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Background
Cardiovascular diseases account for more than 17 million deaths 

worldwide yearly (around 30% of all global deaths); and this number 
is expected to rise up to around 24 million by the year 2030. 4 Out of 
each 5 cardiovascular-related deaths occur in low-income and middle-
income countries [1]. In 2010, ischemic heart disease alone caused 7 
million deaths worldwide, compared to around 5 million in 1990; with 
a rise of around 35% [2]. Atherosclerosis is the commonest cause of 
coronary carotid and peripheral arterial diseases [3,4]. 

The inflammation hypothesis of atherosclerosis postulates that 
the critical events involved in the initiation and progression of the 
lesion are represented mainly by inflammatory and fibroproliferative 
processes triggered by cytokines and growth factors. However, some 
infective agents may induce a pro-inflammatory effect and may have a 
vital role in atherothrombosis [5]. 

The World Health Organization has declared hepatitis C is a global 
health problem, with approximately 3% of the world’s population 
(around 200 million people) infected with HCV. There are about 
185,000 new cases a year in the United States alone. In Egypt the 
situation is even worse; with national prevalence rate of HCV antibody 
positively of around 10-13%, reaching up to 20% in some areas. The 
annular incidence of newly infected HCV cases in Egypt is around 7 
out of every 1,000 [6-8]. 

Many factors related to chronic HCV infection are thought to have 
a role to atherosclerosis. HCV infection stimulates the host immune 
response, activates T helper cells and releases pro-inflammatory 
cytokines such as interferon-alpha (IFN-α), interleukin-1 (IL-1), 
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) [9]. 

The association between hepatitis C virus (HCV) infection and 
coronary artery disease (CAD) is controversial. Some studies have 
reported no association between HCV infection and CAD, whereas 
others have reported an increased risk. Data have indicated that 
HCV infection was associated with a higher risk of CAD, after the 
adjustment of traditional risk factors. Furthermore; HCV infection may 
independently predict an increased severity of CAD [10]. In the present 
study, our aim of work is to estimate the severity of coronary artery 
disease in hepatitis C positive patients and evaluate the association 
between hepatitis C virus seropositivity and coronary artery disease. 

Methods
Study design and population

The study design was a retrospective case control study. Using the 
database in the Qena University Cardiac Catheter Unit we selected 200 
patients’ data that were subjected to coronary angiography in Qena 
university cardiac catheter unit during the study period from January 
2015 to January 2017. All of the cases had angiographically documented 
CAD. The patients were divided into two groups. The first group (case 
group) involving 100 patients with HCV infection and the second 
group (control group) involving 100 patients without HCV infection. 
All the patients were investigated for HCV seropositivity by ELISA 
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Abstract
The association of coronary artery disease with hepatitis C has been suggested, but definitive data are still lacking. We aimed to study the association between 
hepatitis C virus seropositivity and coronary artery disease and to estimate the severity of coronary artery disease in hepatitis C positive patients. The study design 
is a retrospective case control study. It included two groups of patients with angiographically documented CAD; 100 HCV patients as case group and another 100 
non-HCV patients as control group. A detailed qualitative coronary angiographic analysis and Gensini score were used to assess the extent and severity of CAD. 
The overall results revealed significantly higher Gensini score in the cases group (41.4 ± 30.8) than control group (29.7 ± 21.3), p=0.002. In terms of the number of 
coronary vessels involved, a distinct pattern with increasing frequency of involvement was noted in the cases group (2.1 ± 1 vs. 1.6 ± 0.7, p<0.001). Regression analysis 
showed that HCV, old age and DM are independent risk factors for the severity of CAD. The HCV seropositivity might be considered as one of the risk factors 
affecting the development of coronary artery diseases. There is association between HCV infection and the severity of coronary atherosclerosis as evidenced with a 
detailed qualitative coronary angiographic analysis, higher Gensini score and increased multivessel affection. 
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and proved by PCR. All of the included HCV cases were Child A with 
compensated liver functions [11,12]. The study has been approved by 
the ethics committee of Faculty of Medicine, South Valley University, 
Qena, Egypt.

