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Coronary artery disease (CAD) is a worldwide public health problem with high morbidity and mortality. There 

is evidence from recent studies that Gamma-glutamyltransferase (γ-GT) is likely to be associated with CAD. 

However, no studies to date investigated the association of γ-GT with CAD in Sudanese patients. This study 

aimed to assess the lipid profile level and γ-GT activity of Sudanese patients with CAD. A cross-sectional study 

was performed in which 60 clinically diagnosed patients with CAD and 60 apparently healthy (control group) 

were enrolled. Serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C), 

low-density lipoprotein-cholesterol (LDL-C) concentrations and γ-GT activity were measured. The commonest 

lipid abnormalities in the patients were; reduced TG (77% < 150 mg/dl) and HDL-C (68% ≤ 60 mg/dl) and 

increased TC, LDL-C and γ-GT in men and women (80% > 200 mg/dl, 72% > 130 mg/dl and > 22 U/l 

respectively). Statistically significant (P ≤ 0.05) increases were present in the TC, TG, LDL-C and γ-GT 

concentrations between the case and the control group. However, the patients showed a statistically significant 

decrease in HDL-C concentration compared to the control group. These findings suggest that dyslipidemia is 

common among Sudanese patients with CAD and γ -GT could be used as a biomarker to CAD. 
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INTRODUCTION 
 

Coronary artery disease (CAD) is a leading cause of 

death in the developed and developing countries (Roeters van 

Lennep et al., 2002; Han et al., 2014; Mao et al., 2014; Zhang et 

al., 2014). Coronary arteriosclerosis comprises a series of 

inflammatory responses at cellular and molecular level (Gomes 

et al., 2010). It is a chronic inflammatory disease affecting blood 

vessels, in which the arterial wall thickens because of the 

formation of an atheromatous plaque (De Paoli et al., 2014).  
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The early stages of atherogenesis are characterized by 

infiltration of monocytes in the sub-endothelium and their 

differentiation into macrophages. Macrophages clear the excess 

modified lipoproteins that accumulate in the neointima and as a 

consequence, the macrophages become engorged with lipids and 

can no longer emigrate from the plaque (De Paoli et al., 2014).  

Risk factors for coronary artery disease have included high blood 

pressure, cigarette smoking, increased low-density lipoprotein 

concentration, decreased high-density lipoprotein concentration, 

and diabetes (Homoud, 2008). Factors such as obesity, left 

ventricular hypertrophy and family history of premature CAD have 

also been considered in defining CAD (Wilson et al., 1998). 

Elevated plasma levels of endothelial markers, such as von 

Willebrand factor, and soluble vascular cell adhesion molecule-1 

may serve as molecular markers for atherosclerosis (Alvares-da-

Silva et al., 2014).  
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The gold-standard technique for the diagnosis of CAD is 

coronary angiography. However, new techniques have been 

introduced such as coronary computed tomography angiography 

and magnetic resonance imaging which are more sensitive and 

noninvasive (Allajbeu et al., 2014). Gamma-glutamyltransferase 

(γ-GT) has long been used as a marker of excessive alcohol intake. 

Gamma-GT is located on plasma membranes of several cells and 

tissues with a predominance of hepatocytes. Recent studies 

showed that increased serum γ-GT activity could be used as a 

marker for increased oxidative stress in humans.  

Several population-based studies have found positive 

associations of γ-GT with incident cardiovascular events. Yet the 

magnitude of associations differs between studies, and no such 

study was conducted in Sudanese patients.  

This study aimed to elucidate the relationship of serum γ-

GT activity and CAD in Sudanese patients and its potential to be 

used as a biomarker for CAD  and to investigate the differences in 

serum level of γ-GT, total cholesterol (TC), triglyceride (TG), 

high-density lipoprotein-cholesterol (HDL-C) and low-density 

lipoprotein-cholesterol (LDL-C) in patients suffering from CAD 

and healthy individuals.  

 

 

MATERIALS AND METHODS 
 

Study Area and Study Population 

This study was conducted in Sudan Heart Centre (SHC), 

Khartoum State - Sudan during the period from May to August 

2014. The study included adult patients who had undergone 

coronary angiography at the SHC. A total of 120 participants were 

enrolled in the study, which consisted of 60 clinically diagnosed 

patients (CAD group) and 60 normal participants (control group). 

