et al., 2005). De Maria (2003) maintains that fast food is 

considered a factor that contributes towards increasing rates of obesity. Social and 

economic changes in the Arab world have caused a change in the traditional diets of the 

population, affecting their food habits and their consumption of energy (Musaiger et al., 

2012). Similarly, the high incomes of individuals in the Arab Gulf countries have resulted 

in not only an increase in their demand for fast foods and convenience foods but also for 

eating ready-made meals outside of their homes (Miladi, 1998). For example, in Saudi 

Arabia between 1969 and 1994, calories and protein intakes increased from 1879 kcal to 

2395 kcal and from 48g to 63.3g, respectively (Musaiger, 1987). The influence of fast 

food and the western diet in Arab Gulf countries has been huge. In Kuwait, western 

cuisines and fast food have increased in popularity, especially among young people 

(Musaiger et al., 2012). More recent food habits in almost all of the Arab countries have 

become characterised by high amounts of refined wheat flour, cholesterol, different types 

of soft drinks, high sugar and high SFA intake. Miladi (1998) suggested that due to their 

cheap prices, delicious tastes and availability all day long, individuals in the Arab Gulf 

countries have started to consume fast foods regularly. A number of studies conducted in 

many of the Arab Gulf countries (Al Hosani & Rugg-Gunn, 2000; Al Sadhan, 2003; 

Honkala et al., 2006) have observed high consumption of foods that are rich in added 

sugar among individuals, especially children and adolescents. In a study that was 

conducted in Saudi Arabia in 2006, Bello and Al Hammad found that canned fruit drinks 

as well as carbonated beverages represented 26% of the adult Saudi diet, and 25% of the 

daily fluid consumed by adolescents. Schmiduber and Shetty (2005) have suggested that 

the major factor behind the growth in the intake of sodium in these age groups of 

adolescents goes back to the increasing consumption of French fries, as well as other fast 

foods. In an earlier study that focussed on 1067 adolescent female students in Jeddah, 

Saudi Arabia, it was found that western and traditional junk food consumption had 

reached its peak in the kingdom, with average consumption being one to three times a 
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week for approximately 64.3% of the investigated population (Shaath, 2008). Washi and 

Ageib (2010) conducted a similar study in Jeddah, Saudi Arabia, also on adolescent males 

and females, and found that 56.6% of their energy intake came from carbohydrates, 31.5% 

from fats, and 13% from protein. Al Rethaiaa et al. (2010) argue that such behavioural and 

dietary shifts have affected all age groups and both males and females in Saudi Arabia and 

the surrounding Gulf countries, especially young age groups who are considered 

vulnerable to obesity related diabetes mellitus Type 2. 

 

2.3.5.5 Diet in Saudi Arabia 

In general, the food situation in Saudi Arabia has markedly changed during the last two 

decades. For example, the traditional diet, which consists of dates, milk, whole wheat 

bread and vegetables and fruits, has changed to a more westernised diet, with an excess 

intake of high energy foods rich in fat and free sugars and poor in fruits, vegetables and 

fish (Khoja et al., 2007). A nutrition transition is clearly taking place in Saudi Arabia in 

which traditional foods are being replaced by fast foods high in fat, sugar, and salt (Bani & 

Hashim, 1999). Moreover, the most commonly consumed foods are now fried foods which 

are often accompanied by carbonated drinks. Data from a food balance sheet showed that a 

high percentage of energy intakes came from animal foods with an increase in 

consumption of these foods of 143.3% in the period from 1971 to 1997 (Food and 

Agriculture Organization [FAOSTAT], 2000). Table 2.3 shows changes in dietary energy, 

protein and fat supply per person per day, from 1969 to 2009 in Saudi Arabia. According 

to the FAOSTAT food availability data and food consumption survey, daily energy, 

protein and fat consumption per capita has risen over the last three decades in Saudi 

Arabia. The per capita daily intake of energy has increased from 1900 to 3068 kcal. It is 

estimated that the dietary intake of protein has increased overall during this time from 49 

to 85 g/day, and for dietary fat from 33 to 81 g/day (FAOSTAT, 2009). 

 

Table 2.3: Changes in dietary energy, protein and fat supply/ person/ day, from 1969 
to 2009 in Saudi Arabia* 

 1969-1971 1979-1981 1995-1997 2001-2003 2002-2004 2005-2009 

Energy, 

kcal 
1900 2910 2800 2820 2800 3068 

Protein, g 49 77 78 76 82 85 

Fat, g 33 76 73 82 78 81 
*(Food and Agriculture Organization, 2009) 
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There is little information available regarding the type of nutrients consumed in Saudi 

Arabia. Moreover, to date, there have been few comprehensive studies on dietary patterns 

in free-living Saudi adults which link diet with disease risk. A national survey by Al 

Nozha et al. (1996) used the 24-hour recall method and reported that the average daily 

consumption of energy, carbohydrates, dietary fibre, total fat and protein for Saudis of 

both genders were 3082 kcal, 300g, 24.4 g, 145 g and 115 g, respectively. These results 

were averaged from a range of age groups. In 1995, a study by Al Shagrawi et al.   

investigated the dietary fibre content of the Saudi diet and reported that low intake of 

dietary fibre for female students in King Saud University, Riyadh at 3.4 g/day. A study 

conducted by Alissa et al. (2005a) showed that among 303 male subjects (aged 15-80 

years) the energy intake and percentage of energy for carbohydrate intake was low 

compared with UK reference nutrient intakes (RNI) and the percentage of energy from 

protein was higher than the RNI for all age groups. Abdel-Megeid et al. (2011) found that 

in a sample of 312 students attending King Saud University, Riyadh the mean energy 

intake was 11500 KJ/day for females and 14490 KJ/day for male students. Another study 

by Allam et al. (2012) documented the nutritional and health status of medical students at 

Taibah University in Medina, in north-western Saudi Arabia. The results showed that for 

194 men and women the greatest energy intake was derived from carbohydrates at 72%, 

followed by fat at 19% and proteins at 8%. There are limited studies that have reported 

zinc, iron, calcium and selenium status among Saudi adults. Zinc status and selenium was 

investigated by Alissa et al. (2006a) in 130 patients with CVD and 130 free-living control 

adult Saudis. Results showed there were significant differences between the two groups 

for selenium and zinc intake; 42.07 vs. 47.38 µg /day and 8.67 vs. 9.44 mg/day, 

respectively. Abdel-Megeid et al. (2011) found the zinc intake was 9.8 mg/day for females 

and 11.2 mg/day for males. Iron status has been reported by Alissa et al. (2007) who 

assessed dietary iron in 270 Saudi male subjects without established CVD. Dietary iron 

intake was recorded as 18.9 mg/day and this was significantly related to dietary 

cholesterol and fibre intake, age, smoking habits, and serum total cholesterol 

concentration. Al Assaf and Al Numair (2007) investigated the body mass index and 

dietary intake of 117 Saudi adult males in Riyadh. A three days’ food record indicated an 

intake of calcium for urban areas as 970 mg/day and for rural samples it was 795 mg/day. 

Iron intake was recorded at 11.8 mg /day and 12.5 mg/day for urban and rural subjects, 

respectively. In a study by Abdel-Megeid et al. (2011) it was found that iron intake and 

calcium intake was 15 mg/day, 800 mg/day for females, respectively and for males 16.1 

mg/day, 991 mg/day, respectively.  
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Two publications in Saudi Arabia have been concerned with the intake of omega 3 fatty 

acids. However, neither of these pieces of research was carried out in the western region. 

In a study by Al Numair et al. (2005) it was noted that omega 3 fatty acid consumption 

and food sources differed between elderly men living in the coastal and internal regions of 

Saudi Arabia. 60 men from each region provided three day food records and completed 

food frequency questionnaires (FFQ). The intakes of total omega 3 fatty acids, ALA, EPA 

and DHA were found to be higher among elderly men living in coastal areas when 

compared with those living in the internal area. In 2011 a study conducted in Riyadh city 

to examine the effects of omega 3 and omega 6 fatty acids on blood lipids used a three 

days food records for a sample of 200 males aged from 19 to 50 years old (Al Numair et 

al., 2011). The results of this study showed that the average daily consumption of fatty 

acids were: ALA (0.81g/day), EPA (0.21 g/day), DHA (0.3 g/day), total omega 3 fatty 

acids (1.28 g/day), LA (6.18 g/day), AA (0.13 g/day) and omega 6 fatty acids (6.47 g/day). 

Al Numair et al. (2011) found there were negative correlations between intakes of total 

omega 3 fatty acids and plasma LDL cholesterol, and triglyceride concentrations (P < 

0.05), positive correlations between intakes of omega 6 fatty acids and plasma LDL 

cholesterol, and triglyceride concentrations (P < 0.05). Al Numair et al. (2005) concluded 

that there is at present a lack of information in Saudi Arabia regarding the dietary intake of 

omega 3 fatty acids. Moreover, nutrition education and information relating to healthy 

eating habits is needed in order to encourage the increased consumption of omega 3 fatty 

acids. Indeed, Al Numair et al. (2005) have suggested that “further research is needed to 

study the effect of omega 3 fatty acids on CVD in both men and women of various ages in 

Saudi Arabia”. 

 

2.4 Impact of relocation on dietary habits of Saudis living abroad 

Changes in the lifestyles of Saudis who study abroad, particularly their dietary habits are 

normally attributed to their acculturation and integration into the community they have 

moved to. Change in the availability of certain food items is related to modifications in 

their food consumption and dietary intake. A number of studies have revealed that dietary 

habits are expected to alter to a more westernised diet or in favour of a mixed food diet at 

the expense of a traditional diet (Gilbert & Khokhar, 2008). Papadaki and Scott (2002) 

contend that factors such as financial resources, living arrangements and social setting 

play an important role in the decision to follow a certain lifestyle and eating pattern. With 

respect to the dietary changes of international students, a group of studies have revealed 

that single students are more likely to eat less healthy food than married ones. It has been 
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found the diets of married students contain more fruit and vegetables than the diets of 

single students (Al Farhan, 2011). In a similar study, Perez-Cueto et al. (2009) found that 

single females consume lower amounts of sugar compared to their male counterparts. 

Changes in eating patterns, from conventional Saudi foods to a more westernised diet, may 

affect one’s health in undesirable ways because westernised foods normally contain higher 

amounts of salt, saturated fat, calories, and sugar. Fast foods and ready-made meals have 

gained popularity due to their availability, price, reliability and variety (Al Farhan, 2011). 

Students in general and single Arab international students in particular do not normally 

cook at home; therefore they depend on such kinds of foods which, in turn, cause them to 

gain weight and become obese with the passage of time. It is a challenge for international 

students to follow their habit of eating traditional foods when they move to a different 

location, as traditional foods may be scarce or simply not available. Besides limited access 

to traditional foods, there are other factors that contribute to the challenge and make it 

hard, such as a lack of communication with the new community, cultural differences, a 

lack of means of transportation which hinders their mobility, the language barrier, and a 

lack of information about their surrounding environment, particularly when they relocate 

to an area that is new to them (Al Farhan, 2011). In addition, Yoh et al. (2008) mentions 

that there are still other factors that contribute to obesity and being overweight among 

many international students, such as a lack of nutrition education and a lack of physical 

activity.  

 

Reeves and Henry (2000) conducted a study of Malaysian students to investigate their 

ability to modulate food intake after moving from a country where the energy density of 

food is low to a country where most foods have a high energy density. Fifty-six male and 

fifty-three female Malaysians who were studying at Oxford Brookes University, UK took 

part in the study; their mean average age was 22 years. Their food intake was measured 

using three day food records and questionnaires about food frequency at the beginning of 

their arrival in the UK, three months after their arrival, and then six months after their 

arrival. The study revealed that the participants’ consumption of white and red meat 

underwent a decrease, although meat products, such as burgers and sausages were more 

frequently consumed in the UK than in their home country. In the UK, fish was found to 

be eaten less frequently, whereas an increase in the consumption of fruit and vegetables 

was observed. Furthermore, bread consumption underwent an increase, whereas their 

consumption of noodles and rice was decrease. Notably, the participants’ consumption of 

coffee and tea increased while that of fruit juices and soft drinks decreased. As for alcohol 
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consumption, it did not change since most of the students were Muslims who did not drink 

alcohol. It was found that the meal that changed the most was breakfast. Cereal or toast 

replaced noodles or rice for breakfast for many of the students who had moved to the UK. 

However, their dinner did not differ much from what they used to consume while in 

Malaysia. 

 

Another study investigated changes in dietary habits following the temporary migration of 

235 international students to Belgium (Perez-Cueto et al., 2009). The study also observed 

dietary changes in relation to gender differences. The apparent unavailability of healthy 

food products hindered the students’ choice of healthy foods, particularly for men. 

Consequently, Perez-Cueto et al. (2009) believe that the relationship between the 

accessibility of healthy foods and gender should be considered when informing short-term 

migrating populations about healthy food alternatives that are available for them while 

staying in a culture that differs from their own in terms of dietary habits and foods. In 

another study that was conducted in Glasgow, UK, on Greek immigrants, it was found that 

students’ consumption of legumes, raw vegetables, poultry, juices, fresh fruits, fish and 

meats underwent a significant decrease (Kremmyda et al., 2008). The study also revealed 

that students’ consumption of soft and frozen drinks, dips, alcoholic beverages, biscuits, 

sauces, mayonnaise, savouries and snacks witnessed an increase. The unavailability and 

the higher costs of some foods, such as good quality meat, milk, and fresh fish, affected 

the students’ choices of foods. The median daily fruit and vegetable consumption dropped 

from 363 g in Greece to 124 g in the UK, a rate that is much lower than the daily 

allowance (400 g) recommended by WHO. The higher cost of food, food item un-

palatability, and a lack of time to prepare food were the main reasons behind the changes 

in the students’ dietary patterns. These factors coincided with the ease at which they could 

access convenience foods, as well as the limited availability of certain foods in Glasgow 

(Kremmyda et al., 2008). Papadaki and Scott (2002) maintain that the combined effects of 

such barriers and factors have left immigrants with no choice but to replace the traditional 

dietary habits of their home countries with foreign dietary habits. Satia-Abouta et al. 

(2002) believes that groups that have migrated should be supported to keep up their 

traditional eating patterns, and guided to take up healthy practices of the new nation they 

have moved to. A number of studies have emphasised the need to create programmes that 

promote good health and nutrition at the level of the international community. Georgiou et 

al. (1997) contend that such awareness programmes can help to reduce the tendency to 

gain weight and minimize the risk of obesity and other chronic diseases. 
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2.5 Assessment of dietary intake 

Lee and Nieman (2010) suggest that methods of dietary assessment are especially 

designed to quantitatively yield nutrient intake estimates. Dietary intake assessment 

methods encompass a combination of retrospective as well as prospective recording of 

daily intake. Generally, the most commonly used methods for assessing dietary intakes are 

four: 24-hour recall, diet history, food records, and FFQ (Lee & Nieman, 2010).  

 

2.5.1 Twenty-four hour recall 

Casey et al. (1999) describe that for a 24-hour recall, a detailed questionnaire is used to 

investigate and ascertain the individual’s intake of foods during the preceding 24-hours. 

Lee and Nieman (2010) confirm that recall of diet over the last 24-hours is a technique 

that is frequently used, and that it normally requires a trained interviewer to be successful. 

In such a technique, the individual recalls the intake of food from memory. Using a series 

of open-ended questions that are repeated systematically, the interviewer asks the 

participants to recall and describe all the food and drink items that they have consumed 

within the previous 24-hour period (Nelson, 2000). The participant may use photographs 

or food models to estimate the sizes of portions or the interviewer might allocate average 

weights to foods (Foster et al., 2006; Nelson et al., 1997). This procedure of measurement 

can be conducted on a single basis or can be repeated a number of times to investigate 

food intake at specific times during the study. Recalls can be conducted via the telephone 

or through face-to-face interviews (Lee & Nieman, 2010). The 24-hour recall technique is 

advantageous in many ways. It is less time consuming, can to some extent be easily 

administered, and can help to assess the average intake of large populations (Casey et al., 

1999). Ervin and Smiciklas-Wright (1998) mention one particular merit of this method in 

that the burden on the interviewer as well as the respondent is minimal. Likewise, the 

method is efficient in terms of reducing cost, maximising results and saving time. The 

aforementioned advantages of the 24-hour recall make it a convenient technique to be used 

in the assessment of dietary nutrients. Nelson (2000), mentions that quickness and ease of 

administration are considered to be the main advantages of the 24-hour recall method. On 

the other hand, the participant’s memory, his/her ability to recall the foods he/she has 

consumed and describing portion sizes play an important role in the success of this 

procedure (Nelson, 2000). 
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2.5.2 Dietary record 

The respondent in the dietary record method records the beverages and foods consumed. 

Moreover, the quantity of the consumed amounts can be monitored via weighing, 

estimation that utilizes household utensils (tablespoons or cups), or models of food (Biro´ 

et al., 2002) or that make full use of a collection of pictures (Black et al., 1993). On the 

whole, a three day record randomly collected so that it can cover variations across 

weekdays or seasons is advocated to gather information about average food consumption 

and how it is distributed within individuals among the group (Bingham et al., 1988). At 

the time of consumption, the reporting has to be conducted on paper or can be recorded via 

a dicta-phone. Lee and Nieman (2010) suggest that prior to the collection of data the 

investigated individuals need to receive adequate training in regard to how to describe 

their diet, the specifications and amounts of consumed foods, and even how they are 

cooked. Data collected from the report can be triangulated with interviews that are 

conducted following the first day as well as at the end. Biro´ et al. (2002) mention that this 

will help, if the interviewer is a skilled one, to complete any missing items and amounts, 

clarify the collected entries and produce more accurate reports. Since interviews do not 

depend on memory and recalling of the respondent, missing data about foods can be 

expected to be minimal. The dietary record method is considered to be reasonably accurate 

with respect to foods consumed. The weighing method is often utilised in conjunction with 

dietary assessment methods. The method of recording needs reasonable co-operation from 

participants, who also need to be encouraged (Biro´ et al., 2002).    

 

2.5.3 Food frequency questionnaires (FFQ)  

FFQs depend on the use of a list of food items from which participants choose that which 

is considered a characteristic intake across a specific period of time. They usually include 

a range of 50-150 or possibly more food items (Lee & Nieman, 2010). FFQ techniques, 

like the 24-hour dietary recall method, are dependent on the memory of the participant. 

However, unlike the 24-hour recall method, FFQs give prompts that can enable the 

respondent to make a choice from the ordinary food items that are consumed. The method 

is advantageous in that it puts a minimum amount of burden on the participant and can be 

conducted after the survey. The FFQ is the most common form of diet recording in very 

large studies because of the ease of use by mail rather using in person or by telephone. For 

example, the European Prospective Investigation of Cancer FFQ (EPIC FFQ) (Bingham et 

al., 1997) or the Harvard University FFQ (Harvard School of Public Health, 2011) were 

designed with an emphasis on cognitive ease for the respondents. However, the limited 



30 
 

number of foods that the questionnaire can contain is considered a limitation of the FFQ, 

and some errors have been found in regard to selected nutrient intakes in studies that have 

employed this method (Day et al., 2001). In addition, it has been reported that there is a 

tendency among individuals to overvalue their consumption of certain food categories, 

especially vegetables, compared with diaries that record weighed food (Livingstone et al., 

1992; Bingham & Day, 1997). This method can also be difficult for individuals whose 

answers to questions regarding their usual dietary intake vary greatly across a long period 

of time (Gibson, 1990). 

 

2.5.4 Diet history 

Diet history is a method that depends on an open-ended interview technique to examine an 

individual’s habitual food intake. On the whole, it involves a series of standard questions 

addressed to the respondent in regard to the daily average of his/her customary eating 

patterns over a specified period of time, investigating the kinds of foods consumed the 

frequency of their consumption and their portion sizes. The diet history method has been 

shown to be a valid source of energy intake estimate on a group level when a seven day 

weighed record is used (Livingstone et al., 1992), although to some extent lower than the 

FFQ method using a seven day weighed record (Jain et al., 1996). However, the main 

disadvantage of this method is that it is time consuming and depends on the memory of the 

respondent (Livingstone & Robson, 2000). 

 

For the purposes of the present study, an investigation into the range of studies published 

in English between 2000 and 2013 was undertaken, using PubMed Central and Google 

Scholar search. Key words used include: dietary intake, assessment methods, 24-hour 

recall, FFQ, dietary food record, diet history, CVD and Saudi Arabia. Over 200 papers 

were identified primarily. The titles and abstracts of these articles were then reviewed to 

cover: 

• The general background on dietary intake assessment methods in Saudi Arabia, 

for healthy adults or for those with CVD and associated risk factors. 

 

Twenty-four papers were selected and information extracted included descriptions of 

study samples, gender, city, dietary method and the outcomes of nutrients, which were 

used. Table 2.4 summarises the dietary intake assessment methods used in research for 

Saudi Arabia. It can be noticed that there is little published data available on dietary food 

recording methods, in both men and women in Saudi Arabia. Dietary food records, with 
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estimates of portion size have provided relatively accurate quantitative information on 

consumption (Hackett et al., 1983).  

 

The method is also relatively low in cost and is less disturbing to the daily activities of the 

subjects than other methods such as a weighed food diary. However, an important 

disadvantage on this method can affect both types of food chosen and the quantities 

consumed (Biro´ et al., 2002; Lee & Nieman 2010). This is a weakness, when the aim is to 

measure typical dietary behaviour such as fish, fruit and vegetables. 
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Table 2.4: Summary of dietary intake assessment methods research in Saudi Arabia 

Authors/ year of 
publication City Participants 

Age 
Dietary 
method Nutrients 

mean 
(SD) range 

(Washi, 2000) Riyadh 150 (M) 20 (1.30)  24-hour 
Energy, carbohydrate, portion, 
Fat, SFA, MUFA, fibre, 
minerals & vitamins 

(Alissa et al., 2005a) Jeddah 303 (M)  15-80 FFQ Energy, carbohydrate, portion, 
Fat, SFA, MUFA & cholesterol 

(Alissa et al., 2005b) Jeddah 130 (M) 55.3 
(11.5)  FFQ Vitamins A, C & E 

(Al Numair et al., 
2005) 

Eastern 
region 120 (M) 66 (2.23)  3 day FD 

FFQ Omega 3, ALA, EPA & DHA 

(Alissa et al., 2006a) Jeddah 130 (M) 55.3 
(11.5)  FFQ Selenium, copper & zinc 

(Alissa et al., 2006b) Jeddah 140 (M) 21 (3.10)  FFQ Macronutrient 

(Al Numair, 2006) Riyadh 100 (M+F)  20-54 3 day FD Copper & zinc 

(Alissa et al., 2007) Jeddah 270 (M) 48.4 
(1.2)  FFQ 

Energy, carbohydrate, portion, 
Fat, SFA, MUFA, cholesterol, 
fibre & iron 

(AL Assaf, 2007) Riyadh 234 (M+F)   24-hour Iron 

(Al Assaf & Al 
Numair, 2007) Riyadh 117 (M) 32.1 

(6.25)  3 day FD 
Energy, carbohydrate, portion, 
Fat, SFA, USFA, minerals & 
vitamins 

(Al Bassan et al., 
2007) Riyadh 212 (F)  18-40 24-hour Energy, carbohydrate, portion 

& Fat 

(Al Saif et al., 2007) Riyadh 100 56.6 
(10.9)  24-hour 

FFQ Flavonoids 

(Al Shoshan, 2007) Riyadh 112 (F) 26 (1.85)  24-hour Caffeine 

(Bahijri et al., 2007) Jeddah 145  7-50 24-hour 
FFQ Fluoride 

(Alissa et al., 2009) Jeddah 140 (M)  16-87 FFQ 
Energy, Fat, SFA, cholesterol, 
MUFA, PUFA, selenium & 
iodine 

(Al Hamdan et al., 
2009) Riyadh 53 (M+F)  18-60 Diet history 

FFQ 
Energy, carbohydrate, portion 
& Fat 

(Al Numair, 2009) Al Qassim 239 (M+F) 27.7 
(7.9)  3 day FD Protein & B6 

(Sadat-Ali et al., 
2009) Al Khobar 200 (M)  25-50 FFQ Vitamin D 

(Abdel-Megeid et 
al., 2011) Riyadh 312 (M+F) 21.1 

(2.8)  3 day FD 
Energy, carbohydrate, portion, 
Fat, SFA, MUFA, fibre, 
minerals & vitamins 

(Al Numair et al., 
2011) Riyadh 200 (M)  19-50 3 day FD Omega 3 & omega 6 

(Al Otaibi, 2011) Al Hssa 74 (F)  23-56 24-hour Energy & Fat 

(Allam et al., 2012) Al Madina 194 (M+F) 21.1 
(1.85)  24-hour Energy, portion, minerals & 

vitamins 
(Al Daghri et al., 
2012) Riyadh 47 (M+F) 45.7  24-hour 

FFQ 
Macro-micronutrient & amino 
acids 

(Al Othman et al., 
2012) Riyadh 260   24-hour 

FFQ Selenium 

SD: Standard Deviation. M: Male; F: Female. SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, 

polyunsaturated fatty acids. FFQ: Food frequency questionnaires. EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid. 3 day FD: 

3 day food diary. 
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2.6 Aims, Objectives and Hypotheses of the Study 
2.6.1 Aims 

The aims of the present study were: 

• To measure and describe the dietary patterns of representative samples of the Saudi 

population living in three different locations, a coastal city and an inland city in 

Saudi Arabia and in Newcastle upon Tyne. 

• To compare the dietary patterns across the three populations. 

• To investigate the relationships between dietary food intake and coronary risk 

factors in the western region of Saudi Arabia (both coastal and inland cities) in 

both men and women without overt CVD.  

• To investigate the relationships between dietary food intake and coronary risk 

factors in the Saudi population living in Newcastle upon Tyne within the UK in 

both men and women without overt CVD.  

• To determine differences in total dietary intake as attested by age, gender and 

socioeconomic background for each of the three populations. 

• To explore the relationships between the dietary intake of total fat, omega 3 fatty 

acids and long chain polyunsaturated fatty acids in different regions of Saudi 

Arabia as indicators of the risk of CVD. 

 

2.6.2 Objectives 

To achieve the above aims, the objectives of this study were: 

• To conduct a study to measure dietary intake in university employees working in 

the western Saudi Arabian coastal city of Jeddah and in the western an inland city 

of Makkah. 

• To conduct a study to measure dietary intake in the Saudi population of 

Newcastle upon Tyne in the UK. 

• To undertake a measure of dietary intake and anthropometric indices of Saudi 

adults and ask each of these adults to complete a three day estimated dietary food 

record in order to provide detailed dietary information. 

• To interview participants in order to clarify the information provided in food 

diaries. 

• To use a survey questionnaire in order to collect personal information, and data 

relating to medical, social and dietary habits.  
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• To estimate the daily energy intake and the daily intake (in grams / day and 

percentage contribution to the daily energy intake) of the following 

macronutrients: Protein, fat, SFA, MUFA, PUFA and carbohydrate. In addition 

the daily fibre intake, sodium, potassium (g/day), daily cholesterol intake 

(mg/day), daily intake (mg/day) of calcium, iron, magnesium, zinc, vitamin C and 

vitamin E and the daily intake of vitamin A and selenium (µg/day) of the subjects 

will be measured. 

• To estimate the daily intake of the following fatty acids: LA (g/day), ALA 

(g/day), trans fatty acid (g/day), AA (g/day), EPA (g/day) and DHA (g/day). 

• To compare and report any significant differences between the intakes of males 

and females and with the UK RNI in each setting. 

• To determine the subjects’ socioeconomic characteristics. 

• To test the association between food intake and CVD risk factors and the 

socioeconomic characteristics of the population sampled in the study. 

• To compare consumption of food groups (nuts and seeds, fish, fruit and 

vegetable, fast food and traditional Saudi food) among the study subjects. 

• To test the association between food group intake and CVD risk factors and the 

socioeconomic characteristics of the population sampled in this study. 

• To investigate the intake of omega 3 fatty acids and long chain polyunsaturated 

fatty acids in two samples living in two diverse geographical locations (coastal 

and internal cities) in Saudi Arabia. 

• To investigate and compare the intake of omega 3 fatty acids and long chain 

polyunsaturated fatty acids in the Saudi population living within Saudi Arabia 

(Jeddah and Makkah) with those living abroad (Newcastle upon Tyne, UK).  

 

2.6.3 Hypotheses 

The hypotheses to be tested in the present study are as follows: 

• There are relationships between dietary food intakes and CVD risk factors. 

• There are differences in total dietary intake with regards to age, gender and 

socioeconomic background. 

• An increased intake of omega 3 fatty acids and long chain polyunsaturated fatty 

acids has a beneficial effect on a range of CVD risk factors. 

• There are relationships between dietary intake of total fat, omega 3 fatty acids 

and long chain polyunsaturated fatty acids in different regions of Saudi Arabia as 
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indicators of the risk of CVD. Moreover, Jeddah being a coastal city is 

characterized as having a population with higher fish consumption and a 

relatively lower death rate from CVD when compared with Makkah, an inland 

city with a population characterized as having a lower fish intake and relatively 

higher death rate from CVD.  

• There are differences in dietary intake and food habits between Saudi living away 

from home country compared with those lived in Saudi Arabia.   
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Figure 2.2: Links between dietary lifestyle and demographic parameters and hypotheses in relation with CVD risks  
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Chapter 3 Overall Study Methodology 

 
 
3. Study design  

3.1 Ethical approval 

This study received ethical approval from the Newcastle University Ethical Committee 

(Appendix A). Written information which included the aims of the study, the use and 

application of the data, an assurance regarding the willingness to take part and a statement 

regarding the security of personal information was given to each participant (Appendix B). 

All participants signed a consent form to participating in the study (Appendix C). All 

subjects were free to withdraw from the study at any time. The questionnaire, information 

sheet and consent form were written in English and were also translated into Arabic.  

 

3.2 Statistical power of the study and sample size 

The statistical power of the study was calculated with the assistance of the researcher 

supervisors Professor Chris Seal, Dr Georg Lietz and Dr Simon Kometa (research 

computing specialist ISS) at Newcastle University. The study group size was estimated by 

least standardized difference by using expected changes in the total of omega 3 fatty acids. 

However, there are few published data concerning dietary food intake particularly the 

dietary intake of omega 3 fatty acids in Saudi Arabia. Therefore, the primary outcome 

variable from the study, to determine differences in total omega 3 fatty acids intake 

between coastal and internal areas, was used (the main hypothesis). Statistical power was 

calculated using Minitab 17, on the basis of a 5% significance level, with a standard 

deviation = 0.620, a difference between the mean total intake of omega 3 fatty acids in 

both cities = 0.93 g/day and a power of  95%. A sample size of 26 participants per city 

subgroup was required. In addition, a previous study which determined omega 3 fatty 

acids intake in different regions was consulted (Al Numair et al., 2005). A study of omega 

3 fatty acid intake among elderly men (n = 120) living in coastal and internal regions in 

Saudi Arabia had determined a mean daily omega 3 intake in internal area to be 0.79 g/day 

with a standard deviation of 0.13 while the mean daily omega 3 intake in a coastal area 

was determined to be 2.18 g/day (Al Numair et al., 2005). Based on these data, in the 

present study with 100 adults in each area, the study was calculated to have 90% power to 



38 
 

detect a difference in the mean total intake of omega 3 fatty acids of 0.28 g/day assuming 

a significance level of 5%. 

 

3.3 Study participants  

Participants from both coastal and internal cities were recruited in the western region of 

Saudi Arabia, sampling both men and women, who did not have overt CVD and who fell 

within an age range of 18 - 65 years. Based on the prevalence of CVD in Saudi Arabia, 

which is described in section 2.1.3, the statistics indicate a risk gradient, with the highest 

number of deaths in Makkah (17.7%) and Jeddah (9.5%) (Health Statistical Yearbook, 

2003 & 2011). These differences in percentage may be due to the impact of geographic 

location. Makkah is an inland city with a population characterized as having a lower fish 

intake and relatively higher death rate from CVD, whereas Jeddah is a coastal city, and 

characterized as having a population with higher consumption of fish (more total omega 3 

fatty acids) and a relatively lower death rate from CVD. Participants without overt CVD 

rather than participants with CVD were chosen because they would not be able change 

their dietary habits and their lifestyle, due to the diseases. There is a difference in CVD 

risk between genders, which increases markedly with age (Yen et al., 2010). This study 

focused on the 18 to 65 years old age range. Each potential participant was sent a letter of 

invitation from the general practice of the Employee Affairs Director. Individuals were 

recruited from two communities: Study 1 drew participants from King Abdul Aziz 

University in the city of Jeddah (a coastal city); Study 2 sampled individuals from Umm 

Al Qura University in the city of Makkah Almukarramah (a city in the interior of the 

country). Each of the two universities was visited by the researcher. Four people in each 

university acted as research assistants (two trainers conducted the interviews and two 

individuals with nursing backgrounds conducted the anthropometrics measurements). Two 

were males who would collect anthropometrics measurements from men subjects as is 

expected within Muslim culture. The assistants helped with the preparation of the 

materials needed for the data collection. Data collection in these two studies took place 

during the summer over a period of three months from July to September in both 2010 and 

2011. Care was taken to ensure this took place before the observance of Ramadan, a time 

when people fast and therefore change their food habits (See schedule given in Appendix 

D). 

 

Study 3 participants were recruited from the Saudi population of Newcastle upon Tyne as 

representatives of those living in the UK. Both genders were sampled between the ages of 



39 
 

18 and - 65, though students who had been residing less than six months in Newcastle 

were excluded. Correspondence with the subjects was by e-mail, informing them of the 

aims and explained the purpose of the study. The participant was invited to attend an 

interview in a private location within Newcastle University or at (the researcher’s home or 

the subjects’ home). Data collection took place between May and July of 2012. 

 

3.4 Questionnaire design  
3.4.1 Demographic details 

Each volunteer was asked to complete an interviewer administered questionnaire focusing 

on demographic characteristics. It included general information on age, gender, family 

income per month, education level, marital status and both the personal and family 

medical histories of the participants. 

 

3.4.2 Social habits  

A questionnaire was developed to identify certain lifestyle choices such as smoking and 

physical activity which may have an influence on diet and health. This asked, for example, 

for information relating to the frequency and duration of exercise and smoking states. 

Smoking habits were characterised as non-smoker, former smoker and current smoker. 

Current smokers were further categorized into those who smoked less than 20 cigarettes 

per day, those who smoked 20 or more cigarettes each day and those who smoked using 

shisha (water pipe). Physical activity was assessed through questions focussing on the 

frequency and type of exercise that individuals regularly preformed. Individual activities 

included walking, running, swimming and other types of exercise. The respondents chose 

one of following frequency categories for each activity: never, 1-3 times per week, 4-7 

times per week or more than 7 times per week. The average time per session for the 

activities was broken down into three categories: Less than 30 minutes; 30-60 minutes and 

more than 60 minutes. Three categories of physical activity were used: Inactive; 

moderately active and active consistent with the recommendations of the American Heart 

Association consensus statement on the primary prevention of coronary diseases and from 

the USA Surgeon General’s report of 1996 and Al Nozha et al. (2007a).  

 

3.4.3 Dietary habits 

The next section of the questionnaire was about normal dietary habits. Subjects were 

asked several questions to help determine their dietary habits such as whether they ate 

breakfast, how many meals they normally ate per day, their main meals and how 
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frequently they ate outside their homes. The final section of the questionnaire dealt with 

food records more detail in section 3.7. Nutrient intake was reported as an average for 

three consecutive days. The questionnaire forms used in this study were prepared and 

designed in the School of Agriculture, Food and Rural Development, Newcastle 

University by the researcher based on previous similar studies (see Appendix E). An 

English version of the questionnaire was translated into Arabic so that language would not 

be a barrier for the participants (Appendix F).  

 

3.4.4 Piloting the questionnaire 

A pilot questionnaire was used to identify any problems with content, language, or layout. 

A small sample of 10 people, aged between 25 and 36 years, and exclusive from the study 

population were given a copy of the first version of the questionnaire and invited to make 

comments about its ease of use in order to obtain information concerning any issues or 

difficulties the later respondents may encounter. These comments were used to create the 

final version of the study questionnaire. These data were not included as part of the main 

study. 

 

3.4.5 Study procedure for questionnaire 

Copies of questionnaires were prepared for each university in the study. Then, the 

researcher and assistants distributed the questionnaire. The questionnaire form was 

completed by the participants. Following the collection of the questionnaires, and during 

the interview stage, the researcher scanned the answers quickly and asked the subjects to 

complete any missing or incomplete sections. This method helped to minimise missing 

data.  

 

3.5 Anthropometric measurement 

Anthropometric measurements (Appendix G) were taken after the completion of the 

questionnaire. Measurements were conducted by nurses trained by the researcher and all 

the instruments were calibrated daily. The participants were asked to remove their shoes, 

socks, any heavy clothing and all items that would increase their weight such as belts, 

mobile telephones and wallets. Standing height was measured once to the nearest 0.1 cm 

using a height rule taped vertically to a wall, without shoes and head coverings. Weight 

was measured once using an electronic scale to the nearest 0.1 kg. Body mass index (BMI, 

kg/m2) was then calculated. Participants were divided by obesity parameters which were 
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defined as: Underweight (BMI < 18.5); normal (BMI 18.5 to < 25); overweight (BMI 25 

to < 30) and obese (BMI > 30.1) (WHO, 2000).  

 

Several anthropometric methods of estimating body fat distribution were used: Waist 

circumference (WC) was measured at the point midway between the lowest rib margin and 

the iliac crest. Subjects were asked to breathe normally, and to breathe out gently at the 

time of the measurement to prevent them from contracting their muscles or for holding 

their breath. Hip circumference (HC) was measured with participants at the widest point 

over the greater trochanters. Without indenting the skin, the tape measure was distributed 

horizontally around the hips over the buttocks at the point of maximum circumference. 

Both WC and HC were measured using a plastic measuring tape to the nearest 0.1 cm. 

Waist-to-hip ratio (WHR) was calculated as WC divided by HC. WHR relative fat 

distribution can be estimated from this measurement. WHR was dichotomized as non-

obese with cut off values of < 0.80 for females and < 0.95 for males (Lean et al., 1995). 

High risk WC was defined as > 88 cm and > 102 cm for females and males respectively 

(Molarius et al., 1999). Skin-fold thickness measured on the triceps (TSF) was determined 

using a Harpenden skin-fold caliper (Holtain Ltd., Bryberian, Crymmych, Pembrokeshire) 

to the nearest 1 mm at the midpoint of the left upper arm. Skin-fold measurements were 

performed in triplicate. Arm circumference (AC) (midway between acromion and 

olecranon processes was measured to the nearest 0.1 cm, and arm muscle circumference 

(AMC) calculated as AC - (3.14 x TSF) (cm) at the some point on the upper arm (Barbara 

et al., 1981).  

 

Body fat measurement was calculated using the following equations according to Durnin 

and Womersley (1974): 

Body density for male (D) = 1.1143 – 0.0618 × log of skin-folds 

Body density for female (D) = 1.1278 – 0.0775 × log of skin-folds 

Fat % = (4.95
D

 - 4.5) ×100 

3.6 Blood pressure measurement 

Blood pressure was measured twice for each participant using an automatic 

sphygmomanometer (Omron automatic blood pressure monitor, Germany). Measurements 

were performed by trained nurses. Participants were seated and rested for at least 5 

minutes prior to blood pressure measurement. The interval between the two measurements 

was at least 3 minutes, and the measurements were recorded to the closest 2 mmHg. The 
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mean of the two measurements was used. Hypertension was defined as a systolic blood 

pressure above 140 mmHg and or a diastolic blood pressure above 90 mmHg (American 

Heart Association, 2006). Blood pressure measurement were taken in participants in study 

2 (Makkah) and study 3 (Newcastle).  

 

3.7 Assessment of dietary intake 
The food consumed by participants was recorded by the individuals themselves over three 

consecutive days which included two week days and one weekend day. Furthermore, 

including data collected from a weekend and week days, helps to control day-to-day 

variability in dietary intake (Thompson & Byers, 1994). This study collected data for three 

consecutive days, (including one weekend day), which contributes to the reliability and 

validity of the dietary findings (Gersovitz et al., 1978). Instructions to help the participants 

to complete the diary were given. Each diary consisted of an example page which showed 

the participant how to estimate the portion size of food and drink and three pages on which 

to record intake of food and beverages. Each page included an area to record the day and 

date of study, the time at which items were consumed, how the item was cooked and the 

amount consumed. Figure 3.1 illustrates a sample page from a food diary. The researcher 

met the subjects within the universities, in order to explain the purpose of the food diary. 

The subjects were asked to carry the food diary with them at all times during the three day 

period and to record the food and beverages consumed at the time of consumption. In 

addition, subjects were asked to record all food and drink consumed by estimating using 

household measures (for example, cups, plates and tablespoons) and these records were 

verified by the researcher during the interview using a photographic food atlas (Nelson et 

al., 1997). 
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Figure 3.1: The sample page from the food diary 

 
 

3.7.1 Interview 

Subsequent to the completion of the food diary (approximately one week), interviews were 

scheduled, in order not to compromise the participants ability to remember their dietary 

intake. Each participant was interviewed about the content of their diet. The interviews 

took place on an individual basis and where appointments were held at college or 

workplace a private room was made available. The interview was used to ensure all foods 

eaten over the three day period had been recorded, and to verify the data recorded in the 

diary was accurate such as type of foods, description, brand names, cooking methods, time 

of intake, place where the food was consumed and portion size. Portion sizes were 
estimated serving sizes in units of weight, household measures or by using a photographic 

food atlas (Nelson et al., 1997). The interviews took approximately 30 minutes. All 

information provided by the subjects was kept confidential. Participants were thanked for 

their co-operation and for participating in the study. After completion of the diet 
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interviews, the researcher examined all the food diaries and recipes in order to collect 

information on any new food items.  

 

3.7.2 Dietary analysis 

Nutrient intakes were compared with UK Recommended Dietary Intake levels. Food 

intake was converted to nutrient intake using WinDiets program (Robert Gordon’s 

University, Aberdeen, UK). The nutrient values of each item of food and drink were 

obtained from the food tables which are in this program for UK and USA foods. McCance 

and Widdowson food tables were used for western foods, sixth edition (McCance & 

Widdowson, 2002). For Gulf foods, food composition tables for Arab Gulf countries were 

used (Al Kanhal et al., 1994; Al Kanhal et al., 1998; Al Kanhal et al., 1999a; Al Kanhal et 

al., 1999b; Musaiger, 2006). For Saudi foods that were not listed in the available food 

tables, three strategies were used. Firstly, some Saudi food and drinks were matched to 

similar food and drinks available in the UK and USA food composition tables. Secondly, 

in cases where there were no similar food and drinks in the UK and USA food 

composition tables, Saudi recipes were consulted in order to estimate the amount of each 

nutrient present whilst considering the number of portions suggested by the recipe. Each 

nutrient was then entered separately using the corresponding amount and by considering 

the portion size reported by the subjects. Due to variation in composition of the dishes 

from one household to another, the general description of the main ingredients used in the 

dishes was used. However, each participant was asked to give their family ingredients in 

order to check for any unusual ingredients and to homogenize the data. For example, using 

a Saudi recipe for “Kabsa”, a traditional and popular dish consumed daily, the dish was 

deemed to be composed of rice, meat (chicken, mutton, beef or camel) onions, tomatoes, 

carrots, salt, spices and vegetable oil or animal fat. The amount of each ingredient was 

initially determined (two recipes were used for mutton and chicken). Following this, these 

amounts were divided by the number of portions as stated in the recipe. The results were 

then added as a new code to the WinDiets database to be used in calculating the nutrient 

intake.  The final strategy for a small number of new foods items that were not in the 

available food tables, involved collecting samples for analysis for nutrient content at 

Newcastle University. 

 

3.7.3 Collection of food samples 

Two new foods items that were not in the available food tables required the collection of 

samples from Saudi Arabia.  These collected dried samples were kept in plastic containers 
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before being transported to the UK and used for analyzed for nutrient content at Newcastle 

University. The samples were sent to food test laboratories for analysis (see Appendix H). 

The resulting data was entered into the WinDiets program in order to calculate the nutrient 

intake. 

 

3.7.4 Estimation of food portion sizes 

Currently there is no specific food portion size in Saudi Arabia. Therefore, subjects were 

asked to record a statement using household measurements and recipes in their food diary. 

In order to help the subjects estimate the food portion sizes, during the interviews the 

researcher used examples of different sizes of domestic measures or quantities (including 

cups, mugs, plates, and spoons) to quantify the food eaten. A list of all types of food and 

drinks mentioned in the food diaries was made. Dietary information from local 

supermarkets was collected in order to help in estimating the food portion sizes. Branded 

food, drinks and confectionery recorded in the food diaries were assessed using 

information available in supermarkets and shops in Saudi Arabia. For the Saudi food and 

drinks where a direct match was not found in UK or USA food tables, a best match was 

used. Moreover, many of the Saudi food and drinks were the same as those available in the 

UK or USA and many drinks and confectionery consumed by the subjects were made in 

the UK or USA. However, for foods reported which were not found in the UK or USA 

food tables, Saudi recipes were consulted in order to estimate the amount of each 

substance present whilst considering the number of portions suggested by the recipe as 

described above. Any weight recorded which appeared suspect for that food was checked 

with the raw data in the participants’ food diaries. The estimation of the intake amounts of 

food and drink for the food diaries was made by associating the additional information 

collected during the dietary interview. Each food item was then entered, considering the 

portion size reported by the subjects, from the food portion size sold in supermarkets and 

shops in Saudi Arabia, and from the food portion sizes guide book (Crawley et al., 2002). 

Food and drink items from the diaries were entered into WinDiets. Where participants had 

written portion sizes in grams, (having weighed the food, or if the portion size was 

labelled on the packaging) this information was entered. Occasionally, participants 

provided the food’s brand name and size, and the researcher used this to obtain the actual 

portion’s weight in grams from the product packaging or the manufacturers. Otherwise, 

portion sizes were estimated using Food Portion Sizes (Crawley et al., 2002). 

 

 



46 
 

3.7.5 Coding, using WinDiets 
The WinDiets program (Robert Gordon’s University Aberdeen, version 2010) is a nutrient 

database including more than 50,000 codes for foods and recipes. WinDiets based on the 

Royal Society of Chemistry’s database of food (McCance & Widdowson, 2002), the data 

bank is a flexible system permitting continuous updating of existing values and the 

addition of new single or composite foods (from UK, USA and international food tables). 

WinDiets also enables the creation of ‘recipes’, whereby the user can enter individual 

ingredients to create a recipe that can then be searched for and used in data entry in the 

same way as other foods in the database. The program has missing values for some foods, 

especially for the long chain of PUFA composition and omega 6 fatty acids (about 15% of 

the data is missing). A three day food diary was transformed using WinDiets in order to 

analyse the food records and to calculate the mean daily amounts of the various nutrients 

analysed in this study. Training in WinDiets was undertaken by the researcher under the 

supervision of Professor Chris Seal and Dr. Georg Lietz at Newcastle University. Also, 

approaches on how to clarify portion sizes were discussed. Food codes and weights of 

foods were entered manually by the researcher from the participants’ diaries. Information 

about the time of intake of food and drinks was defined as meal (breakfast, lunch and 

dinner) or snack (any item consumed between meals). For new dishes which were made 

up of several components, each component was allocated the relevant food code from the 

database and the weights were calculated as a proportion of the total product weight. 

Approximately 53 codes were added to this database for home-made recipe dishes and 

new food items or products found in the dietary records. As a safeguard, the WinDiets 

database will not accept any unusual code. A double checking procedure was applied to 

food diary entries in order to reduce any potential errors. In addition, during the coding 

phase of the study, five percent of each group already coded were randomly selected and 

re-entered to compare the differences in nutrient intake. This process provided the study 

with a measure of reliability for the dietary data and to increase awareness of potential 

errors during coding. Nutritional analysis was then carried out as described above.  

 

3.7.6 Derived outcome variables from dietary assessment 

In view of the studies in Chapter 2, and the fact that there were associations between 

nutrients\food groups with a risk of CVD, there is a summary with regards to this 

relationship in Appendix I. The outcome variables for the dietary food diaries were daily 

intakes of energy in (kcal) and (MJ) , daily intake (g/day) and percentage contribution to 

daily energy intake of total fat, SFA, MUFA, PUFA, protein and carbohydrate, daily fibre 
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intake, sodium, potassium (g/day), daily cholesterol intake (mg/day), daily intake 

(mg/day) of calcium, iron, magnesium, zinc, vitamin C and vitamin E and daily intake of 

vitamin A and selenium (µg/day). The daily intakes of the following fatty acids were also 

determined: omega 3 fatty acids (alpha-linolenic acid (ALA) (18:3) (g/day), 

eicosapentaenoic acid (EPA) (20:5) (g/day) and docosahexaenoic acid (DHA) (22:6) 

(g/day)). In addition the omega 6 fatty acids were determined (linoleic acid (LA) (18:2) 

(g/day) and arachidonic acid (AA) (20:4) (g/day)) and trans fatty acid (g/day). 

 

An average across the three days of the assessment was calculated for all nutrients. The 

percentage contribution to daily energy intake of total fat, SFA, MUFA, PUFA, protein 

and carbohydrate was calculated using the following equations according to Thomas 

(2001): 

Fat energy % = [(total daily fat intake (g/day) × 9) / total daily energy intake (kcal/day))] 

×100  

SFA energy % = [(total daily SFA intake (g/day) × 9) / total daily energy intake 

(kcal/day)] ×100 

MUFA energy % = [(total daily MUFA intake (g/day) × 9) / total daily energy intake 

(kcal/day)] ×100 

PUFA energy % = [(total daily PUFA intake (g/day) × 9) / total daily energy intake 

(kcal/day)] ×100 

Protein energy % = [(total daily protein intake (g/day) × 4) / total daily energy intake 

(kcal/day)] ×100 

Carbohydrate energy % = [(total daily carbohydrate intake (g/day) × 4) / total daily energy 

intake (kcal/day)] ×100 

Since dietary recommendations for the whole Saudi population have not been established, 

UK RNI were used as references. Macro and micronutrient levels were recorded as 

categorical variables to help identify intake above or below the Dietary Reference Intake 

(DRI) level (Institute of Medicine, 2000). 

 

3.7.7 Food groups intake 

Data from the three day food records was used to create a food list. The numbers of food 

list recorded by participants during the three day period was 376. Food items were group 

into 13 food groups (Table 3.1). Food grouping was based on the similarities of 

ingredients and/or nutrient profiles. Some individual food items were kept as separate 

categories because it was inappropriate to incorporate them into a certain food group. 
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Examples included coffee, tea, salad dressing and condiments. Five food groups were 

examined with reference to their association with CVD risk factors (see Appendix I): (1) 

Nuts and seeds: This included almonds, brazil nuts, hazelnuts, walnuts, pistachios, peanut, 

peanut butter, tahini, sunflower seeds, mixed nuts and raisins; (2) Fish and sea-food: Fried, 

boiled and grilled, fillets, fish sticks, fish sandwiches and tuna; shrimp, lobster and crab; 

(3) Fruit and vegetables: This group comprised of 75 individual items. Food records were 

collected during the summer season in Saudi Arabia which is harvest time for several 

foods such as dates, watermelons and cantaloupe. (4) Fast food: This included 54 food 

items such as fast food sandwiches, pies, pizza, fried potatoes and potatoes chips, soda and 

other foods considered western in nature. (5) Traditional Saudi food: This category 

comprised 42 food items that are commonly consumed by the Saudi population, for 

example, Saiyadiah, Molokhiyah, Ruz bukhary, Mutabaq with meat or with banana and 

Kabsa. For examples Kabsa a food with high calorie and fat content (142 kcal/100 g; 

Musaiger, 2006), which can be prepared at home or people can buy it from traditional 

shops. The foods in this group are served for lunch or dinner with a smaller number of 

dishes consumed for breakfast. The outcome variables from food groups were: the total 

weight of each five food groups as consumed per person (g/day). The percentage of 

consumption of the five food groups as meals and snacks ate by participants at least on 

one day from the three days.  

 

Table 3.1: List of food items in each food group 

Food group Components 

Grains Rice, pasta, noodles, breakfast cereals, bread 

Fish and sea-food 
Fried and boiled, fillets, fish sticks, fish sandwiches and tuna; shrimp, 

lobster and crab 

Meat and poultry All types of red meat and poultry, cooked, fried or boiled 

Dairy products All types of milk, yoghurt, cheese 

Fruit and vegetables 
All type of fruit and vegetables including fresh, juices, bottled and 

dried 

Nuts and seeds  Nuts and seeds both salted and roasted 

Fast food Sandwiches, burgers, pizza, pie  

Sweets Honey, jam, sugar, chocolate candy and fudge  

Fats and oils Butter, vegetable oil, olive oil, corn oil 

Dressing Mayonnaise, all types of salad dressing  

Coffee and tea All types of coffee or tea 

legumes Beans, lentils, chickpeas 

Traditional Saudi food  All Saudi food 
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3.7.8 Validation of dietary assessment 

Validation of dietary recording in this study was achieved by using a ratio of energy intake 

with estimated energy needs based on a predicted Basal Metabolic Rate (BMR) (Schofield 

et al., 1985). This step was conducted in order to identify the subjects who may have 

under-reported or over-reported their energy intakes. Garrow et al. (2000) has defined 

BMR as “the energy expenditure of an individual lying at physiological and mental rest in 

a thermo neutral environment, or it is the energy expended by the body at rest to main 

bodily function like respiration, heartbeat, body temperature and other body functions or 

can be defined as the amount of energy consumed while inactive”. The age, gender, 

weight, height, environmental temperature and exercise habits can influence BMR 

(Garrow et al., 2000).  

 

BMR was calculated by using the Schofield equations for 19 years and older for each 

gender (Schofield et al., 1985): 

Males aged 18 to 29 years = 15.0 × weight (kg) + 690 

Females aged 18 to 29 years = 14.8 × weight (kg) + 690 

Males aged 30 to 60 years = 11.4 × weight (kg) + 870 

Females aged 30 to 60 years = 8.1 × weight (kg) + 842 

Males aged > 60 years = 11.7 × weight (kg) + 585 

Females aged > 60 years = 9.0 × weight (kg) + 656 

 

Thomas (2001) defined Physical Activity Level (PAL) as the energy required for physical 

movements which contributes to 20-40% of total daily energy. Garrow et al. (2000) 

suggested a lower cut off point of the ratio of total energy intake to BMR of 1.1. PAL was 

calculated by dividing the total daily energy intake by BMR (Thomas, 2001).  

 

3.8 Socioeconomic factors 

Since differences in nutrient intake can be affected by age, gender and socioeconomic 

background, this information was also collected. Socioeconomic status was defined by 

gender, monthly income at the time of data collection and educational status. For 

educational status, participants were asked to indicate the highest level of schooling using 

the following categories: low (illiterate or writing and reading), medium (primary school 

or elementary and secondary schools) and high (undergraduate degree or above). Current 

monthly income was categorized as follows: low (1 to 3000 SR), medium (3001 to 9000 

SR) and high (more than 9001 SR) (currency 5.83 RS = 1£; 01/09/2013). The participants’ 
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education level and monthly income were used to calculate a socioeconomic status score 

for each subject, giving scores of 1 for low, 2 for medium and 3 for high. Socioeconomic 

status scores as a scale of 2 to 6 were divided into three categories low (2-3), medium (4-

5) and high (6) (Khashoggi et al., 1993; Al Numair, 2006). Figure 3.2 shows an overview 

of the process of data collection. 

