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Over the past 3 decades lipids have gained great 
importance in the medical community, reflected 

by the large number of publications in the medical 
literature. Lipids play an integral role in human 
physiology and excess lipids has been shown to be a 
risk factor for coronary artery disease (CAD), as well 
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ABSTRACT

أمراض  حلدوث  املعروفة  العوامل  من  الدهون  فرط  يعتبر  األهداف: 
شرايني القلب اإلكليلية. و من املتوقع ازدياد فرط الدهون في اململكة 
العربية السعودية. الغرض من تصميم هذه الدراسة هو معرفة مدى 
انتشار فرط الدهون عند السعوديني من اجلنسني, ما بني أعمار 30 

–70 سنة في املجتمع الريفي و احلضري

من  البالغني  السعوديني  تفحص  املجتمعية  الدراسة  هذه  الطريقة: 
أعمار 30 سنة إلى 70 سنة من البيوت املختارة خالل خمس سنوات 
السعودية.  العربية  اململكة  في  م   2000 عام  إلى   1995 عام  من 
كامل  سريري  فحص  عمل  و  املرض  بداية  من  البيانات  استخلصت 
و حتليل الدم الصائم للدهون.  مت حتليل البيانات ملعرفة مدى انتشار 
ارتفاع  انتشار  مدى  و  ل(  مول/  م   5.2  ≥( الكولسترول  ارتفاع 
الدهون الثالثية)≤ 1.69 م مول/ ل( في اململكة العربية السعودية 

بالدراسة كان 16819 شخصا,  السعوديني  اجمالى عدد  النتائج: 
وكان املعدل الكلى الرتفاع الكولسترول في اململكة العربية السعودية 
م    5.4±1.52 هو  الكولسترول  نسبة  معدل  كان  و    .%54 هو 
بنسبة  باملقارنة   ,  %54.9 هو  للرجال  املعدل  وكان  ل.  مول/ 
املقيمني  للسعوديني  أعلى  املعدل  أن  لوحظ  و  للنساء.   %53.2%
أما   . باألرياف%55.3  للسعوديني  مقارنة  بنسبة%53.4  باملدن 
معدل  كان  و   %40.3 هي  الثالثية  الدهون  الرتفاع  الكلى  املعدل 
نسبة الدهون الثالثية هو1.29±1.8 م مول/ ل. وكان املعدل أعلى 

للرجال 47.6% , باملقارنة بنسبة 33.7%   للنساء.

في  البالغني  للسعوديني  الدهون  فرط  النتشار  الكلي  املعدل  خامتة: 
ارتفاع  إلى  يشير  مما  متزايد.  ارتفاع  في  السعودية  العربية  اململكة 
املستقبل.  في  اإلكليلية  الشرايني  بأمراض  اإلصابة  ملعدل  محتمل 
العربية السعودية  بأنه يجب اتخاذ برنامج توعية في اململكة  ننصح 

عند سن مبكر كالرياضة و تخفيف الوزن. 

Objectives: To determine the prevalence of 
hyperlipidemia among Saudis of both genders in rural 
and urban communities. 
 
Methods:  Selected Saudis in the age group of 30-70 
years were studied over a 5-year period between 1995 and 

2000 in Saudi Arabia.  Data were obtained from history, 
physical examination, and analysis of fasting plasma 
lipids. The data were analyzed to classify individuals 
with hypercholesterolemia (HC) (total cholesterol 
≥5.2 mmol/l), and hypertriglyceridemia (HT) (total 
triglycerides ≥1.69 mmol/l). Logistic regression analysis 
was performed to provide a risk assessment model and 
correlation with other coronary artery disease (CAD) 
risk factors.

Results: The number of study samples included in the 
final analysis was 16,819. The prevalence of HC was 
54% with mean cholesterol level of 5.4±1.52 mmol/l. 
Prevalence of HC among males was 54.9% and 53.2% 
for females, while 53.4% among urban Saudis and 
55.3% for rural Saudis. Hypertriglycemia prevalence was 
40.3% with mean triglycerides level of 1.8±1.29 mmol/l. 
Males had statistically significant higher HT prevalence 
of 47.6% compared to 33.7%  in females (p<0.0001). 

