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Abstract
AIM: To investigate the prevalence of, and risk factors 
for, diabetes mellitus (DM) in Algerian patients with 
chronic hepatitis C virus (HCV) infection and in a control 
group.

METHODS: A cross-sectional study was undertaken. 
A total of 416 consecutive patients with viral chronic 
hepatitis attending the Internal Medicine Department 
of the University Hospital Center Touhami Benflis in 

Batna [290 HCV-infected and 126 hepatitis B virus 
(HBV)-infected patients] were prospectively recruited. 

RESULTS: The prevalence of DM was higher in HCV-in-
fected patients in comparison with HBV-infected patients 
(39.1% vs 5%, P < 0.0001). Among patients without 
cirrhosis, diabetes was more prevalent in HCV-infected 
patients than in HBV-infected patients (33.5% vs 4.3%, 
P < 0.0001). Among patients with cirrhosis, diabetes 
was more prevalent in HCV-infected patients, but the dif-
ference was not significant (67.4% vs 20%, P = 0.058). 
The logistic regression analysis showed that HCV infec-
tion [odds ratio (OR) 4.73, 95% CI: 1.7-13.2], meta-
bolic syndrome (OR 12.35, 95% CI: 6.18-24.67), family 
history of diabetes (OR 3.2, 95% CI: 1.67-6.13) and 
increased hepatic enzymes (OR 2.22, 95% CI: 1.1-4.5) 
were independently related to DM in these patients. 

CONCLUSION: The high prevalence of diabetes in 
HCV-infected patients, and its occurrence at early stages 
of hepatic disease, suggest that screening for glucose 
abnormalities should be indicated in these patients.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a common world-
wide medical problem; it is one of  the major causes of  
chronic liver disease. According to recent World Health 
Organization estimates the worldwide prevalence of  
HCV infection is 2.2%, affecting approximately 130 mil-
lion people globally[1]. Patients with chronic HCV infec-
tion may develop various extrahepatic manifestations, 
including cryoglobulinemia, the presence of  serum an-
tibodies, glomerulonephritis, sialoadenitis and porphyria 
cutaneous tarda[2]. Several studies from different parts 
of  the world have reported that HCV infection may also 
contribute to the development of  diabetes mellitus (DM), 
and higher prevalence of  type 2 DM has been observed 
in patients with HCV infection than in those with other 
forms of  chronic hepatitis[3-5]. However, the prevalence 
of  type 2 DM in patients with HCV infection has not 
been reported in Algeria, as far as we know. 

Thus, in order to examine the prevalence of  DM in 
patients with chronic HCV infection in Batna (Algeria), we 
conducted a cross-sectional study assessing the prevalence 
of  this metabolic disorder in patients with HCV infection 
in comparison with the prevalence in those with hepatitis B 
virus (HBV) infection. In addition, risk factors associated 
with DM development such as age, body mass index (BMI), 
diabetic familial history and metabolic syndrome were also 
evaluated to clarify the possible role of  chronic HCV infec-
tion in association with development of  diabetes. 

In this study, the prevalence of  diabetes in patients 
with chronic HCV has not been compared to that in the 
general population, because patients with chronic liver 
disease, regardless of  etiology, have a higher prevalence of  
diabetes mellitus[6]. We have chosen patients with chronic 
hepatitis B as a control group, because HBV infection is 
the second leading cause of  chronic hepatitis after HCV 
in Algeria[7].

MATERIALS AND METHODS
Patients
From September 2004 to September 2007, we conducted 
a cross-sectional study by enrolling patients with chronic 
viral hepatitis admitted to the University Hospital Center 
Touhami Benflis in Batna, Algeria. The diagnosis of  HCV 
infection was made if  patients were positive for anti-
HCV antibody and HCV RNA. The presence of  anti-
HCV antibody was assessed using the third generation 
microparticle enzyme immunoassay test. The presence of  
HCV RNA was confirmed by Cobas Ampliprep/Roche 
Taq Man (Pasteur Institute, Algiers and Sadelaoud Labo-
ratory, Batna, Algeria). HBV infection was diagnosed 
if  patients had evidence of  hepatitis B surface antigen. 
Patients with concomitant HCV and HBV infection 
were excluded. There was no serologic evidence of  co-
infection with other hepatotropic viruses or with human 
immunodeficiency virus. Patients having other causes of  
liver disease, in particular those known to be involved in 
the pathogenesis of  diabetes, such as hemochromatosis or 

alcoholic liver disease, were excluded. None of  the study 
patients had received corticosteroids during the previ-
ous 6 mo before the study. Patients with a history of, or 
evidence of, pancreatitis, pancreatic tumor, hepatic tumor 
or cirrhosis with Child-Pugh category C were excluded 
from the study. None of  the study patients had previously 
received anti-viral treatment. No woman was pregnant in 
this study. Patients who were infected with HCV or HBV 
after being diagnosed with diabetes were also excluded 
from the analysis.

