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ABSTRACT 

In this series of studies, three issues were addressed. First, the prevalence of undiagnosed 

diabetes (high fasting blood glucose with no prior diagnosis of diabetes) and how different they 

are from the diagnosed diabetes in risk factors. Second, the prevalence and risk factors of 

overweight and obesity were described in the general population. Finally, an evaluation of the 

relationship between obesity and t\'pe 2 diabetes were made in Saudi adult men and women. 

Our study population came from a national cross sectional survey which included 3271 males and 

females, age 30-70 years old. All participants completed a specifically designed questionnaire, 

and a comprehensive physical examination which included blood pressure and anthropometric 

measurements. Fasting serum samples were analyzed for glucose and blood lipids. 

A number of compelling findings have resulted from this research. First, the prevalence 

of diabetes is high with 30% of men and 25% of women diabetics. Undiagnosed diabetes presents 

a substantial problem; they constitute 41% of the total diabetic population and 11% of the total 

population. Undiagnosed diabetics are however, similar to diagnosed diabetes with uncontrolled 

fasting blood glucose level and many of the associated risk factors. Second, the prevalence of 

obesity is also high with 49.15% in women and 29.94% in men identified as obese and an 

additional 31.55% of females and 41.91% of males identified as over\veight. Third, in this study 

population. 12% are obese diabetics and in the diabetic population 43% are obese diabetics. 

Diabetes appears to have a harmful effect on blood lipids, which seem to worsen when diabetes is 

combined with obesit\'. Based on these findings, obesity and diabetes appear to have created very 

serious complications and prevalent health problems in adult Saudi population between the age of 

30 - 70 years old. Because about half of the population are under 18 years old. there is a very 

good chance for the government to successfully implement education and health programs to 

prevent and control these two conditions from becoming an epidemic in future generations. 
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CHAPTER I 

INTRODUCTION 

Saudi Arabia is a large country', occupying four-fifths [865.000 square miles] of the 

Arabian Peninsula, which is located in Southwest Asia (1). In the recent past. Saudi Arabia has 

achieved much - w ith the help of oil revenues - in a short period of time. In 1980, the total 

population was 9.3 million, with 45% under 15 years of age; in 2000 the population was 

estimated to be about 21 million, with about 50% under the age of 18 years old. In 1960. the 

under five mortality rate was 250 deaths per 1000 and the fertility rate was 7.2. In contrast, in 

1999. the figures were 25 and 5.6. respectively. Population growth declined from 5.1% between 

1970-90. to 2.9% in the period 1990-99. In addition, life e.xpectancy increased from 52 years in 

1970 to 72 years in 1999. In the past 25 years, education has reached all parts of the country. 

Between 1980 and 1999. female adult literacy rose to 70% from 32%. while male literacy 

rose to 91% from 65%. Primary school enrollment in 1999 was 90% for females and 97% for 

males. In addition, health services have improved and extended to reach the entire population. 

The percent of fully immunized infants w as above 93% in most of the recommended vaccinations 

(TB. DPT. Polio. Measles) (2.3). Pattern of diseases has also changed in Saudi Arabia with the 

improvement in the economic status and the standard of living of the general population. Causes 

of morbidity and mortalitv' have shifted from infectious diseases and malnutrition to chronic 

diseases, such as type 2 diabetes mellitus. obesitv'. hypertension, heart disease and stroke (4). 

In Saudi Arabia, the prevalence and the risk factors of type 2 diabetes have been major 

foci of epidemiological studies. According to Ahmed in 1989. 85% of the Saudi diabetic 

population were tv pe 2 diabetics and 15% had type 1 diabetes (5). In 1996. El-Hazmi et al.. 

studied diabetes mellitus in Saudi Arabia w ithin a population of over 23.000 individuals between 
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2-70 years of age; they found 88% of the Saudi diabetics had type 2 diabetes (6). In 1995. the 

Saudi national chronic metabolic diseases survey reported a prevalence of diabetes mellitus (DM) 

of 11.8% for males and 12.8% for females age 15 years and older. The survey also reported the 

prevalence of impaired glucose tolerance (IGT) of 10% for males and 9% for females (7). The 

overall prevalence of 4.4% was found in Riyadh, however for the population o\er 30 years old 

the prevalence was 16% for males and 12.3% for females. In each age group males had a 

significantly higher prevalence of type 2 diabetes than females (8). This is significantly higher 

than the prevalence (5.4%) reported 20 years ago for the 30 years old and above (9). This increase 

within the past 20 years suggests that the prevalence of diabetes is increasing in the Saudi 

population. In General, type 2 diabetes is associated with microvascular and macrovascular 

disorders. The incidence of diabetes nephropathy among type 2 diabetics is increasing (10). Type 

2 diabetics are at greater risk for cardiovascular disease as compared to the general population 

(11). The most frequent ophthalmic complication in diabetics is retinopathy and its development 

and severity is related to the duration of the disease (12). 

in Saudi Arabia, obesity has also reached epidemic proportions in all segments of the 

population. In a study of more than 14.000 Saudis. 14 years of age and older, over 27% of males 

and 25% of females were overweight, (i.e. BMl > 25- <30). Furthermore. 13% of males and 20% 

of females were obese (BMl > 30) (13). In a study of 18-74 year old Saudi adults attending 

primary health care centers, the prevalence of obesity was 31% and the overweight prevalence 

was 34% (14). Another study of Saudi adult females, reported a prevalence of obesity of 42% and 

overweight of 27% (15). A study of School children 6-18 years old were surveyed for overweight 

and obesity' used the percentage of BMl of expected BMl at the 50* percentile for each age group 

and compared it with the 50''' percentile of the NCHS/CDC as the reference group. Overweight 

was defined as weighing between 110% and 120% of the e.xpected median percentile of the 



reference group and obesity as more than 120%. Resuhs showed the overweight prevalence to be 

12% and obesit>' 16% (5). Obesity has been associated with coronarj' heart disease, primarily as a 

factor aggravating or initiating other risk factors of coronary heart disease, such as dyslipidemia. 

impaired glucose tolerance, type 2 diabetes mellitus and hypertension (16). When obese 

individuals lose weight they also reduce the other risk factors for heart disease. t\'pe 2 diabetes 

mellitus and osteoarthritis (17). 

Considering the demographic profile of the Saudi population, with 60% being young 

people, the prevalence of type 2 diabetes and obesity are likely to increase in the future (6). 

Lifest>'le and dietar\ habits are often seen as the major environmental factors behind the 

development of both diabetes and obesity. The dramatic change that happened in the countr\' 

during the past 20 years transformed the population to a sedentary lifestv ie and introduced to 

them new foods that were not native to the country (8). Furthermore, the classical Arabic culture 

view of obesity as a sign of health and wealth has not helped focus the attention towards the 

problem of obesity and diabetes (14). To avoid health care disaster in the future steps need to be 

taken. Epidemiological studies to monitor the patterns and progression of these tw o conditions are 

needed, as well as the related risk factors. This dissertation w ill aid in the task of monitoring 

prevalence and associated risk factors of obesity and diabetes in Saudi population 30 years of age 

and older. 

ORGANIZATION OF THE DISSERTATION 

This dissertation consists of studies, in addition to the introduction, the literature review 

and the conclusions. The research on which these studies are based was conducted using data 

from a national survey of chronic diseases in Saudi Arabia that included diabetes and obesity. 
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The first study estimates the prevalence of diabetes among Saudi Arabians and evaluates 

the impact of undiagnosed diabetes. The second study focuses on prevalence of obesity and 

ovenveight and their associated risk factors. The third study e.xamines the relationship between 

obesity and type 2 diabetics. 

THE OBJECTIVE OF THE STUDY 

The overall objective of this research was to investigate the relationship between type 2 

diabetes and obesity then investigate their risk factors in the adult Saudi population, through 

statistical modeling, using a cross-sectional national sur\ey data. 

Aim ofstudv one 

The aim of the study is to describe the problem of type 2 diabetes among adult Saudis 

and evaluate the impact of undiagnosed diabetes in the overall problem of diabetes. 

Specific Objectives 

1) To determine the prevalence of diagnosed and undiagnosed diabetes in a Saudi Arabia 

population and describe how the frequency of these conditions were modified by 

sociodemographic characteristics, general lifestN'le behaviors family histor}' of diabetes 

and medical history . 

2) To explore the relationship between various obesity measurements, body mass index, 

waist hip ratio and waist circumference, and the prevalence of diagnosed and 

undiagnosed diabetes and on the control of fasting blood glucose in diabetics. 

3) To examine the relation between level of fasting blood lipids, i.e. total cholesterol, 

triglycerides and HDL-cholesterol. on diagnosed and undiagnosed diabetes and on the 

control of fasting blood glucose in diabetics. 
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Aim of study two 

The aim of study two was to determine the frequency of overweight and obesity in Saudi 

Arabia and investigate factors associated with these conditions. 

Specific Objectives 

1) To determine the frequency of the population that were ovenveight or obese and how 

the prevalence was modified by sociodemographic and lifestyle factors. 

2) To investigate rates of high risk waist hip ratio and high risk waist circumference 

among the population. 

Aim of study three 

The aim of study three was to describe the relationship between obesity and type 2 

diabetes. 

Specific Objectives 

1) To determine the prevalence of obesity in type 2 Saudi diabetics and explore how the 

frequency of obesity in the type 2 diabetics were modified by sociodemographic 

characteristics, general lifestyle behaviors family history of diabetes and medical hislor\'. 

2) To e.xamine the relation between obesitx- in diabetics and blood lipids including; total 

cholesterol, triglycerides. HDL-cholesterol. LDL-cholesterol. and LDL/HDL index. 
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CHAPTER2 

LITERATURE REVIEW 

TYPE 2 DIABETES 

The symptoms of diabetes meiiitus were first described by an ancient Hindu piiysician 

3000 years B.C.. and 1500 years later. Egyptian physicians noted an illness associated with 

passage of much urine. Greeks described diabetes meiiitus as a disease that melts down the 

tissues into urine. Because of the frequent drinking and urination as well as the sugar content of 

the urine, the disease was named diabetes meiiitus (18). 

More currently, there are two main types of diabetes meiiitus. type I (insulin dependent 

diabetes meiiitus) and type 2 (non-insulin dependent diabetes meiiitus). Type 1 diabetes usually 

affects about 15% of the diabetic population, and occurs primarily in young people and it is 

usually characterized by an abrupt onset of symptoms (19). Type 2 diabetes occurs in about 85% 

of the diabetic population and usually diagnosed in adulthood, it is recognized as having a genetic 

basis, as evidenced by studies of identical twins and by familial transmission of diabetes (20). 

Type 2 diabetes is a complex metabolic disorder characterized by alterations in carbohydrate. 

lipid and protein metabolism, resulting from an imbalance between insulin sensitivity and insulin 

secretion (21). 

Globally, type 2 diabetes outnumbers all other types of diabetes. In all populations, type 2 

diabetes is far more prevalent than ty pe 1 diabetes. It constitutes about 90% of all cases of 

diabetes in Western countries. In certain groups, such as some Native American tribes and 

populations in the South Pacific, type 2 diabetes is the only form of diabetes (22). 

The prevalence of ty pe 2 diabetes, how ever, varies greatly between population. In the 

US. it is estimated as 6.6% in persons aged 18 years and over. The highest prevalence of type 2 

diabetes in the world was established in Pima Native Americans of Arizona, where the age-
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adjusted prevalence rate was at least 10 times higher than that of the general US population. In 

contrast, other Native Americans, such as Eskimos were reported to have the lowest prevalence 

rates in the world (22). King and Rewers compiled an international prevalence data on type 2 

diabetes and Impaired Glucose Tolerance (IGT). Within the age range of 30-64 years, diabetes 

was absent or rare (1%) in the least developed countries, like Tanzania (1%). Melanesian in 

Papua New Guinea. In Europeans. US non-Hispanic whites. American blacks, the prevalence 

varied from 3 to 10%. A high prevalence (11-20%) was observed in Arabs. Asian Indians. 

Creoles, and US Hispanic groups. E.vtremely high prevalence were observed in the Pima and 

Papago Native Americans of Arizona (50%) and the Micronesian Naruans (40%) (23). 

Few studies have been performed on the incidence of type 2 diabetes in the Pima Native 

Americans of Arizona and among Micronesians in the central Pacific Island of Nauru. The 

incidence of type 2 diabetes in the Pima Native Americans w as 19 times that of the 

predominantly Caucasian population in Rochester. Minnesota. A high incidence of type 2 

diabetes has also been found in the population of Nauru. The incidence of diabetes has risen 

considerably in the US. and there are also indications that the prevalence of type 2 diabetes has 

increased in England during the last 20 years (22). 

In Saudi Arabia, a drastic change in life-style caused by the rapid economic growth has 

affected people's health, nutritional status and the e.xpression of disease patterns. In the past 25 

years, there have been many studies, which assumed the task of determining the prevalence of 

diabetes mellitus in Saudi Arabia. In 1976. Cook was the first to report about diabetes mellitus in 

Saudi Arabia, when he observed that maturity onset of diabetes and impaired glucose tolerance 

were common in Riyadh. He noted that these conditions were not usually associated with obesity 

(24). Five years later, Bacchus et al. surveyed 1.385 male government workers who were living 

outside Riyadh Cit\'. They found the prevalence of diabetes mellitus to be low (<2.6%) in the age 
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groups under 44 years, but a higher prevalence for the older age groups (>9.9%) (9). Rural areas 

in the western region of Saudi Arabia were studied with testing 5.222 people and noting a 

prevalence of 4.3%. This prevalence was found to increase with age. obesity, and income, and 

also in females (25). The southwest region of Saudi Arabia was e.xplored for the prevalence of 

diabetes in a study on 290 families (2.150 participants). The overall prevalence was 4.6%. which 

increased with age. and was higher in males (26). In Riyadh City, a study found a prevalence of 

13.7% in people over 30 years of age and it was higher in males (8). The southwest of Saudi 

Arabia was investigated again in a semi-urban area. A 6.5% prevalence of diabetes was found in a 

sample of 2.060 males and females, with a higher prevalence in the age group over 30 years old 

and in females (27). 

DETERMINANTS OF TYPE 2 DIABETES 

AGE 

The prevalence of type 2 diabetes increases with age in most populations, however some 

studies have shown a fall in the oldest age groups (28). In large compilation data of international 

prevalence on type 2 diabetes. Pima Native Americans had an age related increase of prevalence 

of diabetes, with three fold increases between the groups of 40-50 and 60-70 years of age (23). 

In Saudi Arabia, type 2 diabetes is associated with aging as in other countries. In their 

study Bacchus et al.. found no diabetic subjects under the age of 25 years. 1% under the age of 34 

years, and an overall prevalence of 6.5%. A prevalence of 11% was found in the age group 55-64 

years and 23% in those above 65 years (9). In a study that surveyed no females older than 65 

years, there was no t\'pe 2 diabetes in females less than 35 year of age and with the peak (29%) at 

age group 45-54 years (29). Rural population had a prevalence of (13.4%) in the age group 55 

years, compared to 11.9% in the age group 35-54 years (25). 
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GENDER 

The relative frequency of ty pe 2 diabetes in relation to gender varies. In many 

populations, as in the US as a whole, there is a higher prevalence oftj pe 2 diabetes in females 

than in males. On the other hand, in some countries such as India, a greater prevalence among 

men has been demonstrated (22). The differences in the gender ratio of diabetes in different 

societies can probably be explained by differences in the relative frequency of obesity and 

physical activity among the se.xes in different cultures and ethnic background (28). In Saudi 

Arabia, studies on type 2 diabetes revealed conflicting results w ith regard to its association with 

gender. The diabetes rate in males was found to be 5.6% and in females. 4.2% in an urban sur\'ey 

(30). In a semi-urban community survey, the males population had a higher rate of diabetes 

compared to females [4.6% vs. 3.6%] (26). A study performed in Riyadh City in 1995. found the 

rate to be 8.2% in males and 6.5% in females (8). However another group of studies showed 

opposite findings (29.6). One study showed a low er prevalence of diabetes 2.5% in males 

compared to 4.7% in females (29). The rate of males and females w ith type 2 diabetes in a 

national study with 23.493 participants was 5.5% and 4.5% respectively (6). 

FAMILY HISTORY 

Type 2 diabetes has long been recognized as showing familial aggregation. The incidence 

and prevalence of type 2 diabetes in first-degree relatives of subjects w ith type 2 diabetes are 

appreciably greater than in the general population (31). In the Pima Native Americans, 

stratification analyses taking into account the high frequency of the disease in the background 

population and the variable prevalence with age. suggests that the distribution in families is best 

ascribed to inheritance of a single major codominant gene (32). A study reported a strong familial 

aggregation of type 2 diabetes, with almost 60% of diabetics having at least one first-degree 

diabetic relative (33). 
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In Saudi Arabia new and untreated referred adult diabetics, first-degree family history of 

diabetes was found more commonly than overall positive family historv' (34). Saudi women were 

investigated with regard to their diabetes, and 70% of 300 diabetic participants was found to have 

a family historv' of diabetes (35). 

PHYSICAL ACTIVITY 

Physical activity influences glucose metabolism; well-trained athletes have less glycemia 

after a glucose load, and insulin responses arc diminished compared to untrained persons of 

similar weight. Conversely, profound physical inactivity, for example bed rest, is associated with 

the development of abnormal glucose tolerance and higher insulin levels (36). Moderate physical 

activity was concluded to be strongly associated with reduced risk for type 2 diabetes in 

African-Americans. Type 2 diabetes risk for moderately active subjects was one-third that for the 

physically inactive subjects (37). 

in Riyadh City, a study found that the tendency toward taking extensive e.vercise is ver>' 

low due to the hot and dr\' climate of the city (24). A national diabetes study found that the 

climate condition and the population lifestv'le encourages them to be sedentary and prevent them 

from e.xercising (6). A study in Al-Baha region in southwest of Saudi Arabia partially accounted 

for a lower prevalence of diabetes in males, by the fact that males tends to work in the farms, 

which give them a chance to be physically active (27). 

