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Introduction
Hepatitis C virus (HCV) affects approximately 170 million 

people worldwide. More than 80% of patients with HCV infection 
progress into chronicity, 20-30% of patients with chronic hepatitis C 
progress to cirrhosis after 10–20 years of follow-up, and some develop 
hepatocellular carcinoma [1].

The highest Hepatitis C Virus (HCV) prevalence in the world 
occurs in Egypt at an estimated 12% among the general population [2] 
and reaches 40% in persons 40 years of age and above in rural areas [3]. 
HCV Genotype 4 is the predominant genotype being isolated from up 
to 91% of HCV-infected persons in Egypt [4]. The origin of the HCV 
epidemic in Egypt has been attributed to intravenous schistosomiasis 
treatment in rural areas in the 1960s-70s [5].

Metabolic syndrome (MS) is a complicated disorder including 
clinical features such as; obesity, hyperglycemia, hypertension, 
dyslipidemia, and insulin resistance (IR). Atherosclerosis and type 2 
diabetes mellitus (DM), as major consequences of MS, are critical, global 
health issues [6]. Current evidence suggests that the atherosclerotic 
process is regulated by intervening inflammatory mechanisms. IR, a 
key feature in the pathogenesis of MS, has been increasingly recognized 
as playing a key role in the inflammatory processes. A number of 
metabolic disturbances have been shown to be directly and indirectly 

associated with HCV infection. An association between HCV infection 
and lipid metabolism has been consistently reported [7].

Lower total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C) and triglyceride 
(TG) levels are commonly noticed in patients with chronic HCV 
infection (CHC), compared with normal subjects. Hepatic steatosis is 
a common histologic feature of CHC and is observed in 30– 70% of 
patients [8]. Many factors are known to increase the risk of hepatic 
steatosis, including DM, hyperlipidemia, and obesity [9]. In addition 
to its hepatotropic characteristic, HCV infection is associated with the 
pathogenesis of IR, though the underlying biological mechanisms are 
diverse and multifactorial. Both experimental and clinical studies have 
shown that IR often emerges at a young age or during the early stages 
of histologic liver changes [10].

This study aimed to determine the difference in the prevalence and 
distribution of metabolic syndrome between HCV-infected patients 
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Abstract
Background: Metabolic syndrome (MS) is a complicated disorder associated with a high risk of development of 

critical micro- and macrovascular complications. The extrahepatic manifestations of hepatitis C virus (HCV) infection 
can include multiple metabolic consequences. However, the extent and severity of MS in HCV-infected patients have 
rarely been investigated in community based settings. 

Objectives: To determine the difference in the prevalence and distribution of metabolic syndrome between HCV-
infected patients and healthy controls, to identify whether HCV is considered a risk factor for metabolic syndrome in 
our community or not. 

Methods: From January 2013 to December 2014, the authors retrospectively and prospectively studied 134 
adult patients diagnosed to have HCV infection with age above 18, in Sohag area, Upper Egypt. Clinical profiles in 
terms of anthropometric data, MS components, and viral hepatitis markers, as well as Finnish Diabetes Risk Score 
(FINDRISC), were assessed. 

Results: Three hundred and thirty-three adults (males: females=178: 155; mean age, 45.3 ± 11.2 years) were 
recruited. The prevalence of anti-HCV seropositivity was 40.2% (134/333). The prevalence of MS was higher in the 
HCV-infected individuals (26.9%, 36/134) than in the control, uninfected subjects (14.1%, 28/199, p=0.004). In terms 
of MS components, MS HCV-infected subjects had a higher waist circumference (88.7 ± 7.3 vs. 85.4 ± 4, p<0.001) 
and higher levels of fasting plasma glucose (111.9 ± 26.6 vs. 102.5 ± 20.4, p<0.001) than controls. Through the study 
the FINDRISC risk was increased in HCV- infected subjects, the very high risk score was (4.5% vs. 0.0%, p<0.001) 
than controls. Multivariate logistic regression analysis proved that anti-HCV positivity was significantly associated 
with MS (odds ratio, 2.2; p=0.004). 

Conclusion: HCV infection was associated with a higher prevalence of MS in our community. Determination of 
MS in patients with HCV infection could therefore be needed.
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and healthy controls, to identify whether HCV is considered a risk 
factor for metabolic syndrome in our community or not.

Patients and Methods
Patient selection

Our study was included 134 adult patients included both male and 
female with age above 18 years old, diagnosed to have HCV infection 
who treated in the outpatient clinics in Sohag University Hospitals in 
the period from January 2013 to December 2014. Scientific and Ethical 
committees at Sohag Faculty of Medicine approved the study. An 
informed written consent was obtained from all participants. Personal 
data (age, residency, occupation and special habits) were obtained from 
all participants.

