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ABSTRACT 

Background: Previous evidences support to inf- 
lammatory process associated with the IR those 
important factors in the development of fibrosis 
and hepatic damage in patients with HCV infec- 
tion. Objectives: Determine the presence of im- 
munological or histological differentces between 
hyperinsulinemic and non-hyperinsulinemic chro- 
nic HCV-infected patients with at least 10 years 
of evolution. Material and Methods: The body 
mass index, Child-Puigh score, liver function 
tests, and biochemical profile were evaluated in 
30 control, 40 chronic HCV-infected patients with 
hyperinsulinemia, and in 40 normoinsulinemic 
chronic HCV-infected patients with at least 10 
years of evolution. In addition, HCV genotype 
and viral load were established with the Ampli- 
cor System. In addition, nitrites in plasma, and 
TNF-α, IL-1β, TGF-β, IL-6, and insulin levels were 
determined. Results: No differences were found 
in BMI, Child-Pugh “A” scores, ALT, viral load, or 
genotype between the hyperinsulinemic (>25 
IU/ml) and normoinsulinemic (<25 IU/ml) patients. 
Hyperinsulinemia patients had a higher HOMA- 
IR value (13.6) than normoinsulinemia patients 
(3.4), and none had a glycemia > 126 mg/dl. Cy- 
tokines concentration did not show differences 
with respect to controls. Nitrites showed a slight 
increase only in patients with HCV infection. 
Conclusions: Absence of changes in the pro- 
inflammatory cytokines concentration or in some 
inflammation markers in chronic HCV patients 
with hyperinsulinemia suggests that long-term 
insulin levels, in presence of HCV, cannot ex- 
plain by themselves the hepatic alterations ob-

served in the patient with HCV infection, the 
presence of others elements (alcoholism, cir- 
rhosis, etc.) is necessary to onset hepatic damage 
in these patients.  
 
Keywords: Hepatitis C; Inflammation;  
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1. INTRODUCTION 

Liver fibrosis, inflammation, pro-inflammatory or pro- 
thrombotic state, antiviral treatment failure, obesity, as 
well as insulin resistance (IR) have been observed in 
hepatitis C virus (HCV)-infected patients [1]. Additio- 
nally, HCV infection has been associated with type 2 
diabetes mellitus (T2 DM), hypertension, and hyper- 
lipidemia. Recent evidence has shown that abdominal 
obesity is an important element in the onset of IR and 
metabolic syndrome. Today, the relevance of adiposetiss- 
ue as an important source of pro-inflammatory molecules, 
such as tumoral necrosis factor alpha (TNF-α) and in- 
terleukin-1β (IL-1β), which are linked to insulin resis- 
tance, is well known [2]. Insulin resistance and hyperin- 
sulinemia have been reported in patients with T2 DM 
and chronic C hepatitis [3]. Likewise, insulin resistance 
and high HOMA scores have been determined in patients 
with hepatitis C [4]. On the other hand, the frequency of 
T2 DM is higher in patients with chronic HCV infection 
in comparison to hepatitis B patients [5]. Besides, insulin 
resistance has been linked with the presence of high 
levels of mRNA of genotypes 1 and 4 of HCV [6]. For 
this reason, the association between IR severities with 
high viral load has been suggested. In 2004, Lecube et al. 
[7], showed that patients chronically infected with HCV 
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present an increased risk of developing impaired glucose 
metabolism when IR occurred during the very early 
hepatic damage.  

Liver damage induced by HCV has been linked with 
the presence of reactive oxygen species (ROS), this in- 
crease in ROS synthesis activates the NF-kB pathway, 
leading to an increase in the synthesis of TNF-α and IL- 
1β, which are linked to a diminishing sensitivity to in- 
sulin, as well as with the occurrence of liver steatosis in 
patients with hepatitis C [8]. The mentioned cytokines 
induce synthesis of nitric oxide (NO), which is another 
significant antiviral and oxidant agent, and is synthesized 
by mononuclear cells of HCV patients [9]. It is relevant 
to mention that IFN-α treatment of patients with hepatitis 
C is associated with a significant increase in nitric oxide 
synthase (NOS) activity, as well as with increased NOS 
antigen content and NOS mRNA content in mononuclear 
cells. Recent evidence supports the relevance of IR as 
one of the leading elements for severe fibrosis in pa- 
tients infected with HCV [10]. In addition, high insulin 
concentration has been linked with harmful effects on the 
treatment of chronic infection by HCV [11]. In con- 
sequence, the role played by high insulin levels, IR, HCV, 
or proinflammatory cytokines in the development of T2 
DM in the patient infected with HCV is not understood 
completely yet. The aim of this work was to determine 
the presence of immunological or histological differences 
between hyperinsulinemic and non-hyperinsulinemic chro- 
nic HCV-infected patients with at least 15 years of evo- 
lution. 