ETHNICITY 

The prevalence and incidence of ty pe 2 diabetes varies widely among different ethnic 

groups. For example Native American are at particularly high risk. Mexican Americans have 

rates of t\ pe 2 diabetes that are two to three times greater than those of the general US 

population. Furthermore. Australian Aborigines living in urban environments likewise also have 

much higher rates of type 2 diabetes than the remainder of the Australian population (22). Elderly 



Hispanics had twice the prevalence of t\'pe 2 diabetes compared to non-Hispanic whites (38). In 

Saudi Arabia, the vast majority of the population has an ethnic background of Arab descent. 

However, there is different social classes, and higher proportion of diabetics was found among 

high social class (30). In rural dwellers, a similar trend of diabetes prevalence was reported (25). 

DIET 

Diet has long been suspected to have a role in the development of diabetes (28). The 

diabetes mortality rates were found to be decreased in countries that e.\perienced food shortages 

during World War I and World War II (39). Studies of migrant populations suggest that diet may 

play a role in the development of type 2 diabetes. They were found to be consuming diets that 

were at least as high in caloric content and contain much higher quantities of refined 

carbohydrates than in the traditional environment (40). Another study showed that high energy 

intake can result in an increased frequency of diabetes, in Japanese sumo wrestlers who consume 

4.500-6.500 kilocalories a day for several years, after retiring they develop diabetes (28). The 

effect of diet on the risk of developing type 2 diabetes was investigated, in two groups of 

Hispanic Americans. The first group consumed a plant-based diet and second group did not. The 

researchers found that the first group exhibited a lower risk for type 2 diabetes (41). 

Saudi dietary habits and diabetes were investigated in several studies. Cook noted, in the 

first published paper about diabetes in Saudi Arabia, that the diabetic subjects in his study 

consumed a lot of retlned sugar throughout the day in the form of sweetened tea (24). Traditional 

foods were one of the factors indicated to be causing the high prevalence of type 2 diabetes in 

Saudi Arabia as being rich in calories and carbohydrates. In addition, the emerging food habit of 

consuming fast food would exaggerate an already high prevalence oft\pe 2 diabetes (8). 
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OBESITY 

The association between obesitj' and type 2 diabetes has long been recognized. Obesity is 

a frequent precipitant of type 2 diabetes among those who are otherwise susceptible to its 

development (28). In a 12-year follow-up study of 11.654 Norwegian participants age 35-53 

years to investigate diabetes. BMl was found to be the dominant risk factor in men and predicted 

diabetes in a dose-response relation in both se.\es (42). In studying the association between 

duration of obesity and the risk of diabetes mellitus. male subjects aged 30 years or older were 

observed for 10 years or more. It was found that, having a BMl of 25 for ten years or BMl of 27.8 

for one year is an important predictor for diabetes (43). 

In Saudi Arabia, although in the first published diabetes study the conclusion was that 

diabetes is not usually associated with obesity (24). subsequent to that study over\veight began to 

be seen as associated factor with diabetes. In a later study. over\veight was found more frequently 

in diabetics (65%) than in non-diabetics (26%) (9). Another study found Saudi female diabetics to 

be more obese than the female non-diabetic population (73% vs. 38%). A similar trend was 

observed, in the male population (49% vs. 34%) (27). 

INSULIN RESISTANCE 

Insulin resistance is a major detemiinant for the development of t> pe 2 diabetes. Subjects 

with high fasting insulin levels have a much higher risk of developing IGT and tv pe 2 diabetes 

than persons with lower fasting insulin levels (44). In Australian Aborigines, who have high rate 

of diabetes, the average fasting and stimulated insulin levels, even in subjects with normal 

glucose tolerance, are greater than in non-diabetic Caucasians controls with identical degrees of 

glucose tolerance (45). Fasting insulin concentrations are increased two-to-threefold in type 2 

diabetic patients as compared to controls, which indicates the inability of insulin to suppress 

hepatic glucose production, and results in the condition of insulin-resistance in the liver (46). 



Glucose uptake by peripheral tissues in diabetics was found to be reduced compared to 

controls (47). As the diabetic condition worsens, glucose clearance diminishes progressively until 

the restraining effect of hyperinsulinemia on tiie liver is lost, and hepatic glucose production 

increases, leading to fasting hyperglycemia (48). In a recent study, hyperinsulinemia in a normal 

population over a period of 15 years was used as a predictor of type 2 diabetes. Results indicated 

that the 25% of the population with the highest insulin response in the beginning of the study had 

significant increases at the incidence type 2 diabetes at the end of the study (49). 

INSULIN INSUFFICIENCY 

With the increase in the plasma glucose levels there is a corresponding increase in insulin 

secretion to offset that. However, at glucose levels e.xceeding 7 mmol/1. insulin levels sensibly 

decrease, indicating the inability of P-cells to maintain a higher rate of insulin secretion (50). 

Studies in first degree relatives of type 2 diabetics have shown that a reduced llrst phase of 

insulin release was already present in those who had impaired glucose tolerance, but not in the 

normal glucose tolerant (51). In a longitudinal study a greater first phase insulin release was 

shown to be predictive of diabetes, suggesting that in the early stages of the disease the P-cells 

were compensating for the insulin resistance already present (52). 

Changes in serum insulin concentrations were observed in normal glucose tolerant 

subjects whom later developed type 2 diabetes. They had higher fasting and post-load insulin 

concentrations than in normal subjects. The progression from normal to impaired glucose 

tolerance was associated with an increase in fasting and glucose-stimulated insulin secretion. 

Progressing from impaired glucose tolerance to type 2 diabetes there was a further increase in 

fasting, but not glucose-stimulated, insulin release. After the onset of ty pe 2 diabetes, further 

increments in glucose concentration were associated with a progressive decline of fasting and 

post-prandial insulin concentration. These results indicate that hyperinsulinaemia precedes the 
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development of t\'pe 2 diabetes, suggesting that insulin-resistance may be the primary cause of 

diabetes (53). 

GENETICS 

The importance of the genetic contribution to type 2 diabetes has been established by the 

study of certain inbred populations, which demonstrated an almost 100% concordance of disease 

in monozygotic twins and by familial clustering (53). In 1962. Neel proposed the "thrifty" 

genotype hypothesis. According to this hypothesis, populations that were e.xposed to alternate 

periods of adequate food supplies and famine have selected a genotype that would allow storage 

of energy in times of plentiful supply, and that could have allowed survival in famine (54). 

This theorv' has been examined by using the Paleo Native Americans, from whom the 

Pima Native American evolved, who are known to have an extremely high prevalence of type 2 

diabetes. The researchers concluded that the "thrifty" genotype hypothesis was feasible, and 

would explain such a high prevalence of diabetes in Pima Native American, whose is now 

enjoying a sedentary lifestyle and constant food supply. They proposed that the "thrift)" genotype 

was associated with insulin-resistance seen in muscle, which would preserve energy in time of 

fasting and fat deposition when food was available (55). 

O'Dea. has reached similar conclusions in her studies of Australian Aborigines. She 

concluded that the behavioral traits which were so central in survival as hunter-gatherers, such as 

the strong preference for energy-rich foods, in combination with the altered metabolism described 

above, produced a vicious cycle of weight gain and w orsening insulin-resistance, culminating in 

obesity and type 2 diabetes (39). 

COiMPLICATIONS OF TYPE 2 DIABETES 

Type 2 diabetes is associated w ith morbidit)' and mortality from microvascular and 

macrovascular disease. The complications associated with diabetes makes it a major public health 
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problem (56). A prospective study of newly diagnosed diabetics found that 29% of patients had 

diabetes complications by the end of the nine years (57). Retinopathy is the most frequent 

ophthalmic complication and its development and severity is closely linked with length of time 

since the onset of diabetes (58). The incidence of diabetes nephropathy among type 2 diabetics 

appears to be rising (59). Diabetics have an increased risk for cardiovascular disease when 

compared to the general population (11). 

Nephropathy, defined as macroproteinuria (> 550 mg/24 h w ith a positive reagent strip-

test) was found in 13% of type 2 diabetes within 5 years of onset, and 18% after 5 years of 

diabetes (58). Neuropathy was observed in 17% of newly diagnosed diabetic adults (34). The 

correlation betw een duration of diabetes mellitus and neuropathy w as found to be significant in 

type 2 diabetes (58). A retrospective study on 1.000 diabetic patients in a University hospital in 

Riyadh Citj' compared type 2 diabetes non-obese and obese patients with regard to. among other 

things, complications of diabetes. The researchers differences in the prevalence of the following 

complications; neuropathy (32 vs. 47%). retinopathy (29% vs. 44%). nehpropathy (17% vs. 19%). 

and amputation (3.6% vs. 7.7%) (5). 

A significant positive correlation has been established between the duration of diabetes 

mellitus and macrovascular complications in t\'pe 2 diabetes (4.5 i 0.3 years) (58). Normal blood 

pressure, low cholesterol and low insulin levels may individually, or in combination, account for 

the low frequency of atherosclerotic complications in diabetics (60). The majority of type 2 

diabetes (71%) had one or more complications. In ty pe 2 diabetes patients with a mean age of 

46.5 years, a significant positive correlation was found between duration of diabetes (4 years) and 

nephropathy, retinopathy, and macrovascular complications, but there was no correlation between 

duration and neuropathy (58). More recently, the prevalence of macrovascular complications was 

found to be higher than what was previously reported in Saudi Arabia. In 1992. Famuyiwa et al. 
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examined the complications of diabetes and established the prevalence of ischemic heart disease 

and stroke, in t\pe 2 diabetes patients, to be 13.3% and 11.3%. respectively (5). 

OBESITY 

Obesit>' can be defined as the status in which the accumulation of fat has occurred to such 

an extent that the health of the individual is impaired (61). Obesity is usually defined as a body 

mass index (BMI) of 30 kg/m" or higher. Overweight is defined as a BMl between 25 and 29.9 

kg/m" (62). Accumulation of body fat has many causative factors, including genetic, metabolic, 

hormonal and behavioral (63). 

Obesity is a risk factor for many chronic diseases, including type 2 diabetes mellitus. 

hypertension, coronary heart disease, and stroke (64). Obesity has been noted as a major public 

health problem in many developed and developing countries. In Europe obesity is common 

among men and women, however more obese women were reported in Southern and Eastern 

European countries, while among men the distribution of obesity is similar in most countries of 

Europe (65). The prevalence of obesity in adults is 10% to 25% in most countries of Western 

Europe and 20% to 25 % in some countries in the Americas (66). A total of 7419 Swedish were 

surveyed in study during the 1980's. A significant increase in the prevalence of overweight and 

obesity, and a stronger effect of the socio-cultural environment on the body weight were found in 

women compared to men (67). 

In the WHO MONIC.A study, the average prevalence of obesity among Europeans 

between 1983 and 1986. was 15% in men and 22% in women. There were great differences 

within and between countries (68). In the United States. 33 percent of adults are considered obese 

(69). Approximately 25% of women and 20% of men in America have a BMl of 30 or higher 

(70). In 34 years, from 1960 until 1994. the U.S. overweight population increased from 37.8% to 
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39.4% in men and from 23.6% to 24.7% in women (70). Tiius obesit)' and overweight are 

common public health problem in America. 

In developing countries, as the economy e.xpand and grow, the adoption of western 

lifestyle increases the prevalence of non-communicable disease and obesity among these 

countries. In ver>' poor communities in developing countries, obesity is usually absent, however, 

it is found in affluent communities (71). In 1990. about 44% of African women in the Cape 

Peninsula area of South Africa were considered to be obese (72). However in Sub-Saharan 

Africa, obesity is found among urban and higher educated women (73). In Jordan, a study on 

2836 adults found the prevalence of obesity to be 32.7% in men. 59.8% in females, and 49.7% 

overall (74). A high prevalence of obesity has been observed among adult females (52.5% 

overweight. 42% obese) from Kuwait (75). The overall mean BMl was 28.3 in a sample of 3435 

adult Kuwaiti and it was higher in women (29.0) than in men (27.5) (76). 

In Saudi Arabia, a national study surxeyed more than 14.000 adults and reported the 

highest prevalence of obesitN' in males living in the Western Province (16.65%) and in the 

females living in the Central Province (24.40%) (13). A study on college student found that 

31.2% were overweight or obese (BMl > 25) (77). A cross-sectional national epidemiological 

household survey screened more than 13.000 Saudis over the age of 15 years old. The mean BMl 

for females was found to be higher than for males. The prevalence of over\veight among males 

(29%) was higher than females (27%). However the prevalence of obesity among females (24%) 

was higher than males (16%) (78). In a cross-sectional study of 1385 Saudi adult females 

attending 15 health centers in urban and rural areas in the Riyadh region. The mean BMl was 

29.2. the prevalence of overweight and obesity was 26.8% and 47%. respectively (15). 
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DETERMINANTS OF OBESITY 

AGE 

The Obesity prevalence has been documented to increase with age in many studies. In a 

longitudinal study in the UK. young schoolchildren were surveyed for 23 years until 1994. The 

researchers found a significant increase in the triceps skinfold measurement in both males and 

females (79). In a study in Saudi Arabia on 16 years old and above, the investigators reported a 

significant increase in BMI with age (80). The obesity rates among adult Saudis were investigated 

and the highest prevalence of overweight and obesity w as found to be among subjects betw een 

the age of 40-49 years old (81). Moreover, higher BMI was reported in Kuwaiti middle age 

subjects (40-49 years) as compared to the younger age groups (30-39 years) (82). In addition. 

Bahraini men older than 50 years were found to have higher rates of obesity when compared to 

younger men (83). Obesity was more prevalent in the older age groups in Jordan (74). 

Furthermore, an Indian study, on 18 to 75 years old subjects, showed an increase of BMI w ith age 

reaching a peak at 50 years old (84). In contrast, data from Sweden showed no association 

between age and obesity. However, the highest rate of obesity, in their ten years study, was found 

in the 25-34 years old (67.85). 

GENDER 

Females are more affected by obesity than males (86). The obesity rates for women from 

Middle East and North Africa (mostly Arab countries) are among the highest in world (87). A 

study in Riyadh. Saudi Arabia, on age 15 years old and above found that 19.8% of males were 

either overweight or obese compared w ith 43.2% of females (88). In a national survey that 

included more than 13.000 Saudi males and females, they found that the mean BMI for female 

subjects was significantly higher than for male subjects (78). About 60% of Jordanian females 

were reported to be obese compared to 33% in males (74). Moreover, European studies show that 
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more women then men were obese (89). Furthermore, a study in Scotland found females to have 

higher prevalence of obesit>' (79). 

FAMILY HISTORY 

A correlation between the risk ofobesit\' and the parent's BMl was reported in an Italian 

study that included more than 1300 subjects, in addition, the mother's BMl was found to have an 

effect on the rate of childhood obesitj' in girls (90). Researchers in Britain suggested that having 

obese and overweight parents may increase the risk of childhood obesity. In their study on more 

than 12.000 subjects, the children's BMl was found to be increased as the parent's BMl increased. 

Most importantly, adult obesity was found to be correlated w ith parents' obesity (91). 

The risk for becoming an obese adult was 2 to 6.5 folds higher for obese children than for 

non-obese children. Up to 41% of obese preschool children were found to be obese as adult, and 

up to 63% of obese school-age children were found to be obese as adults (92). In a cohort study 

of 300.000 Dutchmen exposed to the Dutch famine during the World War 11. a higher prevalence 

of obesity in adults was associated with under nutrition in the first and the second trimester of 

pregnancy (79). 

PHYSICAL ACTIVITY 

The increasing prevalence of obesity may be explained by behavioral changes related to a 

decreasing physical activity (76). Regular e.xercise has predicted weight reduction and 

maintenance (93). while eating more and exercising less lead to weight gain (94). Not exercising 

regularly by the majorit\' of the Saudi population was reported in a Saudi community survey (6). 

In a study of Saudi women, the results showed that they did not e.xercise daily and the obese had a 

poor attitude and little knowledge of the benefits of e.xercise. The majorit}' of females (83%) 

either did not exercise at all or e.xercised irregularly (77). Obesity in Bahrain! men. was found to 
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be inversely associated with physical activity at work (95). In Iranian study, the mean BMI was 

reported to be increased with decreased physical activity level (96). 

ETHNICITY 

Researchers found the rate of obesit>' to be much higher among the Pima Native 

Americans versus the Caucasian Americans (97). In Britain, a study compared the inner city 

whites to English whites, found the inner city whites to have fatness comparable to the others 

(98). When African Americans were compared to Nigerians in a study, more African Americans 

were found to be obese and overweight when compared to the Nigerians. However, body fat 

distribution patterns based on waist to hip ratio showed no significant ditTerences between the 

two groups (99). 

Although they are economically less developed, obesity rate in females from Eastern 

Europe and the Middle East was higher than in Western Europe. In addition, higher obesity rate 

was found among American Indians. Hispanic Americans, and Pacific Islands. The highest rates 

were found among Melanesians. Microesians. and PoKnesians (66). 