Conclusions: Hyperlipedimia is reaching higher 
prevalence rates in KSA.  This finding may suggest that 
CAD will soon be a major health problem. Reduction in 
obesity by adopting healthier eating habits, and increasing 
physical activity are of considerable importance to our 
community.  

Saudi Med J 2008; Vol. 29 (2): 282-287

Please see authors affiliation at the end of the article. 

Received 14th August 2007. Accepted 31st December 2007.

Address correspondence and reprint request to: 
Prof. Mansour M. Al-Nozha, President, Taibah University, PO Box 344, 
Madina, Kingdom of Saudi Arabia. Tel. +966 (4) 8472083. Fax. +966 
(4) 8454771. E-mail: malnozha@hotmail.com



283www.smj.org.sa     Saudi Med J 2008; Vol. 29 (2) 

Hyperlipidemia in Saudi Arabia ... Al-Nozha et al

as cerebrovascular and peripheral vascular disease.1-6 
Hyperlipidemia (HL) may be either primary due to 
genetically determined disorders or secondary as a result 
of acquired causes.7-14 However, several studies have 
shown beneficial effects of reversing HL by either primary 
or secondary prevention.15-20 The prevalence of CAD is 
increasing in the Kingdom of Saudi Arabia (KSA).21 
Establishing the prevalence of HL, a well-known risk 
factor for CAD, is an important step in enhancing the 
awareness of the magnitude of the problem to provide 
clear management strategy. Previous studies on the 
prevalence of HL in KSA were able to provide some light 
on the problem.22-24  However, the expanding knowledge 
on what should be considered normal for lipids level has 
definitely changed our perception of HL. The National 
Cholesterol Education Program (NCEP) and the Third 
Adult Treatment Panel (ATP III) provide a definition 
for hypercholesterolemia (HC) if serum cholesterol is 
equal to or more than 5.2 mmol/l.25 We designed and 
conducted this study to provide an estimate of the 
overall prevalence of HL among the Saudi population. 
The outcome of this study will enhance our perception 
of HL as a current and actively progressing medical 
problem that can be contained by different measures to 
prevent its complications.

Methods. A 5-year community-based national 
epidemiological health survey to study CAD and its risk 
factors was conducted in Saudi Arabia between 1995 
and 2000. Male and female Saudi subjects aged 30-70 
years, in rural and urban areas of KSA formed the target 
population for this study. Most previous studies on 
HL from other parts of the world focused on a similar 
population that allows for inter-countries comparison. 
The study was approved by the ethical committees of 
the Ministry of Health and King Abdulaziz City for 
Science and Technology (KACST). Each participant 
consented prior to inclusion in this survey. A sample 
size of 20,000 participants was the target of the study to 
ensure high reliability of our estimates of the prevalence 
of HL. Subjects were selected using a 2 stage stratified 
cluster sampling procedure, urban and rural being the 
strata. Subjects were included in this survey according 
to the following inclusion criteria: a) between 30 and 70 
years of age b) holding valid Saudi identification c) had 
signed an informed consent. Subjects were excluded if 
they did not meet the inclusion criteria. Samples were 
selected from each region of the 14 administrative 
regions in KSA and the study population was drawn 
from the 1,623 primary health care centers (PHCCs) 
uniformly distributed in the Kingdom. Each region was 
classified into urban and rural communities and a simple 
random sample of PHCCs were selected. The number 
of PHCCs to be selected from each community was 
based on the total number of PHCCs in each rural and 
urban community. A total of 66 PHCCs were selected 