 

Figure 3.2: Overview of the process of data collection 
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3.9 Statistical analysis  

All data analyses were carried out using the Statistical Package for the Social Sciences 

(SPSS) for Windows, version 19 (SPSS Inc., Chicago, IL, USA). The normality of 

distribution of the data in this thesis was assessed using a One-Sample Kolmogorov-

Smirnov Z test. For continuous variables that were normally distributed, data are presented 

as means, with standard deviation (SD), and 95% Confidence Intervals (CI). For 

continuous variables that were not normally distributed, data were log-transformed to 

achieve normal distribution. Data have been presented with geometric means, median and 

95% CI. Comparisons of categorical variables between groups, such as between men and 

women, or between cities were carried out using the exact versions of the non-parametric 

Chi square test. Comparisons between groups were carried out using in-dependent t tests. 

In some cases, alternative non-parametric tests were used, for example Mann-Whitney 

tests. A non-parametric test was used when data were not normally distributed. All 

differences were considered significant if P- values were < 0.05. Between groups (> 2) 

analysis were tested using one-way analysis of variance (ANOVA) to determine whether 

there were any significant differences between the means of three or more independent 

groups, for example, between the three cities. Tukey post-hoc tests were conducted to 

examine how each city differed from each other and for skewed data using Kruskal Wallis 

tests. Comparisons between cities in nutrient intakes or anthropometric measurement were 

adjusted by age, gender using regression analysis. 

 

Bivariate correlations between dietary intake and risk factors of CVD and socioeconomic 

status were measured using Pearson’s ranking (for normally distributed data) or 

Spearman’s rank correlations (for non-normally distrusted data). Correlations (r) were 

used to evaluate the strength and direction of the relationship between energy, total fat, 

SFA, MUFA, PUFA, protein and carbohydrate, fibre, cholesterol, calcium, iron, 

magnesium, sodium, potassium, selenium, zinc, vitamin A, C, and E and the risk factors of 

CVD: such as age, gender, BMI, (self-reported: diabetes, hypercholesterolemia, 

hypertension), family history, smoking status, physical activity and socioeconomic status 

including education and monthly income. A multivariate analysis, using stepwise multiple 

regression analysis was used to model the association between each food group with all 

independent variables with P values up to 0.1 to demonstrate their contribution to the food 

intakes. The dependent variables investigated were groups of nuts and seeds, fish and sea-

food, fruit and vegetables, fast food and traditional Saudi food. The independent variables 

included in the models were the risk factors of CVD listed above: age, gender, BMI, 
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diabetes, high blood cholesterol, high blood pressure, family history, smoking status, 

physical activity and socioeconomic status including education and monthly income. Also, 

a multivariate general linear model analysis was used to test relationships among dietary 

intake and CVD risk accounting for significant covariates selected in stepwise multiple 

regressions. The statistical procedures used for the analysis of data are detailed in each of 

the following chapters. 
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Chapter 4 

Study1: Dietary Patterns and Risk of Heart Disease in Male and Female 

living in Coastal City (Jeddah) 

4.1 Introduction 
Jeddah is the second largest city in Saudi Arabia after the capital Riyadh and it is largest 

city in the western region of Saudi Arabia. Jeddah located on the coast of the Red Sea.  

Jeddah is the major sea port on Saudi Arabia and the principal gateway to the holy cities. 

Its population is around 3.5 million and it is considered one of the most beautiful examples 

of modern architecture in the world (Ministry of Culture and Information in Saudi Arabia, 

2008). There has been a large transformed for the city over the last three or four decades 

from homogeneous to a heterogeneous urban environment (Gazzaz, 1992). Therefore 

Jeddah is one of the fastest developing cities in Saudi Arabia. The rapid economic growth 

of the city has led to significant change in lifestyle of the people with effects on health, 

nutritional status and of disease patterns. 

 

For CVD, one of these diseases, the Ministry of Health reported that in 2003, Jeddah had 

the highest number of death due to CVD with 610 in the total number of 6410 deaths from 

this disease. The number of deaths in male was higher than that in females. The highest 

percentages of death were focused in the age group 55-64 years (21%), 65-70 years 

(24.4%) and ≥ 75 years (23.8%), as predicted for an ageing population (Health Statistical 

Yearbook, 2003). 

4.2 Study aims and objectives 

 4.2.1 Aims  

• To measure and describe the dietary patterns of representative samples of the 

Saudi population living in a coastal city in Saudi Arabia. 

• To investigate the relationships between dietary food intake and CVD risk factors 

in the city of Jeddah, in the western region of Saudi Arabia in both men and 

women without overt CVD.  

• To determine differences in total dietary intake as attested by age, gender and 

socioeconomic background.  
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• To explore the relationships between the dietary intake of total fat, omega 3 fatty 

acids and other fatty acids in Jeddah in the western coastal city of Saudi Arabia as 

indicators of the risk of CVD. 

4.2.2 Objectives 

• To conduct a study to measure dietary intake in university employees working in 

the western Saudi Arabian coastal city of Jeddah. 

• To undertake a measure of dietary intake and anthropometric indices of Saudi 

adults and ask each of these adults to complete a three day estimated dietary food 

record in order to provide detailed dietary information. 

• To use a survey questionnaire in order to collect their personal information, and 

data relating to medical, social and dietary habits.  

• To determine daily intake of: energy, protein, fat, SFA, MUFA, PUFA, 

carbohydrate, fibre, cholesterol, calcium, iron, magnesium, sodium, potassium, 

zinc, vitamin C, vitamin E, vitamin A and selenium.  

• To estimate the daily intake of the following fatty acids: LA, ALA, total trans 

fatty acids, AA, EPA and DHA. 

• To compare and report any significant differences between the intakes of males 

and females and with in UK RNI. 

• To determine the subjects’ socioeconomic characteristics. 

• To test the association between food intake and CVD risk factors and the 

socioeconomic characteristics of the population in this study.  

• To compare consumption of food groups (nuts and seeds, fish, fruit and 

vegetable, fast food and traditional Saudi food) among men and women in this 

study. 

• To test the association between intake by food group and CVD risk factors and 

the socioeconomic characteristics of the population sampled in this study. 

4.3 Methods  

4.3.1 Study subjects 

Participants were recruited in King Abdul-Aziz University in the city of Jeddah, in the 

western region of Saudi Arabia, sampling both men and women without overt CVD within 

an age range of 18-65 years. All participants were fully informed of the purpose of the 

study by using information letter and signed the consent form to participate in the study. 
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This study was approved by the Ethical Committee of Newcastle University, as described 

in Sections 3.1 & 3.3. 

4.3.2 Demographic and anthropometric information 

Each participant was asked to complete an interviewer administered questionnaire 

concerning demographic characteristics, general information (age, family income per 

month, education level and marital status), medical information, family history of heart 

disease and diabetes, lifestyle choices such as smoking and physical activity. The final part 

of the questionnaire about normal dietary habits was followed by a diet diary. Food intake 

was recorded for three consecutive days which included one weekend day. The 

questionnaire designs were described previously in the methods section 3.4.  

 

For anthropometric purposes, the following were measured: Height (m), weight (kg), BMI, 

(kg/m2) was calculated, WC (cm), HC (cm), WHR (cm), triceps skin-fold thickness (mm), 

percent body fat (%). All anthropometric measurements were made by two specially 

trained nurses (Section 3.5). 

4.3.3 Dietary assessment 

Volunteers were asked to complete a three days food diary. The food consumed was 

recorded by volunteers on three consecutive days, two week days and one weekend day. 

Foods consumed in three day food diaries were coded and entered into the WinDiets 

program (Robert Gordon’s University, Aberdeen, UK) based on McCance and 

Widdowson, (2008) food tables to estimate the daily energy intake, daily intake and the 

percentage of energy from protein, carbohydrates, total fat and SFA, MUFA and PUFA. 

An average across the three days of the assessment was calculated and nutrient intakes 

were compared with Recommended Dietary Intake levels. Data collection in this study 

occurred from July 2010 to September 2010 (Section 3.7). 

4.3.4 Statistical analysis  

Data are presented as means (SD), median and 95% CI for normally distributed data. 

Variables that were not normally distributed, data were log-transformed to achieve normal 

distribution. Data are presented as geometric means, median and 95% CI. Data were 

analysed using SPSS Inc., version 19, Chicago, IL, USA. Comparisons between groups, 

such as between men and women, were carried out using non-parametric Chi square test. 

A χ2 test was used for comparison of categorical data. Differences in the food intake 

between groups were carried out using in-dependent-samples t-tests. Associations between 

dietary food intakes and individual risk factors were assessed using Pearson’s correlation 
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coefficients. Multiple regression analysis was used to determine the variables 

independently association between risk factor of CVD and intake by food groups. All 

differences were considered significant if P-values were < 0.05. 

4.4 Results 

4.4.1 Demographic and anthropometric data 

From approximately 200 surveys were distributed to the volunteers, about 100 returned 

completed questionnaire and food diaries. There were 50 men (50%) and 50 women 

(50%). Mean and (SD) of the anthropometric variables are presented in Table 4.1 which 

shows a progressive increase in mean BMI, WC and WHR with age in both sexes up to 65 

years. There were significant differences between males and females in height, weight, 

WHR, HC, BMR and body fat (P < 0.001). The mean (SD) ages of women and men 

subjects were 32.4 (7.4) years and 30.9 (9.6) years, respectively. The sample was divided 

into four categories. Approximately 53% of participants were in the age range 18 -30 

years, , about 32% of the sample between 31- 40 years, 12% of participants were between 

41 - 50 years, whereas those aged between 50 - 65 years constituted only 3% of the 

sample. 

 

Table 4.2 summarizes the demographic characteristics for both genders. With respect to 

marital status, 52% of subjects were married, with a higher percentage of women than men 

being married (P < 0.05). Of the total sample, 50% of men and 68% of women reported a 

higher (University or above) education level. Only 2% in both genders were illiterate but 

overall there were no differences between men and women.  All participants were working 

in the university. The distribution of monthly income was different for men and women, 

with more men in the low income bracket than women, but also more men with a monthly 

income more than 12000 RS (P < 0.001).  

4.4.2 Socioeconomic factor 

In the present study, the participants’ education level and monthly income were used to 

assess the socioeconomic status of the subjects since there is no governmental 

classification of areas in Saudi Arabia based on socioeconomic information. The majority 

of men and women were classified as of medium socioeconomic status, with 62% of 

women and 64% of men in this category. 16% of the women had a low socioeconomic 

status and 16% of the men had high socioeconomic status. A chi-square test was used to 

compare the socioeconomic status for female and male and there were significant 

differences between participants (χ2 =24.042, P < 0.001, for difference between genders). 
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Table 4.1: Anthropometric characteristics of the study subjects (mean and (SD)) 
Males 

 (n = 50) 
Females 
 (n = 50) Variables 

All 51-65 41-50 31-40 18-30 All 51-65 41-50 31-40 18-30 

30.9 (9.62) 
 

58 (4.30) 
 

3 (6) 

 
44.7 (0.91) 

 
4 (8) 

 
34.4  (2.30) 

 
13 (26) 

 
24.9  (2.61) 

 
30 (60) 

 
32.4 (7.41) 

 
 
- 

 
45.7 (3.41) 

 
8 (16) 

 
34  (2.92) 

 
19 (38) 

 
26.4  (2.61) 

 
23 (46) 

 
Age (years) 

 
n (%) 

173 (5.47) 171 (4.61) 174 (8.30) 174 (6.56) 173 (4.81) 160 (5.80) - 156 (5.43) 161 (5.08) 160 (6.15) 
 

Height (cm) 
 

75.3 (9.87) 73.6 (1.15) 83.7 (7.41) 79.3 (11.98) 72.6 (8.63) 63.9 (7.28) - 65.8 (5.96) 64.9 (5.90) 62.4 (8.59) 
 

Weight (kg) 
 

25.04 (3.01) 25.3 (1.51) 27.6 (2.51) 26.2 (3.31) 24.1 (2.71) 25 (2.41) - 27 (2.52) 24.9 (1.71) 24.4 (2.70) 
 

BMI (kg/m2) 
 

1527 (100) 1379 (22.6) 1540 (82.4) 1551 (124) 1530 (86.8) 1388 (76.5) - 1338 (60.1) 1397 (61) 1402 (87.6) 
 

Estimated BMR (kcal/d) 
 

89.3 (11.71) 102 (7.81) 98.5 (10.31) 92.4 (12.11) 85.4 (10.41) 87.4 (7.22) - 93.2 (8.01) 89 (7.51) 84 (4.61) 
 

WC (cm) 
 

91.9 (7.21) 96.6 (1.52) 93.7 (8.05) 93.6 (9.15) 90.4 (6.32) 101 (5.97) - 104 (3.94) 103 (4.87) 98.5 (6.54) 
 

HC (cm) 
 

0.97 (0.11) 1.05 (0.06) 1.04 (0.06) 0.98 (0.07) 0.93 (0.08) 0.86 (0.04) - 0.98 (0.05) 0.86 (0.05) 0.85 (0.04) 
 

WHR (cm) 
 

20.9 (4.81) 27.5 (0.81) 27.2 (3.21) 23.2 (4.06) 18.5 (3.51) 32.1 (4.01) - 37.5 (3.51) 32.4 (2.40) 29.9 (3.37) 
 

Body fat (%)* 
 

12.2 (3.54) 11.7 (0.50) 17 (3.76) 12.8 (3.45) 11.3 (3.27) 19.1 (2.41) - 20.7 (1.54) 19.8 (1.86) 18.1 (2.65) 
 

TSF (mm) 
 

28.7 (3.01) 29.3 (0.57) 31.2 (2.75) 30.3 (3.40) 27.6 (2.53) 30.4 (2.21) - 32 (1.60) 31.1 (2.24) 29.3 (1.84) 
 

AC (cm) 
 

24.8 (2.30) 25.6 (0.58) 25.9 (1.61) 26.2 (2.61) 24 (2.03) 24.4 (1.96) - 25.4 (1.44) 24.9 (1.97) 23.6 (1.86) 
 

AMC (cm) 
 

SD: Standard Deviation. BMI: Body Mass Index. BMR: Basal Metabolic Rate calculated using Schofield et al. equations (1985). WC: Waist circumference. HC: Hip Circumference. WHR: Waist: Hip Ratio. TSF: 
Triceps Skin-fold. AC: Arm Circumference. AMC: Arm Muscle Circumference. * Calculated from TSF (Durnin & Womersley, 1974).  
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Table 4.2: Demographic characteristics of the study subjects by gender 

P χ2 

 
Males 

(n = 50) 

 
Females 
(n = 50) Characteristics 

% No. % No. 

       
Education 

N.S 7.942 

2 1 2 1 Illiterate 
- - 4 2 Writing & Reading 
2 1 4 2 Primary 

46 23 22 11 High School 
50 25 68 34 University or Above 

      Monthly income (RS)* 

< 0.001 15.546 

26 13 16 8 1 – 3000 
40 20 26 13 3001 - 6000 
10 5 36 18 6001 – 9000 

8 4 18 9 9001 – 12000 
16 8 4 2 More than 12000 

      Marital status 

< 0.05 9.03 

60 30 32 16 Single 
40 20 64 32 Married 

- - 4 2 Widowed or Divorced 

< 0.001 24.042 

    Socioeconomic status 

20 10 16 8 Low 

64 32 62 31 Medium 

16 8 22 11 High 

  N.S: not significant. 
 *Riyal Saudi (currency 5.83 RS = 1£). 
 
 

4.4.3 Comparison of cardiovascular risk factors between genders 

Prevalence of cardiovascular risk factors among males and females is shown in Table 4.3. 

BMI was categorized according to WHO (2000) described previously in the methods 

section 3.5. BMI values ranged from 17 to a maximum of 35.5 kg/m2 across both genders.  

About one thirds of the subjects were overweight (n =36) or mildly obese (n=6). On the 

other hand, the other CVD risk factors reported by the subjects were: diabetes (n =11), 

hypercholesterolemia (n =12), hypertension (n =18) and heart disease (n =9). There were 

no significant differences between men and women in BMI classification (P = 0.17), 

diabetes (P = 0.11), high blood cholesterol (P = 0.53), and personal history of 

cardiovascular disease (P = 0.081). However, significantly more women reported high 

blood pressure compared with men (28% vs. 8%, respectively, P < 0.05). A family history 

of diabetes and heart diseases was found in 52% and 11%, of the study population 

respectively. Male participants were significantly more active than women (P < 0.05) with 

78% of women reporting no physical activity. Cigarettes were the most common type of 

tobacco smoked by subjects. Only one female participant smoked whereas 50% of men 

were current smokers.  
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Table 4.3: Prevalence of cardiovascular risk factors according to gender 

P χ2 

 
 

Males 
(n = 50) 

 

 
Females 
(n = 50) Risk factors 

% No. % No. 

      BMI Classification 

N.S 1.795 

2 1 - - Underweight 
56 28 58 29 Normal  
34 17 38 19 Overweight  
8 4 4 2 Obese  

      Diabetes* 

N.S 2.554 
94 47 84 42 Normal    
6 3 16 8 Diabetic 

      High blood cholesterol* 

N.S 0.379 
90 45 86 43 Normal 
10 5 14 7 Hypercholesterolemia 

      High blood pressure* 

< 0.05 6.775 
92 46 72 36 Normal 
8 4 28 14 Hypertension 

      Heart disease* 

N.S 3.053 96 48 86 43 Normal  
4 2 14 7 Heart disease 

      Family history 

 
N.S 

 
1.592 

 
50 

 
25 

 
54 

 
27 Diabetes 

6 3 16 8 Heart diseases 

      Smoking status 

< 0.001 37.780 

30 15 92 46 Non-smoker   
10 5 - - Ex-smoker 

40 20 2 1 Current (<20 cigarette) 
10 5 - - Current (>20 cigarette) 
10 5 6 3 Shisha 

      Physical activity 

 
< 0.05 

 
13.307 

 
46 

 
23 

 
78 

 
39 Inactive 

34 17 20 10 Moderately active 

20 10 2 1  
Active 

  N.S: not significant.  
 * Self-reported 
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4.4.4 Dietary data 

Table 4.4 shows dietary habits in both genders. The majority of participants ate three 

meals per day (78% of women and 60% of men). The main meal of the day was lunch for 

92% of females, and 80% of males. More women never ate breakfast (22% vs. 4%) and 

more men had breakfast daily (52% vs. 24%) (P < 0.05). Most of the participants, 90% of 

women and 88% of men ate food outside their home at some time during the week (P < 

0.05).  

 
Table 4.4: Prevalence of dietary habits according to gender 

P χ2 

 
 

Males 
(n = 50) 

 

 
Females 
(n = 50) 

Eating patterns 

% No. % No. 

  
 
 
 

 
 
 

 
 
 

 
 
 

Meals (no./day): 

N.S 3.96 
38 19 20 10 1 or 2 
60 30 78 39 3 or 4 
2 1 2 1 More than 5 

      Main meal: 

N.S 2.993 
8 4 2 1 Breakfast 

80 40 92 46 Lunch 
36 18 26 13 Dinner 

      Eating breakfast: 

< 0.05 11.899 
52 26 24 12 Daily 
44 22 54 27 Sometimes 
4 2 22 11 Never 

      Eating outside (per week): 

< 0.05 16.408 

12 6 10 5 Never 
44 22 78 39 Once or twice 
26 13 12 6 Three or four times 
18 9 - - More than four times 

N.S: not significant 
 

With the exception of MUFA, iron, vitamins A, C and E, data for daily dietary intakes of 

nutrients were normally distributed and are shown in Tables 4.5 and 4.6 as mean, (SD), 

and 95% CI. On an average, participants consumed 2005 kcal/day (8.4 MJ/day) with 

50.5% of daily energy from carbohydrate, 16.5% from protein and 35.8% from fat. SFA, 

MUFA and PUFA contributed 12.4%, 12.4% and 6.9%, respectively, of the total energy 

intake. The daily intakes of carbohydrate, fat and protein were for males; 247 g/day, 76.5 

g/day and 83.7 g/day respectively, and for females were 258 g/day, 83.8 g/day and 80.4 

g/day respectively. The mean daily intakes of SFA, MUFA and PUFA were for males; 

26.1 g/day, 26.1 g/day and 14.2 g/day respectively, and for females were 29.5 g/day, 28.2 

g/day and 16.6 g/day respectively. Females had significantly higher dietary intakes than 

males with respect to energy, SFA, PUFA and fibre (P < 0.05). The dietary cholesterol 
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intake was within the recommendation guidelines of < 300 mg/d. Mean calcium intake 

was 663 (200) mg/day, which was around the dietary recommended intake for both males 

and females of this age. In contrast, mean intakes of fibre, magnesium, potassium and 

selenium (10.1 (5.04) g/day, 240 (72.14) mg/day, 2.6 (0.85) g/day and 53.7 (28.77) 

µg/day, respectively) were found to be below recommended intakes (Department of 

Health, 1991). The mean sodium intake was 2.9 (0.98) g/day, which was above the 

recommendation suggested by the Department of Health of 1.6 g/day. Data for iron and 

vitamins A, C and E were log-transformed and geometric means are presented after back-

transformation. Daily intake of iron for females was 14.2 (95% CI 12.3, 16.2) mg/day and 

12.9 (95% CI 11.8, 14.2) mg/day for men. Mean vitamin A intake for males at 561 (95% 

CI 447, 703) µg/day, was below the dietary recommended intake for males (700 µg/day), 

while for females it was within the recommended intake (623 µg/day). There were no 

statistically significant gender differences for daily intakes of iron, vitamins A, C and E 

(Table 4.6). 

 

Geometric mean, median and 95% CI for daily intake of fatty acids for subjects by gender 

are shown in Table 4.7. The mean daily intake of total omega 3 fatty acids was 1.30 g/day, 

mainly in the form of ALA (1.01 g/day), with 0.27 g/day in the form of EPA and DHA. 

Total omega 3 fatty acids contributed 0.58 % to the daily energy intake. No differences 

were observed among males and females in omega 3 fatty acids intake. The geometric 

mean for daily intake of total omega 6 fatty acids for females was 2.99 g/day while for 

males it was 3.6 g/day, mainly in the form of AL (2.8 g/day for females and 3.4 g/day for 

males), with 0.14 and 0.10 g/day for females and males, respectively in the form of AA. 

Total omega 6 fatty acids contributed 1.75% of the daily energy intake across males and 

females. There was a statistically significant difference in the mean total daily intake of 

omega 6 (P < 0.05) and AL fatty acid (P < 0.05) between males and female. The 

geometric mean for daily intake of trans fatty acid for female was 2.29 g/day and 2.7 

g/day for male. Trans fatty acids contributed 1% for females and 1.2% for males to the 

daily energy intake. There were no statistically significant gender differences for daily 

trans fatty acids intakes.  
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Table 4.5: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily energy intake and daily intake of macronutrients for subjects by 
gender 

P 
Males Females Overall 

Nutrient 
95% 
CI Median Mean  

(SD) 
95%  
CI Median Mean 

(SD) 
95%  
CI Median Mean   

(SD) 

< 0.05 
 

7.9, 
8.5 

8.1 
 

8.2 
(1.11) 

 
8.1, 
9.1 

8.2 
 

8.6 
(1.55) 

 
8.1, 
8.7 

8.2 
 

8.4 
(1.36) 

Energy (MJ/d) 

< 0.05 
 

1883, 
2034 

1927 
 

1959 
(265.31) 

 
1945, 
2157 

1945 
 

2051 
(372.73) 

 
1941, 
2070 

1941 
 

2005  
(325.21) 

Energy (kcal/d) 

N.S 
 

76.5, 
71.4 

74 
 

76.5 
(18.08) 

 
77.3, 
90.4 

79 
 

83.8  
(22.96) 

 
76.1, 
84.3 

77.3 
 

80.2  
(20.8) 

Total fat (g/d)         

N.S    
35.1    

36.5    
35.8 

 
%  of daily energy  

< 0.05 
 

24, 
28.2 

 
25.2 

 

 
26.1  

(7.46) 

 
26.5, 
32.4 

 
29 

 

 
29.5  

(10.48) 

 
25.9, 
29.6 

26.4 
 

27.8 
(9.21) 

SFA (g/d)      

N.S   12   12.8   12.4 % of daily energy 

N.S 
 

23.9, 
28.3 

26.1 26.1* 
 

25.8, 
30.4 

27.2 
 

28.2  
(8.14) 

 
26.02, 
29.3 

26.5 
 

26.5* 
 

MUFA (g/d)        

N.S   12.4   12.3   12.4 %  of daily energy  

< 0.05 
 

12.8, 
15.6 

14.6 
 

14.2 
(5.02) 

 
14.6, 
18.5 

15.5 
 

16.6  
(6.91) 

 
14.2, 
16.6 

15.3 
 

15.4  
(6.12) 

PUFA (g/d)          

N.S   6.5   7.2   6.9 % of daily energy  

N.S 
 

238, 
299 

263.5 
 

269  
(107) 

 
218 
268 

238 
 

243  
(87.72) 

 
237, 
276 

251 
 

256  
(98) 

Cholesterol (mg/d) 

< 0.05 
 

79.1, 
88.3 

82.1 
 

83.7  
(16.17) 

 
74.7, 
86.1 

75.2 
 

80.4  
(19.93) 

 
78.4, 
85.6 

79.4 
 

82.1 
(18.13) 

Protein (g/d) 

< 0.05   17.2   15.7   16.5 % of daily energy  

N.S 
 

232, 
261 

243 
 

247 
(50.72) 

 
244, 
272 

259 
 

258 
(48.54) 

 
242, 
262 

250 
 

252  
(49.71) 

Carbohydrates (g/d) 

N.S  
  50.3   50.7   50.5 %  of daily energy  

< 0.05 
 

7.6, 
9.9 

8.5 
 

8.8  
(4.16) 

 
9.8, 
12.9 

10.8 
 

11.3  
(5.53) 

 
9.1, 
11.1 

9.4 
 

10.1 
(5.04) 

Fibre (g/d)    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
*Geometric means.  
P < 0.05 variables were compared by t test. 
N.S: not significant. 
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Table 4.6: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily intake of micronutrients for subjects by gender 

*Geometric means.  
P < 0.05 variables were compared by t test.  
 N.S: not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P 
Males Females Overall 

Nutrient 
95% 
CI Median Mean   

(SD) 
95% 
CI Median Mean   

(SD) 
95% 
CI Median Mean   

(SD) 

N.S 
 

594, 
694 

613 
 

644 
(176) 

 
620, 
745 

633 
 

682 
(219) 

 
623, 
702 

623 
 

663 
(200) 

Calcium 
(mg/d) 

N.S 
 

11.8, 
14.2 

12.7 
 

12.9* 
 

 
12.3, 
16.2 

13.2 
 

14.2* 
 

 
12.5, 
14.7 

13.1 
 

13.6* 
 

Iron (mg/d) 

N.S 
 

217, 
256 

224 
 

237 
(68.66) 

 
219, 
268 

235 
 

243 
(85.37) 

 
225, 
255 

233 
 

240 
(77.14) 

 
Magnesium 
(mg/d) 

N.S 
 

2.5, 
3.2 

2.7 
 

2.8 
(1.03) 

 
2.7, 
3.2 

2.9 
 

3.01 
(0.93) 

 
2.7, 
3.1 

2.8 
 

2.9 
(0.98) 

Sodium (g/d) 

N.S 
 

2.3, 
2.7 

2.4 
 

2.5 
(0.71) 

 
2.4, 
3.01 

2.6 
 

2.7 
(0.97) 

 
2.4, 
2.8 

2.5 
 

2.6 
(0.85) 

Potassium 
(g/d) 

< 0.05 
 

51.03 
68.9 

56 
 

59.9 
(31.47) 

 
40.6, 
54.5 

43 
 

47.6 
(24.57) 

 
48.1, 
59.4 

51 
 

53.7 
(28.77) 

Selenium 
(µg/d) 

N.S 
 

7.8, 
9.2 

8.4 
 

8.6 
(2.41) 

 
7.3, 
8.5 

7.5 
 

7.9 
(2.17) 

 
7.8, 
8.7 

8.1 
 

8.2 
(2.31) 

Zinc (mg/d) 

N.S 
 

447, 
703 

519 
 

561* 
 

 
520, 
746 

642 
 

623* 
 

 
513, 
682 

603 
 

591* 
 

Vitamin A 
(µg/d) 

N.S 
 

38.01, 
61.9 

48.3 
 

48.5* 
 

 
43.3, 
68.5 

59.5 
 

54.5* 
 

 
43.6, 
60.6 

58.4 
 

51.4* 
 

Vitamin C 
(mg/d) 

N.S 
 

4.2, 
5.4 

4.8 
 

4.8* 
 

 
4.3, 
5.6 

4.6 
 

4.9* 
 

 
4.4, 
5.3 

4.6 
 

4.8* 
 

Vitamin E 
(mg/d) 
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Table 4.7: Geometric mean, median and 95% Confidence Intervals (CI) for daily 
intake of fatty acids for subjects by gender 

P 

 
Males 

 

 
Females 

 

 
Overall 

 
Nutrient 

95% 
CI Median Mean  95% 

CI Median Mean  95%  
CI Median Mean    

N.S 

 
0.99, 
1.4 

1.1 1.2 
 

1.03, 
1.7 

1.2 1.37 
 

1.1, 
1.5 

1.1 
 

1.3 
 

 
Total n-3 PUFAs 
(g/d) 

  0.55   0.60   0.58 % of daily energy 

N.S 
 

0.86, 
1.26 

1.1 1.1 
 

0.83, 
1.11 

1.1 0.97 
 

0.89, 
1.13 

1.1 
 

1.01 
 

ALA (g/d) 

N.S 
 

0.03, 
0.15 

0.01 0.09 
 

0.05, 
0.31 

0.01 0.17 
 

0.06, 
0.2 

0.01 
 

0.13 
 

EPA (g/d) 

N.S 
 

0.03, 
0.13 

0.0001 0.07 
 

0.07, 
0.36 

0.0001 0.21 
 

0.07, 
0.22 

0.001 
 

0.14 
 

DHA (g/d) 

< 0.05 

 
3.6, 
5.9 

3.6 4.8 
 

2.4, 
3.5 

2.08 2.99 
 

3.25, 
4.56 

2.7 
 

3.9 
 

 
Total n-6 PUFAs 
(g/d) 

  2.20   1.31   1.8 % of daily energy 

< 0.05 
 

3.5, 
5.7 

3.4 4.6 
 

2.2, 
3.4 

1.9 2.8 
 

3.1, 
4.3 

2.6 
 

3.7 
 

LA (g/d) 

N.S 
 

0.11, 
0.24 

0.10 0.17 
 

0.08, 
0.19 

0.09 0.14 
 

0.11, 
0.20 

0.10 
 

0.2 
 

AA (g/d) 

< 0.05 
 

3.8, 
6.5 

3.7 5.2 
 

2.4,  
4.1 

2.2 3.3 
 

3.4, 
5.1 

2.8 
 

4.2 
 

 
Total n-6: total n-
3 PUFAs 

< 0.05 
 

0.28, 
0.52 

0.26 0.40 
 

0.47, 
0.94 

0.44 0.70 
 

0.42, 
0.68 

0.35 0.55 
 
Total n-3: total n-
6 PUFAs 

N.S 

 
2.3, 
3.2 

2.6 2.7 
 

1.8, 
2.7 

2 2.3 
 

2.2, 
2.8 

2.3 
 

2.5 
 

 
Trans fatty acid 
(g/d) 

  1.2   1   1.1 % of daily energy 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
P < 0.05 variables were compared by t tests.  
N.S: not significant. 
 

4.4.5 Validation of dietary data 

Table 4.8 shows the mean of energy intake (EI), estimated Basal Metabolic Rate (BMR) 

and EI: BMR of study subjects according to age and gender. The mean BMR for the males 

was 1527 kcal/day and 1388 kcal/day for the females as expected for tier different body 

size. Estimated BMR also reduced with age in both males and females, as expected with 

reducing average body weight and changes in body composition with age (Smith & 

Young, 2010). The mean EI: BMR for male was 1.2 and 1.4 for females, suggesting that 

in some cases in male volunteers were under-reporters whereas on average the females 

were identified as normal-reporters, as shown in the distribution in Figure 4.1.  
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Table 4.8: Mean energy intake (EI), estimated Basal Metabolic Rate (BMR) and EI: 
BMR of study subjects 

  
 

overall 

 
Female 

 
Male 

18-30 
(23) 

31-40 
(19) 

41-50 
(8) 

51-65 
 

All 
(50) 

18-30 
(30) 

31-40 
(13) 

41-50 
(4) 

51-65 
(3) 

All 
(50) 

 
Energy intake 
(kcal/d) 

 
2005 

 
1865 

 
2143 

 
2367 

 
- 

 
2051 

 
2071 

 
1832 

 

 
1734 

 

 
1687 

 
1959 

 
 
BMR (kcal/d) 

 
1467 

 
1402 

 
1397 

 
1338 

 
- 

 
1388 

 
1530 

 
1551 

 

 
1540 

 

 
1379 

 

 
1527 

 
EI:BMR 

 
1.3 

 
1.3 

 
1.5 

 
1.7 

 
- 

 
1.4 

 
1.3 

 
1.1 
 

 
1.1 
 

 
1.2 
 

 
1.2 
 

 
 
Figure 4.1: Distribution of Participants for the Ratio of Energy Intake (EI) to Basal 

Metabolic Rate (BMR) 

 

 
 
 
 

4.4.6 Comparison with UK Dietary Reference Values for food energy and nutrients 

(DRV) 

Nutritional requirements vary according to age and gender. Tables 4.9, 4.10 show the 

percentage of subjects with macronutrient and micronutrient intakes above and below 

DRV according to gender. Data indicate that nutrient intake for some subjects were below 

or above the established UK RNI. Nutrients that were above the RNI for both male and 

female subjects were total fat, SFA, MUFA, PUFA, protein, carbohydrates and sodium. 

On the other hand, the nutrients which did not meet the UK RNI for both males and 

females were potassium and selenium (78%, 72% and 74%, 74%, of RNI respectively). 
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Figure 4.2 shows the nutrient intake (fat, SFA, MUFA, PUFA, protein, carbohydrates and 

fibre) and the corresponding RNI of the study subjects by gender. 

 

Of the other nutrients such as energy, the majority of male subjects (86%) had lower 

intake than the UK Estimated Average Requirement (EAR) for energy. While 44% of the 

female subjects had energy intake lower than the EAR with 46% exceeding the 

recommendation. Figure 4.3 shows the energy intake and EAR of the study subjects by 

gender. Similarity for calcium, magnesium and zinc the majority of males (62%, 72% and 

56%, respectively) had intakes lower than RNI, whereas for females the values were 

slightly lower at 44%, 52% and 32%, respectively, with 42%, 30% and 50%, respectively 

consuming above the RNI. Cholesterol intake was within the UK recommendation for 

74% of males and 80% of females. No men consumed less than the RNI for iron intake, 

with 80% exceeding the RNI. In contrast 52% of women consumed less than the RNI and 

only 30% consumed more than the RNI. Vitamin A intake was below the UK RNI for 

66% of males but was above the UK RNI for 60% of females. Mean vitamin C intakes 

were equal to or above the UK RNI for the majority of males and females subject with 

(62% and 78%, respectively). Figures 4.4, 4.5 and 4.6 shows nutrient intake (cholesterol, 

calcium, iron, magnesium, sodium, potassium, selenium, zinc, vitamin A and C) and RNI 

of the study subjects by gender. 

 

Table 4.11 illustrates the percentage of subjects below, achieving or exceeding RNI and 

AI for fatty acids intakes according to gender. Total omega 3 fatty acids intakes were 

above the RNI for 70% of men and 80% of women. However, fatty acids were consumed 

below the RNI or AI for the majority of both male and female subjects for ALA, 

EPA+DHA, LA and trans fatty acids intakes. Figures 4.7 presents the fatty acids intakes 

and RNI or AI of the study subjects by gender. 
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Table 4.9: Percentage of subjects below, achieving or exceeding EAR* for energy and 
RNI** for macronutrient intake 
 

Female Male DRV 
Nutrient 

> DRV 
% 

= DRV 
% 

< DRV 
% 

> DRV 
% 

= DRV 
% 

< DRV 
% Females Males 

40 22 38 2 6 92 
 

8.10 
8.00*** 

10.60 Energy (MJ/d)* 

46 10 44 - 14 86 
 

1940 
1900*** 

2550 Energy (kcal/d)* 

100 - - 100 - - 35 35 
 
% of daily energy 
from total fat**  

98 2 - 100 - - 11 11 
 
% of daily energy 
from SFA**  

100 - - 98 2 - 13 13 
 
% of daily energy 
from MUFA**  

92 8 - 96 4 - 6.5 6.5 % of daily energy 
from PUFA**  

20 80 - 26 74 - < 300 < 300 Cholesterol 
(mg/d)** 

98 2 - 98 2 - 
 

45 
46.5*** 

 
55.5 

53.3*** 

 
Protein (g/d)** 
 

100 - - 100 - - 50 50 % of daily energy 
from carbohydrates** 

28 14 58 14 6 80 12 12 Fibre (g/d)**    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
*Estimated Average Requirements for energy intake and % of subjects below, achieving or exceeding this value. 
 **Reference Nutrient intake 19-50 y, ***50+ y (Department of Health, 1991). 
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Table 4.10: Percentage of subjects below, achieving or exceeding RNI* for 
micronutrient intakes 
 

Female Male RNI 
Nutrient 

> RNI 
% 

= RNI 
% 

< RNI 
% 

> RNI 
% 

= RNI 
% 

< RNI 
% Females Males 

42 14 44 24 14 62 700 700 Calcium (mg/d)* 

52 6 42 80 20 - 14.8 
8.7** 8.7 Iron (mg/d)* 

30 18 52 18 10 72 270 300 Magnesium 
(mg/d)* 

96 - 4 86 8 6 1.60 1.60 Sodium (g/d)* 

16 12 72 4 18 78 3.50 3.50 Potassium (g/d)* 

22 4 74 20 6 74 60 75 Selenium (µg/d)* 

50 18 32 28 16 56 7.0 9.5 Zinc (mg/d)* 

60 20 20 22 12 66 600 700 Vitamin A (µg/d)* 

68 10 22 48 14 38 40 40 Vitamin C (mg/d)* 

 *Reference Nutrient intake 19-50 y, **50+ y (Department of Health, 1991). 
 
 
Table 4.11: Percentage of subjects below, achieving or exceeding RNI*, adequate 
intake (AI) for fatty acids intakes 
 

Female Male AI 
Nutrient 

> AI 
% 

= AI 
% 

< AI 
% 

> AI 
% 

= AI 
% 

< AI 
% Females Males 

80 10 10 70 16 14 0.2 0.2 % of daily energy 
from n-3 PUFAs* 

14 40 46 8 32 60 1.1 1.6 ALA (g/d)** 

18 - 82 4 4 92 0.45 0.45 EPA+DHA (g/d)** 

34 32 34 62 14 24 1 1 % of daily energy 
from n-6 PUFAs* 

- - 100 2 4 94 12 17 LA (g/d)** 

42 20 38 20 22 58 0.4 0.4 Total n-3: total n-6 
PUFAs*** 

12 4 84 4 12 72 2 2 % of daily energy 
from trans – FA* 

ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); LA, Linoleic acid 
(18:2 n-6); trans- FA, trans fatty acid.  
*Reference Nutrient intake 19-50 y, (Department of Health, 1991). 
** (Dietary Reference Intake, 2002) 
*** (UK Scientific Advisory Committee on Nutrition, 2004). 
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Figure 4.2: Nutrient intake (fat, SFA, MUFA, PUFA, protein, carbohydrates and 
fibre) and RNI* of the study subjects by gender 

 

 
    
 *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 

 
 

Figure 4.3: Energy intake and EAR* of the study subjects by gender 
 

 
        
    *Estimated Average Requirements for energy 19-50 y, (Department of Health, 1991). 
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Figure 4.4: Nutrient intake (cholesterol, calcium, magnesium, selenium, vitamin A 
and C) and RNI* of the study subjects by gender 

 

 
    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 
 

Figure 4.5: Iron and Zinc and RNI* of the study subjects by gender 
 

 

 
     *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
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Figure 4.6: Sodium and Potassium and RNI* of the study subjects by gender 
 

 
    
  *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 
 

Figure 4.7: Fatty acids intakes and RNI*, adequate intake (AI)** of the study 

subjects by gender 

 
*Reference Nutrient intake 19-50 y, (Department of Health, 1991). 

       ** (Dietary Reference Intake, 2002), (UK Scientific Advisory Committee on Nutrition, 2004) 
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4.4.7 Relationship between nutrient intake and other factors 

 In terms of dietary components, Tables 4.12, 4.13 and 4.14 show the correlation 

coefficients between food intakes with socioeconomic factors and CVD risk factors in 

the study subjects.  

4.4.7.1 Relationship between nutrient intake and socioeconomic status 

Among study subjects, there were statistically significant negative associations for energy 

intakes (MJ, kcal) with education and monthly income (P = 0.028, P = 0.005, 

respectively). Carbohydrate intakes were also negatively correlated with the income of 

participants (P = 0.007), while fibre intakes was negatively correlated with educating (P < 

0.001). Moreover, there were significant negative associations between total fat intakes 

and PUFA intakes with monthly income (P = 0.039, P = 0.014, respectively). In SFA 

intakes was negatively correlated with education (P = 0.039). Higher education and higher 

total family monthly income were negatively associated with daily intake of total omega 6 

fatty acids and AA intakes (r = - 0.295, P = 0.003; r = - 0.219, P = 0.029 and r = - 0.201, 

P = 0.045; r = - 0.340, P = 0.001, respectively). 

4.4.7.2 Relationship between nutrient intake and CVD risk factors 

Parameters used for the assessment food intake and CVD risk factors were investigated for 

their relationship for all study subjects. Carbohydrates intakes were positive association 

with history of diabetes (P = 0.039). Dietary intakes of fibre was positively correlated 

with age (P < 0.001), gender (P = 0.010), BMI (P = 0.009), history of 

hypercholesterolemia (P = 0.042) and family history (P = 0.028). There were statistically 

significant positive associations between total fat intakes and history of 

hypercholesterolemia (P = 0.044). In addition, there were statistically significant 

associations between dietary calcium intakes with age (P = 0.021), BMI (P = 0.035), 

history of hypertension (P = 0.041) and history of hypercholesterolemia (P = 0.045). 

Potassium intake was positively correlated with age and history of hypertension (P = 

0.003, P = 0.019, respectively). Moreover, there were significant associations between 

iron intakes and magnesium intakes with age (P = 0.041, P = 0.020, respectively). In all 

participants, there were positively correlation between sodium intakes and physical 

activity (r = 0.261, P = 0.009). Selenium intakes was associated with gender (P = 0.031), 

and vitamin A was weakly associated with history of hypercholesterolemia (P = 0.048) 

and physical activity (P = 0.037). Vitamin C was negatively associated with smoking 

status (P = 0.014). Subject age was significant positively association with vitamin C (P = 

0.002). Subject age had a significant negatively association with total omega 6, LA and 
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trans intake (P = 0.017, P = 0.011, P = 0.001 respectively). Total omega 6 and LA 

intakes was associated with gender (P = 0.010, P = 0.007 respectively), and LA intakes 

was negatively associated with BMI (P = 0.027). Moreover, total omega 6 and LA intakes 

were positive association with physical activity (P = 0.023, P = 0.012 respectively). 

Smoking was negatively associated with AA fatty acid intake (r = - 0.241, P = 0.016). 
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Table 4.12: Correlation coefficients between energy intakes and intakes of macronutrients with socioeconomic factors and CVD risk 
factors in the study subjects 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation 
coefficients are indicated in bold font. 

Factors 
 

Energy 
 (MJ) 

 

 
Energy  
(kcal) 

 

Protein 
(g) 

Carbohydrates 
(g) 

 
Fibre 

(g) 
 

Total fat 
(g) 

 
SFA 
(g) 

 

MUFA 
(g) 

PUFA 
(g) 

Cholesterol 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender 0.141 0.162 0.143 0.156 -0.092 0.364 0.120 0.235 0.256 0.010 0.175 0.081 0.186 0.066 0.057 0.575 0.194 0.054 -0.132 0.189 

Age 0.029 0.778 0.028 0.780 0.176 0.080 0.011 0.914 0.420 0.000 -0.017 0.863 0.149 0.140 -0.099 0.328 -0.018 0.858 -0.067 0.507 

Education -0.220 0.028 -0.219 0.028 -0.104 0.304 -0.191 0.058 -0.392 0.000 -0.163 0.106 -0.207 0.039 -0.058 0.565 -0.191 0.057 -0.063 0.537 

Monthly income  -0.279 0.005 -0.279 0.005 -0.024 0.812 -0.269 0.007 -0.132 0.190 -0.206 0.039 -0.151 0.134 -0.143 0.157 -0.246 0.014 -0.166 0.098 

BMI  0.072 0.479 0.072 0.477 0.126 0.210 0.041 0.084 0.261 0.009 0.039 0.701 0.157 0.118 -0.068 0.499 -0.028 0.785 -0.098 0.331 

History of 
diabetes  0.102 0.314 0.099 0.325 0.024 0.810 0.207 0.039 -0.047 0.643 -0.055 0.590 -0.051 0.612 -0.089 0.381 -0.012 0.906 0.039 0.702 

History of 
hypertension  0.118 0.243 0.118 0.243 0.146 0.146 0.032 0.753 0.084 0.405 0.117 0.245 0.081 0.425 0.083 0.413 0.143 0.157 -0.006 0.952 

History of 
hypercholesterol
emia  

0.142 0.160 0.143 0.156 0.008 0.935 0.051 0.614 0.204 0.042 0.202 0.044 0.169 0.093 0.135 0.182 0.163 0.105 0.134 0.184 

Family history  0.016 0.877 0.016 0.874 -0.016 0.872 -0.035 0.733 0.219 0.028 0.075 0.461 0.087 0.387 0.151 0.133 -0.018 0.855 0.173 0.085 

Smoking status 0.075 0.458 0.074 0.463 -0.077 0.447 0.161 0.109 0.084 0.408 0.004 0.969 0.108 0.286 -0.100 0.322 -0.023 0.817 -0.078 0.441 

Physical activity -0.028 0.785 -0.028 0.783 0.084 0.405 -0.083 0.414 -0.183 0.068 -0.010 0.923 -0.035 0.733 0.090 0.375 -0.072 0.478 0.171 0.089 
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Table 4.13: Correlation coefficients between intakes of micronutrients with socioeconomic factors and CVD risk factors in the study 
subjects 

Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font. 

Factors 
 

Calcium 
(mg) 

 
Iron 
(mg) 

 
Magnesium 

(mg) 
 

Sodium 
(g) 

Potassium 
(g) 

 
Selenium 

(µg) 
 

Zinc 
(mg) 

Vitamin A 
(µg) 

 
Vitamin C 

(mg) 
 

Vitamin E 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender 0.097 0.335 0.085 0.517 0.041 0.686 0.058 0.564 0.101 0.318 -0.216 0.031 -0.132 0.189 0.128 0.205 0.074 0.466 -0.006 0.951 

Age 0.230 0.021 0.205 0.041 0.233 0.020 -0.022 0.827 0.291 0.003 0.130 0.198 0.101 0.317 0.025 0.804 0.300 0.002 0.095 0.347 

Education 0.042 0.680 -0.043 0.074 0.039 0.700 0.067 0.506 -0.027 0.788 -0.030 0.763 -0.040 0.693 0.156 0.122 -0.019 0.852 -0.005 0.959 

Monthly income  0.104 0.305 0.034 0.735 0.107 0.288 -0.014 0.894 0.182 0.070 -0.013 0.896 0.002 0.985 0.014 0.892 0.129 0.201 0.027 0.791 

BMI  0.211 0.035 0.169 0.092 0.048 0.639 0.021 0.837 0.078 0.442 -0.072 0.476 0.093 0.358 -0.004 0.972 0.166 0.098 0.073 0.469 

History of 
diabetes  0.157 0.118 0.069 0.496 -0.004 0.965 -0.059 0.560 0.050 0.625 -0.046 0.651 0.074 0.466 0.152 0.121 0.097 0.336 0.109 0.280 

History of 
hypertension  0.204 0.041 0.101 0.316 0.169 0.092 -0.014 0.890 0.234 0.019 -0.089 0.386 0.111 0.271 0.071 0.485 0.108 0.286 0.170 0.091 

History of 
hypercholesterol
emia  

-0.201 0.045 -0.020 0.844 -0.126 0.212 -0.109 0.279 -0.011 0.911 0.002 0.985 -0.026 0.795 -0.198 0.048 -0.017 0.865 -0.071 0.481 

Family history  -0.039 0.699 0.115 0.257 -0.002 0.983 0.147 0.143 0.075 0.461 -0.016 0.878 0.166 0.100 -0.026 0.798 0.023 0.823 -0.095 0.345 

Smoking status 0.045 0.658 0.039 0.700 -0.009 0.927 -0.030 0.770 0.081 0.421 -0.111 0.270 -0.091 0.366 -0.70 0.488 -0.230 0.014 0.002 0.986 

Physical activity -0.104 0.301 -0.024 0.813 -0.130 0.196 0.261 0.009 -0.140 0.166 0.151 0.132 0.085 0.401 0.209 0.037 -0.074 0.467 0.072 0.476 
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Table 4.14: Correlation coefficients between intakes of fatty acids with socioeconomic factors and CVD risk factors in the study 
subjects 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font.  

 

Factors 
 

Total n-3 PUFAs 
(g) 
 

 
ALA  
(g) 

EPA  
(g) 

DHA  
(g) 

Total n-6 PUFAs 
(g) 

LA 
 (g) 

AA  
(g) 

Trans fatty acid 
(g) 

r P r P r P r P r P r P r P r P 

Gender 0.044 0.666 -0.026 0.795 -0.099 0.328 -0.053 0.603 -0.256 0.010 -0.269 0.007 -0.037 0.713 -0.167 0.097 

Age 0.059 0.560 -0.618 0.866 -0.110 0.274 -0.060 0.552 -0.238 0.017 -0.253 0.011 0.076 0.451 -0.329 0.001 

Education -0.053 0.603 -0.104 0.302 -0.007 0.941 0.054 0.591 -0.201 0.045 -0.165 0.102 -0.340 0.001 0.030 0.771 

Monthly income  0.021 0.839 -0.049 0.629 0.018 0.857 -0.005 0.963 -0.295 0.003 -0.257 0.010 -0.219 0.029 -0.145 0.150 

BMI  0.044 0.664 0.025 0.861 -0.144 0.513 -0.070 0.487 -0.195 0.052 -0.221 0.027 0.117 0.247 -0.149 0.140 

History of diabetes  0.167 0.097 0.114 0.260 0.047 0.645 0.042 0.675 -0.079 0.433 -0.112 0.268 0.087 0.390 -0.083 0.413 

History of 
hypertension  0.073 0.471 0.071 0.486 0.152 0.131 0.046 0.651 -0.040 0.695 -0.003 0.973 -0.003 0.979 -0.023 0.821 

History of 
hypercholesterolemia  0.036 0.721 0.016 0.878 -0.102 0.313 0.020 0.845 0.063 0.531 0.045 0.656 0.090 0.373 0.038 0.706 

Family history  -0.008 0.934 0.102 0.314 -0.185 0.650 -0.061 0.544 -0.139 0.169 -0.149 0.139 -0.010 0.920 -0.062 0.541 

Smoking status -0.019 0.851 -0.060 0.556 -0.155 0.123 -0.022 0.832 -0.167 0.097 -0.161 0.110 -0.241 0.016 0.133 0.187 

Physical activity -0.010 0.925 0.043 0.669 0.083 0.412 0.028 0.780 0.227 0.023 0.249 0.012 -0.004 0.972 0.177 0.079 
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4.4.8 Intake by food groups 

The foods were listed in groups to represent all major food groups consumed by the 

participants (see Table 3.1 for food group). Five food groups were examined for possible 

associations with CVD risk factors. Reported mean intakes for food groups and the 

number and percentage of volunteers consuming the food group on one or more days 

during the completion of food diary are shown in Table 4.15. In total, 22% of study 

subjects ate nuts and seeds groups on at least day from the three day record, whereas 42% 

of the participants ate fish and sea-food on one or more days of the food record. Almost all 

participants had fruit and vegetables and traditional Saudi food during the food record and 

about 80% had consumed fast food during this period. The intake of fast food for women 

was 287 g/day, and for men it was 368 g/day. The intake of fruit and vegetables was 

different for men and women, with women having a higher intake of fruit and vegetables 

than men (P < 0.05), and also more women had a higher intake of traditional Saudi food 

than men (P < 0.05). 

 
Table 4.15: Percentage, mean and 95% Confidence Intervals (CI) for intake by food 

group of the study subjects by gender 

 P < 0.05 variables were compared by Mann-Whitney tests.  
 N.S: not significant. 
 

4.4.9 Relationship between intake by food group and other factors 

Table 4.16 shows the association between intake by food groups with socioeconomic 

factors and CVD risk factors in the study subjects.  

4.4.9.1 Relationship between intake by food group and socioeconomic status 

Multiple regression models were applied to examine the independent association of 

selected indicators of socioeconomic status with the five food groups identified in this 

study. Among study subjects, consumption of fish and sea-food was positively associated 

P 
Males Females Overall 

Food groups 
95%  
CI 

Mean 
(g/d) n (%) 95%  

CI 
Mean 
(g/d) n (%) 95% 

CI 
Mean 
(g/d) n (%) 

N.S 0.6, 
8.9 4.8 9 (18) 2.5, 

8.6 5.6 13 (26) 2.7, 
7.7 5.2 22 (22) Nuts and seeds 

N.S 20.4, 
47.9 34.2 22 (44) 18.1, 

44.4 31.2 20 (40) 23.3, 
42.1 32.6 42 (42) Fish and sea-food 

< 0.05 130, 
239 185 47 (94) 191, 

260 226 50 
(100) 

173, 
237 205 97 (97) Fruit & vegetables 

N.S 285, 
451 368 40 (80) 219, 

354 287 39 (78) 274, 
381 327 79 (79) Fast food  

< 0.05 172, 
249 211 45 (90) 270, 

392 331 46 (92) 233, 
308 271 91 (91) Traditional Saudi 

food 
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with monthly income (P = 0.016). Whereas, it was negatively associated with 

consumption traditional Saudi food and level of education (ß = -0.294, 95% CI -111.9,-

23.6, P = 0.003). 

4.4.9.2 Relationship between intake by food group and CVD risk factors 

With respect to age there was a positive association with consumption of fruit and 

vegetables (P = 0.001) and a negative correlation with consumption of fast food (P = 

0.001). Fast food consumption was also positively associated with BMI (P = 0.032) but 

negative associated with physical activity (P = 0.035). Consumption of traditional Saudi 

food was significantly affected with gender (ß = 0.294, 95% CI 28.3, 192.9, P = 0.009), 

and BMI (ß = 0.211, 95% CI 1.1, 27.9, P = 0.035) but negatively associated with physical 

activity (ß = -0.230, 95% CI -116.9, -9.7, P = 0.021). 

 

Table 4.16: Association between intake by food group with socioeconomic factors and 

CVD risk factors in the study subjects as assessed by multivariate linear regression** 

ß and 95% CI are significant at P < 0.05, indicated in bold font. *Yes vs. No 
**All the socioeconomic and CVD risk factors were run in one multivariate model. 
 
