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Abstract

Background: Hypercholesterolemia (HC) is a major risk factor 
in the development of coronary heart disease (CHD). Serum 
cholesterol is directly related to complications and mortalities 
associated with heart diseases. There are a few studies that describe 
HC among youths in the Arab Gulf countries. We sought to 
evaluate HC among young healthy university students to assess 
their risk of developing CHD. 
Methods: Lipid profile of 166 students between the ages of 16-
30 years (Mean: 20.49±2.96) were examined and blood glucose, 
total protein, albumin, thyroid stimulating hormone (TSH) and 
the inflammation marker high sensitivity CRP (hsCRP) were 
determined. Each volunteer filled a questionnaire about her/his 
lifestyle and personal and family medical histories and height and 
weight were measured to determine body mass index (BMI). The 
data were analyzed using SPSS version 17. Chi-Square was used 
to determine the relation between categorical variables. A p-value 
<0.05 was considered statistically significant. 
Results: According to the American Heart Association 
criteria, 44 (26.5%) students were identified with primary 
hypercholesterolemia (PHC) in the first testing round. After proper 
health counseling, the same tests were repeated after 2-3 weeks in 
all 44 hypercholesterolemic students. We found only 26 (15.6%) of 
them to be hypercholesterolemic. There was a significant relation 
between high total cholesterol (TC) and high TC/HDLC, as well 
as high or very high hsCRP and high TC/HDLC (both, p<0.001). 
Males tend to have higher TC/HDLC and hsCRP than females 
(both p0.002 and 0.005, respectively). Family history of CHD was 
found in 8 students and obesity was recorded in 5 volunteers. 

Conclusion: The results necessitate further studies in determining 
the cause of PHC. We predict a genetic element contributing to the 
high percentage of PHC in the current study.

Keywords: Hypercholesterolemia; hsCRP;  Coronary Heart 
Disease (CHD); University Students.

Introduction

Coronary heart disease (CHD) is the leading cause of death 
worldwide according to the World Health Organization. It is 
responsible for more than 17 million deaths around the world 
annually.1 Hypercholesterolemia (HC) is the most significant 
factor in causing CHD and stroke which is implicated in 56% of 
stroke deaths.1,2 HC is either primary or secondary; PHC is mostly 
due to sedentary lifestyle, unhealthy dietary habits or genetic 
disorders.3 In contrast, secondary HC is mainly due to medical 
conditions such as diabetes, chronic renal failure, hypothyroidism, 
and taking certain drugs such as; thiazides, and non-selective ß 
blockers.4 

The normal values for lipids in children and young adults are 
defined according to age, sex, and ethnic background. Elevated 
cholesterol levels in early adulthood increase the risk for developing 
CHD later in life. It is reported that a cholesterol level determined at 
age 22 predicts the rate of development of CHD over the following 
30 to 40 years.5,6  Additionally, about 50% of this age group (young 
adults) with high TC has five times the risk of a CHD event and 
nine times the risk of a myocardial infarction compared with 
those that have low TC levels over the ensuing 30 to 40 years.5,6 

The National Cholesterol Education Program (NCEP) expert 
panel considers 4.40 mmol/L (170 mg/dL) of blood cholesterol 
levels in children and young adults over 10 years of age with risk 
factors, as borderline high.7-9 In contrast, adults’ blood cholesterol 
borderline high is 5.15 mmol/L (200 mg/dL). Framingham's Study 
regards cholesterol levels measured in young adults to be predictive 
of CHD mortality 10 years later.10 Several clinical parameters or 
biomarkers are used to assess the risk of CHD due to HC, among 
which are total cholesterol (TC), low density lipoprotein cholesterol 
(LDLC), and ratio of TC over high density lipoprotein cholesterol 
(HDLC).11-14  