Inclusion and exclusion criteria

The study included all the patients with more than 50% stenosis in 
coronary arteries from both sexes and with age of 18 years old or above. 
We excluded all the patients with less than 50% stenosis, patients with 
congenital or valvular heart disease, patients with cardiomyopathy, 
patients with history of interferon administration, patients with HBV 
seropositivity, patients with decompensated liver diseases, patients with 
chronic renal failure, patients with history of neoplastic disease and 
patients with immunological disease.

Methodology

All the cases and controls were subjected to complete history 
taking, detailed physical examination, 12 leads surface ECG with 
special emphasis of ischemic changes, laboratory investigation for 
(random blood glucose level, serum urea, serum creatinine level, HCV 
seropositivity by ELISA and PCR), coronary angiography in Qena 
University Cardiac Catheter Unit for detecting of (coronary arteries 
stenosis, quantitate the severity of the lesion by Gensini score and the 
number of the coronary arteries affected). 

CAD severity was assessed by Gensini score which is based on the 
percentage of luminal narrowing: 25%: 1 point; 50%: 2 points; 75%: 4 
points; 90%: 8 points; 99%: 16 points, and total occlusion: 32 points. 

Each coronary lesion score was calculated using percentage of 
luminal narrowing multiplied by coefficient of coronary segment as 
shown in Table 1. The Gensini score was calculated by summation of 
individual coronary segment scores (Figure 1) [13]. 

Statistical analysis 

Data was analyzed using IBM-SPSS for Windows, version 24 (IBM 
Co., Chicago, USA, 2016). Qualitative data was presented as number 
and percentage and compared using Chi square test. Quantitative data 
was presented as mean and standard deviation and was compared 

using Student t test. In case of Gensinie score, Mann Whitney test 
was used instead of t test due to non-parametric distribution of data. 
Binary logistic regression analysis was done to estimate the possible 
independent risk factors for CAD among out study participants, using 
either Echo or high Gensini score as the output. P value was considered 
significant if it was less than 0.05.

Results 
Demographic data of the studied patients

In our study there was no difference in the mean age between the 
two groups as the mean age was 57.1 in the cases group and 57.8 in the 
control group, Table 2. There was a non-significant difference in the sex 
distribution between the two groups with p value of 0.298. The number 
of males in the cases group was 69 (69%) compared to 62 (62%) among 
controls, Table 2. 

Risk factors for CAD among the included patients 

The number of smokers among cases was non significantly higher 
in comparison to the control group with p value of 0.196. The number 
of diabetic patients was lower in the cases group in comparison to the 
control group with non-significant p value of 0.083. HTN was not 
significantly lower among cases compared to controls with p value of 
0.199, Table 2. 

Electrocardiography data of the included subjects 

There was no difference between the two groups as both shows 
ischemic changes in the ECG, but there was difference in the type of 
ischemic change in the ECG with p value of 0.017. The most frequent 
type of ischemia in the ECG in the cases group was inferior ischemia 
(46%) followed by anterior ischemia (22%). The most frequent type of 
ischemia in the ECG in the controls group was anterior ischemia (34%) 
followed by inferior ischemia (27%) (Table 3).

Echocardiography data of the included subjects 

a)	Evidence of ischemia in echocardiography: There was no 
significant difference between the two groups, Table 4. 

b)	Ejection fraction (EF): There was no significant difference between 
the two groups, Table 4. 

Severity of the lesion 

a)	Severity of the lesion by Gensini score: The Gensini score was 
significantly higher in the cases group (41.4 ± 30.8) than control 
group (29.7 ± 21.3) with a p value of 0.001, Table 4. 

b)	Number of the coronary vessels involved: When the number 
of coronary vessels involved in the cases and control groups 
was compared, a distinct pattern with increasing frequency of 
involvement was noted in the cases group, Table 4. 

Regression analysis to predict the possible risk factors for 
CAD

We used univariate binary logistic analysis for the different possible 
risk factors taking evidence of ischemia by Echo as an outcome and 
found that older age was the only risk factor associated with this 
outcome, Table 5. There was no need to do multivariate regression 
analysis.