 
 

 

Factors 
Nuts and seeds 

 
Fish and sea-

food 

 
Fruit & 

Vegetables 
Fast food 

 
Traditional 
Saudi food 

ß 95% CI ß 95% CI ß 95% CI ß 95% CI ß 95% CI 
Gender: 
Women 

 
0.053 

 
-4.8, 7.6 

 
-0.114 

 
-33, 11.9 

 
0.080 

 
-47, 98.5 

 
-0.107 

 
-174, 60 

 
0.294 

 
28, 192 

Men 0.044 -2.3, 4.4 -0.121 -1.1, 10.1 0.020 -34, 66.1 -0.110 -112, 25 0.193 1.1, 70.3 

Age (years) 0.041 -0.37, 0.4 0.108 -0.9, 2.1 0.487 4.0, 14.2 -0.468 -22, -6.4 0.279 1.9, 10.4 

Education: 
High 

 
-0.077 

 
-6.3, 3.9 

 
0.003 

 
-18, 18.8 

 
0.220 

 
-17, 102 

 
-0.007 

 
-98, 94.6 

 
-0.294 

 
-111, -23 

Low 0.023 0.12, 2 0.001 -11, 12.1 -0.192 -7.7, -0.1 0.011 1.1, 12 0.199 2.1, 6.7 
Monthly income:  
High 

 
-0.099 

 
-3.9, 1.9 

 
0.241 

 
1.7, 16.5 

 
-0.171 

 
-56, 12.3 

 
-0.007 

 
-56.9, 59 

 
-0.097 

 
-53.6, 24 

Low 0.345 0.11, 32 -0.211 -27.9, 1.1 0.035 -102,135 0.117 1.2,134 -0.111 -43.1, 23 

BMI (kg/m2) -0.096 -1.5, 0.66 -0.144 -6.3, 1.4 0.018 -11,13.6 0.214 1.8, 39.8 0.211 1.1, 27.9 

History of diabetes*  -0.083 -12.1, 5.7 0.015 -30, 34.6 0.009 100, 109 0.060 -120,217 -0.117 -184, 51 

History of 
hypertension * 

0.198 -1.1, 12.7 0.040 -20.7, 29 -0.037 -94.9, 67 0.028 113, 142 -0.042 -110,73 

History of 
hypercholesterolemia*  0.024 -9.3, 11.1 0.159 -15, 58.6 0.035 -102,135 -0.013 -201,182 0.0107 -75, 193 

Family history*  -0.033 -4.3, 3.1 -0.143 -22.7, 4.4 0.054 32, 55.5 -0.011 -74, 66.8 0.048 -37, 61.8 

Smoking status: 
Current smoker 

 
-0.043 

 
-6.5, 4.4 

 
-0.014 

 
-21, 18.7 

 
0.179 

 
-9.2, 119 

 
-0.058 

 
-134, 73 

 
0.078 

 
-44, 101 

Non smoker 0.036 -6.1,8.2 0.060 -7.7,13 -0.193 -14,135 -0.039 -144,204 -0.144 -167,38 
Physical activity: 
Active 

 
0.030 

 
-3.9, 5 

 
-0.099 

 
-23.1, 9.4 

 
0.104 

 
-28, 76.6 

 
-0.212 

 
-158,-6.13 

 
-0.230 

 
-116,-9.7 

Inactive -0.199 -9.3,1.2 0.164 -2,12.8 -0.041 -62.6,44 0.199 23, 149 -0.037 -85.6,62 
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4.5 Discussion 

The change in dietary habits, lifestyle and life expectancy in Saudi Arabia has led to a 

remarkable change in disease trends in the country especially for CVD (Kumosani et al., 

2011). The present study was undertaken to examine the current dietary intake and to 

examine the relationship between diet, socioeconomic status and CVD risk among men 

and women in the coastal city of Jeddah, in Saudi Arabia. The results from this study 

demonstrate that potential CVD risk factors were present in a considerable proportion of 

the study subjects such as obesity, low physical activity, smoking, and hypertension and 

consumption of a high-fat diet. More than one third of the subjects were either overweight 

or mildly obese (42%). In addition, physical inactivity was very common among females 

(78%), and was still present in about half of the men investigated. This is most likely as a 

result of the wide spread use of housemaids or limited availability of exercising facilities 

for girls and women in Saudi Arabia (El Hazmi & Warsy, 1997). In mach earlier study in 

Dammam, Saudi Arabia, the prevalence of obesity was 31.1% among females and 16.1% 

among males (Binhemd et al., 1991), which confirms the suggestion that overweight and 

obesity rates have increased significantly in recent years. According to Binhemd et al. 

(1991) the high proportion of obesity was also attributable to some socio-cultural factors 

in Saudi communities. For example, physical inactivity in their study was common 

especially in females at a similar rate compared with this study and the consumption of 

local cultural foods high in energy, saturated fat and cholesterol was also observed 

(Binhemd et al., 1991).  One of the main risk factors for CVD is smoking which was very 

prevalent in 60% of men (cigarette and / or shisha) in the current study. Other studies have 

high prevalence although not as high as in this group, for example, 40% of men and 8.2% 

of women in a study by Saeed et al. (1996); in the study by Al Nuaim (1997b) the 

prevalence of smoking was 21% of men vs. 1% of women; 19.2% of men vs. 8.4% of 

women in the study reported by Abalkhail et al. (1998) and in the study by Al Nozha et al. 

(2009) with 22.7% of men vs. 10% of women.  

 

Few studies have focused on measuring dietary intake of Saudi adults using three day food 

records. In the present study, the daily energy intake observed was 1959 kcal/day for 

males and 2051 kcal/day for females. The figure for men was lower than the UK EAR for 

19-59 year-olds of 2550 kcal/day, while in women intakes were in line with the UK EAR 

of 1940 kcal/day (Department of Health, 1991). A study by Alissa et al. (2005a) also 

reported that the energy intake of 303 Saudi male subjects aged between 15-80 years was 

1848 kcal/day, whereas a much lower energy intake of 1606 kcal/day has been reported in 
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Saudi subjects (Abahusain et al., 1999). The data in the present study suggests good 

compliance with diet according in women and slight under-reporting in some men as 

shown in Table 4.8 giving confidence in the data obtained. The major source of daily 

energy intake for participants in the current study was carbohydrates (50.4%), followed by 

fat (35.8%) and protein (16.5%). This contribution to energy intake from macronutrients 

contrary to general guidelines for food consumption; for carbohydrate (between 55% and 

75%), fat (between 15% and 30%) and protein (between 10% and 15%) (WHO, 2003), but 

there are in line with many westernised diet. The results of this study showed that the 

mean daily energy intake of SFA (12.4%), MUFA (12.4%) and PUFA (6.9%) are within 

the UK recommendation of the Department of Health (1991). Energy intake from total fat 

(35.8%) in this study was similar to that described previously for Saudi population, with 

38% by Alissa et al. (2005a), 38.6% by Alissa et al. (2005b); 38.3% by Alissa et al. 

(2006b) which is above the recommendation suggested by the WHO (2003). According to 

the Food and Agriculture Organization (FAOSTAT) food availability data and food 

consumption survey, daily protein and fat consumption per capita has risen over the last 3 

decades in Saudi Arabia. It is estimated that dietary of protein intakes have increased 

overall during this time from 49 to 85 g/day, and for dietary fat from 33 to 81 g/day. 

Interestingly, the study conducted by Al Assaf and Al Numair (2007) observed higher 

daily intakes of carbohydrate, fat, protein, SFA and USFA among male subjects compared 

with the current study. However, it is important to note that the study by Al Assaf and Al 

Numair (2007) analyzed the dietary intake of subjects using a 24-hour recall method, 

which is more prone to error than a prospective food record. Moreover, their study was 

conducted in Riyadh, Saudi Arabia, where some of the traditional dishes typical for the 

western region of Jeddah are not usually consumed (people living close to the coastal area 

might have been consuming more fish and fish dishes such as Saiyadiah).  

 

Few studies have investigated the dietary intake of omega 3 fatty acids in Saudi Arabia. 

To the knowledge of the researcher, only one study of omega 3 fatty acids intake among 

elderly men (n = 120) living in coastal and internal regions in eastern regions of Saudi 

Arabia has been published (Al Numair et al., 2005). Mean intake of total omega 3 fatty 

acids in the elderly men in coastal region in the study was 2.18 g/day. However, the intake 

of ALA was about 10% low in elderly men in coastal region 0.90 g/day than intake of men 

in Jeddah city 1.01, 95% g/day. However, it is difficult to compare between the results of 

different studies due to the use of different diet-recording methodologies in addition to the 

different sample numbers and age groups. Burdge (2006) stated that long chain omega 3 
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fatty acids can be formed from ALA in the body; however, in humans this conversion is 

not efficient, suggesting intake from dietary sources is important. The mean daily intakes 

of ALA and LAwere lower than those recommended by the Institute of Medicines Food 

Nutrition Board, in their Dietary Reference Intake Report (2002) (ALA; 1.6 g/day for men 

and 1.1 g/day for women, LA; 17 g/day for men and 12 g/day for women 19 to 50 years of 

age). The average ratio of omega 3 to omega 6 fatty acids was 0.55. In the general 

population the recommendation for dietary intake of total long chain omega 3 fatty acids 

can be achieved by increased oily fish consumption to two occasions per week (Krauss at 

al., 2000). Several major organizations including the WHO (2003) and the UK Scientific 

Advisory Committee on Nutrition (2004) have all provided guidelines that address 

increasing consumption of fish. In total, of the study subjects 42% ate fish and sea-food at 

least on one day from the three days record. However, the present study was cross-

sectional and it was difficult to approximate whether it was representative of a long term 

dietary pattern, which might contribute to a subject’s habitual consumption of fish. Many 

studies have reported significant association between a high dietary intake of omega 3 

fatty acids and reduced CVD risk factors such as a reduction of plasma triacylglycerol 

levels (Sacks & Katan, 2002), blood pressure (Geleijnse et al., 2002), and platelet 

aggregation (Hornstra, 2001), so increased awareness and approaches to increase oily fish 

consumption are important.  

 

The results of the present study add to the current evidence suggesting that dietary food 

intake may have a significant impact on CVD risk factors and is affected by 

socioeconomic status, as assessed by education, income and age for male and female adult 

Saudis. Higher education and higher total family monthly income were negatively 

associated with daily intake of energy (r = - 0.219, P = 0.028 and r = - 0.279, P = 0.005, 

respectively). This suggests that lower income leads to consumption of high energy dense 

foods. Since three quarters of participants (89%) ate outside their home, there is an 

indication that fast food consumption is contributing to this trend. In this study, 79% of the 

participants ate fast foods on at least on one day from the three days record. In this study 

observed a negative relationship between total fat intake and higher monthly income (r = - 

0.206, P = 0.039), as well as between SFA intake and education (r = - 0.207, P = 0.039). 

Data from other surveys in the UK concur with this finding; participants with higher 

education were more likely to consume a healthy diet higher in fibre, oily fish, fruits and 

vegetables (Hamer & Mishara, 2010). The findings of the food groups’ intake showed 

inverse associations between fast food intake and age. On the other hand, there were 
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positive associations between consumption of traditional foods and age. This can be 

explained by the fact younger Saudi subjects followed the unhealthy fast food pattern but 

older Saudi subjects followed the more traditional foods pattern. Similar results have been 

observed in other studies (Esmaillzadeh and Azadbakht, 2008; Rezazadeh et al., 2010). In 

relation to lifestyle factors, there were statistically significantly inverse associations 

between physical activity and fast food consumption and with traditional Saudi food; 

younger people who ate more fast food were less physically active, and older people who 

ate traditional Saudi food were less active. Furthermore, subjects were either overweight 

or mildly obese (42%) had a higher adherence to the fast food and with traditional Saudi 

food. 

4.6 Summary and Conclusions 

The aims of this part of the study were achieved: 

• Complete information was available for 100 participants 50 men (50%) and 50 

women (50%). The mean (SD) ages of women and men were 32.4 (7.4) and 30.9 

(9.6) years, respectively.  

• The majority of men and women reported as medium socioeconomic status, with 

62% of women and 64% of men. 

• There were no significant differences between men and women in BMI 

classification, presence of diabetes, high blood cholesterol, or personal history of 

cardiovascular disease (P > 0.05). However, significantly more women reported 

high blood pressure compared with men (P < 0.05).  

• Physical activity was low and men were more active than women (P < 0.05).  

• Smoking was more prevalent in men (60%) than women (8%).  

• The results show marked differences in diet composition between men and women 

which may affect CVD risk. Also, there were interactions observed between diet 

intake and risk of CVD and socioeconomic background. 

• On average, participants consumed 2005 calories per day with 50% of energy from 

carbohydrate, 16% from protein and 36% from fat.  

• Women had significantly higher dietary intakes than men with respect to energy, 

SFA, PUFA and fibre (P < 0.05).  

• The mean daily intake of total omega 3 fatty acids was 1.30 g/day, mainly in the 

form of ALA (1.01 g/day), with 0.27 g/day in the form of EPA and DHA. No 

differences were observed between gender in intake of total omega 3 fatty acids 
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and trans fatty acids. However, there was a statistically significant difference in the 

mean total daily intake of omega 6, which was higher in men than women. 

• Higher education and higher total family monthly income were negatively 

associated with daily intake of energy (P < 0.05). 

• There was a statistically significantly negative association between total fat intake 

and higher monthly income (r = - 0.206, P = 0.039), as well as between SFA 

intake and education (r = - 0.207, P = 0.039). 

• In considering consumption of food groups, women consumed a diet that was 

relatively high in fruit and vegetables and traditional Saudi food compared with 

men. 

• There was a statistically significantly positively association between BMI and 

intake of fast food and with intake of traditional Saudi food.  
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Chapter 5 

Study 2: Dietary Patterns and Risk of Heart Disease in Male and Female 

living in internal City (Makkah) 

5.1 Introduction 
The holy city of Makkah is one of the three largest cities of Saudi Arabia with a 

population of 1.9 million (Ministry of Culture and Information in Saudi Arabia, 2008). 

Makkah is a city in the western region located more than 80 km inland from Jeddah. It is 

considered the holiest city in Islam visited by more than four million pilgrims from all 

parts of the world to perform Hajj and Umrah. This means that Makkah has a population 

mix of several different ethnicities and nationalities. This mixture of races has had a major 

impact on Makkah traditional food (Ministry of Culture and Information in Saudi Arabia, 

2008). 

 

The Ministry of Health reported that in 2003 the city of Makkah had the highest number of 

deaths due to CVD in the country, with 1137 deaths in total number of 6410. The number 

of deaths in males was higher (647) than that in females (490). The highest percentages of 

death were focused in the age group 55-64 years (22.3%), 65-70 years (27%) and ≥ 75 

years (26%) (Health Statistical Yearbook, 2003). 

5.2 Study aims and objectives 

 5.2.1 Aims  

• To measure and describe the dietary patterns of representative samples of the 

Saudi population living in an inland city in Saudi Arabia. 

• To investigate the relationships between dietary food intake and coronary risk 

factors in the city of Makkah, in the western region of Saudi Arabia in both men 

and women without overt CVD.  

• To determine differences in total dietary intake as attested by age, gender and 

socioeconomic background.  

• To explore the relationships between the dietary intake of total fat, omega 3 fatty 

acids and other fatty acids in Makkah in the western inland city of Saudi Arabia 

as indicators of the risk of CVD. 
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5.2.2. Objectives 

• To conduct a study to measure dietary intake in university employees working in 

the western Saudi Arabian inland city of Makkah. 

• To undertake a measure of dietary intake and anthropometric indices of Saudi 

adults and ask each of these adults to complete a three day estimated dietary food 

record in order to provide detailed dietary information. 

• To use a survey questionnaire in order to collect their personal information, and 

data relating to medical, social and dietary habits.  

• To determine daily intake of: energy, protein, fat, SFA, MUFA, PUFA, 

carbohydrate, fibre, cholesterol, calcium, iron, magnesium, sodium, potassium, 

zinc, vitamin C, vitamin E, vitamin A and selenium. 

• To estimate the daily intake of the following fatty acids: LA, ALA, total trans 

fatty acids, AA, EPA and DHA. 

• To compare and report any significant differences between the intakes of males 

and females and with the UK RNI. 

• To determine the subjects’ socioeconomic characteristics. 

• To test the association between food intake and CVD risk factors and the 

socioeconomic characteristics of the population in this study.  

• To compare consumption of food groups (nuts and seeds, fish, fruit and 

vegetable, fast food and traditional Saudi food) among men and women in this 

study. 

• To test the association between intake by food group and CVD risk factors and 

the socioeconomic characteristics of the population sampling in this study. 

5.3 Methods  

5.3.1 Study subjects 

Participants were recruited in Umm Al Qura University in the City of Makkah 

Almukarramah, in the western region of Saudi Arabia, using both men and women 

without overt CVD within an age range of 18-65 years. This study was approved by the 

Ethical Committee of Newcastle University. An information letter including the aims and 

the methods of the study were explained. The possibility of leaving the study at any time 

was also assured. All the participants were asked to sign the consent form to participate in 

the study. The full study design is described in section 3.1 to 3.3. 
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5.3.2 Demographic and anthropometric information 

Every individual in the study was subjected to:  

• A structured questionnaire which included: general information (age, family 

income per month, education level, marital status, present and family medical 

history, smoking history, physical activity and dietary habits). The final section of 

the questionnaire was a food record. The questionnaire designs were described 

previously in the methods section 3.4.  

• Anthropometric measurements were undertaken by two specially trained nurses: 

height (m) and weight (kg) from which BMI, (kg/m2) was calculated; WC (cm), 

HC (cm), WHR (cm), and triceps skin-fold thickness (mm) from which percent 

body fat (%) was calculated (Section 3.5).  

• Blood pressure was measured twice for each participant using an automatic 

sphygmomanometer (Omron automatic blood pressure monitor, Germany). The 

measurements were recorded to the closest 2 mmHg. The mean of the two 

measurements was used (Section 3.6). 

5.3.3 Dietary assessment 

The food consumed was recorded by volunteers on three consecutive days, two week days 

and one weekend day and nutrient intakes was compared with Recommended Dietary 

Intake levels. Food intake was converted to nutrient intake using the WinDiets program 

(Robert Gordon’s University, Aberdeen, UK). The percentage of energy from protein, 

carbohydrates, total fat and SFA, MUFA and PUFA was calculated for each day. An 

average across the 3 days of the assessment was calculated. Data collection in this study 

occurred from July 2011 to September 2011(Section 3.7). 

5.3.4 Statistical analysis  

All the data were managed using SPSS Inc., version 19, Chicago, IL, USA for data entry 

and analysis. The statistical significance level was established at 5%. Before statistical 

analysis all data were examined for normality of distribution and residues. For 

comparisons of categorical variables between groups, such as between men and women, 

were performed by using Chi square test. Differences in the food intake between groups 

were carried out using in-dependent samples t tests. Correlation between the foods intakes, 

CVD risk factors, socioeconomic status in both groups were assessed using Pearson 

coefficients (r). Multiple regression analysis was used to assess for associations of dietary 

intake by food group with CVD risk factors and socioeconomic factors.  
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5.4 Results 

5.4.1 Demographic and anthropometric data 
The final sample consisted of 129 participants, 73 (57%) men and 56 (43%) women. The 

mean and (SD) of the anthropometric variables are presented in Table 5.1. The mean (SD) 

age of the women was 31.9 (8.56) years and for men it was 32.4 (7.4) years. 

Approximately 50% of participants were in the age range 18 -30 years, about 34% of the 

sample between 31- 40 years, 11% of participants were between 41- 50 years, whereas 

those aged between 50 - 65 years constituted only 5% of the sample. For all measurements 

there were increases in mean BMI, WC, WHR and body fat with age in both sexes up to 

65 years. In-dependent samples t test revealed there were significant differences between 

men and women in height, weight, WHR, WC, HC, BMR and percentage of body fat (P < 

0.001). Table 5.2 shows the mean (SD) of blood pressure of the study subjects by age and 

gender. The average systolic blood pressure was 122 (8.75) mmHg and the average 

diastolic pressure was 80.4 (5.74) mmHg for female subjects. Whereas, in male subjects 

the average systolic pressure was 122 (4.47) mmHg and the average diastolic pressure was 

81.2 (3.88) mmHg. There were few cases of hypertension in the participants (11%) but the 

majority of participants 89% had blood pressure values in the normal range. Detailed 

demographics of the sample are presented according to gender in Table 5.3. The majority 

of the study population was married 53%, 45% were single and 2% widowed or divorced. 

Chi-square tests revealed there was no significant (P > 0.05) difference between 

education, monthly income and marital status of female participants and male participants.  

5.4.2 Socioeconomic factor 

The majority 73% of women were of the medium socioeconomic status, while of men it 

was only 32%. 20% of the women and 40% of the men were in the high socioeconomic 

status group. The low socioeconomic status was composed of 7% and 28% women and 

men, respectively. Chi-square tests revealed there was highly significant (P < 0.001) 

difference between men and women in socioeconomic factors
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Table 5.1: Anthropometric characteristics of the study subjects (mean (SD)) 

SD: Standard Deviation. BMI: Body Mass Index. BMR: Basal Metabolic Rate calculated using Schofield et al. equations (1985). WC: Waist circumference. HC: Hip Circumference. WHR: Waist: Hip Ratio. TSF: 
Triceps Skin-fold. AC: Arm Circumference. AMC: Arm Muscle Circumference. * Calculated from TSF (Durnin & Womersley, 1974).  

Males 
 (n = 73) 

Females 
 (n = 56) Variables 

All 51-65 41-50 31-40 18-30 All 51-65 41-50 31-40 18-30 

33.21 (7.99) 
 

54.2 (3.20) 
 

4 (6) 

 
45.1 (1.72) 

 
 6 (8) 

 
35.1 (2.80) 

 
30 (41) 

 
26.7 (2.61) 

 
33 (45) 

 
 

31.9 (8.56) 
 

 
55  
 

2 (4) 

 
45.6 (2.38) 

 
8 (14) 

 
33.6 (2.46) 

 
15 (27) 

 
26.03 (2.76) 

 
31 (55) 

 
Age (years) 

 
n (%) 

171 (4.35) 170 (9.52) 171 (4.7) 171 (4.05) 172 (3.9) 158 (6.2) 155  159 (4.31) 160 (6.10) 157 (6.71) 
 

Height (cm) 
 

76.1 (7.86) 84.7 (5.12) 82.5 (13.30) 78.1 (7.23) 72 (4.92) 66.8 (11.4) 85.5  77.7 (7.20) 70.6 (10.30) 60.9 (7.73) 
 

Weight (kg) 
 

25.90 (2.49) 29.4 (2.57) 28.2 (3.01) 26.5 (2.48) 24.4 (1.09) 26.7 (3.94) 35.5  30.6 (2.99) 27.67 (3.14) 24.7 (2.07) 
 

BMI (kg/m2) 
 

1521 (67.9) 1502 (68.4) 1525 (132) 1532 (70.76) 1513 (49.3) 1414 (97.4) 1481 1458 (69) 1446 (106) 1384 (81.8) 
 

Estimated BMR (kcal /d) 
 

91.5 (8.96) 103 (9.74) 102 (7.20) 93.8 (6.48) 86.06 (7.14) 86 (10.03) 101  93.5 (3.74) 85.3 (11.72) 83.5 (8.99) 
 

WC (cm) 
 

91.4 (5.57) 96.2 (4.50) 93 (3.57) 91.8 (4.65) 90.2 (6.43) 99.8 (7.78) 114 102 (2.07) 101 (8.47) 97.9 (7.59) 
 

HC (cm) 
 

1 (0.07) 1.07 (0.06) 1.02 (0.10) 1.02 (0.055) 0.95 (0.04) 0.86 (0.06) 0.88  0.91 (0.04) 0.84 (0.09) 0.85 (0.04) 
 

WHR (cm) 
 

22.5 (4.39) 31.6 (3.43) 28.08 (3.73) 23.7 (3.10) 19.28 (1.73) 34.1 (6.26) 49.9  41.8 (3.68) 35.56 (3.94) 30.25 (2.76) Body fat (%)* 

12.4 (2.57) 16.2 (2.75) 14.6 (2.09) 13.3 (2.17) 10.8 (1.81) 19.3 (2.26) 21.2  21.5 (0.89) 19.2 (1.50) 18.7 (2.31) 
 

TSF (mm) 
 

27.7 (2.17) 31.2 (3.77) 29.1 (1.16) 28.4 (1.69) 26.5 (1.60) 30.2 (2.70) 32.5 33.5 (1.60) 30.6 (2.09) 29 (2.38) 
 

AC (cm) 
 

23.8 (1.69) 26.1 (3.08) 24.5 (0.87) 24.2 (1.45) 23.1 (1.44) 24.1 (2.19) 25.8 26.7 (1.52) 24.6 (1.87) 23.2 (1.87) 
 

AMC (cm) 
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Table 5.2: Mean and Standard deviation (SD) of blood pressure of the study subjects 
by gender 
 

  
Females 
(n = 56) 

 
Males 

(n = 73) 
 

 
18-30 
(31) 

 
31-40 
(15) 

 
41-50 

(8) 

 
50-65 

(2) 

 
All 

 
18-30 
(33) 

 
31-40 
(30) 

 
41-50 

(6) 

 
50-65 

(4) 

 
All 

 
SBP 

(mmHg) 

 
120 

(1.62) 

 
120 

(4.18) 

 
131 

(20.17) 

 
128 

  

 
122  

(8.75) 

 
120 

(2.29) 

 
124 

 (4.61) 

 
125 

 (5.16) 

 
127  

(8.88) 

 
122 

(4.47) 
 

DBP 
(mmHg) 

 
79.5 

 (2.87) 
 

 
79.6  

(5.86) 

 
85.1 

(11.16) 

 
81  
 

 
80.4 

(5.74) 

 
80 

 (1.73) 

 
81.8 

 (4.09) 

 
83.6  

(8.23) 

 
83.2  

(4.03) 

 
81.2  

(3.88) 

SBP, Systolic Blood Pressure (mmHg). 
DBP, Diastolic Blood Pressure (mmHg). 
Normal SBP < 140 and DBP < 90. 
 
 
 
Table 5.3: Demographic characteristics of the study subjects by gender 
 

P χ2 
Males 

(n = 73) 
Females 
(n = 56) Characteristics 

% No. % No. 

       
Education 

N.S 6.408 

- - - - Illiterate 
- - - - Writing & Reading 
- - - - Primary 

38 28 18 10 High School 
62 45 82 46 University or Above 

      Monthly income (RS)* 

N.S 6.874 

30 22 36 20 1 – 3000 
14 10 19 11 3001 - 6000 
14 10 23 13 6001 – 9000 

23 17 11 6 9001 – 12000 
19 14 11 6 More than 12000 

      Marital status 

N.S 0.057 

47 34 43 24 Single 
53 39 53 30 Married 

- - 4 2 Widowed or Divorced 

< 0.001 22.880 

    Socioeconomic status 

28 21 7 4 Low 

32 23 73 41 Medium 

40 29 20 11 High 

       N.S: not significant. 
    *Riyal Saudi (currency 5.83 RS = 1£). 
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Table 5.4: Prevalence of cardiovascular risk factors according to gender 
 

P χ2 
Males 

(n = 73) 
Females 
(n = 56) Risk factors 

% No. % No. 

      BMI Classification 

N.S 0.835 

- - 2 1 Underweight 
36 26 30 17 Normal  
56 41 55 31 Overweight  
8 6 13 7 Obese  

      Diabetes* 

N.S 0.080 
87 64 90 50 Normal    
13 9 10 6 Diabetic 

      High blood cholesterol* 

N.S 0.040 
86 63 88 49 Normal 
14 10 12 7 Hypercholesterolemia 

      High blood pressure* 

N.S 0.002 
89 65 89 50 Normal 
11 8 11 6 Hypertension 

      Heart disease* 

N.S 0.676 99 72 96 54 Normal  
1 1 4 2 Heart disease 

      Family history 

N.S 0.137 
51 37 64 36 Diabetes 
14 10 14 8 Heart diseases 

      Smoking status 

< 0.001 56.607 

18 13 68 38 Non-smoker   
19 14 - - Ex-smoker 

27 20 5 3 Current (<20 cigarette) 
35 25 2 1 Current (>20 cigarette) 
26 19 25 14 Shisha 

      Physical activity 

< 0.001 21.563 

63 46 93 52 Inactive 

29 21 5 3 Moderately active 

8 6 2 1 Active 
  N.S: not significant. 
  * Self-reported 
 

5.4.3 Comparison of cardiovascular risk factors between genders 

Prevalence of cardiovascular risk factors among males and female is shown in Table 5.4. 

There were no gender differences in BMI category. However, the percentages of 

overweight and obese were high in both genders at 56%, and 8%, respectively of the men 

and 55%, and 13%, respectively of the women. 12% of participants reported that they had 

diabetes and 13% had hypercholesterolemia. Additionally, 2% of participants reported that 

they had been diagnosed with heart disease. 57% of the total participants reported having a 

family history of diabetes while, 14% reported a family history of heart diseases. No 

significant differences between men and women were seen in BMI classification, diabetes, 

high blood pressure (P > 0.05). Male participants were significantly more active than 
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women (χ2 = 21.563, P < 0.001) with 93% of women reporting no physical activity. 

Cigarettes were the most common type of tobacco smoked by subjects. Current smoking 

(cigarettes, shisha) was reported by 62% and 26%, respectively of males, while in female 

subjects only 7% smoked cigarettes and 25% smoked shisha. 25% of male subjects both 

smoked cigarettes and shisha. There were highly significantly differences between genders 

in smoking habits (χ2 = 56.607, P < 0.001).    

5.4.4 Dietary data 

Table 5.5 shows dietary habits in both genders. The majority of the subjects ate three 

meals per day (66% of women and 82% of men). There were significant differences 

between men and women in number of meals they normally ate per day (χ2 = 5.195, P < 

0.05). The main meal of the day was lunch for 82% of females, and 85% of males. Most of 

the participants 91% female 96% male ate food outside their home at some time during the 

week. 

 
Table 5.5: Prevalence of dietary habits according to gender 
 

P χ2 

 
 

Males 
(n = 73) 

 

 
Females 
(n = 56) 

Eating patterns 

% No. % No. 

  
 
 
 

 
 
 

 
 
 

 
 
 

Meals (no./day): 

< 0.05 5.195 
15 11 32 18 1 or 2 
82 60 66 37 3 or 4 
3 2 2 1 More than 5 

      Main meal: 

N.S 0.940 
12 9 9 5 Breakfast 
85 62 82 46 Lunch 
34 25 23 13 Dinner 

      Eating breakfast: 

N.S 3.491 
52 38 46 26 Daily 
45 33 43 24 Sometimes 
3 2 11 6 Never 

      Eating outside (per week): 

N.S 1.912 

4 3 9 5 Never 
49 36 54 30 Once or twice 
36 26 29 16 Three or four times 
11 8 8 5 More than four times 

N.S: not significant 
  

A one-Sample Kolmogorov test showed that data for intake of energy, total fat, SFA, 

MUFA, PUFA, cholesterol, protein, carbohydrate, fibre, calcium, sodium, potassium, zinc, 

selenium, vitamin A and E were normally distributed. Data for these food components are 

presented as mean, (SD), and 95% CI in Table 5.6 and 5.7. The mean and (SD) for energy 
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intake was 2295 (251) kcal/day in females and for males subject it was 2256 (208) 

kcal/day. On average across men and women, participants consumed 2273 kcal/day (9.5 

MJ/day) with 55.4% of energy from carbohydrate, 15.2% of energy from protein and 

32.9% of energy from fat. SFA contributed 14.4% of the total energy intake. Males had 

significantly higher dietary intakes than females with respect to SFA (P < 0.05). The 

dietary cholesterol intake was within the recommendation guidelines of < 300 mg/day. 

The mean for MUFA and PUFA intake levels were as follows: 21.1 (5.91) g/day, 9.1 

(2.33) g/day and 22.8 (6.11) g/day, 7.1 (2.17) g/day for females and males respectively, 

with 8.8% of total energy from MUFA and 3.1% of total energy from PUFA for all study 

participants. Females had significantly higher PUFA intake than males (P < 0.001). Daily 

intake of iron for females was 15.2 (4.96) mg/day and 14.2 (4.31) mg/day for men. Mean 

calcium intake was 803 (183) mg/day, which was above the dietary recommended intake 

for both males and females of this age range. In contrast, mean intakes of fibre and 

selenium (8.9 (3.20) g/day and 43.1 (16.58) µg/day, respectively) were found to be below 

recommended intake (Department of Health, 1991). The mean sodium intake was 4.4 

(1.23) g/day, which was above the recommendation suggested by the Department of 

Health of 1.6 g/day. The mean intake of vitamin A for males was 515 (208) µg/day, and 

therefore below the dietary recommended intake for males (700 µg/day), while in females 

intake was similar to the recommendation at 596 (241) µg/day. The mean vitamin E intake 

for all study subjects 4.5 (1.37) mg/day. In-dependent t tests revealed there were 

significantly differences between males and female in calcium intake (P < 0.001), zinc 

intake (P < 0.05) and vitamin A intakes (P < 0.05) (Table 5.7).    

 

Data for vitamin C were not normally distributed, so were log transformed before analysis 

and geometric means presented. Mean vitamin C intake for males was 51.1 (95% CI 49.1, 

68.6) mg/day, while in females it was 57.9 (95% CI 43.1, 60.8) mg/day. There were no 

statistically significant gender differences for daily intakes of vitamin C (Table 5.7). 

 

The data show in Table 5.8 that the daily intake of total omega 3, ALA, EPA, total omega 

6, LA were higher in females than in males. The mean daily intake of total omega 3 fatty 

acids for females was 0.41 g/day and it was 0.33 g/day for males, mainly in the form of 

ALA (0.41 g/day for females and 0.33 g/day for males), with 0.007 g/day for females and 

0.005 g/day for males in the form of EPA and DHA. Total omega 3 fatty acids contributed 

0.16% and 0.13% for females and males, respectively to daily energy intake. Females had 

significantly higher dietary intakes than males with respect to total omega 3, ALA and 
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EPA (P < 0.05). The daily intake of total omega 6 fatty acids for females was 3.4 g/day 

while the males it was 2.02 g/day, mainly in the form of LA (3.3 g/day for females and 2 

g/day for males), with 0.02 and 0.02 g/day for females and males, respectively in the form 

of AA. Omega 6 fatty acids contributed 1.3% for females and 0.80% for males to total 

daily energy intake. There was a highly statistically significant difference in the mean total 

daily intake of omega 6 and LA fatty acid (P < 0.001) between males and female. The 

geometric mean for daily intake of trans fatty acid for females was 3.5 g/day and it was 

4.2 g/day for males. Trans fatty acids contributed 1.4% for females and 1.7% for males to 

total daily energy intake. No differences were observed among males and females in trans 

fatty acids intake (P = 0.068). 
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Table 5.6: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily energy intake and daily intake of macronutrients for subjects by 
gender 
 

P 

 
Males 

 

 
Females 

 

 
Overall 

 
Nutrient 

95% 
CI 

Media
n 

Mean  
(SD) 

95%  
CI Median Mean 

(SD) 
95%  
CI Median Mean   

(SD) 

N.S 
 

9.2, 
9.6 

9.3 
 

9.4 
(0.87) 

 
9.35, 
9.93 

9.5 
 

9.6 
(1.07) 

 
9.3,  
9.7 

9.4 
 

9.5 
(9.61) 

Energy (MJ/d) 

N.S 
 

2207, 
2304 

2213 
 

2256 
(208) 

 
2227, 
2361 

2278 
 

2295 
(251) 

 
2233, 
2312 

2233 
 

2273 
(228) 

Energy (kcal/d) 

N.S 
 

81.3, 
88.1 

85.1 
 

84.7 
(14.72) 

 
77.1, 
85.1 

79.9 
 

81.1 
(15.10) 

 
80.5, 
85.7 

82.5 
 

83.1 
(14.94) 

Total fat (g/d)         

< 0.05   33.7   31.7   32.9 %  of daily energy  

< 0.05 
 

36.1, 
39.9 

37.8 
 

38.1 
(8.22) 

 
32, 

36.1 
33.7 

 
34.1 

(7.68) 

 
34.8, 
37.7 

36.5 
 

36.3 
(8.20) 

SFA (g/d)      

< 0.001   15.1   13.3   14.4 % of daily energy 

N.S 
 

21.4, 
24.2 

23.6 
 

22.8 
(6.11) 

 
19.4, 
22.6 

22.3 
 

21.1 
(5.91) 

 
21.1, 
23.1 

22.7 
 

22.1 
(6.12) 

MUFA (g/d)        

< 0.05   9.2   8.3   8.8 %  of daily energy  

< 0.001 
 

6.6, 
7.6 

6.5 
 

7.1 
(2.17) 

 
8.4, 
9.7 

9.5 
 

9.1 
(2.33) 

 
7.5, 
8.4 

8 
 

7.9 
(2.43) 

PUFA (g/d)          

< 0.001   2.8   3.6   3.1 % of daily energy  

N.S 
 

237, 
276 

260 
 

257 
(83.21) 

 
225, 
265 

237 
 

245 
(75.93) 

 
238, 
266 

248 
 

252 
(80.03) 

 
Cholesterol 
(mg/d) 

N.S 
 

81.5, 
89.1 

83.9 
 

85.3 
(16.06) 

 
82.7, 
92.2 

85.9 
 

87.5 
(17.77) 

 
83.3, 
89.1 

84.8 
 

86.2 
(16.79) 

Protein (g/d) 

N.S   15.1   15.3   15.2 % of daily energy  

N.S 
 

298, 
318 

301 
 

308 
(42.37) 

 
312, 
334 

332 
 

323 
(42) 

 
307, 
322 

315 
 

315 
(42.67) 

 
Carbohydrates 
(g/d) 

N.S   54.6   56.3   55.4 %  of daily energy  

N.S 
 

8.1, 
9.8 

8.2 
 

8.9 
(3.69) 

 
8.2, 
9.6 

8.4 
 

8.9 
(2.62) 

 
8.3, 
9.5 

8.3 
 

8.9 
(3.26) 

Fibre (g/d)    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
 P < 0.05, P < 0.001 variables were compared by t test. 
 N.S: not significant. 
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Table 5.7: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily intake of micronutrients for subjects by gender 
 

  *Geometric means.  
   P < 0.05, P < 0.001 variables were compared by t test. 
    N.S: not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P 
Males Females Overall 

Nutrient 
95%  
CI Median Mean   

(SD) 
95%  
CI Median Mean   

(SD) 
95% 
CI Median Mean   

(SD) 

< 0.001 
 

713, 
793 

732 
 

753 
(171) 

 
820, 
915 

820 
 

867 
(178) 

 
771, 
834 

792 
 

803 
(183) 

Calcium (mg/d) 

N.S 
 

13.2, 
15.2 

13.1 
 

14.2 
(4.31) 

 
13.4, 
16.5 

14.6 
 

15.2 
(4.96) 

 
13.8, 
15.4 

13.8 
 

14.6 
(4.61) 

Iron (mg/d) 

N.S 
 

245, 
269 

247 
 

257 
(50.44) 

 
258, 
287 

265 
 

272 
(54.31) 

 
255, 
273 

254 
 

264 
(52.49) 

Magnesium 
(mg/d) 

N.S 
 

4.2, 
4.8 

4.5 
 

4.5 
(1.11) 

 
3.8, 
4.6 

4.03 
 

4.2 
(1.35) 

 
4.2, 
4.6 

4.5 
 

4.4 
(1.23) 

Sodium (g/d) 

N.S 
 

2.8, 
3.2 

2.8 
 

3.03 
(0.82) 

 
2.9, 
3.3 

3.1 
 

3.1 
(0.75) 

 
2.9, 
3.2 

3.01 
 

3.1 
(0.79) 

Potassium (g/d) 

N.S 
 

39.4, 
47.9 

43 
 

43.7 
(18.13) 

 
38.5, 
46.2 

40 
 

42.4 
(14.42) 

 
40.2, 
46.04 

41 
 

43.1 
(16.58) 

Selenium (µg/d) 

< 0.05 
 

9.9, 
10.8 

10.3 
 

10.3 
(1.91) 

 
8.6, 
9.9 

8.9 
 

9.3 
(2.9) 

 
9.5, 
10.3 

9.8 
 

9.9 
(2.23) 

Zinc (mg/d) 

< 0.05 
 

467, 
564 

505 
 

515 
(208) 

 
531, 
660 

558 
 

596 
(241) 

 
511, 
590 

527 
 

550 
(226) 

Vitamin A (µg/d) 

N.S 
 

43.1, 
60.8 

58.1 
 

51.1* 
 

 
49.1, 
68.5 

56.6 
 

57.9* 
 

 
47.8, 
60.9 

57 
 

54.1* 
 

Vitamin C 
(mg/d) 

N.S 
 

4.1, 
4.8 

4.2 
 

4.5 
(1.37) 

 
4.2, 
5.1 

4.3 
 

4.6 
(1.37) 

 
4.3, 
4.8 

4.3 
 

4.5 
(1.37) 

Vitamin E 
(mg/d) 
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Table 5.8: Geometric mean, median and 95% Confidence Intervals (CI) for daily 
intake of fatty acids for subjects by gender 
 

P 

 
Males 

 

 
Females 

 

 
Overall 

 
Nutrient 

95% 
CI Median Mean  95%  

CI Median Mean  95%  
CI Median Mean    

< 0.05 

 
0.28, 
0.38 

0.31 0.33 
 

0.35, 
0.47 

0.38 0.41 
 

0.33, 
0.41 

0.35 
 

0.37 
 

 
Total n-3 PUFAs 
(g/d) 

  0.13   0.16   0.14 % of daily energy 

< 0.05 
 

0.28, 
0.37 

0.30 0.33 
 

0.35, 
0.47 

0.37 0.41 
 

0.32, 
0.4 

0.34 
 

0.36 
 

ALA (g/d) 

< 0.05 
 

0.001, 
0.007 

0.001 0.004 
 

0.004, 
0.01 

0.005 0.005 
 

0.003, 
0.007 

0.001 
 

0.005 
 

EPA (g/d) 

N.S 
 

0.00, 
0.004 

0.00 0.001 
 

0.001, 
0.003 

0.00 0.002 
 

0.0004, 
0.0034 

0.00 
 

0.002 
 

DHA (g/d) 

< 0.001 

 
1.6, 
2.3 

1.9 2.02 
 

2.9, 
3.9 

3.1 3.4 
 

2.3, 
2.9 

2.2 
 

2.62 
 

 
Total n-6 PUFAs 
(g/d) 

  0.80   1.3   1.03 % of daily energy 

< 0.001 
 

1.6, 
2.3 

1.9 2 
 

2.9, 
3.8 

3.1 3.3 
 

2.2, 
2.9 

2.1 
 

2.6 
 

LA (g/d) 

N.S 
 

0.01, 
0.02 

0.01 0.02 
 

0.01, 
0.03 

0.02 0.02 
 

0.016, 
0.023 

0.010 
 

0.019 
 

AA (g/d) 

< 0.001 
 

5.5, 
7.8 

5.5 6.6 
 

7.6, 
9.6 

8.02 8.6 
 

6.7, 
8.3 

6.6 
 

7.5 
 

 
Total n-6: total n-3 
PUFAs 

< 0.001 
 

0.17, 
0.33 

0.18 0.25 
 

0.12, 
0.15 

0.12 0.14 
 

0.15, 
0.25 

0.15 0.20 
 
Total n-3: total n-6 
PUFAs 

N.S 

 
3.7, 
4.7 

3.6 4.2 
 

2.9, 
4.1 

3.2 3.5 
 

3.5, 
4.2 

3.4 
 

3.9 
 

 
trans fatty acid 
(g/d) 

  1.7   1.4   1.5 % of daily energy 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
P < 0.05, P < 0.001variables were compared by t tests.  
N.S: not significant. 
 
 

5.4.5 Validation of dietary data 

Table 5.9 shows the mean reported EI of participants with the mean estimated BMR and 

calculated total EI: BMR of females and males together and separately. The mean 

estimated BMR for the males was 1521 kcal/day and it was 1414 kcal/day for the females. 

Females were more likely than males to report higher energy intake at age 18-30 and 51-

65 years old. There was only one case of under-reporting in both males and females. The 

mean EI: BMR for males was 1.4 and it was 1.6 for females, suggesting that overall study 

subjects were identified as normal-reporters. Over-reporting was not evident in 

participants. Figure 5.1 shows the distribution of participants for the Ratio of Energy 

Intake (EI) to Basal Metabolic Rate (BMR). 
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Table 5.9: Mean energy intake (EI), estimated Basal Metabolic Rate (BMR) and EI: 

BMR of study subjects 

 
  

 
overall 

 
Female 

 
Male 

18-30 
(31) 

31-40 
(15) 

41-50 
(8) 

51-65 
(2) 

All 
(56) 

18-30 
(33) 

31-40 
(30) 

41-50 
(6) 

51-65 
(4) 

All 
(73) 

 
Energy intake 
(kcal/d) 

 
2273 

  
2361 

 
2241 

 
2144 

 

 
2269 

 
2294 

 
2247 

 
2276 

 
2250 

 
2190 

 
2256 

 
BMR (kcal/d) 

 
1474 

 
1384 

 
1446 

 
1458 

 
1481 

 
1414 

 
1513 

 
1532 

 
1525 

 
1502 

 
1521 

 
EI:BMR 

 
1.5 

 
1.7 

 
1.5 

 
1.4 

 
1.5 

 
1.6 

 
1.4 

 
1.4 

 
1.4 

 
1.4 

 
1.4 

 
 
 

Figure 5.1: Distribution of Participants for the Ratio of Energy Intake (EI) to Basal 
Metabolic Rate (BMR) 

 

 
 
 
 

5.4.6 Comparison with UK Dietary Reference Values for food energy and nutrients 

(DRV) 

Table 5.10, 5.11 shows the percentage of subjects with macronutrient and micronutrient 

intakes above and below the DRV according to gender. Data indicate that nutrients intakes 

for some subjects were below or above the established UK RNI according to age and 

gender. For energy intake the majority of male subjects (88%) had intakes lower than the 

UK EAR. In contrast, the majority of female subjects (86%) had energy intake higher than 

the EAR. Figure 6.2 shows the energy intake and EAR of the study subjects by gender. 
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Nutrients that were consumed at levels above the RNI for all male and female subjects 

were total fat, SFA, MUFA, protein, carbohydrates and sodium. On the other hand, 

nutrients for which consumption did not meet the UK RNI for both female and male were 

fibre, potassium and selenium (by 84%, 70%, 78% and 77%, 75%, 95%, respectively of 

subjects). For calcium and zinc the majority of males (52% and 59%, respectively) had 

intakes higher than the RNI, while in females 78% calcium and 73% zinc had intakes 

higher than the RNI. Cholesterol intake was below the UK recommendation for 77% of 

males and 70% of females. Iron intake was above the UK RNI for 96% of male subjects, 

while for female subjects 50% exceeded the RNI but 43% consumed less than the UK 

RNI. Vitamin A intake was below the UK RNI for 73% of males and 54% of females. 

Mean vitamin C intakes were above the UK RNI for the majority of males and females 

subject with (55% and 62%, respectively), although 30% of both men and women failed to 

achieve the RNI for this vitamin. Figures 5.3, 5.4, 5.5 and 5.6 illustrated nutrient intake 

(fat, SFA, MUFA, and PUFA, protein, carbohydrates, fibre, cholesterol, calcium, 

magnesium, vitamin A, C selenium, iron, zinc, sodium and potassium) and RNI of the 

study subjects by gender: 

 

Table 5.12 illustrates the percentage of subjects below, achieving or exceeding RNI and 

AI for fatty acids intakes according to gender. For all fatty acids examined no subjects met 

the RNI and AI for fatty acids intakes recommendations. Figures 5.7 shows the fatty acids 

intakes and RNI or AI of the study subjects by gender. 
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Table 5.10: Percentage of subjects below, achieving or exceeding EAR* for energy 
and RNI** for macronutrient intake 
 

Female Male DRV 
Nutrient 

> DRV 
% 

= DRV 
% 

< DRV 
% 

> DRV 
% 

= DRV 
% 

< DRV 
% Females Males 

86 7 7 8 4 88 
 

8.10 
8.00*** 

10.60 Energy (MJ/d)* 

91 4 5 8 7 85 
 

1940 
1900*** 

2550 Energy (kcal/d)* 

100 - - 100 - - 35 35 
 
% of daily energy 
from total fat**  

100 - - 100 - - 11 11 
 
% of daily energy 
from SFA**  

84 2 14 92 3 5 13 13 
 
% of daily energy 
from MUFA**  

82 7 11 58 16 26 6.5 6.5 
 
% of daily energy 
from PUFA**  

21 9 70 15 8 77 < 300 < 300 
 
Cholesterol 
(mg/d)** 

100 - - 100 - - 
 

45 
46.5*** 

 
55.5 

53.3*** 

 
Protein (g/d)** 
 

100 - - 100 - - 50 50 % of daily energy 
from carbohydrates** 

9 7 84 20 4 77 12 12 Fibre (g/d)**    

   SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
   *Estimated Average Requirements for energy intake and % of subjects below, achieving or exceeding this value. 
   **Reference Nutrient intake 19-50 y, ***50+ y (Department of Health, 1991). 
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Table 5.11: Percentage of subjects below, achieving or exceeding RNI* for 
micronutrient intakes 
 

Female Male RNI 
Nutrient 

> RNI 
% 

= RNI 
% 

< RNI 
% 

> RNI 
% 

= RNI 
% 

< RNI 
% Females Males 

78 11 11 52 12 36 700 700 Calcium (mg/d)* 

50 7 43 96 3 1 
 

14.8 
8.7** 

8.7 Iron (mg/d)* 

39 9 52 16 9 75 270 300 Magnesium 
(mg/d)* 

96 - 4 100 - - 1.60 1.60 Sodium (g/d)* 

23 7 70 22 3 75 3.50 3.50 Potassium (g/d)* 

9 13 78 4 1 95 60 75 Selenium (µg/d)* 

73 21 6 59 7 34 7.0 9.5 Zinc (mg/d)* 

37 9 54 16 11 73 600 700 Vitamin A (µg/d)* 

62 9 29 55 16 29 40 40 Vitamin C (mg/d)* 

 *Reference Nutrient intake 19-50 y, **50+ y (Department of Health, 1991). 
 
 
 
Table 5.12: Percentage of subjects below, achieving or exceeding RNI*, adequate 
intake (AI) for fatty acids intakes 
 

Female Male AI 
Nutrient 

> AI 
% 

= AI 
% 

< AI 
% 

> AI 
% 

= AI 
% 

< AI 
% Females Males 

7 23 70 11 12 77 0.2 0.2 % of daily energy 
from n-3 PUFAs* 

- 2 98 - - 100 1.1 1.6 ALA (g/d)** 

- - 100 - - 100 0.45 0.45 EPA+DHA (g/d)* 

32 30 38 5 30 65 1 1 % of daily energy 
from n-6 PUFAs* 

- - 100 - - 100 12 17 LA (g/d)** 

- 2 98 4 7 89 0.4 0.4 Total n-3: total n-6 
PUFAs*** 

20 16 64 23 21 56 2 2 % of daily energy 
from trans – FA* 

ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); LA, Linoleic acid 
(18:2 n-6); trans- FA, trans fatty acid.  
*Reference Nutrient intake 19-50 y, (Department of Health, 1991). 
** (Dietary Reference Intake, 2002) 
*** (UK Scientific Advisory Committee on Nutrition, 2004). 
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Figure 5.2: Energy intake and EAR* of the study subjects by gender 
 

 
 

       *Estimated Average Requirements for energy 19-50 y, (Department of Health, 1991). 

 
 

Figure 5.3: Nutrient intake (fat, SFA, MUFA, PUFA, protein, carbohydrates and 
fibre) and RNI* of the study subjects by gender 

 

 
 
    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
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Figure 5.4: Nutrient intake (cholesterol, calcium, magnesium, selenium, vitamin A 

and C) and RNI* of the study subjects by gender 
 

 
     
*Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 

 
Figure 5.5: Iron and Zinc and RNI* of the study subjects by gender 

 

 
 
    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
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Figure 5.6: Sodium and Potassium and RNI* of the study subjects by gender 

 

 
 

     *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 
 

Figure 5.7: Fatty acids intakes and RNI*, adequate intake (AI)** of the study 

subjects by gender 

 
*Reference Nutrient intake 19-50 y, (Department of Health, 1991). 

       ** (Dietary Reference Intake, 2002), (UK Scientific Advisory Committee on Nutrition, 2004) 
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5.4.7 Relationship between nutrient intake and other factors 

The correlation coefficients between indices of nutrients intakes with socioeconomic 

factors and CVD risk factors in the study subjects are provided in Table 5.13, 5.14 and 

5.15. 

5.4.7.1 Relationship between nutrient intake and socioeconomic status 

Among study subjects, there were only two nutrients which were statistically significant 

associated with education and monthly income. Dietary fibre intakes were positively 

correlated with education and monthly income (r = 0.221, P = 0.022 and r = 0.201, P = 

0.012, respectively). There was also a significant positive associations between vitamin E 

intakes with education (r = 0.199, P = 0.024). 

5.4.7.2 Relationship between nutrient intake and CVD risk factors 

There were weak positive associations between energy intake as MJ and kcal and history 

of hypercholesterolemia (P = 0.044, P = 0.040, respectively). Carbohydrates intakes 

showed no association with CVD risk factors. Dietary intakes of fibre were positively 

correlated with age (P < 0.001), and smoking status (P < 0.001), but negatively correlated 

with BMI (P = 0.022) and history of hypertension (P = 0.005). There was a statistically 

significant positive association between total fat intake and age (P = 0.019) and a negative 

association with smoking status (P = 0.010). Dietary SFA intakes and PUFA intakes were 

significantly affected with gender (P < 0.001). In addition, there were statistically 

significant associations between dietary calcium intakes with gender (P < 0.001). 

Potassium intake was positively correlated with smoking status (P = 0.019). In all 

participants, there was a negatively association between sodium intakes and age but a 

positive association with BMI (P = 0.016 and P = 0.013, respectively). Magnesium intakes 

and selenium intakes were positively associated with age (P = 0.013, P = 0.018, 

respectively). There were no apparent associations between iron and vitamin A intake and 

CVD risk factors. Vitamin C was positively associated with smoking status (P = 0.014). 

Subject age had a significant positive association with vitamin C intake (P < 0.001) and a 

weak positive correlation with BMI (P = 0.047). There were negative significant 

associations between vitamin E intake and history of hypertension (r = - 0.221, P = 

0.012). Total omega 3 fatty acid intakes was negatively associated with BMI (r = - 0.181, 

P = 0.040). Trans fatty acid intake was associated with gender and age (P = 0.018 and P = 

0.001, respectively); but positively associated with BMI (P = 0.002), hypertension (P = 

0.021) and smoking (P = 0.018). 
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Table 5.13: Correlation coefficients between energy intakes and intakes of macronutrients with socioeconomic factors and CVD risk 
factors in the study subjects 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation 
coefficients are indicated in bold font. 
 

Factors 
 

Energy 
 (MJ) 

 

 
Energy  
(kcal) 

 

Protein 
(g) 

Carbohydrates 
(g) 

 
Fibre 

(g) 
 

Total fat 
(g) 

 
SFA 
(g) 

 

MUFA 
(g) 

PUFA 
(g) 

Cholesterol 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender 0.082 0.357 0.084 0.345 0.065 0.462 0.171 0.053 0.000 0.993 -0.121 0.173 -0.242 0.006 -0.141 0.111 0.419 0.000 -0.071 0.421 

Age -0.110 0.213 -0.117 0.189 0.066 0.456 -0.040 0.653 0.361 0.000 0.207 0.019 -0.145 0.102 -0.106 0.231 -0.022 0.804 0.079 0.372 

Education -0.013 0.882 -0.011 0.903 -0.027 0.760 0.049 0.584 0.201 0.022 -0.071 0.424 -0.100 0.261 -0.003 0.801 0.099 0.264 -0.063 0.476 

Monthly income  0.019 0.830 0.022 0.804 0.031 0.729 -0.030 0.732 0.221 0.012 0.042 0.635 0.098 0.268 -0.034 0.703 -0.080 0.370 0.029 0.747 

BMI  -0.120 0.176 -0.127 0.153 -0.078 0.380 -0.042 0.637 -0.201 0.022 -0.146 0.099 -0.110 0.216 -0.183 0.038 0.057 0.522 0.003 0.973 

History of 
diabetes  -0.028 0.754 -0.020 0.773 -0.098 0.270 -0.061 0.493 -0.126 0.156 0.097 0.276 0.069 0.439 0.185 0.036 -0.031 0.730 -0.070 0.432 

History of 
hypertension  0.124 0.162 0.123 0.165 0.028 0.752 0.070 0.432 -0.244 0.005 0.136 0.123 0.108 0.223 0.076 0.389 0.114 0.196 -0.009 0.917 

History of 
hypercholesterol
emia  

0.178 0.044 0.181 0.040 0.066 0.455 0.112 0.206 -0.087 0.329 0.142 0.108 0.028 0.749 0.207 0.019 0.022 0.802 -0.050 0.576 

Family history  -0.093 0.295 -0.093 0.292 -0.011 0.402 -0.110 0.216 -0.086 0.330 0.048 0.587 0.046 0.605 0.054 0.546 -0.085 0.336 -0.103 0.243 

Smoking status 0.024 0.791 0.024 0.784 0.075 0.401 0.172 0.051 0.340 0.000 -0.225 0.010 -0.133 0.132 -0.056 0.525 0.071 0.424 -0.131 0.140 

Physical activity -0.071 0.427 -0.068 0.447 -0.055 0.534 -0.082 0.357 0.114 0.197 0.008 0.926 0.058 0.515 0.121 0.173 -0.001 0.989 -0.002 0.981 
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Table 5.14: Correlation coefficients between intakes of micronutrients with socioeconomic factors and CVD risk factors in the study 
subjects 

Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font. 