from urban, and 58 from rural areas. One hundred 
households from urban PHCCs and 50 households from 
rural PHCCs were randomly selected. All subjects from 
the age group of 30-70 years from selected households 
were interviewed using a standard questionnaire at 
their respective houses and examined at PHCCs. The 
questionnaire was developed, pre-tested, and validated 
in a pilot study. The questionnaire included basic 
demographic and socioeconomic data as well as detailed 
medical history including intake of medications. A 
clinical examination was conducted, and included 
height, weight, waist circumference, blood pressure, 
followed by obtaining 12-hour fasting blood samples 
(for measurement of fasting plasma cholesterol, fasting 
high-density lipoprotein (HDL), fasting low-density 
lipoprotein (LDL) and fasting triglycerides). Well-
trained primary care physicians conducted a clinical 
examination including measurement of blood pressure as 
well as performing an electrocardiogram (ECG). Weight 
was measured with ordinary scales (non-electronic 
portable balance) with indoor clothing on and without 
shoes on to the nearest 0.1 kg.  Height measurement was 
carried out in the standing position, without footwear, 
to the nearest millimeter (mm) by using a measuring 
tape that is part of the weighing scale. Weight and 
height were measured using standardized techniques 
and equipment (to be precise, health care workers were 
trained, for the purpose of this study, to use the same 
technique of weight and height measurements for all 
subjects of the study population, using the same type of 
equipment such as blood pressure apparatus, weighing 
scale, and ECG machine). Waist circumference was 
measured using ordinary non-stretchable measuring 
tape by centimeters (cm). Trained technicians, under 
the supervision of primary care physicians, collected 
20 cc. of blood (12 hour fasting), in 2 tubes of 10 cc. 
each. Tubes were immediately kept in the refrigerator 
for at least 30 minutes and no more than 4 hours before 
centrifugation. Centrifugation was carried out for 30 
minutes at 3000 rate per minute (RPM) in a refrigerated 
centrifuge at 40C. Plasma and serum were separated and 
were frozen at -200C immediately. These samples were 
transported frozen in ice to the coordinating laboratory 
in the region where they were kept frozen at -200C. At 
the end of the sample collection from all participants in 
the region, these samples were transferred frozen in ice 
in incubators to the central laboratory at the College of 
Science, King Saud University, Riyadh. All biochemical 
parameters were analyzed on a clinical analysis (Konelab, 
Intelligent Diagnostics system, Helsinki-Finland). The 
instrument was calibrated prior to analysis using quality 
control samples provided with the solutions. Standard 
International Units (mmol/L) were used to record the 
results. 

The data were analyzed using the Statistical Package 
for Social Sciences (SPSS Version 10) on personal 
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computers. P-value of <0.05 was considered significant. 
The estimate prevalence rate of HL (hypercholesterolemia 
[HC] and hypertriglyceridemia [HT]) was calculated 
for the total sample and sub-groups of gender, marital 
status, area of residence, income, educational level, 
occupation, age groups, regions of Saudi Arabia, 
obesity groups, and abnormal waist circumference. 
The prevalence of CAD, hypertension, and metabolic 

syndrome were also determined for patients with HL. 
The correlation of hyperlipidemic patients with height, 
weight and waist circumference was also calculated. 

Results. The total number of studied population was 
17,209 Saudi subjects from selected households. Sixteen 
thousand eight hundred nineteen subjects completed 
the study, and 48% of them were males. Table 1 shows 

Table 1 - Prevalence of hypercholesterolemia and hypertriglyceridemia categorized by gender, age, and 
residence of Saudi Arabia.

Factor n (%) TC ≥ 5.2 mmol/l 
n (%)

P-value Trig ≥ 1.69 mmol/l 
n (%)

P-value

Gender
  Male
  Female

  8010 (47.6)
  8809 (52.4)

4399 (54.9)
4687 (53.2)

0.026 3810 (47.6)
2968 (33.7)

<0.0001

Age group
  30-39
  40- 49
  50-59
  60-70

  5787 (34.4)
  4771 (28.4)
  3403 (20.2)
  2858 (17.0)

3095 (53.5)
2590 (54.3)
1889 (55.5)
1512 (52.9)

0.152
2015 (34.8)
1983 (41.6)
1568 (46.2)
1212 (42.5)

0.380

Residence
  Urban
  Rural

11542 (68.6)
  5277 (31.4)

6168 (53.4)
2918 (55.3)

0.025 4990 (43.2)
1788 (34.1)

<0.0001

Total 16819   9086 (54.0) 6778 (40.3)

TC - total cholesterol, Trig - triglycerides

Table 2 - Prevalence of hypercholesterolemia and hypertriglyceridemia categorized by income, marital status, housing, 
and  educational level.