However, when we took the severity of CAD using high Gensini 
score (above the median of 43) as the outcome, we found that HCV, 

Figure 1. Calculation of Gensini score [13]

Lesion site Coefficient
The left main coronary artery (LMCA) 5
The proximal segment of the left anterior descending coronary artery (LAD) 2.5
The proximal segment of the circumflex artery (CX) 2.5
The mid-segment of the LAD 1.5
The distal segment of the LAD, all segments of the right coronary artery 
(RCA) and the obtuse marginal artery 1

Other segments 0.5

Table 1. Coefficient of coronary segments
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Cases Control 
P. value 

No. % No. % 
Age 57.1 ± 8.1 57.8 ± 6.8 0.491
Sex
Male 69 69.0 62 62.0 

0.298
Female 31 31.0 38 38.0 
Smoking 46 46.0 37 37.0 0.196
Diabetes mellitus 34 34.0 46 46.0 0.083
Hypertension 39 39.0 48 48.0 0.199

Table 2. Comparison between case and control groups according to demographic data and 
risk factors

Table 3. Comparison between case and control groups according to site of ischemia by 
ECG 

Type of ischemia
Cases Control P. value 

No. (%) No.  (%)
Anterior 22 (22%) 34 (34%) 0.017
Inferior 46 (46%) 27 (27%)
Other 32 (32%) 39 (39%)

Cases Control P. value 
No. % No. % 

Evidence of ischemia in 
echocardiography 63 63.0 64 64.0 0.883

E.F% 58.5 ± 9.2 59.4 ± 9.2 0.495
The severity of the lesion by Gensini 
score 41.4 ± 30.8 29. 7± 21.3 0.001** 

Number of vessels involved 1 34 34.0 58 58.0 0.002** 
2 34 34.0 30 30.0 
3 25 25.0 11 11.0 
4 3 3.0 1 1.0 
5 4 4.0 0 0.0 

Mean ± SD 2.1 ± 1 1.6 ± 0.7 <0.001** 
** Statistically significant difference (p<0.01)

Table 4. Comparison between case and control groups according to echocardiography 

Item P value Odd's ratio CI of Odd's
HCV 0.883 1.044 0.587-1.857
Age 0.010 1.054 1.013-1.098

Male sex 0.239 1.434 0.787-2.612
Smoking 0.201 1.472 0.813-2.664

DM 0.083 1.678 0.934-3.015
HTN 0.603 1.167 0.652-2.090

Table 5. Univariate logistic regression analysis taking evidence of ischemia by echo as 
the outcome

Item P value Odd's ratio CI of Odd's
HCV <0.001 2.905 1.635-5.161
Age <0.001 1.123 1.073-1.174

Male sex 0.528 1.207 0.673-2.167
Smoking 0.233 1.410 0.802-2.480

DM 0.033 1.868 1.051-3.322
HTN 0.945 1.020 0.583-1.784

Table 6. Univariate logistic regression analysis taking high Gensini score (above the 
median value of 43) as the outcome

Item P value Odd's ratio CI of Odd's Rank
HCV <0.001 3.827 1.971-7.428 1
Age <0.001 1.145 1.090-1.203 2
DM 0.035 2.040 1.051-3.959 3

Table 7. Multivariate logistic regression analysis taking high Gensini score (above the 
median value of 43) as the outcome

older age and DM were the possible risk factors for this outcome, Table 
6. Using multivariate regression analysis for these 3 factors showed that 
the three factors are independent risk factors for severe CAD, with HCV 
was the most important factor, followed by age and lastly DM, Table 7.

Discussion 
HCV infection is the major cause of chronic liver diseases leading to 

a wide range of hepatic diseases, including cirrhosis and hepatocellular 
carcinoma. Moreover, there is an increasing body of data indicating 
an important role of HCV in the development of many extrahepatic 
manifestations [14], including accelerated atherosclerosis which can 
eventually trigger cardiovascular events [15,16].

The major cause of CAD is coronary atherosclerosis 
(arteriosclerosis), a process that develops as an inflammatory response 
of the vessel wall to chronic, multifactorial injury and leads to the 
formation of atherosclerotic plaques in the coronary arteries [17]. 

Our study was aiming to estimate the severity of coronary artery 
disease in HCV patients and to investigate the association of hepatitis 
C virus with angiographically documented obstructive coronary artery 
disease. 

It was noted in our study that the Gensini score was significantly 
higher in the cases group (41.4 ± 30.8) than control group (29.7 ± 21.3) 
with a p value of 0.001; and also the number of involved vessels was 
significantly higher among cases group (2.1 ± 1 vs. 1.6 ± 0.7, P. value 
<0.001). 