Factors 
 

Calcium 
(mg) 

 
Iron 
(mg) 

 
Magnesium 

(mg) 
 

Sodium 
(g) 

Potassium 
(g) 

 
Selenium 

(µg) 
 

Zinc 
(mg) 

Vitamin A 
(µg) 

 
Vitamin C 

(mg) 
 

Vitamin E 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender 0.312 0.000 0.108 0.224 0.166 0.060 -0.119 0.178 0.075 0.401 -0.039 0.657 -0.240 0.006 0.158 0.073 0.074 0.404 0.054 0.544 

Age 0.117 0.185 -0.019 0.830 0.207 0.018 -0.212 0.016 0.169 0.056 0.219 0.013 -0.044 0.621 0.119 0.181 0.350 0.000 0.021 0.815 

Education 0.065 0.465 0.106 0.234 0.076 0.392 -0.121 0.171 0.058 0.515 0.113 0.202 -0.011 0.897 0.102 0.250 0.079 0.372 0.199 0.024 

Monthly income  0.007 0.935 -0.008 0.928 0.089 0.315 -0.168 0.657 0.132 0.135 0.146 0.099 0.073 0.410 -0.012 0.895 0.143 0.105 0.144 0.104 

BMI  0.024 0.789 -0.018 0.835 0.052 0.555 0.219 0.013 0.007 0.934 0.056 0.526 -0.098 0.269 0.017 0.852 0.175 0.047 0.056 0.532 

History of 
diabetes  0.063 0.479 -0.152 0.085 -0.138 0.120 -0.009 0.918 -0.128 0.147 -0.141 0.110 -0.117 0.187 0.006 0.943 -0.130 0.143 0.143 0.106 

History of 
hypertension  -0.005 0.956 0.055 0.538 -0.072 0.419 -0.041 0.647 -0.021 0.816 -0.016 0.861 0.124 0.166 -0.031 0.726 -0.040 0.651 -0.221 0.012 

History of 
hypercholesterol
emia  

0.170 0.055 -0.044 0.583 -0.058 0.513 0.148 0.093 0.082 0.354 -0.146 0.099 0.014 0.879 0.017 0.852 -0.073 0.410 0.074 0.403 

Family history  -0.008 0.441 -0.071 0.424 -0.144 0.103 -0.097 0.273 -0.099 0.263 0.013 0.885 -0.089 0.314 0.080 0.366 -0.092 0.299 -0.110 0.213 

Smoking status 0.007 0.940 0.057 0.518 0.095 0.283 -0.062 0.487 0.207 0.019 0.135 0.127 -0.042 0.633 0.067 0.449 0.216 0.014 0.155 0.080 

Physical activity -0.018 0.839 -0.066 0.459 0.009 0.920 0.065 0.463 -0.012 0.890 -0.077 0.388 -0.038 0.667 0.139 0.115 0.033 0.709 0.002 0.986 
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Table 5.15: Correlation coefficients between intakes of fatty acids with socioeconomic factors and CVD risk factors in the study 
subjects 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font.  
 

Factors 
 

Total n-3 PUFAs 
(g) 
 

 
ALA  
(g) 

EPA  
(g) 

DHA  
(g) 

Total n-6 PUFAs 
(g) 

LA 
 (g) 

AA  
(g) 

Trans fatty acid 
(g) 

r P r P r P r P r P r P r P r P 

Gender 0.189 0.032 0.220 0.012 0.054 0.545 0.021 0.815 0.387 0000 0.361 0.000 0.192 0.032 -0.207 0.018 

Age 0.076 0.391 0.065 0.401 -0.116 0.190 -0.091 0.305 -0.130 0.140 -0.046 0.607 -0.101 0.254 -0.293 0.001 

Education 0.084 0.345 0.114 0.200 0.064 0.470 0.125 0.157 0.002 0.983 0.015 0.867 -0.078 0.378 -0.044 0.624 

Monthly income  0.006 0.943 0.041 0.046 -0.009 0.921 0.013 0.883 -0.181 0.040 -0.117 0.188 -0.081 0.361 -0.047 0.595 

BMI  -0.181 0.040 -0.150 0.091 -0.097 0.272 -0.077 0.386 0.001 0.989 0.059 0.507 -0.051 0.566 0.273 0.002 

History of diabetes  -0.013 0.885 0.002 0.978 0.052 0.558 0.042 0.639 0.103 0.244 0.008 0.930 0.105 0.235 -0.041 0.647 

History of 
hypertension  0.031 0.727 0.080 0.365 0.044 0.619 0.043 0.628 0.131 0.139 0.146 0.098 -0.024 0.784 0.203 0.021 

History of 
hypercholesterolemia  -0.009 0.923 -0.046 0.605 0.011 0.905 0.019 0.833 0.132 0.136 0.017 0.898 0.049 0.585 0.021 0.813 

Family history  -0.011 0.899 0.020 0.821 0.048 0.588 -0.096 0.281 -0.022 0.809 0.003 0.969 0.210 0.017 0.006 0.948 

Smoking status 0.106 0.232 0.081 0.362 -0.070 0.433 -0.059 0.508 -0.039 0.658 -0.023 0.794 -0.038 0.667 0.207 0.018 

Physical activity -0.013 0.881 0.017 0.846 0.061 0.494 0.074 0.405 -0.043 0.929 -0.062 0.484 -0.059 0.510 -0.008 0.929 
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5.4.8 Intake by food groups 

Table 5.16 illustrates percentage, mean and 95% CI for food intake in different food 

groups of the study subjects by gender. The food group consumed by the highest 

percentage of study subjects was traditional Saudi foods (96%), followed by fast foods 

(95%), then fruit and vegetables with (88%) consuming these foods on at least one day 

from the three days of the assessment. On the other hand, food groups least consumed 

were nuts and seeds (2%) and fish groups (8%). The Mann-Whitney test did not show any 

significant differences between men and women (P > 0.05) in these data. 

 
Table 5.16: Percentage, mean and 95% Confidence Intervals (CI) for intake by food 
group of the study subjects by gender 
 

 N.S: not significant. 
 

5.4.9 Relationship between intake by food group and other factors 

Table 5.17 shows the association between intake by food groups with socioeconomic 

factors and CVD risk factors in the study subjects.  

5.4.9.1 Relationship between food group intake and socioeconomic status 

Among study subjects, the nuts and seeds consumption was negatively associated with 

education (ß = - 0.300, 95% CI -0.9, - 0.1, P = 0.015), whereas, it was positively 

associated with traditional Saudi food and education (ß = 0.266, 95% CI 13.1, 196.1, P = 

0.026). With respect to monthly income there was a significant positively association with 

fruit and vegetables consumption (P = 0.009) but a negative association with fast food (P 

= 0.005). 

 

P 
Males Females Overall 

Dietary pattern 
95%   
CI 

Mean 
(g/d) n (%) 95% 

 CI 
Mean 
(g/d) n (%) 95% 

CI 
Mean 
(g/d) n (%) 

N.S -0.04, 
0.27 0.11 2 (3) -0.11, 

0.35 0.12 1 (2) -0.02, 
0.25 0.12 3 (2) Nuts and seeds 

N.S 0.34, 
8.1 4.26 6 (8) -0.1, 

3.6 1.8 4 (7) 0.85, 
5.5 3.2 10 (8) Fish and sea-food 

N.S 124, 
188 156 64 (88) 120, 

174 147 50 (89) 131, 
173 152 114 (88) Fruit & vegetables 

N.S 501, 
672 586 69 (94) 520, 

702 611 53 (95) 536, 
659 597 122 (95) Fast food  

N.S 256, 
346 301 70 (95) 294, 

381 338 55 (98) 286, 
348 317 125 (96) Traditional Saudi 

food 
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5.4.9.2 Relationship between intake by food group and CVD risk factors 

Multiple regression models were applied to examine the independent association of 

selected CVD risk factors with consumption of the five food groups identified in this 

study. In particular, the consumption of fish was positively associated with history of 

diabetes but it was negatively associated with history of hypercholesterolemia. Fruit and 

vegetables consumption was positively associated with age and smoking habits but 

negatively with BMI. Fast food consumption was also positively association with BMI (P 

< 0.001) and history of hypercholesterolemia (P = 0.004), but negatively associated with 

age (P < 0.001) and smoking habits (P = 0.001). Traditional Saudi food consumption was 

significantly positively associated with age (ß = 0.299, 95% CI 0.17, 12.8, P = 0.044), 

family history (ß = 0.213, 95% CI 7.8, 101.9, P = 0.022) and physical activity (ß = 0.194, 

95% CI 1.4, 122.5, P = 0.045). 

 
Table 5.17: Association between intake by food group with socioeconomic factors 
and CVD risk factors in the study subjects as assessed by multivariate linear 
regression** 

ß and 95% CI are significant at P < 0.05, indicated in bold font. *Yes vs. No 
**All the socioeconomic and CVD risk factors were run in one multivariate mode.

 

Factors 
Nuts and seeds 

 
Fish and sea-

food 

 
Fruit & 

Vegetables 
Fast food 

 
Traditional Saudi 

food 
ß 95% CI ß 95% CI ß 95% CI ß 95% CI ß 95% CI 

Gender: 
Women 

 
0.045 

 
-0.2, 0.4 

 
-0.113 

 
-8.9,2.8 

 
-0.070 

 
-66, 32 

 
0.037 

 
-111,165 

 
0.191 

 
-6.9,144 

Men -0.033 -4.3, 3.1 -0.143 -22.7, 4 0.054 32, 55.5 -0.011 -74, 66 0.048 -37, 61 

Age (years) 0.168 -0.1,0.1 0.134 -0.2,0.7 0.537 3.7,11.9 -0.514 -33.6,10 0.299 0.17,12 

Education: 
High 

 
-0.300 

 
-0.9,-0.1 

 
0.021 

 
-6.4,7.6 

 
0.117 

 
-28.4,90 

 
0.013 

 
-152,176 

 
0.266 

 
13, 196 

Low -0.199 -9.3,1.2 0.164 -2,12.8 -0.041 -62.6,44 -0.129 -194,55 -0.037 -85.6,62 
Monthly income: 
High 

 
0.146 

 
-0.1,0.2 

 
0.030 

 
-2.2,2.7 

 
0.218 

 
3.1,38.7 

 
-0.248 

 
-100,-18 

 
0.137 

 
-3.3,61 

Low  0.107 -56,164 0.056 -0.2,0.3 -0.011 -74, 66 0.232 87, 324 0.066 -282,48 

BMI (kg/m2) -0.092 -0.8,0.4 0.092 -0.62, 6 -0.262 -16, 3.4 0.319 16.7,53 -0.046 -15.6,10 

History of diabetes*  0.087 -0.3,0.7 0.259 0.7,19.7 0.102 -43,116 -0.137 -366,83 -0.111 -234,11 

History of 
hypertension*  

0.097 -0.2,0.6 0.132 -2.3, 13 -0.008 -69, 63 0.032 -151,220 -0.043 -125,78 

History of 
hypercholesterolemia*  0.061 -0.4,0.6 -0.242 -17,-0.6 0.029 61.8,81 0.249 78, 414 0.107 -56,164 

Family history*  -0.145 -0.3,0.1 -0.013 -3.8,3.3 -0.069 -42,18.6 0.036 -67,104 0.213 7.8,101 

Smoking status: 
Current smoker 

 
0.056 

 
-0.2,0.3 

 
-0.093 

 
-6.7,2.8 

 
0.174 

 
0.27,64 

 
-0.279 

 
-244,-60 

 
0.117 

 
-1.8,122 

Non smoker -0.083 -12, 5.7 0.015 -30, 34 0.009 100, 109 0.198 -1.1, 12 0.191 -6.9,144 
Physical activity: 
Active 

 
-0.066 

 
-0.3,0.1 

 
-0.087 

 
-6.7,2.6 

 
0.074 

 
-23,54.9 

 
-0.035 

 
-132,88 

 
0.199 

 
1.4, 122 

Inactive 0.024 -9.3, 11 0.159 -15, 58 0.035 -102,135 -0.013 -201,182 0.0107 -75, 193 
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5.5 Discussion 

The study sample was from Makkah which is the holy city in the Islamic world. In total, 

129; 20-57 year olds of both genders (73 men and 56 women) were included in the study. 

In the present study the prevalence of overweight (55% for women and 56% for men) an 

obesity (13% for women and 8% for men) was very high and similar for men and women. 

These results, however, were close to data from a national survey in 2005 by Al Nozha et 

al. which encompassed 17,232 Saudi subjects aged 30-70 years old. The prevalence of 

obesity in this study for Saudi females at 44% was higher than men at 26.4%. Several 

studies have correlated this finding to the changes to sedentary lifestyle of Saudis, and to 

this eating behaviors, such as changing the quantity and quality of food to more refined 

carbohydrates and more high fat foods and also to increasing the frequency of meals 

(Bakhotmah, 2011; Midhet & Sharaf, 2011). Furthermore, girls’ schools have no sports 

education and in public it is forbidden by social norms for women to practice physical 

activities. Lack of physical activity is a known cause of obesity and it was found in this 

study that 93% of women reported no physical activity in their daily life.  

 

This study used a dietary food record to estimate food and nutrient intake because they can 

be considered more accurate and less expensive than other methods as discussed 

previously. However, few studies on measuring dietary intake of Saudi adults have used 

three day food records. The total energy intake of adults (men 2256 kcal/day and 2295 

kcal/day for women) was lower for men and higher for women than the UK EAR for 19-

59 year-olds (men = 2550 kcal/day, and women = 1940 kcal/day) (Department of Health, 

1991). The total daily energy intake reported in this study was low compared with 

previously published estimates of average daily intake of energy (3068 kcal) per capita for 

the Saudi population between 2005-2009  (FAOSTAT, 2009). Abdel-Megeid et al. (2011) 

found that in a sample of 312 students attending King Saud University, Riyadh the mean 

energy intake was 2748 kcal /day for females and 3463 kcal /day for male students also 

much higher than reported here. In Al Madina city, Allam et al. (2012) used the 24-hour 

recall method and reported that the average daily consumption of energy for 194 male and 

female students was 2340 kcal /day and 2248 kcal /day, respectively. These results are 

marginally higher than the present study but it is important to highlight that different 

methodologies were used to collect dietary information in the two studies, with different 

age groups used which may have affected reporting levels. In the present study, the 

percentage of daily energy intake from total fat was 32% for women and 34% for men. 

When these results were compared with Abdel-Megeid et al., (2011) and Allam et al., 
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(2012), it was found that they were higher than the daily energy intake of total fat for this 

study (46.8 % for females and 46% for males in the study by Abdel-Megeid et al. (2011); 

and 40% for female students and 40.4% for male students in the study by Allam et al. 

(2012)). The results also showed that the mean daily intake of SFA (14.4% of daily 

energy), MUFA (8.8% of daily energy) and PUFA (3.1% of daily energy) are below the 

UK recommendation of the Department of Health (1991) but not for SFA. Protein intake 

for men (85.3 (16.06) g/day) and for women (87.5 (17.77) g/day) was higher than UK RNI 

but was within the range of the daily intake of protein (85 g/day) per capita estimated from 

food availability data (FAOSTAT, 2009). The daily carbohydrate intake for men and 

women was higher than UK recommendation of the Department of Health (1991). The 

major sources of daily energy intake for participants in the current study were 

carbohydrates (55.4%), followed by fat (33%) and protein (15%). The mean daily intakes 

of fibre at 8.9 g /day for both men and women was much lower than those found in Abdel-

Megeid et al. (2011) which reported intakes of 16 g/day for women and 18.9 for men. 

 

According to the recommendation suggested by the Department of Health (1991), 

participants had a high sodium intake for sedentary people. The mean sodium intake was 

4.4 (1.23) g/day, which was more than twice the current recommendation of 1.6 g/day. 

Likewise, Musaigar (2002) reported that people residing in the Arabia Gulf region 

consume more sodium than they actually need. High amounts of salt can be found in 

almost all the traditional Gulf dishes, fast foods and canned food. Recent studies indicated 

that there were correlation between an over intake of sodium with high blood pressure, 

strokes and contributes to heart attacks and heart failure (American Heart Association, 

2006; Altun & Arici, 2006). Regarding to blood pressures classification in the study 11% 

for men and women have hypertension. The Ministry of Health reported that in 2003 the 

hypertension was the important common causes of death from CVD by 18% in the 

country, with 1151 deaths in total number of 6410 (Health Statistical Yearbook, 2003). 

Mean intake of iron was 14.2 mg/day for men and 15.2 mg/day for women in this study. 

This figure was lower than the figure reported for men in Abdel-Megeid et al. (2011) but 

similar to the value for women (16.2 mg/day for men and 15 mg/day for women). Both 

values are higher than reported by Allam et al. (2012) (12.7 mg/day for men and 9.1 

mg/day for women). The mean daily intake of total selenium in the present study was 

approximately 43 (16.58) µg /day which was very similar to that reported in Alissa et al. 

study in (2006a) (47.4 µg /day) of 130 free control adult Saudis. A study by Al Othman et 

al. (2012) in Riyadh city how examined daily intake of selenium and concentrations in 
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blood of residents of 260 adults. The study used 24-hour recall and FFQ and reported that 

the daily selenium intake was 90 µg /day which was twice as high as that in this study. In 

the Abdel-Megeid et al. (2011) study they found the zinc intake was 9.8 mg/day for 

female and for male it was 11.2 mg/day both of were which higher than this study. In the 

present study, the daily intakes of vitamin A, C and E were for men; 515 µg/day, 51.1 

mg/day and 4.5 mg/day, respectively and for women were 596 µg/day, 57.9 mg/day and 

4.6 mg/day, respectively. These results were all much lower compared with these reported 

by Abdel-Megeid et al. (2011) study, where comparable values for men students were 811 

µg/day, 290 mg/day and 19 mg/day, respectively and for women students were 650 

µg/day, 201 mg/day and 17 mg/day, respectively. The results from this survey in Makkah 

showed that participants might be at the risk of low intake of total omega 3 fatty acids and 

omega 6 fatty acids. The mean daily intake of total omega 3 fatty acids and omega 6 fatty 

acids for women were 0.41 g/day and 3.4 g/day, respectively and 0.33 g/day and 2.02 

g/day, respectively for men. In contrast, the results of the study by Al Numair et al. (2011) 

showed that the average daily consumption of total omega 3 fatty acids (1.28 g/day) and 

omega 6 fatty acids (6.47 g/day) were much higher than this study. The dietary n-3: n-6 

fatty acids ratio in Makkah participants was lower than the recommended level (0.4) by 

the UK Scientific Advisory Committee on Nutrition (2004).  

 

The rapid economic growth of Saudi Arabia has led to significant lifestyle changes with 

effects on health, nutritional status and of disease patterns (Bani & Hashim, 1999). In the 

present data, it was observed that negative correlations were found between fibre intakes 

and BMI and hypertension. Similar findings were obtained by several research studies 

which indicated that there was a significant correlation between overweight and CVD risk 

associated with low dietary intake of fibre (Kabagambe et al., 2005; Kromhout et al., 

2001; Mirmiran et al., 2009; Story et al., 2002). There was a positive correlation between 

trans fatty acid intake and BMI and hypertension, which supports the observation that a 

diet high in trans fatty acids might increase the risk of heart disease and hypertension 

(Beydoun et al., 2011; Heimburger, 2007). Saudi families have adapted to western food 

habits by replacing homemade meals with fast food or food ordered from restaurants. A 

study by Gillis and Bar-Or (2003) found that there was a positive relationship between 

obesity and numbers of meals eaten outside the home. The National Centre for Chronic 

Disease Prevention and Health Promotion Division of Nutrition and Physical Activity 

(NCCDP) (2006), also linked the frequency of eating fast food in restaurant to greater 

intake of both energy and fat, as well as increased BMI. The present results showed that 
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all participants in both genders consumed fast food, and intake of these foods was 

positively associated with BMI and hypercholesterolemia. Younger subjects tended to 

follow the unhealthy fast food diet which was also associated with low monthly income (P 

= 0.005). On the other hand, higher fruit and vegetables consumption was associated with 

older subjects with higher income and low BMI. In the study by Gillis and Bar-Or (2003), 

it was reported that there were negative associations between servings of fruit and 

vegetables with body weight. These results suggest that participants with greater income 

provided a better food quality. In contrast, participants with low income level may depend 

more on quantities of lower quality cheap food such as fast food (Beydoun et al., 2008; 

Gillespie et al., 2011).  

5.6 Summary and conclusions 

The aims of this part of the study were achieved: 

• Complete information was available for 129 participants 73 men (57%) and 56 

women (43%). The mean (SD) ages of the women were 31.9 (8.56) years and men 

were 32.4 (7.4) years. 

• The majority (73%) of women were of medium socioeconomic status, while more 

men (40%) were of high socioeconomic status. 

• There were no significant differences between men and women in BMI 

classification, diabetes, high blood cholesterol (P > 0.05).  

• Physical activity was low and men were more active than women (P < 0.05).  

• Smoking was more prevalent in men (63%) than women (32%).  

• The results show marked differences in diet composition between men and women 

which may affect CVD risk. Women had a significantly lower SFA intake but 

higher intakes of PUFA, vitamin A and total omega 3 fatty acids. Also, there were 

interactions observed between diet intake and risk of CVD and socioeconomic 

background. 

• The mean daily intake of total omega 3 fatty acids was 0.41 g/day for females and 

0.33 g/day for males. Differences were observed between gender in total omega 3 

fatty acids and total omega 6 fatty acids.  

• Higher education and higher total family monthly income were positive associated 

with daily intake of fibre (P < 0.05). Trans fatty acid intake was negatively 

associated with age (P = 0.001); but positively associated with BMI (P = 0.002), 

hypertension (P = 0.021) and smoking (P = 0.018). 
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• There were no differences in consumption of food in different food groups 

between women and men.  

• There was a statistically significantly positive association between fast food intake 

and BMI and with history of hypercholesterolemia, whereas, there was a negative 

association with age and smoking habits. 
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Chapter 6 

Study 3: Dietary Patterns and Risk of Heart Disease in Male and Female 

Saudi Arabians living in UK (Newcastle upon Tyne) 
 

6.1 Introduction 
In the UK, international students are distributed in all around the country for higher 

education and represent many different nationalities. International students represent 

different cultures and traditions around the world. Culture and religion may add more 

restrictions on the available foods for international students. For instance, for Arab student 

foods such as pork and typically all derivatives of pork are religiously restricted. 

According to the Ministry of Higher Education for Planning and Information (2011) 

report, the number of Saudi students enrolled in the UK institutions of higher education 

was 16,067; in academic year 2010/2011.  

 

Moving to a new culture, the Saudis in the UK will experience a new, totally different, 

culture from their home culture that affects their overall lifestyle including their 

psychological, mental, nutritional health, and physical status. Saudi students are usually 

exposed to different dietary food habits and lifestyle changes when they first come to the 

UK. Consequently, they find it very difficult to maintain their usual conventional habits of 

eating because of their traditional foods are unavailable or they do have sufficient cooking 

and food preparation skills (Papadaki & Scott, 2002). However, their food and diet habits 

tend to be connected to the usual selections of traditional foods where they try to consume 

the foods which are available and those which they are familiar with (Gilbert & Khokhar, 

2008). There has been insufficient or unavailable evaluation of Saudi students’ diet to 

estimate the incorporation of nutrition guidelines into their current eating habits and 

behaviours effectively. Domestic students still have access to traditional cultural food and 

can maintain these preferences in their diet when they move away from home (Al Farhan. 

2011). However, Saudi students do not have the same access to traditional cultural foods 

when they study abroad. For Saudi adults living in the UK, there is a gap in the evidence 

base on the nutritional status of Saudi population living outside their home country. 

Therefore, the nutrients intake and health of Saudi living in the UK was of particular 

interest in this work. 
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6.2 Study aims and objectives 

 6.2.1 Aims 

• To measure and describe the dietary patterns of representative samples of the 

Saudi population living in Newcastle upon Tyne in UK. 

• To investigate the relationships between dietary food intake and coronary risk 

factors in the Saudi population living in Newcastle upon Tyne within the UK in 

both men and women without overt CVD.  

•  To determine differences in total dietary intake as attested by age, gender and 

socioeconomic background.  

• To explore the relationships between the dietary intake of total fat, omega 3 fatty 

acids and other fatty acids in Saudi population living in UK (Newcastle upon 

Tyne) as indicators of the risk of CVD. 

6.2.2. Objectives 

• To conduct a study to measure dietary intake in the Saudi population living in 

Newcastle upon Tyne, UK. 

• To undertake a measure of dietary intake and anthropometric indices of Saudi 

adults and ask each of these adults to complete a three day estimated dietary food 

record in order to provide detailed dietary information. 

• To interview each of these participants in order to clarify the information 

provided in their food diaries. 

• To ask each of the participants to complete a survey questionnaire in order to 

collect their personal information, and data relating to medical, social and dietary 

habits.  

• To determine the daily intake of: energy, protein, fat, SFA, MUFA, PUFA, 

carbohydrate, fibre, cholesterol, calcium, iron, magnesium, sodium, potassium, 

zinc, vitamin C, vitamin E, vitamin A and selenium. 

• To estimate the daily intake of the following fatty acids: LA, ALA, total trans 

fatty acids, AA, EPA and DHA. 

• To compare and report any significant differences between the intakes of males 

and females and with the UK RNI. 

• To determine the subjects’ socioeconomic characteristics. 

• To test the association between food intake and CVD risk factors and the 

socioeconomic characteristics of the population in this study.  
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• To compare consumption of food groups (nuts and seeds, fish, fruit and 

vegetable, fast food and traditional Saudi food) among men and women in this 

study. 

• To test the association between intake by food group and CVD risk factors and 

the socioeconomic characteristics of the population sampled in this study. 

6.3 Methods  

6.3.1 Study subjects 

The study consisted of Saudi population of Newcastle upon Tyne as representatives of 

those living in the UK and therefore outside of Saudi Arabia of both genders. Inclusion 

criteria included both postgraduate and undergraduate students who attend universities in 

Newcastle upon Tyne and /or their families, all aged within a range of 18-65 years. 

Participants who had been residing less than six months in the city were not collected in 

this study. This research was approved by the Ethical Committee of Newcastle University. 

Section 3.1 & 3.3 described 

6.3.2 Demographic and anthropometric information 

Demographic information was collected by questionnaire including age, family income 

per month, education level, marital status, residential status and period, present and family 

medical history, smoking history, physical activity and dietary habits. The final section of 

the questionnaire was a food record. Food intake was reported as average of the three 

consecutive days. The questionnaire was a self-administered, distributed to the study 

participants as hard copies by the researcher herself. The study participants filled and 

returned the questionnaire personally to the researcher. The questionnaire designs were 

described previously in the methods section 3.4. The following anthropometric 

information was measured: height (m) and weight (kg) from which BMI, (kg/m2) was 

calculated, WC (cm), HC (cm), WHR (cm) and skin-fold thickness (mm) from which 

percent body fat (%) was calculated (Section 4.5). Blood pressure was measured twice for 

each participant using an automatic sphygmomanometer (Omron automatic blood pressure 

monitor, Germany). The procedure for blood pressure measurement was as described 

previously section 3.6. 

6.3.3 Dietary assessment 

The food consumed was recorded by volunteers on three consecutive days, two week days 

and one weekend day and nutrient intakes was compared with Recommended Dietary 

Intake levels. Food intake was converted to nutrient intake using the WinDiets program 
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(Robert Gordon’s University, Aberdeen, UK). The percentage of energy from protein, 

carbohydrates, total fat and SFA, MUFA and PUFA was calculated for each day. An 

average across the three days of the assessment was calculated. Data collection in this 

study occurred from May 2012 to July 2012 (Section 3.7). 

6.3.4 Statistical analysis  

All the data were managed using SPSS Inc., version 19, Chicago, IL, USA for data entry 

and analysis completed as described in start with this section 3.9. 

6.4 Results 

6.4.1 Demographic and anthropometric data 

79 subjects completed all aspects of the study. The mean and (SD) of the anthropometric 

variables are presented in Table 6.1. The mean (SD) ages of the women were 28.8 (4.96) 

years and men were 30.9 (6.27) years. Most of participants 62% were in the age range 18 -

30 years, about 34% of the sample in between 31- 40 years, 4% of participants were 

between 41 - 50 years, whereas no-one was aged between 50 - 65 years. The overall 

average BMI in males was higher than in females at 26.9 (5.26) kg/m2 vs. 24.8 (3.42) 

kg/m2. In-dependent samples t test showed that there were significant differences between 

men and women in height, weight, WHR, WC, BMR, body fat and TSF (P < 0.001). 

 

Table 6.2 shows the mean (SD) blood pressure of the study subjects by age and gender. 

The average systolic pressure was 123 (8) mmHg and the average diastolic pressure was 

81.1 (5.15) mmHg for female subjects. Whereas, in male subjects the average systolic 

pressure was 123 (6.02) mmHg and the average diastolic pressure was 82.6 (4.98) mmHg. 

There were only a few cases of hypertension in the participants (8%) and the majority of 

participants (92%) had normal blood pressure values.  

6.4.2 Socioeconomic factor 

Among the 79 Saudi people that participated in the study, 32 were males; 11 were single 

and 21 were married. Total female respondents were 47, 10 were single and 37 were 

married. Most of the respondents in the study were academically sponsored and had been 

residing in the UK for more than one year. Detailed demographics of the sample are 

presented according to gender in Table 6.3.  Chi-square tests revealed there was significant 

(P < 0.05) difference between education and monthly income of female and male 

participants. 
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The majority of women (89%) were classified as of medium socioeconomic status, 

compared with 59% of men. Whereas 11% of the females were classified as of high 

socioeconomic status compared with 41% of the males. No-one was classified as of low 

socioeconomic status. Chi-square tests revealed there was a significant (P < 0.05) 

difference between males and females in socioeconomic factors.
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Table 6.1: Anthropometric characteristics of the study subjects (mean (SD)) 
 

Males 
 (n = 32) 

Females 
 (n = 47) Variables 

All 51-65 41-50 31-40 18-30 All 51-65 41-50 31-40 18-30 

30.9 (6.27) - 
 

45  
 

2 (6) 

 
36.1 (4.42) 

 
12 (38) 

 
26.6 (3.54) 

 
18 (56) 

28.8 (4.96) - 
 

45 
 

1 (2) 

 
33.5 (2.06) 

 
15 (32) 

 
26.1 (2.91) 

 
31 (66) 

 
Age (years) 

 
n (%) 

173 (5.62) - 175  174 (5.85) 172 (5.66) 158 (4.75) - 156 160 (4.29) 157 (4.89) 
 

Height (cm) 
 

80.5 (16.17) - 80  81.46 (12.64) 80.2 (19.01) 62.2 (9.80) - 72 70.6 (10.28) 57.8 (6.33) 
 

Weight (kg) 
 

26.9 (5.26) - 26.3  27.02 (4.12) 27 (6.17) 24.8 (3.42) - 29 27.6 (3.93) 23.3 (1.90) 
 

BMI (kg/m2) 
 

1577 (159.4) - 1508  1565 (127.55) 1593 (184.1) 1386 (84) - 1400 1447 (96.4) 1355 (61.46) 
 

Estimated BMR (kcal /d) 
 

93.2 (8.89) - 95  93.6 (7.12) 92.5 (10.25) 82.4 (7.33) - 95 87.3 (5.06) 79.6 (6.72) 
 

WC (cm) 
 

93.4 (2.74) - 93  93 (2.04) 93.7 (3.22) 94.8 (8.80) - 104 103 (6.64) 90.6 (6.63) 
 

HC (cm) 
 

0.99 (0.09) - 1.02  1.0 (0.07) 0.98 (0.10) 0.87 (0.05) - 0.91 0.85 (0.01) 0.87 (0.05) 
 

WHR (cm) 
 

22.7 (2.36) - 23.3  22.8 (1.87) 22.5 (2.72) 29.3 (2.44) - 30.6 31.1 (1.35) 28.4 (2.42) Body fat (%)* 

12.4 (2.41) - 13  12.4 (2.07) 12.3 (2.69) 17.1 (2.56) - 18.4 18.9 (1.63) 16.1 (2.46) 
 

TSF (mm) 
 

27.5 (2.52) - 28.5  27.5 (2.02) 27.5 (2.93) 28.3 (2.03) - 31 30.1 (1.43) 27.4 (1.71) 
 

AC (cm) 
 

23.6 (2.01) - 24.4  23.6 (1.69) 23.6 (2.30) 23.2 (1.43) - 25.2 24.1 (1.26) 22.4 (1.12) 
 

AMC (cm) 
 

SD: Standard Deviation. BMI: Body Mass Index. BMR: Basal Metabolic Rate calculated using Schofield et al. equations (1985). WC: Waist circumference. HC: Hip Circumference. WHR: Waist: Hip Ratio. TSF: 
Triceps Skin-fold. AC: Arm Circumference. AMC: Arm Muscle Circumference. * Calculated from TSF (Durnin & Womersley, 1974).  
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Table 6.2: Mean and Standard deviation (SD) of blood pressure of the study subjects 
by gender 
 

  
Females 
(n = 47) 

 
Males 

(n = 32) 
 

 
18-30 
(31) 

 
31-40 
(15) 

 
41-50 

(1) 

 
50-65 

 

 
All 

 
18-30 
(18) 

 
31-40 
(12) 

 
41-50 

(2) 

 
50-65 

 

 
All 

 
SBP 

(mmHg) 

 
121 

(4.53) 

 
125 

(9.18) 
 

154 
 
- 

 
123 
 (8) 

 
121 

(1.76) 

 
126 

(8.76) 
 

122  
 
- 

 
123 

(6.02) 
 
 

DBP 
(mmHg) 

 
79.8 

(3.49) 

 
82.8 

(6.22) 
 

96 
 
- 

 
81.1 

(5.15) 

 
81.3 

(2.76) 

 
84.7 

(6.73) 
 

80.5  
 
- 

 
82.6 

(4.98) 

SBP, Systolic Blood Pressure (mmHg). 
DBP, Diastolic Blood Pressure (mmHg). 
Normal SBP < 140 and DBP < 90. 
 
 
 
Table 6.3: Demographic characteristics of the study subjects by gender 
 

P χ2 
Males 

(n = 32) 
Females 
(n = 47) Characteristics 

% No. % No. 

       
Education 

< 0.05 5.673 

- - - - Illiterate 
- - - - Writing & Reading 
- - - - Primary 
6 2 28 13 High School 

94 30 72 34 University or Above 
      Monthly income (RS)* 

< 0.05 6.755 

- - 2 1 1 – 3000 
6 2 34 16 3001 - 6000 

53 17 49 23 6001 – 9000 

22 7 15 7 9001 – 12000 
19 6 - - More than 12000 

      Marital status 

N.S 1.674 

34 11 21 10 Single 
66 21 79 37 Married 

- - - - Widowed or Divorced 

      Total residential periods 

N.S 1.442 
100 32 100 47 More than a Year 

- - - - Less than six months 

< 0.05 9.730 

    Socioeconomic status 

- - - - Low 

59 19 89 42 Medium 

41 13 11 5 High 

       N.S: not significant. 
    *Riyal Saudi (currency 5.83 RS = 1£). 
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Table 6.4: Prevalence of cardiovascular risk factors according to gender 
 

P χ2 
Males 

(n = 32) 
Females 
(n = 47) Risk factors 

% No. % No. 

      BMI Classification 

N.S 2.455 

- - - - Underweight 
47 15 61 29 Normal  
35 11 30 14 Overweight  
18 6 9 4 Obese  

      Diabetes* 

N.S 0.886 
94 30 98 46 Normal    
6 2 2 1 Diabetic 

      High blood cholesterol* 

N.S 0.886 
94 30 98 46 Normal 
6 2 2 1 Hypercholesterolemia 

      High blood pressure* 

N.S 0.710 
94 30 91 43 Normal 
6 2 9 4 Hypertension 

      Heart disease* 

N.S 0.690 100 32 98 46 Normal  
- - 2 1 Heart disease 

      Family history 

N.S 0.152 
43 14 36 17 Diabetes 
9 3 11 5 Heart diseases 

      Smoking status 

< 0.001 35.945 

28 9 92 43 Non-smoker   
16 5 2 1 Ex-smoker 

16 5 - - Current (<20 cigarette) 
18 6 - - Current (>20 cigarette) 
28 9 6 3 Shisha 

      Physical activity 

N.S 2.336 

72 23 92 43 Inactive 

16 5 6 3 Moderately active 

12 4 2 1 Active 
  N.S: not significant. 
  * Self-reported 
 

6.4.3 Comparison of cardiovascular risk factors between genders 

Prevalence of cardiovascular risk factors among males and female is shown in Table 6.4. 

There were no gender differences in BMI classification. However, the percentages of 

overweight and obese were higher in men at 35%, 18%, respectively, whereas in the 

female population 30% were overweight and 9% were obese. No differences were 

observed from the comparison between genders in self-reporting of diabetes, high blood 

cholesterol, high blood pressure and heart disease. Cigarettes were the most common type 

of tobacco smoked by subjects. Current smokers for cigarettes or shisha were reported at 

34% and 28%, respectively for male subjects, and 6% of male subjects smoked both 

cigarettes and shisha. 6% of female subjects smoked shisha. There were highly 
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significantly differences between genders in smoking habit (χ2 = 35.945, P < 0.001). The 

majority of participants were inactive with 92% of women and 72% of men falling into the 

inactive category. 

6.4.4 Dietary data 

Table 6.5 shows dietary eating habits in both genders. The majority of the female subjects 

ate three meals per day (55%), while in men subjects (56%) ate once or twice per day. The 

main meal of the day was dinner for 72% of females, and 72% of males. Most of the 

participants, 96% of females and 94% of males in this study were found to eat food 

outside their home at some time during the week. There were no significant differences 

between men and women in all dietary habits questions (P > 0.05). 

 
Table 6.5: Prevalence of dietary habits according to gender 
 

P χ2 

 
 

Males 
(n = 32) 

 

 
Females 
(n = 47) 

Eating patterns 

% No. % No. 

  
 
 
 

 
 
 

 
 
 

 
 
 

Meals (no./day): 

N.S 1.576 
56 18 43 20 1 or 2 
41 13 55 26 3 or 4 
3 1 2 1 More than 5 

      Main meal: 

N.S 0.875 
25 8 26 12 Breakfast 
50 16 34 16 Lunch 
72 23 72 34 Dinner 

      Eating breakfast: 

N.S 5.461 
50 16 58 27 Daily 
41 13 19 9 Sometimes 
9 3 23 11 Never 

      Eating outside (per week): 

N.S 0.469 

6 2 4 2 Never 
47 15 54 25 Once or twice 
28 9 23 11 Three or four times 
19 6 19 9 More than four times 

N.S: not significant 
  

Macronutrient and micronutrient intakes for the subjects are shown in Tables 6.6, 6.7. 

Data for these food components are presented as mean, (SD), and 95% CI. The mean and 

(SD) for energy intake in females subject was 2231 (271) kcal/day and for males subject 

was 2350 (290) kcal/day. On average, participants consumed 2279 kcal/day (9.6 MJ/day) 

with 55.3% of energy from carbohydrate, 15.02% of energy from protein and 32.9% of 

energy from fat. SFA contributed 13.8% of the total energy intake. Males had significantly 

higher dietary intakes than females with respect to total fat (P < 0.05) and protein (P < 
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0.001). The mean and (SD) for MUFA, PUFA intake levels were as follows: 24.5 (6.9) 

g/day, 10.2 (3.81) g/day and 25.6 (8.12) g/day, 11.9 (4.91) g/day for females and males 

respectively, with 10% of daily energy from MUFA and 4.3% of daily energy from PUFA 

for all study participants. Mean calcium intake was 815 (107) mg/day, which was above 

the dietary recommended intake level for both males and females of this age. In contrast, 

mean intakes of fibre and selenium (8.3 (3.13) g/day and 47.7 (19.99) µg/day, 

respectively) were found to be below recommended intake levels (Department of Health, 

1991). The mean sodium intake was 3.1 (0.81) g/day, which is above the recommendation 

suggested by WHO (2003) of 1.7 g/day of sodium, which is equal to 5 g/day of salt. The 

mean and (SD) for zinc intakes for males and females were 10.4 (2.83) mg/day and 8.1 

(2.41) mg/day, respectively. The mean intake of vitamin A intake for males was 481 (222) 

µg/day, and for females was 434 (207) µg/day, which for both males and females was 

below the dietary recommended intake of 700 µg/day, and 600 µg/day, respectively. The 

mean vitamin E intake for all study subjects was 5.4 (1.81) mg/day. In-dependent t tests 

revealed there were significantly differences between males and female in calcium intake 

(P < 0.05) and zinc intake (P < 0.001) (Table 6.7). Data for cholesterol and iron intake 

were not normally distributed. Data were therefore log transformed and geometric means 

were used in the analysis. The dietary cholesterol intake was within the recommendation 

guidelines of < 300 mg/day. Females had significantly lower cholesterol intake than males 

(P < 0.001). Daily intake of iron for females was 11.8 (95% CI 8.6, 16.1) mg/day and 10.3 

(95% CI 7.4, 14.2) mg/day for men (see Tables 6.6 and 6.7). 

 

Geometric mean, median and 95% CI for daily intake of total omega 3, ALA, EPA, DHA, 

total omega 6, LA, AA and trans fatty acids for subjects by gender are shown in Table 6.8. 

The mean daily intake of total omega 3 fatty acids for females was 0.72 g/day and it was 

0.88 g/day for males, mainly in the form of ALA (0.54 g/day for females and 0.58 g/day 

for males), with 0.2 g/day for females and 0.2 g/day for males in the form of EPA and 

DHA. Total omega 3 fatty acids contributed 0.13% and 0.14% of daily energy intake for 

females and males, respectively. The geometric mean for daily intake of total omega 6 

fatty acids for females was 3.9 g/day while for the males it was 3.4 g/day, mainly in the 

form of LA (3.4 g/day for females and 3.4 g/day for males), with 0.04 and 0.1 g/day for 

females and males, respectively in the form of AA. Omega 6 fatty acids contributed 0.95% 

for females and 0.98% for males to the daily energy intake. No significant differences 

were observed from the comparison between males and female in all omega 3 and omega 

6 PUFA. The geometric mean for daily intake of trans fatty acid for females was 1.9 g/day 
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and 3.7 g/day for males. Trans fatty acid contributed 1.01% for females and 1.3% for 

males to daily energy intake. There was a statistically significant difference between males 

and females in trans fatty acids intake (P < 0.05). 

 
Table 6.6: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily energy intake and daily intake of macronutrients for subjects by 
gender 
 

P 

 
Males 

 

 
Females 

 

 
Overall 

 
Nutrient 

95% 
CI Median Mean  

(SD) 
95%  
CI Median Mean 

(SD) 
95%  
CI Median Mean   

(SD) 

N.S 9.3, 
10.2 9.7 9.8 

(1.19) 
9.1, 
9.7 9.3 9.4 

(1.22) 
9.3, 
9.8 9.6 9.6 

(1.21) Energy (MJ/d) 

N.S 2242, 
2458 2319 2350 

(290) 
2151, 
2311 2230 2231 

(271) 
2215, 
2343 2287 2279 

(287) Energy (kcal/d) 

< 0.05 83.8, 
95.4 89 89.6 

(16.12) 
74.1, 
83.7 78.6 78.8 

(16.44) 
79.4, 
87.1 82.5 83.2 

(17.11) Total fat (g/d)         

< 0.05   34.5   31.9   32.9 %  of daily energy  

N.S 33.5, 
39.5 36.5 36.5 

(8.28) 
31.3, 
36.3 33.6 33.8 

(8.55) 
33.1, 
36.8 34.4 34.9 

(8.50) SFA (g/d)      

N.S   14.1   13.7   13.8 % of daily energy 

N.S 22.4, 
28.7 25.7 25.6 

(8.12) 
22.5, 
26.6 23.3 24.5 

(6.91) 
23.2, 
26.7 25.3 24.9 

(7.71) MUFA (g/d)        

N.S   10   10   10 %  of daily energy  

N.S 10.1, 
13.7 10.3 11.9 

(4.91) 
9.1, 
11.3 9.5 10.2 

(3.81) 
9.9, 
11.8 9.7 10.9 

(4.38) PUFA (g/d)          

N.S   4.5   4.1   4.3 % of daily energy  

< 0.001 221, 
477 329 318* 156, 

225 187 187* 182, 
294 221 231* 

 
Cholesterol 
(mg/d) 

< 0.001 89.3, 
102 96 96.1 

(18.41) 
72.9, 
81.9 76 77.4 

(15.37) 
80.7, 
89.3 84.4 85.1 

(19.11) Protein (g/d) 

< 0.05   16.5   13.9   15.02 % of daily energy  

N.S 280, 
301 281 305 

(70.22) 
305, 
343 314 324 

(65.87) 
301, 
331 303 316 

(67.90) 
 
Carbohydrates 
(g/d) 

< 0.05   51.5   57   55.3 %  of daily energy  

N.S 7.4, 
10.1 8.7 8.8 

(3.71) 
6.8, 
9.3 7.5 8.1 

(4.04) 
7.4, 
9.3 8.1 8.3 

(3.13) Fibre (g/d)    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
*Geometric means.  
 P < 0.05, P < 0.001 variables were compared by t test.  
 N.S: not significant. 
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Table 6.7: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily intake of micronutrients for subjects by gender 

 

  *Geometric means.  
   P < 0.05, P < 0.001 variables were compared by t test. 
    N.S: not significant. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P 
Males Females Overall 

Nutrient 
95%  
CI Median Mean   

(SD) 
95%  
CI Median Mean   

(SD) 
95% 
CI Median Mean   

(SD) 

< 0.05 731 
817 764 774 

(119) 
817, 
869 838 843 

(88.69) 
791, 
839 838 815 

(107) Calcium (mg/d) 

N.S 7.4, 
14.2 10.2 10.3* 8.6, 

16.1 11.2 11.8* 9.3, 
13.4 11.1 11.2* Iron (mg/d) 

N.S 237, 
297 259 267 

(82.84) 
254, 
301 259 278 

(79.71) 
255, 
291 259 273 

(80.62) 
Magnesium 
(mg/d) 

N.S 2.9, 
3.5 3.1 3.2 

(0.80) 
2.7, 
3.2 2.9 2.9 

(0.82) 
2.9, 
3.2 2.9 3.1 

(0.81) Sodium (g/d) 

N.S 2.6, 
3.3 2.8 3 

(0.93) 
2.9, 
3.5 3.1 3.2 

(0.91) 
2.9, 
3.3 3 3.1 

(0.94) Potassium (g/d) 

N.S 44.1, 
60.7 46.5 52.4 

(22.19) 
39.5, 
49.6 41 44.5 

(17.21) 
43.3, 
52.2 43 47.7 

(19.99) Selenium (µg/d) 

< 0.001 9.4, 
11.5 9.8 10.4 

(2.83) 
7.3, 
8.8 7.6 8.1 

(2.41) 
8.4, 
9.7 8.4 9.1 

(2.15) Zinc (mg/d) 

N.S 359, 
441 415 434 

(207) 
416, 
546 474 481 

(222) 
413, 
510 453 462 

(216) Vitamin A (µg/d) 

N.S 45.01, 
78.5 55.1 61.7 

(36.11) 
47.7, 
79.6 51 63.7 

(24.30) 
51.5, 
74.3 53.1 62.9 

(32.91) 
Vitamin C 
(mg/d) 

N.S 4.5, 
6.3 4.9 5.4 

(2.45) 
4.6, 
6.4 4.6 5.5 

(2.41) 
4.8, 
6.1 4.7 5.4 

(1.81) 
Vitamin E 
(mg/d) 
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Table 6.8: Geometric mean, median and 95% Confidence Intervals (CI) for daily 
intake of fatty acids for subjects by gender 
 

P 

 
Males 

 

 
Females 

 

 
Overall 

 
Nutrient 

95% 
CI Median Mean  95%  

CI Median Mean  95%  
CI Median Mean    

N.S 

0.2, 
4.2 0.75 0.88 0.2, 

1.7 0.55 0.72 0.4, 
1.4 0.62 0.78 

 
Total n-3 PUFAs 
(g/d) 

  0.14   0.13   0.14 % of daily energy 

N.S 0.2, 
1.6 0.63 0.58 0.24, 

1.2 0.44 0.54 0.3, 
0.9 0.51 0.56 ALA (g/d) 

N.S 0.03, 
1.3 0.03 0.1 0.01, 

0.3 0.02 0.1 0.02, 
0.2 0.03 0.06 EPA (g/d) 

N.S 0.01, 
1.3 0.1 0.1 0.04, 

0.1 0.1 0.1 0.04, 
0.2 0.1 0.1 DHA (g/d) 

N.S 

0.3, 
32.6 2.7 3.4 1.5, 

10.2 3.1 3.9 1.8, 
8.01 3.1 3.75 

 
Total n-6 PUFAs 
(g/d) 

  0.98   0.95   0.96 % of daily energy 

N.S 0.4, 
32.4 2.7 3.4 1.5, 

10.1 3.04 3.9 1.7, 
7.9 3.04 3.7 LA (g/d) 

N.S 0.01, 
0.2 0.1 0.1 0.01, 

0.1 0.03 0.04 0.02, 
0.1 0.03 0.04 AA (g/d) 

N.S 1.5, 
10.2 4.1 4.9 3.8, 

7.9 5.4 5.4 3.4, 
6.7 5.9 4.7 

 
Total n-6: total n-3 
PUFAs 

N.S 0.1, 
0.6 0.2 0.25 0.1, 

0.2 0.15 0.18 0.1, 
0.2 0.2 0.2 

 
Total n-3: total n-6 
PUFAs 

< 0.05 

1.3, 
10.8 3.1 3.7 0.5, 

6.2 1.7 1.9 1.2, 
5.1 2.3 2.5 

 
trans fatty acid 
(g/d) 

  1.3   1.01   1.2 % of daily energy 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
P < 0.05 variables were compared by t tests.  
N.S: not significant. 
 
 
 

6.4.5 Validation of dietary data 

Table 6.9 shows the mean reported EI of participants with the mean estimated BMR and 

calculated total EI: BMR of females and males together and separately. The mean BMR 

for the males was 1577 kcal/day and 1386 kcal/day for the females. Women were more 

likely than men to be high energy intake reporters at age 41-50 years old, while men 

reported higher energy intake at other age groups. The mean EI: BMR for males was 1.5 

and it was 1.6 for females. There was one case in men participants of under-reporting. 

Figure 6.1 shows the distribution of participants for the Ratio of Energy Intake (EI) to 

Basal Metabolic Rate (BMR). 
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Table 6.9: Mean energy intake (EI), estimated Basal Metabolic Rate (BMR) and EI: 
BMR of study subjects 
 

  
 

overall 

 
Female 

 
Male 

18-30 
(31) 

31-40 
(15) 

41-50 
(1) 

51-65 
 

All 
(47) 

18-30 
(18) 

31-40 
(12) 

41-50 
(2) 

51-65 
 

All 
(32) 

 
Energy intake 
(kcal/d) 

 
2279 

 
2235 

 
2205 

 
2493 

 
- 

 
2231 

 

 
2321 

 
2396 

 
2324 

 
- 

 
2350 

 
 
BMR (kcal/d) 

 
1463 

 
1355 

 
1447 

 
1340 

 
- 

 
1386 

 
1593 

 
1565 

 
1508 

 
- 

 
1577 

 
EI:BMR 

 
1.5 

 
1.6 

 
1.5 

 
1.7 

 
- 

 
1.6 

 
1.5 

 
1.5 

 
1.5 

 
- 

 
1.5 

 
 
 

Figure 6.1: Distribution of Participants for the Ratio of Energy Intake (EI) to Basal 
Metabolic Rate (BMR) 

 
 

 
 
 
 

6.4.6 Comparison with UK Dietary Reference Values for food energy and nutrients 

(DRV) 

Tables 6.10, 6.11 show the percentage of subjects with macronutrient and micronutrient 

intakes above and below DRV according to gender. The majority of male subjects had 

lower intakes than the UK EAR for energy intake in MJ and kcal. In contrast, 85% of 

female subjects had as energy intake higher than EAR. Figure 6.2 shows the energy intake 

and EAR of the study subjects by gender. 
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Nutrients that were consumed at levels above the RNI for the majority of both male and 

female subjects were SFA, protein, calcium and sodium. On the other hand, the nutrients 

which were consumed by the majority at levels which did not meet the UK RNI for both 

men and women were MUFA, PUFA, fibre, potassium and vitamin A. In the case of 

carbohydrate the majority of males and females (44% and 85%, respectively) had higher 

intakes than RNI, while for total fat and magnesium intakes for most males and females 

were lower than the RNI. Cholesterol intake was below the UK recommendation for 78% 

of females. The majority of males (88%) had an iron intake which was above the UK RNI, 

while only 49% of female subjects achieved the RNI and 42% were lower than the UK 

RNI. Zinc intake was below the UK RNI for 82% of females, whereas for 50% of male 

subjects zinc intake was above the UK recommendation. Mean vitamin C intakes were 

above the UK RNI for about half of male and female subjects. Figures 6.3, 6.4, 6.5 and 6.6 

illustrate nutrient intake (fat, SFA, MUFA, and PUFA, protein, carbohydrates, fibre, 

cholesterol, calcium, magnesium, vitamin A, C selenium, iron, zinc, sodium and 

potassium) and RNI of the study subjects by gender. 