2. MATERIAL AND METHODS 

2.1. Patients 

We selected from patients cared for at the Gastroen- 
terology Department of the Hospital Regional “Lic. Ado- 
lfo López Mateos”, ISSSTE, during January 2009 to 
January of 2011, only those referring a history of chro- 
nic HCV-infection with at least 10 years of evolution 
(according to Hospital records) and who were not receiv- 
ing medical treatment at the time of the study. The HCV 
infected patients were divided in two groups according to 
their serum insulin level; Cardona-Muñoz et al. [12], 
report that the cutoff value for healthy Mexican indivi- 
duals has been set at 17 ± 4.5 µIU/ml, with the upper 
limit at 24 μIU/ml. Individuals with insulin fasting va- 
lues equal or greater than 25 µIU/ml were considered 
hyperinsulinemic and were included in group A, those 
with lower values were included in group B. The diag- 
nosis of HCV infection was re-confirmed in all patients 
by serologic and molecular diagnoses (PCR) for hepatitis 
C virus. The hepatic disease stage had been identified 
previously through the Child-Pugh score. Viral load was 
determined with the Amplicor System (Roche) with a 

cutoff value of <50 IU/ml. The presence of cirrhosis was 
corroborated by a liver biopsy in the patients with HCV 
infection. Thirty healthy individuals of similar age were 
selected, and who had an insulin value below 25 IU/ml 
served as control. Patients with HIV infection, autoim- 
mune hepatitis, primary biliary cirrhosis, decompensated 
cirrhosis, overt hepatic failure, current alcohol misuse or 
history of alcohol misuse, psychiatric condition, or evi- 
dence of hepatocellular carcinoma were excluded from 
the study. The protocol was conducted in accordance 
with the Helsinki declaration and with the approval of 
the ethics committee of the Hospital Regional “Lic. Ado- 
lfo López Mateos”, ISSSTE. All patients and control 
individuals signed a written informed consent.  

2.2. Body Composition 

Patients were indicated to fast at least 8 h, to not carry 
out any type of exercise during 5 d before evaluation, 
and to empty the bladder and bowels before testing. 
Body mass index (BMI, kg/m2) was determined.  

2.3. Biochemical Profile 

Blood samples were obtained after an overnight fast 
(12 h minimum). A complete biochemical plasma profile 
(total cholesterol, triglycerides, liver function tests, i.e., 
aspartate amine transferase [AST], alanine amine trans- 
ferase [ALT], total bilirubin, glucose, and insulin) was 
obtained. Routine biochemical tests were performed us- 
ing manual enzymatic assays (Human Gesellschaft für 
Biochemica und Diagnostica mbH, Germany). Insulin 
levels were detected by enzyme immunoassay (Dako 
Cytomation Ltd., Denmark House, UK). Insulin resis-
tance was evaluated by the “Homeostasis Model of As-
sessment” (HOMA) according to the formula described 
by Yokohama et al. [13]. 

2.4. Nitric Oxide (NO) Determination 

The concentration of nitrites in patients and control 
individuals was determined in plasma using the Griess 
reagent (Sigma). Briefly, 96-multiwell tissue culture 
plates with 100 μl of plasma and 100 μl of the reagent 
were incubated for 15 min, and then absorbance was eva- 
luated at 540 nm in a 96-multiwell plate EL-311 enzyme- 
linked immunosorbent assay reader (Bio-Tek Instruments, 
Winooski, VT). The concentration of nitrites was ob-
tained by comparison with a standard curve of sodium 
nitrite.  

2.5. Serum Cytokines 

Extracellular immunoreactive tumoral necrosis factor- 
α (TNF-α), interleukin-1β (IL-1β), transforming growth 
factor-beta (TGF-β), and interleukin-6 (IL-6) were deter- 
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mined with commercially available kits (R&D Sys- tems, 
Minneapolis, MN, USA), following manufacturer’s in-
structions. The detection range of the assay is 3.1 - 300 
pg/ml for IL-6 and 15.6 - 1000 pg/ml for TNF-α. Normal 
values for cholesterol are 140 - 239 mg/dl, triglycerides 
35-135 mg/dl, albumin 3.8 - 5.1 g/dl, platelets 150 a 450 
× 103/μl, ALT 10 - 40 IU/ml. At the end of the procedure, 
the plates were read at 450 nm with a 570 nm correction 
in the EL-311 ELISA reader. Results were expressed as 
nanogramsper milliliter (ng/ml) and analyzed with Bio- 
Tek’s Gen5 software.  