According to the American Diabetes Association cri-
teria[8], patients were assigned a diagnosis of  DM if  they 
were using oral hypoglycemic medication or insulin, or if  
they showed fasting glucose greater than 126 mg/dL on 
two occasions, or glucose greater than 200 mg/dL, 2 h 
after an oral glucose tolerance test, performed in patients 
with impaired fasting glucose (fasting glucose concentra-
tion ≥ 110 mg/dL and < 126 mg/dL).

A diagnosis of  cirrhosis was established either by his-
tology or by presumptive diagnosis made when patients 
had ascites, hematologic evidence of  hypersplenism, 
esophageal varices or relevant ultrasonographic findings. 
Liver biopsy was performed in patients with increased 
alanine aminotransferase (ALT) and who gave their in-
formed consent beforehand. Liver biopsy specimens were 
analyzed by a single experienced pathologist, who was in-
formed of  clinical and biologic data. Fibrosis was assessed 
using the METAVIR score[9]. Fibrosis stage (F) was scored 
as F0 (absent), F1 (portal fibrosis), F2 (portal fibrosis with 
few septa), F3 (septal fibrosis), and F4 (cirrhosis).

The BMI and family history of  DM were recorded for 
each patient during enrollment. The BMI was expressed as 
the body weight divided by the square of  the body length 
(kg/m2). Overweight was defined as a BMI 25-29.9 kg/m2 
and obesity as a BMI ≥ 30 kg/m2. The family history of  
diabetes was obtained from the patients themselves and 
was recorded as positive if  their first-degree relatives had 
DM. The metabolic syndrome was diagnosed according 
to the National Cholesterol Education Program’s Adult 
Treatment Panel Ⅲ definition[10].

Statistical analysis
All data values were expressed as mean ± standard devia-
tion. Results were compared between HCV and HBV 
patients using the χ2 test for categorical variables and Stu-
dent t-test for continuous variables. Stepwise multivariate 
logistic regression was performed to evaluate the predic-
tive variables associated with the presence of  diabetes in 
the study patients. All statistical analyses were performed 
using Epi info 2000 (Statistics Program for Public Health. 
CDC, Atlanta, USA), and a P value < 0.05 was considered 
significant.

RESULTS
In total, 416 patients (290 HCV-infected patients and 126 
HBV-infected patients) were enrolled in this study. Consid-
erable differences could be noted when the demographic 
characteristics of  the two groups were compared (Table 1). 
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Patients with hepatitis C were older than those with hepa-
titis B (55 ± 9 years vs 40 ± 13 years, P < 0.0001). Percent-
age of  men was lower in the HCV-infected patients than in 
those with HBV (26.9% vs 62.7%, P < 0.0001). In addition, 
there were significantly more patients with metabolic syn-
drome among the hepatitis C patients, and more cirrhosis 
in the hepatitis C group.

DM was observed more often in HCV-infected pa-
tients than in HBV-infected patients (39.1% vs 5%, P < 
0.0001). However, this difference is statistically signifi-
cant only in patients aged between 40 and 60 years. 

We compared variables associated with diabetes in 
patients with patent diabetes (6 HBV-infected patients 
and 102 infected HCV patients) and in those who were 
non-diabetics (115 HBV-infected patients and 159 HCV-
infected patients). Patients with impaired fasting glucose 
(5 HBV-infected patients and 29 HCV-infected patients) 
were excluded from this comparison. 

A family history of  diabetes appeared to be matched 
in the present study; of  the subjects infected with HCV 
and HBV, 35.5% and 30.2%, respectively, had a familial 
history of  DM. Patients with a family history of  diabetes 
were more likely to have DM compared with those with-
out (41.08% vs 21.73%, P < 0.0001). For patients with 
a family history of  DM, the prevalence of  diabetes was 
significantly higher in subjects with HCV infection com-
pared with those with HBV infection (56.5% vs 2.7%, P < 
0.000001) (Table 2).

Metabolic syndrome was more frequent in HCV-
infected patients (42.1% vs 15.9%, P < 0.0001). Patients 
with metabolic syndrome were more likely to have DM 
compared with those without (62.69% vs 11.32%, P < 
0.000001). For patients with metabolic syndrome, DM was 
significantly more frequent in HCV-infected patients than 
in those with HBV infection (69.4% vs 22.2%, P < 0.001). 
In obese or overweight subjects (BMI ≥ 25 kg/m2), DM 
was more frequent in HCV-infected patients (47.6% vs 7.6%, 
P < 0.0001). 