Factor n (%) TC ≥ 5.2 mmol/l
n (%)

P-value Trig ≥ 1.69 mmol/l
n (%)

P-value

Monthly income
  <2,500
  2500–4999
  5000–7499
  7500–9999
  10000–14999
  ≥ 15000

  4663 (28.1)
  5535 (33.3)
  3420 (20.6)
  1449   (8.7)
  1169   (7.0)
    364   (2.2)

2510 (53.8)
2963 (53.5)
1819 (53.2)
  803 (55.4)
  669 (57.2)
  204 (56.0)

0.149

1681 (36.0)
2299 (41.5)
1423 (41.7)
  601 (41.7)
  513 (44.0)
  175 (47.9)

<0.0001

Marital status
  Single 
  Married
  Divorced
  Widowed

    387   (2.3)
15359 (91.3)
    219   (1.3)
    854   (5.1)

  216 (55.8)
8317 (54.2)
  125 (57.1)
  428 (50.1)

0.083
  127 (32.9)
6204 (40.4)
    87 (39.4)
  360 (42.6)

0.013

Housing
  Villa/palace
  Small house 
  Flat
  Wooden house/tent
  Mud house
  Others

  4861 (28.9)
  6009 (35.8)
  4535 (27.0)
    365   (2.2)
    470   (2.8)
    557   (3.3)

2609 (53.7)
3253 (54.1)
2473 (54.5)
  195 (53.4)
  247 (52.6)
  302 (54.2)

0.944

2197 (45.6)
2253 (37.4)
1873 (40.9)
  116 (32.0)
  132 (28.3)
  199 (36.2)

<0.0001

Education
  Illiterate
  Read and write only
  Primary
  Secondary
  College and above

  8654 (51.6)
  1957 (11.7)
  3141 (18.7)
  1676 (10.0)
  1342   (8.0)

4602 (53.2)
1057 (54.0)
1676 (53.4)
  955 (57.0)
  772 (57.5)

0.004

3151(36.4)
  827 (42.5)
1434 (45.6)
  744 (44.5)
  599 (44.8)

<0.0001

TC - total cholesterol, Trig - triglycerides
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the prevalence of HC and HT categorized by gender, 
age-groups, residence (urban/rural), and regions of 
Saudi Arabia. The prevalence of HC (total cholesterol 
[TC] ≥5.2 mmol/L) among male subjects was 54.9%, 
while HT (total trigycerides [TG] ≥1.69 mmol/L) 
prevalence was 47.6%. The prevalence of HC (p=0.008) 
and HT (p<0.0001) among female subjects was 
significantly lower compared to males.  Prevalence of 
HC increased progressively up to the age of 50 years, 
then stabilized after the age of 60 years. There was no 
significant difference for HC among urban and rural 
residents. The urban population showed significantly 
higher prevalence of HT than the rural population 
(p<0.0001). Subjects living in Northern and Eastern 
regions showed the highest prevalence of  HC and HT, 
while the Southern region showed the lowest prevalence 
for lipids and this difference was statistically significant 
(p<0.0001). Single subjects showed statistically non-
significant (p=0.083) higher prevalence of HC (55.8%) 
and significant (p=0.013) lower prevalence of HT 
(32.9%), compared to widows with a prevalence of 
HC (50.1%) and HT (42.6%) (Table 2). Businessmen 
showed higher prevalence of HC (59.4%) and HT 
(52%), while housewives (34.2%) showed statistically 
significant lower prevalence of HT. There was no 
significant difference among different income groups 

for HC (p=0.149), while it was directly proportional 
with the prevalence of HT as shown in Table 2, with 
the lowest prevalence of 36% for the lowest income 
group (SR <2,500) and the highest prevalence of 
47.9% for the highest income group (SR >15,000). 
The people living in villas/palaces, small houses or flats 
showed higher prevalence of HC and HT than the 
people living in mud-houses, wooden houses or some 
other types of houses. The difference of prevalence of 
HC was statistically non-significant (p=0.944) and HT 
was statistically significant among these housing types 
(p<0.0001). Table 3 shows the relationship of HC and 
HT with respect to different regions of Saudi Arabia.  
The cut-off points for HC is ≥5.2 mmol/l and HT 
≥1.69 mmol/l. Subjects living in the Northern region 
showed the highest prevalence of HC and HT, while 
subjects living in the Southern region showed the 
lowest prevalence of HC and HT. The difference among 
different regions was statistically significant (p<0.0001). 
The prevalence of HT was increased with increasing BMI 
(Table 4). The prevalence of HT is higher with abnormal 
waist size both in males and females. These increments 
were statistically significant (p<0.0001). Furthermore, 
the increments for HT were 13.3% for males and 
12.2% females with abnormal waist sizes  compared to 
subjects with normal waist size (p<0.0001). 