DIET 
Epidemiological studies suggest that high fat diet promoted the development ofobesit\-

(100). In protecting against obesit\'. breast feeding was proven effective, and the protective effect 

of breast feeding against obesity later in life appeared to rise slightly with the increased duration 

of breast feeding (92). Dietar\' changes are occurring rapidly in Saudi Arabia. Western fast food 

and food item with empty calories are now being consumed in large amounts, and are replacing 

the fruit and vegetable components of the traditional Arabian diet (77). Higher Socioeconomic 

status (SES) in Saudi Arabia was associated with several behaviors that contributed importantly 

to change in dietarj' intake. A lower fat diet and a higher prevalence of dieting to control weight 

were observed in the high SES population compared to low SES population (4). 



GENETICS 

Obesitj' tends to aggregate in families, and the strength of this aggregation is higher in 

those with morbid obesity (101). Studies looking at adoptees have demonstrated a correlation 

between the BMl of the adult adoptees and that of their biological parents, while there was no 

correlation to that of their adoptive parents (102). Between 25-40% of the obese phenotype has 

been estimated to be accounted for by genetic heritabiiity (103). Gene linkage studies have 

identified several loci that may be linked to obesity, but these seem to difTer from population to 

population (104). Other studies on parents and their biologic children, parents and their adopted 

children, blood-related brothers and sisters, siblings by adoption, and dizjgotic and monozygotic 

twins did not distinguish between the effects of genes shared by descendents and the effects of 

household and environmental conditions shared by relatives living together (105). The genetic 

and non-genetic components effect in the BMl phenotype was studied and the researchers 

suggested that BMl is susceptible to lifestyle and environmental conditions. (106). 

Skinfold measurements at various sites of the body can be used to estimate the amount of 

subcutaneous fat. Studies of skinfold measurements correlations have established that, in each 

individual skinfold measurement, the correlation to be ranging from 0.15 to 0.25 for parent-child 

and from 0.20 to 0.40 for siblings. The correlations was the highest for monoz>'gotic twins (0.8 to 

0.9) (107.108). 

The two general indicators of regional fat distribution was investigated and the 

distribution of subcutaneous fat in the trunk relative to the limbs e.xhibited a genetic effect of 

25%. while the ratio of subcutaneous fat to fat mass was characterized by a heritabilitv' coefficient 

of about 30% (105). It has been suggested that for a given level of fatness, the size of the 

abdominal fat varies among individuals, and these variations are significantly influenced by the 

genotj'pe of the individual (96=105). 
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COMPLICATIONS OF OBESITY 

Obesity can be a precursor for type 2 diabetes, hypertension, and dyslipidemia, coronary 

heart disease. Obesity is associated with respiratorv'. musculoskeletal, and gallbladder problems, 

as well as with certain types of cancer (66). A six year cohort study which included about 50.000 

Dutch men and women found that mortality from all causes was significantly related to obesity 

among men (109). In Hagerstown. Maryland, the height and weight of 13.146 participants were 

measured between 1933 and 1945. Overweight in school children was established to be 

associated with adult mortality (110). 

As degree of overweight increases, the risk of developing diabetes increases dramatically, 

even with modest amounts of weight gain after 18 years of age (111). Visceral adiposity increases 

the risk for hyperinsulinemia and glucose intolerance (112). Obesity has an association with 

coronarv heart disease, through aggravating the risk factors of the coronarv' heart disease, 

including hypertension, dyslipidemia. impaired glucose tolerance, and type 2 diabetes mellitus. 

Obesity also contributes to the development of congestive heart failure through its relationship to 

systemic hypertension, and in nomiotensive and hypertensive obese patients, through increases in 

stroke volume and cardiac output along with diastolic dysfunction (i 6). 

Obesity is a major correlate of sleep apnea in men and women, with those having BMI of 

at least 30 at the greatest risk. Obesity is believed to change upper-airway geometry through 

loading of the wall of the pharyn.x or through increased deposition of periluminal fat (113). 

Nonalcoholic steatohepatitis (NASH) is more common in persons with obesitj and with type 2 

diabetes mellitus. Increases in visceral adiposity, free fatty acids, and hyperinsulinemia that occur 

with obesity are postulated to play a role in pathogenesis of NASH (114). In women, increased 

body weight is associated with menstrual irregularities. Overweight has been found to be a risk 

factor for primary ovulatory infertilitv' (115). 
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An increase in mortality rate is associated with BMI of at least 30. An intentional weight 

loss in obese individuals reduces risk factors for and improves symptoms of obesity-related 

conditions, including heart disease, type 2 diabetes mellitus. osteoarthritis, and others (17). 

OBESITY AND DIABETES 

The association between obesity and type 2 diabetes is not new and has been known for 

several hundred years. This association has constantly been demonstrated in both cross-sectional 

(116) and prospective (117) studies. Obesity plays a major role in the etiology of type 2 diabetes, 

and the Worldwide prevalence of t\pe 2 diabetes continues to rise and is set to reach 180 million 

in the year 2010 (118). Diabetes occurs in obese persons three times the rate in non-obese (119). 

Central obesity is associated with the development of type 2 diabetes and cardiovascular disease. 

Individuals with upper body obesity have been found to be more insulin resistant than other obese 

individuals and type 2 diabetics often have central or upper body fat distribution (120). 

Epidemiologic studies have found associations between obesit\ and many risk factors for 

diabetes. These risk factors include total cholesterol.  LDL- cholesterol.  VLDL-cholesterol.  HDL-

cholesterol. blood pressure, blood glucose (121). In Framingham the study, changes in weight 

were compared with changes in cholesterol, blood pressure, and blood glucose. Weight gain was 

significantly correlated w ith harmful changes in each of the variables studied in both men and 

women (122). In the Framingham offspring Study, weight gain was associated with elevated total. 

LDL and VLDL cholesterol as well as with depressed HDL cholesterol. All of these results were 

established in both men and women (123). 

The main actions of insulin are involved in the regulation of carbohydrate, protein and 

lipid metabolism. In the liver, insulin inhibits gluconeogenesis and glycogen breakdown, as well 

as increasing glycogen storage. In the peripheral tissues, insulin acts on both skeletal muscle and 
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fat (124). Obesity and type 2 diabetes frequently share the syndrome of insulin resistance. Obese 

individuals and majority of type 2 diabetics have insulin resistance. Obesity and diabetes share 

the characteristic of insulin resistance, but the presence hyperglycemia is also seen in diabetes. 

Furthermore, the concepts of insulin secretion and insulin resistance are of importance in the 

pathogenesis of type 2 diabetes (125). 

In Pima Indians, Nauruans, and Me.vican Americans, hyperinsulinemia an accepted 

marker for insulin resistance, is a strong predictor of the development of diabetes (126). 

Caucasian subjects with a positive family histor\' of type 2 diabetes have been reported to be 

insulin resistant (! 27). Similar evidence has been found in Me.vican Americans (128). 

In obese subjects, the non-esterified fatty acids (NEFA) level is elevated, and in type 2 

diabetic patients there is both hyperglycaemia and elevated NEFA levels. Raised NEFA levels 

impair glucose metabolism by reducing insulin-stimulated glucose uptake, particularly in skeletal 

muscle (129). In normal individuals. NEFAs stimulate insulin production. However, obese 

individuals may be predisposed to ty pe 2 diabetes and the stimulation of insulin by NEFAs would 

eventually fail (130). 

Circulating NEFA can potentially increase liver glucose output and impair glucose 

removal by a substrate competition mechanism in peripheral tissues which might be causing and 

sustaining peripheral (skeletal muscle) insulin resistance in obesity. This mechanism has a minor 

role, if any. in mediating the metabolic imbalance that characterizes overt diabetes (i 25). 

Substrate competition has been postulated to play a significant part in the passage from normal 

glucose tolerance to type 2 diabetes. As NEFA o.vidation increased, it is paralleled by impairment 

in insulin-mediated inhibition of hepatic glucose production. As glucose tolerance worsens, a 

parallel deterioration of hepatic insulin sensitivity and increase in fatty acid oxidation should take 

place (125). 
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Type 2 diabetics iiave a specific defect in the ability of the B-cells to respond to glucose. 

Obese type 2 diabetics, when compared with obese individuals, are characterizes by a decrease in 

glucose-stimulated insulin secretion, an increase in hepatic glucose production, and a decrease in 

insulin-mediated glucose uptake (125). The pathogenic pathway leading to hyperglycemia in 

obese diabetic individuals can be described as the induction of hyperglycemia by impaired insulin 

secretion and insulin sensitivity. Decreased insulin secretion causes increased fatty acids output, 

which is nomially regulated by insulin. Increased fatty acid levels decrease glucose utilization 

and stimulate glucose production. Both effects would result in greater hyperglycemia (125). 
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CHAPTERS 

UNDIAGNOSED DIABETICS: ARE THEY DIFFERENT FROM DIAGNOSED 

DIABETICS IN THE ADULT SAUDI POPULATION? 

INTRODUCTION 

Type 2 diabetes is a complex metabolic disorder characterized by alterations in 

carbohydrate, lipid and protein metabolism, resulting from an imbalance between insulin 

sensitivity and insulin secretion (21). Globally, type 2 diabetes outnumbers all other types of 

diabetes and it is far more prevalent than t\'pe I diabetes. Type 2 diabetes constitutes about 85% 

of all cases of diabetes in developed countries (131). In certain groups, such as some Native 

American tribes and populations in the South Pacific, type 2 diabetes is the only form of diabetes 

(132). The prevalence of type 2 diabetes varies greatly among populations. The highest reported 

prevalence is among Pima Native Americans of Arizona (132). However, other Native American 

groups, such as Eskimos, have a lower prevalence of tv pe 2 diabetes (132). The prevalence 

among Europeans and US non-Hispanic white adults range from 3 to 10%. while a higher 

prevalence (11-20%) is reported among Arabs. Asian Indians, and US Hispanics (23). 

Type 2 diabetes is emerging as a leading chronic non-communicable disease among adult 

Saudis. In Saudi Arabia, the overall prevalence of diabetes in the early 1990"s was reported to be 

between 4.6% and 6.5% (26.27). with 88% of those cases being type 2 diabetes (6). Among the 

previously recognized correlates of ty pe 2 diabetes in Saudi Arabia are age (26). family historv' 

(35). and obesity (25.27). Major sociodemographic changes have occurred in Saudi Arabia. The 

transition to greater economic affluence has been associated with changes in physical activity and 

dietary patterns. These trends have promoted the development of diabetes and other non-

communicable diseases (4). 
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Undiagnosed diabetes as a public health problem is increasingly recognized both in the 

developed and developing world (133,134.135). In the United States among adults 20 years and 

above, the prevalence of undiagnosed diabetes was 2.7% compared to 5.1 % for the diagnosed 

diabetics (133). A study in Manitoba Canada established the prevalence of undiagnosed diabetes 

to be 2.2% in adult population 18-74 years old (134). In a cross sectional study in Egypt. 4% of 

the population 20 years and older was determined to be undiagnosed diabetics (135). However, in 

Saudi Arabia there has been no emphasis on establishing the prevalence of undiagnosed diabetes, 

which will be undertaken in this study. 

This study will report the prevalence of diabetes and undiagnosed diabetes (individuals 

with high fasting blood glucose level but no prior diagnosis of diabetes) and how these groups 

differ in the contributing risk factors. The purpose of this study is to highlight the problem of 

diabetes among adult Saudis and describe the potential of undiagnosed diabetes. 

MATERIALS AND METHODS 

OVERVIEW 

The data used in this study were collected as a part of a national survey to determine the 

prevalence of chronic diseases and its related risk factors in the Saudi population. The survey 

targeted Saudis age 15 years and older living in Saudi Arabia. The survey defined a Saudi as a 

person either holding a Saudi Nationality Identification Card or a dependent of a holder. Age w as 

calculated from the ofTicial date of birth on the Identification Card. 

The survey population was draw n from the thirteen administrative regions of Saudi 

Arabia w ith the sample size selected to be proportional to the size of the population in each 

administrative region, taking into consideration the urban to rural ratio. The final survey sample 
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would then reflect a random sample from age and gender groups of the total population and the 

population of each region. 

Multistage stratified cluster sampling was used by the survey team to select the survey 

sample. Urban and rural localities were selected randomly in each administrative region and the 

primary health care centers (PHCCs) were randomly selected within each locality. In each of the 

selected centers, the family health registry' was used to select and recruit a random sample of 

Saudi females and males ages 15 years and older. 

This current study uses data collected from three administrative regions during the early 

1990s. These regions represent the most heavily populated regions in Saudi Arabia that include 

about 60% of the total population according to the national population census of 1992. 

DATA COLLECTION 

in each participating PHCC. a physician was appointed as the supervisor of the field 

research team. The supervisor or an assistant contacted the randomly identified eligible subjects. 

All personnel received training in the conduct of interviews, completion of questionnaires, 

specimen collection, and handling and transport of blood samples. 

Eligible subjects were contacted directly while at the PHCC or by telephone for 

recruitment into the study and to schedule an appointment for an interview, clinical e.xamination 

and laboratory tests. Every effort was made to encourage participation. In case of non-availability 

or lack of response, another person from the same PHCC age and se.\ cluster was randomly 

selected. Medical records at the PHCC were used to verity' self reported diagnosis, complete 

missing demographic or past clinical data and supplied the research team with the address and 

telephone number of the household. 

Interviews were all completed either at the participant's home or at the PHCC by trained 

clinic staff. However, clinical examination and blood samples collection were conducted at the 
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PHCC. The standardized survey questionnaire sought information on demographic data, medical 

history, level of usual physical activity, and dietar>' and social habits. Fasting blood samples were 

obtained for glucose (FBG). total cholesterol (TC). high-densit\' lipoproteins cholesterol (HDL) 

and. triglycerides (TG) analyses. The questionnaire was pre-tested in a pilot study for claritN' and 

wording and the necessary' changes were made. The study protocol was approved by the general 

directorate of primary health care centers. All study population gave their approval and consent to 

be included in the study. 

LABORATORY METHODS AND QUALITY CONTROL 

Overnight fasting blood samples were collected at the PHCC and refrigerated for at least 

30 minutes, but no more than 4 hours, before being centrifuged at 4"C for 30 minutes at 2000-

3000 rpm. Immediatel}' after separation, samples were froHen at -20"C. until analysis. At the end 

of sample collection, samples were transported in batches representing each PHCC to the survey 

clinical laborator\' at Riyadh City, where the analyses were performed immediately. 

Samples were analyzed for glucose. TC. HDL. and TG using automated analyzer (KONE 

Instruments. Helsinki. Finland). The analyzer was calibrated by two separate calibrators (low and 

high values) supplied by the manufacture of the instruments. Normal and abnormal control sera, 

supplied by the manufacturer, were included in each analytical run for each parameter. Random 

serum samples were also sent for analysis to two well-recognized laboratories in Riyadh City. 

Saudi Arabia. Results between laboratories were close (95-98%) to the survey laboratorv- results 

for all analyses. 

Glucose level was determined by a glucose o.vidase method, which uses glucose o.xidase 

and a moditled color reaction, catalyzed by the enzyme peroxidase (136). The formed hydrogen 

peroxide w as determined colorimetrically. The intra-and inter assay coefficients of variation were 

1.1% and 0.8% at the level of 5.6+0.55 mmol glucose/L. Total cholesterol was measured after the 
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hydrolysis of cholesteryi esters by an esterase to cholesterol and fatty acids (137). Cholesterol 

was then oxidized by cholesterol oxidase and the formed hydrogen peroxide was determined 

colorimetrically. The intra-and inter assay coefficients of variation were 1.9% and 1.1% at the 

level of 5.6+1.3 mmol cholesterol/L. HDL-cholesterol levels were measured after precipitation of 

low-density lipoproteins (VLDL and LDL) (138) and after centrifiigation; the HDL-cholesterol 

fraction was determined in the clear supernatant. The intra-and inter assay coefficients of 

variation were 0.35% and 0.21 % at the level of 1.3+0.21 mmol HDL cholesterol/L. Triglycerides 

level was determined after enzymatic hydrolysis with lipases to give glycerol and fatty acids (138 

.139). The intra-and inter assay coefficients of variation were 0.45% and 0.32% at a level of 

1.9+0.62 mmol triglycerides/L. 

CLASSIFICATION OF DIABETES 

Diabetes was classified by both medical history and the current FBG test. Self-reported 

diagnosis was verified by review of the PHCC medical records. The American Dietetic 

Association (ADA) and World Health Organization (WHO) adopted the level of fasting blood 

glucose (FBG) > 7 mmol/L to diagnose new diabetics (140.141). However, both ADA and WHO 

required a confirmatory test, which was not possible for this cross-sectional study. In this present 

study. FBG > 7 mmol/L from a single fasting blood glucose test was used to define undiagnosed 

"new" diabetics, as it was done in a previous study (142). Diabetes status of this study population 

w as categorized into four groups: non-diabetics (no prior history of diabetes and FBG < 7 

mmol/L). controlled diabetics (prior historv' of diabetes and FBG < 7 mmol/L). uncontrolled 

diabetics (prior history of diabetes and FBG > 7 mmol/L). and undiagnosed diabetics (no prior 

history of diabetes and FBG > 7 mmol/L). 
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PHYSICAL MEASUREMENTS 

All physical measurements were taken with the participant wearing light clothing, 

standing relaxed but still, looking straight ahead, with arms at the sides, teet together, and with 

weight equally distributed over both legs. Weight measurements were made to the nearest 0.1kg 

(143). The weighing scale was zeroed before and after every measurement and standardized with 

a certified weight ever}' day before data collection. Weight measurements were taken using the 

Clinical Detecto Balance-Beam scale (Detecto scale Inc.. Brooklyn. NY). Height was measured 

by a stadiometer attached to the weighing scale and participant was barefooted. The horizontal 

rod was lowered slowly until it touched the participant hair w ithout pressing the crown of the 

head too hard. Measurements were made to the nearest 0.1cm (143). 