2.6. Statistical Analysis 

Numeric data were grouped by means ±SD. Results 
were evaluated by Student’s t test using SPSS release 12, 
and by Kruskall Wallis test using GraphPad Prism v5.03. 
P < 0.05 was considered statistically significant. 

3. RESULTS  

Patient’s Characteristics 

Two groups of 40 HCV-infected patients, based on 
their serum insulin concentration, were compared. The 
cut-off value was established at 25 IU/ml. The average 
insulin value of group A (hyperinsulinemic patients) was 
65.7 ± 9.6 IU/ml, whereas group B patients and controls 
had a lower insulin concentration (16.2 ± 1.6 and 17.3 ± 
0.7 IU/ml, respectively). The differences between group 
A values and group B or controls were statistically sig- 
nificant (P < 0.001). Figure 1(a) shows the insulin levels 
in plasma in controls and both HCV-infected group. 

There were no gender or age differences among the 
groups. The mean body weight was higher in group A 
patients in comparison to the control group (P < 0.004); 
group B individuals had a higher value although not sta-
tistically significant in comparison to the control group 
(71.4 ± 2.4 and 67.8 ± 5.9 vs. 58.6 ± 2.0, P < 0.0001). 
Mean body mass index in the control group was lower 
than in both HCV-infected groups (28.2 ± 1.1 and 27.1 ± 
1.7 vs. 22.3 ± 0.6, P < 0.004). The number of individuals 
with HCV genotype 1 or 2 was similar in both groups 
and there was no statistical difference in the amounts of 
HCV RNA values between both groups. 

Although the number of patients with cirrhosis was 
higher in group B than in group A (11 vs. 8), the presence 
of liver damage assessed by ALT values was similar in 
both groups of patients with HCV infection, although a 
slightly increase in its concentration was determined in 
patients of group A (P < 0.003). Additionally, the eva- 
luation by USG showed diffuse hepatic damage, gastritis 
and esophageal varices in 32 patients of group A as well 
as in 28 patients of group B, with clinical liver disease 
but without cirrhosis. The eight patients of group A and 
11 patients of group B with cirrhosis has besides hepatic 

chronic damage, level IV esophageal varices and bleed- 
ing of digestive tube.  

The HOMA value was statistically different among the 
three groups (13.6 ± 10.2 for group A, 3.4 ± 1.3 for 
group B, and 3.1 ± 0.6 for the control group; P < 0.0001). 
Cholesterol values did not show significant changes, 
whereas triglycerides were within normal values, althou- 
gh a higher concentration was observed in group B pa- 
tients (Table 1). Albumin values were within the normal 
range in the three groups. Glucose was elevated only in 
four of the HCV patients of group A and in three of 
group B; glucose levels were within the ≥ 110 < 126 
mg/dl threshold and none was receiving diabetes treat- 
ment.  

The mean platelet count was statistically lower in both 
HCV-infected groups, being significantly lower in group 
A individuals (161 vs. 206 k/µl in group A vs. B patients), 
suggesting the a non-decompensated status of HCV pa-
tients. 

Since an elevated BMI and a chronic viral infection 
have been linked with a chronic inflammatory status, we 
evaluated some of the most important inflammation- 
related cytokines in patients with hepatitis C. However, 
we found that none of the patients included in group A or 
B had elevated serum values of TNF-α (Figure 1(b)), 
IL-1β (Figure 2(a)), TGF-β (Figure 2(b)), or IL-6 (Fig-
ure 3). Control individuals had similar detectable serum 
concentrations of these cytokines.  
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Figure 1. Plasma levels of insulin (a) in 
controls, hepatitis C virus normo-(HCV/ 
NI) or hyperinsulinemic (HCV/HI) pa-
tients. Plasma levels of TNF-α (b) in 
controls, HCV/NI or HCV/HI. Statistical 
analysis was made using Kruskall Wallis 
test. *P < 0.001. 
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Figure 2. Plasma levels of IL-1β (a) or TGF-β (b) in controls, HCV/NI or HCV/HI patients. The sta-
tistical analysis by Kruskall Wallis test not showed significant differences. P > 0.05. 
 