Study design

All subjects underwent a 12-hour overnight fast before blood 
tests. Blood was analyzed for anti-HCV antibody, fasting plasma 
glucose (FPG), TC, HDL-C, LDL-C, TG, platelets count, and alanine 
aminotransferase (ALT) levels. Anthropometric data including body 
weight, height, body mass index and blood pressure were measured 
using standardized techniques. Research staff put a questionnaire 
covering medical history, drug history, possible parenteral risk 
history, and family history. In addition, Finnish Diabetes Risk Score 
(FINDRISC) to assess the risk of the development of type 2 diabetes 
mellitus and metabolic syndrome (MS). It showed that the FINDRISC 
has a good ability to predict undiagnosed prevalent T2DM and 
metabolic syndrome [11].

Definition of MS

Metabolic syndrome was defined based on the updated National 
Cholesterol Education Program Adult Treatment Panel III criteria 
for Asian-Americans, modified by the criteria of obesity proposed 
for Asians by the Steering Committee of the Regional Office for the 
Western Pacific Region of WHO [6,12]. This requires the presence of 
at least three of the following components: (1) waist circumference >90 
cm in men or >80 cm in women; (2) TG>150 mg/dL; (3) HDL-C<40 
mg/dL in men or <50 mg/dL in women; (4) blood pressure>130/85 

mmHg or current use of antihypertensive medications; (5) FPG>100 
mg/dL or use of oral antidiabetic agents or insulin.

Laboratory analyses

Hepatitis B surface antigen (HBs Ag) and anti-HCV antibody were 
detected using a third-generation, commercially available enzyme-
linked immunosorbent assay kit (AxSYM 3.0; Abbott Laboratories, 
Chicago, IL, USA). Detection of serum HCV RNA was performed 
using a standardized automated qualitative reverse transcription- 
polymerase chain reaction assay (COBAS AMPLICOR Hepatitis C 
Virus Test, version 2.0; Roche, Branchburg, NJ, USA). FPG, TC, TG, 
and ALT levels were measured using a multichannel autoanalyzer 
(Hitachi Inc., Tokyo, Japan).

Statistical analysis

Descriptive statistics were calculated for quantitative variables 
(mean, standard deviation, minimum and maximum) and for qualitative 
ones (absolute and percent frequencies). Mean of quantitative variables 
were compared by Student’s t-test and those of qualitative ones have 
been compared by the chi-squared test. Univariate and multivariate 
logistic regression analyses were conducted to explore the factors that 
were independently associated with MS. The strength of association 
was presented as odds ratio (OR) and p values. We used SPSS statistical 
software version 17 (SPSS Inc., Chicago, Illinois, USA), and significant 
results are considered when P-value was<0.05, and highly significant 
when it was <0.001.

Results
a- Comparison  between  anti-HCV+ subjects and anti-HCV− 

subjects: 333 persons, 134 anti-HCV+ subjects {(88 men 65.7%) and 
(46 women 34.3%)} and 199 anti-HCV− subjects (controls) {(90 men 
45.2%) and (109 women 54.8%)} were recruited in this study and their 
basic demographic characteristics are shown in Table 1.

The anti-HCV+ subjects had a higher waist circumference (WC) 
(Mean ± SD=84.3 ± 7.8, p<0.001) than anti-HCV− subjects. The 
prevalence of hypertension (14.2% vs. 12.1%) was significantly higher 
in anti-HCV+ subjects compared with anti-HCV− subjects. There 

Variables All subjects (n = 333) Anti-HCV P value
Positive (n = 134) Negative (n = 199)

Age (yr) 45.3 ± 11.2 43.5 ± 12.4 46.5 ± 10.2 NS

Male 178 (53.5%) 88 (65.7%) 90 (45.2%) NS
DM History 24 (7.2%) 10 (7.5%) 14 (7%) NS
HTN History 43 (12.9%) 19 (14.2%) 24 (12.1%) NS
WC (cm) 84.3 ± 7.8 81.1 ± 3.79 < 0.001
Weight (kg) 80.1 ± 9.1 78.7 ± 6.1 NS
BMI (kg/m2) 27.2 ± 3.3 26.9 ± 2.3 NS
Platelets (×10 3) (k/ul) 258.9 ± 62.3 272.8 ± 65.1 0.049
ALT (IU/l) 35.8 ± 16.6 27.9 ± 12.4 < 0.001
FPG (mg/dL) 92.8 ± 19.04 86.1 ± 12.73 < 0.001
HDL (mg/dL) 52.2 ± 15.7 56.7 ± 12.7 0.004
LDL 85.4 ± 18.6 51.1 ± 22.2 < 0.001
TGs (mg/dL) 112.6 ± 50.3 103.9 ± 35.4 NS
TC (mg/dL) 114.6 ± 44.1 111.6 ± 37.4 NS
*Data presented as mean ± standard deviation or n (%). HCV = hepatitis C virus; BMI = body mass index; WC = waist circumference; ALT = alanine aminotransferase; 
FPG = fasting plasma glucose; TC = total cholesterol; HDL = high-density lipoprotein; LDL = low-density lipoprotein; TGs = triglycerides