Liver disease appeared more severe in the HCV group. 
Cirrhosis was more frequent in HCV-infected patients 

than in those with HBV infection (17.6% vs 4%, P < 0.001). 
In patients without cirrhosis, DM was more frequent in 
patients with HCV infection than in those with HBV 
infection (33.5% vs 4.3%, P < 0.00001). However, in pa-
tients with cirrhosis, diabetes was more prevalent in HCV-
infected patients, but the difference was not significant 
(67.4% vs 20%, P = 0.058). 

In HCV-infected patients in whom liver biopsy was 
performed, DM prevalence increased progressively and 
significantly with the fibrosis stage (Figure 1). DM was 
more frequent in patients with increased ALT plasma 
concentration (> 40 IU/L) compared with those with 
normal ALT plasma concentration (47.92% vs 12.67%, P 
< 0.00001). In patients with increased ALT plasma con-
centration, DM was significantly more frequent in HCV-
infected patients than in those with HBV infection (51% 
vs 14.3%, P = 0.01).

The multiple regression analysis revealed that the ma-
jor independent variables associated with type 2 diabetes 
were metabolic syndrome [odds ratio (OR) 12.35, P = 
0.0001, 95% CI: 6.18-24.67], HCV infection (OR 4.73, P 
= 0.0029, 95% CI: 1.69-13.20), family history of  diabetes 
(OR 3.2, P = 0.0004, 95% CI: 1.67-6.13) and increased 
ALT (OR 2.22, P = 0.027, 95% CI: 1.09-4.52) (Table 3).
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Table 1  Characteristics of all patients in the chronic viral 
hepatitis cohort  n  (%)

Clinical features Virological diagnosis P

HBV 
(n  = 126)

HCV 
(n  = 290)

Age (yr)
   < 40    57 (45.2)  13 (4.5) < 0.001
   40-59    60 (47.6)  193 (66.6) < 0.001
   ≥ 60    9 (7.1) 84 (29) < 0.001
Male sex    79 (62.7)    78 (26.9) < 0.001
Family history of diabetes    38 (30.2)  103 (35.5)     0.28
BMI (kg/m2), mean ± SD 25.22 ± 4.48 26.27 ± 4.51     0.05
BMI ≥ 25 kg/m2 68 (54)  161 (55.5)     0.42
Metabolic syndrome    20 (15.9)  122 (42.1) < 0.0001
Increased ALT    15 (11.9)       177 (61) < 0.0001
Cirrhosis 5 (4)    51 (17.6)     0.00018

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body mass index; 
ALT: Alanine aminotransferase.
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Figure 1  Frequency of diabetes by stage of fibrosis in hepatitis C virus-
infected patients.
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Table 2  Analysis of variables associated with diabetes in 
chronic viral hepatitis  n  (%)

Variables Virological diagnosis P

HBV 
(n  = 121)

HCV 
(n  = 261)

Diabetic      6 (5) 102 (39.1) < 0.0001
Age (yr)
   < 40        0/56 (0)      1/12 (8.3)
   40-59  4/58 (6.9) 61/174 (35.1) < 0.0001
   ≥ 60      2/7 (28.6) 40/75 (52.6)     0.56
Family history of diabetes  1/37 (2.7) 52/92 (56.5) < 0.0001
BMI ≥ 25 kg/m2  5/66 (7.6) 70/147 (47.6) < 0.0001
Metabolic syndrome    4/18 (22.2) 75/108 (69.4) < 0.001
Increased ALT    2/14 (14.3)  79/155 (51)     0.01
Cirrhosis   1/5 (20) 29/43 (67.4)     0.058
No cirrhosis      5/116 (4.3) 73/218 (33.5) < 0.0001

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BMI: Body mass index; 
ALT: Alanine aminotransferase.



DISCUSSION
Our epidemiological and virological data suggest that 
HCV infection is more closely related to diabetes than 
HBV infection. Diabetes was observed in 39.1% of  
patients with HCV infection, as compared with 5% of  
HBV-infected subjects in our population. However, our 
study has some limitations, related to the small size of  
the control group. Indeed, chronic hepatitis B is much 
less common than chronic hepatitis C in our area[7]. Our 
findings are in concordance with similar epidemiological 
studies from different part of  the world.

Allison et al[11] published, in 1994, the first article about 
a link between viral hepatitis C and diabetes. In their retro-
spective study of  100 cirrhotic patients listed for transplan-
tation, these authors reported that the prevalence of  type 2 
DM was higher in patients with HCV-associated cirrhosis 
than in cirrhotics with other underlying liver diseases. In 
a cross-sectional survey including 9841 persons, Mehta 
et al[12] found that HCV-positive persons who were older 
than 40 years had an increased risk for type 2 diabetes mel-
litus, more than 3-fold when compared to persons without 
HCV infection. However, no difference was seen between 
HBV-infected subjects and the general population[12].