Body mass index (BMI) was used as an index of adiposity and was calculated by dividing 

weight (in kg) by height (in meters squared). Subjects were categorized as normal weight (BMI < 

25). overweight (BMI >25. BMI < 30). or obese (BMI > 30) (17). Circumferences were 

measured, in similar conditions as weight and height, to the nearest 0.1cm (143). and a standard 

measuring tape was used. Waist circumference was measured by first locating and marking of the 

lowest rib margin, then palpating and marking the iliac crests in the midaxillary line. A plastic 

tape was applied horizontally midway between the two marked points, and held firmly about the 

level of the umbilicus and the reading was taken (143). Blood pressure was measured using an 

automatic sphygmomanometer while the participant was sitting and the mean of three 

measurements was calculated and recorded. 

OTHER RISK FACTORS 

Most sociodemographic variables were categorized. For analysis, age was categorized 

into four groups (30-39.40-49. 50-59. and 60-70). Martial status was grouped into currently 

married and not married which included single, divorced, and widowed. Education levels were 
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defined as illiterate (a person who did not complete any form of education and did not read or 

write), primary education only (persons with less than high school education or person who could 

read and write but without a formal education), high school education only, and college educated 

and above (persons with at least some college or university education). Income was categorized 

as low (<16.000 SUS/yr). middle (>16.000 SUS/yrand < 32.000 $US/yr). or high (> 32.000 

$US/yr). The survey participants" residence was categorized as urban or rural according to the 

official regional categorization. 

Usual physical activity levels were categorized into inactive or active based on response 

to the question of how frequent do you exercise. An inactive individual either did not report any 

e.xercising or exercising <2 times a month. Smoking status was categorized as never smoked, 

former smoker, and current smoker. A positive family history of diabetes was defined if the 

individual stated that they had at least one parent or a sibling with diabetes. A person was 

classified as hypertensive if there was a pervious diagnosis of hypertension (verified by medical 

record) or the measurement of systolic/diastolic blood pressure was > 160/95 (144). 

STATISTICAL ANALYSIS 

Data were analyzed using Stata 5.0 package (Stata. College Station. TX). Edit checks 

were used to identify presence of outlying and potentially erroneous observations. Descriptive 

analyses were perfonned including calculation of the frequency, mean, median, variance. 

skew ness and ranges for all variables. Variables were checked for normality and there was no 

need to transform any variable. Pearson Correlation was performed to compare association 

between two variables. Chi-square was used to test for differences between categorical variables. 

One-way analysis of variance (ANOVA) was used to test the significance beuveen the 

means for more than two groups. Multiple linear regression was used to evaluate the association 

between fasting blood glucose (FBG) and the potential risk factors. Multiple logistic regression 
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was used to evaluate the independent effect of the optional risk factors for the presence of an 

elevated FBG (> 7 mmol/L). 

RESULTS 

The study population consisted of 327! persons. 50.5% females and 49.5% males. A total 

of 24 females and 24 males did not provide blood samples for analysis. Table 1 shows the general 

characteristics of the population by gender. More females (75%) than males (60%) were between 

30 and 49 years of age. while more men (40%) were between ages 50-70 years old than women 

(25%). The majority of the population was married and more males (97.71%) than females 

(84.84%) were currently married. Illiteracy was significantly more common in females (63.06%) 

than males (25.62%). 

The prevalence of diagnosed type 2 diabetes as determined by survey was 16.48% 

overall, with the frequency slightly higher in males (18.56%) as compared to females (14.43%). 

However, within the population there were an additional 369 individuals (11.45%) of the total 

population, who had no previous diagnosis of diabetes but who had FBG > 7 mmol/1 

(undiagnosed diabetics). Using a combined definition for t\'pe 2 diabetes of prior diagnosis or a 

single test of FBG > 7 mmol/l. the prevalence of diabetes could be 25.31 % of females. 30.60% of 

males, and 27.93% overall. 

Table 2 shows characteristics of the population by various categories of diabetes. 

Diagnosed diabetics are subcategorized by level of FBG. In this population, only 21.65% 

of the diagnosed diabetics had controlled serum glucose levels of FBG < 7 mmol/l. Furthermore. 

14% of people with no histor\' of diabetes were undiagnosed as diabetics. Men were 56% of the 

diagnosed diabetics. 56% of the diabetics with uncontrolled FBG and 52% of the undiagnosed 

diabetics. Age was related to diabetic status, with non-diabetics as the youngest group, and the 
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Table I. General characteristics of the population by gender. 

Age 

30-39 

40-49 

50-59 

60-70 

Number of 

subjects 

1257 

947 

655 

412 

Females (% 
n = 1652 

45.70 

29.36 

16.46 
8.47 

Males (%) 
n = 1619 

31.01 

28.54 

23.66 
16.80 

Martial Status 

Married 

Others 

2981 

287 

84.84 

15.16 

97.71 

2.29 

Education 

Illiterate 1451 

Primary 1090 

High School 418 

College and above 299 

63.06 

26.18 
6.44 

4.31 

25.62 

40.88 

19.35 

14.14 

Income 

Low 

Middle 

Hiah 

1797 

1163 

297 

57.97 

33.82 

8.21 

37.63 

10.04 

Residence 

Urban 

Rural 

2706 

565 

83.60 

16.40 

81.84 

18.16 

Prior diagnosis of DM 
FBG<7mmol/l 115 3.13 4.01 

FBG>7mmoI/l 416 11.30 14.55 

No Prior diagnosis of DM 
FBG'<7mmol/l 2323 74.69 69.40 

FBG>7mmol/l 369 10.87 12.04 



Table 2. Characteristics of the study populatioit by diabetes status. 

Non-Diabetic' Diagnosed Diabetic Undiagnosed diabetics''" P 

Controlled FUG' ' Uncontrolled FBO" 
n = 2323 11"" 115 n = 416 n = 369 

Age, mean ±81) 42.70+10.14 50.80+10.54 51.60±9.29 46.85+10.54 0.001 

Gender F, (n, %) 1216(52.35) 51 (44.35) 184 (44.23) 177 (47.97) 0.010 

Education (n, %) 
Illiterate 983 (42.44) 52 (45.22) 216(52.30) 176 (48.09) 

Priinar>' 790 (34.11) 45 (39.13) 125 (30.27) 117(31.97) 
High school 317(13.69) 12(10.43) 41 (09.93) 38(10.38) 
College and above 226 (09.76) 6 (05.22) 31 (07.51) 35 (09.56) 0.010 

Incomc (n, %) 
I.ow 1255 (54.28) 63 (54.78) 241 (58.07) 213 (58.04) 
Middle 840(36.33) 43 (37.39) 134 (32.29) 126(34.33) 
High 217 (09,39) 9(07.83) 40 (09.64) 28 (07.63) 0.600 

Physical Activity (n. %) 
Inactive 1377(59.28) 67 (58.26) 246(59.13) 222 (60.16) 
Once or more/week 946 (40.72) 48(41.74) 170(40.87) 147(39.84) 0.990 

Smoking stalu-s 
Never 1722 (81.42) 82(83.67) 296 (76.88) 261 (77.45) 

I'oriner 168 (07.94) 10(10.20) 54 (14.03) 31 (09.20) 

Current 225(10.64) 6(06.12) 35 (09.09) 45 (13.35) 0.010 

Parent/Sibling OIVI history (n, %) 836(35.99) 60(52.17) 247(59.38) 137 (37.13) 0.001 

Hypertension (n, %) 281 (12.10) 32 (27.83) 107(25.72) 65 (17.62) 0.001 

Body Mass Index*" 
Normal weight (£25) 575 (24.83) 26(22.81) 88 (21.15) 72 (19.62) 
Over weight (>23 and <30) 854 (36.87) 47 (41.23) 154 (37.02) 123 (33.51) 
Obese (> 30) 887(38.30) 41 (35.96) 174 (41.83) 172 (46.87) 0.040 

I - (I'lK'i < 7 mniol/l). 2 = (I'UCi > 7 minol/l). 
' I 'lKi (I'lislint; HIODCI Cilucosc level). " Do not liiive a diiijimisis of Jiiibctcs Inil huve I'lUI > 7 nimi)l/l. 

Hoiiy Mii.ss Index (weight in Kg/lleij>lil in meter). 
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"uncontrolled" diabetics being an older group (P < 0.001). Diagnosed diabetes and undiagnosed 

diabetes were more common among men. the less educated people (< high school), and lower 

income groups. 

Regular e.xercise (defined as participating in an activity at least once per week) was not 

common in this population. Overall, about 60% reported themselves as inactive and there were no 

differences between the diabetic categories. Smoking was most common among undiagnosed 

diabetes, which was followed by diabetics with uncontrolled FBG. Furthermore, a higher 

proportion of people who never smoked were diabetics with controlled FBG. and was followed 

by non diabetics. 

Family history of diabetes was common with 52-59% of the diagnosed diabetics reported 

a sibling or a parent with diabetes. Prevalence of hypertension was much higher among diabetics 

both with controlled and uncontrolled FBG. Furthermore, the prevalence of hypertension in 

undiagnosed diabetics was higher than among non-diabetics (17.6% verses 12%). Among the 

total population. 40% were obese and 37% were over\veight. In addition, the prevalence of 

obesity was the highest among undiagnosed diabetics. 

Table 3 describes biochemical and anthropometric characteristics. The nvo groups, 

undiagnosed diabetics and diabetics with uncontrolled FBG had significantly higher mean serum 

FBG. total cholesterol and triglycerides levels and BMI as compared to the other two groups 

(non-diabetic and controlled diabetes). The non-diabetic group had the best anthropomentric 

measurements and blood biochemistry parameters in the study. Mean HDL-cholesterol levels, 

although not significant, were the lowest in undiagnosed diabetics then diabetics with 

uncontrolled FBG. Undiagnosed diabetics had the highest BMI mean. Mean waist circumference 

for men was the largest in undiagnosed diabetics, while for female it was the diabetgics with 

uncontrolled FBG level. 



Table 3. Biochemical and nnthropometric profile (mean ±SD) oflhe population by diabetic status. 

Non-Diabetic Diagnosed Diabctic Undiagnosed diabetics P' 

Controlled l-'BG Uncontrolled l-BG 

Glucose" niniol/l. 5.23 (±00.90) 5.61 (±00.98) 12.67 (± 04.37)'^ 9.44 (±03.15)'^ 0.00! 
Total Cholesterol' mmol/i. 5.22 (±01.38) 5.33 (±01.55) 6.03 (±01.66)'' 6.38 (±01.92)'^ 0.001 

Triglycerides' nimni/i. 1.65 (+ 01.05) 1.88 (±01.09) 2.39 (±01.37)" 2.38 (±01.43)" 0.001 
H DL-Cholesterol" mniol/l, 1.13 (±00.39) 1.13 (±00.38) 1.12 (±00.41) 1.10 (±00.37) 0.480 

BMI^ 28.88 (± 05.72) 29.24 (± 05.25) 29.64 (± 05.67) 30.18 (± 06.30) 0.00! 
Waist circumference (cm) 

Females 89.07 (± 12.12)'^ 94.56 (± 11.74) 94.90 (± 10.68) 93.02 (± 12.66) 0.001 
Males 94.97 (± 13.19) 96.20 (± 13.01) 98.07 (± 12.35) 98.22 (± 12.87) 0.001 

' p valiii; oi l' slalislics from ANIWA, 
' I'asliiit; .scriiiii. 
' Hiidy Mass Index (wci'ijlil ill kB/licii>hl In niclcr") 

.Signilicanlly dililcrciil all ol llic oilier iliree jjroiips. 
" Slgnincanlly dllVercnt Iron) luin-diubclics and diahcllcs wllh eoiilrolled I'lUi level. 
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Table 4 shows the multivariate relationship associated with fasting blood glucose (FBG) 

level among individuals with no prior diagnosis or histor>' of diabetes. Multiple linear regression 

was used with FBG as continuous dependent variable. The independent variables included in the 

models were significantly related to FBG in separate univariate analysis. This model shows a 

significant positive association between FBG levels and increasing age. fasting serum total 

cholesterol and triglycerides. 

Table 5 shows the results of a multiple logistic regression analysis to determine factors 

associated with having an elevated fasting blood glucose level (FBG a 7 mmol/1). The first model 

is for individuals with no prior historv' or diagnosis of diabetes (predicting undiagnosed diabetes) 

and the second model is for individuals with previous diagnosis of diabetes (predicting 

uncontrolled diabetes). 

In the population w ithout a prior history of diabetes, age. gender, and fasting cholesterol 

and triglycerides were all independently related to the elevated FBG. People 

with elevated FBG (undiagnosed diabetics) were 3% more likely to be older. 31% less likely to 

be female (OR = 0.69). 40% more likely to have higher fasting serum cholesterol (OR = 1.4). and 

29% more likely to have higher fasting serum triglycerides (OR = 1.29). In the population with 

prior history of diabetes, although higher fasting serum cholesterol and smoking were the closest 

to be significant, none of the variables showed a significant independent relation with elevated 

FBG. 

Table 6 displays factors associated with being undiagnosed diabetic (no prior history of 

diabetes and FBG > 7 mmol/1) using multiple logistic regression analysis. Undiagnosed diabetics 

were 6% less likely to be older and almost 72% less likely to have a sibling or a parent with a 

history of diabetes (OR = 0.28). However, they were 21% more likely to have higher fasting 

serum cholesterol compared to diagnosed diabetics (0R= 1.21). 
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Table 4. Factors associated with FBG level among persons 
without a self-reported history of diabetes. 

No history of diabetes 
Variable Coefficient P 

Age (years) 0.02 0.001 
Gender -0.13 0.120 
Cholesterol' 0.30 0.001 
Triglycerides' 0.27 0.001 
Family history of DM 0.04 0.540 
Waist circumference 0.005 0.060 
Hypertension 0.07 0.530 
Smoking 0.008 0.900 
Cons 2.34 0.000 

' Fasting serum. 

Table 5. Factors associated with having an elevated fasting blood glucose stratified by self-reported history 
of diabetes. 

No history of diabetes Self-reported history of diabetics 
FBG > 7 mmol/1 FBG > 7 mmoi/l 

Variable OR'" 95% C.I. OR'-' 95% C.I. 

Age 1.03 1.02. 1.04 1.01 0.98. 1.03 
Gender 0.69 0.52.0.93 0.71 0.42. 1.22 
Cholesterol' 1.40 1.29. 1.52 1.20 1.00, 1.44 
Triglycerides' 1.29 1.16. 1.44 1.26 0.98. 1.62 
Family history of DM 1.00 0.77, 1.30 1.44 0.86, 2.39 
Waist circumference 1.01 1.00, 1.02 1.00 0.98. 1.02 
Hypertension 1.15 0.82. 1.63 0.79 0.46. 1.40 
Smoking 1.17 0.96, 1.43 1.66 1.00. 2.76 

OR'"0 = FBG < 7 mmoI/1. I = FBG i7 mmol/l. OR'*' 0 = FBG < 7 mmol/I. I = FBG 2? mmol/l. 
' Fasting serum. 
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Table 6. Factors associated with being undiagnosed diabetic 
compared to self-reported history of diabetes. 

Variable Odds Ratio' 95% C.I. 

Age 0.94 0.92,0.95 

Gender I.OI 0.71. 1.43 
Cholesterol" 1.21 1.10. 1.34 
Triglycerides" 0.90 0.79. 1.03 
Family history of DM 0.28 0.20. 0.39 
Waist circumference 0.99 0.98, 1.01 
Hypertension 0.90 0.61. 1.34 
Smoking 1.24 0.96, 1.60 

1 = Undiagnosed diabetic. 0 = diagnosed diabetic 
" Fasting serum. 
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prscusst'ON 

In this study we present data about the prevalence of type 2 diabetes and its associated 

factors in Saudi Arabia. The prevalence of type 2 diabetes varies greatly between populations. In 

Europeans and US non-Hispanic whites, the prevalence varies from 3 to 10%. However, higher 

prevalence estimates (11-20%) are seen in Arabian. Asian Indian, and US Hispanic groups. 

Furthermore, extremely high prevalence estimates have been observed in special cases like 

Micronesian Naruans and Pima Native American (-40%) (23). 

In Saudi Arabia, the prevalence and risk factors for type 2 diabetes are major health 

concerns. Twenty years ago. the prevalence of diabetes mellitus among adult Saudis (above the 

age of 30 years old) was estimated at 5.4% (9). Our data suggest that the prevalence of tj'pe 2 

diabetes has potentially increased to 27.9% (16.5% diagnosed diabetics and 11.5% undiagnosed 

diabetics). This increase in the prevalence of diabetes has been attributed partly to changes in 

lifesty le, food habits, and standard of living (4). Similar increases in diabetes prevalence are 

found in neighboring Gulf countries. A study in Kuwait reported a prevalence of 18.3% 

diagnosed t\'pe 2 diabetes in the population between the age of 40-60 years old (145). In addition, 

a higher prevalence estimate of 30% was reported in adult Bahraini between the age of 40-70 

years old (95). 

Undiagnosed diabetes comprises a substantial portion of the prevalence of diabetes both 

in the first and third world countries (133. 134.135). In adults Americans. 20 years and above. 

34.6% of the total diabetic population were undiagnosed diabetics (133). In Canada, undiagnosed 

diabetics accounted for one third of the adult diabetics population (aged 18-74 years) (133.134). 

However, in Egypt they were 42% of the total diabetic population that were 20 years and older 

(135). In our study population (30-70 years old), we found that 41% of the diabetics population 

was identified as undiagnosed diabetics, which is similar to the findings in Egypt. 
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Age has been associated with type 2 diabetes in many studies (23.145.95.146,147). 