Table 1: Basic characteristics of anti-HCV-seropositive and -negative subjects*
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was significant difference in platelets count between HCV- positive 
cases and HCV-negative controls (P value=0.049). The levels of ALT 
were higher in HCV- positive cases (Mean ± SD=35.8 ± 16.6) than its 
levels in HCV-negative controls (Mean ± SD=27.9 ± 12.4) (P<0.001). 
The levels of fasting blood glucose were higher in HCV- positive cases 
(Mean ± SD=92.8 ± 19.04) than in HCV-negative controls (Mean ± 
SD=86.1 ± 12.73), (p<0.001). The levels of LDL i

n HCV- positive cases were (Mean ± SD=85.4 ± 18.6) and in HCV-
negative controls (Mean ± SD=51.1 ± 22.2) (P<0.001).

b- According to Finnish Diabetes Risk Score (FINDRISC) in 
cases and controls: FINDRISC is used to discover persons risky for 
diabetes and detect the presence of the metabolic syndrome (MS). 
Through the study the risk was increased in HCV-positive cases, as 
shown in Table 2 and Figure 1.

c- According to Metabolic syndrome (MS) in both HCV- positive 
cases and HCV-negative controls: Overall, the anti-HCV+ subjects had 
a higher prevalence of MS (26.9%, 36/134) than the anti-HCV−subjects 
(14.1%, 28/199, p=0.004) (Odds Ratio=2.2), as shown in Table 3.

d- According to Metabolic Syndrome Components in both MS 
HCV-positive cases andMS HCV-negative controls: According to 
the criteria of IDF 2006 [13] that we depended on it in the diagnosis 

of metabolic syndrome, the followings are the differences between 
Metabolic Syndrome Components in both MS HCV-positive cases and 
MS HCV-negative controls (p<0.001), as shown in Table 4.

Discussion
The prevalence of HCV antibodies is reported to be highest in 

Egypt [14]. Different studies have estimated the seroprevalence of HCV 
antibody among the general population (blood donors, mostly) to be 
about 0.16-6% world-wide [15]. This figure is estimated to be more 
than 14.9 % among Egyptians [16].

Studies on MS in our locality _Upper Egypt_ are lacking, this 
study was conducted to clarify the prevalence of metabolic syndrome, 
and its components among patients with HCV in Sohag. The anti-
HCV positive group had a higher waist circumference (WC) (Mean 
± SD=84.3 ± 7.8) with significant differences between anti-HCV 
positive anti-HCV negative subjects, (p<0.001). It should be noted that 
anti-HCV positive subjects with organomegaly, ascites, or any other 
causes of increase intra-abdominal pressure were excluded from this 
study. Therefore the significant increase in waist circumference could 
be attributed to fat deposition, consequently could be considered as 
an element of metabolic syndrome. Among different scoring systems, 
we used Finnish Diabetes Risk Score (FINDRISC) in our study for 
prediction of risk of metabolic syndrome in HCV infected subjects. The 
performance of the FINDRISC for prevalent T2DM is comparable to 
other published diabetes risk scores. FINDRISC can be used as a first 
step tool for prediction of prevalent T2DM and metabolic syndrome. 
The higher the cutoff value for high risk of diabetes in the FINDRISC 
is used, the higher is the prevalence of T2DM found in a diagnostic 
test [11].

The score is usually applied on healthy population to identify 
diabetes risk as a part of metabolic syndrome, we aimed to use this 
score to assess whether the highly prevalent HCV infection in our 
community could be considered as risk factor for development of 
metabolic syndrome. We found significant differences between 
anti-HCV positive anti-HCV negative subjects, (p<0.001). The data 

Total
HCV-

positive
cases

HCV-
negative
controls

P
value

Low risk (<7) 161
(48.3%)

48
(35.8%)

113
(56.8%)

< 0.001

Slightly elevated risk  (7-11) 121
(36.3%)

55
(41.0%)

66
(33.2%)

Moderate risk (12-14) 27
(8.1%)

17
(12.7%)

10
(5.0%)

High risk (15-20) 18
(5.4%)

8
(6.0%)

10
(5.0%)

Very high risk (>20) 6
(1.8%)

6
(4.5%)

0
(0%)

Table 2: FINDRISC in HCV+ Positives and HCV-Negatives subjects.