Table 3 - Prevalence of hypercholesterolemia and hypertriglyceridemia by regions of Saudi Arabia.

Region n (%) 5.2 ≤ TC < 6.2 
mmol/l
n (%)

TC > 6.2 
mmol/l
n (%)

P-value 1.69 ≤Trig <2.3 
mmol/l
n (%)

Trig. ≥ 2.3 
mmol/l
n (%)

P-value

Central
Northern
Southern
Western
Eastern

3912 (23.3)
1445   (8.6)
3391 (20.2)
5434 (32.3)
2637 (15.7)

1163 (30.0)
  422 (28.9)
1054 (30.7)
1712 (31.7)
  746 (28.3)

  886 (22.9)
  438 (30.0)
  656 (19.1)
1322 (24.4)
  676 (25.7)

<0.0001

  689 (17.8)
  306 (21.0)
  614 (17.9)
  924 (17.1)
  453 (17.2)

  879 (22.7)
  364 (24.9)
  632 (18.4)
1027 (19.0)
  890 (23.5)

<0.0001

Total 16819 5097 (30.3) 3978 (23.7) 2986 (17.8) 3792 (22.6)

Table 4 - Hyperlipidemia with BMI and waist circumference.

Factor n (%) TC≥ 5.2 mmol/l
n (%)

P-value TG≥ 1.69 mmol/L
n (%)

P-value

BMI
  Underweight (<18.5)
  Normal (18.5-25)
  Overweight (>25-<30)
  Obese (≥30)

Waist circumference   
  Male
    (< 102 cm) 
    (≥102 cm)
  Female 
    (<88 cm)
    (≥88 cm)

  198   (1.2)
4360 (26.1)
6009 (36.0)
6124 (36.7)

5805 (74.7)
1961 (25.3)

3850 (44.5)
4801 (55.5)

  110 (55.6)
2369 (54.3)
3255 (54.2)
3290 (53.7)

3210 (55.3)
1067 (54.4)

2016 (52.4)
2577 (53.7)

0.892

0.495

0.224

    42 (21.3)
1374 (31.3)
2607 (43.3)
2724 (44.5)

2559 (44.1)
1140 (57.4)

1035 (26.8)
1876 (39.0)

<0.0001

<0.0001

<0.0001

BMI - body mass index, TC - total cholesterol, TG - triglycerides
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Discussion. The data obtained from the current 
study shows that HC and HT are prevalent medical 
problems affecting nearly one half of the adult Saudi 
population, putting them at increased risk for the 
development of CAD as well as other disorders related 
to excess lipids. Clearly, the prevalence is increasing 
with age and income. The higher prevalence of HT 
among urban subjects compared to those living in rural 
regions may be explained by the lifestyle and type of 
feeding habits, particularly, now  that fast food chains 
have increased in prevalence in the cities of KSA. The 
prevalence of HC may have been lower if we considered 
a cutoff value of ≥ 6.2 mmol/l for TC. As the current 
recommendation is adopting “the lower, the better” for 
cholesterol level, therefore we chose a cut-off  of ≥5.2 
mmol/l for TC to define HC. Taking a cut-off value 
of serum concentrations above the 19th percentile 
for general population may be misleading with the 
current evidence of unequivocal harmful effect of HL 
in the development of atherosclerosis and premature 
CAD. We found a large percentage of our population 
with levels of TC ≥6.2 mmol/l in all regions of Saudi 
Arabia indicating true higher levels for HC. Similarly, 
the majority of subjects in the present study were found 
to have higher levels of HT ≥2.3 mmol/l. From the 
analysis of our data presented here, HL prevalence varies 
among our population, and we can clearly see the effect 
of factors such as obesity and waist circumference in 
increasing the prevalence of HC and HT. The common 
denominator would be lack of physical activity associated 
with unhealthy eating habits. This was demonstrated in 
Saudi Arabia by looking at the prevalence of physical 
inactivity among Saudis that was found to be strikingly 
affecting up to 99.5% of the studied population.26,27 
Recent evidence has demonstrated the relationship 
between the TC concentration and the risk of developing 
CAD.28 The data showed a similar relationship between 
HC and CAD, as a significant number of patients 
with CAD have higher cholesterol level compared to 
subjects without CAD.21 Furthermore, it has been 
shown by meta-analysis of many trials that reducing TC 
translates into reduction in the morbidity of CAD.20 
We have seen a modest increase in the prevalence of 
HC compared to previous studies conducted in KSA, as 
one study reported a prevalence of 48.8% of HC (TC 
≥5.2 mmol/l).29 Additionally, the prevalence of HC 
varies according to the population studied, as we have 
seen it as low as 1.2% among studied population (2520 
over 30 years of age) in Yon chon County, Korea (TC 
≥6.2 mmol/l).30 Alternatively, the overall prevalence 
rate of HC was 62.5% among adult Nigerians with 
systemic hypertension.31 One study reported an overall 
prevalence of HC (TC ≥5.2 mmol/l) of 66.4% among 
3782 subjects from Poland.32 Another study from 