Likewise, the oldest age group (60-70 years) in our population, had higher prevalence compared 

to the youngest age group (30-40 years) and age was significantly related to FBG level among 

those without a diagnosis of diabetes. Similarly, age was significantly associated with higher 

prevalence type 2 diabetes in Gulf countries (145,95,146.147). 

The relative frequency of type 2 diabetes by gender varied between populations. In the 

USA. there was a higher prevalence of t\'pe 2 diabetes in females than in males (132). while India 

reported a greater prevalence among men (132). Studies in Saudi Arabia and other Arab countries 

also varied. Some of the studies found that females had a higher prevalence of diabetes (29 .25). 

while others found the opposite (30.8,6). in this current study, there was a higher overall 

prevalence of diabetes among adult males (30.60%) compared to (25.30%) females. Furthermore, 

in our study, the prevalence of diabetes was significantly higher in males of the under 40 years 

old group. However, there is a trend for the females to have a higher prevalence, although not 

significant, in the age group of 40 years and older. Some studies in other Arab countries reported 

higher prevalence in females (95.135). while others concluded the opposite (148). and the rest 

found no association between gender and the prevalence of diabetes (145.147). 

The differences in the gender ratio of diabetes in different societies may be explained by 

differences in the frequency of obesity and physical activity among the sexes in the different 

culture (28). Physical activity is known to influence glucose metabolism and insulin levels (36). 

Previous studies showed moderate physical activity was associated with reduced risk for type 2 

diabetes (37). In Saudi Arabia, the general consensus is that levels of physical activity are low 

due to the harsh climate and sedentarv' life stj le (8.6). One study showed, however, physical 

activity was associated with lower prevalence of diabetes in Saudi Arabian men (27). In a 

neighboring countrv. sedentar\' lifestv le and physical inactivity were the predominant behavior 
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associated with type 2 diabeteic patients (145). In this study, the majority (60%) of the 

participants, regardless of their FBG level did not practice any regular exercise, and of those who 

did, only a very small percentage (1.5%) reported regular vigorous exercise. With this low level 

of physical activity, it is perhaps not surprising that no relationship was seen between physical 

activity and diabetes or FBG level. 

The relation between smoking and diabetes is a controversial one. Some earlier 

researchers found no association between the development of type 2 diabetes and smoking (149). 

Others have suggested that cigarette smoking might be an independent, modifiable risk factor for 

type 2 diabetes (150). Most recently, smoking was found to be independently associated with 

diabetes after adjustment for age. body mass index, alcohol, and family history of diabetes (151). 

Our data show a significant association between smoking and diabetes status. We found a greater 

proportion of current smokers in the undiagnosed diabetics and non-diabetic groups. 

Type 2 diabetes has long been recognized to demonstrated familial aggregation. The 

incidence and prevalence of type 2 diabetes in first-degree relatives of subjects with type 2 

diabetes are appreciably greater than in the general population (31). One study in France, reported 

that almost 60% of diabetics had at least one first-degree diabetic relative (33). Similarly, another 

study in Saudi Arabia reported about 70% of Saudi diabetics had a family history of diabetes 

(35). Prior studies in the Gulf region, reported a significant association between family history of 

diabetes and having diabetes (95,145). 

In this current survey, we show a strong association between family history of diabetes 

and diabetes of the subjects. Fifty-five percent of the diabetics (diagnosed and undiagnosed) and 

55% of those with elevated fasting blood glucose level (> 7 mmol/1) had a relative with diabetes. 

Furthermore, these associations independently predicted FBG levels among those with a history 
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of diabetes. Persons with elevated FBG were 57% more likely to report family history of 

diabetes. 

An association between obesity and type 2 diabetes has also been observed, with type 2 

diabetes reported more frequently among obese persons (28). In a 12-year follow-up study. BMl 

was found to be the dominant risk factor for diabetes incidence in men and predicted diabetes in a 

dose-response relation for both sexes (42). The role of w aist size on the risk of type 2 diabetes 

was studied in a survey of African men and women from the US. Jamaica and Nigeria. This 

survey reported an elevated risk of t\'pe 2 diabetes among those in the highest quartile of waist 

circumference compared to those in the lowest quartile (152). 

Obesity was common among Saudi diabetics (9.29.27). One study reported that 65% of 

the diabetics were overweight or obese (9). Moreover, obesity was more common in female 

diabetics (73%) compared to male diabetics (49%) (27). In our study, over 80% of the diabetic 

subjects (diagnosed and undiagnosed) were either overweight or obese (BMI >25). In addition, 

waist circumference was associated with high FBG compared to WHR. Moreover, diabetes 

studies from Arab countries reported that diabetics had higher body weight and BMl (145. 148. 

135) as well as larger waist girth than non-diabetics (95). 

A previous study demonstrated no difference in the prevalence of hypercholesterolaemla 

between type 2 diabetes and non-diabetic subjects, while the prevalence of hypertriglyceridaemia 

and of low HDL-cholesterol among diabetics was about double that of the normal group (153). In 

Saudi Arabia, the absence of hyperlipidemia was considered an explanatory factor for the lower 

incidence of macrovascular complications in diabetics (5). Moreover, total cholesterol was not 

found to be high in another study on diabetics (58). In our study, about 70% of the diabetics 

(diagnosed and undiagnosed) had high cholesterol (> 5.2 mmol/1) and 26% had high triglycerides 

(s 2.8 mmol/1). 
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Findings from the present study suggest that high blood glucose levels are associated 

with higher blood levels of cholesterol and triglycerides. Our data are in agreement with findings 

from other studies, which demonstrated that higher levels of cholesterol and triglycerides were 

strongly associated with type 2 diabetes (145,95.146). 

Diabetes and hypertension are interrelated disorders that strongly predispose people to 

atherosclerotic cardiovascular disease. High blood pressure is about twice as frequent in 

individuals with diabetes as in those without diabetes (154). Surveyed Saudi type 2 diabetics had 

a normal average (128/75) blood pressure (58). Our data showed that hypertension was 

significantly associated with tj'pe 2 diabetes, where hypertension prevalence was found to be 

more than doubled in diagnosed diabetics compared to normal subjects. Similar data were 

reported from many Gulf countries (145.95,148). 

In this current study, undiagnosed diabetics were found to have high rates of obesity, 

unfavorable lipid profile and hypertension. Undiagnosed diabetes in Canada was found to be 

associated with a higher prevalence of obesit\-. unfavorable lipid profile and hypertension (134). 

Similar findings were observed in American undiagnosed diabetics (155). Furthermore, obesity 

was the highest among Egyptian undiagnosed diabetics followed by diagnosed diabetics (135). 

Our data suggest that there is substantial under diagnosis of diabetes and that a huge 

proportion of the population may have to deal with this problem. A probable diabetic may have 

no prior histor\' of diabetes but would have higher levels of total cholesterol and triglycerides and 

would be older. When compared to non-diabetic population, there is closer resemblance between 

undiagnosed diabetics and diagnosed diabetics in age. gender, education, blood lipids, and 

obesitv'. 

Our data imply that there is a great need to train Saudi diabetic educators and health care 

providers. More emphasis needs to be placed on identification and treatment of diabetes. There is 
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an urgent need for a national diabetes control and prevention plan that would include diabetes 

public awareness campaigns. The campaigns must provide knowledge to diabetics for the control 

of their diabetes, and for non-diabetics to take preventive actions before the problem extravagate 

and become uncontrollable health problem with enormous human and monetary costs. 
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CHAPTER4 

PREVALENCE AND RISK FACTORS OF OBESITY AND OVERWEIGHT IN ADULT 

SAUDI POPULATION. 

INTRODUCTION 

The epidemic of obesity is becoming a global health problem seen in most parts of the 

world as populations adopt sedentary lifestyles and increase their per capita caloric intake {156.67 

.85). Obesity itself is a risk factor for many chronic diseases, including hypertension, type 2 

diabetes mellitus. coronary heart disease, and stroke (64). Obesity is usually defined as a Body 

Mass Index (BMl) of 30 kg/m" or higher, and overweight is defined as a BMl between 25 and 

29.9 kg/m" (62). Accumulation of body fat leads to being overweight or obese. v, hich has many 

causative factors, including genetic, metabolic, hormonal and behavioral (63). 

Obesity has been noted as a major public health problem in many Arab countries (76.148. 

83,72). Many non-Arab developing countries also reported increased level of obesitv' in their 

population (157). Although studies in Saudi Arabia reported high rates of overweight and obesity 

(15.81.78.80). more information is needed. In order to develop appropriate prevention strategies, 

we must understand the factors related to the increasing levels of overweight and obesity as will 

as their implications. This study will examine risk factors of obesity and overweight among adult 

Saudis using data from three of the largest regions of Saudi Arabia. 

MATERIALS AND METHODS 

OVERVIEW 

The data used in this study were collected as a part of a national survey to determine the 

prevalence of chronic diseases and its related risk factors in the adult Saudi population. The 
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survey targeted Saudis age 15 years and older residing in Saudi Arabia. The survey defined a 

Saudi as a person either holding a Saudi Nationality Identification Card or a dependent of a 

holder. Age was calculated from the official date of birth on the Identification Card. 

The survey population was drawn from the thirteen administrative regions of Saudi 

Arabia with the sample size selected to be proportionate to the size of the population in each 

administrative region, and adjusted for the urban to rural ratio. The final survey sample would 

then reflect a random sample from age and gender groups of the total population and the 

population of each region. 

Multistage stratified cluster sampling was used by the survey team to select the survey 

sample. Urban and rural localities were selected randomly in each administrative region and the 

primary health care centers (PHCCs) randomly selected within each locality. In each of the 

selected centers, the family health registry was used to select and recruit a random sample of 

Saudi females and males age 15 years and older. 

This current study uses data collected from three administrative regions during the early 

1990s. These regions represent the most heavily populated regions in Saudi Arabia that include 

about 60% of the total population according to the national population census of 1992. 

DATA COLLECTION 

In each participating PHCC, a physician was appointed as the supervisor of the field 

research team. The supervisor or an assistant contacted the randomly identified eligible subjects. 

All personnel received training in the conduct of interviews and completion of questionnaires. 

Eligible subjects were contacted directly while at the PHCC or by telephone for 

recruitment into the study and to schedule an appointment for an interview and clinical 

examination. Every effort was made to encourage participation. In case of non-availability or 

non-response, another person from the same PHCC age and se.\ cluster was randomly selected. 
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Medical records at the PHCC were used to verify self reported diagnosis, complete missing 

demographic or past clinical data and supplied the research team with the address and telephone 

number of the household. 

Interviews were all completed either at the participant's home or at the PHCC by trained 

clinic staff. However the clinical examination was conducted at the PHCC. The standardized 

survey questionnaire sought information on demographic data, medical histor\'. level of usual 

physical activity, and dietar\' and social habits. The questionnaire was pre-tested in a pilot study 

for clarity and wording and the necessary changes were made. The study protocol was approved 

by the general directorate of primary health care centers. All study population gave their approval 

and consent to be included in the study. 

PHYSICAL MEASUREMENTS 

All physical measurements were taken with the participant wearing light clothing, 

standing rela.\ed but still, looking straight ahead, w ith arms at the sides, feet together, and with 

weight equally distributed over both legs. Weight measurements were made to the nearest 0.1 kg 

(143). The weighing scale was zeroed before and after every measurement and standardized with 

a certified weight every day before data collection. Weight measurements were taken using the 

Clinical Detecto Balance-Beam scale (Detecto scale Inc.. Brooklyn. NY). 

Height was measured by a stadiometer attached to the weighing scale and participant was 

barefooted. The horizontal rod was lowered slowly until it touched the participant hair without 

pressing the crown of the head too hard. Measurements were made to the nearest 0.1 cm (143). 

Circumferences were measured in similar conditions as weight and height to the nearest 

0.1cm (143). and a standard measuring tape was used. Waist circumference was measured by tlrst 

locating and marking of the lowest rib margin, then palpating and marking the iliac crests in the 

midaxillaty line. A plastic tape was applied horizontally midway between the two marked points. 
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and held firmly about the level of the umbilicus and the reading was taken (143). The hip 

circumference measurement was taken at the point yielding to the ma.\imum circumference over 

the buttocks, with the tape held in a horizontal plane touching the skin but not indenting the soft 

tissue (143). Blood pressure was measured using an automatic sphygmomanometer while the 

participant was sitting and the mean of three measurements was calculated and recorded. 

CLASSIFICATIONS OF ADIPOSITY 

Body mass index (BMl) was one measure of adiposity, as well as waist to hip ratio 

(WHR). and waist circumference. BMl was calculated using weight (in kg) divided by height (in 

meters squared). Subjects were then categorized as non-obese (BMl < 25). overweight (BMl > 25 

and BMl <30). or obese (BMl > 30) (17). WHR was calculated by dividing waist circumference 

by hip circumference. The variable was then dichotomized as non-obese with < 0.80 for females 

and with < 0.95 for males (158). A high-risk waist circumference was categorized as high risk at 

> 88 cm for females and > 102 cm for males (159). 

OTHER RISK FACTORS 

Most sociodemographic and related variables were categorized. For analysis, age was 

categorized into four groups (30-39.40-49. 50-59. and 60-70). Education levels were defined as 

illiterate (a person who did not complete any form of education and did not read or write), 

primary education only (persons with less than high school education or person who could read 

and write but without a formal education), high school education only, and college educated and 

above (persons with at least some college or university education). Income was categorized as 

low (<16.000 $US/yr). middle (>16.000 $US/yr and < 32.000 $US/yr). or high (> 32.000 

SUS/yr). The survey participants" residence was categorized as urban or rural according to the 

official regional categorization. 
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Smoking status was categorized in three groups: never smoked, former smoker, and 

current smoker. Usual physical activitj levels were categorized into inactive or active based on 

response to the question of how frequent do you exercise. An inactive individual either did not 

report any exercising or exercising <3 times a month. A person was classified as hypertensive if 

there was a pervious diagnosis of hypertension (verified by medical record) or the measurement 

of systolic and diastolic blood pressure was >160/95 (144). 

STATISTICAL ANALYSIS 

Descriptive analysis was performed including calculation of the frequency, mean. 

median, variance, skewness and ranges for all variables were determined for men and women. 

Variables were checked for normality and there was no need to transform any of the variables. 

Correlation between continuous variables was evaluated using Pearson correlation coefficients. 

Chi-square was used to test the differences between categorical variables, while t-tests were used 

to compare means of two continuous variables. 

Correlations between the different Socio-economic status (SES) variables were calculated 

and the most significant variable(s) of SES was used in regression models. Association between 

BMI and other variables was performed to obtain crude odds ratio. The adjusted association 

between BMI and independent variables using multiple logistic regression was performed. Data 

were analyzed using Stata 5.0 statistical package (Stata. College Station. TX). 

RESULTS 

A total of 3271 participants (50.5% females and 49.5% males) completed the sur\'ey 

questionnaire in the 3 regions. Of this sample, ten participants did not provide height and weight 

measurements and 156 participants did not provide waist and hip circumferences measurements. 

The available sample composed of 1613 men and 1648 women. The mean age was 44.6 years 
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(±10.6). with women somewhat younger (mean age = 42.5 years ±10) than men (46.7 years 

±10.8). The mean weight was 71.7kg ± 15.5 in females and 77.1kg± 15.7 in males. 

The prevalence of overweight and obesity, using BMI as the index of adiposity, are 

shown in Table 1. For the overall population and for each age group, there were higher 

proportions of males in the non-obese and overweight categories, and more females in the obese 

category. Furthermore. Females had significantly higher mean BMI for all age categories. The 

data revealed that 31.55% of females were overweight and 49.15% obese when compared to 

41.91 % of men were classified as overweight and 29.94% as obese. 

Obesity was most prevalent (44.49%) in the age group 40-49 years and less prevalent in 

the 60-70 years old groups (32.85%). In contrast. over\veight was most prevalent among 60-70 

years old group (40.63%) and less prevalent in the 30-39 years old group (34.48%). Only 17.48% 

of 40-49 years old group and 27.2% of 30-39 years old group were classified as normal weight. 

Table 2 reports the other measures of adiposity, using gender-specific cut off points for 

WHR and waist circumference. Significantly more females were in the high risk categories of 

WHR (63%) and waist circumference (66%) as compared to the male population with 36.98% in 

the high risk WHR and 33.91% in the high risk waist circumference. P <0.001. Higher WHR and 

waist circumference were seen in females in the age groups of under 50 years old and in men over 

50 years of age (data not shown), less likely to be overweight (OR = 0.73). A higher proportion, 

although not significant, of physically inactive people were obese. 

Table 3 reports the socio-demographic characteristics of the study population by level of 

obesity. The strength of the associations of being over\veight or obese as compared to non-obese, 

among adult Saudis with respect to education, income, residence, smoking, physical activit\'. and 

hypertension are presented in this table by odds ratio. Logistic regression was used to estimate the 

odds ratio, adjusted for gender and age groups, because both were significantly associated with 
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Table 1. Prevalence of overweight and obesity in the Saudi population by gender and age groups 
using BMP". 