In a retrospective analysis of  1117 patients with chronic 
viral hepatitis, diabetes was present in significantly more 
patients with HCV compared to those with HBV infection 
(21% vs 12%)[13]. In a separate case-control trial included in 
the same report, the prevalence of  HCV infection was sig-
nificantly higher among patients with diabetes than among 
controls (4.2% vs 1.6%).

Diabetes mellitus has been more often seen in cir-
rhotic patients[14]. However, in a cohort of  45 non-
cirrhotic patients with chronic hepatitis C the prevalence 
of  type 2 DM was 33%, higher than in the matched 
control group and in a group of  patients with chronic 
hepatitis B[15]. Furthermore, in a large retrospective study 
DM was present in 23.6% of  patients with hepatitis C, 
and in 9.4% of  those with hepatitis B[16].

Recently, in a Spanish study which included 525 
chronic hepatitis C patients treated with peginterferon plus 
ribavirin, patients were followed up after treatment. The 
incidence of  altered baseline glucose and the appearance 
of  type 2 DM was greater in non-responders than in sus-
tained responders, even after multivariate analysis including 
such confounding variables as previous type 2 DM in rela-
tives, age older than 40 years and male sex. Thus, hepatitis 
C virus clearance induced a decrease in insulin resistance 
index during short time follow-up and decreased the inci-

dence of  type 2 DM in long-term follow-up[17].
Shintani et al[18], in an experimental model, observed 

that the HCV core antigen transgenic mouse had higher 
basal insulin levels than non-transgenic mice, and readily 
developed diabetes when fed a high-fat diet, in addition 
to exhibiting marked insulin resistance as demonstrated 
by the insulin tolerance test.

In the present study, logistic regression analysis 
confirmed that family history of  diabetes, metabolic 
syndrome and increased transaminases were the major 
independent variables associated with DM. This finding is 
consistent with reports in the literature[19-21]. 

The mechanisms by which hepatitis C induces in-
creased insulin resistance and the risk for development of  
diabetes has not been completely understood. Liver fibro-
sis progression has long been considered responsible for 
the appearance of  insulin resistance and type 2 DM in pa-
tients with chronic liver diseases[22]. However, in our study, 
diabetes occurs in the early stages of  liver disease. The 
mechanism through which HCV is associated with insulin 
resistance involves direct viral effects, proinflammatory 
cytokines and suppressors of  cytokine signaling[23-25].

In conclusion, this study shows a higher prevalence 
of  DM in patients with HCV infection than in those 
with HBV infection, and that DM occurs at an early 
stage of  hepatic disease. However, other factors such 
as metabolic syndrome, family history of  diabetes and 
increased transaminases seem also to be important risk 
factors for the development of  diabetes in Algeria. 
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COMMENTS
Background
A higher prevalence of diabetes mellitus (DM) has been observed in patients 
with hepatitis C virus (HCV) infection than in those with other forms of chronic 
hepatitis and several mechanisms have been implicated in the pathogenesis of 
DM. However, there is no information from Algeria regarding this issue, and few 
reports from Africa.
Research frontiers
Recent data link HCV infection with diabetes. However, diabetes is a multifacto-
rial disease; other factors such as age, weight, family history of diabetes and 
cirrhosis contribute to the development of diabetes.
Innovations and breakthroughs
This is a cross-sectional study assessing the prevalence of diabetes in patients 
with HCV infection in comparison with the prevalence in those with hepatitis 
B virus (HBV) infection. It is the first study of its kind performed in Algeria. In 
addition, risk factors associated with DM development were also evaluated.
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Table 3  Factors associated with the development of diabetes 
in patients chronically infected with hepatitis virus

Variables Odds ratio 95% CI P  value

Metabolic syndrome 12.35   6.18-24.67 0.00001
Hepatitis C   4.73   1.69-13.20 0.0029
Family history of diabetes 3.2 1.67-6.13 0.0004
Increased ALT   2.22 1.09-4.52 0.027

ALT: Alanine aminotransferase.



Applications
Diabetes plays a role in the initiation and progression of liver injury. The high 
prevalence of diabetes in HCV-infected patients, and its occurrence at early 
stages of hepatic disease, suggest that screening for glucose abnormalities 
should be indicated in these patients.
Peer review
The authors used 290 HCV-infected and 126 HBV-infected patients. It would be 
better if they had used equal numbers for both the groups or slightly fewer.
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