 

Study Design 

A case-control study was conducted, in which the 

patients were gathered using questionnaires containing participant 

age, gender, residence and the medical history.  

All subjects were asked to provide information about 

cardiovascular risk factors such as hypertension or diabetes 

mellitus, smoking, and details regarding any medication received 

before the admission. Subjects were considered to have diabetes or 

hypertension if they had been informed of the diagnosis by a 

physician, taking oral anti-hyperglycemic agents or insulin or 

blood pressure lowering treatment. Subjects were considered as 

smokers if they smoked at the time of admission. 

 

Sampling Criteria 

Patients with any of the following clinical condition(s) 

were excluded from the study: 1) Liver disease or kidney disease 

2) Severe infections or heart failure 3) Hyperthyroidism, 

hypothyroidism, cancer, autoimmune diseases, or chronic 

connective tissue disease 4) Major surgery, trauma, or burns. 

 

 

Ethical Consideration 

The study protocol was approved by the local ethics 

committee at the SHC  and written and verbal consent was 

obtained from all subjects enrolled in the study. 

 

 

Sample Collection 

Venous blood samples were collected from 60 patients 

based on their stratification at the SHC  and 60 apparently healthy 

individuals using sterile syringe in plain blood containers and 

centrifuged for 5 minutes at 4000 r.p.m. The resultant sera were 

transferred into new plain containers and stored at – 20°C until 

used.   

 

 

Determination of TC, TG, HDL-C and LDL-C Concentrations 

and γ-GT Activity 

Total cholesterol, TG, HDL-C and LDL-C concentrations 

along with γ-GT activity were measured using BioSystem S.A. 

Costa Brava 30, 08030 Barcelona (Spain) kits. 

 

 

Statistical Analysis 

A statistical analysis was performed using SPSS version 

16.0 software for Windows (SPSS, Inc., Chicago, IL, USA) and 

Microsoft Office Excel 2007. The descriptive statistics performed 

include; mean, median, standard deviation (S.D.), minimum, 

maximum, frequency and percentage. Data were presented as 

mean ± S.D. and median (minimum – maximum), as appropriate. 

Categorical variables were reported as frequencies and group 

percentages. 

Independent sample t test and one-way ANOVA test 

were performed to test whether there are statistically significant 

differences between the patients and the normal participants in TC, 

TG, HDL-C, LDL-C concentrations and γ-GT activity. All values 

of P ≤ 0.05 were considered to indicate statistically significant 

differences between the tested groups. Pearson’s correlation was 

performed to evaluate whether there is a positive or negative 

correlation between the tested parameters. 

 

 

RESULTS 
 

Description of the Study Population 

In the study population 69 (57.5%) subjects were male 

and 51 (42.5%) were female. The mean ± S.D. of the male ages 

was 55.86 ± 1.3 and the median (minimum – maximum) was 56 

(32 – 80) years old. Whereas, the mean ± S.D. of the female ages 

was 61.675 ± 1.3 and the median (minimum – maximum) was 53 

(26 – 79) years old. The male and the female within the case and 

the control group are shown in table 1. 

The medical history of the patients is shown in fig. 1.  
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Description of the Tested Parameters  

The mean concentration of TC mg/dl, TG mg/dl, HDL-C 

mg/dl, LDL-C mg/dl and γ-GT U/l in the study population are 

shown in fig. 2. Independent sample t test was conducted to test 

whether there is a statistically significant difference (P < 0.05) 

between the case and the control group in the measured parameters 

and if serum γ-GT can be used as a biomarker for CAD.  

The independent t test analysis showed a statistically 

significant increase of TC, TG, LDL-C and γ-GT between the case 

and the control group (P < 0.05).   However, a significant decrease 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
was observed in the HDL-C concentration (P = 0.004) as shown in              

fig. 2. The results were also confirmed using One-Way ANOVA 

test.  

The distribution of the male and the female with CAD 

within the reference value are shown in table 3. For the TC 

(mg/dl), 7 (20%) and 5 (20%) of the male and the female 

respectively (column 3 and 4 in table 2) showed a desirable level 

of TC. However, 24 (40%) of the male and the female showed 

borderline high level and 24 (40%) of them showed high level 

(column 5 in table 2). 