Female (n = 1648) Male (n = 1613) P valve* 

N % or x(SD) % or :<(SD) 

All ages 3261 50.54 49.46 
Non-obese'-'_ 772 41.19 58.81 
Over%veight'^' 1196 43.48 56.52 
Obese''"" 1293 62.65 37.35 0.001 

BMl x(SD) 30.34 (6.10) 27.89(5.13) 0.001 

30-39 years old 1253 60.02 39.98 
Non-obese 346 54.34 45.66 
Overweight 432 53.24 46.76 
Obese " 475 70.32 29.68 0.001 

BMl x{SD) 29.64 (6.18) 27.58 (5.37) 0.001 

40-49 years old 944 51.27 48.73 
Non-obese 165 37.58 62.42 
Over%veight 359 41.50 58.50 
Obese " 420 65.00 35.00 0.001 

BMl 5(SD) 31.29(6.00) 28.47 (5.37) 0.001 

50-59 years old 653 41.65 58.35 
Non-obese 152 30.26 69.74 
Overweight 238 36.55 63.45 
Obese " 263 52.85 47.15 0.001 

BMl :-<(SD) 30.58 (6.06) 28.03 (4.83) 0,001 

60-70 years old 411 34.06 65.94 
Non-obese 109 20.18 79.82 
Over%veight 167 32.34 67.66 
Obese " 135 47.41 52.59 0.001 
BMl ^(SD) 30.39(5.71) 27.27(4.56) 0.001 

BMl'": Body Mass Index: (weight in kg/ height in m") 
Non-obese'"': BMl < 25 
Overweight"'; BMl >25 & BMl <30 
Obese'-":^BMI>30 
* P value testing differenee in values between men and women using chi squared or ttest. 



Table 2. Prevalence of high risk waist hip ratio (WHR) and waist circumference 
categories by age and gender. 

Female % Male % P valve 
N n=16l3 n=1502 

High risk WHR'" 
All ages 1774 63.02 36.98 0.001 

30-39 years old 641 71.61 28.39 0.001 

40-49 years old 507 64.10 35.90 0.001 
50-59 years old 385 55.84 44.16 0.001 
60-70 years old 241 49.38 50.62 0.001 

High risk Waist'"' 
All ages 1442 66.09 33.91 0.001 

30-39 years old 504 74.21 25.79 0.001 

40-49 years old 451 67.41 32.59 0.001 

50-59 years old 315 57.46 42.54 0.001 

60-70 years old 172 54.65 45.35 0.001 

WHR'": Waisi Hips Ratio (cm). malL- > .95 & females > .80 
Waisl'"': Waist (cm), male > 102 & female > 88 
• P value of chi squared test comparing males and females. 
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level of obesity. In general, the risk of being obese or overweight compared to non-obese 

increased for those with a primary education, middle or high income background, and 

hypertension, in contrast there was less obesity or overweight in individuals residing in rural 

areas, and in current smokers. 

Education was associated with a higher level of obesity. Over\veight people were 38% 

and obese people were 43% more likely to have a primary education than non-obese (OR = 1.38 

and OR = 1.43). Also overweight people were 50% more likely to be high school educated. Level 

of income was also associated with level of obesity: overweight individuals were 64% more 

likely and obese individuals were 57% more likely to come from a middle income group vs. low 

income than non-obese. Also overweight individuals were 43% more likely and obese individuals 

were 56% more likely to come from a high income group than non-obese. Place of residence was 

associated with level of obesit>'. Obese individuals were 48% less likely to be residing in rural 

areas than were non-obese (OR = 0.52) and overweight individuals were 38% less likely to be 

residing in rural areas (OR = 0.62). 

Smoking status was associated with level of obesity. Obese individuals were 45% less 

likely to be smokers than were non-obese people (OR = 0.55) and smokers were 27% 

Hypertension was significantly associated with level of obesity. Obese individuals were more 

than twice as likely to also have hypertension, and overweight individuals were 76% as likely to 

have hypertension (OR = 1.76). 

Multiple logistic regression was used to explore the relationship of being obese or 

overweight with various characteristics. Table 4 presents the results for women and table 5 

presents the results for men. Separate models were constructed for obesity and overweight as the 

dependent variables. Independent variables selected to be included in the models were based on 

the univariate comparisons. 



Table 3, Socio-deniographic, lifeslyle. and health characlerislics ofIhc study population by level ofobesity. 

Characteristics Total Population Non-obese <i\ - 772) Overweiuht (n 1196) Obese (n= 1293) 

BMI < 25 BMI > •25 & <30 BMI > 30 
f) % 1) % n % OR"" n % OR'-' 

Education 
Illiterate 1449 44.61 344 44.68 490 41.21 1.00 615 47.71 1.00 

Primary 1084 33.37 243 31.56 408 34.31 1.38(1.09, 1.74) 433 33.59 1.43 (1.13, 1.79) 

High School 418 12.87 102 13.25 175 14.72 1.50(1.10, 2.04) 141 10.94 1.35(0.97, 1.86) 

College 297 9.14 81 10.52 1 16 9.76 1.26(0.89, 1.77) 100 7.76 1.22(0.86, 1.75) 

Income 
Low 1794 55.25 482 62.60 621 52.14 1.00 691 53.73 1.00 

Middle 1157 35.63 226 29.35 457 38.37 1.64(1.34,2.00) 474 36.86 1,57(1.28, 1.93) 

High 296 9,12 62 8.05 1 13 9.49 1.43 (1.02, 1,99) 121 9.41 1.56(1.11, 2.18) 

Residence 
Urban 2699 82.77 588 76.17 997 83.36 1.00 1114 86.16 1,00 

Rural 562 17.23 184 23.83 199 16.64 0.62 (0.49, 0.78) 179 13.84 0.52 (0.41,0.66) 

Smoking 
Never 2387 79.67 523 74.71 855 77.24 1.00 1009 84.86 1.00 

I'ornier 288 9.61 64 9,14 121 10.93 1,18(0.84, 1.65) 103 8.66 1.30(0.91, 1.85) 

Current 321 10.71 113 16.14 131 1 1.83 0.73 (0.55,0.98) 77 6.48 0.55 (0.39, 0.76) 

Physical Activity 
Inactive 1770 57.12 402 54.40 639 56.40 1.00 729 59.41 1.00 

> Once a week 1329 42,88 337 45.60 494 43.60 0.92 (0.76, 1.11) 498 40.59 0.86(0.71, 1.04) 

Hypertension 
No 2770 84.94 705 91.39 1019 85.20 1.00 1046 80.90 1.00 
Yes 491 15.06 67 8.68 177 14.80 1.76 (1.29, 2.39) 247 19.10 2.37(1.76, 3.21) 

( )K' mids t>rtJvcrsNciglu iiuliviiliml haviny liictor compared lo odds ol tiou-ohcsc adjiisicd lor aye and sex 
OK' odds ol'obcsc iiuiividuat iiaving t'aclor compared to odds of non-iihese adjusted (or age ami se\. 

OS 



67 

Age was categorized into four groups (30-39.40-49. 50-59. 60-70) with dummy variables 

entered in the model and the age group 30-39 was the reference group. Income was categorized as 

1 = income of > $16.000/yr. and 0 = income of < $16,000/yr. E.\ercise was grouped as 1 = 

exercise < once a week, and 0 = exercise > once a week. Smoking was coded as 1 = never a 

smoker or formerly a smoker, and 0 = currently smoking. Hypertension was categorized as 1 = a 

diagnosis of hypertension or blood pressure measurement >160/95. and 0 = no diagnosis of 

hypertension and blood pressure measurement blood pressure < 160/95. 

Table 4 shows the results for the female population. Overweight and obese women were 

significantly more likely to be in the age groups 40-49 years, in higher income group and have 

hypertension, than the normal-weight women (BMI < 25). However, obese women were also 

significantly more likely to perform less regular e.xercise. 

Table 5 shows the association of being overweight and obese for men. adjusted for the 

various personal and demographic characteristics mentioned above. Age group 

40-49 years old. not currently smoking and have hypertension were all independently and 

statistically associated with being overweight or obese among Saudi men. Furthermore, higher 

income was significantly associated w ith over\veight. 

DISCUSSION 

This population-based study e.xamined the prevalence of obesit\' and overweight among the adult 

Saudi population between 30-70 years of age and evaluated risk factors for level of obesitv'. The 

population came from the three major regions in Saudi Arabia, which constituted about 60% of 

the total population. The sample included representative females, males, urban, and rural 

participants. A striking finding of the study was the ver>' high prevalence of being overweight or 
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Table 4. Factors associated with being overweight (BMI >25-30 kg/m") and obese (BMI > 30 ka'm") 
among adult Saudi females. 

Overweight Obese 
Factor OR' 95% C.l." OR' 95% C.l." 

N = 618 N = 815 Coding 

Age 
30-39 years old 1.00 1.00 1 = Yes; 0 = No 

40-49 years old 1.85 1.25.2.73 2.24 1.56.3.20 1 = Yes: 0 = No 

50-59 years old 1.50 0.94.2.39 1.55 0.99,2.41 1 = Yes: 0 = No 

60-70 years old 1.46 0.81.2.64 0.95 0.52. 1.71 1 = Yes: 0 = No 

Income 1.46 1.05.2.03 1.77 1.30. 2.41 1 = Mid & upper: 0 = Low 

E.vercise 1.26 0.91. 1.73 1.51 I.I 1.2.04 1 = Inactive: 0 = Active 

Smoking 0.57 0.19. 1.66 1.07 0.34. 3.29 1 = Never-Former: 0=Current 

Hypertension 1.91 1.11.3.29 3.01 1.79.5.07 1 =HBP:0 = No HBP 

OR' = odds of being ovenveiaht (obese) individual having factor compared to odds ofboing non-tibese, all variables listed are 
adjusted for other variables in the table. C.I." = confidence interval. 

Table 5. Factors associated with being overwei ght (BMI >25-30 kg/m") and obese (BMI > 30 kg/m") 

among adult Saudi males. 

Overweight Obese 

Factor OR" 95% C.l." OR' 95% C.l." 
N = 859 N = 72l Coding 

Age 
30-39 years old 1.00 1.00 1 = Yes: 0 = No 

40-49 years old 1.85 1.30.2.60 1.83 1.26. 2.66 1 = Yes: 0 = No 

50-59 years old 1.12 0.78. 1.59 1.14 0.78. 1.66 1 = Yes: 0 = No 

60-70 years old 1.02 0.69. 1.51 0.72 0.46. 1.12 1 = Yes; 0 = No 

Income 1.58 1.21.2.06 1.31 0.98. 1.75 1 = Mid & upper: 0 = Low 

Exercise 1.09 0.84. 1.42 1.03 0.77. 1.36 1 = Inactive: 0 = Active 

Smoking 1.45 1.06.1.98 1.96 1.37.2.81 1 = Never-^Former; 0=Current 

Hypertension 1.78 1.15.2.76 2.48 1.56.3.93 1 = HBP: 0 = No HBP 

OR ' = odds ofbcing ovcrecieht (obese) individual having factor compared to odds of being non-obese, all variables listed are 
adjusted for other variables in the table. C.I." = confidence inler\al. 
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obese. The majority of the population was either overweight (36.68%) or obese (39.65%), with 

only 23.67% of normal weight or non-obese. This high prevalence has been noted in other Saudi 

studies (15.81,78.80). although one study of Saudi subjects > 14 years old reported a lower 

prevalence of obesity (17.2%) and overweight (26%)( 160). This lower prevalence, however. 

might be attributed to the inclusion of teenagers and young adults. 

In figures 1 and 2. the prevalence of overweight and obesity in Saudi Arabia were 

compared to prevalence data from different European countries (Malta. Czech Republic. Iceland, 

and Denmark) (161) and Kuwait (76). Among males, the overweight prevalence was lowest in 

Kuwaitis followed by the Saudis and highest in the Czech Republic, while the prevalence of 

being overweight in Saudi females was comparable to Kuwaiti and most European countries. 

However, the Kuwaitis and then the Saudi had the highest prevalence of obesity in men and 

women when compared to Europeans. Other Arab countries report a similar high prevalence of 

overweight and obesit\' (95.72). In Kuwait, which has a similar economic condition to Saudi 

Arabia, the mean BMl for men and women shows increase over the fourteen years 1980-1993 

(82). Published data from Bahrain suggest that about one quarter of the Bahraini adult population 

between 40-60 years of age are obese (BMl > 30) (95). while data from Jordan report almost half 

of the adult population are obese (72). 

Some developing countries, like Brazil, also reported a problem of rising obesit\ rates 

(157). while others, like Iran, did not seem to have that problem. In a cross-sectional study on 20-

74 years old Iranians found the mean BMl to be 22.8 for men and 23.6 for women. The low BMl 

in Iran could again be attributed to the inclusion of young subjects in the study (96). The 

prevalence of obesity and overweight is also expanding in the developed nations as w ell (67.85. 

156). In Sweden there has been a significant increase in the mean BMl. which resulted in higher 

prevalence of obesity and overweight (67.85). Similarly, the prevalence of obesity has increased 
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in England and the Netherlands. The increase is greater in England and has reached a prevalence 

comparable to that of the USA (156). 

Middle aged people have the highest rates of obesity, in our data the highest prevalence 

of overweight and obesity was among subjects between the 40-49 years of age. which is in 

agreement with previous Saudi studies (81.78) and similar to patterns seen in other Arab 

countries (162.83.72). As shown in other studies, women were more atTected by obesity than men 

(86.87). Females, in our study population, showed a significantly higher prevalence of obesity 

than males in all age groups. Previous studies in Saudi Arabia and other Middle Eastern countries 

support the gender differences (76.148,83.72,15.81.78.80.160.163). European studies show more 

men than women to be overweight, while more women then men are obese (89). In our study the 

high frequency can be due to many factors, such as increased calorie intake or keeping the weight 

gained after childbearing. Limited physical activity, perhaps as a result of the wide spread usage 

of housemaids or the limited availabilitv' of exercising facilities for women has led to the increase 

in overweight and obesity. 

Illiteracy and low level of education seem to be associated with level of obesity in our 

data as well as in previously published studies (15.162.72). Our study showed a higher proportion 

(42.44%) of illiterates and (40%) primary educated individuals in the obese category. Perhaps the 

low level of education reflects a limited awareness of associated health risk of obesit\' and/or 

limited access to active lifestN le opportunities. Rising incomes in developing nations may be a 

potential contributor to the high rates of obesity (87). Among our participants, higher rates of 

overweight and obesity were seen in the middle and high-income subjects. Data from other 

sur\'eys in Saudi Arabia concur with this finding (81). This might indicate that higher income 

could lead to having disposable income, which can be spent on buying high calorie foods leading 

to obesity. A study in the neighboring country of Bahrain did not find an association betw een 
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income and obesity (83). However, high-income urban Brazilian men had the highest obesity rate 

among men, while low-income women had the highest obesity rate among women (157). 

Our data showed that residing in urban areas was significantly associated with obesitv'. 

This might be due to less regular physical activity and a sedentary lifestj le associated with living 

in cities. Other studies in Saudi Arabia showed inconsistent results regarding the effect of place of 

residence on the bodyweight (15.81). Studies from some Arab countries concur with our findings 

(148.83). In a developing countr\ . urban Brazilian men had higher obesity rate (157). 

Smoking cessation usually leads to weight gain (164). This trend might be due to the 

cigarette effect on depressing the appetite. Our data revealed that Saudi smokers were thinner 

than nonsmokers. a finding that is similar to other studies (81.80). in contrast, smokers in India 

constituted greater percentage of the obese group (86). Weight reduction and maintenance has 

been best predicted with regular e.vercise (93). while eating more and exercising less lead to 

weight gain (94). Regular e.xercise, though not common practice in this study population, was 

much less reported by the obese group. The lack of regular exercise by the majority of the Saudi 

population was seen in other Saudi communitv- surveys (6). Obesity, in Bahraini men. was also 

found to be inversely associated with physical activity at work (95). In addition, mean BMI has 

been found to be increased with decreased physical activity level in Iran (96). Obesity has been 

seen as a prime risk factor for the development of hypertension (165). Likewise high blood 

pressure was more common in the obese group of this study. Systolic and diastolic blood pressure 

were significantly higher in both genders in the obese group than the non-obese group (80). 

Another community survey found that obesitv' was more prevalent in hypertensive subjects (72). 

It can be concluded from this survey that obesity and overweight are enormous public 

health problems in the adult population of Saudi Arabia. Within this population, the people at 

most risk of obesity and ovenveight are between 40-49 years of age. female, middle and high 



73 

income, residing in urban areas, non-smokers, physically inactive, and hypertensive. Detailed 

genetic, metabolic and nutrition studies are needed to explore the factors causing the alarming 

high prevalence of both obesity and overweight. In addition, detailed studies are needed to 

e.xtensively surxey the population under 30 years old for obesity and overweight. Finally, 

awareness campaigns of the etiology and related morbidity effects of obesity should be directed 

to all segments of the society. 
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CHAPTER 5 

IN TYPE 2 DIABETES: DOES OBESITY MAKE IT WORSE, A STUDY OF ADULT 

SAUDI POPULATION. 

INTRODUCTION 

Type 2 diabetes affects large segments of the world population from different ethnic, 

social, and economic backgrounds (131). Type 2 diabetes is increasing in prevalence and widely 

recognized as a major cause of morbidity and mortality (166). Type 2 diabetes affects over 100 

million people around the world (167) and is projected to reach 180 million by the year 2010 

( 1 1 8 ) .  

While obesity has been a problem for the developed world, recently it has emerged as a 

worldwide problem (168). Obesity is closely correlated to the prevalence oftvpe 2 diabetes (61) 

and plays an important role in its etiology (118). The increase in the prevalence of obese diabetics 

seems so be connected to the degree of social wealth and urbanization (169). In the industrialized 

countries, about 80% of the type 2 diabetics are obese (170.171) but only 10% of the obese are 

diabetics (170). The high prevalence of obesitj- in type 2 diabetics might be an indication of the 

pathophysiological role of obesity in the development of diabetes in genetically predisposed 

individuals (171.172). 