 

Table 6.12 illustrates the percentage of subjects below, achieving or exceeding RNI and 

AI for fatty acids intakes according to gender. For all fatty acids examined intake was 

lower than the RNI and AI for fatty acids intake. On the other hand, the total omega 6 fatty 

acids intakes were similar to the recommendation in about half of both male and female 

subjects. Figures 6.7 shows the fatty acids intakes and RNI or AI of the study subjects by 

gender. 
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Table 6.10: Percentage of subjects below, achieving or exceeding EAR* for energy 
and RNI** for macronutrient intake 
 

Female Male DRV 
Nutrient 

> DRV 
% 

= DRV 
% 

< DRV 
% 

> DRV 
% 

= DRV 
% 

< DRV 
% Females Males 

85 2 13 22 6 72 
 

8.10 
8.00*** 

10.60 Energy (MJ/d)* 

85 2 13 22 6 72 
 

1940 
1900*** 

2550 Energy (kcal/d)* 

28 2 70 38 19 43 35 35 
 
% of daily energy 
from total fat**  

60 21 19 75 16 9 11 11 
 
% of daily energy 
from SFA**  

11 6 83 15 13 72 13 13 
 
% of daily energy 
from MUFA**  

6 5 89 3 19 78 6.5 6.5 
 
% of daily energy 
from PUFA**  

13 9 78 38 25 37 < 300 < 300 
 
Cholesterol 
(mg/d)** 

100 - - 100 - - 
 

45 
46.5*** 

 
55.5 

53.3*** 

 
Protein (g/d)** 
 

85 - 15 44 19 37 50 50 % of daily energy 
from carbohydrates** 

11 11 78 15 22 63 12 12 Fibre (g/d)**    

   SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
   *Estimated Average Requirements for energy intake and % of subjects below, achieving or exceeding this value. 
   **Reference Nutrient intake 19-50 y, ***50+ y (Department of Health, 1991). 
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Table 6.11: Percentage of subjects below, achieving or exceeding RNI* for 
micronutrient intakes 
 

Female Male RNI 
Nutrient 

> RNI 
% 

= RNI 
% 

< RNI 
% 

> RNI 
% 

= RNI 
% 

< RNI 
% Females Males 

81 13 6 60 31 9 700 700 Calcium (mg/d)* 

49 9 42 88 9 3 
 

14.8 
8.7** 

8.7 Iron (mg/d)* 

34 23 43 9 34 57 270 300 Magnesium 
(mg/d)* 

89 9 2 97 3 - 1.60 1.60 Sodium (g/d)* 

23 23 54 28 13 59 3.50 3.50 Potassium (g/d)* 

38 34 28 13 9 78 60 75 Selenium (µg/d)* 

9 9 82 50 25 25 7.0 9.5 Zinc (mg/d)* 

13 13 74 3 16 81 600 700 Vitamin A (µg/d)* 

50 6 44 44 22 34 40 40 Vitamin C (mg/d)* 

 *Reference Nutrient intake 19-50 y, **50+ y (Department of Health, 1991). 
 
 
 
Table 6.12: Percentage of subjects below, achieving or exceeding RNI*, adequate 
intake (AI) for fatty acids intakes 
 

Female Male AI 
Nutrient 

> AI 
% 

= AI 
% 

< AI 
% 

> AI 
% 

= AI 
% 

< AI 
% Females Males 

21 36 43 37 22 41 0.2 0.2 % of daily energy 
from n-3 PUFAs* 

- 4 96 - 3 97 1.1 1.6 ALA (g/d)** 

- - 100 3 - 97 0.45 0.45 EPA+DHA (g/d)* 

32 45 23 34 53 13 1 1 % of daily energy 
from n-6 PUFAs* 

- - 100 3 - 97 12 17 LA (g/d)** 

4 9 87 3 6 91 0.4 0.4 Total n-3: total n-6 
PUFAs*** 

4 13 83 15 22 63 2 2 % of daily energy 
from trans – FA* 

ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); LA, Linoleic acid 
(18:2 n-6); trans- FA, trans fatty acid.  
*Reference Nutrient intake 19-50 y, (Department of Health, 1991). 
** (Dietary Reference Intake, 2002) 
*** (UK Scientific Advisory Committee on Nutrition, 2004). 
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Figure 6.2: Energy intake and EAR* of the study subjects by gender 

 

 
     
   *Estimated Average Requirements for energy 19-50 y, (Department of Health, 1991). 
 
 
 

Figure 6.3: Nutrient intake (fat, SFA, MUFA, PUFA, protein, carbohydrates and 
fibre) and RNI* of the study subjects by gender 

 

 
 
    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
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Figure 6.4: Nutrient intake (cholesterol, calcium, magnesium, selenium, vitamin A 
and C) and RNI* of the study subjects by gender 

 

 
 
    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 

 
Figure 6.5: Iron and Zinc and RNI* of the study subjects by gender 

 

 
 

    *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
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Figure 6.6: Sodium and Potassium and RNI* of the study subjects by gender 
 

 
 

     *Reference Nutrient Intake 19-50 y, (Department of Health, 1991). 
 
 
 

Figure 6.7: Fatty acids intakes and RNI*, adequate intake (AI)** of the study 

subjects by gender 

 
    *Reference Nutrient intake 19-50 y, (Department of Health, 1991). 
       ** (Dietary Reference Intake, 2002), (UK Scientific Advisory Committee on Nutrition, 2004) 
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6.4.7 Relationship between nutrient intake and other factors 

The correlation coefficients between indices of nutrients intakes with socioeconomic 

factors and CVD risk factors in the study subjects are provided in Table 6.13, 6.14 and 

6.15. 

6.4.7.1 Relationship between nutrient intake and socioeconomic status 

Among study subjects, there were only three nutrients where there were statistically 

significant associations with monthly income. Dietary energy intakes (MJ) were positively 

correlated with monthly income (r = 0.227, P = 0.045). There were also significant 

positive associations between magnesium and potassium intakes and monthly income (r = 

0.238, P = 0.034 and r = 0.280, P = 0.012, respectively). 

6.4.7.2 Relationship between nutrient intake and CVD risk factors 

There were no associations with CVD risk factors for energy intakes, carbohydrates 

intakes, SFA, MUFA and PUFA intakes. Dietary intake of fibre was positively correlated 

with age (P < 0.001). There were statistically significant associations between total fat 

intakes, cholesterol intakes and gender (P < 0.001). In addition, dietary calcium intakes 

was significantly affected with gender (P = 0.004) and with smoking status (P = 0.008). 

In all participants, there were positive associations between sodium intakes and 

hypertension (r = 0.242, P = 0.032). Iron intakes and magnesium intakes were positively 

associated with age (P = 0.033 P = 0.022, respectively). Vitamin A was positively 

associated with age and smoking status (P < 0.001, P = 0.002, respectively). For vitamin C 

and E intakes there were no associations with CVD risk factors. Both dietary total omega 

3 intakes and ALA intakes were negatively correlated with age (r = - 0.243, P = 0.031 and 

r = - 0.261, P = 0.020, respectively) and with BMI (r = - 0.260, P = 0.021 and r = - 0.272, 

P = 0.015, respectively). In addition, there were statistically significant associations 

between dietary EPA intakes with gender (P = 0.032). Total omega 6 fatty acids intakes 

were negatively associated with BMI (r = - 0.295, P = 0.008).  Trans fatty acid intake was 

significantly affected with gender (P = 0.030). 
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Table 6.13: Correlation coefficients between energy intakes and intakes of macronutrients with socioeconomic factors and CVD risk 
factors in the study subjects 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation 
coefficients are indicated in bold font. 

Factors 
 

Energy 
 (MJ) 

 

 
Energy  
(kcal) 

 

Protein 
(g) 

Carbohydrates 
(g) 

 
Fibre 

(g) 
 

Total fat 
(g) 

 
SFA 
(g) 

 

MUFA 
(g) 

PUFA 
(g) 

Cholesterol 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender -0.156 0.170 -0.205 0.070 -0.482 0.000 0.141 0.216 -0.085 0.455 -0.312 0.005 -0.158 0.165 -0.066 0.565 -0.196 0.083 -0.556 0.000 

Age -0.004 0.972 -0.009 0.939 0.228 0.043 0.021 0.852 0.486 0.000 -0.107 0.396 -0.100 0.379 -0.005 0.963 0.040 0.726 0.075 0.511 

Education 0.214 0.058 0.203 0.072 -0.044 0.700 0.204 0.071 0.082 0.474 0.094 0.411 -0.021 0.853 0.185 0.104 0.156 0.170 0.016 0.892 

Monthly income  0.227 0.045 0.210 0.063 0.072 0.526 0.176 0.120 0.161 0.157 0.159 0.162 0.052 0.648 0.163 0.150 0.209 0.065 0.193 0.088 

BMI  -0.019 0.866 0.008 0.947 0.125 0.271 0.050 0.661 0.184 0.105 -0.138 0.227 -0.116 0.310 -0.048 0.675 -0.023 0.842 -0.010 0.934 

History of 
diabetes  -0.040 0.727 -0.039 0.730 -0.045 0.693 -0.080 0.485 0.098 0.391 0.101 0.375 0.098 0.389 0.023 0.841 0.100 0.379 -0.141 0.216 

History of 
hypertension  -0.029 0.803 -0.029 0.800 -0.033 0.772 -0.067 0.560 -0.196 0.083 0.096 0.399 0.116 0.310 -0.005 0.968 -0.026 0.817 0.025 0.826 

History of 
hypercholesterol
emia  

-0.018 0.878 -0.039 0.734 0.025 0.824 -0.017 0.879 0.028 0.805 -0.039 0.731 0.037 0.744 -0.029 0.800 -0.149 0.189 -0.007 0.948 

Family history  -0.002 0.989 0.059 0.605 -0.071 0.533 -0.018 0.875 -0.199 0.078 0.023 0.844 0.089 0.437 -0.127 0.265 -0.075 0.509 0.050 0.660 

Smoking status 0.081 0.478 0.082 0.473 -0.147 0.196 0.121 0.290 0.155 0.311 0.035 0.760 0.116 0.308 0.163 0.150 -0.055 0.633 0.013 0.908 

Physical activity 0.068 0.551 0.082 0.471 -0.022 0.845 0.062 0.584 -0.032 0.781 0.060 0.597 0.076 0.504 -0.070 0.538 -0.118 0.301 0.155 0.174 
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Table 6.14: Correlation coefficients between intakes of micronutrients with socioeconomic factors and CVD risk factors in the study 
subjects 

Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font. 

Factors 
 

Calcium 
(mg) 

 
Iron 
(mg) 

 
Magnesium 

(mg) 
 

Sodium 
(g) 

Potassium 
(g) 

 
Selenium 

(µg) 
 

Zinc 
(mg) 

Vitamin A 
(µg) 

 
Vitamin C 

(mg) 
 

Vitamin E 
(mg) 

r P r P r P r P r P r P r P r P r P r P 

Gender 0.318 0.004 0.042 0.714 0.066 0.564 -0.147 0.197 0.106 0.354 -0.195 0.086 -0.414 0.000 0.108 0.346 0.019 0.868 0.024 0.832 

Age 0.109 0.337 0.240 0.033 0.257 0.022 0.107 0.349 0.192 0.091 -0.056 0.624 -0.115 0.314 0.409 0.000 0.048 0.675 -0.065 0.509 

Education 0.034 0.766 -0.202 0.074 -0.002 0.985 0.185 0.102 0.059 0.603 0.070 0.543 -0.092 0.419 -0.029 0.798 0.176 0.121 0.220 0.051 

Monthly income  0.116 0.309 0.071 0.533 0.238 0.034 0.156 0.169 0.280 0.012 0.028 0.810 0.011 0.925 -0.055 0.633 0.219 0.053 0.210 0.063 

BMI  -0.068 0.549 0.168 0.138 0.130 0.255 0.019 0.868 0.130 0.254 0.133 0.242 -0.078 0.494 0.096 0.402 0.009 0.934 -0.144 0.204 

History of 
diabetes  0.091 0.427 0.060 0.597 0.166 0.144 -0.012 0.917 0.122 0.285 0.104 0.361 0.013 0.910 0.122 0.285 0.086 0.454 0.106 0.351 

History of 
hypertension  0.074 0.514 -0.104 0.363 -0.063 0.584 0.242 0.032 -0.134 0.238 -0.054 0.639 0.118 0.302 -0.116 0.310 -0.025 0.825 0.030 0.793 

History of 
hypercholesterol
emia  

-0.045 0.697 0.021 0.853 -0.011 0.923 -0.159 0.162 0.009 0.937 0.085 0.459 0.095 0.403 0.027 0.814 -0.031 0.789 -0.080 0.486 

Family history  -0.087 0.445 -0.208 0.066 -0.160 0.158 0.058 0.613 -0.148 0.192 -0.080 0.482 0.080 0.484 -0.077 0.499 -0.089 0.435 0.009 0.936 

Smoking status -0.297 0.008 0.048 0.678 0.096 0.399 0.002 0.989 0.139 0.223 -0.178 0.117 -0.176 0.120 0.337 0.002 0.024 0.837 -0.071 0.535 

Physical activity 0.030 0.793 0.022 0.844 0.010 0.929 0.029 0.797 0.096 0.398 0.018 0.872 0.090 0.430 -0.157 0.168 0.087 0.447 -0.051 0.652 
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Table 6.15: Correlation coefficients between intakes of fatty acids with socioeconomic factors and CVD risk factors in the study 
subjects 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
Pearson’s correlation coefficients were calculated for all study subjects. Statistical significant correlation coefficients are indicated in bold font.  
 

Factors 
 

Total n-3 PUFAs 
(g) 
 

 
ALA  
(g) 

EPA  
(g) 

DHA  
(g) 

Total n-6 PUFAs 
(g) 

LA 
 (g) 

AA  
(g) 

Trans fatty acid 
(g) 

r P r P r P r P r P r P r P r P 

Gender -0.059 0.603 -0.049 0.670 -0.241 0.032 0.008 0.945 -0.031 0.789 0.030 0.793 -0.113 0.320 -0.244 0.030 

Age -0.243 0.031 -0.261 0.020 0.087 0.445 0.093 0.414 -0.364 0.001 -0.365 0.000 -0.213 0.059 -0.216 0.056 

Education -0.011 0.921 -0.016 0.892 0.071 0.537 0.122 0.285 0.056 0.616 0.060 0.598 0.045 0.695 -0.038 0.738 

Monthly income  -0.004 0.972 -0.014 0.903 0.073 0.525 0.020 0.854 -0.058 0.614 -0.054 0.634 -0.154 0.174 0.011 0.926 

BMI  -0.260 0.021 -0.272 0.015 0.038 0.738 -0.043 0.708 -0.295 0.008 -0.293 0.009 -0.344 0.002 -0.147 0.196 

History of diabetes  0.145 0.201 0.147 0.197 0.044 0.699 0.029 0.798 0.139 0.220 0.139 0.220 0.066 0.564 -0.019 0.867 

History of 
hypertension  0.030 0.790 0.022 0.847 0.068 0.554 -0.010 0.932 0.119 0.294 0.118 0.229 0.155 0.174 0.006 0.956 

History of 
hypercholesterolemia  -0.180 0.112 -0.156 0.170 -0.125 0.272 -0.157 0.166 -0.183 0.106 -0.183 0.106 0.078 0.453 -0.016 0.886 

Family history  0.011 0.922 0.033 0.773 0.164 0.119 -0.216 0.056 0.049 0.667 0.049 0.667 0.057 0.621 0.154 0.175 

Smoking status -0.104 0.360 -0.098 0.389 -0.005 0.633 -0.087 0.447 -0.004 0.971 -0.005 0.967 0.052 0.650 -0.098 0.393 

Physical activity 0.026 0.819 0.018 0.877 -0.003 0.980 0.063 0.580 0.061 0.591 0.061 0.595 0.018 0.874 -0.002 0.989 
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6.4.8 Intake by food groups 

Table 6.16 illustrates percentage, mean and 95% CI for food intake by different food 

groups for the study subjects by gender. 87% of subjects consumed fruit and vegetables on 

at least one day, 83% consumed fast foods and two thirds of the subjects consumed 

traditional Saudi foods. On other hand, the lowest percentage consumed nuts and seeds 

(15%) and fish (22%) at least on one day from the three days. Mann-Whitney test showed 

that there was a statistically significant difference between men and women for 

consumption of fast food (P < 0.05) and in traditional food (P < 0.05). 

 
Table 6.16: Percentage, mean and 95% Confidence Intervals (CI) for intake by food 
group of the study subjects by gender 
 

 P < 0.05 variables were compared by Mann-Whitney tests.  
 N.S: not significant. 
 

6.4.9 Relationship between intake by food group and other factors 

Table 6.17 shows the association between intake by different food groups with 

socioeconomic factors and CVD risk factors in the study subjects.  

6.4.9.1 Relationship between intake by food group and socioeconomic status 

There were no associations with the five food groups and socioeconomic status in Saudi 

population living in Newcastle using multiple regression models. 

6.4.9.2 Relationship between intake by food group and CVD risk factors 

Multiple regression models were applied to examine the independent association of 

selected CVD risk factors with dietary intake in the five food groups identified in this 

study. In particular, the consumption of fish was positively associated with history of 

diabetes (P = 0.041) but it was negatively associated with history of hypertension (P = 

0.032). Consumption of fruit and vegetables was positively associated with smoking 

P 
Males Females Overall 

Dietary pattern 
95%  
CI 

Mean 
(g/d) n (%) 95% 

CI 
Mean 
(g/d) n (%) 95% 

CI 
Mean 
(g/d) n (%) 

N.S -1.1, 
6.1 2.5 2 (6) 1.3, 

8.7 5.1 10 (21) 1.4, 
6.6 4.02 12 (15) Nuts and seeds 

N.S 1.6, 
12.6 7.2 8 (25) 1.2, 

12.6 6.9 10 (21) 3.1, 
10.9 7.02 18 (22) Fish and sea-food 

N.S 111, 
206 159 27 (84) 120, 

190 155 42 (89) 129, 
184 156 69 (87) Fruit & Vegetables 

< 0.05 338, 
582 460 29 (91) 226, 

374 300 37 (79) 298, 
432 365 66 (83) Fast food  

< 0.05 63.9, 
171 117 18 (56) 103, 

217 160 33 (70) 103, 
182 143 51 (65) Traditional Saudi 

food 
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habits. Fast food consumption was negatively associated with age (P = 0.040) but 

positively associated with BMI (P = 0.038). Traditional Saudi food consumption was 

significantly positively associated with age (ß = 0.358, 95% CI 1.7, 20.9, P = 0.021), but it 

was negatively associated with history of hypertension (ß = - 0.234, 95% CI -301.8, -9.1, 

P = 0.038). 

 
Table 6.17: Association between intake by food group with socioeconomic factors 
and CVD risk factors in the study subjects as assessed by multivariate linear 
regression** 
 

ß and 95% CI are significant at P < 0.05, indicated in bold font. *Yes vs. No 
**All the socioeconomic and CVD risk factors were run in one multivariate model. 

 

Factors 
Nuts and seeds 

 
Fish and sea-

food 

 
Fruit & 

Vegetables 
Fast food 

 
Traditional Saudi 

food 
ß 95% CI ß 95% CI ß 95% CI ß 95% CI ß 95% CI 

Gender: 
Women 

 
0.130 

 
-3.6,9.7 

 
-0.010 

 
-10,9.3 

 
-0.132 

 
-103,34 

 
-0.434 

 
-423,-102 

 
0.188 

 
-27,162 

Men -0.083 -12, 5.7 0.015 -30, 34 0.009 100, 109 0.198 -1.1, 12 -0.111 -12,4.6 

Age (years) 0.013 -0.64, 1 0.153 -0.5,1.4 0.182 -2.8,11 -0.285 -31,0.91 0.358 1.7,20.9 

Education: 
High 

 
0.036 

 
-6.1,8.2 

 
0.060 

 
-7.7,13 

 
-0.193 

 
-14,135 

 
-0.039 

 
-144,204 

 
-0.144 

 
-167,38 

Low -0.145 -0.3,0.1 -0.013 -3.8,3.3 -0.069 -42,18.6 0.198 -1.1, 12 0.191 -6.9,144 
Monthly income:  
High 

 
0.222 

 
-0.6,6.6 

 
-0.229 

 
-10,1.56 

 
-0.180 

 
-64,11.5 

 
0.111 

 
-127,49 

 
0.132 

 
-24.7,79 

Low 0.002 -60.3,61 -0.040 -262,190 0.080 -47, 98 -0.107 -174, 60 0.194 28, 192 

BMI (kg/m2) -0.263 -1.4,0.1 -0.060 -1.3,0.8 -0.172 -12,2.8 0.213 -32.7,3 0.057 -8.4,13 

History of diabetes*  0.148 -7.7,25 0.278 1.1,49.2 0.054 -136,204 -0.062 -492,303 0.128 -199,350 

History of 
hypertension*  

-0.136 -14,7.3 -0.318 -40,-1.8 -0.002 -137,135 -0.070 -397,240 -0.234 -301,-9 

History of 
hypercholesterolemia*  -0.183 -26.7,5 -0.230 -44,2.3 -0.194 -287,41 0.066 -282,48 -0.040 -262,190 

Family history*  -0.147 -9.2,2.4 -0.111 -12,4.6 0.002 -60.3,61 -0.002 -143,140 0.123 -40,127 

Smoking status: 
Current smoker 

 
-0.102 

 
-8.7,3.6 

 
-0.105 

 
-13,5.1 

 
0.309 

 
18,147 

 
-0.036 

 
-173,127 

 
0.020 

 
-81,96.4 

Non smoker -0.100 -0.9,-0.1 0.021 -6.4,7.6 -0.011 -74, 66 0.132 87, 324 0.066 -282,48 
Physical activity* 
Active 

 
-0.199 

 
-9.3,1.2 

 
0.164 

 
-2,12.8 

 
-0.041 

 
-62.6,44 

 
-0.129 

 
-194,55 

 
-0.037 

 
-85.6,62 

Inactive 0.097 -0.2,0.6 0.132 -2.3, 13 -0.008 -69, 63 0.032 -151,220 -0.043 -125,78 
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6.5 Discussion 

This study investigated the dietary intake of Saudi adult students and their families 

residing in Newcastle, UK. Overall, there were noticeable variations of the sample 

participants; the number of total female participants was considerably higher than the total 

number of males. Moreover, the ratio of single females out of total females was smaller 

than that for males. Married couples constituted about one half of the total number of 

surveyed participants. The majority of participants from Saudi were students living for 

more than a year in Newcastle and attending Newcastle or Northumbria University or their 

families. Data information was collected from a sample of 79 subjects between 19-49 

years of age. In this study, the average BMI of total participants indicated that overweight 

or obesity was more frequent among male participants (53%) compared with female 

samples (39%), making them more vulnerable to CVD risk factors such as type 2 diabetes, 

hypertension and hypercholesterolemia. These results are in agreement with several 

studies, which show that male students were more commonly at the risk of obesity than 

female students. In Saudi Arabia, Abdel-Megeid et al. (2011) reported that the prevalence 

rate of overweight and obese men students was 23% and 7% compared with women 

students at 19% and 6%, respectively. In the United Arab Emirates a study by Musaiger et 

al. (2003), reported that the prevalence of obesity was 35.7% in male students and it was 

higher than in women. In contrast, only 7.9% in Iranian male students were above the 

normal BMI (Nojomi & Najamabadi, 2006). However, among Chinese students 

overweight with only 2.9% with very low percentage of obesity at 0.4 % (Sakamaki et al., 

2005b). Regarding blood pressure classification, 9% of women and 6% of men were 

classified as hypertensive (Table 6.4). A study by Irozusta et al. (2007) in University 

students in Spain, investigate a the relationship between the nutritional patterns of young 

students and health parameters related to CVD risk and reported that 30.6% of females and 

38.9% of males were pre-hypertensive whereas 1.4% of females and 19.4% of males were 

hypertensive.  

 

Related to their dietary habits, the results of this study showed that most women ate three 

meals per day while men ate once or twice daily. Breakfast remained the most skipped 

meal, dinner was the main meal (72%) in both genders and more than 90% reported that 

they ate regularly out of their home. Most participants were graduate students with a busy 

time schedule and little time to prepare food. Particularly, Saudi college students who 

move to live in a remote country away from their homes, adopt inappropriate eating habits 

reflecting an undesirable fast change in their traditional diet as well as their lifestyle 
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towards a pattern of global behaviour (El Qudah, 2008; Nasreddine et al., 2005; Popkin et 

al., 2005). However, 73% of participants were married and lived with their family, which 

probably contributed to retaining at least some food practice of their home country. In this 

study, 65% of the participants ate at least on one day from the three days record traditional 

Saudi food but 83% also ate fast food and men were more likely to consumption fast food 

than women. These finding are consistent with the results of similar studies in Asia (Pan et 

al., 1999) and Thailand (Sukalakamala & Brittin, 2006) were University students had 

increased consumption of American foods and decreased consumption of their traditional 

foods. Recent studies showed that the trend of fast food consumption had increasing 

among students (Bodur et al., 2010; Musaiger et al., 2011; Tayyem et al., 2008). There are 

several factors that contribute to increasing the consumption of fast food; being with 

friends, being away from home for many hours, cheap price, availability of fast foods and 

the limited choices of other foods in the Universities (Pei-Lin, 2004; Sakamaki, 2005a). 

 

There are only few publications which assessed dietary intake of adult temporal migration 

international students in UK, and no research particularly in Saudi men and women. The 

current study revealed that the mean energy intake of 2231 kcal /day was somewhat higher 

than UK EAR of 1940 kcal/day for women age 19-50 years, while in men the intake was 

2350 kcal /day which was lower than the UK EAR for 19-59 year 2550 kcal/day 

(Department of Health, 1991). A previous study by Anderson et al. (2005) reveled that in 

175 South Asian and Italian women living in Glasgow, the mean energy intake was 1722 

kcal/day which was lower than reported in the current study. However, it is important to 

highlight that Anderson et al. (2005) analyzed the dietary intake of subjects using a 7 day 

food record method which may have affected reporting levels. Energy intake from total fat 

(32.9%) in this study was lower than the 35% of daily energy recommended for health in 

the UK population (Department of Health, 1994). The percent of daily energy from fat 

intake estimated among migrant Saudi men (34.5%) was considerably lower than that 

reported by Miller et al. (1988) of Gujaratis and Muslim Bangladeshis males in London. 

Sevak et al. (1994) reported having a higher intake of energy from fat at 36% in Punjabi 

men, similar to the results of Anderson & Lean (1995), who reported among Sikh and 

Muslim men, which originating mostly from the Punjab and were resident in Glasgow, 

UK. Another study by Smith et al. (1993), reported that Muslim and Hindu men living in 

Bradford, UK consumed 38% and 42%, respectively of daily energy from fat. Anderson et 

al. (2005) observed higher percent of daily intakes of fat among women subjects at 39.2% 

compared with the 32% seen in the current study. However, it is difficult to compare 
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between the results of different studies due to the use different methodologies in addition 

to the different sample numbers and age groups. The major source of daily energy intake 

for participants in the current study was the carbohydrates (55%), followed by fat (33%) 

and protein (15%). This contribution to energy intake from macronutrients is not in line 

with general guidelines for food consumption; it is at the low end of recommendations for 

carbohydrate (between 55% and 75%), above the upper level for fat (between 15% and 

30%) and also at the upper level for protein (between 10% and 15%) (WHO, 2003). The 

diets of migrant Saudi men and women appeared to present high CVD risks, being higher 

in SFA and low in MUFA and PUFA, the latter for which were lower than the UK 

recommendation of the Department of Health (1991). In addition, the mean daily 

consumption of sodium intake was 3.1 g/day in the present study, which was twice the 

figure for the UK RNI for sodium. Several studies have been correlated high levels of 

sodium with hypertension and its contribution to increased CVD risk (du Cailar et al., 

2002; Sacks et al., 2001; Scientific Advisory Committee on Nutrition, 2003). Furthermore, 

8% for men and women were classified as having hypertension. A positive correlation was 

found between sodium intakes and blood pressure (r = 0.242, P = 0.032). Also, the results 

showed that participants’ diet might be at the risk of low intake of omega 3 and omega 6 

fatty acids. The mean daily intake of total omega 3 fatty acids and omega 6 fatty acids for 

women were 0.72 g/day and 3.9 g/day, respectively; 0.88 g/day and 3.4 g/day, respectively 

for men. To the researcher’s knowledge, no published data are available on the dietary 

intake of omega 3 and omega 6 fatty acids in Saudi international immigrants. Results from 

the food group intake (Section 6.4.8) support the findings of the low dietary intake of 

omega 3 fatty acids, as only 22% of the Saudi subjects reported the intake of fish and sea-

food with an average of only 7 g/day per person for this food group. For fruit and 

vegetables 87% reported consuming these foods at least on one day from the three days 

record, although the mean intake was 156 g/day per person which is below the current 

dietary recommendations of at least five portions of fruit and vegetables per day, 

equivalent to 400 g/day (WHO, 2003) for the prevention of chronic diseases such as heart 

disease, cancer, diabetes and obesity.  

  

Changes in the lifestyles of Saudis who study abroad, particularly their dietary habits are 

normally attributed to their acculturation and integration into the community they have 

moved to, where all participants in the study were residing in the UK for more than one 

year. Change in the availability of certain food items is related to modifications in their 

food consumption and dietary intake. A number of studies have revealed that dietary 
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habits are expected to alter to a more westernised diet or in favour of a mixed food diet at 

the expense of a traditional diet (Gilbert & Khokhar, 2008). Subsequently, in this study, 

fast food consumption was higher than expected for adults in Saudi Arabia and this was 

accompanied by a decrease in traditional food consumption especially in male subjects. 

Such findings reveal that the Saudi students who migrate adopt the consuming habits of 

the cuisines and the foods that are available to them in the new environment which they 

moved to. In spite of this change, the overall decrease in the consumption of the traditional 

food was less observed among married couples than among single students. This can be 

ascribed to the skills of cooking since some students may lack the necessary skills that can 

enable them to prepare their own foods (Brunt & Rhee, 2008) because they have left their 

family homes and took on the responsibility of purchasing and preparing their foods 

possibly for the first time in their lives (Papadaki & Scott, 2002). Another challenge that 

international students encounter is the unavailability of the traditional foods when they 

move to live in the UK. In addition, other factors such as the limited time of the students, 

and the lack of experience of shopping and preparing foods may come into play and make 

them unable to maintain their consumption of traditional foods (Greaney et al., 2009).   

6.6 Summary and conclusions 

The aims of this part of the study were achieved: 

• Complete information was available for 79 participants 32 men (41%) and 47 

women (59%). The mean (SD) ages of the women were 28.8 (4.96) years and men 

were 30.9 (6.27) years.  

• The majority of men and women reported as medium socioeconomic status, with 

89% of women and 59% of men. 

• There were no significant differences between men and women in BMI 

classification, diabetes, high blood cholesterol, high blood pressure (P > 0.05).  

• Physical activity was low in 72% of men and 92% of women.  

• Smoking was more prevalent in men (56%) than women (6%).  

• The results show marked differences in diet composition between men and women 

which may affect CVD risk. Men had significantly higher dietary intakes than 

women with respect to total fat, cholesterol and zinc (P < 0.05).  

• The mean daily intake of total omega 3 fatty acids was 0.72 g/day for females and 

0.88 g/day for males. No differences were observed between gender in total omega 

3 fatty acids and total omega 6 fatty acids. However, there was a statistically 

significant difference in the mean total daily intake of trans fatty acids. 
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• There were no association with energy, carbohydrates, SFA, MUFA and PUFA 

intakes and CVD risk factors.  

• There were relationship between both dietary total omega 3 intakes and ALA 

intakes with age (P < 0.05) and with BMI (P < 0.05).  

• Based on food group consumption on data, men consumed a diet that was 

relatively high in fast food compared with women.  

• There was a statistically significantly positively associated between fast food with 

BMI, but negatively associated with age. 
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Chapter 7 

Comparison of the Dietary Patterns of Saudi Populations from different 

Geographical locations (Coastal and Internal Cities) in the Western Region 

of Saudi Arabia 

7.1 Introduction 
The significance of diseases that are related to diet has become greater than before over 

the last three decades (Moynihan, 2005; Watt & Sheiham, 1999). Musaiger (2002) argues 

that hypertension, diabetes mellitus, obesity, CVD and other chronic diseases that are 

related to diet have turned to be the major problem in the Arabian Gulf countries. Gender, 

age, media, socioeconomic status, and cultural aspects also have their effects on dietary 

patterns. In Saudi Arabia, there has been a significant change in disease trends due to the 

change in the lifestyle and dietary habits. For instance, in Saudi Arabia, adult and children 

eating behaviour have altered from a conventional diet that is characterized by low 

cholesterol and fat, and high fibre content to a diet which is similar to western diets that 

have high amounts of sodium, fat and cholesterol (Abahussain, 1999; Al Herbish, et al., 

1996). Al Hazmi and Warsy (1999) mentioned that there has been a dramatic increase in 

daily individual consumption of fat in many countries in the Middle East. This ranges 

from 13.6% in the Sudan to 143.3% in Saudi Arabia (Shara, 2010). Research conducted by 

Magbool (1993) and Musaiger (2002) revealed that the data collected on food composition 

in this region reflects a high percentage of sodium content in the diets of  Middle Eastern 

Arab countries. At present, the data is limited relating to the risk factors of CVD and diets 

of both Saudi men and women. Furthermore, much of the data is unknown as regards to 

individuals who come from various socioeconomic backgrounds and regions across the 

country, and with respect to their effects on diet. In view of the increase of CVD risk 

factors within this population group, there is a need for further investigation into health 

problems in the future.  

The effects of diets containing sources rich in omega 3 fatty acids and their impact on 

CVD risk factors has been of interest over the last two decades (Lavie et al., 2009). As far 

as this researcher is aware, there is little published data available on the dietary intake of 

omega 3 fatty acids in both men and women in Saudi Arabia. Moreover, hardly any 

research has been carried out on the effects of geographic location on the consumption of 
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omega 3 fatty acids in the other Arabian coastal countries. In addition, to ascertaining 

which food group contributes to a dietary pattern associated with CVD risk factors. It is 

important to collect detailed information about dietary patterns to assess the impact of 

dietary intake on the development of CVD. Therefore, this study was designed to 

investigate dietary intake, including omega 3 fatty acids, from two sample group of adults 

living in different geographic locations: one being Jeddah, a coastal city and the other, 

Makkah, which was considered representative of the interior area. According to the 

Ministry of Health for Saudi Arabia, the population in the coastal city of Jeddah consumes 

more fish in their diet and has a relatively lower death rate from CVD compared with the 

population of the inland city of Makkah (Health Statistical Year Book, 2009). Health 

statistics have revealed that 10% of the total deaths in Jeddah and 18% in Makkah were 

due to CVD (Health Statistical Yearbook, 2003). 

7.2 Study aims and objectives 

 7.2.1 Aims 

• To compare the dietary intake of the Saudi population living in the western 

coastal area of Saudi Arabia with those living in the internal area of the country.  

• To compare the intake of omega 3 fatty acids of Saudi population living in the 

western coastal areas of Saudi Arabia with those living in internal area of the 

country.  

7.2.2 Objectives 

• To compare and report any significant differences between the intakes of men 

and women in these two cities in the daily energy intake and the daily intake of 

the following macronutrients: protein, fat, SFA, MUFA, PUFA and carbohydrate, 

fibre, cholesterol, calcium, iron, magnesium, sodium, potassium, zinc, vitamin C, 

vitamin E, vitamin A and selenium.  

• To compare and report any significant differences between the intakes of men 

and women in these two cities in the daily intake of the following fatty acids: LA, 

ALA, total trans fatty acid, AA, EPA and DHA. 

• To compare and report any significant differences between CVD risk factors and 

the socioeconomic characteristics in the study population. 

• To compared and report any significant differences between food groups (nuts 

and seeds, fish, fruit and vegetable, fast food and traditional Saudi food) among 

the study subjects. 



148 
 

7.3 Methods 

7.3.1 Study subjects 

Participants in this study were recruited from King Abdul Aziz University, Jeddah and 

Umm Al Qura University, Makkah, in the western region of Saudi Arabia. All participants 

were working in all occupations in their respective universities and the study sampled both 

men and women without overt CVD within an age range of 18 to 65 years. After the 

research was approved by the committee, the researcher travelled twice to Saudi Arabia to 

collect the data. It took approximately three months to administer the surveys and collect 

the data from the participants from July to September 2010 and 2011. A potential 

participant was sent a letter of invitation from the general practice from the Employee 

Affairs Director within both universities. The total number of the employee who 

distributed the questionnaire was 400, 229 were completed and interviewed, 100 

completed the survey from Jeddah and 129 participants completed the survey from 

Makkah (Chapter 3). 

7.3.2 Demographic and anthropometric information 

Each participant was asked to complete an interviewer administered questionnaire 

concerning demographic characteristics, including five sections, general information, 

medical information, social habits, dietary habits and food diary. The questionnaire 

designs and the anthropometric information were described previously in the methods 

chapter 3.  

7.3.3 Dietary assessment 

The subjects were asked to complete a three day estimated food diary on three consecutive 

days, two week days with one weekend day and were interviewed to clarify the 

information in the diary. The researcher met the subjects in any available place in the 

university and explained to the subjects how to complete the food diary and asked them to 

carry the food diary with them all the time during the three days. The researcher asked the 

subjects to record everything they ate or drank and to write down the amount of food or 

drink consumed using household measures (for example, plates, glasses, spoons). The 

importance of not changing their dietary pattern during the collection period was stressed. 

The interviews were undertaken on the first week day following completion of the food 

diaries in order not to compromise the subjects’ ability to remember their dietary 

consumption. The interview was used to clarify the types and amounts of foods and drinks 

consumed over three days. The interview took place on an individual basis and where 

appointments were held at college or workplace a private room was made available. All 
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information that was provided by the subjects was kept confidential. Participants were 

thanked for their co-operation and for participating in the study. Nutritional analysis was 

then carried out, as described in Chapter 3.6. 

7.3.4 Statistical analysis  

Following descriptive analysis, all questionnaire data were analysed using SPSS for 

Windows, version 19 (SPSS Inc., Chicago, IL, USA), with Chi square analysis, to 

determine if there were a statistically significant difference in the responses for different 

groups. The data were also analysed by same gender (Chi square analysis). The statistical 

significance level was set at 5% (P < 0.05). Comparisons between cities were carried out 

using in-dependent t tests. Comparisons between cities in nutrient intakes were adjusted 

by age, gender using regression analysis. Correlation coefficients and their probability 

levels were obtained from linear regression analyses. Stepwise multiple regression 

analysis was used to select significant covariates (P < 0.05) for each dietary intake 

between both cities. Several recent studies indicate that age, gender, BMI, WHR, diabetes, 

hypercholesterolemia, hypertension, socioeconomic status (educational status and/or 

monthly income), smoking and physical activity were shown to correlate with nutrient 

intake (Perk et al., 2012; Verschuren, 2012; Yen et al., 2010). Variables which were 

statistically significantly associated with dietary intake at the 5% level were selected. 

Therefore, it was decided that multivariate general linear model analysis was carried out 

using dietary intake as the dependant variables and age, gender, BMI, smoking and 

physical activity as the covariates.    

7.4 Results 

7.4.1 Demographic data 

7.4.1.1 Age and gender 

The characteristics of the study population appear in Table 7.1. Among the 229 adults who 

participated in the study, the total number of women was 106 (46%) and 123 (54%) were 

men. The mean (SD) age of women population was 32.1 (8.01) years old and for men it 

was 32.3 (8.71) years old with no significant differences between cities. The sample was 

divided into four categories. The majority 53% in Jeddah and 49% in Makkah samples 

were aged between 18 - 30 years old. About 32% in Jeddah and 35% in Makkah between 

31- 40 years, 12% of participants Jeddah and 11% in Makkah were between 41 - 50 years, 

whereas those aged between 50 - 65 years constituted 3% and 5% of the sample. 
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Table 7.1: Distribution of respondents by site, gender and age 

 
 
 

Site 

 
Females 
(n = 106) 

 
Males 

(n = 123) 
 

 
 
 

Total of 
229  

18-30 
n (%) 

 
31-40 
n (%) 

 
41-50 
n (%) 

 
51-65 
n (%) 

 
18-30 
n (%) 

 
31-40 
n (%) 

 
41-50 
n (%) 

 
51-65 
n (%) 

 
Jeddah 

 

 
23 (23) 

 
19 (19) 

 
8 (8) 

 
- 

 
30 (30) 

 
13 (13) 

 
4 (4) 

 
3 (3) 

 
100 

 
Makkah 

 

 
31 (24) 

 
15 (12) 

 
8 (6) 

 
2 (2) 

 
33 (25) 

 

 
30 (23) 

 
6 (5) 

 
4 (3) 

 
129 

 

Table 7.2 summarizes the demographic characteristics of all study participants (both 

gender) in their respective cities. 

7.4.1.2 Education status 
With respect to the education level of men and women in both cities, the majority of 

subjects (98%) had completed a basic primary school level education or above, while 2% 

were illiterate. There were significant differences between cities in terms of education 

level (χ2 = 10.546, P = 0.030) whereas, no significant differences in the same gender in 

both cities. Figure 7.1 shows the education level distribution of all study participants. 

7.4.1.3 Monthly income 
Current monthly incomes of 21%, 32% of the Jeddah and Makkah participants, 

respectively, were in the 1RS - 3000RS range, whereas 33%, 16% were in the 3001RS - 

6000RS range, and 10%, 16% had a monthly income more than 12000RS. Statically 

significant differences occurred between Jeddah and Makkah in monthly income (χ2 = 

12.303, P = 0.010). Furthermore, there were no significant differences in monthly income 

between females of both cities, whereas in males monthly income was significantly higher 

in Makkah (P < 0.05). Figure 7.2 provides monthly incomes (RS) distribution of all study 

participants. 

7.4.1.4 Marital status 
Of the study population, 53% were married (coastal city 52% and internal city 53%). 

Approximately 45% were single (coastal city 46% and 45% internal city), and only 2% in 

both cities were widowed or divorced. There were no significant differences according to 

cities in marital status (P = 0.950). Figure 7.3 presents marital statuses distribution of all 

study participants. 
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7.4.2 Socioeconomic factor 

The majority of participants had a medium socioeconomic status in both areas (63% for 

Jeddah samples and 50% for Makkah samples). 19% of participants had high 

socioeconomic status in Jeddah, with 31% for Makkah. The chi-square test did not show 

any significant differences between cities (χ2 = 4.233, P = 0.120). 

 

Table 7.2: Comparison of demographic characteristics of subjects Jeddah and 
Makkah by gender 
 

 
 

Characteristics 

 
Females  

n (%) 

 
Males  
n (%) 

 
Jeddah 

 
Makkah χ2 P  

Jeddah 
 

Makkah 
χ2 P 

 
Education 

      
  

Illiterate 1 (1) -  
 

6.529 

 
 

N.S 

1 (1) -  
 

4.045 

 
 

N.S 
Writing & Reading 2 (2) - - - 
Primary 2 (2) - 1 (1) - 
High School 11 (11) 10 (8) 23 (23) 28 (22) 
University or Above 34 (34) 46 (35) 25 (25) 45 (35) 
 
Monthly income (RS)*   

  
  

  

1 – 3000 8 (8) 20 (15)  
 

8.403 

 
 

N.S 

13 (13) 22 (17)  
 

13.158 

 
 

< 0.05 
3001 - 6000 13 (13) 11 (8) 20 (20) 10 (8) 
6001 – 9000 18 (18) 13 (10) 5 (5) 10 (8) 
9001 – 12000 9 (9) 6 (5) 4 (4) 17 (13) 
More than 12000 2 (2) 6 (5) 8 (8) 14 (11) 
 
Marital status   

  
  

  

Single 16 (16) 24 (19)  
1.329 

 
N.S 

30 (30) 34 (26)  
2.143 

 
N.S Married 32 (32) 30 (23) 20 (20) 39 (30) 

Widowed or Divorced 2 (2) 2 (2) - - 
 
Socioeconomic status    

 
 

2.390 

 
 
 

N.S 

   
 
 

11.361 

 
 
 

< 0.05 

 
Low 

 
8 (8) 

 
4 (3) 

 
10 (10) 

 
21 (16) 

 
Medium 

 
31 (31) 

 
41 (32) 

 
32 (32) 

 
23 (18) 

 
High 11 (11) 11 (8) 8 (8) 29 (23) 

  N.S: not significant. 
  *Riyal Saudi (currency 5.83 RS = 1£). 
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Figure 7.1: Education level distribution of all study participants (% illiterate, writing 
& reading, primary, high school, university or above) 

 

 

 

Figure 7.2: Monthly income (RS) distribution of all study participants (% 1-3000, 
3001-6000, 6001-9000, 9001-12000, more than 12000) 
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Figure 7.3: Marital status distribution of all study participants (% single, married, 
widowed) 

 

 

7.4.3 Anthropometric data 

On average, male participants were taller and heavier than female participants (Table 7.3). 

Of the 229 respondents, the mean (SD) BMI was 25.7 (3.08). In Jeddah and in Makkah the 

BMI was 25.1 (2.76) and 26.2 (3.21), respectively. In-dependent samples t test revealed 

there were significant differences between Jeddah and Makkah participants in BMI (P = 

0.008). Differences in BMI were confirmed between females of both cities (P < 0.05).  

The mean (SD) for WC in females from Jeddah, females from Makkah, males from 

Jeddah and males from Makkah was 87.4 (7.2), 86 (10.03), 89.3 (11.7) and 91.5 (8.96) 

cm, respectively. There were significant differences between males from Jeddah and 

Makkah in WC (P < 0.05). With respect to WHR, differences were only found to be 

significant between males (P < 0.05), but not between female participants. The mean (SD) 

WHR for females from Jeddah, females from Makkah, males from Jeddah and males from 

Makkah was 0.86 (0.04), 0.86 (0.06), 0.97 (0.1) and 1 (0.07) cm, respectively. Females in 

Makkah had a greater mean percentage of body fat (34%) compared to females in Jeddah 

(32%). Table 7.3 summarizes the anthropometric measurements of all study participants 

(both gender) in their respective cities. 

7.4.4 Comparison of cardiovascular risk factors between cities 

The prevalence of cardiovascular risk factors among males and female in their respective 

cities is shown in Table 7.4. 
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Table 7.3: Comparison between anthropometric measurements of Jeddah and 
Makkah subjects by gender 

 
 

Variables 

 
Females 

 mean (SD) 
 

 
Males 

 mean (SD) 

 
Jeddah 

 
Makkah 

 
P 

 
Jeddah 

 
Makkah 

 
P 

 
Height (cm) 

 
160 (5.80) 160 (6.20) 

 
N.S 173 (5.47) 171 (4.35) 

 
< 0.05 

 
Weight (kg) 

 
63.9 (7.28) 66.8 (11.40) 

 
N.S 75.3 (9.87) 76.1 (7.86) 

 
N.S 

 
BMI (kg/m2) 

 
25 (2.41) 26.7 (3.94) 

 
< 0.05 25.04 (3.01) 25.90 (2.49) 

 
N.S 

 
BMR (kcal /d) 

 
1388 (76.5) 1414 (97.40) 

 
N.S 1527 (100) 1521 (67.90) 

 
N.S 

 
WC (cm) 

 
87.4 (7.22) 86 (10.03) 

 
N.S 89.3 (11.71) 91.5 (8.96) 

 
< 0.05 

 
HC (cm) 

 
101 (5.97) 99.8 (7.78) 

 
N.S 91.9 (7.21) 91.4 (5.57) 

 
N.S 

 
WHR (cm) 

 
0.86 (0.04) 0.86 (0.06) 

 
N.S 0.97 (0.11) 1 (0.07) 

 
< 0.05 

 
Body fat (%)* 
 

32.1 (4.01) 34.1 (6.26) 
 

< 0.05 20.9 (4.81) 22.5 (4.39) 
 

N.S 

 
TSF (mm) 

 
19.1 (2.41) 19.3 (2.26) 

 
N.S 12.2 (3.54) 12.4 (2.57) 

 
N.S 

 
AC (cm) 

 
30.4 (2.21) 30.2 (2.70) 

 
N.S 28.7 (3.01) 27.7 (2.17) 

 
N.S 

 
AMC (cm) 

 
24.4 (1.96) 24.1 (2.19) 

 
N.S 24.8 (2.30) 23.8 (1.69) 

 
< 0.05 

BMI: Body Mass Index. BMR: Basal Metabolic Rate. WC: Waist Circumference. HC: Hip Circumference. WHR: Waist: Hip Ratio. 
TSF: Triceps Skin-fold. AC: Arm Circumference. AMC: Arm Muscle Circumference. P < 0.05, t test was used to compare cities, N.S: 
not significant. * Calculated from TSF (Durnin & Womersley, 1974).  
 
 

7.4.4.1 Obesity 
BMI values ranged from 17 to a maximum of 42.5 kg/m2 in both areas. Overall, 55% of 

the participants were deemed overweight or obese (42% coastal area vs. 66% internal 

area). BMI classification was highly significantly different between two cities (χ2 = 

13.076, P = 0.004). Differences were also found between females and males (P < 0.05) 

(Table 7.4). In the study sample, about 25% of participants from Jeddah and 29% from 

Makkah could therefore be defined as high risk WC. High risk WC was defined as > 88 

cm and > 102 cm for females and males, respectively (Molarius et al., 1999). The optimal 

cuts off values of WHR were < 0.80 for women and < 0.95 for men (Lean et al., 1995). 

With respect to WHR, 20% and 24% from both areas (Jeddah and Makkah, respectively) 

were defined as non-obese. There were no significant differences found when comparing 

between the two populations in terms of WC and WHR (P > 0.05; t test).  
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Table 7.4: Comparison of prevalence of cardiovascular risk factors of Jeddah and 
Makkah subjects by gender 
 
 

Risk factors 

 
Females  

n (%) 

 
Males  
n (%) 

 
Jeddah 

 
Makkah χ2 P  

Jeddah 
 

Makkah 
χ2 P 

 
BMI Classification         

 
Underweight 

 
- 

 
1 (1) 

 
 

8.57 

 
 

< 0.05 

 
1 (1) 

 
- 

 
 

5.913 

 
 

< 0.05 Normal  29 (29) 17 (13) 28 (28) 26 (20) 
Overweight  19 (19) 31 (24) 17 (17) 41 (32) 
Obese  2 (2) 7 (5) 4 (4) 6 (5) 

 
Diabetes*         

 
Normal    

 
42 (42) 

 
50 (39) 

 
0.644 

 
N.S 

 
47 (47) 

 
64 (49) 

 
1.350 

 
N.S 

Diabetic 8 (8) 6 (5) 3 (3) 9 (7) 
 
High blood cholesterol*         

 
Normal 

 
43 (43) 

 
49 (38) 

 
2.861 

 
N.S 

 
45 (45) 

 
63 (49) 

 
2.106 

 
N.S 

Hypercholesterolemia 7 (7) 7 (5) 5 (5) 10 (8) 
 
High blood pressure*        

 
Normal 

 
36 (36) 

 
50 (39) 

 
5.156 

 
< 0.05 

 
46 (46) 

 
65 (50) 

 
3.226 

 
N.S 

Hypertension 14 (14) 6 (5) 4 (4) 8 (6) 
 
Heart disease*         

 
Normal  

 
43 (43) 

 
54 (42) 

 
3.697 

 
N.S 

 
48 (48) 

 
72 (56) 

 
0.863 

 
N.S 

Heart disease 7 (7) 2 (1) 2 (2) 1 (1) 
 
Family history:         

 
Diabetes 

 
27 (27) 

 
36 (28) 

 
0.264 

 
N.S 

 
25 (25) 

 
37 (29) 

 
3.870 

 
< 0.05 

Heart diseases 8 (8) 8 (6) 3 (3) 10 (8) 
 
Smoking status         

 
Non-smoker   

 
46 (46) 

 
38 (29) 

 
 
 

8.661 

 
 
 

< 0.05 

 
15 (15) 

 
13 (10) 

 
 
 

15.276 

 
 
 

< 0.05 
Ex-smoker - - 5 (5) 14 (11) 
Current (<20cigarette) 1 (1) 3 (2) 20 (20) 20 (15) 
Current (>20cigarette) - 1 (1) 5 (5) 25 (19) 
Shisha 3 (3) 14 (11) 5 (5) 19 (15) 

 
Physical activity         

 
Inactive 

 
39 (39) 

 
52 (40) 

 
 

9.186 

 
 

< 0.05 

 
23 (23) 

 
46 (36) 

 
 

12.970 

 
 

< 0.05 Moderately active 10 (10) 3 (2) 17 (17) 21 (16) 
                Active 1 (1) 1 (1) 10 (10) 6 (5) 
N.S: not significant. * Self-reported. 
 

7.4.4.2 Personal medical history  
Among respondents, 11% compared with 12% having diabetes, 12% compared with 13% 

reported having hypercholesterolemia, 18% compared with 11% having hypertension and 

subjects having heart disease 9% compared with 2%  from the total population in Jeddah 

and Makkah, respectively. No differences in self-reported diabetes (P = 0.490), 

hypercholesterolemia (P = 0.060) and heart disease (P = 0.07) were observed among 

adults between the two cities. However, significantly more women in the Jeddah self-

reported high blood pressure compared with women in Makkah (χ2 = 5.156, P < 0.05). 

Figure 7.4 presents personal medical conditions distribution of all study participants. 
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7.4.4.3 Family history 
The prevalence of diabetes in any first degree relative (father, mother or both parents) was 

52% in Jeddah samples and 57% in Makkah samples, while heart disease was reported at 

11% in Jeddah and 14% in Makkah. Figure 7.5 shows family history distribution of all 

study participants.  

7.4.4.4 Smoking habits 
Smoking cigarettes presently or in the past was different in each region (Jeddah, 31% and 

Makkah, 48%), as was smoking shisha (8% in Jeddah and 26% in Makkah). Only 

participants from Makkah smoked both cigarettes and shisha (17% participants). 61% of 

respondents in Jeddah and 39% in Makkah stated that they had never smoked. There were 

highly significantly differences between cities in terms of smoking habits for all 

participants (χ2 = 26.742, P < 0.001), as well as for women (χ2 = 8.661, P < 0.05) and men 

(χ2 = 15.276, P < 0.05). Figure 7.6 shows the smoking status distribution of all study 

participants. 

7.4.4.5 Physical activity 
In total of the 229 participants, 71% reported a low level of physical activity with 62% in 

Jeddah and 76% in Makkah. In contrast, 29% had medium or high level of physical 

activity. Male participants reported engaging in more physical activity than females. 

Moreover, the level of physical activity was statistically different between the two cities 

(χ2 = 12.739, P = 0.005), and females from Jeddah had a greater percentage of activity 

(11%) than females from Makkah (3%) (P < 0.05), while males from Makkah had a 

greater percentage of inactivity than males from Jeddah (36% vs. 23%) (P < 0.05). Figure 

7.7 illustrates the physical activity distribution of all study participants. 
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Figure 7.4: Personal medical conditions distribution of all study participants (% 
obesity, high blood pressure, high blood cholesterol, diabetes, heart disease) 

 

 

 

Figure 7.5: Family history distribution of all study participants (% heart disease, 
diabetes) 
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Figure 7.6: Smoking status distribution of all study participants (% non-smoker, ex-
smoker, current < 20 cigarette, current > 20 cigarette, shisha) 

 

 

Figure 7.7: Physical activity distribution of all study participants (% active, 
moderately active, inactive) 

 

 

7.4.5 Dietary data 

7.4.5.1 Dietary habits 

Table 7.5 shows dietary habits of both men and women in their respective cities. The 

majority of participants ate three meals per day (69% of the population in the coastal area 

and 75% in the internal area). The main meal was lunch for 86% of the population in 
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Jeddah, and 83% for those in Makkah. The frequency of daily breakfast consumption was 

38% for Jeddah and 49% for Makkah. There were significant differences between females 

from Jeddah and females from Makkah in eating breakfast (P < 0.05). Most of the 

participants (89% in the coastal city and 93% the internal city) ate food outside their home 

at some time during the week with more females in Makkah reporting eating out (χ2 = 

10.413, P < 0.05). 