Several studies have reported on the prevalence of 
hypercholesterolemia and the risk of CHD in the Arab Gulf 
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countries; however, most of them reported on HC and CHD 
risk among adults.15,16 Agarwal and his group found that more 
than 50% of Asian Arabs living in the United Arab Emirates are 
hypercholesterolemic.17 Also, 37% of Kuwaiti men over the age of 
45 years are obese and 52% had elevated or high cholesterol levels..18 
Al-Nuaim and his team reported that hypercholesterolemia to be 
16% and 19% among Saudi males and females, respectively. They 
attributed the low percentage to the inclusion of young Saudis less 
than 30 years old in the studied sample.19 Importantly, the authors 
predicted that this percentage would increase due to contributing 
factors such as acquired nutritional habits, obesity and the lack of 
regular exercise; however, consanguinity and the genetic elements in 
PHC was never stressed.

High-sensitivity C-reactive protein (hsCRP) has emerged as a 
strong independent risk factor for predicting future cardiovascular 
events that adds prognostic information at all levels of LDL 
cholesterol and at all levels of the Framingham Risk Score.20-22 In 
a recent investigation, anti-inflammatory therapy, significantly 
reduced atherosclerosis, as well as blood level hsCRP.23,24

In this investigation, the lipid profile for nonsmoking apparently 
healthy young university students at the Arabian Gulf University, 
Kingdom of Bahrain were tested to determine the prevalence of HC 
and the risk level of developing CHD among the volunteers.  

Methods

After the approval of the Ethics Committee at the Arabian Gulf 
University, 166 young, nonsmokers and apparently healthy medical 
or graduate students studying at the Arabian Gulf University, 

Kingdom of Bahrain were properly consented. The students 
investigated in this study were Saudis (85) and Bahrainis (81). The 
students were aged between 16-30 years old. Each volunteer filled a 
questionnaire about their medical history and their family medical 
history of HC, heart disease (fatal or non-fatal cardiac event), 
diabetes, hypertension and other disorders. Additionally, weight 
and height were measured to determine the body mass index (BMI; 
a major index of obesity) each volunteer was asked about her/his life 
style habits and conditions that cause secondary HC.

For blood collection and testing; blood samples of each volunteer 
were collected in two vacutainers; after overnight fasting, a plain tube 
and an oxalate fluoride tube. The plain tube was used to analyze the 
high sensitivity C-reactive protein (hsCRP), total proteins (TP), 
albumin (ALB), thyroid stimulating hormones (TSH), and the 
lipid profile including total cholesterol (TC), triglyceride (TG), low 
density lipoprotein (LDL), and high density lipoprotein (HDL). 
In contrast, the oxalate fluoride tube was used to analyze Glucose 
(GLU). Analysis of these tests was performed in the biochemistry 
laboratory at Salmaniya Medical Complex (SMC). The 
Dimension® clinical chemistry system was used for the quantitative 
determination of TC, TG, ALB, TP and GLU. Also, the COBAS 
INTEGRA systems was used for the quantitative determination 
of serum HDL-C concentration. TSH was determined using 
the electro-chemiluminescence immunoassay ECLIA used on 
the Roche Elecsys 2010 and MODULAR ANALYTICS E170 
(Elecsys module) immunoassay analyzers. LDL-Cholesterol was 
calculated according to Friedewald calculation = LDL-Cholesterol 
= Total Cholesterol - (HDL + Triglyceride / 2.18). (Table 1) 

Table 1: Clinical chemistry data. Analytes tested, reference values and obtained results with the standard deviation of each analyte. 25

Clinical Test

All Students Females Males

Comments
Range

Mean 
± SD

Range
Mean 
± SD

Range
Mean 
± SD

Age 16-30 20.49±2.96 16-30 20.4+3.04 18-30 20.90±2.75

Cholesterol (3.6-5.1mmol/L) 2.50-7.50 4.39±0.90 2.70–7.50 4.41±0.92 2.50-6.50 4.28±0.875 Lipid profile