India33 reported a prevalence of HC (TC ≥5.2 mmol/l) 
as 33.2% for males and 28.9% for females. 

It is clear that HL is prevalent in Saudi Arabia 
and the question now is what should we do about it? 
Learning from interventions made in other populations 
who identified this problem earlier, may answer this 
question. A group of researchers from the United States 
of America (USA) examined 40-year trends in CAD 
risk factors among US adults aged 20-74 years, and 
they found 21% lower prevalence of high cholesterol 
level (39% in 1960-1962 versus 18% in 1999-2000).34 

Therefore, implementation of healthy eating habits, 
and promotion of physical activity may actually halt the 
problem if we start at younger age groups to prevent the 
damaging effects of HL. We also recommend screening 
of adult Saudi subjects for serum cholesterol, particularly 
those at risk of developing CAD.

One limitation of the study is the lack of universal 
agreement of what is to be considered  a normal 
or abnormal value for lipid profile; as currently the 
terms used are either optimal or desired values. The 
recommended cutoff values are determined by the 
presence of other risk factors for CAD or previous CAD 
events (secondary prevention). In addition, despite 
clear instructions for 12 hour fasting prior to obtaining 
the blood samples, one cannot be 100% certain of 
adherence to this instruction from all participants.

In summary, HC and HT (collectively known as 
HL) are prevalent medical problems among adult Saudis 
that need to be addressed by the health care providers. 
This piece of information, considered along with higher 
prevalence of other CAD risk factors in Saudi Arabia, 
including diabetes mellitus, smoking, obesity and the 
metabolic syndrome, suggest that CAD will be a future 
major health problem. Therefore, a national campaign 
promoting healthy eating habits and encouraging 
physical activity is a health care priority. Finally, 
screening for fasting serum lipids in adult Saudis to 
identify those who need intervention is recommended.

Acknowledgment. We are grateful to all who assisted in 
conducting this national project including administrators at health 
directorates, primary care physicians, technicians and nurses. We would 
like to thank King Abdulaziz City for Science and Technology (KACST) 
for the generous grant extended to this project.

References
  
  1. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz 

H, Kannel WB. Prediction of coronary heart disease using risk 
factor categories. Circulation 1998; 97: 1837-1847.

  2. Grundy SM, Balady GJ, Criqui MH, Fletcher G, Greenland P, 
Hiratzka LF, et al. Guide to primary prevention of cardiovascular 
diseases. A statement for healthcare professionals from the Task 
Force on Risk Reduction. American Heart Association Science 
Advisory and Coordinating Committee. Circulation 1997; 95: 
2329-2331.



287www.smj.org.sa     Saudi Med J 2008; Vol. 29 (2) 

Hyperlipidemia in Saudi Arabia ... Al-Nozha et al

  3. Wilson PW. Established risk factors and coronary artery disease: 
the Framingham Study. Am J Hypertens 1994; 7: S7-S12.

  4. Stamler J, Wentworth D, Neaton JD. Is relationship between 
serum cholesterol and risk of premature death from coronary 
heart disease continuous and graded? Findings in 356,222 
primary screenees of the Multiple Risk Factor Intervention Trial 
(MRFIT). JAMA 1986; 256: 2823-2828.