The prevalence of type 2 diabetes varies between population. In Europeans, US non-

Hispanic whites, and American blacks, the prevalence ranges between 3 and 10%. Higher 

prevalences (11-20%) are then seen in Arabs. Asian Indians. US Hispanic groups. The highest 

frequencies are in Pima and Papago Native Americans of Arizona (50%) and the Micronesian 

Naruans (40%) (23). In Saudi Arabia, the prevalence of diabetes has ranged between 4.3% and 
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4.6% (25.26). Recent data among Saudis 30 years and older, who live in Riyadh City, reports the 

prevalence of diabetes as 13.7% (8). 

The prevalence of obesity in adults ranges between 10% and 25% in most countries of 

Western Europe and 20% to 25 % in some countries in the Americas (65). In the United States, 

obesity is a common public health problem, where about 33 of adults are considered obese (68). 

In Saudi Arabia, in a cross-sectional national study of males and females 15 years old and older, 

the prevalence of being overweight was higher for males (29%) than females (27%). However the 

prevalence of obesitv' was higher among females (24%) than males (16%) (77). 

Generally the high prevalence of obesity in a community coincides with a high 

prevalence of type 2 diabetes. In Pima Native Americans, the prevalence of obesity can reach 

80% and the prevalence of type 2 diabetes is 40-50% (169). A high prevalence of obesity. 69%. 

in the Polynesians Pacific Islanders also has been suggested as an explanation for the higher 

prevalence of type 2 diabetes (173). However, this relationship does not universally hold. In rural 

Mapuche population in Chile, the prevalence of tvpe 2 diabetes is 4% although the prevalence of 

obesity is 56% (174). The prevalence of obesitx' in adult Saudis is reported in a study in 1997 as 

nearly 29% and the prevalence of diabetes was as 18% (175). Similar levels of obesity in 

diabetics were found in neighboring countries (145.95). 

A recent survey was completed among adults living in the three major provinces of Saudi 

Arabia. The subjects had been inter\'iewed and blood samples collected for analysis of lipids and 

glucose. This analysis sought to describe the relationship between obesity and t\pe 2 diabetes in a 

region that has experienced substantial economic changes and to highlight the problem of obesity 

in type 2 diabetes among adult Saudis. 
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MATERIALS AND METHODS 

OVERVIEW 

Data were collected as a part of a national survey to determine the prevalence chronic 

diseases and its related risk factors in the Saudi population. The sur\'ey targeted Saudis age 15 

years and older living in Saudi Arabia. The survey defined a Saudi as a person either holding a 

Saudi Nationality Identification Card or a dependent of a holder. Age was calculated from the 

official date of birth on the Identification Card. The survey population was drawn from the 

thirteen administrative regions of Saudi Arabia, with the sample size selected to be proportionate 

to the size of the population in each administrative region, taking into consideration the urban to 

rural ratio. The final survey sample would then reflect a random sample from age and gender 

groups of the total population and the population of each region. 

Multistage stratified cluster sampling was used to select the survey sample. Urban and 

rural localities were selected randomly in each administrative region and primary health care 

centers (PHCCs) then randomly selected within each locality. In each of the selected centers, the 

family health registry was used to select and recruit a random sample of Saudi females and males 

age 15 years and older. This current study uses data collected from three administrative regions 

during the early 1990's. These regions represent the most heavily populated regions in Saudi 

Arabia that include about 60% of the total population (176). 

DATA COLLECTION 

In each participating PHCC. a physician was appointed as the supervisor of the field 

research team. The supervisor or an assistant contacted the randomly identified eligible subjects. 

All personnel received training in the conduct of interviews, completion of questionnaires, 

specimen collection, and handling and transport of blood samples. 
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Eligible subjects were contacted directly while at the PHCC or by telephone for 

recruitment into the study and to schedule an appointment for an interview, clinical e.\amination 

and laboratory' tests. Every effort was made to encourage participation. In case of non-availability 

or non-response, another person from the same PHCC age and sex cluster was randomly selected. 

Medical records at the PHCC were used to verifV' self-reported diagnoses, complete missing 

demographic or past clinical data, and supply the research team with the address and telephone 

number of the household. 

Interviews were completed either at the participant's home or at the PHCC by trained 

clinic staff, however clinical examination and blood sample collection were conducted at the 

PHCC. A standardized survey questionnaire sought information on demographic data, medical 

history, level of usual physical activity, and dietary and social habits. Fasting blood samples were 

obtained for glucose (FBG). total cholesterol (TC). high-density lipoprotein cholesterol (HDL), 

and triglycerides (TG) analyses. The questionnaire was pre-tested in a pilot study for clarity and 

wording and the necessarj' changes were made. The studj' protocol was approved by the general 

directorate of primary health care centers. All study population gave their approval and consent to 

be included in the study. 

LABORATORY METHODS AND QUALITY CONTROL 

Overnight fasting blood samples were collected at the PHCC and refrigerated for at least 

30 minutes, but no more than 4 hours, before being centrifuged at 4''C for 30 minutes at 2000-

3000 RPM. Immediately after separation, samples were frozen at -20T until analysis. At the end 

of sample collection, samples were transported in batches representing each PHCC to the survey 

clinical laboratory' in Riyadh City, where the analysis began immediately. Samples were analyzed 

for glucose. TC. HDL. and TG using automated analyzer (KONE Instruments. Helsinki. Finland). 

The analyzer was calibrated by two separate calibrator values (low and high) supplied by the 



78 

manufacturer of the instruments. Normal and abnormal control sera, supplied by the 

manufacturer, were included in each analysis run. Duplicate random serum samples were also 

sent for analysis to two well-recognized laboratories in Riyadh City. Saudi Arabia. Results 

between laboratories were similar (95-98%) to the survey's laboratory results for all the analyses. 

Glucose level was determined by a glucose o.vidase method, which uses glucose oxidase 

and a modified color reaction, catalyzed by the enzyme pero.vidase (136). The formed hydrogen 

peroxide was determined colorimetrically. The intra-and inter assay coefficients of variation were 

1.1% and 0.8% at level 5.6+0.55 mmol glucose/L. Total cholesterol was measured using 

hydrolysis of cholesterol esters by an esterase to cholesterol and fatty acids (137). Cholesterol 

was then hydrolyzed by cholesterol oxidase and the formed hydrogen peroxide was determined 

colorimetrically. The intra-and inter assay coefficients of variation were 1.9% and 1.1% at a level 

5.6+1.3 mmol cholesterol/L. HDL-cholesterol levels were measured after precipitation of low-

density lipoproteins (VLDL and LDL) (138) and after centrifugation: the HDL-cholesterol 

fraction was determined in the clear supernatant. The intra-and inter assay coefficients of 

variation were 0.35% and 0.21% at level 1.3+0.21 mmol HDL cholesterol/L. Triglycerides level 

was determined after enzymatic hydrolysis with lipases to give glycerol and fatt\' acids (138.139). 

The intra-and inter assay coefficients of variation were 0.45% and 0.32% at a level 1.9+0.62 

mmol triglycerides/L. 

CLASSIFICATION OF DIABETES 

Diabetes was classified by both medical histor\ and the current FBG test results. Self-

reported diagnosis was verified by review of the PHCC medical records. The American Dietetic 

Association (ADA) and World Health Organization (WHO) recommended a fasting blood 

glucose (FBG) > 7 mmol/L to diagnose new diabetics (140.141). However, both organizations 

also required a confirmatory' test, which was not possible for this cross-sectional study. In this 
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present study, as was done in a previous study (142), a cut point of FBG > 7 mmoi/L was used 

with a single fasting blood glucose test to define new "undiagnosed" diabetics. Diabetes status 

was then categorized into either diabetics (prior histor>' of diabetes or FBG > 7 mmol/L) or non-

diabetics (no prior history of diabetes and FBG < 7 mmol/L). 

PHYSICAL MEASUREMENTS 

All physical measurements were taken with the participant wearing light clothing, 

standing rela.\ed but still, looking straight ahead, with arms at the sides, feet together, and with 

weight equally distributed over both legs. Weight measurements were made to the nearest 0.1kg 

(143). The weighing scale was zeroed before and after ever\' measurement and standardized with 

a certified weight every day before collecting the data. Weight measurements were taken using 

Clinical Detecto Balance-Beam scale (Detecto scale Inc.. Brooklyn. NY). Height was measured 

by a stadiometer attached to the weighing scale and participant was barefooted. The horizontal 

rod w as lowered slowly until it touched the participant hair w ithout pressing the crow n of the 

head too hard. Measurements were made to the nearest 0.1 cm (143). 

Circumferences were measured in similar conditions as weight and height to the nearest 

0.1cm (143). using a standard measuring tape. Waist circumference was measured by first 

locating and marking of the lowest rib margin, then palpating and marking the iliac crests in the 

mida.\illary line. A plastic tape was applied horizontally midway between the two marked points, 

and held firmly about the level of the umbilicus and the reading was recorded (143). The hip 

circumference measurement was taken at the point yielding to the ma.\imum circumference over 

the buttocks, with the tape held in a horizontal plane touching the skin but not indenting the soft 

tissue (143). Blood pressure was measured using an automatic sphygmomanometer while the 

participant was sitting and the mean of three measurements was calculated and recorded as 

systolic and diastolic pressure (177). 
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CLASSIFICATIONS OF ADIPOSITY 

Body mass index (BMI) was one measure of adiposity, as well as waist to hip ratio 

(WHR). and waist circumference. BMI was calculated using weight (in kg) divided by height (in 

meters squared). Subjects were considered obese if they had a BMI >30(17). WHR was 

calculated by dividing waist circumference by hip circumference. The variable was then 

dichotomized with high risk defined as > 0.80 for females and 2 0.95 for males (158). Waist 

circumference was categorized as high risk at > 88 cm for females and > 102 cm for males (159). 

STUDY VARIABLES 

During analysis, the study population was classified into four groups based on obesity 

and diabetic status: normal non-obese non-diabetic (BMI < 30. FBG < 7 mmol/L and no prior 

history of diabetes). Obese only (BMI > 30. FBG < 7 mmol/L and no prior histor\' of diabetes). 

Diabetic only (BMI < 30 and prior histor\' of diabetes or FBG > 7 mmol/L) or Obese diabetic 

(BMI > 30 and prior historv' of diabetes or FBG > 7 mmol/L). 

Most sociodemographic and related variables were categorized for analysis: age (30-39. 

40-49. 50-59. and 60-70). martial status (currently married and not married), education level 

(illiterate, primary education or able to read and write without a formal education, high school 

education only, or college education), income (low < 16.000 $US/yr. medium > 16.000 SUS/yr 

and < 32.000 SUS/yr). or high (> 32.000 SUS/yr). and residence (urban or rural according to the 

official regional categorization). 

Usual physical activity level was categorized into inactive or active based on response to 

the question of "how frequently do you exercise?" An inactive individual either did not report any 

e.xercise or e.xercised < 3 times a month. A physical activit\' score was also calculated by 

multiplying the reported e.xercise frequency by duration by intensit\'. Smoking status was 

categorized as never smoked, former smoker, or current smoker. Hypertension was defined as 



81 

individuals with a pervious diagnosis of hypertension (verified by medical record) or the 

measurement of systolic and diastolic blood pressure at >160/95 (144). A positive family history 

of diabetes was defined as individuals reporting at least one parent or sibling with diabetes. 

In some analyses, blood biochemistry variables were dichotomized as high and low risk. 

High risk cholesterol level was classified as > 6.21 mmol/L. high risk triglycerides level as > 1.69 

mmol/L. high risk HDL-cholesterol as < 0.9 mmol/L, high risk LDL-cholesterol as > 4 mmol/L. 

and high risk LDL/HDL cholesterol inde.\ as > 5. 

STATISTICAL ANALYSIS 

All analyses were performed using Stata 5.0 package (Stata. College Station. TX). To 

identify presence of outlying and potentially erroneous observations, edit checks were used and 

then all variables were checked for normality. There was no need for transformation for any of 

the continuous biochemical measures. Descriptive analysis was done including calculation of the 

frequency, mean, median, variance, skewness and ranges for all variables. Pearson Correlation 

was performed to compare association between two variables. Chi-square was used to test 

differences between categorical variables. Student's t test was used in testing the difference 

between the means of two groups. All tests were two-tailed with a 5% significant level. 

One-way analysis of variance (ANOVA) was used to test the significance between means 

of more than two continuous variables. Multiple logistic regression was used for multivariate 

models to investigate associations between blood lipid profile and obesity and diabetes with crude 

and adjusted odds ratio calculated. Adjustment variables included age. gender, hypertension, 

smoking, fitness score, and residence. 
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REStJLTS 

This study population consisted of 3213 adult Saudi men and women: (50.50% were 

females and 49.50% males). Obese diabetics constituted 12% of the population. The prevalence 

of diabetes was 15.87%. while the prevalence of obesity was 27.61%. Only 44% of this study 

population were neither diabetics and nor obese. Among the 897 diabetics. 43% were obese. 

while among the obese (n = 1274) 30% were diabetics. 

Table I reports characteristics of the population by the joint obesit\-diabetes 

classification. Obese diabetics were slightly younger (mean age 48 years) than the diabetic only 

individuals. However these obese diabetics were older than obese only or normal groups. The 

obese diabetics were also more likely to be females, less educated, from lower income 

background, living in urban areas, and least physically fit. Familv' histor\- of diabetes as highest in 

the obese diabetic group, with 57% reporting a sibling or a parent with diabetes. Hypertension 

was most prevalent in the obese diabetics (almost three times the prevalence in the normal 

population). Furthermore the obese diabetic group had the highest proportion of people w ith high 

risk WHR and waist circumference. 

Table 2 displays the lipid profile of the study population. Diabetes, whether alone or 

combined with obesity was associated w ith a poorer lipid profile. There were significant 

differences between diabetic groups and non-diabetic groups regardless of the obesity status, 

except for the HDL-cholesterol. which showed no difference by group. There were no significant 

differences between obese diabetics and diabetics only in any of blood lipids parameters. 

Table 3 shows the prevalence of higher risk blood lipid levels among the four groups. 

The obese diabetic group had the highest frequency of all high risk blood lipids parameters. 

e.Kcept for LDL-cholesterol. There were no significance different between the obese diabetic and 

the diabetic only groups in the percentage of people with high risk blood lipids, except in 



Table I. Socio-deniographic, beluiviural and nicdical characlcrisiics by obesity and diabetes status. 

Not obe.se nor diabetic'" Obese only'"' Diabetic only"' Obese and diabetic'^' (P) 
n(%) 1429 (44.48) 887 (27.61) 510(15.87) 387 (12.04) 

Age, X (SD) 42.78(10.48) 42.53 (09.58) 50.33 (10.43) 48.58 (09.84) 0.001 
Female n (%) 651 (45.56) 563 (63.47) 177 (34.71) 233 (60.21) 0.001 
Education, n (%) 

Illiterate 594 (41.65) 388 (43.94) 228(45.24) 215 (55.56) 
Less than Migh School 468 (32.82) 318(36.01) 173 (34.33) 112(28.94) 
High School 213 (14.94) 104(11.78) 58(11.51) 33 (08.53) 
College and above 151 (10.59) 73 (08.27) 45(08.93) 27 (06.98) 0.001 

Income, n (%) 
I.ow 805 (56.49) 448(50.91) 281 (55.42) 235 (60.72) 
Middle 494 (34.67) 342 (38.86) 179(35.31) 122 (31.54) 
High 126 (08.84) 90(10.23) 47 (09.27) 30 (07.75) 0.054 

Residence, n (%) 
Urban 1147(80.27) 761 (85.79) 409 (80.20) 334 (86.30) 
Rural 282 (19.73) 126(14.21) 101 (19.80) 53 (13.70) 0.001 

Filnes.s Score, x (SD) 9.60 (14.91) 8.38(13.45) 8.34(11.64) 7.20(10.49) 0.010 
Sibling or parent with DM, n (%) 541 (38.18) 439 (50.00) 268 (53.07) 219(56.74) 0.001 
Smoking, n (%) 

Never smoked 1015(78.26) 706 (86.95) 347 (74.30) 291 (82.91) 
Former smoker 108 (08.33) 58(07.14) 59(12.63) 36(10.26) 
Current smoker 174(13.42) 48 (05.91) 61 (13.06) 24 (06.84) 0.001 

Hypcrten.sion, n (%) 143 (10.01) 138 (15.56) 96(18.82) 108 (27.91) 0.001 
WHR"", n (%) 663 (49.00) 537 (62.08) 279 (58.99) 274 (73.85) 0.001 
Waist'"*, n (%) 302 (22.32) 6.59(76.18) 142 (30.02) 321 (86.52) 0.001 

Boily Mass Imtcx < .10 & Ni) piior hislory ol'diiihclcs & I'lUl < 7 miuol/l 
Hody Mass Irulcx . .10. 
IVior hisliiry ol'iliahclus or MUi . 7 inmol/l. 
U<kI>' Mass Index • .10 A prior liislory ol'diabclLVS or ) JH i 7 idhidI/I 
I' value tiir I' slalislic iirClii' ^lalislic. 
' Wl IK Icmales with waisl hip raiii) .• 0 KO itr males sviih waist liip raliii , 

Wilis! IcDiiilcs uill) waisl .• 102e))i or malL-s will) wais! • SKcm, 

oo 



Table 2. l-'asting blood biochemistrj' (mean +SD) profile ol the population. 