Triglycerides (0.2-1.8mmol/L) 0.20-3.90 0.78±0.51 0.20-3.90 0.74±0.54 0.40-2.50 0.90±0.42 Lipid profile

HDL (1.03-1.9mmol/L) 0.76-3.20 1.46±0.38 0.79-3.20 1.53+0.36 0.76-1.78 1.23±0.27 Lipid profile

LDL (2.6-3.34mmol/L) 0.80-6.34 2.84±0.98 0.90-6.34 2.84+1.00 0.80-4.89 2.84±0.91 Lipid profile

hsCRP (0-1.1mg/dL 0.04-14.10 2.32±3.23 0.04-14.1 1.72±2.02 0.11-6.33 1.378±1.35 Inflammation marker

Glucose (3.6–5.6mmol/L) 1.90-5.70 4.80±0.45 4.00-5.70 4.78±0.36 1.90-5.70 4.87±0.66 Testing for DM

TSH (0.25–5.0mIU/L) 0.50-4.70 3.99±0.79 0.50-4.70 1.60±0.82 0.56-4.50 1.88±1.38 Thyroid disease

Total Protein (64–82g/L) 65.0-85.0 73.56±3.41 65.0-83.0 73.0±3.79 70.0-85.0 75.42±3.53 Kidney function

Albumin (38–50g/L) 31.0-52.0 43.66±8.67 31.0-48.0 43.0±2.94 41.0-52.0 46.08+2.61 Kidney function

HDL: High density lipoproteinLDL: low density lipoprotein; hsCRP: high sensitivity CRP; DM: Diabetes mellitus; TSH: thyroid stimulating hormone
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The number of volunteers investigated (166) was statistically 
significant for 95% confidence coefficient and a precision value of 
0.03. The data were analyzed using SPSS version 17. Chi-Square 
test was used to determine the relation between categorical variables. 
A p-value less than 0.05 was considered statistically significant.

Results

To determine total cholesterol, the American Heart Association 
(AHA) and the National Cholesterol Education Program (NCEP) 
standards were used for determining the total blood cholesterol 
level in the current study.7,26 A value of ≥5.1 mmol/L (200 mg/dL) 

was used as a cutoff value for determinating HC. In the first round 
of testing; 44 students (19 males and 25 females; 11.5% and 15.0%, 
respectively) of the investigated volunteers were found to have 
hypercholesterolemia and none of the 166 tested had secondary 
HC. The hypercholesterolemic students were counseled on healthy 
dietary habits and active life then measured the same set of analytes 
after 2-3 weeks. There was a significant reduction in the number of 
hypercholesterolemic students from 44 to 26 students (5 males  and 
21 females; 3% and 12.5%, respectively). Fig. 1 shows the results of 
the two rounds of testing and the gender distribution of the results. 
Table 2 shows the analytes concentration recorded in the second 
round for the 26 students.

Table 2: Primary hypercholesterolemia was found in 26 students.