Table 1: The number and the percentages of male and female in the case and the control groups. 

  Number 
Age 

Mean ± S.D. Median (min. – max.) 

Case (n=60) 
Male 35 (58%) 

58.9 ± 12.4 60 (30 – 80) 
Female 25 (42%) 

Control (n=60) 
Male 34 (57%) 

44.2 ± 9 43 (26 – 65) 
Female 26 (43%) 

 

 
Fig. 1: The medical history of the patients. 

 

 

Table 2: Frequency of study parameters classified based on reference range within male and female suffering from CAD. 

Parameter Reference Value 
Male 

Count (% Within Gender) 

Female 

Count (% Within Gender) 
Total (%) 

TC 

≤ 200 mg/dl Desirable 7 (20%) 5 (20%) 12 (20%) 

200-239 mg/dl Borderline High 15 (43%) 9 (36%) 24 (40%) 

>240 mg/dl High 13 (37%) 11 (44%) 24 (40%) 

Total (%) 35 (100%) 25 (100%) 60 (100%) 

TG 

< 150 mg/dl Normal 26 (74%) 20 (80%) 46 (77%) 

150-199 mg/dl Borderline High 7 (20%) 1 (4%) 8 (13%) 

200-244 mg/dl High 2 (6%) 4 (16%) 6 (10%) 

Total (%) 35 (100%) 25(100%) 60 (100%) 

HDL-C 

≤ 60 mg/dl Low 23 (66%) 18 (72%) 41 (68%) 

> 60 mg/dl Normal 12 (34%) 7 (28%) 19 (32%) 

Total (%) 35 (100%) 25 (100%) 60 (100%) 

LDL-C 

< 130 mg/dl Normal 12 (34%) 5 (20%) 17 (28%) 

> 130 mg/dl High 23 (66%) 20 (80%) 43 (72%) 

Total (%) 35 (100%) 25 (100%) 60 (100%) 

γ-GT 
 

< 22 mg/dl Normal  13 (37%) < 15 mg/dl Normal 4 (16%) 17 (28%) 

> 22 mg/dl High 22 (63%) > 15 mg/dl High 21 (84%) 43 (72%) 

Total (%) 35 (100%) 25 (100%) 60(100%) 

Results expressed as percentage 

 

Diabetic and 

hypertensive 

28(47%) 

Diabetic 

6(10%) 

Hypertensive 

6(10%) 

Not diabetic 
and/or 

hypertensive 

20(33%) 
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Table 3: The mean levels of TC, TG, HDL-C, LDL-C and γ-GT in the male and the female patients suffering from CAD. 

Parameter 
Male 

Mean ± S.D. 

Female 

Mean ± S.D. 
P-value 

TC mg/dl 230.1  ± 42.5 231.6 ± 41.3 0.888 

TG mg/dl 100.1 ± 53.1 115.4 ± 53.2 0.275 

HDL-C mg/dl 58.5 ± 40.6 54.0 ± 22.1 0.616 

LDL-C mg/dl 151.6 ± 47.0 154.6 ± 48.0 0.810 

γ -GT U/l 25.7 ± 14.1 28.0 ± 13.2 0.535 

* Statisticallly significant difference (P ≤ 0.05), result expressed as mean± S.D. 

 

 

      

       

 
 

Fig. 2: Mean TC, TG, HDL-C, LDL-C and γ-GT in the case and the control group 

* Statistical significant difference (P < 0.05), result expressed as mean± S.D. 
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DISCUSSION 

 

It is well known that atherosclerosis is a multifocal, 

chronic immunoinflammatory disease whose pathogenesis 

involves imbalanced lipid metabolism and a maladaptive immune 

response, in which endothelial cells, leukocytes and intimal 

smooth muscle cells are the major cellular players (Zhu et al., 

2014).  

In the present study, a total of 60 patients suffering from 

CAD diagnosed using coronary angiography were compared with 

60 normal individuals. Those patients were diagnosed with a 

single-vessel disease (SVD), double-vessels disease (DVD) or 

triple-vessels disease (TVD). Overall, it is clear that 77% of the 

patients have a medical history of diabetes mellitus, hypertension 

or both and around 65% of them have no family history of CAD. 