Population n (%) 
Not obese nor diabetic'^ 

1429 (44.48%) 
Obese" 
887(27.61%) 

Diabetic' 
510(15.87%) 

Obese and diabetic" 
387(12.04%) 

p-

Cholesterol .<(.si)) 5.17(1.40) 5.30(1.36) 6.08 (1.77)1 6.09 (1.81)1 0.001 
Triglycerides (.sd) 1.64 (1.09) 1.66 (0.97) 2.27 (1.24)1 2.38 (1.52)1 0.001 

UDL-Cholesterol y(SO) 1.13 (0.40) 1.14(0.37) 1.12 (0.40) 1.10 (0.38) 0.410 

LDL-Cholesterol x (SD) 4.36(1.55) 4.50(1.46) 5.42 (1.88)1 5.47 (1.96)1 0.001 

LDL/HDL inde.x y(SiJ) 4.44(2.43) 4.42 (2.20) 5.54 (3.36)1 5.52 (2.78)1 0.001 

t Signillciimly diU'cront from group A aiul B (P < 0.001). 
^ SigiiiliciHiily diricrcnl Iroin group A iind B 0.001). 
"l' viilui; for I' slulislics. 

Table 3. Percentage of people with high ri.sk blood lipids profile. 

Not obese nor diabetic Obese Diabetic Obese and diabetic P" 
Population n (%) 1429(44.48%) 887(27.61%) 510(15.87%) 387(12.04%) 

Cholesterol (. (>.2i mimii/i) 265 (18.54) 200(22.55) 201 (39.41) 158(40.83) 0.001 

'Triglycerides (. 1.6^ mmnl/i) 469 (32.82) 309(34.84) 306 (60.00) 242 (62.53) 0.001 
HDL-Cholesterol i o.')mmoi/i) 434 (30.37) 241 (27.17) 158 (30.98) 130(33.59) 0.107 
LDL-Cholesterol ( -»mmdi/i) 787 (55.07) 535(60.32) 411(80.59) 308 (79.59) 0.001 

LDL/HDL index ( 3 mmoi/i) 471 (32.96) 285(32.13) 258 (50.59) 197(50.90) 0.001 

'I' value lor clii' slulislics. 

OO 
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the LDL/HDL index where obese diabetics had higher percentage (P < 0.05). Also there was a 

significant difTerence between the obese only and the normal groups in the percentage of people 

with high risk cholesterol (P < 0.05) and high risk LDL-cholesterol (P < 0.05). 

The combined adjusted effect of obesity and diabetes on having high-risk levels of blood 

lipids is shown in table 4. Adjustment was included for age. gender, residence, education, family 

history of diabetes, smoking. Fitness score, and hypertension. Not shown in the table. 12% of the 

total survey population were labeled as obese and diabetic. However, obese diabetics constituted 

19% of those with high-risk cholesterol. 18% of those with high-risk triglycerides, and 16% of 

those with high-risk LDL/HDL index. 

Compared to the non-obese and non-diabetic group, the diabetic non-obese individuals 

were 2.5 times more likely (95% C.l. = 1.95 - 3.21) and the obese diabetics individuals were 2.6 

times more likely (95% C.l. = 1.97 - 3.42) to have high-risk fasting cholesterol level. Compared 

to normal population, the diabetic non-obese subjects were 2.8 times more likely (95% C.l. = 

2.20 - 3.56) and the obese diabetics were 4.02 times more likely (95% C.l. = 3.05 - 5.30) to have 

high-risk fasting triglycerides level. Compared to the normal population, the diabetic non-obese 

were 1.73 times more likely (95% C.l. = 1.36 - 2.20) and the obese diabetics were 2.37 times 

more likely (95% C.I. = 1.81 -3.10) to have high-risk fasting LDL/HDL index level. 

Table 5. Shows the result of logistic regression e.xamining the association ofobesit>', 

diabetes and obesity in diabetes with different variables that were significant in univariate 

analysis. The normal population (neither obese nor diabetic) were the reference group. The obese 

compared to normal population were more likely to be females (95% C.l. = 0.44 - 0.71). from 

higher income background (95% C.I. = 1.03 - 1.21). urban dwellers (95% C.l. = 0.52 - 0.87). 

nonsmoking (95% C.I. = 0.69 - 0.97). hypertensive (95% C.I. = 1.19-2.12). The diabetic 

population were more likely to be older (95% C.I. = 1.05 - 1.07). and have hypertension (95% 
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Table 4. Independent and interactive effects of obesity and diabetes on the risk of high blood lipids level. 

Odds Ratio (95% Confidence Interval) 

Obesity'" Diabetes'"' N N Adjusted' 

(FTC" <6.21) (FTC" 2 6.21) Hiah Cholesterol 

0 0 1164 265 1 

1 0 687 200 1.26(1.01 - 1.58) 

0 1 309 201 2.50(1.95 -3.21) 

1 1 229 158 2.60(1.97-3.42) 

P for trend 2389 824 0.001 

(FTG"< 1.69) (FTC" > 1.69) Hiuh Trialvcerides 

0 0 960 469 1 

1 0 578 309 1.24(1.01 - 1.51) 

0 1 204 306 2.80(2.20 -3.56) 

1 1 145 242 4.02 (3.05 - 5.30) 

P for trend 1887 1326 0.001 

(LDL'HDL < 5) (LDL/HDL > 5) Hisih LDL/HDL Index 

0 0 958 471 1 

1 0 602 285 1.09(0.89 - 1.33) 

0 1 252 258 1.73 (1.36 -2.20) 

1 1 190 197 2.37(1.81 -3.10) 

P for trend 2002 1211 0.001 

' .Adjusted for age. gender, residence, education, family history of diabetes, smoking, fitness score, and hypertension. 
mmoi/L 

'Obesity status defined as: not obese (0 = BMl < 30) and obese (1 = BMI > 30). 
"Diabetic status defined as; not diabetic (0 = no prior diagnosis of diabetes and FBG < 7 mmol/l) and diabetic (1 = 
diagnosed diabetics or FBG > 7 mmol/l). 
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Table 5. Factors associated with being obese, diabetic and obese-diabetic compared to normal population. 

Normal Obese Diabetic Obese Diabetics 
OR OR OR OR 

Age 1 0.99 1.06" 1.04" 
Gender 1 0.56" 1.28 0.52" 
Education 1 0.92 0.96 0.95 
Income 1 1.12' 1.09 1.03 
Residence 1 0.68' 0.91 0.56" 
Fitness score 1 0.99 0.99 0.99 
Smoking 1 0.81" 1.04 0.96 
Hypertension I 1.59" 1.41" 2.20" 

' Signillcamly dilTorcnt Irom the normal group 
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C.I. = 1.01 - 1.96). However, the obese diabetics were more likely to be older (95% C.I. = 1.03 -

1.06), females (95% C.I. = 0.38 - 0.71). urban residences (95% C.I. = 0.39 - 0.81). and have 

hypertension (95% C.I. = 1.58 - 3.08). 

DISCUSSION 

This study describes the association between obesity and type 2 diabetes in an adult Saudi 

population between the age 30-70 years old. The study population comes from the three major 

regions in Saudi Arabia. In our study the prevalence of obesity without diabetes was 27.6%. while 

15.8% have type 2 diabetes without obesity, and 12% have combined obesity and type 2 diabetes. 

The overall prevalence of type 2 diabetes in this population was high at 27.8%. An earlier study 

in Saudi Arabia published in 1995 reported the prevalence of diagnosed diabetes at 13.7% in 

people over 30 years old (8). Other neighboring Gulf countries also have reported a high 

prevalence of diabetes (95.145). 

Furthermore, the prevalence of obesity (obese plus obese diabetics) was also very high, at 

39.6%. Other studies also reported a high prevalence of obesity in Saudi Arabia and other Gulf 

countries (81,76.80.74). An earlier Jordanian study reported that almost half of the adult 

population could be categorized as obese (74). Type 2 diabetes and obesity have been closely 

correlated and reported as increasing in prevalence worldwide (166.168.61). BMI was found to be 

a dominant risk factor for diabetes incidence and predicted diabetes in a dose-response 

relationship (42). The prevalence of type 2 diabetes has been reported more frequently among 

obese individuals (28) and increased waist size was reported to elevate the risk of type 2 diabetes 

(152). In our study. 43% of the diabetic population were obese, and had the highest proportion of 

subjects with high risk WHR and waist circumference. A similar rate of obesity in our diabetic 

population was reported in prior Saudi studies (25,9). 
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Studies in Arab countries compared normal glycemic with diabetics and found a similar 

correlation between BMI and diabetes (95.76). Arab diabetics were reported to have higher BMI 

(145.135) and larger waist circumference than non-diabetics (95). Also, a significant association 

between obesitj' and diabetes has been found in other parts of the world (178.179). In the U.S.. 

larger waist circumference and higher waist hips ratio were found in diabetics (180). 

In our study, the obese diabetics were slightly younger than the diabetic only group, 

however, both diabetic groups were older than obese and normal groups. The majoritv' of the 

obese diabetics were between 40-49 years old. In contrast, other studies reported diabetes 

prevalence to be higher in a 50-59 years old population (95.78). Moreover, the prevalence of 

obesity was reported in Saudi Arabia and neighboring countries to be the highest between 40-49 

years of age (81.83.76). 

Females were the majority of the obese diabetics which could be due to many factors. 

such as higher food consumption, not losing weight after childbearing. and the limited physical 

activity, perhaps as a result of the wide spread usage of housemaids or the limited availability of 

exercising facilities for women. Our findings are in agreement with previous data that showed 

that obesity was more common among Saudi female diabetics (73%) compared to male diabetics 

(49%) (27). There was no consensus on the prevalence of diabetes in studies performed in Saudi 

Arabia and other Arab countries, some found it to be higher in females (25.95) others found the 

opposite (8.135). Furthermore, studies in the Gulf region found obesity more prevalent in females 

(81.76.80.83). Obese diabetics in our study were the least educated which limit their awareness of 

the health risks associated with obesity and diabetes. Also they were mostly urban dwellers. 

which limit the physical activity. In Saudi Arabia, urban residences had higher glucose blood 

levels (181). and illiteracy was higher among Kuwaiti type 2 diabetics (145). Saudi studies did 

not find a consistence effect of urban or rural residence on bodyweight (81.15). however, low 
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level of education was found to be associated with high level of obesitv' (15.76). in our study, low 

level of education in obese diabetics might be a reflection of a limited awareness of associated 

health risk of diabetes and obesity and urban dwelling is associated with less regular physical 

activity which is a risk factor for both diabetes and obesity. 

Moderate physical activity was found to be associated w ith reduced risk for type 2 

diabetes (37) and the frequency of physical activity and obesity affects the prevalence of diabetes 

(28). Weight reduction has been best predicted with regular exercise (37). Obese diabetic group in 

this study had the highest percentage of physically inactive people among the four groups, and 

those who are active among them had lowest fitness score. The harsh climate and sedentary life 

style were postulated to be behind the low levels of physical activity in Saudi Arabia (8.93). In 

the Gulf countries, sedentary lifestyle and physical inactivity were the significant behavior 

associated with type 2 diabetes (145) and Obesity (95). In our study, the low level of physical 

activity might be due to the extremely hot weather most of the years and the limited access to 

gymnasiums. 

Familial aggregation of type 2 diabetes has long been recognized (6). In Europe, a study 

found that about 60% of diabetics had at least one first-degree diabetic relative (31). The same 

association was found in Saudi .Arabia and the Gulf countries (33.145.95). In Saudi Arabia. 70% 

of diabetics had a family history of diabetes (33). In this current study, the highest prevalence of 

first degree relative with diabetes was seen in the obese diabetic group followed by the diabetic 

group, which might reflect a genetic component of the condition. 

Smokers were thought to have lower incident of diabetics compared to non-smokers 

(180). However, smoking was recently found to be associated with diabetes (35). Smoking has 

been noticed to have an inverse relationship with obesity and smoking cessation usually leads to 

weight gain (151). Moreover, other Saudi Arabia studies found smokers to be thinner than 
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nonsmokers (81.76). in our study, the obese had the highest proportion of never smokers, and the 

non-obese had the highest proportion of current and former smokers. The appetite depressing 

effect of cigarettes smoking may have partially contributed to the observed reduction of body 

weight among smokers. 

Hypertension and diabetes are interrelated disorders, and in diabetics the prevalence of 

hypertension is about twice that of non-diabetics (164). Blood pressure is significantly higher in 

obese individuals as compared to non-obese (76). The prevalence of hypertension was more than 

doubled in diagnosed diabetics in Gulf countries (145.95). Our data showed that hypertension is 

most prevalent among the obese diabetics (almost three times the prevalence in the normal 

population), which might be due to having two risk factors of hypertension (obesit\ and diabetes). 

In type 2 diabetes, dyslipidaemia consists of hypertriglyceridemia, low HDL-cholesterol 

(154) and enhanced formation of LDL (183). Dyslipidemia in obese individuals is frequently 

characterized with increase levels of LDL/HDL index (183). triglycerides and LDL. as well as 

low level of HDL (183.184). In our study population, although there were no significant 

differences between obese diabetics and diabetics in any of the values of blood lipids, obese 

diabetics had the poorest blood lipid profile which was followed by the diabetics only, e.xcept for 

the LDL/HDL index. Among our data for the high-risk blood lipids, obese diabetics were not 

significantly different from the diabetics, except for the LDL/HDL index. In addition, the obese 

diabetics had the highest proportion of subjects with high-risk blood lipids levels followed by the 

diabetics, except for the LDL. A study in Saudi Arabia found higher cholesterol. LDL. and 

triglycerides and low HDL levels among diabetics compared to non-diabetics (185). Data from 

the Gulf Arab states found that diabetics had significantly higher levels of cholesterol and 

triglycerides (145.95). A study in Kuwait found that diabetics had the poorest blood lipids means 

values including cholesterol. LDL. HDL, LDL/HDL index, and triglycerides (186). 
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In a study on the effect of bodyweight on Saudis, it was reported that there was no 

significant difference found beuveen obese and non-obese in blood lipids (cholesterol. HDL. and 

LDL) (187). In a study on syndrome X. researchers did not find obesity and dyslipidemia to be 

significantly related (179). However, a significantly higher prevalence of hyperlipidemia 

(cholesterol, triglycerides. LDL. and low HDL) was found among obese Jordanians compared to 

the non-obese (76). The prevalence of high cholesterol levels and low HDL-cholesterol levels 

increased with the increase of BMl (188). In our study population, the combinatory effect of 

obesitN' and diabetes in our obese diabetic subjects demonstrated the worst effect on blood lipids. 

In summary; our findings indicate that obese type 2 diabetes is highly prevalent in our 

population. Moreover, the risk factors associated with being obese type 2 diabetic were females, 

illiterate, urban dwellers, physically inactive, familial history of diabetes, hypertensive, high 

waist/hips ratio and large waist circumference. Based on our findings, an intervention program 

should directed to females living in the urban areas in order to increase their awareness of health 

related issues. Also to increase their physical activity level in order to minimize complications of 

these disorders that have an immense human and monetar> cost. 
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CHAPTER 6 

CONCLUSIONS 

In the developing countries, diabetes and obesit\' are two conditions that are highly 

synergistic with food abundance and sedentary lifestyle. Saudi Arabia appears to be no different 

form other developing countries. Since the late 1970"s. Saudi Arabia has e.xperienced an 

unprecedented influx of income from the oil revenues. The effects of this increase in income were 

e.xperienced in all aspects of life. The population had for the first time abundance and cheap 

foods, after centuries of subsistence living depending on limited seasonal rainfall and ground 

water to farm, small boats to fish and commerce with pilgrims who visit the country every year. 

The population experienced in the last two decades new lifestyle with more cars on the roads, and 

more white color jobs that limited the physical activities in the way to work or in work. To the 

contrary of the time, the subsistence living the population used to live in produced limited 

amounts food and demanded very high level of physical activity. The consequence of this 

transformation of the society was a huge increase in the prevalence of chronic diseases and 

among them are diabetes and obesitj'. 

In this series of studies, three primary issues were addressed. First, the prevalence of and 

risk factors associated with diagnosed type 2 diabetes in comparison to undiagnosed type 2 

diabetes. Second, the factors associated with being obese or overweight among Saudi men and 

women. Third, the relationship between diabetes and obesity and risk factors associated with 

obesity in diabetics. There was a number of compelling findings in this research. First, there is a 

substantial amount of under diagnosis of diabetes. When compared to non-diabetic population, 

there is closer resemblance between undiagnosed diabetics and diagnosed diabetics in age. 

gender, education, blood lipids, and obesity. A diabetic can be characterized as being an older 

male, less educated, having more family history of diabetes, hypertensive, and obese. Some risk 
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factors are modifiable to reduce prevalence and complication of lype 2 diabetes. Second, there is 

a huge prevalence of obesity and overweight in the population. Obesity is highly prevalent in 

women and overweight is highly prevalent in men. The population at the highest risk of obesit> 

and overweight are between 40-49 years of age. middle and high income, residing in urban areas, 

non-smokers, physically inactive, and hypertensive. Third, there is a high prevalence of obesity in 

type 2 diabetics compared to the non-diabetics. Obese diabetics can be characterized as being 

mostly females, illiterate, low income, urban, less physically active, hypertensive, familial history 

of diabetes, high waist hips ratio and waist circumference. In addition, poor blood lipid profile is 

more prevalent in the obese diabetics. 

In conclusion, based on these findings, this population appears to have an alarming high 

prevalence of diabetes, obesitv' and obesity in diabetics that need immediate multidimensional 

interventions. First, public awareness should be enhanced to provide knowledge on how to 

prevent and control diabetes and obesity and their interrelationship with each other and other 

degenerative diseases. Second, training should be provided for all different levels of Saudi health 

care professionals to enable them to educate their patients in the prevention of these disorders and 

control their complications. Third, additional national surveys are needed to monitor these two 

conditions and their complications, especially in the younger population because the majority of 

Saudis are under 30 years of age. Finally, detailed genetic, metabolic and nutrition studies are 

needed to determine the factors predisposing this population to such high prevalence of type 2 

diabetes and obesity. 
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