  5. Stamler J, Daviglus ML, Garside DB, Dyer AR, Greenland P, 
Neaton JD. Relationship of baseline serum cholesterol levels 
in 3 large cohorts of younger men to long-term coronary, 
cardiovascular, and all-cause mortality and to longevity. JAMA 
2000; 284: 311-318.

  6. Hokanson JE, Austin MA. Plasma triglyceride level is a 
risk factor for cardiovascular disease independent of high-
density lipoprotein cholesterol level: a meta-analysis of 
population-based prospective studies. J Cardiovasc Risk 1996; 
3: 213-219.

  7. Ferrieres J, Lambert J, Lussier-Cacan S, Davignon J. Coronary 
artery disease in heterozygous familial hypercholesterolemia 
patients with the same LDL receptor gene mutation. Circulation 
1995; 92: 290-295.

  8. Hopkins PN, Stephenson S, Wu LL, Riley WA, Xin Y, Hunt 
SC. Evaluation of coronary risk factors in patients with 
heterozygous familial hypercholesterolemia. Am J Cardiol 
2001; 87: 547-553.

  9. Seed M, Hoppichler F, Reaveley D, McCarthy S, 
Thompson GR, Boerwinkle E, et al. Relation of serum 
lipoprotein (a) concentration and apolipoprotein (a) 
phenotype to coronary heart disease in patients with familial 
hypercholesterolemia. N Engl J Med 1990; 322: 1494-1499.

10.  Wiegman A, Rodenburg J, de Jongh S, Defesche JC, Bakker HD, 
Kastelein JJ, et al. Family history and cardiovascular risk in 
familial hypercholesterolemia: data in more than 1000 children. 
Circulation 2003; 107: 1473-1478.

11. Lee MH, Lu K, Hazard S, Yu H, Shulenin S, Hidaka H, et al. 
Identification of a gene, ABCG5, important in the regulation of 
dietary cholesterol absorption. Nat Genet 2001; 27: 79-83.

12. O’ Brien T, Dinneen SF, O’ Brien PC, Palumbo PJ. 
Hyperlipidemia in patients with primary and secondary 
hypothyroidism. Mayo Clin Proc 1993; 68: 860-866.

13. Osser DN, Najarian DM, Dufresne RL. Olanzapine increases 
weight and serum triglyceride levels. J Clin Psychiatry 1999; 60: 
767-770.

14. Scandinavian Simvastatin Survival Study Group. Randomised 
trial of cholesterol lowering in 4444 patients with coronary 
heart disease: the Scandinavian simvastatin survival study (4S). 
Lancet 1994; 344: 1383-1389.

15. Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, 
MacFarlane PW, et al. Prevention of coronary heart disease 
with pravastatin in men with hypercholesterolaemia. West of 
Scotland Coronary Prevention Study Group. N Engl J Med 
1995; 333: 1301-1307.

16. Downs JR, Clearfield M, Weis S, Whitney E, Shapiro DR, 
Beere PA, et al. Primary prevention of acute coronary events 
with lovastatin in men and women with average cholesterol 
levels: results of AFCAPS/TexCAPS. Air Force/Texas Coronary 
Atherosclerosis Prevention Study. JAMA 1998; 79: 1615-1622.

17. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, 
Cole TG, et al. The effect of pravastatin on coronary events after 
myocardial infarction in patients with average cholesterol levels. 
Cholesterol and Recurrent Events Trial investigators. N Engl J 
Med 1996; 335: 1001-1009.

18. Prevention of cardivascular events and death with pravastatin in 
patients with coronary heart disease and a broad range of initial 
cholesterol levels. The Long-Term Intervention with Pravastatin 
in Ischaemic Disease (LIPID) Study Group. N Engl J Med 
1998; 339: 1349-1357.

19. Kane JP, Malloy MJ, Ports TA, Phillips NR, Diehl JC, Havel 
RJ. Regression of coronary atherosclerosis during treatment of 
familial hypercholesterolemia with combined drug regimens. 
JAMA 1990; 264: 3007-3012.

20. Gould AL, Rossouw JE, Santanello NC, Heyse JF, Furberg CD. 
Cholesterol reduction yields clinical benefit: impact of statin 
trials. Circulation 1998; 97: 946-952.

21. Al-Nozha MM, Arafah MR, Al-Mazrou YY, Al-Maatouq MA, 
Khan NB, Khalil MZ, et al. Coronary artery disease in Saudi 
Arabia. Saudi Med J 2004; 25: 1165-1171.