 
Table 7.5: Comparison of prevalence of dietary habits between Jeddah and Makkah 
subjects by gender 
 
 
 

Eating patterns 

 
Females  

n (%) 

 
Males  
n (%) 

 
Jeddah 

 
Makkah χ2 P  

Jeddah 
 

Makkah 
χ2 P 

 
Meals (no./day):         

 
1 or 2 

 
10 (10) 

 
18 (14) 

 
 
 

1.999 

 
 
 

N.S 

 
19 (19) 

 
11 (8) 

 
 
 

8.382 

 
 
 

< 0.05 
 
3 or 4 

 
39 (39) 

 
37 (29) 

 
30 (30) 

 
60 (46) 

 
More than 5 

 
1 (1) 

 
1 (1) 

 
1 (1) 

 
2 (2) 

 
Main meal:     
 
Breakfast 

 
1 (1) 

 
5 (4) 

 
 
 

2.540 

 
 
 

N.S 

 
4 (4) 

 
9 (7) 

 
4.225 

 
N.S 

 
Lunch 

 
46 (46) 

 
46 (35) 

 
40 (40) 

 
62 (48) 

 
Dinner 

 
13 (13) 

 
13 (10) 

 
18 (18) 

 
25 (19) 

 
Eating breakfast:     
 
Daily 

 
12 (12) 

 
26 (20) 

 
 
 

6.486 
 

 
 
 

< 0.05 

 
26 (26) 

 
38 (29) 

 
 
 

0.885 

 
 
 

N.S 
 
Sometimes 

 
27 (27) 

 
24 (18) 

 
22 (22) 

 
33 (26) 

 
Never 

 
11 (11) 

 
6 (5) 

 
2 (2) 

 
2 (2) 

 
Eating outside (per 
week): 

    

 
Never 

 
5 (5) 

 
5 (4) 

 
 
 
 

10.413 

 
 
 
 

< 0.05 

 
6 (6) 

 
3 (3) 

 
 
 
 

4.633 

 
 
 
 

N.S 

 
Once or twice 

 
39 (39) 

 
30 (23) 

 
22 (22) 

 
36 (28) 

 
Three or four times 

 
6 (6) 

 
16 (12) 

 
13 (13) 

 
26 (20) 

 
More than four 
times 

 
- 

 
5 (4) 

 
9 (9) 

 
8 (6) 

N.S: not significant 

 

7.4.5.2 Nutrient intake 

7.4.5.2.1 Intake of energy, macronutrients, cholesterol and fibre 
There were marked differences in the comparison of macronutrient between the coastal 

and internal areas, reflecting differences in overall dietary patterns. Energy intake for 

Makkah samples was higher than Jeddah samples (P < 0.001) (Table 7.6 and 7.7). The 



160 
 

mean (SD) energy intake of females from Jeddah, females from Makkah, males from 

Jeddah and males from Makkah was as follows: 2051 (373), 2295 (251), 1959 (265), and 

2256 (208) kcal/day, respectively. For individuals aged 19 to 59, the UK EAR is 1940 

kcal/day for women and 2550 kcal/day for men. On average all men in the study were 

consuming below the recommended levels for energy. Total fat provided 36% and 33% of 

total energy for city inhabitants in Jeddah and Makkad, respectively (P < 0.001). Energy 

from SFA were significantly different between Jeddah and Makkah subjects with 12.4% 

and 14.4%, respectively (P < 0.001). Both MUFA intake and PUFA intake were higher in 

Jeddah participants compared to Makkah participants. The percentage energy from MUFA 

in Jeddah was 12.4% and 8.8% in Makkah (P < 0.001). The percentage energy from 

PUFA intake was 6.9% and 3.1% for inhabitants of Jeddah and Makkah, respectively (P < 

0.001) (Tables 7.6 and 7.7). Dietary cholesterol intake was similar across the two cities. 

Intake of protein from total energy was lowest for Makkah (15.2%), compared with 16.4% 

in Jeddah (P < 0.05), as illustrated in Table 7.6 and 7.7.  The percent energy from 

carbohydrates of Makkah subjects was higher than that of Jeddah subjects. Females in 

Makkah had the highest intake of total carbohydrate 56%, in contrast to 51% for females 

in Jeddah. Significant differences were observed within the same gender (P < 0.001) and 

also appeared between cities (P < 0.001). Table 7.6 demonstrates that the carbohydrate 

had the largest contribution (53%) to total daily energy intake for all 229 participants 

compared with fat (34%) and protein (16%).    

 

It appears that the mean for fibre intake was below the recommended level. The mean 

(SD) of fibre intake among all 229 subjects was 9.4 (4.16) g/day. More specifically, the 

mean fibre intake for females from Jeddah, females from Makkah, males from Jeddah and 

males from Makkah was as follows: 11.3 (5.53), 8.9 (2.62), 8.8 (4.16) and 8.9 (3.69) 

g/day, respectively. After adjustment for age and gender, multiple linear regression 

analysis revealed there were significant differences between two cities (P < 0.05). 
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Table 7.6: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily energy intake and daily intake of macronutrients of subjects by city 

P** 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah  
Overall 

Nutrient 
95% 
CI Median Mean 

(SD) 95% CI Median Mean 
(SD) 95% CI Median Mean   

(SD) 

 
< 0.001 

 
9.38, 
9.72 

9.4 
 

9.5 
(9.61) 

 
8.15, 
8.69 

8.1 
 

8.4 
(1.36) 

 
8.8, 
9.2 

9.07 
 

9.1 
(1.28) 

 
Energy (MJ/d) 

 
< 0.001 

 
2233, 
2312 

2233 
 

2273 
(228) 

 
1941, 
2070 

1941 
 

2005  
(325) 

 
2116, 
2195 

2153 
 

2156 
(304) 

Energy (kcal/d) 

 
N.S 

 
80.5, 
85.7 

82.5 
 

83.1 
(14.94) 

 
76.09, 
84.3 

77.3 
 

80.2  
(20.8) 

 
79.5, 
84.2 

80 
 

81.8 
(17.8) 

Total fat (g/d)         

< 0.001   32.9   35.8   34.1 %  of daily energy  

 
< 0.001 

 
34.8, 
37.7 

36.5 
 

36.3 
(8.20) 

 
25.9, 
29.6 

26.4 
 

27.8 
(9.2) 

 
31.3, 
33.8 

32.6 
 

32.6 
(9.61) 

SFA (g/d)      

< 0.001   14.3   12.4   13.5 % of daily energy 

 
< 0.001 

 
21.1, 
23.1 

22.7 
 

22.1 
(6.12) 

 
25.1, 
28.1 

26.5 
 

26.5* 
 

 
22.4, 
24.7 

24.2 
 

23.7* 
 

MUFA (g/d)        

< 0.001   8.8   12.4   10.3 %  of daily energy  

 
< 0.001 

 
7.5, 
8.4 

8 
 

7.9 
(2.43) 

 
14.2, 
16.65 

15.3 
 

15.4  
(6.12) 

 
10.4, 
11.9 

10 
 

11.2 
(4.77) 

PUFA (g/d)          

< 0.001   3.1   6.9   4.78 % of daily energy  

 
N.S 

 
238, 
266 

248 
 

252 
(80.03) 

 
237, 
276 

251 
 

256  
(98) 

 
242, 
265 

248 
 

254 
(88.16) 

 
Cholesterol 
(mg/d) 

N.S 
 

83.3, 
89.1 

84.8 
 

86.2 
(16.79) 

 
78.4, 
85.6 

79.4 
 

82.09  
(18.13) 

 
82.1, 
86.7 

83.7 
 

84.4 
(17.48) 

Protein (g/d) 

< 0.05   15.2   16.4   15.7 % of daily energy  

< 0.001 
 

307, 
322 

315 
 

315 
(42.67) 

 
243, 
262 

250 
 

252  
(49.7) 

 
280, 
295 

286 
 

288 
(55.27) 

 
Carbohydrates 
(g/d) 

< 0.001   55.3   50.4   53.2 %  of daily energy  

< 0.05 
 

8.3, 
9.5 

 
8.3 8.9 

(3.26) 
9.09, 
11.09 9.4 10.09  

(5.04) 
8.9, 
9.9 8.9 

 
9.4 

(4.16) 
 

Fibre (g/d)    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
*Geometric means. ** P-values were significant using general linear regression, which were adjusted for age and gender. 
N.S: not significant. 
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Table 7.7: Comparison of daily energy intake and daily intake of macronutrients 
between Jeddah and Makkah subjects by gender 

Nutrient 

 
Females 

 mean (SD) 

 
Males  

mean (SD) 
 

Jeddah 
 

Makkah P 
 

Jeddah 
 

Makkah P 

 
Energy (MJ/d) 8.6 (1.55) 9.6 (1.07) < 0.001 8.2 (1.11) 9.4 (0.87) < 0.001 

 
Energy (kcal/d) 2051 (373)  2295 (251) < 0.001 1959 (265) 2256 (208) < 0.001 

 
Total fat (g/d)         

 
83.88 (22.96) 

 
81.1 (15.10) 

 
 

N.S 
 

 
76.5 (18.08)  

 
84.7 (14.72) 

 
 

< 0.05 

%  of daily energy  36.5 31.7 
 

< 0.001 
 

35.1 33.7 
 

< 0.05 

SFA (g/d)      
 

29.5  (10.48) 
 

 
34.1 (7.68) 

 

 
< 0.05 

 
26.12  (7.46) 38.1 (8.22) 

 
< 0.001 

 

% of daily energy 12.8 13.3 
 

< 0.05 12 15.1 
 

< 0.001 

MUFA (g/d)        28.18 (8.14) 21.1 (5.91) 
 

< 0.001 
 

26.1(23.9, 28.3)* 22.8 (6.11)  
 

< 0.05 
 

%  of daily energy  12.3 8.3 
 

< 0.001 12.4 9.2 
 

< 0.001 

PUFA (g/d)          16.6 (6.91) 9.1 (2.33) 
 

< 0.001 
 

14.25 (5.02) 7.1 (2.17) 
 

< 0.001 

% of daily energy  7.2 3.6 
 

< 0.001 6.5 2.8 
 

< 0.001 

 
Cholesterol (mg/d) 

 
243  (87.72) 

 
245 (75.93) 

 
 

N.S 
 

 
269 (107)  

 
257 (83.21) 

 
 

N.S 
 

Protein (g/d) 80.4  (19.93) 87.5 (17.77) 
 

N.S 
 

83.7 (16.17) 85.3 (16.06) 
 

N.S 
 

% of daily energy  15.7 15.3 
 

N.S 
 

17.2 15.1 
 

< 0.05 

Carbohydrates (g/d) 258 (48.54) 323 (42) 
 

< 0.001 
 

247 (50.72) 308 (42.37) 
 

< 0.001 
 

%  of daily energy  50.7 56.3 
 

< 0.001 50.3 54.6 
 

< 0.05 

Fibre (g/d)    11.3  (5.53)  
 

8.9 (2.62) 
 

 
< 0.05 8.8  (4.16) 

 
8.9 (3.69) 

 

 
N.S 

 
SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
*Geometric means (95% CI). P < 0.05, P < 0.001 variables were compared by t test. N.S: not significant. 
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7.4.5.2.2 Intake of minerals 

Mean daily intake of calcium was lower in Jeddah subjects than in Makkah subjects, and 

especially low for Jeddah males (644 mg/day). Mean intake of iron and magnesium for all 

participants in Jeddah was 13.6 mg/day and 240 mg/day, respectively compared with 14.6 

mg/day and 264 mg/day, respectively in Makkah. Mean daily intake of sodium for all 

participants was higher in Makkah than Jeddah, and was highest for Makkah males 

(Tables 7.8 and 7.9). A similar result was found for potassium intake, but the highest 

amount was consumed by Makkah females. Both males and females in both cities had a 

mean intake above the UK RNI for sodium (1.6 g/day) and below the recommendation for 

potassium (3.5 g/day). 

 

Makkah subjects had the lowest intake of selenium, at only 43.1 (16.58) µg/day compared 

with 53.7 (28.77) µg/day for those from the city of Jeddah. The mean zinc intake for 

females from Jeddah, females from Makkah, males from Jeddah and males from Makkah 

was as follows: 7.9 (2.17), 9.3 (2.91), 8.6 (2.41) and 10.3 (1.9) mg/day, respectively. 

Subjects in Makkah had significantly higher dietary intakes than in Jeddah after 

adjustment for age and gender with respect to calcium, magnesium, sodium, potassium 

and zinc (P < 0.001). 

7.4.5.2.3 Intake of vitamins 

The data showed the mean daily intake of vitamin A for females from Jeddah, females 

from Makkah, males from Jeddah and males from Makkah was as follows:  623, 596, 561 

and 515 µg/day, respectively. Individuals below the UK RNI for vitamin A were more 

likely to be men. On the other hand, intake of total vitamin C was above the RNI 

recommendation for all study subjects. The mean daily intake of vitamin E was 4.8 

mg/day and 4.5 mg/day for subjects from Jeddah and Makkah, respectively (P < 0.05). 
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Table 7.8: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily intake of micronutrients of subjects by city 

*Geometric means (95% CI). ** P-values were significant using general linear regression, which were adjusted for age and gender. 
N.S: not significant. 

 

 

 

 

 

 

 

 

 

 

 

P** 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah 
Overall 

Nutrient 

95%CI Median Mean   
(SD) 95% CI Median Mean   

(SD) 95% CI Median Mean   
(SD) 

< 0.001 
 

771, 
834 

792 
 

803 
(183) 

 
624, 
702 

623 
 

663 
(200) 

 
715, 
768 

722 
 

742 
(202) 

Calcium 
(mg/d) 

N.S 
 

13.8, 
15.4 

13.8 
 

14.6 
(4.61) 

 
12.5, 
14.7 

13.1 13.6* 
 

13.9, 
15.5 

13.4 14.7* Iron (mg/d) 

< 0.001 
 

255, 
273 

254 
 

264 
(52.49) 

 
225, 
255 

233 
 

240 
(77.14) 

 
245, 
262 

247 
 

253 
(65.33) 

Magnesium 
(mg/d) 

< 0.001 
 

4.2, 
4.6 

4.5 
 

4.4 
(1.23) 

 
2.7, 
3.1 

2.8 
 

2.9 
(0.98) 

 
3.6, 
3.9 

3.6 
 

3.7 
(0.13) 

Sodium (g/d) 

< 0.001 
 

2.9, 
3.2 

3.01 
 

3.1 
(0.79) 

 
2.4, 
2.8 

2.5 
 

2.6 
(0.85) 

 
2.7, 
3.01 

2.7 
 

2.8 
(0.84) 

Potassium 
(g/d) 

< 0.05 
 

40.2, 
46.04 

41 
 

43.1 
(16.58) 

 
48.08, 
59.4 

51 
 

53.7 
(28.77) 

 
44.7, 
50.8 

44 
 

47.7 
(23.27) 

Selenium 
(µg/d) 

< 0.001 
 

9.5, 
10.3 

9.8 
 

9.9 
(2.23) 

 
7.8, 
8.7 

8.1 
 

8.2 
(2.3) 

 
8.8, 
9.5 

8.9 
 

9.2 
(2.40) 

Zinc (mg/d) 

N.S 
 

511, 
590 

527 
 

550 
(226) 

 
513, 
682 

603 
 

591* 
 

 
578, 
743 

547 
 

661* 
 

Vitamin A 
(µg/d) 

N.S 
 

47.8, 
60.9 

57 
 

54.1* 
 

 
43.6, 
60.6 

58.4 51.4* 
 

61.7, 
75.1 

57.8 68.4* Vitamin C 
(mg/d) 

< 0.05 
 

4.3, 
4.8 

4.3 
 

4.5 
(1.37) 

 
4.4, 
5.3 

4.6 4.8* 
 

4.6, 
5.1 

4.4 4.9* 
 
Vitamin E 
(mg/d) 
 



165 
 

Table 7.9: Comparison of daily intake of micronutrients of Jeddah and Makkah 
subjects by gender 

Nutrient 

 
Females  

mean (SD) 

 
Males 

 mean (SD) 
 

Jeddah 
 

Makkah P 
 

Jeddah 
 

Makkah P 

Calcium (mg/d) 682 (220) 867 (178) < 0.001 644 (176)  753 (171) 
 

< 0.05 

Iron (mg/d) 14.2 (12.3,16.2)* 15.2 (4.96) 
 

N.S 
 

12.9 (11.8,14.2)* 14.2 (4.31) 
 

N.S 
 

Magnesium (mg/d) 243 (85.37) 272 (54.31) 
 

< 0.05 237 (68.66) 257 (50.44) 
 

< 0.05 

Sodium (g/d) 3.01 (0.93) 4.2 (1.35) 
 

< 0.001 2.8 (1.03) 4.5 (1.11) 
 

< 0.001 

Potassium (g/d) 2.7 (0.97) 3.1 (0.75)  
 

< 0.05 2.5 (0.71) 3.03 (0.82) 
 

< 0.05 

Selenium (µg/d) 47.6 (24.57) 42.4 (14.4) 
 

N.S 59.9 (31.47) 43.7 (18.13) 
 

< 0.001 

Zinc (mg/d) 7.9 (2.17) 9.3 (2.91) 
 

< 0.05 8.6 (2.41) 10.3 (1.91) 
 

< 0.001 

Vitamin A (µg/d) 623 (520, 746)*  596 (241) 
 

N.S 561 (447, 703)*  515 (208) 
 

N.S 
 

Vitamin C(mg/d) 54.5 (43, 68.5)*  57.9 (49, 68.5)* 
 

N.S 48.5 (38, 61.9)* 51.1 (43, 60.8)* 
 

N.S 
 

Vitamin E(mg/d) 4.9 (4.3, 5.6)* 4.6 (1.37) 
 

N.S 4.8 (4.2, 5.4)* 4.5 (1.37) 
 

< 0.05 

*Geometric means (95% CI). P < 0.05, P < 0.001 variables were compared by t test. N.S: not significant. 

 

7.4.5.2.4 Intake of fatty acids 

Table 7.10 and 7.11 shows a comparison of fatty acid intake among study samples in the 

two regions. Residents from Jeddah consumed more than twice the total omega 3 fatty 

acids daily intake when compared to Makkah (P < 0.001). The mean daily intake of total 

omega 3 fatty acids for Jeddah was 1.30 g/day and 0.37 g/day for Makkah, mainly in the 

form of ALA (1.01 g/day for Jeddah and 0.36 g/day for Makkah), with 0.17 g/day for 

Jeddah and 0.007 g/day for Makkah in the form of EPA /DHA for participants from 

Jeddah and Makkah, respectively. Total omega 3 fatty acids contributed 0.58% and 0.14% 

to the daily energy intake for Jeddah and Makkah residents, respectively. High statistical 

significance was observed among adults in ALA, EPA and DHA intake between the two 

cities (P < 0.001). On the other hand, the geometric mean for daily intake of total omega 6 

fatty acids for Jeddah was 3.90 g/day while for Makkah area it was 2.62 g/day, mainly in 

the form of LA (3.7 g/day for Jeddah participants and 2.6 g/day for Makkah participants), 

with 0.16 and 0.019 g/day for Jeddah and Makkah, respectively in the form of AA. Omega 
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6 fatty acids were measured at 1.75% for Jeddah and 1.03% for Makkah in terms of the 

daily energy intake. 

 
Table 7.10: Geometric mean, median and 95% Confidence Intervals (CI) for daily 
intake of fatty acids of subjects by city  
 

P* 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah  
Overall Nutrient 

95%CI Median Mean  95% CI Median Mean  95% CI Median Mean    

 
< 0.001 

 
0.33, 
0.41 

0.35 
 

0.37 
 

 
1.1, 
1.5 

1.1 
 

1.3 
 

 
0.67, 
0.88 

0.50 0.77 
 
Total n-3 PUFAs 
(g/d) 

  0.14   0.58   0.33 % of daily energy 

< 0.001 
 

0.32, 
0.4 

0.34 
 

0.36 
 

 
0.89, 
1.13 

1.1 
 

1.01 
 

 
0.58, 
0.71 

0.47 0.65 ALA (g/d) 

< 0.001 
 

0.003, 
0.007 

0.001 
 

0.005 
 

 
0.06, 
0.2 

0.01 
 

0.13 
 

 
0.03, 
0.09 

0.001 0.06 EPA (g/d) 

< 0.001 
 

0.0004
, 

0.0034 
0.00 

 
0.002 

 

 
0.07, 
0.22 

0.001 
 

0.14 
 

 
0.03, 
0.10 

0.001 0.06 DHA (g/d) 

< 0.05 

 
2.3, 
2.9 

2.2 
 

2.62 
 

 
3.25, 
4.56 

2.7 
 

3.9 
 

 
2.84, 
3.52 

2.46 
 

3.18 
 

 
Total n-6 PUFAs 
(g/d) 

  1.03   1.8   1.39 % of daily energy 

< 0.05 
 

2.2, 
2.9 

2.1 
 

2.6 
 

 
3.1, 
4.3 

2.6 
 

3.7 
 

 
2.7, 
3.4 

2.3 
 

3.1 
 

LA (g/d) 

< 0.001 
 

0.016, 
0.023 

0.010 
 

0.019 
 

 
0.11, 
0.20 

0.10 
 

0.2 
 

 
0.06, 
0.10 

0.2 
 

0.08 
 

AA (g/d) 

< 0.001 
 

6.7, 
8.3 

6.6 
 

7.5 
 

 
3.4, 
5.1 

2.8 
 

4.2 
 

 
5.50, 
6.71 

5.3 
 

6.1 
 

 
Total n-6: total n-3 
PUFAs 

< 0.001 
 

0.15, 
0.25 

0.15 0.20 
 

0.42, 
0.68 

0.35 0.55 
 

0.29, 
0.42 

0.21 0.35 
 
Total n-3: total n-6 
PUFAs 

< 0.001 

 
3.5, 
4.2 

3.4 
 

3.9 
 

 
2.2, 
2.8 

2.3 
 

2.5 
 

 
3, 

3.5 
3 

 
3.3 

 

 
Trans fatty acid 
(g/d) 

  1.5   1.1   1.4 
 
% of daily energy 
 
n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
* P-values were significant using general linear regression, which were adjusted for age and gender. 
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Table 7.11: Comparison of daily intake of fatty acids of Jeddah and Makkah subjects 
by gender 
 

Nutrient 

 
Females  

Mean (95% CI) 
 

 
Males  

Mean (95% CI) 
 

 
Jeddah 

 
Makkah P 

 
Jeddah 

 
Makkah P 

Total n-3 PUFAs (g/d) 
 

1.37  
(1.03, 1.7) 

 
0.41  

(0.35, 0.47) 

 
 
 

< 0.001 

 
1.2  

(0.99, 1.4) 

 
0.33  

(0.28, 0.38) 

 
 
 

< 0.001 
% of daily energy 0.60  0.16 0.55 0.13 

ALA (g/d) 
 

0.97  
(0.83, 1.11) 

 
0.41  

(0.35, 0.47) 

 
< 0.001 

 
1.1  

(0.86, 1.26) 

 
0.33  

(0.28, 0.37) 

 
< 0.001 

EPA (g/d) 
 

0.17  
(0.05, 0.31) 

 
0.005 

 (0.004, 0.01) 

 
N.S 

 
0.09  

(0.03,  0.15) 

 
0.004  

(0.001, 0.007) 

 
< 0.001 

DHA (g/d) 
 

0.21  
(0.07, 0.36) 

 
0.002 

(0.001,0.003) 

 
N.S 

 
0.07  

(0.03, 0.13) 

 
0.001  

(0.00, 0.004) 

 
< 0.001 

Total n-6 PUFAs (g/d) 
 

2.99  
(2.4, 3.5) 

 
 3.4  

(2.9, 3.9) 

 
 
 

N.S 

 
4.8  

(3.6,  5.9) 

 
2.02  

(1.6, 2.3) 

 
 
 

< 0.001 
% of daily energy 1.31 1.3 2.2 0.80 

LA (g/d) 
 

2.8  
(2.2, 3.4) 

 
3.3  

(2.9, 3.8) 

 
N.S 

 
4.6  

(3.5,  5.7) 

 
2  

(1.6, 2.3) 

 
< 0.001 

AA (g/d) 
 

0.14  
(0.08, 0.19) 

 
0.02  

(0.01, 0.03) 

 
< 0.001 

 
0.17  

(0.11, 0.24) 

 
0.02  

(0.01, 0.02) 

 
< 0.001 

 
Total n-6: total n-3 
PUFAs 

 
3.3  

(2.4, 4.1) 

 
8.6  

(7.6, 9.6) 

 
< 0.001 

 
5.2  

(3.8, 6.5) 

 
6.6  

(5.5, 7.8) 

 
< 0.001 

 
Total n-3: total n-6 
PUFAs 

 
0.70  

(0.47, 0.94) 

 
0.14  

(0.12, 0.15) 

 
< 0.001 

 
0.40  

(0.28, 0.52) 

 
0.25  

(0.17, 0.33) 

 
< 0.001 

trans fatty acid (g/d) 
 

2.3  
(1.8, 2.7) 

 
3.5  

(2.9, 4.1) 

 
 

< 0.001 

 
2.7  

(2.3, 3.2) 

 
4.2  

(3.7, 4.7) 

 
 

< 0.001 

% of daily energy 1 1.4 1.2 1.7 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). 
P < 0.001 variables were compared by t tests. N.S: not significant. 
 

There was a higher statistically significant difference in the mean total daily intake of 

omega 6, LA fatty acid and AA fatty acid (P ≤ 0.001) between the two cities. The 

geometric mean for the daily intake of trans fatty acid for Jeddah was 2.5 g/day and 3.9 

g/day for Makkah. Trans fatty acids were deemed to be 1.1% for Jeddah samples and 

1.5% for Makkah samples in terms of the daily energy intake. Differences were observed 

between the two cities for trans fatty acids (P < 0.001). Another comparison between the 

same genders was examined by using the t test. Higher statistically significant differences 

were observed in men between the two cities for all fatty acids (P < 0.001). Differences 
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were also observed in female between both cities for total omega 3 fatty acids, ALA, AA 

and trans fatty acids (P ≤ 0.001).  

7.4.6 Intake by food groups 

In comparison to that in Makkah, the diet in Jeddah was high in nuts, fish (10 times higher 

than in Makkah) and fruit and vegetable. Makkah men and women consumed twice as 

much fast food as men and women in Jeddah. Consumption of traditional Saudi food was 

higher in Makkah than Jeddah participants (P < 0.05). Table 7.12 and 7.13 shows a 

comparison of food group intakes among study samples in the two regions after 

adjustment for age and gender. 

 

Table 7.12: Percentage, mean and 95% Confidence Intervals (CI) for intake by food 
group of study subjects by city 

* P-values were significant using general linear regression, which were adjusted for age and gender. 
  

 

 

 

 

 

 

 

 

 

 

 

P* 

 
Internal city 

Makkah 

 
Coastal city 

Jeddah 
Overall 

Food groups 

95% CI Mean 
(g/d) n (%) 95% CI Mean 

(g/d) n (%) 95%CI Mean 
(g/d) n (%) 

< 0.001 
 

-0.02, 
0.25 

0.12 3 (2) 
 

2.7, 
7.7 

5.2 22 (22) 
 

1.2, 
3.4 

2.3 25 (11) Nuts and seeds 

< 0.001 
 

0.85, 
5.5 

3.2 10 (8) 
 

23.3, 
42.1 

32.6 42 (42) 
 

11.4, 
20.7 

16.1 52 (23) Fish and sea-food 

< 0.05 
 

131, 
173 

152 114 (88) 
 

173, 
237 

205 97 (97) 
 

157, 
194 

175 211 (92) Fruit & vegetables 

< 0.001 
 

536, 
659 

597 122 (95) 
 

274, 
381 

327 79 (79) 
 

434, 
524 

479 201 (88) Fast food  

< 0.05 
 

286, 
348 

317 125 (96) 
 

233, 
308 

271 91 (91) 
 

273, 
321 

297 216 (94) Traditional Saudi 
food 
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Table 7.13: Comparison of intake by food group of Jeddah and Makkah subjects by 
gender 

P < 0.05, P < 0.001 variables were compared by Mann-Whitney tests.  
 N.S: not significant. 
 

7.4.7 Multivariate analysis of the association between nutrients intake and CVD risk 

factors in between cities  

General linear model analysis was applied to examine the associations of dietary intake 

with CVD risk factors. Stepwise multiple regression analysis was performed to adjust the 

data for possible effects of confounding factors between dietary intakes and CVD risk 

factors in the subject study (n = 229). Table (7.14) presented the significance of the 

association between nutrients intake and CVD risk factors between cities, as assessed by 

multivariate linear regression for all study subjects. Several recent studies indicate that 

age, gender, BMI, WHR, diabetes, hypercholesterolemia, hypertension, socioeconomic 

status (educational status and/or monthly income), smoking and physical activity have 

been influenced on nutrient intake (Perk et al., 2012; Verschuren, 2012; Yen et al., 2010). 

Variables (age, gender, BMI, WHR, diabetes, smoking, physical activity and 

socioeconomic status) were statistically significantly associated with dietary intake at 5% 

level were selected. Multiple linear regression analysis showed between Jeddah and 

Makkah significantly differences with energy intake (β = -0.203; P < 0.001), SFA (β = -

0.295; P < 0.001), MUFA (β = 0.250; P < 0.001), PUFA (β = 0.450; P < 0.001), 

carbohydrate (β = -0.342; P < 0.001), fibre (β = 0.191; P = 0.025), vitamin A (β = 0.193; P 

= 0.010), vitamin E (β = 0.148; P = 0.003), sodium (β = -0.327; P < 0.001), potassium (β = 

-0.240; P < 0.001), zinc (β = -0.251; P < 0.001) selenium (β = 0.155; P = 0.001), total 

omega 3 (β = 0.313; P < 0.001), ALA (β = 0.369; P < 0.001), EPA (β = 0.283; P < 0.001), 

P 

 
Males 

Mean (g/d) 
95% CI P 

 
Females 

Mean (g/d) 
 95% CI Food groups 

Makkah Jeddah Makkah Jeddah 

< 0.05 
 

0.11 
(0.04, 0.27) 

 
4.8 

(0.6, 8.9) 
< 0.001 

 
0.12 

(0.11, 0.35) 

 
5.6 

(2.5, 8.6) 
Nuts and seeds 

< 0.001 
 

4.26 
(0.34, 8.1) 

 
34.2 

(20.4, 47.9) 
< 0.001 

 
1.8 

(0.1, 3.6) 

 
31.2 

(18.1, 44.4) 
Fish and sea-food 

N.S 
 

156 
 (124, 188) 

 
185 

(130, 239) 
< 0.05 

 
147  

(120, 173) 

 
226 

(191, 260) 
Fruit & vegetables 

< 0.05 
 

586 
(501, 672) 

 
368 

(285, 451) 
< 0.001 

 
611 

(520, 702) 

 
287 

(219, 354) 
Fast food  

< 0.05 
 

301 
(256, 346) 

 
211 

(172, 249) 
N.S 

 
338 

(294, 381) 

 
331 

(270, 392) 

Traditional Saudi 
food 
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DHA (β = 0.294; P < 0.001), total omega 6 (β = 0.180; P = 0.002), LA (β = 0.155; P = 

0.008), AA (β = 0.220; P < 0.001) and trans fatty acid (β = -0.214; P < 0.001). 

Table 7.14: Significance of the association between nutrients intake and CVD risk 
factors between cities (n = 229), as assessed by general linear model analysis ** 

Nutrient β SE P 
95% CI 

Lower limit Upper limit 

Energy (MJ/d) -0.205 0.162 < 0.001 -1.47 -0.83 

Energy (kcal/d) -0.203 38.49 < 0.001 -349 -197 

Total fat (g/d) 0.031 2.45 N.S -7.75 1.93 

SFA (g/d) -0.295 1.18 < 0.001 -10.65 -5.99 

MUFA (g/d) 0.250 0.998 < 0.001 3.13 7.07 

PUFA (g/d) 0.450 0.608 < 0.001 6.04 8.44 

Cholesterol (mg/d) 0.022 12.31 N.S -20.92 27.62 

Protein (g/d) 0.032 2.41 N.S -9.07 0.424 

Carbohydrates (g/d) -0.342 6.38 < 0.001 -76.26 -51.09 

Fibre (g/d) 0.191 0.518 < 0.05 0.205 2.246 

Calcium (mg/d) -0.290 25.31 < 0.001 -188 -89.15 

Iron (mg/d) 0.022 0.862 N.S -1.53 1.86 

Magnesium (mg/d) -0.192 8.82 < 0.05 -41.49 -6.69 

Sodium (g/d) -0.327 15.36 < 0.001 -1867 -1261 

Potassium (g/d) -0.240 11.12 < 0.001 -680 -241 

Selenium (µg/d) 0.155 3.08 < 0.05 4.11 16.27 

Zinc (mg/d) -0.251 0.313 < 0.001 -2.16 -0.935 

Vitamin A (µg/d) 0.193 83.23 < 0.05 58.59 386 

Vitamin C (mg/d) 0.107 6.88 N.S -13.29 13.85 

Vitamin E (mg/d) 0.148 0.271 < 0.05 0.262 1.32 

Total n-3 PUFAs (g/d) 0.313 0.098 < 0.001 0.715 1.10 

ALA (g/d) 0.369 0.060 < 0.001 0.521 0.757 

EPA (g/d) 0.283 0.033 < 0.001 0.060 0.190 

DHA (g/d) 0.294 0.035 < 0.001 0.074 0.214 

Total n-6 PUFAs (g/d) 0.180 0.329 < 0.05 0.400 1.69 

LA (g/d) 0.155 0.323 < 0.05 0.266 1.53 

AA (g/d) 0.220 0.019 < 0.001 0.109 0.185 

Total n-3: total n-6 
PUFAs 

0.328 0.067 < 0.001 0.234 0.497 

trans fatty acid (g/d) -0.214 0.251 < 0.001 -1.86 -0.878 

SE, stander error; 95% CI, confidence interval; ß and 95% CI are significant at P < 0.05, P < 0.001indicated in bold font. 
 **All the socioeconomic and CVD risk factors were run in one multivariate model and adjusted for age, gender. 
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7.5 Discussion 

CVD is a major public health concern globally, including USA and UK where it has been 

established as the number one cause of death (WHO, 2003). In Saudi Arabia CVD ranks 

as the second most significant cause of death. Health statistics have revealed that 10% of 

the total deaths in Jeddah and 18% in Makkah were due to CVD (Health Statistical 

Yearbook, 2003). These differences in percentage may be related to the impact of 

geographic location, where the variation in the terrain and division into coastal and 

internal areas may determine food habits and hence in nutrient intakes. With changes in 

lifestyle, exposure to CVD risk factors has become more important, such as adoption of 

diets high in SFA and low in dietary fibre, obesity, hypertension, diabetes, hyperlipidemia, 

smoking and inactivity (Musaiger, 2002).     

The present study focused on two populations that had significant differences in monthly 

income and BMI but not in age and other anthropometric measurements. For CVD risk 

factors, there were significant differences in hypertension, smoking status and physical 

activity (P < 0.05) between the populations. One of the main risk factors for CVD is 

smoking which was twice as prevalent in Makkah than in Jeddah. There were only 4 

women current smokers in the group from Jeddah compared with 18 women from 

Makkah, and as expected the majority of the smoker were men. In a study by Al Nozha et 

al. (2009) a sample of 17,350 Saudi adults for all Saudi regions was investigated and it 

was reported that the smoking rates in the western regions (which including cities in this 

study) were the third region in Saudi Arabia after the northern and eastern regions 

(including both coastal and internal areas). This finding could be due to the effect of 

cultural exposures to expatriates (smokers) and direct contact with Saudis living in these 

regions (Al Nozha et al., 2009). Physical inactivity was common among Makkah subjects 

(76%) and was still present in more than half of Jeddah subjects. In a nation study by Al 

Nozha et al. (2007b) the prevalence of inactivity was higher among men and women in the 

central region at 97.3% compared to other regions. There are several factors that 

contribute to physically inactivity in Saudi Arabia (Al Hazzaa, 2006; Al Refaee & Al 

Hazzaa, 2001; Binhemd et al., 1991; Rasheed, 1998) for examples, dependence on using 

cars rather than walking, spending a long time watching television especially within young 

demographic, hot weather and also, in school physical education programmes are limited 

especially for girls (Al Hazzaa, 2006). Women, in the present study were found to be 

much less physically active than men, reflecting less opportunity for women in Saudi 

Arabia to engage in physical activity in the community for cultural reasons. This low level 

of physical has been observed generally for Arab females (Al Sabbah et al., 2007; Henry 
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et al., 2004), and is lower than for many developed countries (Mabry et al., 2010b). A 

further lifestyle difference which would impact on diet quality was skipping breakfast. 

More than half of those surveyed (62% in Jeddah and 51% in Makkah) skipped breakfast. 

At interview, various reasons for not eating breakfast were given by participants, such as 

not feeling hungry in the morning, saving time and to lose weight. Skipping breakfast has 

been associated with lower nutritional status and increased CVD risk (Sakarata et al., 

2001) and contributes to risk of obesity (Huang et al., 2010). Most of the participants in 

this study (89% for Jeddah and 93% for Makkah) said they ate food outside their home, 

another contributor to low diet quality (Bowman & Vinyard, 2004; Myhre et al., 2013).  

Few studies have focused on measuring dietary intake of Saudi adults using three-day food 

record. The dietary intake data demonstrate that subjects from Jeddah had a significantly 

lower total energy intake and lower SFA intake but higher intakes of MUFA and PUFA, 

fibre, selenium and vitamin E (P < 0.05). In contrast they ate significantly less 

carbohydrates, calcium, magnesium, sodium, potassium and zinc (P < 0.05). The findings 

of the current study are consistent with a study by Torres et al. (2000) who explored the 

impact of geographic location in two populations of men in Madeira, Portugal (a fishing 

village vs. an inland village) aged between 25 to 65 years using an FFQ to measure dietary 

intakes. Whilst this study also showed significant differences in the mean intakes of total 

energy, protein, carbohydrate, fibre, total fat, SFA, MUFA and PUFA between the two 

groups, total energy intake and SFA were higher for men in the fishing village than in the 

inland village (10 (2.2) MJ/day, 23.4 (9.1) g/day vs. 7.7 (2.8) MJ/day, 16.7 (9.4) g/day, 

respectively. In the current study, the percentage of energy derived from carbohydrate for 

subjects from Makkah (55.3%) was higher than for subjects living in Jeddah (50.4%) 

similar to the Torres et al. study (52% in inland village vs. 42% in the fishing village) 

(Torres et al., 2000) but the daily fibre intake measured in this study was lower than that 

seen in the Madeira fishing area and inland area (19.1 (7) g/day and16.2 (7.3) g/day, 

respectively). The average daily dietary MUFA and PUFA intakes for both Jeddah (coastal 

city) and Makkah (internal city) were very similar to those reported by Torres et al. (2000) 

with exception of PUFA intake for the coastal Saudi population (15.4 g/day) compared 

with the Portuguese fishing village (9.9 g/day). 

An important finding of this study comes from the observation that the coastal residents 

consumed more than twice of daily intake of total omega 3 fatty acids than those in the 

internal area. Subjects from the internal city had significantly lower intakes of all PUFA 

than the coastal city. These findings were consistent with the results of similar studies. In 
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Saudi Arabia, Al Numair et al. (2005) also found that the intake of total omega 3 fatty 

acids, EPA, DHA and ALA were higher in 120 elderly Saudi men living in the eastern 

coastal region (2.18 (0.58) g/day) when compared with those in the eastern internal region 

(0.79 (0.13) g/day). However, the intake of ALA was approximately 10% lower in elderly 

men in the coastal region compared with the values reported in the current study. Evidence 

from Torres et al. (2000) indicated the impact of geographic location in two populations 

on total omega 3 fatty acids consumption. He found a higher intakes of LA 7.4 (3.2) vs. 

5.5 (2.9) g/day, ALA 0.49 (0.29) vs. 0.36 (0.31) g/day, EPA 0.22 (0.38) vs. 0.026 (0.075) 

g/day, DHA 0.54 (0.78) vs. 0.055 (0.079) g/day and AA 0.17 (0.097) vs. 0.13 (0.137) 

g/day in the fishing village compared to rural village (Torres et al., 2000). In the USA, 

Lewis et al. (1995) also demonstrated an effect of geographic location on omega 3 fatty 

acids consumption by low-income pregnant women in Midwestern, USA. The intake of 

ALA in this group was 0.98 (0.30) g/day and EPA and DHA intakes (0.02 (0.06) and 0.04 

(0.08) g/day, respectively) contributed much less to total omega 3 fatty acids. This was 

similar to the internal sample in the current study where more than 95% of intake of total 

omega 3 fatty acids was as ALA. The dietary omega 3 to omega 6 fatty acids ratio in 

Jeddah residents was above the recommended level (0.4) by the UK Scientific Advisory 

Committee on Nutrition (UK Scientific Advisory Committee on Nutrition, 2004). The 

current study, and others (Bulliyya et al., 1990; Torres et al., 2000; Al Numair et al., 

2005) shows that populations living far from coastal areas have lower intakes of total 

omega 3 fatty acids, EPA and DHA. The results of the current study show that 42% of 

residents in the coastal city consumed of the fish and sea-food intake group on at least one 

day of the three day food record, while in the internal city the figure was only 8% which 

suggests that especially in this population very few subjects would achieve the American 

Heart Association recommendation of consuming fish groups at least twice per week 

(Lichtenstein et al., 2006), presumable due to lower availability of fresh fish in this area. 

The intake of nuts and seeds for Jeddah (the coastal population) was 5.2 g/day, and for 

Makkah (the internal population) was 0.12 g/day. Some nut types such as almonds, 

walnuts, pistachios and peanuts are excellent sources of omega 3 fatty acids, and this may 

explain why ALA was the main contributor to the total omega 3 fatty acids intake in the 

coastal population. Men and women living in Makkah consumed approximately twice as 

much fast food as the men and women in Jeddah. Many types of fast food are high in fat 

and low in fibre and nutrients (McCrory et al., 1999). Fast food has been associated with 

CVD risks in many studies (Berg et al., 2008; Brindal et al., 2008; Hamer & Mishara, 
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2010). Educational programmes to promote healthy eating habits in Saudi Arabia are 

needed to correct these habits. 

7.6 Summary and conclusions 
The aims of this chapter were achieved. The findings have highlighted a number of 

important findings which were: 

• The results showed that the subjects had a generally unhealthy lifestyle like 

smoking habit, physical inactivity and higher intake of SFA especially in Makkah 

(the internal area) which may affect CVD risk.  

• On average, BMI was lower in men and women from Jeddah participants 25.1 

(2.76) kg/m2 than Makkah participants 26.3 (3.21) kg/m2 (P < 0.05). 

• The majority belonged to the medium socioeconomic status in both areas 63% for 

coastal area and 50% for internal area.  

• No differences were observed from comparison sites in diabetes, 

hypercholesterolemia and heart disease between the two cities (P > 0.05).  

• However, there were significant differences between coastal and internal areas 

between females in hypertension (P < 0.05), and differences were also found in 

family history between males Jeddah and Makkah (P < 0.05).  

• Smoking was more prevalent in the Makkah (63%) than Jeddah (34%), (P < 

0.001). 

• Men were more physically active than women in both regions. 

• The results also show marked differences in diet composition between coastal and 

internal areas. Subjects from Jeddah had a significantly lower energy intake but 

higher intakes of MUFA and PUFA, fibre, selenium and vitamin E (P < 0.05). In 

contrast they ate significantly less carbohydrates, sodium, potassium and zinc. 

• The intakes of total omega 3 fatty acids for participants living in Jeddah were 

higher than those living in Makkah. The mean daily intake of total omega 3 fatty 

acids for Jeddah was 1.30 g/day and 0.37 g/day for Makkah. 

• The coastal city consumed a diet that was relatively high in fish, nut and fruit and 

vegetables and low in fast food compared to internal city.   
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Chapter 8 

Comparison of the Dietary Patterns of Saudi Populations from Different 

Geographical Locations in Saudi Arabia and the UK 

8.1 Introduction 

Like other highly developed countries, CVD and CHD are major health problems in Arab 

Gulf countries, including Saudi Arabia (WHO, 2009). Sawarya et al. (1999), claims that 

the reason for this is that CHD and CVD are connected to the accessibility of multiple and 

different foods and cuisines, including western foods that are exported to these countries 

from various countries around the world. The diet of the Arab Gulf countries has changed 

over the last twenty years. Their citizens have turned to consuming more wheat flour, 

sugar, fat, rice and meat, and at the same time they have become more sedentary. Dehghan 

et al. (2005) argues that this has led to CVD prevalence and a rise in hypertension, obesity 

and diabetes. Musaiger (1994) adds that the increase in socioeconomic statuses and the 

increase in incomes in the Arab Gulf countries could be considered other reasons. The last 

thirty years have witnessed fast changes in the food habits of Arabs and their diets. Most 

western and American restaurants have established branches in the region and their foods 

have spread all over the Gulf region. This number has added to the already existing 

traditional food stores and restaurants that are widespread. The number of people eating 

out has increased. This change has coincided with the public’s trend for consuming more 

westernised foods that are rich in energy, sugar, fats and that have low complex 

carbohydrates. Al Khamees (2009) conducted a pilot study on female Kuwaiti college 

students. The results of the study revealed that as part of their diet they consumed low 

amounts of water, healthy fats and vegetables but consumed high amounts of fatty foods 

and sweets.   

Although Ferlay et al. (2001) mention that the risk of chronic diseases varies to a great 

extent by ethnicity and country, the number of epidemiological studies that have 

investigated them among multiple populations is limited. Willett (1998) argues that 

nutritional intake varies a lot across geographic areas compared to small homogeneous 

populations; therefore, collecting evidence on other populations with varying eating habits 

could lead to a greater understanding of disease and diet risk. There is a major limitation 

when assessing CVD risks and how they are related to the intake and dietary sources 
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found in Saudi Arabia, namely the shortage of data and published papers on different 

people living in different areas. The current research provided such data, as well as a 

comparison of geographical locations within Saudi Arabia and Saudi people living in the 

UK, where diet and lifestyle factors may be different.  

8.2 Study aims and objectives 

 8.2.1 Aims 
• To compare the dietary intake and heart disease risk in Saudi Arabian adults 

residing in Saudi Arabia (Jeddah and Makkah) and those living abroad (in this 

case, in Newcastle, UK).  

• To compare the intake of omega 3 fatty acids in Saudi Arabian adults residing in 

Saudi Arabia (Jeddah and Makkah) and those living abroad (in Newcastle, UK).  

8.2.2 Objectives 
• To compare and report any significant differences between the intakes of men 

and women in these three cities in the daily energy intake and the daily intake of: 

protein, fat, SFA, MUFA, PUFA, carbohydrate, fibre, cholesterol, calcium, iron, 

magnesium, sodium, potassium, zinc, vitamin C, vitamin E, vitamin A and 

selenium.  

• To compare and report any significant differences between the intakes of men 

and women in these three cities in the daily intake of the following fatty acids: 

LA, ALA, total trans fatty acid, AA, EPA and DHA. 

• To compare and report any significant differences between CVD risk factors and 

the socioeconomic characteristics in the study population. 

• To compared and report any significant differences between food groups (nuts 

and seeds, fish, fruit and vegetables, fast food and traditional Saudi food) among 

the study subjects. 

8.3 Methods 
8.3.1 Study subjects 

Participants in study 1, study 2 and study 3 who were Saudi Arabian were recruited in 

three diverse geographical locations: Jeddah (Chapter 4) and Makkah (Chapter 5) inside 

Saudi Arabia, and Newcastle in the UK (Chapter 6). 

 

8.3.2 Demographic and anthropometric information 

The questionnaire was designed to be applicable to 18-65 year old Saudi men and women. 

The questionnaire was simple, easy to understand, and volunteers reported no difficulties 
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in completing the questionnaire. The questionnaire consisted of 17 questions (Appendix E) 

and was piloted in the UK to test content and face validity. Questionnaires were prepared 

and distributed for completion and collection after one week. Instructions and examples 

were given to the subjects by the researcher to guide them in completing the questionnaire. 

The importances of a true record were also stressed by the researcher together with the 

confidentiality of any given information. The interview took approximately 30 minutes 

and anthropometric measurements were taken after completion of the questionnaire 

(Chapter 3). 

 

8.3.3 Dietary assessment 

Subjects were interviewed one-by-one in any available free place within the universities/ 

(as well as sometimes in the researcher’s home or the participant’s home). The use of 

domestic measures, such as different sizes of plates, cups and spoons, were encouraged to 

help the subjects to estimate their food portion sizes. The subjects were asked if they had 

made any changes to their dietary habits during the recording period. Nutritional analysis 

was carried out, as described in Chapter 3.6. It is important to highlight that many of the 

food and drink consumed by Saudi adults were the same as those available in the UK and 

the USA. The selection of best matches for the Saudi foods within the UK and the USA 

food tables was possible. The categorisation of meals and snacks adopted in the present 

study was similar to this in most aspects, but also considered the general lifestyle of Saudi 

Arabia.  

 

8.3.4 Statistical analysis  

In order to compare descriptive and dietary characteristics among the three groups, 

analysis using SPSS for Windows, version 19 (SPSS Inc., Chicago, IL, USA), were 

performed together with a Chi square analysis to determine if there were any statistically 

significant differences in the responses from the different groups. The data were also 

analysed according to gender (Chi square analysis). Comparisons between groups were 

carried out using a one-way analysis of variance (ANOVA). All differences were 

considered significant if P- values were < 0.05 (Section 3.9). Comparisons between cities 

in nutrient intakes or anthropometric measurement were adjusted by age, gender using 

regression analysis. Correlation coefficients and their probability levels were obtained 

from linear regression analyses. Stepwise multiple regression analysis was carried out to 

select significant covariates (P < 0.05) among dietary intake and CVD risk factors. Then, a 

multivariate general linear model analysis was carried out using dietary intake as the 
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dependant variables and age, gender, BMI, smoking and physical activity as the 

covariates.    

8.4 Results 

8.4.1 Demographic data 

8.4.1.1 Age and gender 

The characteristics of the study population appear in Table 8.1. Among the 308 adults who 

participated in the study, the total number of women was 153 (50%) and 155 (50%) were 

men. The mean (SD) age of the female population was 31.1 (7.35) years old and for men it 

was 32.2 (8.27) years old. The age range for three cities was 18-63 years with statistically 

significant differences across cities (P < 0.05).  

Table 8.1: Distribution of respondents by site, gender and age 

 
 
 

Site 

 
Females 
(n = 153) 

 
Males 

(n = 155) 
 

 
 
 

Total of 
308  

18-30 
n (%) 

 
31-40 
n (%) 

 
41-50 
n (%) 

 
51-65 
n (%) 

 
18-30 
n (%) 

 
31-40 
n (%) 

 
41-50 
n (%) 

 
51-65 
n (%) 

 
Jeddah 

 

 
23 (23) 

 
19 (19) 

 
8 (8) 

 
- 

 
30 (30) 

 
13 (13) 

 
4 (4) 

 
3 (3) 

 
100 

 
Makkah 

 

 
31 (24) 

 
15 (12) 

 
8 (6) 

 
2 (2) 

 
33 (25) 

 

 
30 (23) 

 
6 (5) 

 
4 (3) 

 
129 

 
Newcastle 

 
31 (39) 

 
15 (19) 

 
1 (1) 

 
- 

 
18 (23) 

 
12 (15) 

 
2 (3) 

 
- 

 
79 

 

Table 8.2 summarizes the demographic characteristics of all study participants (both 

genders) in their respective cities. 
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Table 8.2: Comparison of demographic characteristics of subjects Jeddah, Makkah and Newcastle by gender 
 

 
 

Characteristics 

 
Females  

n (%) 

 
Males  
n (%) 

Jeddah Makkah Newcastle χ2 P Jeddah Makkah Newcastle χ2 P 

 
Education 

  
 

    
   

Illiterate 1 (1) - -  
 

12.159 

 
 

N.S 

1 (1) - -  
 

19.881 

 
 

< 0.05 
Writing & Reading 2 (2) - - - - - 
Primary 2 (2) - - 1 (1) - - 
High School 11 (11) 10 (8) 13 (16) 23 (23) 28 (22) 2 (3) 
University or Above 34 (34) 46 (35) 34 (43) 25 (25) 45 (35) 30 (38) 

Monthly income (RS)*    
  

   
  

1 – 3000 8 (8) 20 (15) 1 (1)  
 

32.260 

 
 

< 0.001 

13 (13) 22 (17) -  
 

48.463 

 
 

< 0.001 
3001 - 6000 13 (13) 11 (8) 16 (20) 20 (20) 10 (8) 2 (3) 
6001 – 9000 18 (18) 13 (10) 23 (29) 5 (5) 10 (8) 17 (22) 
9001 – 12000 9 (9) 6 (5) 7 (9) 4 (4) 17 (13) 7 (9) 
More than 12000 2 (2) 6 (5) - 8 (8) 14 (11) 6 (7) 
Marital status           

Single 16 (16) 24 (19) 10 (13)  
7.948 

 
N.S 

30 (30) 34 (26) 11 (14)  
5.312 

 

 
N.S Married 32 (32) 30 (23) 37 (47) 20 (20) 39 (30) 21 (26) 

Widowed or Divorced 2 (2) 2 (2) - - - - 

Socioeconomic status     
 

13.770 
 

 
 

< 0.05 

    
 

21.343 
 

 
 

< 0.001 
Low 8 (8) 4 (3) - 10 (10) 21 (16) - 
Medium 31 (31) 41 (32) 42 (54) 32 (32) 23 (18) 19 (24) 
High 11 (11) 11 (8) 5 (6) 8 (8) 29 (23) 13 (16) 

      N.S: not significant. 
     *Riyal Saudi (currency 5.83 RS = 1£). 
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8.4.1.2 Education status 

With respect to the education level of men and women in the three cities, the majority of 

subjects (99%) had completed a basic primary school level or above, while 1% were 

illiterate. There were significant differences between cities in terms of education level (χ2 

= 21.311, P < 0.05) but no significant differences found among female subjects, only 

between male subjects (P < 0.05). Figure 8.1 shows the education level distribution of all 

study participants. 

 

Figure 8.1: Education level distribution of all study participants (% illiterate, writing 

& reading, primary, high school, university or above) 

 

 

8.4.1.3 Monthly income 

Current monthly incomes of 21%, 32% and 1% of the Jeddah, Makkah and Newcastle 

participants, respectively, were in the 1RS - 3000RS range, whereas 33%, 16% and 23% 

were in the 3001RS - 6000RS range, and 10%, 16% and 7% had a monthly income more 

than 12000RS. Statically significant differences were found between the three cities in 

terms of monthly income (χ2 = 56.167, P < 0.001). Figure 8.2 provides the monthly 

incomes (RS) distribution of all study participants. 
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Figure 8.2: Monthly income (RS) distribution of all study participants (% 1-3000, 
3001-6000, 6001-9000, 9001-12000, more than 12000) 

 

 

8.4.1.4 Marital status 

Of the study population, 59% reported that they were married (52% in Jeddah, 53%in 

Makkah, and 73% in Saudi participants living in Newcastle). About 40% reported being 

single (Jeddah 46%, Makkah 45%, and Newcastle 27%). Only 1% in the three cities 

reported being widowed or divorced. There were no significant differences based on city 

of residence and marital status (P > 0.05). Figure 8.3 presents the marital statuses 

distribution of all study participants. 

 

8.4.2 Socioeconomic factor 

The majority of participants had a medium socioeconomic status in the three areas 63% 

for Jeddah, 50% for Makkah, and for Saudi people in Newcastle city 78%. Of the total 308 

participants, 18% had a low socioeconomic status in Jeddah, while 19% in Makkah. No 

one in Newcastle fell into this category. However, comparing using a chi-square test 

showed highly significantly differences between the three cities (χ2 = 24.868, P < 0.001). 

Differences were also found between genders (P < 0.05) (Table 8.2). 
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Figure 8.3: Marital status distribution of all study participants (% single, married, 
widowed) 

 

 
 
8.4.3 Anthropometric data 

Table 8.3 summarizes the anthropometric measurements of all study participants (both 

genders) in their respective cities. On average, male participants were taller and heavier 

than female participants. Of the 308 respondents the mean (SD) BMI was 25.7 (3.44) 

kg/m2. After adjustment for age, gender and height multiple linear regression analysis 

revealed there were significant differences between the three cities in BMI (P < 0.05). 