Finnish Diabetes Risk Score 

Blue: <7: Low risk 

Green: 7-11: Slightly elevated risk 

Cream: 12-14: Moderate risk 

Violet: 15-20: High risk 

Yellow: >20: Very high risk 

 

 

Figure 1: Relationship between cases and controls, according to FINDRISC.
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might suggest a possible role of HCV infection in the development of 
metabolic syndrome in our community.

Although hypertension is one of the cornerstone criteria of 
diagnosis of metabolic syndrome, we didn’t find a significant difference 
in blood pressure measurements between anti-HCV positive subjects 
and anti-HCV negative subjects. Patients known to have DM were 
equally distributed between case and control groups. However when 
the patients underwent laboratory investigations, we found fasting 
plasma glucose (FPG) to be significantly higher in anti-HCV positive 
subjects. Such data could be a marker of insulin resistance (IR) [17]. 
As regard lipid profile, anti-HCV+ subjects had significantly lower 
HDL-C levels than anti-HCV−subjects (p=0.004). Anti-HCV+ subjects 
had significantly higher levels of LDL-C, TGs and cholesterol than in 
anti-HCV negative subjects. These data are in contrast with Taiwan 
study in 2009 that revealed anti-HCV + subjects had significantly lower 
cholesterol and LDL-C levels and lower HDL-C and TG levels than anti-
HCV− subjects. These data are in agreement with those from previous 
experimental and clinical studies that addressed the association between 
HCV infection and abnormal lipid metabolism [7].

According to Adult Treatment Panel III (NCEP ATP III) and 
IDF criteria for diagnosis of metabolic syndrome in 2006, out of 333 
cases and controls, 64 subjects (19.2%) were fulfilling the criteria for 
diagnosis as metabolic syndrome. Overall, the anti-HCV positive 
subjects had a higher prevalence of MS (26.9%, 36/134) than the anti-
HCV negative subjects (14.1%, 28/199), (p=0.004) (Odds Ratio=2.2).

Similar data were obtained in many other studies over the world. In 
Taiwan 2009, a study aimed to determine the difference in prevalence 
and distribution of the components of MS between HCV-infected 
patients and healthy subjects. Multiple purpose mass screening 
of adults was conducted in an HCV-endemic area of Southern 
Taiwan. Clinical profiles in terms of anthropometric measures and 
MS components, as well as viral hepatitis markers, were done. Two 
hundred and thirty-seven adults (94 males; mean age, 55.5 ± 10.8 years) 
were recruited. The prevalence of anti-HCV seropositivity was 39.2% 
(93/237), regarding the age-specific distribution of MS, the prevalence 
of MS among anti-HCV+ subjects aged 40–60 years was higher (25.5%, 
14/55) than that of controls (10.6%, 10/94; p=0.02). For those aged ≥ 
60 years, the prevalence was not higher in anti-HCV+ subjects (25.7%, 
9/35) compared with controls (18.9%, 7/37; p=0.5). Subjects with MS 

generally have higher rates of IR and are therefore also at increased risk 
of developing type 2 DM, as well as future micro- and macrovascular 
complications [18].

Previous reports have indicated that metabolic abnormalities, 
including liver steatosis, obesity and DM, can worsen the course of 
chronic hepatitis C (CHC). In addition, CHC has a direct steatogenic 
effect on liver cells and may be involved in the development of type 
2 DM. The previous study also demonstrated that the discrepancy in 
prevalence of MS between CHC patients and controls was inversely 
related to age, suggesting that HCV infection may lead to the subtle 
development of glucose abnormalities at a younger age. Intriguingly, 
the study showed that anti-HCV+ subjects had a significantly higher 
mean waist circumference than anti-HCV− subjects. This may 
somehow reflect the common observation that IR is a general feature 
of HCV infection. The prevalence of MS was higher in the HCV-
infected individuals (24.7%, 23/93) than in the control, uninfected 
subjects (13.2%, 19/144, p=0.02). In terms of MS components, HCV-
infected subjects had a higher prevalence of high waist circumference 
(WC) (51.6% vs. 25.7%, p<0.001) and hypertension (58.1% vs. 36.8%, 
p<0.001) than controls [19].