Number Age Sex TC TG HDL LDL TC/HDLC hsCRP BMI>30 FH
1 27 F 7.5 1.4 1.00 6.40 7.50 14.10 Yes Yes
2 25 F 7.5 3.0 0.86 5.73 8.72 7.50 Yes Yes
3 19 F 7.3 1.5 1.37 5.98 5.33 5.49 - -
4 21 M 6.5 1.2 1.05 4.89 6.19 3.19 - -
5 18 F 6.3 0.6 1.16 5.49 5.43 1.91 Yes -
6 21 F 6.2 1.2 1.36 3.70 4.56 1.39 - -
7 19 F 6.1 1.1 1.27 4.33 4.80 1.10 Yes Yes
8 20 F 6.1 1.0 1.30 4.50 4.69 8.50 - -
9 24 F 6.1 0.5 2.08 4.92 2.93 0.43 - -
10 19 F 6.0 0.9 1.44 4.15 4.17 0.40 - -
11 19 F 6.0 0.4 2.30 3.51 2.60 0.31 - Yes
12 18 F 5.9 0.6 2.32 4.56 2.47 0.33 - -
13 20 F 5.8 0.3 1.85 3.81 3.14 0.91 - -
14 24 F 5.7 0.5 1.72 3.75 3.33 0.15 - -
15 26 F 5.7 0.6 1.60 4.69 3.56 0.19 - -
16 21 F 5.6 0.6 1.44 3.88 3.89 0.85 - -
17 18 F 5.5 0.5 1.71 4.49 3.27 0.40 - -
18 19 F 5.3 0.4 2.11 3.01 2.51 0.20 - -
19 20 F 5.3 0.9 1.67 3.21 3.17 0.95 - Yes
20 22 F 5.3 0.8 1.15 3.78 4.60 0.51 Yes Yes
21 24 F 5.3 0.6 1.75 4.22 3.03 0.48 - -
22 21 M 5.2 1.1 1.34 3.60 3.88 0.16 - -
23 23 M 5.2 1.1 0.83 3.87 6.27 3.21 - -
24 20 M 5.1 0.8 1.18 3.55 4.32 3.93 - -
25 20 F 5.1 0.6 1.69 3.59 3.01 0.88. - -
26 20 F 5.1 1.0 1.55 3.93 3.29 0.15 - -
27 19 M 5.0 0.7 1.03 3.65 4.85 0.55 - -
28 25 F 5.0 0.8 1.02 4.17 4.90 3.29 - Yes
29 28 M 5.0 0.8 1.23 4.07 4.07 1.37 - -
30 19 M 5.0 0.9 0.78 4.23 6.41 2.25 - Yes
31 19 M 4.9 1.2 1.07 3.28 4.58 1.45 - -
32 19 F 4.7 3.9 1.00 1.94 4.70 3.02 - -
33 19 M 4.6 2.5 0.76 3.10 6.05 0.28 - -
34 21 M 4.4 0.4 1.02 3.75 4.31 1.30 - -
35 20 M 3.4 1.6 0.82 2.29 4.15 1.38 - -
36 19 F 3.3 2.7 0.79 1.27 4.18 6.33 - -

Age, Sex, Total Cholesterol (TC), Triglycerides (TG), High Density Lipoprotein (HLD), Low Density Lipoprotein (LDL), and the ratio of TC/HDL, the 
inflammation marker hsCRP, Body Mass Index (BMI) and Family history of CHD (FH) are tabulated. Lipid profile analytes were assayed after 12 -14 hour 
fasting.  
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Figure 3: Positive correlation between inflammation and high 
levels of TC/HDLC. 81.8% of the volunteers with high ratio of 
TC/HDLC (Q-3 in both graphs) have high or very high hsCRP. 
In contrast, 9.7% of the volunteers with low TC/HDLC have high 
hsCRP (Q-1 in both graphs). The cutoff values for TC and TC/
HDLC are drawn in dashed lines.

The ratio of Total Cholesterol/High Density Lipoprotein 

Cholesterol (TC/HDLC) was examinde in this study since it is 

established that low levels of high density lipoprotein cholesterol 

(HDLC) is a risk factor in developing CHD. Investigators found 

that the ratio of TC/HDLC ≥4.0 correlates positively with higher 

risk of developing CHD.8 Thus we determined the TC/HDLC in 

all students. Of the 26 hypercholesterolemic students, we found 12 

(46.2%) students with a ratio of TC/HDLC ≥4.0, in contrast; 14 

(53.8%) students have a ratio of <4.0, (Table 2). There is a positive 

relation between high TC and high TC/HDLC (p<0.001). As 

shown in Fig. 2, 12/26 (46.2%) have a high ratio of TC/HDLC 

while 10/140 (7.1%) students have high ratio of TC/HDLC from 

those with normal or low blood cholesterol levels group.