Differences in BMI were confirmed between females (P < 0.05), but not in male 

participants. A Tukey post-hoc test revealed that Jeddah was statistically lower than 

Makkah (25.1 (2.76) kg/m2 vs. 26.3 (3.21) kg/m2, P < 0.05) compared to Newcastle 25.6 

(4.36) kg/m2. Makkah men reported the lowest BMR, with 1521 (67.90) kcal/day, 

compared to other cities (P < 0.05). There were significant differences between women in 

Jeddah, Makkah and Newcastle in WC and HC after adjustment for age using multiple 
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linear regression analysis (P < 0.05). With respect to WHR, the means (SD) for Jeddah, 

Makkah and Newcastle was 0.91 cm (0.086), 0.93 cm (0.097), and 0.92 cm (0.094), 

respectively. The Saudi women living in Newcastle reported the lowest percentage of 

body fat (29%) compared to women in Jeddah (32%), and women in Makkah (34%) (P < 

0.05). A Tukey post-hoc test revealed that there were statistical differences between 

Jeddah and Newcastle samples in terms of AC and AMC (P < 0.001), and also between 

Jeddah and Makkah samples (P < 0.05) and Makkah and Newcastle samples in terms of 

AMC (P < 0.05). 

 

Table 8.3: Comparison between anthropometric measurements of Jeddah, Makkah 
and Newcastle subjects by gender 

 
 

Variables 

 
Females 

 mean (SD) 
 

 
Males 

 mean (SD) 

 
Jeddah 

 
Makkah 

 
Newcastle 

 
P** 

 
Jeddah 

 
Makkah 

 
Newcastle 

 
P** 

 
Height (cm) 

 
160a 

(5.80) 
158a 

(6.20) 
158a  

(4.75) 
 

N.S 173a  
(5.47) 

171a  
(4.35) 

173a  
(5.62) 

 
N.S 

 
Weight (kg) 

 
63.9ab 
(7.28) 

66.8a  
(11.40) 

62.2b  
(9.80) 

 
N.S 75.3a  

(9.87) 
76.1a  
(7.86) 

80.5a  
(16.17) 

 
N.S 

 
BMI (kg/m2) 

 
25a  

(2.41) 
26.7b 

(3.94) 
24.8ac 

 (3.42) 
 

< 0.05 25.04a 
(3.01) 

25.90ab  
(2.49) 

26.9b  
(5.26) 

 
N.S 

 
BMR (kcal /d) 

 
1388a 
(76.5) 

1414a 
(97.40) 

1386a  
(84) 

 
N.S 1527ab 

(100) 
1521a 

(67.90) 
1577b 

(159.4) 
 

< 0.05 

 
WC (cm) 

 
87.4a 
(7.22) 

86ab  
(10.03) 

82.4b  
(7.33) 

 
< 0.05 89.3a 

(11.71) 
91.5a  
(8.96) 

93.2a  
(8.89) 

 
N.S 

 
HC (cm) 

 
101a  

(5.97) 
99.8ab  
(7.78) 

94.8c  
(8.80) 

 
< 0.05 91.9a  

(7.21) 
91.4a  
(5.57) 

93.4a  
(2.74) 

 
N.S 

 
WHR (cm) 

 
0.86a 
(0.04) 

0.86a  
(0.06) 

0.87a  
(0.05) 

 
N.S 0.97a  

(0.11) 
1a  

(0.07) 
0.99a  
(0.09) 

 
N.S 

 
Body fat (%)* 
 

32.1ab 
(4.01) 

34.1a  
(6.26) 

29.3b  
(2.44) 

 
< 0.05 20.9a  

(4.81) 
22.5a  
(4.39) 

22.7a  
(2.36) 

 
N.S 

 
TSF (mm) 

 
19.1a 
(2.41) 

19.3ab  
(2.26) 

17.1c  
(2.56) 

 
< 0.05 12.2a  

(3.54) 
12.4a  
(2.57) 

12.4a  
(2.41) 

 
N.S 

 
AC (cm) 

 
30.4a 
(2.21) 

30.2ab  
(2.70) 

28.3c  
(2.03) 

 
< 0.05 28.7a  

(3.01) 
27.7a  
(2.17) 

27.5a  
(2.52) 

 
N.S 

 
AMC (cm) 

 
24.4a 
(1.96) 

24.1ab  
(2.19) 

23.2c  
(1.43) 

 
< 0.05 24.8a  

(2.30) 
23.8b  
(1.69) 

23.6b  
(2.01) 

 
< 0.05 

BMI: Body Mass Index. BMR: Basal Metabolic Rate. WC: Waist Circumference. HC: Hip Circumference. WHR: Waist: Hip Ratio. 
TSF: Triceps Skin-fold. AC: Arm Circumference. AMC: Arm Muscle Circumference. * Calculated from TSF (Durnin & Womersley, 
1974). ** P-values were significant using general linear regression, which were adjusted for age to compare cities, N.S: not significant 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 

 

8.4.4 Comparison of cardiovascular risk factors between cities 

The prevalence of cardiovascular risk factors among men and women in their respective 

cities is shown in Table 8.4. 
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8.4.4.1 Obesity 

BMI values ranged from 17 to a maximum of 42.5 kg/m2 in the three areas. Overall, 53% 

of the participants were overweight or obese (Jeddah 42%, Makkah 66%, and Newcastle 

44%). Comparing between the three populations using a chi-square test revealed highly 

significant differences (χ2 = 17.898, P = 0.006). Differences were also found between 

females (χ2 =14.350, P < 0.05). According to Molarius et al. (1999), high risk WC can be 

defined as >102 cm and >88 cm for men and women, respectively. In the study sample, 

about 25% of men and women from Jeddah, 29% from Makkah, and 24% from Newcastle 

could therefore be defined as high risk WC. WHR was dichotomized as non-obese with 

cut off values of < 0.80 for females and < 0.95 for males (Lean et al., 1995). With respect 

to WHR, 20% in Jeddah, 24% in Makkah, and 19% in Newcastle were define as non-

obese. There were no significant differences found when comparing between the three 

populations in terms of WC and WHR (P > 0.05; one way ANOVA tests) (Table 8.3). 
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Table 8.4: Comparison of prevalence of cardiovascular risk factors of Jeddah, Makkah and Newcastle subjects by gender 
 
 

Risk factors 

 
Females  

n (%) 

 
Males  
n (%) 

 
Jeddah 

 
Makkah 

 
Newcastle χ2 P  

Jeddah 
 

Makkah 
 

Newcastle χ2 P 

 
BMI Classification           

          
Underweight 

 
- 

 
1 (1) 

 
- 

 
 

14.35 

 
 

< 0.05 

 
1 (1) 

 
- -  

 
10.14 

 
 

N.S Normal  29 (29) 17 (13) 29 (37) 28 (28) 26 (20) 15 (19) 
Overweight  19 (19) 31 (24) 14 (18) 17 (17) 41 (32) 11 (14) 
Obese  2 (2) 7 (5) 4 (5) 4 (4) 6 (5) 6 (7) 
 
Diabetes*           

Normal    42 (42) 50 (39) 46 (58)  
6.197 

 
N.S 

47(47) 64 (49) 30 (37)  
2.403 

 
N.S Diabetic 8 (8) 6 (5) 1 (2) 3 (3) 9 (7) 2 (3) 

 
High blood cholesterol*           

Normal 43 (43) 49 (38) 46 (58)  
8.760 

 
N.S 

45(45) 63 (49) 30 (37)  
3.737 

 
N.S  Hypercholesterolemia 7 (7) 7 (5) 1 (2) 5 (5) 10 (8) 2 (3) 

 
High blood pressure*          

Normal 36 (36) 50 (39) 43 (55)  
14.13 

 
< 0.05 

46(46) 65 (50) 30 (37)  
4.908 

 
N.S Hypertension 14 (14) 6 (5) 4 (5) 4 (4) 8 (6) 2 (3) 

 
Heart disease*           

Normal  43 (43) 54 (42) 46 (58)  
8.742 

 
N.S 

48(48) 72 (56) 32 (40)  
1.877 

 
N.S Heart disease 7 (7) 2 (1) 1 (2) 2 (2) 1 (1) - 

 
Family history:           

Diabetes 27 (27) 36 (28) 17 (22)  
27.53 

 
< 0.001 

25(25) 37 (29) 14 (18)  
6.057 

 
N.S Heart diseases 8 (8) 8 (6) 5 (6) 3 (3) 10 (8) 3 (4) 

 
Smoking status           

Non-smoker   46 (46) 38 (29) 43 (55)  
 

6.706 

 
 

N.S 

15(15) 13 (10) 9 (11)  
 

12.77 

 
 

< 0.05 
Ex-smoker - - 1 (2) 5 (5) 14 (11) 5 (6) 
Current (<20cigarette) 1 (1) 3 (2) - 20 (20) 20 (15) 5 (6) 
Current (>20cigarette) - 1 (1) - 5 (5) 25 (19) 6 (7) 
Shisha 3 (3) 14 (11) 3 (4) 5 (5) 19 (15) 9 (11) 
 
Physical activity           

Inactive 39 (39) 52 (40) 43 (55)  
7.293 

 
N.S 

23(23) 46 (36) 23 (28)  
8.136 

 
N.S Moderately active 10 (10) 3 (2) 3 (4) 17 (17) 21 (16) 5 (6) 

Active 1 (1) 1 (1) 1 (2) 10 (10) 6 (5) 4 (5) 
N.S: not significant.  
* Self-reported.
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8.4.4.2 Personal medical history  

Of the Jeddah respondents, 11% had diabetes, compared with 12% of Makkah 

respondents, and 5% of Newcastle respondents. Regarding hypertension, this was present 

in 18%, 11%, and 8% from the total respondents in Jeddah, Makkah and Newcastle, 

respectively. No differences in self-reported diabetes, hypercholesterolemia and heart 

disease were observed among adults in the three cities (P > 0.05). However, there were 

significant differences between the three cities in terms of hypertension (χ2 = 16.915, P < 

0.05). Differences were also found between females (χ2 = 14.130, P < 0.05). Figure 8.4 

presents personal medical conditions distribution of all study participants. 

Figure 8.4: Personal medical conditions distribution of all study participants (% 
obesity, high blood pressure, high blood cholesterol, diabetes, heart disease) 

  

 



187 
 

8.4.4.3 Family history 

The prevalence of diabetes in any first degree relative (father, mother or both parents) was 

52% in Jeddah, 57% in Makkah, and 40% in Saudi subjects in Newcastle, while heart 

disease was reported at 11% in Jeddah, 14% in Makkah and 10% in Newcastle. A highly 

significant difference was found between different locations (χ2 = 27.820, P < 0.001; chi-

square test). Figure 8.5 shows the family history distribution of all study participants.  

 

Figure 8.5: Family history distribution of all study participants (% heart disease, 
diabetes) 

 

 

8.4.4.4 Smoking habits 

Smoking cigarettes presently or in the past was different in each city (Jeddah 31%, 

Makkah 48%, and Newcastle 21%), as was smoking shisha (Jeddah 8%, Makkah 26%, 

and Newcastle 13%). Only 17% participants from Makkah smoked both cigarettes and 

shisha. Of the all the participants, 61% in Jeddah, 39% in Makkah and 66% of Saudi 

subjects in Newcastle stated that they had never smoked either cigarettes or shisha. There 

were highly significantly differences between cities in terms of smoking habits (χ2 = 

19.071, P < 0.001). Differences were also found between men (χ2 = 12.776, P < 0.05). 

Figure 8.6 shows the smoking status distribution of all study participants. 
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Figure 8.6: Smoking status distribution of all study participants (% non-smoker, ex-
smoker, current < 20 cigarette, current > 20 cigarette, shisha) 

 

 
 

8.4.4.5 Physical activity 

Out of the total 308 participants, 73% engage in low level of physical activity (62% in 

Jeddah, 76% in Makkah, and 83% in Saudi subjects in Newcastle). In contrast, 27% of the 

participants engaged in medium or high level physical activity. Men reported engaging in 

more physical activity than women. Moreover, there were statistical differences between 

the three cities (χ2 = 12.118, P < 0.05). Figure 8.7 illustrates the physical activity 

distribution of all study participants. 
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Figure 8.7: Physical activity distribution of all study participants (% active, 
moderately active, inactive) 

 

 

8.4.5 Dietary data 

8.4.5.1 Dietary habits 

Table 8.5 shows dietary habits of both men and women in their respective cities. The 

majority of participants ate three meals per day (Jeddah 69%, Makkah 75%, and 

Newcastle 49%). The main meal was lunch for 86% of participants in Jeddah and 83% of 

participants in Makkah. However, the main meal of Saudi participants in Newcastle was 

dinner, at 72%. The frequency of daily breakfast consumption was 38% in Jeddah, 49% in 

Makkah, and 55% in Newcastle. There were significant differences between the three 

cities in meals per day (P < 0.05), main meal (P < 0.001), and eating breakfast (P < 0.05). 

Most of the participants (Jeddah 89%, Makkah 93%, and Newcastle 94%) ate food outside 

of their home with more women in Makkah reporting eating out (χ2 = 17.651, P < 0.05).  
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Table 8.5: Comparison of prevalence of dietary habits between Jeddah, Makkah and 
Newcastle subjects by gender 
 

 
 

Eating 
patterns 

 
Females  

n (%) 

 
Males  
n (%) 

 
Jeddah 

 
Makkah 

 
Newcastle χ2 P  

Jeddah 
 

Makkah 
 

Newcastle χ2 P 

 
Meals 
(no./day): 

        
  

 
1 or 2 

 
10 (10) 

 
18 (14) 

 
20 (25) 

 
 
 

5.835 

 
 
 

N.S 

 
19 (19) 

 
11 (8) 

 
18 (22) 

 
 
 

19.718 

 
 
 

< 0.05 
 
3 or 4 

 
39 (39) 

 
37 (29) 

  
26 (33) 

 
30 (30) 

 
60 (46) 

 
13 (16) 

 
More than 5 

 
1 (1) 

 
1 (1) 

  
1 (2) 

 
1 (1) 

 
2 (2) 

 
1 (2) 

 
Main meal:       
 
Breakfast 

 
1 (1) 

 
5 (4) 

 
12 (15) 

 
 
 

43.233 

 
 
 

< 0.001 

 
4 (4) 

 
9 (7) 

 
8 (10) 

 
 
 

19.283 

 
 
 

N.S 
 
Lunch 

 
46 (46) 

 
46 (35) 

 
16 (20) 

 
40 (40) 

 
62 (48) 

 
16 (20) 

 
Dinner 

 
13 (13) 

 
13 (10) 

 
34 (43) 

 
18 (18) 

 
25 (19) 

 
23 (29) 

 
Eating 
breakfast: 

      

 
Daily 

 
12 (12) 

 
26 (20) 

 
27 (35) 

 
 
 

17.309 

 
 
 

< 0.05 

 
26 (26) 

 
38 (29) 

 
16 (20) 

 
 
 

3.888 

 
 
 

N.S 
 
Sometimes 

 
27 (27) 

 
24 (18) 

 
9 (11) 

 
22 (22) 

 
33 (26) 

 
13 (16) 

 
Never 

 
11 (11) 

 
6 (5) 

 
11 (14) 

 
2 (2) 

 
2 (2) 

 
3 (4) 

 
Eating 
outside (per 
week): 

      

 
Never 

 
5 (5) 

 
5 (4) 

 
2 (3) 

 
 
 
 

17.651 

 
 
 
 

< 0.05 

 
6 (6) 

 
3 (3) 

 
2 (3) 

 
 
 
 

5.221 

 
 
 
 

N.S 

 
Once or twice 

 
39 (39) 

 
30 (23) 

 
25 (32) 

 
22 (22) 

 
36 (28) 

 
15 (19) 

 
Three or four 
times 

 
6 (6) 

 
16 (12) 

 
11 (14) 

 
13 (13) 

 
26 (20) 

 
9 (11) 

 
More than 
four times 

 
- 

 
5 (4) 

 
9 (11) 

 
9 (9) 

 
8 (6) 

 
6 (7) 

N.S: not significant 

 

8.4.5.2 Nutrient intake 

8.4.5.2.1 Intake of energy, macronutrients, cholesterol and fibre 

There were marked differences in macronutrient composition between the three areas, 

reflecting differences in overall dietary patterns. Saudi men in Newcastle reported the 

highest average total energy intake. Jeddah subjects were lower than Makkah and 

Newcastle subjects (Tables 8.6 and 8.7). The mean (SD) energy intake of Jeddah, Makkah 

and Newcastle participants was as follows: 2005 (325), 2273 (228), and 2279 (287) 

kcal/day, respectively. Differences were found between genders and between cities in 

terms of energy intake (MJ/day and kcal/day) (P < 0.001). For individuals aged 19 to 59, 

the UK EAR is 1940 kcal/day for women and 2550 kcal/day for men. On average all men 
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were consuming below the recommended level of energy intake. The percentage energy 

from total fat in Jeddah was 36% and 33% in Makkah and also for Saudi people living in 

Newcastle. Energy provided by SFA in Jeddah was 12%, 14% in Makkah and in 

Newcastle. The percentage of MUFA and PUFA in Jeddah was 12.4% and 6.9%, 

respectively, compared with 8.8% and 3.1% in Makkah, and 10% and 4.3% in Newcastle, 

respectively. There were statistically significant differences between cities, as determined 

by a one way ANOVA, in terms of SFA, MUFA and PUFA (P < 0.001). Jeddah 

participants had higher intakes of MUFA and PUFA (but not SFA) than the other two 

cities. A Tukey post-hoc test revealed that there were statistically significant differences in 

MUFA and PUFA (P < 0.001) between the three cities. Dietary cholesterol intake was 

similar across the three cities. However, Tukey post-hoc test revealed that there were 

statistically significant differences between Saudi men (P < 0.05) in different locations 

(Table 8.6).  

 

Intake of total protein tended to be lower for Saudi women living in Newcastle at 14%, 

compared to about 16% and 15% for females in Jeddah and Makkah, respectively. There 

were significant differences between the means of the three cities in protein (P < 0.05), as 

illustrated in Table 8.6.  The percentage of energy obtained from carbohydrate by Makkah 

subjects (55%) was similar to Newcastle subjects (55%) and higher than Jeddah subjects 

(50%). Saudi women in Newcastle reported the highest intake of total carbohydrate (57%), 

followed by Makkah women (56%) and Jeddah women (51%). There were significant 

differences observed within the same gender (P < 0.001) and also appeared between cities 

(P < 0.001). Table 8.6 demonstrates that carbohydrate was the largest contributor (54%) to 

total daily energy intake among total 308 participants, compared with fat (34%) and 

protein (16%). The Jeddah sample reported the highest percentage of energy from fat and 

the lowest percentage of energy from carbohydrate. The percentages of the Makkah and 

Newcastle samples were in contrast the exact reverse (lowest from fat and highest from 

carbohydrate). It appears that the mean intake of fibre was below the recommended intake 

level, with mean (SD) intake of fibre among all 308 participants at 9.1 (4.14) g/day. After 

adjustment for age and gender, multiple linear regression analysis revealed there were 

significantly differences between the three cities and differences were also found between 

females (P < 0.05). 
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Table 8.6: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily energy intake and daily intake of macronutrients of subjects by city 

P** 

 
Abroad City 
Newcastle 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah  
Overall Nutrient 

Mean (SD) Mean (SD) Mean (SD) 95% CI Median Mean(SD) 

 
< 0.001 

 
9.6b  

(1.21) 

 
9.5b  

(9.61) 

 
8.4a  

(1.36) 

 
9.1, 
9.3 

9.1 
 

9.1 
(1.28) 

 
Energy (MJ/d) 

 
< 0.001 

 
2279b  
(287) 

 
2273b  
(228) 

 
2005a  
(325) 

 
2154, 
2221 

2187 
 

2188 
(304) 

Energy (kcal/d) 

 
N.S 

 
83.2a  

(17.11) 

 
83.1a  

(14.94) 

 
80.2a  
(20.8) 

 
80.2, 
84.2 

81.4 
 

82.2 
(17.59) 

Total fat (g/d)         

< 0.001 32.9b 32.9b 35.8a   34 %  of daily 
energy  

 
< 0.001 

34.9b  
(8.50) 

36.3b  
(8.20) 

27.8a  
(9.2) 

32.1, 
34.2 33.4 33.2 

(9.38) SFA (g/d)      

< 0.001 13.8b 14.3b 12.4a   13.6 % of daily energy 

 
< 0.001 

24.9c  
(7.71) 

22.1b 

(6.12) 
26.5a  

(25.1, 28.1)* 
23.7, 
25.5 24.3 24.6 

(7.71) MUFA (g/d)        

< 0.001 10c 8.8b 12.4a   10.2 %  of daily 
energy  

 
< 0.001 

10.9c  
(4.38) 

7.9b 

(3.1) 
15.4a   
(6.12) 

10.5, 
11.7 9.8 11.1 

(3.44) PUFA (g/d)          

< 0.001 4.3c 3.1b 6.9a   4.6 % of daily energy  

 
N.S 

231a 

(182, 294)* 
252a  

(80.03) 
256a  
(98) 

245, 
267 247 256 

(97.24) 
Cholesterol 
(mg/d) 

N.S 
 

85.1a  
(19.11) 

 
86.2a  

(16.79) 

 
82.09a  
(18.13) 

 
82.5, 
86.5 

83.2 
 

84.5 
(17.89) 

Protein (g/d) 

< 0.05 15.02b 15.2b 16.5a   16 % of daily energy  

< 0.001 
316b  

(67.90) 
315b  

(42.67) 
252a  

(49.7) 
288, 
302 291 295 

(59.97) 
 
Carbohydrates 
(g/d) 

< 0.001 55.3b 55.4b 50.5a   54 %  of daily 
energy  

< 0.05 
8.3b  

(3.13) 
8.9ab  
(3.26) 

10.1a   
(5.04) 

8.7, 
9.6 8.6 9.1 

(4.17) Fibre (g/d)    

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. *Geometric means (95% CI).   
** P-values were significant using general linear regression, which were adjusted for age and gender. N.S: not significant.  
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially similar 
superscripts are not significant, using Tukey post-hoc test. 
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Table 8.7: Comparison of daily energy intake and daily intake of macronutrients 
between Jeddah, Makkah and Newcastle subjects by gender 

Nutrient 

 
Females 

 mean (SD) 

 
Males  

mean (SD) 
 

Jeddah 
 

Makkah Newcastle P 
 

Jeddah 
 

Makkah Newcastle P 

 
Energy (MJ/d) 

8.6a 
(1.55) 

9.6b 
(1.07) 

9.4b 

(1.22) < 0.001 8.2a 
(1.11) 

9.4b 
(0.87) 

9.8b 

(1.19) < 0.001 

 
Energy (kcal/d) 

2051a 
(373) 

2295b 
(251) 

2231b 

(271) < 0.001 1959a  
(265) 

2256b 
(208) 

2350b 

(290) < 0.001 

 
Total fat (g/d)         

 
83.88a 
(22.96) 

 
81.1a 

(15.10) 

 
78.8a 

(16.44) 

 
 

N.S 
 

 
76.5a 

(18.08) 

 
84.7b 

(14.72) 

 
89.6b 

(16.12) 

 
 

< 0.05 

%  of daily energy  36.5a 31.7b 31.9b 
 

< 0.001 
 

35.1a 33.7a 34.5a 
 

N.S 
 

SFA (g/d)      
 

29.5a  
(10.48) 

 

 
34.1b 
(7.68) 

 

33.8b 

(8.55) 

 
 

< 0.05 
26.12a 
(7.46) 

38.1b 
(8.22) 

36.5b 

(8.28) 

 
 

< 0.001 

% of daily energy 12.8a 13.3a 13.7a 
 

N.S 
 

12a 15.1b 14.1b 
 

< 0.001 
 

MUFA (g/d)        28.18a 
(8.14) 

21.1b 

(5.91) 
24.5c 

(6.91) 
 

< 0.001 
 

26.1a 
(23.9,28.3)* 

22.8b 

(6.11) 
25.6ab 

(8.12) 
 

< 0.05 
 

%  of daily energy  12.3a 8.3b 10c 
 

< 0.001 12.4a 9.2b 10b 
 

< 0.001 

PUFA (g/d)          16.6a 
(6.91) 

9.1b 

(2.33) 
10.2b 

(3.81) 
 

< 0.001 
 

14.25a 
(5.02) 

7.1b 

(2.17) 
11.9c 

(4.91) 
 

< 0.001 

% of daily energy  7.2a 3.6b 4.1b 
 

< 0.001 6.5a 2.8b 4.5c 
 

< 0.001 

 
Cholesterol 
(mg/d) 

 
243a  

(87.72) 

 
245a 

(75.93) 

 
187a 

(156,225)* 

 
 

N.S 
 

 
269b   
(107) 

 
257b 

(83.21) 

 
318a 

(221,477)* 

 
 

< 0.05 

Protein (g/d) 80.4ab  
(19.93) 

87.5a 
(17.77) 

77.4b 

(15.37) 
 

< 0.05 
 

83.7b 
(16.17) 

85.3b 
(16.06) 

96.1a 

(18.41) 
 

< 0.05 
 

% of daily energy  15.7b 15.3b 13.9a 
 

< 0.05 17.2a 15.1b 16.5ab 
 

< 0.05 

Carbohydrates 
(g/d) 

258a 
(48.54) 

323b 
(42) 

324b 

(65.87) 
 

< 0.001 
 

247a 
(50.72) 

308b 
(42.37) 

305b 

(70.22) 
 

< 0.001 
 

%  of daily energy  50.7a 56.3b 57b 
 

< 0.001 50.3a 54.6b 51.5ab 
 

< 0.05 

Fibre (g/d)    11.3a  
(5.53) 

 
8.9b 

(2.62) 
 

8.1b 

(4.04) 

 
< 0.05 8.8a 

(4.16) 

 
8.9a 

(3.69) 
 

8.8a 

(3.71) 

 
N.S 

 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. *Geometric means (95% CI). 
P < 0.05, P < 0.001 variables were compared by one way ANOVA. N.S: not significant. 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test.    

 

8.4.5.2.2 Intake of minerals 

Mineral intakes differed significantly by location. Mean daily intake of calcium was lower 

in Jeddah participants compared to the other cities; it was especially low among Jeddah 
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males (644 (176) mg/day). A Tukey post-hoc test revealed that there were statistically 

significant differences between Jeddah and the other two cities in terms of calcium intake 

(P < 0.001). Mean intake of magnesium for Jeddah was 240 (77.14) mg/day, compared 

with 264 (52.49) mg/day for Makkah, and 273 (80.62) mg/day for Newcastle. Mean daily 

intake of sodium was highest in Makkah, followed by Newcastle, then Jeddah. A similar 

result was found for potassium intake, with the highest intake found in Makkah and 

Newcastle followed by Jeddah (Table 8.8). Both men and women in all cities had mean 

intakes above the UK RNI recommendations for sodium (1.6 g/day) but below the 

recommendations for potassium (3.5 g/day). The Makkah sample had the lowest intake of 

selenium, (at 42.4 µg/day for women and 43.7 µg/day for men), compared to (44.5 µg/day 

for women and 52.4 µg/day for men) in Newcastle. In contrast, the highest intakes of 

selenium were found in Jeddah, (at 47.6 µg/day for women and 59.9 µg/day for men). The 

mean zinc intakes for Jeddah, Makkah and Newcastle were as follows: 8.2 (2.31), 9.9 

(2.23), and 9.1 (2.15) mg/day, respectively. There were statistically significant differences 

as determined by a one way ANOVA between different locations for calcium, sodium, 

potassium and zinc (P < 0.001) (Tables 8.8 and 8.9). 

 

8.4.5.2.3 Intake of vitamins 

The data in Table 8.8 shows that the mean daily intake of vitamin A in Jeddah, Makkah 

and Newcastle was as follows: 591, 550 and 462 µg/day, respectively. Individuals below 

the UK RNI for vitamin A were more likely to be in male participants. Intake of total 

vitamin C was above the RNI recommendation for all study subjects. The mean daily 

intake of vitamin E was 4.8 mg/day for Jeddah, for Makkah it was 4.5 mg/day, and for 

Saudi men and women living in Newcastle it was 5.4 mg/day. There were significant 

differences between the three cities and differences were also found between male subjects 

(P < 0.05). 
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Table 8.8: Mean, standard deviation (SD), median and 95% Confidence Intervals 
(CI) for daily intake of micronutrients of subjects by city 

*Geometric means (95% CI). ** P-values were significant using general linear regression, which were adjusted for age and gender. 
N.S: not significant. a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with 
similar or partially similar superscripts are not significant, using Tukey post-hoc test. 

 

 

 

 

 

 

 

 

 

 

 

P** 

 
Abroad City 
Newcastle 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah 
Overall 

Nutrient 

Mean (SD) Mean (SD) Mean (SD) 95%CI Median Mean(SD) 

< 0.001 
 

815b 

(107) 

 
803b 

(183) 

 
663a 

(199) 

 
740, 
781 

770 
 

760 
(185) 

Calcium (mg/d) 

N.S 
 

11.2a 

(9.3, 13.4)* 

 
14.6a 

(4.61) 

 
13.6a 

(12.5, 14.7)* 

 
12.4, 
15.3 

13.3 13.8* Iron (mg/d) 

< 0.05 
 

273b 

(80.62) 

 
264b 

(52.49) 

 
240a 

(77.14) 

 
251, 
266 

249 
 

259 
(69.98) 

 
Magnesium 
(mg/d) 

< 0.001 
 

3.1b 

(0.81) 

 
4.4a 

(1.23) 

 
2.9b 

(0.98) 

 
3.4, 
3.7 

3.4 
 

3.6 
(1.26) 

Sodium (g/d) 

< 0.001 
 

3.1b 

(0.94) 

 
3.1b 

(0.79) 

 
2.6a 

(0.85) 

 
2.8, 
3.1 

2.8 
 

2.9 
(0.87) 

Potassium (g/d) 

< 0.05 
 

47.7ab 

(19.99) 

 
43.1b 

(16.58) 

 
53.7a 

(28.77) 

 
45.2, 
50.3 

44 
 

47.7 
(22.44) 

Selenium (µg/d) 

< 0.001 
 

9.1b 

(2.15) 

 
9.9a 

(2.23) 

 
8.2b 

(2.31) 

 
8.8, 
9.4 

8.8 
 

9.1 
(2.52) 

Zinc (mg/d) 

< 0.001 
 

462b 

(216) 

 
550b 

(226) 

 
591a 

(513, 682)* 

 
418, 
657 

582 525* Vitamin A (µg/d) 

N.S 
 

62.9a 

(32.91) 

 
54.1a 

(47.8,60.9)* 

 
51.4a 

(43.6, 60.6)* 

 
39.2, 
62.8 

54.2 49.6* Vitamin C 
(mg/d) 

< 0.05 
 

5.4b 

(1.81) 

 
4.5a 

(1.37) 

 
4.8b 

(4.4, 5.3)* 

 
4.8, 
5.3 

4.5 
 

5.1 
(2.21) 

 
Vitamin E 
(mg/d) 
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Table 8.9: Comparison of daily intake of micronutrients of Jeddah, Makkah and 
Newcastle subjects by gender 

Nutrient 

 
Females  

mean (SD) 

 
Males 

 mean (SD) 
 

Jeddah 
 

Makkah Newcastle P Jeddah Makkah Newcastle P 

Calcium 
(mg/d) 

682a  
(220) 

867b  
(178) 

843b 

(88.69) < 0.001 644a 

(176) 
753b 

(171) 
774b 

(120) 
 

< 0.001 

Iron (mg/d) 14.2a 

(12.3,16.2)*  
15.2a 

(4.96)  
11.8a 

(8.6,16.1)* 
 

N.S 
 

12.9a 

(11.8,14.2)* 
14.2a 

(4.31) 
10.3a 

(7.4,14.2)* 
 

N.S 
 

Magnesium 
(mg/d) 

243a  
(85.37) 

272b 

(54.31)  
278b 

(79.71) 
 

< 0.05 237a 

(68.66) 
257a 

(50.44) 
267a 

(82.84) 
 

N.S 

Sodium 
(g/d) 

3.01b  
(0.93) 

4.2a  
(1.35) 

2.9b 

(0.82) 
 

< 0.001 2.8b 

(1.03) 
4.5a 

(1.11) 
3.2b 

(0.80) 
 

< 0.001 

Potassium 
(g/d) 

2.7a  
(0.97) 

3.1b  
(0.75)  

3.2b 

(0.91) 
 

< 0.05 2.5a 

(0.71) 
3.03b 

(0.82) 
3b 

(0.93) 
 

< 0.05 

Selenium 
(µg/d) 

47.6a  
(24.57) 

42.4a  
(14.4) 

44.5a 

(17.21) 
 

N.S 59.9a 

(31.47) 
43.7b 

(18.13) 
52.4ab 

(22.19) 
 

< 0.05 

Zinc (mg/d) 7.9b  
(2.17) 

9.3a  
(2.91) 

8.1b 

(2.41) 
 

< 0.05 8.6a 

(2.41) 
10.3b 

(1.91) 
10.4b 

(2.83) 
 

< 0.001 

Vitamin A 
(µg/d) 

623a 

(520, 746)*  
596b  
(241) 

481b 

(222) 
 

< 0.05 561a 

(447, 703)* 
515ab 

(208) 
434b 

(207) 
 

< 0.05 

Vitamin C 
(mg/d) 

54.5a 

(43.3,68.5)*  
57.9a 

(49.1,68.5)*  
63.7a 

(24.30) 
 

N.S 48.5a 

(38.01, 61.9)* 
51.1a 

(43.1, 60.8)* 
61.7a 

(36.11) 
 

N.S 
 

Vitamin E 
(mg/d) 

4.9a 

(4.3, 5.6)*  
4.6a  

(1.37) 
5.5a 

(2.41) 
 

N.S 4.8a 

(4.2, 5.4)* 
4.5a 

(1.37) 
5.4a 

(2.45) 
 

< 0.05 

*Geometric means (95% CI). P < 0.05, P < 0.001 variables were compared by one way ANOVA.  N.S: not significant. 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 

 

8.4.5.2.4 Intake of fatty acids 

Table 8.10 and 8.11 shows a comparison of fatty acid intake among study subjects in the 

three cities. Fatty acid intake varied significantly according to geographical location. 

Residents from Jeddah reported the highest daily intake of total omega 3 fatty acids, 

followed by Saudi participants in Newcastle, then Makkah residents (P < 0.001). The 

mean daily intake of total omega 3 fatty acids in Jeddah, Makkah and Newcastle was 1.30 

g/day, 0.37 g/day and 0.78 g/day, respectively. The main total omega 3 fatty acids were in 

the form of ALA (Jeddah 1.01 g/day, Makkah 0.36 g/day, and Newcastle 0.56 g/day), and 

EPA/DHA with 0.17 g/day in Jeddah, 0.007 g/day in Makkah, and 0.16 g/day in 

Newcastle. Total omega 3 fatty acids contributed 0.58%, 0.14%, and 0.14% to the daily 

energy intake in Jeddah, Makkah and Newcastle, respectively. On the other hand, the 

geometric mean for daily intake of total omega 6 fatty acids for Jeddah was 3.90 g/day, 

while it was 2.62 g/day in Makkah, and 3.75 g/day in Newcastle. The intake of omega 6 

fatty acids was mainly in the form of LA (Jeddah 3.7 g/day, Makkah 2.6 g/day, and 
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Newcastle 3.7 g/day), and AA with (0.16, 0.019, and 0.04 g/day in Jeddah, Makkah and 

Newcastle, respectively). Omega 6 fatty acids contributed 1.75% of daily energy intake in 

Jeddah, 1.03% in Makkah, and 0.96% in Newcastle. 

 
Table 8.10: Geometric mean, median and 95% Confidence Intervals (CI) for daily 
intake of fatty acids of subjects by city  
 

P* 

 
Abroad City 
Newcastle 

 
Internal City 

Makkah 

 
Coastal City 

Jeddah  
Overall Nutrient 

Mean 
95% CI 

Mean 
95% CI 

Mean 
95% CI 95% CI Median Mean    

 
< 0.001 

 
0.78b 

(0.4, 1.4) 

 
0.37b 

(0.33, 0.41) 

 
1.3a 

(1.1, 1.5) 

 
0.8, 
1.3 

0.99 1.1 
 
Total n-3 PUFAs 
(g/d) 

0.14b 0.14b 0.58a   0.41 % of daily energy 

< 0.001 
 

0.56b 

(0.3, 0.9) 

 
0.36b 

(0.32, 0.4) 

 
1.01a 

(0.89, 1.1) 

 
0.58, 
0.89 

0.66 0.72 ALA (g/d) 

< 0.001 
 

0.06b 

(0.02, 0.2) 

 
0.005b 

(0.003, 0.007) 

 
0.13a 

(0.06, 0.2) 

 
0.04, 
0.10 

0.04 0.1 EPA (g/d) 

< 0.001 
 

0.1b 

(0.04, 0.2) 

 
0.002b 

(0.0004,0.0034) 

 
0.14a 

(0.07, 0.22) 

 
0.1, 
0.13 

0.1 0.1 DHA (g/d) 

< 0.001 

 
3.75b 

(1.8, 8.01) 

 
2.62b 

(2.3, 2.9) 

 
3.9a 

(3.25, 4.56) 

 
2.2, 
4.3 

3.2 3.4 
 
Total n-6 PUFAs 
(g/d) 

0.96b 1.03b 1.8a   1.4 % of daily energy 

< 0.05 
 

3.7b 

(1.7, 7.9) 

 
2.6a 

(2.2, 2.9) 

 
3.7b 

(3.1, 4.3) 

 
2.6, 
4.1 

3.1 3.3 LA (g/d) 

< 0.001 
 

0.04b 

(0.02, 0.1) 

 
0.019b 

(0.016, 0.023) 

 
0.2a 

(0.11, 0.20) 

 
0.04, 
0.1 

0.1 0.1 AA (g/d) 

< 0.001 
 

4.7c 

(3.4, 6.7) 

 
7.5b 

(6.7, 8.3) 

 
4.2a 

(3.4, 5.1) 

 
2.5, 
4.3 

4.4 3.3 
 
Total n-6: total n-3 
PUFAs 

< 0.001 
 

0.2b 

(0.1, 0.2) 

 
0.2b 

(0.15, 0.25) 

 
0.55a 

(0.42, 0.68) 

 
0.2, 
0.3 

0.2 0.3 
 
Total n-3: total n-6 
PUFAs 

< 0.001 

 
2.5b 

(1.2, 5.1) 

 
3.9a 

(3.5, 4.2) 

 
2.5b 

(2.2, 2.8) 

 
1.8, 
2.8 

2.5 2.3 
 
Trans fatty acid 
(g/d) 

1.2b 1.5a 1.1b   1.3 
 
% of daily energy 
 
n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6).  
* P-values were significant using general linear regression, which were adjusted for age and gender. 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 
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Table 8.11: Comparison of daily intake of fatty acids of Jeddah, Makkah and 
Newcastle subjects by gender 

 

Nutrient 

 
Females  

Mean (95% CI) 
 

 
Males  

Mean (95% CI) 
 

 
Jeddah 

 
Makkah Newcastle P 

 
Jeddah 

 
Makkah Newcastle P 

Total n-3 
PUFAs (g/d) 

 
1.37a  

(1.03, 1.7) 

 
0.41b  

(0.35, 0.47) 

 
0.72b 

(0.2,1.7) 

 
 
 

< 0.001 

 
1.2a  

(0.99, 1.4) 

 
0.33b  

(0.28, 0.38) 

 
0.88b 

(0.2,4.2) 

 
 
 

< 0.001 % of daily 
energy 0.60a  0.16b 0.13b 0.55a 0.13b 0.14b 

ALA (g/d) 
 

0.97a  
(0.83,1.11) 

 
0.41b  

(0.35,0.47) 

 
0.54b 

(0.24,1.2) 

 
< 0.001 

 
1.1a  

(0.86, 1.26) 

 
0.33b  

(0.28,0.37) 

 
0.59b 

(0.2,1.6) 

 
< 0.001 

EPA (g/d) 
 

0.17a  
(0.05,0.31) 

 
0.005b 

(0.004,0.01) 

 
0.1b 

(0.01,0.3) 

 
< 0.05 

 
0.09a  

(0.03, 0.15) 

 
0.004b  

(0.001,0.007) 

 
0.1ab 

(0.03,1.3) 

 
< 0.05 

DHA (g/d) 
 

0.21a  
(0.07,0.36) 

 
0.002b 

(0.001,0.003 

 
0.1b 

(0.04,0.1) 

 
< 0.001 

 
0.07a  

(0.03, 0.13) 

 
0.001b  

(0.00, 0.004) 

 
0.1ab 

(0.01,1.3) 

 
< 0.05 

Total n-6 
PUFAs (g/d) 

 
2.99a  

(2.4, 3.5) 

 
 3.4ab  

(2.9, 3.9) 

 
3.9b 

(1.5,10.2) 

 
 
 

N.S 

 
4.8a  

(3.6, 5.9) 

 
2.02b  

(1.6, 2.3) 

 
3.4b 

(0.3,32.6) 

 
 
 

< 0.001 % of daily 
energy 1.31a 1.3ab 0.95b 2.2a 0.80b 0.98b 

LA (g/d) 
 

2.8a  
(2.2, 3.4) 

 
3.3ab  

(2.9, 3.8) 

 
3.9b 

(1.5,10.1) 

 
N.S 

 
4.6a  

(3.5, 5.7) 

 
2b  

(1.6,2.3) 

 
3.4b 

(0.4,32.4) 

 
< 0.001 

AA (g/d) 
 

0.14a  
(0.08,0.19) 

 
0.02b  

(0.01, 0.03) 

 
0.04b 

(0.01,0.1) 

 
< 0.001 

 
0.17a  

(0.11, 0.24) 

 
0.02b  

(0.01,0.02) 

 
0.1b 

(0.01,0.2) 

 
< 0.001 

 
Total n-6: 
total n-3 
PUFAs 

 
3.3a  

(2.4, 4.1) 

 
8.6b  

(7.6, 9.6) 

 
5.4b 

(3.8,7.9) 

 
 

< 0.001 
 

5.2ab  
(3.8, 6.5) 

 
6.6a  

(5.5, 7.8) 

 
4.9b 

(1.5,10.2) 

 
 

< 0.05 

 
Total n-3: 
total n-6 
PUFAs 

 
0.70a  

(0.47,0.94) 

 
0.14b  

(0.12, 0.15) 

 
0.18b 

(0.1,0.2) 

 
 

< 0.001 
 

0.40a  
(0.28,0.52) 

 
0.25b  

(0.17, 0.33) 

 
0.25b 

(0.1,0.6) 

 
 

< 0.05 

trans fatty 
acid (g/d) 

 
2.3b  

(1.8, 2.7) 

 
3.5a  

(2.9, 4.1) 

 
1.9b 

(0.5,6.2) 

 
 
 

< 0.05 

 
2.7a  

(2.3, 3.2) 

 
4.2b  

(3.7, 4.7) 

 
3.7ab 

(1.3,10.8) 

 
 
 

< 0.05 % of daily 
energy 1b 1.4a 1.01b 1.2a 1.7b 1.3ab 

n-3, omega 3; ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6); AA, arachidonic acid (20:4 n-6). P < 0.05, P < 0.001 variables were compared by one way 
ANOVA. NS: not significant. 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 

 

There were statistically significant differences in the mean total daily intake of omega 6, 

LA and AA fatty acid (P ≤ 0.001) between the three cities. The geometric mean for daily 

intake of trans fatty acid was 2.5 g/day in Jeddah, 3.9 g/day in Makkah and 2.5 g/day in 

Newcastle. Trans fatty acid contributed 1.1% to daily energy intake in Jeddah, 1.5% in 

Makkah and 1.2% in Newcastle. Observed differences among the three populations in 

terms of trans fatty acids were statistically significant (P < 0.001). Another comparison 

between subjects of the same gender found statistically significant differences among 
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females in terms of total omega 3 fatty acids, ALA, EPA, DHA, AA and trans fatty acids 

(P ≤ 0.001). 

8.4.6 Intake by food groups 

Jeddah subjects showed an interesting characteristic: the fish consumption was more than 

75% higher than in the other two cities, and fruit and vegetable consumption was 25% 

higher than in the Makkah and Newcastle samples. On the other hand, Makkah 

participants reported high consumption of fast food and traditional Saudi foods (P < 

0.001). Both genders in Newcastle reported a lower consumption of traditional Saudi food. 

Jeddah and Makkah women consumed approximately twice as much traditional Saudi 

food than women in Newcastle, but among male subjects, Jeddah men consumed twice as 

much as Newcastle men and Makkah men consumed three times as much as Newcastle 

men. Intake of nut and seed products was higher in Jeddah and Newcastle than Makkah (P 

< 0.001). Table 8.12 and 8.13 provides a comparison of intake by food group among study 

samples in the three cities after adjustment for age and gender. 

 

Table 8.12: Percentage, mean and 95% Confidence Intervals (CI) for intake by food 
group of study subjects by city 

* P-values were significant using general linear regression, which were adjusted for age and gender.  
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 

 
 
 
 
 
 
 
 

 

P* 

 
Abroad City 
Newcastle 

 
Internal city 

Makkah 

 
Coastal city 

Jeddah 
Overall 

Food groups 
Mean (g/d) 

n (%) 
Mean (g/d) 

n (%) 
Mean (g/d) 

n (%) 
95% 
CI 

Mean 
(g/d) n (%) 

< 0.001 
 

4.02b 

12 (15) 

 
0.12a 

3 (2) 

 
5.2b 

22 (22) 

 
1.7, 
3.8 

2.7 37 (12) Nuts and seeds 

< 0.001 
 

7.02b 

18 (22) 

 
3.2b 

10 (8) 

 
32.6a 

42 (42) 

 
10.1, 
17.3 

13.7 70 (23) Fish and sea-food 

< 0.05 
 

156b 

69 (87) 

 
152b 

114 (88) 

 
205a 

97 (97) 

 
155, 
186 

170 280 (91) Fruit & vegetables 

< 0.001 
 

365b 

66 (83) 

 
597a 

122 (95) 

 
327b 

79 (79) 

 
412, 
488 

450 267 (87) Fast food  

< 0.001 
 

143a 

51 (65) 

 
317b 

125 (96) 

 
271b 

91 (91) 

 
236, 
279 

257 267 (87) Traditional Saudi 
food 
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Table 8.13: Comparison of intake by food group of Jeddah, Makkah and Newcastle 
subjects by gender 
 

P < 0.05; P < 0.001 variables were compared by Kruskal Wallis tests. N.S: not significant. 
a, b and c: Values with different superscripts within the column are significantly different at P < 0.05, values with similar or partially 
similar superscripts are not significant, using Tukey post-hoc test. 

 

Table 8.14 describes the association between intake by food group and energy and nutrient 

intake. Intake of the nuts and seeds group had the strongest positive associations with total 

fat, MUFA, PUFA, magnesium and vitamin E (P < 0.001). As for the fish and sea-food 

group, this was higher in PUFA, selenium, total omega 3, ALA, EPA and DHA but lower 

in SFA, carbohydrates and sodium. The fruit and vegetables group was positively 

correlated with fibre, magnesium, potassium and vitamin C. Fast food had positive 

associations with energy (r = 0.240, P < 0.001), total fat, sodium, total omega 6 fatty acid, 

LA and trans fatty acid (r = 0.463, P < 0.001). However, there were negative associations 

with fibre (r = -0.427, P < 0.001), magnesium, potassium and vitamin C. Traditional Saudi 

food was characterized by a high intake of energy, protein, carbohydrates, fibre (r = 0.498, 

P < 0.001), iron (r = 0.439, P < 0.001), magnesium (r = 0.351, P < 0.001), sodium (r = 

0.391, P < 0.001), potassium (r = 0.445, P < 0.001) and vitamin C. 

 

 

 

 

P 

 
Males 

Mean (g/d)  
(95% CI) P 

 
Females 

Mean (g/d)  
(95% CI) Food groups 

Newcastle Makkah Jeddah Newcastle Makkah Jeddah 

 
< 0.05 

 
2.5b 

(1.1, 6.1) 

 
0.11b 

(0.04, 0.27) 

 
4.8a 

(0.6, 8.9) 

 
< 0.05 

 
5.1b 

(1.3, 8.7) 

 
0.12a 

(0.11, 0.35) 

 
5.6b 

(2.5, 8.6) 

Nuts and 
seeds 

< 0.001 
 

7.2b 

(1.6, 12.6) 

 
4.26b 

(0.34, 8.1) 

 
34.2a 

(20.4, 47.9) 
< 0.001 

 
6.9c 

(1.2, 12.6) 

 
1.8b 

(0.1, 3.6) 

 
31.2a 

(18.1, 44.4) 

Fish and sea-
food 

N.S 
 

159a 

(111, 206) 

 
156a 

(124, 188) 

 
185a 

(130, 239) 
< 0.05 

 
155b 

(119, 190) 

 
147b 

(120, 174) 

 
226a 

(191, 260) 

Fruit & 
vegetables 

< 0.05 
 

460b 

(338, 582) 

 
586a 

(501, 672) 

 
368b 

(285, 451) 
< 0.001 

 
300b 

(225, 374) 

 
611a 

(520, 702) 

 
287b 

(219, 354) 
Fast food  

< 0.001 117c 

(63.9, 171) 
301b 

(256, 346) 
211a 

(172, 249) 
< 0.001 160a 

(103, 217) 
338b 

(294, 381) 
331b 

(270, 392) 
Traditional 
Saudi food 
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Table 8.14: Pearson’s correlation coefficients of intake by food groups with energy 
and other nutrient intakes 

Nutrient 

Food groups 

Nuts & seeds Fish Fruit & 
vegetables 

Fast food Traditional 
Saudi food 

Energy (kcal) 0.066 -0.159* -0.064 0.240** 0.171* 

Total Fat (g)         0.214** -0.049 -0.031 0.177* -0.012 

SFA (g)      -0.058 -0.211** -0.091 0.103 0.021 

MUFA (g)        0.321** 0.123* 0.081 -0.064 -0.048 

PUFA (g/d)          0.450** 0.246** 0.186* -0.149 0.055 

Cholesterol (mg) -0.030 0.030 0.002 0.021 0.099 

Protein (g) 0.042 0.110 -0.011 -0.024 0.119* 

Carbohydrates (g) -0.071 -0.214** -0.049 0.196* 0.217** 

Fibre (g)    0.188* 0.048 0.361** -0.427** 0.498** 

Calcium (mg) 0.023 -0.112* 0.067 -0.114* 0.059 

Iron (mg) 0.002 0.030 0.071 -0.184* 0.439** 

Magnesium (mg) 0.238** 0.041 0.201** -0.226** 0.351** 

Sodium (g) -0.159* -0.243** -0.053 0.274** 0.391** 

Potassium (g) 0.031 -0.008 0.232** -0.247** 0.445** 

Selenium (µg) 0.182 0.434** 0.072 -0.017 -0.070 

Zinc (mg) -0.057 0.146* 0.085 -0.135* -0.070 

Vitamin A (µg) 0.067 0.093 0.144* -0.105 0.098 

Vitamin C (mg) 0.061 0.045 0.494** -0.285** 0.128* 

Vitamin E (mg) 0.471** -0.038 0.140* -0.152* 0.033 

Total n-3 PUFAs (g) 0.161* 0.314** 0.161* -0.040 0.045 

ALA (g) 0.162* 0.231** 0.151* -0.035 0.059 

EPA (g) 0.160 0.553** 0.234* -0.102 -0.106 

DHA (g) 0.147 0.429** 0.362* -0.156 -0.216 

Total n-6 PUFAs (g) 0.176* 0.113* -0.018 0.215** -0.059 

LA (g) 0.175* 0.097 -0.024 0.224** -0.064 

AA (g) 0.212* 0.366 0.019 0.000 -0.031 

Trans fatty acid (g) -0.078 -0.168* -0.018 0.463** -0.096 

Correlation is significant at * P < 0.05 and ** P < 0.001. 

 

 

8.4.7 Multivariate analysis of the association between nutrients intake and CVD risk 

factors in between cities 

General linear model analysis was applied to examine the associations of dietary intake 

with CVD risk factors. Stepwise multiple regression analysis was performed to adjust the 

data for possible effects of confounding factors between dietary intakes and CVD risk 

factors in the subject study (n = 308). Table 8.15 presented the significance of the 
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association between nutrients intake and CVD risk factors between cities, as assessed by 

multivariate linear regression for all study subjects. Variables (age, gender, BMI, WHR, 

diabetes, smoking, physical activity and socioeconomic status) were statistically 

significantly associated with dietary intake at 5% level were selected. Multiple linear 

regression analysis showed significantly differences between (Jeddah, Makkah and 

Newcastle) for energy intake (β = -0.206; P < 0.001), SFA (β = -0.233; P < 0.001), MUFA 

(β = 0.149; P = 0.010), PUFA (β = 0.394; P < 0.001), carbohydrate (β = -0.277; P < 

0.001), vitamin A (β = 0.180; P = 0.019), vitamin E (β = 0.156; P = 0.043), selenium (β = 

0.159; P = 0.005), sodium (β = -0.360; P < 0.001), potassium (β = -0.461; P < 0.001), zinc 

(β = -0.190; P = 0.031), total omega 3 fatty acids (β = 0.333; P < 0.001), ALA (β = 0.415; 

P < 0.001), EPA (β  = 0.288; P < 0.001), DHA (β = 0.181; P < 0.001), total omega 6 fatty 

acids (β = 0.190; P = 0.024), LA (β = 0.186; P = 0.017), AA (β = 0.267; P < 0.001) and 

trans fatty acid (β = -0.203; P < 0.001). 
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Table 8.15: Significance of the association between nutrients intake and CVD risk 
factors between cities (n = 308), as assessed by general linear model analysis  

Nutrient β SE P 
95% CI 

Lower limit Upper limit 

Energy (MJ/d) -0.202 0.073 < 0.001 9.05 9.33 

Energy (kcal/d) -0.206 17.31 < 0.001 2153 2221 

Total fat (g/d) 0.091 1.002 N.S 80.26 84.21 

SFA (g/d) -0.233 0.534 < 0.001 32.15 34.25 

MUFA (g/d) 0.149 0.439 < 0.05 23.78 25.51 

PUFA (g/d) 0.394 0.310 < 0.001 10.54 11.76 

Cholesterol (mg/d) 0.142 5.54 N.S 245 267 

Protein (g/d) 0.129 1.01 N.S 82.58 86.59 

Carbohydrates (g/d) -0.277 3.41 < 0.001 288 301 

Fibre (g/d) 0.110 0.238 N.S 8.71 9.64 

Calcium (mg/d) -0.246 10.53 < 0.001 739 781 

Iron (mg/d) 0.085 0.389 N.S 14.36 15.89 

Magnesium (mg/d) 0.152 3.981 < 0.05 250 266 

Sodium (g/d) -0.360 0.721 < 0.001 3.46 3.74 

Potassium (g/d) -0.461 0.499 < 0.001 2.86 3.05 

Selenium (µg/d) 0.159 1.27 < 0.05 45.27 50.31 

Zinc (mg/d) -0.190 0.141 < 0.05 8.88 9.44 

Vitamin A (µg/d) 0.180 32.18 < 0.05 546 672 

Vitamin C (mg/d) 0.094 2.92 N.S 61.31 72.81 

Vitamin E (mg/d) 0.156 0.126 < 0.05 4.82 5.32 

Total n-3 PUFAs (g/d) 0.333 0.044 < 0.001 0.58 0.757 

ALA (g/d) 0.415 0.029 < 0.001 0.50 0.615 

EPA (g/d) 0.288 0.012 < 0.001 0.03 0.081 

DHA (g/d) 0.181 0.013 < 0.001 0.02 0.082 

Total n-6 PUFAs (g/d) 0.190 0.158 < 0.05 2.68 3.31 

LA (g/d) 0.186 0.155 < 0.05 2.62 3.24 

AA (g/d) 0.267 0.011 < 0.001 0.05 0.08 
Total n-3: total n-6 
PUFAs 0.175 0.027 < 0.001 0.26 0.37 

trans fatty acid (g/d) -0.203 0.115 < 0.001 2.95 3.41 
SE, stander error; 95% CI, confidence interval; ß and 95% CI are significant at P < 0.05, P < 0.001indicated in bold font. 
 **All the socioeconomic and CVD risk factors were run in one multivariate model and adjusted for age, gender. 
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8.5 Discussion 

The conducted research aimed to measure and compares the dietary intake of Saudi men 

and women and risk factors of CVD, covering different geographical locations in both 

Saudi Arabia and the UK. Dietary information was collected from a sample of 308 18-63 

year old Saudi men and women. The sample was sufficiently enough to determine 

differences in total omega 3 fatty acids intake between coastal and internal areas with 

power of 95% (Chapter 3). Men represented 50% (155) and women 50% (153) of the 

study population. The mean age of the females was 31.1 (7.35) years and of the males it 

was 32.2 (8.27) years.  