In another study in Ohio at Case Western Reserve University, 
Clinical profiles in terms of anthropometric measures and MS 
components, as well as viral hepatitis markers, were done. Two 
hundred and twenty-eight adults were recruited. The prevalence of MS 
was higher in the HCV-infected individuals (26%, 59/228) than in the 
control [20]. According to the criteria of IDF 2006 that we depended 
on it in the diagnosis of metabolic syndrome in our study, there were 
significant differences in Metabolic Syndrome Components between 
MS HCV-positive cases andMS HCV-negative controls (p<0.001).

In a study in Sao Paulo 2012, the study included 125 patients 
infected with hepatitis C virus genotype 1. Metabolic syndrome 
was diagnosed in 21.6% of patients. Of the subjects with metabolic 
syndrome, 59.3% had hypertension, 77.8% had insulin resistance 
(IR), 85.2% were overweight, 48.1% had a high waist circumference 
(WC), 85.2% had an increased body fat percentage, and 92.3% had 
an elevated waist: hip ratio. In the bivariate analysis, female sex (OR 
2.58; 95% CI: 1.09-6.25), elevated gamma-glutamyl transferase (cGT) 
(OR 2.63; 95% CI: 1.04-7.29), elevated fasting glucose (OR 8.05; 95% 
CI: 3.17-21.32), low HDL cholesterol (OR 2.80; 95% CI: 1.07-7.16), 
hypertriglyceridemia (OR 7.91; 95% CI: 2.88-22.71), elevated waist 
circumference (OR 10.33; 95% CI: 3.72-30.67), overweight (OR 11.33; 
95% CI: 3.97-41.07), and increased body fat percentage (OR 8.34; 95% 
CI: 2.94-30.08) were independent determinants of metabolic syndrome. 
Using the final multivariate regression model, similar results were 
observed for abdominal fat (OR 9.98; 95% CI: 2.63-44.41) and total 
body fat percentage (OR 8.73; 95% CI: 2.33-42.34). However, metabolic 
syndrome risk was also high for those with blood glucose 5.55 mmol/L 
or HDL cholesterol, 0.9 mmol/L (OR 16.69; 95% CI: 4.64–76.35; OR 
7.23; 95% CI: 1.86-32.63, respectively) [21].

Subjects with MS generally have higher rates of IR and are therefore 
also at increased risk of developing type 2 DM, as well as future micro- 
and macrovascular complication [18]. Previous reports have indicated 
that metabolic abnormalities, including liver steatosis, obesity and 
DM, can worsen the course of CHC [22]. In addition, CHC has a direct 
steatogenic effect on liver cells and may be involved in the development 
of type 2 DM [22,23].

Metabolic
syndrome (MS)

Total
(333)

HCV- positive
cases (134)n (%)

HCV- negative
controls (199) n (%)

P
value

Odds
Ratio

Yes 64
(19.2%) 36 (26.9%) 28 (14.1%)

0.004 2.2
No 269

(80.8%) 98 (73.1%) 171 (85.9%)

Table 3: Distribution number of MS between HCV+ Positives and HCV-Negatives.

MS Components
MS HCV-
positive

cases (36) n (%)

MS HCV-
negative

controls (28) n (%)

P
Value

HTN
(number)

Yes 8 (38.1%) 13 (61.9%)
0.041

No 28 (65.1%) 15 (34.9%)

WC (cm) 88.7 ± 7.3 85.4 ± 4 < 0.001

FPG (mg/dl) 111.9 ± 26.6 102.5 ± 20.4 < 0.001

HDL (mg/dl) 35.4 ± 8.97 40.2 ± 11.5 < 0.001

TGs (mg/dl) 169.8 ± 22.6 164.1 ± 30.4 < 0.001

Table 4: MS Components distribution in both MS cases and MS controls.
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However, the correlation between MS and HCV infection has rarely 
been investigated on basic of clinical settings. We demonstrated that 
subjects with HCV infection were at increased risk of developing MS 
and its sequels. This suggests that patients with HCV infection should 
be evaluated for the presence of MS, while lifestyle changes directed 
at increasing physical activity, optimal weight maintenance, and diet 
composition should be initiated.

Conclusion
In conclusion, we proved that HCV infection was associated with an 

increased prevalence of MS. Our data indicate a possible link between 
HCV infection and MS and suggest that assessment of MS in patients 
with HCV infection may therefore be necessary. Therefore, frequent 
monitoring for insulin resistance and weight gain among patients with 
HCV is beneficial because these clinical conditions can negatively affect 
disease prognosis and progression. Maintaining a healthy body weight 
is important to reduce the incidence of comorbidities and possibly 
delay the progression of chronic liver disease.
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