High sensitivity CRP (hsCRP) was also studied since it is 

established that CHD is a disorder of both inflammation and 

hyperlipidemia.27-30 Also, large scale studies have established that 

individuals with 1.0 to 3.0 mg/L hsCRP have moderate risk for 

CHD while ≥3.0 mg/L are at high risk. Therefore, the inflammation 

Figure 1: Significant change in PHC after proper health counseling. 
One hundred and sixty six students were screened for their fasting 
lipid profile and other analytes. The first round of screening showed 
that 44 of them have high blood cholesterol. Counseling reduced 
the number to 26. 

Figure 2: Positive correlation between high TC and TC/HDLC. 
46.2% of the 26 volunteers with high cholesterol (TC) have high 
ratio of TC/HDLC (Q-3 in both graphs), while only 9.1% could be 
detected in the volunteers with normal or low cholesterol (Q-1 in 
both graphs). The cutoff values for TC and TC/HDLC are drawn 
in dashed lines.

Oman Medical Journal (2012) Vol. 27, No. 4: 274-280
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biomarker hsCRP was measured in all volunteers. High sensitivity 

CRP was high or very high in 18/22 (81.8%) students with high 

ratio of TC/HDL-C; while it was high only in 14/145 (9.7%) 

students with low TC/HDL-C (p≥0.001). (Fig. 3)

The effect of gender and the risk associated with CHD was 

also studied. According to the AHA, males have a greater risk than 

females for CHD and they tend to have these problems earlier in 

life. In the current study, 12/45 (26.7%) and 14/45 (31.1%) of males 

were found to have high TC/HDLC and hsCRP, respectively; while 

a lower incidence was reported in female with 14/121 (11.6%) and 

18 (14.9%), (p=0.002 and 0.005, respectively). (Figs. 2, 3)
Obesity and family history were also considered in this study. 

Among the volunteers, 8 students were reported to have a family 
history of cardiac events and five of these students were obese with 
BMI >30. (Table 2)

Discussion

This study shows a relatively high percentage of hypercholesterolemia 
among young university students. A higher frequency of PHC was 
observed in males than in females, a consensus accepted in the 
scientific community.31 Using the formula provided by the National 
Institutes of Health (NIH, USA),32 the data from the current study 
may be used to calculate the risk factor of developing a CHD event 
in the next ten years among the study participants. The presence 
of family history of CHD in students with high risk indicates 
the possibility of having a genetic element in CHD. Obesity also 
contributed to the risk of CHD in five students (3%). Although 
controversial, factors causing PHC can be controlled by lifestyle 
modifications, genetic counseling and administration of drugs such 
as statins.1,33

For adolescents and young adults at low risk, lipid profile testing 
is not ordered routinely. Also, there is no consensus among experts 
in the field for the definition of hypercholesterolemia. However, 
the American National Heart, Lung, and Blood Institute and the 
National Cholesterol Education Program define HC according to 
CHD risk factors score of each of individual.7 Thus, for individuals 
with 0-1 risk factors (as with the current study participants), 
normal LDLC would be ≤4.2 mmol/L; TC would be ≤5.1 mmol/L 
and TC/HDLC ≤4. The three guidelines are combined in a Venn 
diagram as shown in Fig. 4. Ten students (nine females and one 
male) among the studied group exhibited high or very high levels 
in all three critria. 

 According to WHO, HC is a global health problem that 
has to be monitored and controlled. However, very few studies 
address this issue in our area.1 The Bahrain Ministry of Health 
reported that more than 60% of Bahrainis over 19 years of age are 
either obese or overweight, and CHD is the main cause of death 
(40%) among Bahrainis.34 Additionally, the Clinical Chemistry 
Laboratory at Salmaniya Medical Complex receives around 5000 
lipid profile samples monthly from all satellite centers in the 

country, 25% of which are hypercholesterolemic (Dr. Das, personal 
communications).