 

In the present study, the proportion of men and women with self-reporting heart medical 

conditions was very low (4%). However, regarding the risk factors that relate to CVD, the 

most common risk factor reported was being physical inactive, with 73% of the total 

population reporting this  (44% of women and 30% of men, of which 62% were in Jeddah, 

76% in Makkah, and 83% in Newcastle). There was a statistically significant association 

between physical activity and gender and the cities. It is suggested that the reason might 

be that when participants spend more time away from home it might influence their 

participation in sport. Al Rafaee and Al Hazzaa (2001) reported that about 53.5% of Saudi 

men aged 19 years and older are generally physically inactive, and 27.5% are irregularly 

active and only 19% were found to be active. Physical activity has also been found to be 

lower among married individuals, those who work in the private sector or have two shifts 

of work, individuals with lower education, and those who work six days a week with only 

one day off.  Al Rafaee and Al Hazzaa (2001) concluded that time seemed to be the major 

limiting factor that contributed towards physical inactivity and most Saudi men primarily 

resort to physical activity to lose weight and to maintain health. More recently, Al Nakeeb 

et al. (2012) have reported similar findings, that youth in the city of Al Ahsa in eastern 

Saudi Arabia have lower rates of physical activity and a higher percentage of obesity and 

sedentary time when compared with those living in Birmingham and Coventry. In Al 

Ahsa, Saudi Arabia, the unavailability of parks, sports grounds and facilities that can 

encourage the youth to practice sport and physical activities are the major reason behind 

their low levels of physical activity. In addition, the Saudi Arabian desert climate does not 

encourage individuals to engage in physical activity throughout the various seasons of the 

year. Similar to Al Nakeeb et al. (2012), females in the three cities of the current study, 

engaged in less physical activity than males. Of these subjects, 44% smoked cigarettes 

and/or shisha, of which 34% were located in Jeddah, 63% in Makkah, and 26% in 
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Newcastle. There was a statistically significant association between smoking status with 

gender, age and socioeconomic status (P < 0.05). The incidence of smoking was greater 

among those who were men, young and less educated.  

The mean BMIs of adult Saudi subjects in the various age groups included in this study 

were 25.8 (3.45) kg/m2 for men and 25.6 (3.44) kg/m2 for women. This study found that a 

substantial proportion of the population were overweight or obese. A total of 53% of the 

subjects in the present study were either overweight or obese, of whom 42% were from 

Jeddah, 66% from Makkah, and 44% from Newcastle. Comparing between the three 

population highly significant differences were found (P < 0.05). However, the results 

indicated that there were no significant differences between men and women with regard 

to the prevalence of being overweight /obese in each of the three cities when analyzed 

separately. On the other hand, with respect to WHR, 79% from the three areas were 

categorised as obese. The mean WHR for all women was 0.86 (0.05) cm and for all men it 

was 0.99 (0.08) cm. WHR was classed as non-obese with cut off values of < 0.80 for 

females and < 0.95 for males (Lean et al., 1995). Overall, more than one-third of subjects 

had WC ≥ 102 cm (men) and 88 cm (women). This was greatest among Saudis living in 

internal city, which is putting these men and women at risk of CVD related to obesity. 

Recent research shows that WC or WHR may be useful indicators of the risk of obesity 

(Lee et al., 2008). This is consistent with a previous study by Al Saif et al. (2002) 

involving 3261 Saudi men and women aged between 30-70 years. The study found that 

49.15% of women and 29.94% of men were overweight or obese, and many Saudis were 

in the highest category of WHR 63%. It seemed that this was due to a mixture of over 

consumption, the influences that culture exerts on individuals’ eating behaviours, and a 

lack of physical activity. Obese and overweight men and women were significantly more 

likely to be between 40-59 years of age, to have high incomes, and to be non-smokers. It 

has been reported that participants’ attitudes are influenced by economic status and/or 

educational level. There were significant differences between men and women and 

between cities as regards socioeconomic status; the majority had a medium economic 

status. These results are in accordance with Al Qauhiz (2010), who found during the last 

three decades that economic development in Saudi Arabia has changed the population 

nutritional and lifestyle habits. The results of the present study indicate that participants 

with a high socioeconomic status (high education and high total monthly income) are more 

likely to be older and non-smokers (P < 0.05). Studies have shown that in developed and 

developing countries there are a significant relationship between socioeconomic status and 

many CVD risk factors (Marmot, 2001; Yu et al., 2000). Additionally, studies in Canada 
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and the USA have revealed an inverse association between educations and regular 

smoking, high blood pressure and being overweight (Dhalla et al., 2003; Nair et al., 1989). 

In the WHO Countrywide Integrated Non-communicable Diseases Intervention (CINDI) 

program in Austria, people with a low education were found to have a worse CVD risk 

profile (Ulmer et al., 2001). 

One of the purposes of this study was to evaluate current dietary practices of Saudi adults 

in different locations. The study found that there were several differences in their dietary 

habits; most participants (67%) had irregular meals and a total of three meals per day. The 

main meal was lunch for 86% of coastal city and 83% of internal city. However, the main 

meal of Saudi participants in Newcastle was dinner (72%). There were significant changes 

in the main meals taken by study samples (P < 0.001) in terms of Saudis in their home 

town and those in the UK. The frequency of having breakfast and lunch dropped while the 

frequency of having dinner remained the same as it did in their home town. The present 

study indicates that around half of the participants do not consume breakfast daily. 

Various reasons for not eating breakfast were given by participants, such as not feeling 

hungry in the morning, saving time and wanting to lose weight. A study by Sakarata et al. 

(2001) claimed that skipping breakfast was associated with lower nutritional status and 

increased CVD risk. Furthermore, a lack of eating breakfast may contribute towards the 

prevention of obesity (Huang et al., 2010). Most of the participants in this study (89% in 

Jeddah, 93% in Makkah, and 94% in Newcastle) said they ate food outside of their home. 

The study also found that Saudi students in Newcastle had more difficulty maintaining 

their native diet compared to other subjects (in Jeddah and Makkah). This can be attributed 

to a number of factors, among which are: the limited number of stores that sell ethnic 

foods; the high prices of various ethnic foods because of a monopoly of surrounding 

businesses in the area; the quality of food is below the consumer’s expectations; food 

choices are influenced by convenience, as a limited time available for cooking may force 

students to depend on frozen foods. It was also found that students who had arrived 

recently tended to skip meals and increase their consumption of snack foods because of a 

financial burden and their school schedules (Papadaki & Scott, 2002; Perez-Cueto et al., 

2009; Reeves & Henry, 2000). 

The main dietary intake data gathered across the three locations demonstrate that subjects 

from the coastal city had significantly low energy and SFA intakes but higher intakes of 

MUFA and PUFA, fibre, selenium and vitamin A (P < 0.05). In contrast, they ate 

significantly less carbohydrates, calcium, magnesium, sodium, potassium and zinc (P < 
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0.05). Overall, the diet of internal city residents resembled that of the subjects based in 

Newcastle more than the diet of Jeddah residents because the levels of key nutrient and 

food intakes, such as energy, SFA, carbohydrates, calcium, magnesium, potassium and 

vitamin A, were similar. On the other hand, MUFA and PUFA intakes differed between 

the three cities (P < 0.001). The Makkah population was characterised by a high intake of 

sodium 4.4 (1.23) g/day, which was above the recommendation suggested by the 

Department of Health of 1.6 g/day. However, Jeddah and Newcastle Saudi subjects also 

had a fairly high intake of sodium, at 2.9 (0.98) g/day and 3.1 (0.81) g/day, respectively. 

Several studies have found a correlation between high levels of sodium and hypertension 

and increased CVD risk (du Cailar et al., 2002; Sacks et al., 2001; Scientific Advisory 

Committee on Nutrition, 2003). A number of studies have reported that a high intake of 

potassium acts as protection against CVD (D'Elia et al., 2011; Tunstall-Pedoe et al., 

1999). Potassium intakes were notably low amongst Saudi subjects. Potassium intakes 

among Jeddah subjects were considerably lower than that of subjects based in Makkah and 

Newcastle. Vitamin E are considered cardio-protective due to their antioxidant properties 

(Greig & Maxwell, 2001; Marchioli et al., 2001). It was found that there was a higher 

intake of vitamin E and a lower intake of vitamin A among Saudis living in Newcastle 

than Saudis living in Jeddah and Makkah (P < 0.05).  

One of the aims of this study was to compare the intake of omega 3 fatty acids among the 

Saudi population living within Saudi Arabia (Jeddah and Makkah) and those living abroad 

(in Newcastle, UK). To the best of the researcher’s knowledge, this is the first study to 

investigate and compare the intakes of omega 3 and omega 6 fatty acids by Saudis living 

in different locations, both within Saudi Arabia and elsewhere. Jeddah residents were 

characterised by high intakes of total omega 3 fatty acids (1.3 g/day), ALA (1.01 g/day), 

EPA (0.13 g/day), DHA (0.14 g/day), total omega 6 fatty acids (3.9 g/day), LA (3.7 g/day) 

and AA (0.2 g/day). Intake of the same fatty acids among Saudis living in Makkah and 

Newcastle were similar. When these results were compared with the recommendations of 

Simopoulos et al. (1999), it was found that intakes were lower than those considered 

adequate for total omega 3 fatty acids (3 g/day), ALA (2.22 g/day), EPA (0.22 g/day), 

DHA (0.22 g/day) and LA (6.67 g/day) in all three cities. Tom et al. (2004) recommended 

that the minimum intake of EPA + DHA should be 500 mg/day to ensure good 

cardiovascular health. In addition, EPA + DHA in the present study were lower than 

figures should be, as reported by FAO/WHO (2003), namely that EPA + DHA intake 

should be 200-500 mg/day. The UK Scientific Advisory Committee on Nutrition (2004) 

has recommended that the dietary omega 3 to omega 6 fatty acids ratio should be 0.4. It 
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appeared that among Jeddah residents this was above the recommended level, but it was 

lower in the other two cities. The percentage of daily trans fatty acids intake as a 

proportion of daily energy intake was deemed to be 1.1% among the Jeddah sample, 1.5% 

among the Makkah sample, and 1.2% among Saudis living in Newcastle. Differences were 

observed among the three populations in terms of intake of trans fatty acids (P < 0.001). It 

has been recommended by the American Heart Association that no more than 1% of an 

individual’s total energy intake (approximately 1-3 g/day) should derive from trans fatty 

acids (Lichtenstein et al., 2006). 

 

A study by Shara (2010) divided the countries of the Middle East into two parts. Saudi 

Arabia is one of the oil rich countries of the region and population’s diet comprises a high 

intake of red meat, carbohydrates and sugar. Another important finding of this study is 

related to food group consumption; there were five food groups examined in this study. 

The Jeddah population showed an interesting characteristic, namely that their fish intake 

was more than 75% higher than the other two cities’ populations. This may be explained 

by the fact that Jeddah is a coastal city. Al Khateeb and Al Gelban (2008) mention that 

fish is not commonly served among Saudis living in the interior of the country. Fruit and 

vegetable intake was 25% higher in Jeddah than among Saudis in Makkah and Newcastle. 

On the other hand, Makkah participants reported higher consumption of fast food and 

traditional Saudi foods (P < 0.001). Both genders in Newcastle reported lower intake of 

traditional Saudi food. The variety of fast food in Saudi Arabia is vast. Most of the popular 

American and other western restaurants are present in the Arabian Gulf region. People 

have become increasingly used to eating outside of their home (Al Fawaz, 2012). This has 

given rise to the trend of consuming a westernised diet that is rich in energy, fat and 

sugars, and low in dietary fibre, calcium and iron (Guthrie et al., 2002). A previous study 

focusing on 141 female college students aged 22 years in Riyadh, Saudi Arabia, indicated 

that the frequency of consumption of fast food was in the range of 1-2 times per week 

among 75% of the participants. About half of the women ate chips, fried food and French 

fries and drinking soft beverages (Al Fawaz, 2012). In Kuwait, another study by Al 

Khamees (2009) reported that the consumption of vegetables and healthy fat among 

female students was low, while sweets and fast food consumption was high in their diet. A 

study conducted in the United Arab Emirates reported that there was a high level of 

skipping meals in the morning and afternoon among female students. It was also reported 

that fruit and vegetable intakes were low and that in general they consumed much 

westernised food (Musaiger, 1994). One common finding of the current study that is in 
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agreement with several other studies (Himmelgreen et al., 2004; Himmelgreen et al., 

2005; Sharma et al., 1999) is the high level of fast food consumption and low level of 

traditional food consumption. It is possible that families try to maintain a traditional diet 

but factors associated with limited income, limited time to prepare foods, and reliance on 

convenience and easy to prepare foods mean that they cannot. Results of the present study 

have revealed a relationship between BMI and age, smoking, total fat present and fast 

food. The younger population is more likely to be overweight, smoking, and consuming 

food with high total fat and fast food compared to the older population. Men were found to 

consume more fast food than women, while the latter consumed more traditional Saudi 

food (P < 0.05). Based on the research conducted, in various at risk populations a larger 

public program should be designed to specifically help these individuals.  

 

8.6 Summary and conclusions 

The research has highlighted a number of important findings, as follows: 

• The results showed that the subjects had a generally unhealthy lifestyle, such as a 

smoking habit, physical inactivity and a high intake of SFA (especially in internal 

area), which may affect their CVD risk.  

• On average, BMI was lower among men and women from Jeddah (25.1 (2.76) 

kg/m2), followed by Saudis living in Newcastle (25.6 (4.36) kg/m2), then those 

living in Makkah (26.3 (3.21) kg/m2) (P < 0.05). 

• The majority belonged to the medium socioeconomic status, specifically 63% in 

Jeddah, 50% in Makkah, and 78% in Newcastle.  

• No differences were observed among adults in terms of self-reported diabetes, 

hypercholesterolemia and heart disease (P > 0.05).  

• Men were more physically active than women in the three different locations. 

• Nutritional intake differed significantly between the three areas in energy intake, 

total fat percentage, and intakes of carbohydrate, fibre, sodium, potassium, 

selenium, zinc, vitamins A and E and all fatty acids. 

• Subjects from Jeddah had a significantly lower energy intake and SFA intake, but 

higher intakes of MUFA and PUFA, fibre, selenium and vitamin A (P < 0.05). In 

contrast, they consumed significantly less carbohydrates, calcium, magnesium, 

sodium, potassium and zinc (P < 0.05).  

• Overall, the diet of internal city residents resembled that of the subjects based in 

Newcastle more than the diet of Jeddah residents because the levels of key nutrient 
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and food intakes, such as energy, SFA, carbohydrates, calcium, magnesium, 

potassium and vitamin A, were similar. 

• The intake of total omega 3 fatty acids for participants living Jeddah was higher 

than those living in Makkah and in Newcastle.  

• A significant decrease in the consumption of traditional Saudi food and an 

increased intake of fast foods were the major dietary changes reported by Saudis 

living away from their home country. 

• Table 8.16 shows the comparison summary of prevalence of cardiovascular risk 

factors of Jeddah, Makkah and Newcastle subjects by age and gender. 

Table 8.16: Comparison summary of prevalence of cardiovascular risk factors of 
Jeddah, Makkah and Newcastle subjects by age and gender 

Variables 

CVD risk factors 
Obesity 

(>25- >30) 
(%) 

Diabetes 
(%) 

High blood 
cholesterol 

(%) 

High blood 
pressure 

(%) 

Smoking 
(%) 

Physical 
inactive 

(%) 
Jeddah (100) 
Men        
(18-30) 7 - - - 20 10 
(31-40) 9 - - - 7 7 
(41-50) 3 1 2 2 3 3 
(51-65) 2 2 3 2 1 3 
Women        
(18-30) 7 1 1 1 2 17 
(31-40) 8 1 1 5 - 14 
(41-50) 6 6 5 8 1 8 
(51-65) - - - - - - 
All (Men+ 
Women) 42 11 12 18 34 62 

Makkah (129) 
Men        
(18-30) 9 1 1 2 35 13 
(31-40) 19 - 2 2 12 19 
(41-50) 5 2 2 2 2 3 
(51-65) 4 3 3 1 - 1 
Women        
(18-30) 11 2 1 1 8 20 
(31-40) 9 1 1 1 4 11 
(41-50) 7 2 1 2 2 8 
(51-65) 2 1 2 - - 1 
All (Men+ 
Women) 66 12 13 11 63 76 

Newcastle (79) 
Men        
(18-30) 8 - - - 14 14 
(31-40) 13 1 1 2 10 11 
(41-50) 1 1 1 - 5 3 
(51-65) -  - - - - 
Women        
(18-30) 8 1 1 - 5 35 
(31-40) 12 - - 4 - 18 
(41-50) 2 2 2 2 - 2 
(51-65) - - - - - - 
All (Men+ 
Women) 44 5 5 8 34 83 
       
All three 
cities (308) 53 10 10 12 44 73 
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Chapter 9 

General Discussion, Conclusions, Hypotheses Testing, Recommendations 

and Further Work 
 

 

This thesis has considered aspects related to dietary food intake and CVD risk factors in 

Saudi adults, as attested by age, gender and socioeconomic background, and dietary intake 

of total fat, omega 3 fatty acids and long chain polyunsaturated fatty acids, as well as a 

comparison within geographical locations. A detailed discussion of the results has 

previously been presented in chapters 4 to 8. The aims of this chapter are: 

 

• To discuss and contextualize the results across a broader spectrum. 

• To draw conclusions and make recommendations. 

• To identify relevant aspects related to the development of dietary food intake that 

merit further research. 

 

This study has a number of strengths, including the use of appropriate tools for data 

collection and recruiting sub-samples from the three geographical locations which allowed 

for assessing differences due to gender and age. Few studies have focused on measuring 

dietary intake of Saudi adults using three day food records. Not many studies have 

investigated the dietary intake of omega 3 fatty acids in Saudi Arabia. To the best of the 

researcher knowledge, two studies have investigated omega 3 fatty acids intake; one 

among elderly men in the eastern regions of Saudi Arabia by Al Numair et al. (2005), and 

the second among men in Riyadh by Al Numair et al. (2011). Neither of these studies was 

carried out in the western region of the country. Also, the present study’s dietary 

assessment of Saudi immigrants living in Newcastle, UK, is the first known assessment of 

dietary intakes conducted in the UK that has incorporated nutrient analysis and a selection 

of Saudi participants. This study has helped to document the intake of omega 3 fatty acids 

in Saudi Arabia and also to document the effect of geographic location.   
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9.1 General discussion 

Over the last four decades, the rapid economic growth of Saudi Arabia has led to 

significant changes in the lifestyle of the people, with negative effects on health, 

nutritional status and disease patterns (Kumosani et al., 2011). CVD are the most 

significant causes of death on a global level. There are several lifestyle risk factors that 

cause CVD, including smoking, a lack of physical activity, an unhealthy diet, diabetes 

mellitus, hypercholesterolemia, hypertension and obesity (Smith et al., 2004; Wilson et 

al., 1998; Yusuf et al., 2004). The current study found that there was a striking prevalence 

of CVD risk factors in the populations investigated, as 40% of the subjects had ≥ 3 CVD 

risk factors. This study computed the proportion of the subjects as having from 0 to 7 of 

the risk behaviours (obesity, diabetes, hypercholesterolemia, hypertension, family history, 

smoking, physical inactivity and unhealthy diet), giving CVD risk factors scores of 0-2 for 

low risk, 3-5 for medium risk and 6-7 for high risk. Table 9.1 shows the proportion of 

gender (men and women), locations (Jeddah, Makkah and Newcastle), with CVD risk 

factors scores for all the study subjects.  

Table 9.1: Prevalence of cardiovascular risk factors categories according to gender 
and locations 

 CVD Risk Factors 

Low RF (0-2) 
n (%) 

Medium RF (3-5) 
n (%) 

High RF (6-7) 
n (%) 

Gender    
Men (155) 87 (56) 64 (41) 4 (3) 
Women (153) 97 (63) 50 (33) 6 (4) 
Location    
Jeddah (100) 60 (60) 33 (33) 7 (7) 
Makkah (129) 58 (45) 68 (53) 3 (2) 
Newcastle (79) 66 (84) 13 (16) - 

All (308) 184 (60) 114 (37) 10 (3) 

 

9.1.1 Age and gender 

Reaching the age of 45 years is considered a risk factor for CVD in men (National 

Cholesterol Education Program [NCEP], 2002). An increased risk occurs for women 

during their late 50s which is, for many women, after the menopause has stopped. Men 

tend to have higher mortality rates and CVD prevalence than women. Research has 

consistently confirmed this finding (Lawlor et al., 2001) across countries and regions 

(Allen & Szanton, 2005; Pilote et al., 2007). Risk factors that positively correlate with 
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CVD risk in both men and women are obesity, smoking, hypertension, diabetes, and total 

cholesterol (Anand et al., 2008; Jee et al., 2008; Yen et al., 2010). These factors are 

different in terms of their effect on males and females (Pilote et al., 2007). Factors such as 

triglycerides, diabetes, cholesterol and HDL have been claimed to have a greater effect on 

women than men (Shaw et al., 2006; Yen et al., 2010). The current study revealed that age 

was a significant predictor of the prevalence of obesity and diabetes (P < 0.001). 

Compared with those below 40 years of age, diabetes was more common among subjects 

in the 40- 65 year old age group. This finding is in agreement with a study by Alarouj et 

al. (2013) which found that among the Kuwaiti population, the prevalence of diabetes was 

10 times more common among subjects in the age range of 50-65 years. In addition, the 

results of the current study also found that there were significant differences between the 

smoking status and physical activity of men and women (P < 0.001). Women were less 

active and less likely to smoke than men. Additionally, it has been noted that a decrease in 

the incidence of CVD and mortality rates among women is likely to be due to the lower 

prevalence of smoking among females. The lower prevalence of smoking amongst women 

in the current study is also observed around the world (Pilote et al., 2007).  

9.1.2 Obesity 

Obesity was found to be more prominent in men (28%) than women (25%) and over 50% 

of the participants were overweight or obese, reflecting the sedentary lifestyle of the Saudi 

population. When compared with other Arab Gulf countries (Al Mahroos & Al Roomi, 

1999; Al Nuaim, 1997a), the results illustrate that Saudi Arabia has the highest prevalence 

of obesity. Several previous studies have been carried out among the general population of 

Saudi Arabia and the prevalence of obesity has been reported to be high among both Saudi 

men and women (Kumosani et al., 2011). A survey conducted in 2007 by the Ministry of 

Health highlighted that the prevalence of obesity among Saudi women was 51% and 

among Saudi men it was 45% (Mousa, 2009). A national survey by Al Othaimeen et al. 

(2007), who investigated the prevalence of obesity among 19,598 Saudis of both genders 

in rural and urban areas, the overall prevalence of obesity, was 25.6%, 14.2% among men 

and 23.6% among women. It has also been noted that the rate of being overweight was 

higher among men, at 30.7%, than among women, at 28.4% (Al Othaimeen et al., 2007). 

In the Arabian Gulf, particularly in Saudi Arabia, rates of obesity are generally higher than 

the rates reported for countries in Europe (Bellisle et al., 1995). The WHO recommends 

that attention is paid to preventing diabetes and obesity (WHO, 2003). Protective lifestyle 

interventions have to focus on risk factors that can be modified, particularly those that 

reduce the weight of the body. Moreover, the absence of nutritional education, as well as a 
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reduction in physical activity worsens the problem, whereas encouraging a more active 

and rewarding lifestyle and diet awareness are solutions (Al Rukban, 2003). Al Rukban 

(2003) recommends developing a national program aimed at an early age to prevent and 

control obesity, such as physical activity and nutritional educational programs that can be 

held in schools.  

9.1.3 Diabetes mellitus 

Out of the total 308 study subjects, about 10% were diabetic. Approximately 73% of 

diabetic subjects were in the 40- 65 year old age range. There is a high prevalence of 

family history of diabetes in the current population as a whole (50%). The estimated 

prevalence of diabetes in Saudi in this study is high when compared with people in other 

Arabian Gulf countries. The overall prevalence of diabetes was found to be higher than 

that reported for Yemen (4.6%) by Al Habori et al. (2004) and for Iraq (4.8%) by Al 

Kasab et al. (1979). However, the finding was in agreement with some other research; 

Oman, 10% (Asfour et al., 1995); Qatar, 10.7% (Bener et al., 2009), and United Arab 

Emirates, 10.2% (Saadi et al., 2007). In Saudi Arabia, studies have estimated that diabetes 

prevalence is going to reach about 50% of the whole population by 2020. Al Zaid (1997) 

speculated that in view of the fact that 60% of the population in Saudi Arabia was aged 20 

or younger, it would be expected that diabetes prevalence would increase rapidly in the 

future and could possibly reach one the highest levels in the world. In order to confront 

such a disease, health education concerning the impact of diet on diabetes risk should be 

used. Newspapers, television, public media, and radio should participate in this campaign 

of education. The lifestyle and diet of the individual plays an essential role in the existence 

and prevalence of diabetes in the Saudi community. It is worth considering that the 

prevention and the management of the disease will not be successful without proper 

education that targets the lifestyles and diets of individuals.   

9.1.4 Hypertension 

The prevalence hypertension in the current study was 12%, two-thirds of which were 

females. There were significant differences between the three cities in terms of 

hypertension (P < 0.05). A major national research project on Coronary Artery Disease in 

Saudis (CADISS) by Al Nozha et al. (2007a) analysed the prevalence of hypertension 

among Saudis of both genders aged between 30 and 70 years in both rural and urban 

communities. The result of the study concluded that, in general, hypertension is increasing 

in prevalence in Saudi Arabia, affecting more than one fourth of the adult Saudi 

population. Studies from Arab Gulf countries and China have shown that hypertension is 
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affecting 27% - 29% of adults in Kuwait and 32% in Qatar (Bener et al., 2004; Zubaid et 

al., 2004). In China, a study by Dongteng et al. (2004) found that there was 27% 

hypertension prevalence among the Chinese adult population. The overall prevalence of 

hypertension was 26.4% among the world’s adult population in 2000 (27% for men and 

26% for women), and approximately 1 in 3 adult aged over 20 years (it is expected that by 

year 2025) will have hypertension (Kearney et al., 2005). 

9.1.5 Smoking status 

Smoking was of particular concern due to its established association with CVD risk 

(Kimokoti & Newby, 2013). One of the main risk factors of CVD found in the current 

study is smoking, which was prevalent in 36% of men (cigarettes and/or shisha). Most of 

the smokers (80%) were young to middle aged (20-50 years old). Only 8% of women out 

of the total 153 subjects were currently smokers. This is in agreement with Pilote et al. 

(2007) who reported that around the world, the prevalence of female smoking is lower 

than that of men. Shisha (water pipe) is a common type of smoking in Saudi Arabia, and 

shisha smokers in this study amounted to 17%, of which two-thirds were from Makkah. Al 

Nozha et al. (2009) emphasised in their study the connection between smoking prevalence 

and coronary artery disease among Saudi Arabians with a more widespread smoking habit 

among Saudi citizens who live in the north, west and east than the other regions of the 

Kingdom. The large amount of smoking that has been found among the participants of the 

current study highlights the fact that there is not only a dire need for a public health 

program that addresses the problem, but also for firm governmental policies that can 

efficiently encourage Saudis to cut down on smoking.   

9.1.6 Physical activity 

Lack of physical activity in this population was very high at about 73% of the population. 

Mabry et al. (2010b) mention that individuals residing in the Arabian Gulf are, by and 

large, not physically active and normally pass their free time in sedentary activities. In 

spite of the fact that physical exercise has well known health benefits, exercise habits have 

not gained popularity among individuals in the Saudi community, which reflects a lack of 

awareness of the significance of exercising for health. Sedentary behaviours and physical 

inactivity, combined with low levels of physical fitness, have become progressively more 

prevalent in the Saudi community. Al Hazim and Warsy (2002) maintain that the available 

research evidence testifies to the fact that adult Saudis do not engage in the minimum 

requirement of physical activity needed to protect the cardio-respiratory system. 
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9.1.7 Socioeconomic status 

According to Al Harbi (2004), the Saudi community has recently experienced rapid 

changes due to the booming economy. The revitalization that has happened in almost 

every field of Saudi life and the changes in dietary practices and overall lifestyle habits 

have, in turn, led to some health and food problems among members of the Saudi society. 

In the current study, the majority had a medium socioeconomic status (61%), of which 

37% were women. In Saudi Arabia, there is no governmental classification of areas based 

on socioeconomic information. For this reason, education level and monthly income were 

used to assess the socioeconomic status of subjects. Of the total sample, 69% reported 

having a higher (university or postgraduate) education level, and 28% were educated up to 

high school level. Only 1% was illiterate. Illiteracy is considered one of the factors that 

obstructs the progress and development of habits and patterns of food consumption. It also 

encourages the spread of unreliable information about food and prevents healthy practices 

from reaching individuals in the community when reasons for introducing shelter and food 

are addressed (Al Zahrani, 2008). Research has also revealed that dietary acculturation is 

influenced by the individual’s level of education (Jonnalagadda & Diwan, 2002; Satia et 

al., 2000). Al Zahrani (2008) mentions that the higher the level of the mother’s education, 

the more significant the impact of her education is on her dietary consciousness. Such 

consciousness and awareness, in turn, becomes a major factor affecting change in the 

dietary habits and food consumption of the whole family. A significant association was 

found between socioeconomic status and increased age (P < 0.001) and BMI (P < 0.05), 

but decreased with smoker subjects (P < 0.001). Further research is needed to test 

education level and monthly income as a proxy measure of socioeconomic status, as well 

as CVD risk factors in different regions in Saudi Arabia. 

9.1.8 Diet and dietary habits 

Detailed dietary information was collected from a sample of 308 Saudi subjects. One of 

the purposes of this study was to evaluate current dietary practices of Saudi adults in 

different locations. Data were collected in the form of a three day food record, which 

showed nutrient intake deficit as well as surplus. Considering the health perspective of the 

population, this can be considered most useful since inadequate and excessive nutrient 

intake may have considerable effects on the health of both the individual and the group, 

specifically among certain population sectors (Kerver et al., 2003). Dietary assessment has 

no perfect method. Like other methods that are used to gather dietary information, a three 

day dietary diary has its limitations. The accuracy of dietary data that are collected using 

household measures is considered lower than that collected through the use of a weighed 
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food diary. The co-operation of the subject is necessary so as to record the dietary 

information in detail. Moreover, the subject has to keep their dietary habits throughout the 

recording period (Anderson, 1995; Biró et al., 2002; Walker et al., 2000). On the other 

hand, a three day food diary with estimates of portion size offers a good quality estimate 

of the mean group intake (Hackett et al., 1983). The method is also relatively low in cost 

and is less disturbing to the daily activities of the subjects than other methods such as a 

weighed food diary. On the other hand, a number of studies (Hinds & Gregory, 1995; 

Walker et al., 2000) have recorded the frequency of daily food and drink consumption 

using the FFQ method. Although the FFQ method provides an estimation of the frequency 

of food and drink consumed, it lacks sufficient sensitivity required to provide information 

regarding the time of consumption and whether intakes were connected with snacks or 

meals. Furthermore, a three day dietary diary does not depend on the participant’s memory 

(Anderson, 1995). In the present study nutrient intakes were compared with UK RNI, 

since there are no specific nutrient recommendations for Saudis or other countries that 

have similarities to Saudi Arabia in terms of food consumption. The comparisons mainly 

serve to highlight the nutrient intake status of adults in Saudi Arabia (sections 4.4.6, 5.4.6, 

and 6.4.6).  

Torun et al. (1996) mention that validation of methods for dietary assessment has 

extensively mentioned that misreporting occurs when recording dietary intake. Nelson 

(2000) stated that epidemiological studies commonly suffer from a particular source of 

error, specifically under-reporting. In this study, validation has been achieved by 

comparing the estimated BMR with dietary intake to calculate EI: BMR (Schofield et al. 

1985). Livingstone et al. (1992) claimed that under-reporting can be ascribed to the 

forgetfulness of the individual or the inability to comply with unplanned eating events, 

such as eating outside of the home. On the other hand, it is vital not to overlook that over- 

or under-reporting may possibly occur during the process of collecting dietary 

information. In a survey that used a diary of weighed food intake that was conducted in the 

UK, it was found that over-reporting was not very widespread. One of the techniques used 

for the estimation of under-reporting stems from the principle that energy intake has a 

minimum level that is compatible with survival and is based on the individual's body 

weight, sex and age (Gregory et al., 2000). In the present study, about 4% of the total 

sample was found to have under-reported. Overall, the mean EI: BMR for all subjects was 

1.4, on average, suggesting good or normal reporters. Under-reporting can occur due to a 

number of reasons. Since the method depends on the subjects being asked to identify and 

describe units and quantities, it is not easy to correctly assess the size of the food portions 
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consumed. Moreover, the subjects’ co-operation and interest are indispensable when they 

are asked to record all of the small dietary items they have consumed.  

Subjects, during the dietary interviews, were asked whether their diet had undergone any 

changes during the period they were completing their food diary. The subjects reported 

that parties were the major reason for changes in their dietary intake. Interestingly, the 

participants were asked whether they had their food diaries with them throughout the three 

day period. Some of the subjects mentioned that they had not taken their food diaries with 

them to their work location; however, they had taken notes on the food items they had 

consumed and they copied these notes into their food diaries when they returned home. On 

the other hand, other subjects maintained that they had not taken their food diary with 

them but that as soon as they had returned home they completed the diary and recorded all 

the food and drink they had consumed while they were out. It is worth noting that some 

subjects mentioned that they would take pictures of or record all the food and drink they 

consumed while they were out on their cell phones so that when they returned home they 

could recall what they had eaten and copy the information into their diary. Future research 

on dietary habits needs to consider implementing such technologies as they have become 

widespread among the public around the world.  

In this study there were several differences found in the dietary habits of subjects. Most 

participants (67%) had irregular meals and three meals per day. The main meal was lunch 

for 86% of volunteers in Jeddah and 83% in Makkah. However, evening dinner was the 

main meal of 72% of Saudi participants in Newcastle. There were significant difference in 

the changes in main meals between study samples (P < 0.001), especially between Saudis 

in their home towns and those in the UK. The frequency of having breakfast and lunch 

dropped while the frequency of having dinner remained the same as it did in their home 

country. The present study found that around half of the participants did not consume or 

had irregular breakfasts. Various reasons for not eating breakfast were given by 

participants, such as not feeling hungry in the morning, saving time and wanting to lose 

weight. A study by Sakarata et al. (2001) claimed that skipping breakfast was associated 

with lower nutritional status and increased CVD risk. Furthermore, a lack of eating 

breakfast may contribute towards the prevention of obesity (Huang et al., 2010). Most of 

the participants in this study (89% in Jeddah, 93% in Makkah and 94% in Newcastle) said 

they ate food outside of their home. The study found that Saudi students in Newcastle 

faced difficulties in maintaining their native diet compared with the other study subjects 

(in Jeddah and Makkah). This can be attributed to a number of factors, among which are: 
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the limited number of stores that sell ethnic foods; the high prices of various ethnic foods 

because of the monopoly of surrounding businesses in the area; the quality of food being 

below the consumer’s expectations; and food choices being influenced by convenience, as 

if there is limited time for cooking it may force students to depend on frozen or prepared 

foods. It has also been found that students who have arrived recently tend to skip meals 

and increase their consumption of snack foods because of financial burden and their busy 

school schedules (Papadaki & Scott, 2002; Perez-Cueto et al., 2009; Reeves & Henry, 

2000). 

Geographical location has led to significant changes in dietary patterns and food 

consumption. For example, cities bordering coastal areas often eat sea-food products, 

while other cities depend on farm and animal products (Al Zahrani, 2008). In this study, 

the main finding of dietary intake data taken from across the three locations was that 

subjects from the coastal city of Jeddah had a significantly lower energy intake and SFA 

intake but higher intakes of MUFA and PUFA, fibre, selenium and vitamin A (P < 0.05). 

In contrast, they ate significantly less carbohydrates, calcium, magnesium, sodium, 

potassium and zinc (P < 0.05). Overall, the diet of internal city residents in Makkah 

resembled the diet of the sample in Newcastle more than the sample in Jeddah because the 

levels of key nutrient and food intakes, such as energy, SFA, carbohydrates, calcium, 

magnesium, potassium and vitamin A, were similar. The proportions of energy derived 

from carbohydrate, total fat, and protein were 54%, 34%, and 16%, respectively. The 

mean dietary fibre intake of subjects was inadequate, at 9.1 g/day, compared with the 

WHO recommendation of 27 to 40 g/day. MUFA and PUFA were different between the 

three cities (P < 0.001). The Makkah population was characterised by a high intake of 

sodium 4.4 (1.23) g/day, which was above the recommendation suggested by the 

Department of Health of 1.6 g/day. However, Jeddah and Newcastle populations also had a 

high intake of sodium, at 2.9 (0.98) g/day and 3.1 (0.81) g/day, respectively. A number of 

dietary intakes have been reported to influence blood pressure, in particular a high intake 

of sodium and low intakes of potassium, magnesium and calcium (Scientific Advisory 

Committee on Nutrition, 2003). Potassium intakes were notably low amongst Saudi 

subjects, at 2.9 (0.87) g/day. Potassium intakes among coastal residents were considerably 

lower than those of in internal and immigration Saudis in Newcastle. Vitamin E is 

considered cardio-protective due to the antioxidant properties of this vitamin (Greig & 

Maxwell, 2001; Marchioli et al., 2001). A higher intake of vitamin E and lower intake of 

vitamin A was found among Saudis living in Newcastle compared to Saudis living in their 

home cities (P < 0.05).  
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Data on omega 3 fatty acids intake and status of Saudis are very limited. The preset study 

has provided useful information about the intake of total omega 3 fatty acids and long 

chain PUFA in Saudi Arabian adults residing in different geographical locations in Saudi 

Arabia and in the UK. Fatty acid intake varied significantly according to geographical 

location. Jeddah residents reported the highest daily intake of total omega 3 fatty acids, 

followed by Saudi participants in Newcastle, then Makkah residents (P < 0.001), although 

the intake of these fatty acids among Saudis living in Makkah and Newcastle were similar. 

When these results were compared with the recommendations of Simopoulos et al. (1999) 

and Tom et al. (2004), it was found that they were lower than adequate for intakes of total 

omega 3 fatty acids in all three cities. The omega 3 to omega 6 fatty acids ratio among 

Jeddah residents was above the recommended level, but it was lower in Makkah and 

Newcastle residents. Trans fatty acids contributed 1.1% to dietary energy intake in Jeddah, 

1.5% in Makkah and 1.2% in Newcastle. Observed differences among the three 

populations in terms of trans fatty acids were statistically significant (P < 0.001). It has 

been recommended by the American Heart Association that no more than 1% of an 

individual’s total energy intake (approximately 1-3 g/day) should derive from trans fatty 

acids (Lichtenstein et al., 2006). Another important finding was related to intake by food 

groups between the three cities. Residents of Jeddah had a diet that was relatively high in 

fish consumption with more than 75% consuming fruit and vegetables with 25% in 

Makkah and Newcastle residents. On the other hand, Makkah participants reported high 

consumption of fast food and traditional Saudi foods (P < 0.000). Both genders in 

Newcastle reported lower intakes of traditional Saudi food.  

 

In terms of determining the association between dietary intake and CVD risk factors, the 

results indicated that older subjects differed significantly in total fat and protein intake 

from young subjects included in this study (P < 0.05). Older subjects consumed less fat 

and more fibre and protein. Older subjects consumed less fast food and more traditional 

Saudi food, as well as more fruit and vegetables. In relation to gender, men consumed 

more fast food than women, while the latter consumed more Saudi food (P < 0.05). 

However, the dietary food records showed that men consumed higher levels of protein, 

zinc, sodium and cholesterol than women (P < 0.05). In contrast, they ate less PUFA, 

carbohydrates and iron (P < 0.05). In terms of the association between smoking and 

vitamin C (P < 0.05), several studies have indicated that there is a relationship between 

low vitamin C and smoking cigarettes (Halliwell & Gutteridge, 1990; Hughes et al., 1998; 

Mezzetti et al., 1995). Statistically significant relationships between socioeconomic 
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differences and various CVD risk factors were observed in the present study. Highly 

educated Saudi people with high incomes had diets rich in PUFA (P < 0.05). High 

education was also associated with low intake of the Saudi traditional food group. Income 

was significant negatively associated with BMI (P < 0.05). Fast food consumption was 

also found to be negatively affected by income (P < 0.05).  

 

9.2 Representative of the study 

The research conducted aimed to measure and evaluate the dietary intake of Saudi men 

and women, and the risk factors of CVD, by covering different geographical locations in 

both Saudi Arabia and the UK. This study focused mainly on the western region of Saudi 

Arabia, principally Jeddah and Makkah. The populations in these two cities are close to 

five million people, and are the most heavily populated cities in Saudi Arabia (Ministry of 

the economy & demarcation, 2004). This disallows generalization on the population as a 

whole and therefore, this study was not a representative sample of the total population of 

Saudi Arabia. However, the study group size was estimated by the least standardized 

difference using expected changes in the total of omega 3 fatty acids. The sample size of 

308 was sufficiently enough to determine differences in the total intake of omega 3 fatty 

acids between coastal and internal areas with a power of 95% (Chapter 3).  

 

Future studies will need to provide further evidence to corroborate the findings of this 

study, using a large representative sample of the general adult population of men and 

women, and the risk factors of CVD, in order to describe the issues of dietary intake for 

the kingdom as whole. 

 

9.3 Limitation of the study 

There are a number of limitations to this study. Recruitment of a compliant sample within 

Saudi Arabia and the UK was difficult. Recruitment was of a convenient sample and not a 

random one. The sample was limited to the groups accessible to the researcher, namely 

university employees in the cities chosen in Saudi Arabia, and in the UK students and their 

families based in Newcastle. This has limitations, such as that most of the participants 

were highly educated, and there were few participants who might have had a low 

education level. There was also likely to be selection bias based upon willingness to 

respond. Some of the issues encountered included the fact that some people were 

extremely reluctant to participate in the survey as it sought personal information. Some 

people said that they thought the questionnaire would take excessive time to fill in. 
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Limitations were also found when coding certain types of food; other options were chosen 

where the exact match was not available. Approximately 53 codes were added to the 

database for home-made recipes and new food items or products found in the dietary 

records. The nutritional content of participants’ foods was based on the McCance and 

Widdowson food tables (6th edition) obtained from the WinDiets software (Robert Gordon 

University, 2010). The program has missing values for some foods, especially for the long 

chain of PUFA composition and omega 6 fatty acids (about 15% of the data is missing). 

However, the study discovered significant differences between the three cities, in terms of 

all PUFA fatty acids, which is the main aim of this thesis.  

  

9.4 Summary and conclusions 

The overall summary and conclusions of the current study were that: 

• Of the total sample of 308 adults, 100 were from coastal city (Jeddah), 129 were 

from internal city (Makkah) and 79 were Saudis living in Newcastle, UK. Their 

average age was about 31 years for both men and women in each of the cities, with 

majority reported as medium socioeconomic status in the three locations. Dietary 

food intake was statistically significantly affected by socioeconomic status factors 

for the whole study population. 

• The results also showed that the subjects generally had an unhealthy lifestyle, such 

as a smoking habit, physical inactivity and a high intake of SFA, especially in the 

internal city which may affect CVD risk.  

• The high mean of BMI for the subjects of the survey indicated that approximately 

53% were overweight or obese. Obesity represents a major public health issue in 

the study population in all three different locations. The prevalence of obesity is 

due to lifestyle, a lack of physical activity and an increased consumption of food 

rich in fat and calories. 

• One of the main risk factors for CVD found in this study was smoking, which was 

prevalent in 36% of men. Most of the smokers (80%) were young to middle aged 

(20-50 years old). Only 8% of women subjects were current smokers. Smoking 

was more prevalent in Makkah (63%) than in Jeddah (34%) and Newcastle (26%) 

(P < 0.001). 

• The most common risk factor was physical inactivity, affecting 73% of the total 

population. Men were more physically active than women in the three different 

locations. 
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• Geographic location has an impact on the nutritional intake in the current study. 

Observed differences among the three populations in terms of energy, total fat 

percentage, carbohydrate, fibre, sodium, potassium, selenium, zinc, vitamins A and 

E and all fatty acids intakes were statistically significant (P < 0.001). 

• Subjects in Jeddah had higher intakes of MUFA and PUFA, fibre, selenium and 

vitamin A (P < 0.05). In contrast, they ate significantly less SFA, carbohydrates, 

calcium, magnesium, sodium, potassium and zinc (P < 0.05) compared with 

Makkah and Newcastle subjects.  

• The subjects’ intake of sodium was above the recommendation suggested by the 

Department of Health of 1.6 g/day. 

• Participants living close to the coastal area in Jeddah (at 1.3 g/day) had higher 

intake of total omega 3 fatty acids compared with participants in Makkah (at 0.37 

g/day) and in Newcastle (at 0.78 g/day).  

• Comparing the intake by food group between the different locations, participants 

from Jeddah was relatively high in fish, nuts and fruit and vegetables 

consumptions and low in fast food compared with participants from Makkah.  

• There was a significant decrease found in the consumption of traditional Saudi 

food, together with an increased intake of fast foods, with the main dietary changes 

being reported by Saudis living away from their country home. 

 

9.5 Hypotheses testing 

The following null hypotheses were tested in the present study: 

• There are relationships between dietary food intakes and CVD risk factors. 

• There are differences in total dietary intake with regards to age, gender and 

socioeconomic background. 

• An increased intake of omega 3 fatty acids and long chain polyunsaturated fatty 

acids has a beneficial effect on a range of CVD risk factors. There are relationships 

between dietary intakes of total fat and omega 3 fatty acids in different regions of 

Saudi Arabia, which are indicators of the risk of CVD. Moreover, Jeddah, being a 

coastal city, is characterized as having a population with higher fish consumption 

and a relatively lower death rate from CVD compared with Makkah, an inland city 

with a population characterized as having a lower fish intake and relatively higher 

death rate from CVD.  

• There are differences in the dietary intake and food habits of Saudis living away 

from their home country and those living in Saudi Arabia. 
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The present results indicate that the prevalence of CVD risk factors in Saudi adults seems 

to be high. Food intake was statistically significantly correlated with CVD risk factors 

for the whole study population. There were differences between each location: people 

living close to the coastal area consumed more fish and therefore more total omega 3 

fatty acids relative to individuals living in the internal areas of Saudi Arabia, in Makkah. 

This higher intake of total omega 3 fatty acids by individuals living in the coastal city of 

Jeddah may be one of the reasons for the city’s lower rates of CVD.  

 

Another effect of location was on Saudis who live overseas, for example, in the UK. 

International students often encounter an unavailability of their traditional foods when 

they move abroad to study. Therefore, fast food consumption was higher than expected 

for adults in Saudi Arabia and this was accompanied by a decrease in traditional food 

consumption, especially in male subjects.     

 

9.6 Recommendations 

Considering the aspects presented in this study, the following recommendations can be 

made: 

• Since different food consumption patterns in the different regions of Saudi Arabia 

were reported, evaluation of dietary intake and omega 3 fatty acids intake in other 

parts of the country is recommended.  

• There is a need for changes in Saudi dietary habits to reduce the high intake of 

SFA and trans fatty acids, as well as to increase intake of dietary omega 3 fatty 

acids.  

• Nutrition education intervention among internal residents is needed to increase the 

consumption of omega 3 fatty acids by increasing the consumption of fish.  

• People need to be educated to moderate their sodium intake. To achieve a lower 

intake of sodium, people should consume fresh foods such as fruit and vegetables. 

• Saudi immigrants should be supported to make healthy food choices through 

educational programmes that encourage them to maintain their previous food 

practices.  

• Adult awareness of CVD and potential risk factors of its development should be 

increased. Advice for its prevention should also be increased. Educational 

information about CVD risk factors should be distributed using easy and accessible 

messages that are understood by all people, supported by governmental and private 

organizations. 
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• It would be useful to adopt educational programmes on dietary consumption and 

physical activity promotion. Such a high prevalence of inactivity represents a 

major public health concern, therefore public policies are needed to encourage 

active living and discourage sedentary habits.  

• Implementation of physical education courses for girls in Saudi schools should 

take place, since there is no sports education in girls’ schools and families may not 

encourage females to take part in physical activity.  

• There is also a need to implement prevention programmes directed towards both 

genders that aim to prevent not only tobacco smoking but also the use of other 

tobacco products like shisha.  

 

9.7 Further work 

There is a need for a national study of all regions of Saudi Arabia to address the issue of 

CVD risk factors. This should be done to collect diet, physical activity, BMI, WC and 

WHR data. The need for a national database would help define best practices and areas of 

concern in the country as a whole. The evaluation of people’s CVD awareness and 

knowledge of potential risk factors is needed. Assessment of knowledge, behaviours and 

attitudes using focus groups comprising Saudi children, adults and public health planners 

covering CVD and its potential risk factors should be undertaken in order to facilitate 

decisions on future plans and programmes for education and awareness. There is an urgent 

need for intervention programmes that raise the health awareness and knowledge of 

children and adolescents about CVD risk factors and encourage them to adopt healthy 

dietary behaviour, promote physical exercise, and promote smoking cessation. Further 

research should be developed to determine the omega 3 fatty acids intakes of other age 

groups, as well as those of a low socioeconomic background in order to investigate the 

impact of these variables on CVD. More research is needed to examine the dietary habits 

and intakes of Saudi men and women living in the UK, as well as to discover the long 

term health effects in order to improve their dietary habits. Also, further exploration of 

changes in their dietary intakes when they go back home is needed.  
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Appendix (D): The time table during the Educational journey (2010, 2011) 
Period: Task: 

 

1 July – 11 July 

• Travel from the city of Newcastle in the United 
Kingdom to the city of (Jeddah – Makkah) in Saudi 
Arabia. 

• Processing, printing and photocopy the required 
number of: Questionnaire, food dairy forms and 
consent forms. 

 

12 July – 14 July 

 
• Meeting with the supervisor of the Educational 

journey. 

 

15 July – 

10 September 

 

 

• Go to the University of King Abdul-Aziz or Umm Al 
Qura University and visiting departments (such as the 
Central Library, King Fahd Centre for Research, 
University Hospital ... etc.) and distribution of forms 
on participants, male and female. 

• Write the names of participants and methods of 
communication available to them. 

• After one week of the distribution of questionnaires to 
participants is an interview with each person for half 
hour. 

• During the interview is a quick review of all the 
questions that have been packaged and verified data. 

• Review of food three days to make sure that all food 
may be accurately recorded. 

• Take the necessary measurements in the study of 
participants (such as height, weight, body mass index, 
waist, waist circumference, arm circumference, 
thickness of the layer of skin, muscle arm 
circumference). 
 

 

11 September – 

28 September 

 

 

• Review all the questionnaires. 
• Take some food sample for Saudi foods that are not in 

the available food tables to analysis in Newcastle 
University. 

• Travel from (Jeddah – Makkah) in Saudi Arabia to 
Newcastle in the UK. 
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Appendix (I): Summary of an association between nutrients \ food groups 
with CVD risk 

 

Nutrients Reasons References 

Energy intake Essential Macronutrient. 

(Verschuren, 2012) 

Total fat intake   
Risk of diabetes, metabolic syndrome components. 

Body weight/adiposity. 

SFA intake 

Blood cholesterol, LDL cholesterol levels. 

Risk of diabetes, Risk of hypertension. 

Body weight/adiposity. 

Heart disease, stroke. 

MUFA intake       
Blood cholesterol, LDL cholesterol levels. 

Risk of heart disease. 

PUFA intake          
Essential (LA, ALA). 

Risk of CHD, diabetes, metabolic syndrome components. 

 Blood cholesterol, LDL cholesterol levels. 

Cholesterol intake 
Heart disease, stroke. 

LDL cholesterol levels.  

Protein intake Essential Macronutrient. 

Carbohydrates intake Essential Macronutrient. 

Fibre  intake 
Fosters weight management. 

Blood cholesterol, LDL cholesterol levels. 

Risk of heart disease, diabetes. 

Calcium intake 
Essential Micronutrient. Mineralization of bones and teeth, 

also involved in muscle contraction and relaxation, blood 

clotting, blood pressure. 

(Verschuren, 2012) 

Iron intake 
Essential Micronutrient. 

Transportation of oxygen in the blood. 

Magnesium intake Critical to heart function and to protect against hypertension. 

Sodium intake Blood pressure, heart disease. 

Potassium intake  Blood pressure, heart disease. 

Selenium intake 
Antioxidant, Important for skin, immunity system. 

HDL cholesterol levels, Risk of heart disease. 

Zinc intake 
Important for skin, bone and tooth growth. 

Immunity system. 

Vitamin A intake 
Important for skin, bone and tooth growth. 

Immunity, protecting the heart and CVD system.  

(Verschuren, 2012) Vitamin C intake Antioxidant, help heart and blood vessels. 

Vitamin E intake Antioxidant, prevent heart disease and blood vessels. 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. 
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Nutrients/food group Reasons References 

Total n-3 PUFA intake 

Essential (ALA). 

Risk of total CHD, stroke.  

Triglyceride levels. 

Helps to prevent blood clots, protect against irregular 

heartbeats and lower blood pressure. 

(Lavie et al., 2009; Lee et 

al., 2008; Verschuren, 

2012) 

Total n-6 PUFA intake 
Essential (LA). 

 Risk of diabetes, metabolic syndrome components. 

Body weight/adiposity. 

Total n-3: total n-6 PUFAs Risk of CVD. 

(UK Scientific Advisory 

Committee on Nutrition 

2004) 

Trans fatty acid intake 

HDL cholesterol levels, LDL cholesterol levels. 

Risk of CHD and sudden cardiac death.  

Risk of diabetes, metabolic syndrome components. 

Body weight/adiposity. 

(Verschuren, 2012) 

Nuts and seeds group 
PUFA, Magnesium and potassium 

n-3, ALA 

Risk of CVD, stroke. 

(Azadbakht & Rouhani 

2013; Craig, 2010) 

Fish and sea-food group 
n-3, EPA, DHA 

Risk of total CHD, stroke.  
(Verschuren, 2012) 

Fruit & vegetables group 
Calories, Fibre 

 Blood pressure, Risk of CVD, stroke.  
(Verschuren, 2012) 

Fast food group 
SFA, sodium and sugar.  

Fibre, iron and calcium. 

Body weight/adiposity. 

(Duffey et al., 2007; 

Guthrie et al., 2002) 

Traditional Saudi food 
group 

There is little information available regarding the type of 

nutrients consumed in Saudi Arabia and CVD 
(Bani & Hashim, 1999) 

SFA indicates saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids. n-3, omega 3; 
ALA, alpha-linolenic acid (18:3n-3); EPA, eicosapentaenoic acid (20:5 n-3); DHA, docosahexaenoic acid (22:6 n-3); n-6, 
omega 6; LA, Linoleic acid (18:2 n-6). 
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Appendix (J): Work published and presented to date 
 

• October 2011: poster presented on Human Nutrition Research day, Newcastle 

University, Newcastle upon Tyne, UK. 

• July 2012: presentation and abstract published on Nutrition Society Summer 

Meeting, Queen’s University Belfast, UK. 

• September 2012: presentation on Nutrition Society Postgraduate Conference, 

Newcastle University, Newcastle upon Tyne, UK. 

• October 2012: presentation on Human Nutrition Research day, Newcastle 

University, Newcastle upon Tyne, UK. 
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