On the other hand, 50% of the control group reported no family 

history of hypertension, diabetes mellitus and/or CAD. Some 

studies have found that most CAD patients have a family history 

of CAD and that genetic factors play an important role in the 

incidence of CAD. However, the genetic risk factors of CAD have 

not been fully determined (Zhang et al., 2014). Epidemiological 

studies consistently demonstrated that certain risk factors  serve  as 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

contributing factors to increased risk of CAD at an individual level 

(Rydѐn et al., 2007). These risk factors include: arterial high blood 

pressure, diabetes mellitus, dyslipidemias, metabolic syndrome, 

(Homoud, 2008; Gomes et al., 2010) and factors linked to 

unhealthy lifestyles such as unhealthy eating habits, physical 

inactivity, overweight/abdominal obesity, smoking and family 

history of premature CAD (Rydѐn et al., 2007; Homoud, 2008). 

In the present study, the mean ± S.D. of the TC in the 

patients were found to be higher than the normal reference value. 

A statistically significant difference was found between the patient 

and the control group (P = 0.000). Moreover, there was a 

significant and positive correlation between TC concentration and 

patient’s age (˃ 50 years) (P=0.030 R=0.0313). In a study 

conducted by Mao et al. (2014) the mean ± S.D. of the TC in 

patients with single, double, and triple vessels disease were 4.61 ± 

0.93, 4.73 ± 1.12 and 4.66 ± 1.24 mmol/l respectively. Another 

study conducted by Haddad et al. (2002) showed 231.43 ± 57.99 

mg/dl in consistent with our current results. Increased TC values 

are associated with a progressively escalating risk of 

atherosclerosis and CAD (Bahia et al., 1999). The triglycerides 

concentration in the patients were found to be within the desirable 

range (up to 150 mg/dl = 1.7 mmol/l), however, a statistically 

 
 

 
Fig. 3: Dot plot association between a) age and TC, b) age and LDL-C c) LDL-C and TC,  d) LDL-C and HDL-CTC in patients ≥ 50 years suffering from CAD. 

* corelation is significant at 0.05 level., ** correlation is significant at 0.01 level., R= negative or positive correlation., P= strength of correlation 
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significant difference was found between the patient and the 

control group (P = 0.001). In a study conducted by Haddad et al. 

(2002), the TG concentration in the patients was 246.95 ± 142.1 

mg/dl which is higher than our value. However, our result was 

closer to the results found by Mao et al. (2014) (1.6 ± 0.95 mmol/l 

in the patients with SVD, 1.85 ± 1.49 mmol/l in the patients with 

DVD and 1.79 ± 1.3 mmol/l in the patients with TVD). 

High-density lipoprotein in the patients showed 

decreased concentration in comparison with the reference values 

(> 60 mg/dl = 0.91 mmol/l), however, the control group showed a 

normal HDL-C concentration (76.7 ± 19.8 mg/dl). In contrast to 

the results found by Haddad et al. (2002) in which HDL-C in the 

patients and the control group were found to be lower than the 

reference value (35.98 ± 9.37 and 44.43 ± 8.34 mg/dl 

respectively). Mao et al. (2014) showed that the concentration is 

higher in the control group (1.09 ± 0.3 mmol/l) followed by the 

patients with SVD, DVD and TVD. High-density lipoprotein plays 

an important part in the removal of cholesterol from tissue and its 

transportation to the liver for removal as bile acids. Decreased 

plasma HDL-C concentration is positively correlated with the 

incidence of atherosclerosis disease (Bahia et al., 1999). It has 

been demonstrated that HDL-C possesses significant antioxidant 

activity, primarily mediated via the inhibition of the ox-LDL with 

a subsequent reduction of the cellular uptake by the monocyte 

macrophage system. In addition, HDL-C could prevent 

atherosclerosis via effects on platelet function, endothelial 

function, coagulation parameters, inflammation, and interactions 

with triglyceride-rich lipoprotein (Mao et al., 2014). 