In agreement with our results, Satapathy, et al. [18] study which 
searched for an association of Coronary artery disease (CAD) with 
hepatitis C (HCV), it includes a 63 HCV infected patients were 
compared with 63 age, race, and sex-matched controls without HCV 
infection undergoing coronary angiography for evaluation of CAD 
and showed a significantly higher prevalence of CAD among HCV 
population. Also, this study showed that combined Reardon’s severity 
score was significantly higher among HCV positive group compared 
to the controls (6.26 ± 5.39 versus 2.6 ± 3.03; respectively). Additionally, 
significant multivessel CAD was also noted significantly more commonly 
in the HCV group compared to controls (57.1% versus 15.9%). 

Also in agreement with our results, Alyan, et al. [19] was aiming 
of to determine the effect of HCV infection on the severity of CAD. 
This study included 139 HCV seropositive and 225 HCV seronegative 
patients; all having angiographically documented CAD. Both groups 
were matched as regards traditional risk factors for CAD such as age, 
sex, hypertension, diabetes mellitus, smoking or family history of 
CAD. They found that both C-reactive protein and fibrinogen were 
significantly higher among HCV seropositive patients and also the 
Reardon severity score was higher (8.75 ± 1.69 among HCV seropositive 
versus 6.01 ± 1.80 among HCV seronegative cases). 

Another studies supporting our results, Vassalle, et al. [20] evaluated 
whether seropositivity for HCV is associated with the CAD occurrence. 
The study found that HCV seropositivity to be associated with the 
presence of CAD (OR=3.2, 95% CI=1.1-9.2). These results were affirmed 
by Tsui, et al. [21], who found HCV- seropositive patients having higher 
rates of death, cardiovascular events, and heart failure hospitalizations 
during follow-up. In addition, these subjects had also significantly lower 
mean levels of CRP and fibrinogen but higher levels of TNF-α. 

In the large study of Butt, et al. [10], which included 82,083 HCV 
infected and 89,582 HCV-uninfected subjects, HCV infection was also 
associated with a 1.25fold higher risk of CAD (95% CI=1.2-1.3) despite 
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a favourable risk profile as HCV infected subjects were less likely to have 
hypertension, hyperlipidaemia, and had lower total plasma cholesterol, 
LDL-C, and TG levels compared to HCV-uninfected subjects. 

In disagreement with our results, Pothineni, et al. [22] reported 
that patients with active HCV infection have similar angiographic CAD 
burden like HCV-negative patients as the Number of patients with 
obstructive CAD was less in HCV group (23% vs 39%, p<0.05) and 
angiographic Gensini score was similar in both groups. Also the study 
of Grab, et al. [23] revealed an absence of association of HCV with 
CAD in patients with rheumatic diseases, however, it may be explained 
by the small sample size in this study (67 patients with inflammatory 
rheumatic diseases, 52 patients without IRD and 30 healthy controls). 

Many studies support the role of inflammation in the pathogenesis 
of CAD [24-27]. According to these studies, a complex biochemical 
process involving many balance disorders between proinflammatory 
and anti-inflammatory cytokines may be blamed for the initiation, 
propagation, and even rupture of the atherosclerotic lesions. Some 
studies shown that this balance disorder; in term of increased 
proinflammatory markers activity (e.g.tumor necrosis factor α; 
interleukin 6 and also high sensitivity to CRP) can be detected more 
among HCV-seropositive subjects, compared with HCV-uninfected 
control subjects [28,29]. 

Since inflammation and thrombosis both have critical roles in the 
pathogenesis of CAD and as HCV infection is associated with some 
alterations in inflammatory markers, this may explain the possible role 
of HCV to increases CAD risk. Markers of thrombosis and inflammation 
have also been associated with more-severe CAD, and the malnutrition 
inflammation scores are elevated in HCV-infected persons with CAD, 
compared with those without CAD[19,30]. 

Conclusion
In conclusion, we have demonstrated an association between HCV 

infection and the severity of coronary atherosclerosis as evidenced with 
a detailed qualitative coronary angiographic analysis, higher Gensini 
score and increased multivessel affection. Our findings suggest that 
HCV seropositivity might be considered as one of the risk factors 
affecting the development of coronary artery diseases. This study might 
be relevant for adding new predictive and prognostic factors to the 
coronary artery diseases multifactorial entity. 
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