22. Al-Nuaim AR. Serum total and fractionated cholesterol 
distribution and prevalence of hypercholesterolemia in urban and 
rural communities in Saudi Arabia. Int J Cardiol 1997; 58: 141-
149.

23. Al-Nuaim AR, Al-Rebeann K, Al-Mazrou Y, Al-Attas O, 
Al-Daghari N. Serum  total,  fractionated  cholesterol concen-
tration distribution and prevalence of hypercholesterolemia in 
Saudi Arabia, regional variation. Ann Saudi Med 1997; 17: 179-
184.

24. al-Nuaim AR, al-Rubeaan K, al-Mazrou Y, al-Attas O, 
al-Daghari N. Prevalence of hypercholesterolemia in Saudi 
Arabia, epidemiological study. Int J Cardiol 1996; 54: 41-49.

25. Third Report of the National Cholesterol Education Program 
(NCEP) Expert Panel on Detection, Evaluation, and Treatment 
of High Blood Cholesterol in Adults (Adult Treatment Panel III) 
final report. Circulation 2002; 106: 3143-3421.

26. Al-Hazzaa HM. Prevalence of physical inactivity in Saudi Arabia: 
a brief review. East Mediterr Health J 2004; 10: 663-670.

27. Al-Nozha MM, Al-Hazzaa HM, Arafah MR, Al-Khadra A, Al-
Mazrou YY, Al-Maatouq MA, et al. Prevalence of physical activity 
and inactivity among Saudis aged 30-70 years. A population-
based cross-sectional study. Saudi Med J 2007; 28: 559-568.

28. Ford ES, Mokdad AH, Giles WH, Mensah GA. Serum total 
cholesterol concentrations and awareness, treatment, and control 
of hypercholesterolemia among US adults: findings from the 
National Health and Nutrition Examination Survey, 1999 to 
2000. Circulation 2003; 107: 2185.

29. al-Shammari SA, Ali M, al-Shammari A, al-Maatouq M, 
Tennier A, Armstrong K. Blood lipid concentrations and other 
cardiovascular risk factors among Saudis. Fam Pract 1994; 11: 
153-158.

30. Park Y, Lee H, Koh CS, Min H. Community-based epidemiologic 
study on atherosclerotic cardiovascular risk factors. Diabetes Res 
Clin Pract 1996; 34 Suppl: S65-S72.

31. Opadijo OG, Akande AA, Jimoh AK. Prevalence of coronary 
heart disease risk factors in Nigerians with systemic hypertension. 
Afr J Med Med Sci 2004; 33: 121-125.

32. Lopatynski J, Mardarowicz G, Nicer T, Szczesniak G, Krol H, 
Matej A, et al. The prevalence of type II diabetes mellitus in rural 
urban population over 35 years of age in Lublin region (Eastern 
Poland). Pol Arch Med Wewn 2001; 106: 781-786.

33. Gupta R, Sarna M, Thanvi J, Rastogi P, Kaul V, Gupta VP. High 
prevalence of multiple coronary risk factors in Punjabi Bhatia 
community: Jaipur Heart Watch-3. Indian Heart J 2004; 56: 
646-652.

34. Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE, 
Flegal KM, et al. Secular trends in cardiovascular disease risk 
factors according to body mass index in US adults. JAMA 2005; 
293: 1868-1874. 

Authors affiliation.  From the Department of Medicine (Al-Nozha, 
Arafah, Khalil, Al-Maatouq, Nouh, Al-Harthi, Al-Mobeireek), College 
of Medicine and King Khalid University Hospital, King Saud University, 
Department of Preventive Medicine (Al-Mazrou), Ministry of Health, 
Department of Adult Cardiology (Abdullah), Prince Sultan Cardiac Centre, 
Department of Cardiovascular (Al-Shahid), King Faisal Specialist Hospital, 
Riyadh, Department of Medicine (Al-Khadra), College of Medicine, King Faisal 
University, Dammam, and the Department of Medicine (Al-Marzouki), College 
of Medicine, King Abdul-Aziz University, Jeddah, Kingdom of Saudi Arabia, 
Department of Community Medicine (Khan), Dow University of Health 
Sciences, Karachi, Pakistan.