Patient’s LDL-C concentration was found to be higher 

than the normal range (< 130 mg/dl). The patients and the control 

group showed a statistically significant difference by increase in 

serum LDL-C concentration (P = 0.000). At the same time 

increased LDL-C concentration was significantly and positively 

correlated with increased age (R=0.332, P=0.021). Moreover, a 

significant and strong negative correlation was found between 

LDL-C and HDL-C (R=-0.481, P=0.001) however, a significant 

and fairly strong positive correlation was found between LDL-C 

and TC concentrations (R=0.707, P=0.000). Low-density 

lipoprotein cholesterol is known as the “bad” cholesterol because 

too much LDL-C in the blood is associated with blockage of the 

arteries in the heart (Bahia et al., 1999).  

The mean concentration of γ-GT was found to be 

significantly higher (P = 0.000) in the patients in comparison with 

the control group (26.7 ± 13.7 and 15.5 ± 7.4 respectively). In the 

same line, Mao et al. (2014), showed that serum γ-GT levels were 

higher in patients with TVD and DVD in comparison with the 

control group and the patients with a SVD (Mao et al., 2014). 

Gamma-GT is an enzyme on the surface of the cellular membrane, 

which is responsible for the extracellular catabolism of glutathione 

of the anti-oxidation mechanism (Demircan et al., 2013). 

Ectoplasmic γ-GT has been implicated in the generation of 

reactive oxygen species, and consistent evidence supports its role 

as a marker of systemic oxidative stress. Gamma-GT levels were 

first associated with cardiovascular disease and all-cause mortality 

in a British Regional Heart Study by Wannamethee reported in 

October of 1995. This study evaluated 7613 British men over 11.5 

years in England, Wales and Scotland (Mason et al., 2010). In a 

study conducted by Emdin et al. (2001), serum γ-GT level was 

found to be associated with cardiac death and non-fatal MI in 

patients with documented CAD. Another study by Lee and Jacobs 

(2005), report an association between serum levels of γ-GT and C-

reactive protein (CRP) and γ-GT as a marker of low-grade 

systemic inflammation. 

According to a prospective study of 6997 subjects (aged 

40–59 years) with no history of CAD or diabetes mellitus in 24 

British towns, researchers performed a 24-year followed-up and 

concluded that the elevated γ-GT (≥ 22 U/L) was significantly 

related to the increased risk of fatal CAD events and mortality 

(Fraser et al., 2007). The possible mechanisms of serum γ-GT as a 

marker of inflammation might be; 1) γ-GT might promote 

atherogenesis by binding to LDL-C particles, 2) γ-GT has been 

found in atherosclerotic plaques, 3) Higher serum γ-GT is 

associated with an increased incidence of the metabolic syndrome, 

4) Higher serum γ-GT is associated with oxidative stress which 

may promote atherogenesis (Fraser et al., 2007). 

In the light of these studies, many epidemiologic studies 

investigated the value of serum γ-GT level in predicting the 

development of CVD, mortality from all causes including MI, 

stroke and cardiac death. Ulus et al. (2008) found that high serum 

γ-GT level is an independent and better predictor than CRP for the 

development of major cardiovascular event in patients with acute 

coronary syndromes over 1 and 6 month follow-up periods and 

found a positive correlation between serum CRP and γ-GT levels 

(Ulus et al., 2008). In a study conducted by Mason et al. (2010), 

serum γ-GT levels were found to be related to alcohol                

intake, coronary lesion count, TG, HDL-C, and age in the CAD 

group. 

In the same line, Stojakovic et al. (2010) investigated the 

relationship between γ-GT and total as well as cardiovascular 

mortality in 2556 subjects with and 699 subjects without 

angiographic evidence of CAD. They showed that serum γ-GT 

predicts all-cause and cardiovascular mortality in individuals with 

CAD independently of other cardiovascular risk factors. 

 

CONCLUSION 

 

This study was designed to investigate the differences in 

serum TC, TG, HDL-C, LDL-C and γ-GT levels in 60 patients 

suffering from CAD and 60 apparently normal individuals. The 

independent sample t test showed a statistically significant 

difference in all the tested parameters (P ≤ 0.05) between the case 

and the control group. The patient's group showed dyslipidaemia 

(elevated levels of serum TC, LDL-C and low levels of HDL-C). 

These findings suggest that γ-GT will be an important component 

of future biomarker and multimarker approaches to cardiovascular 

risk evaluation. However, further investigation of γ-GT will 

provide insights into the pathogenesis of CAD and better define 

the clinical utility of this marker. 
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