Hypercholesterolemia by itself is not a disease, but it is a 
metabolic imbalance that contributes to several diseases mainly 
CHD. Excess circulating cholesterol and low density lipoprotein 
(LDL) damage the endothelium of the coronary artery and promote 
inflammation culminating in restriction of the coronary artery and 
plaque rupture. On the other hand, substantial evidence supports 
the role of inflammation in atherogenesis where more than 50% of 
heart attacks and strokes occur among individuals with normal or 
low blood cholesterol. Thus, inflammation markers such as hsCRP, 
proinflammatory cytokines, acute phase reactants and others should 
be considered in determining the risk of CHD.22,35

Figure 4:  Venn diagram summarizing the three criteria used to 
define hypercholesterolemia in individuals with no CHD risk 
factors. The red circle represents students with total cholesterol 
TC ≥5.1 mmol/L, the black circle represents students with LDL 
≥3.4 mmol/L, and the blue circle represents students with TC/
HDL ≥4.0. Ten students (9 females and one male) in the yellow 
area have high levels of TC, LDL, and TC/HDLC.

Young people with a high cholesterol levels are more likely to be 
unaware of this elevation because they have not been tested and are 
more likely to ignore it since they are not experiencing symptoms. 
Acquired HC due to high fat diet, primarily saturated fats, coupled 
with inactive lifestyle can be reversed by modifying both. Indeed, 
several studies consider HDL an atheroprotective molecule due to 
its anti-inflammatory effects.35

The majority of PHC is due to inactivity and unhealthy diet. 
Though generally, the contribution of defective genes involved in the 
metabolism of lipids plays a minor role in causing acquired HC.36 
However, sometimes the contribution of genetics in PHC could 
be significant where founder mutations are present.37 Recently, we 
discovered a founder mutation in the gene coding for low density 
lipoprotein receptor (LDLR) in two unrelated Arab families 
that descended from Adnan and Qahtan, the fathers of Arabs.38 

Alternatively, elevated blood lipid levels could be associated with 
genetic variations (SNPs) in different loci.39,40
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Pletcher et al. 2010, reported that non-optimal levels of 
LDL (high) and HDL (low) cholesterol during young adulthood 
are independently associated with CHD two decades later. 
Thus, cholesterol screening is recommended by the age of 20 for 
overweight young adults and those with family history of CHD.41,42 
The greatest challenge for the public health workers is to assess 
the prevalence of PHC and reduce the cost of this asymptomatic 
disorder through signaling on modifiable and non-modifiable risk 
factors. The burden of these diseases is not limited to claiming lives, 
but also to escalating costs of health care. About 17% of American 
adults have high blood cholesterol. The associated direct and 
indirect costs of CHD in the United States are between $300-$500 
billion annually (AHA, 2010).26

Among the limitations of this study is the sample gender 
composition; however, this is close to the institution’s student 
composition, where female students represent 70%. However, 
the number of students (166) was statistically significant for 95% 
confidence coefficient and a precision value of 0.03. Irrespective 
of the interpretations, more studies are needed in the area of 
epidemiology to establish the prevalence of HC among the entire 
population and not only young healthy individuals.

Conclusion

The prevalence of secondary HC is expected to be high among 
Arabs, especially in the Arab Gulf area. Abdel-Aal et al. 2008 found 
approximately 80% of Jordanian patients with diabetes mellitus type 
2 (DM-2) are hypercholesterolemic.43 The International Diabetes 
Federation reported DM-2 prevalence in six Arab countries 
(Bahrain, Egypt, Kuwait, Oman, Saudi Arabia and United Arab 
Emirates) with the UAE (reaching almost 20%) being among the 
10 countries in the world with the highest diabetes prevalence.44 
The prevalence is projected to be higher in the coming years. High 
prevalence of primary and secondary hypercholesterolemia will 
burden the economy of the Arab nations, thus we recommend rapid 
intervention through screening programs, education, counseling, 
and cholesterol lowering drug administration.
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