Table 1. Characteristics and serum values of hyper- and normo-insulinemia HCV patients. 

 Group A (n = 40) Group B (n = 40) Control (n = 30) 

Gender, female 18 18 14 

Age (years) 49.2 ± 8.7 49.4 ± 11.2 51.2 ± 14.9 

Weight (kg) 71.4 ± 2.4b 67.8 ± 5.9 58.6 ± 2.0 

BMI (kg/m2) 28.2 ± 1.1b 27.1 ± 1.7c 22.3 ± 0.6 

HCV genotype 
1 
2 

 
32 
8 

 
32 
8 

 
0 
0 

HCV RNA (IU/ml) (minimum-maximal values log10) 5.97 (4.82-6.56) 5.93 (4.12-6.66) 0 

Clinical liver disease 
No cirrhosis/no decompensation 

Cirrhosis/no decompensation 
Decompensated liver disease 

 
32 
8 
0 

 
28 
11 
1 

30 

ALT (IU/ml) 76.3 ± 14.5b 54.3 ± 8.08b 23 ± 1.6 

Hyperglycemic (>110 <126 mg/dl) 4 3 0 

HOMA-IR 13.6 ± 10.2a,b 3.4 ± 1.3 3.1 ± 0.6 

Colesterol (mg/dl) 159.2 ± 11.9 156.4 ± 14.0 156.1 ± 11.3 

Tryglycerides (mg/dl) 127.6 ± 19.4 161.7 ± 32.8c 114 ± 19 

Albumin (g/dl) 4 ± 0.4 3.9 ± 0.8 4.1 ± 0.4 

Platelets (k/μl) 161.3 ± 20b 206.6 ± 27c 304.7 ± 22.6 

Nitrites (μmol/L) 11.0 ± 1.6b 11.3 ± 2.6c 3.4 ± 0.4 

Normal values for cholesterol are 140 - 239 mg/dl, triglycerides 35 - 135 mg/dl, albumin 3.8 - 5.1 g/dl, platelets 150 a 
450 × 103/μl, ALT 10-40 IU/ml. Statistical analysis was made using student T test, a is the comparison between A and B 
groups (P<0.001), b between groups A and the control group (P < 0.001), c between group B and the control group (P < 
0.003). 

 
(3.4 ± 0.4 vs. 11.0 ± 1.6 for group A and 11.3 ± 2.6 
µmol/l for group B; P < 0.03). 

Since insulin is known to regulate nitric oxide secretion 
and the latter may act as an antiviral and anti-infla- 
mmatory molecule, we decided to evaluate the serum 
concentration of metabolites derived from nitric oxide 
(nitrites are considered an adequate index of NO synthe- 
sis). Interestingly, there was a statistically significant diff 
erence between control and both HCV patient groups  

4. DISCUSSION  

Despite some evidence linking T2 DM to patients in-
fected with HCV, other authors have failed to demon- 
strate this association [14]. It has been suggested that 
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Figure 3. Plasma levels of IL-6 in 
controls, HCV/NI or HCV/HI pa- 
tients. Plasma levels of IL-6 were 
analyzed using Kruskall Wallis test. 
*P > 0.05.  

 
chronic infection with hepatitis C virus can induce insu- 
lin resistance (IR), thus contributing to steatosis, pro- 
gression of fibrosis, onset of DM, and resistance to in- 
terferon therapy [7].  

In addition, other factors associated with fibrosis pro- 
gression in the HCV patient are older age, consumption 
of alcohol, viral coinfections, and duration of infection. It 
is relevant to mention that metabolic markers, such as 
insulin resistance or type 2 diabetes, have been consid- 
ered lately as other important factors involved in the pro- 
gression of hepatic damage [15], suggesting that pro- 
gression of hepatic damage in patients with HCV infec- 
tion can be a consequence of insulin resistance ratherthan 
the viral infection per se [16].  

The contradictory results on the association between 
hepatitis C infection and T2 DM, have raised the interest 
in evaluating the presence of other elements, possibly 
linked with the inflammatory process in patients chroni- 
cally infected with the HCV. For this reason, in our study, 
we evaluated patients coursing with the infection for at 
least 10 years, all without antiviral treatment in the last 
year, and who sought medical care because of reactiva- 
tion of the clinical symptomatology. Although our results 
showed statistically significant differences between con- 
trols and HCV patients in the HOMA-IR and insulin con- 
centration, only four patients of the hyperinsulinemic 
group (group A) and three of the normoinsulinemic 
group (group B) showed a slight increase in glucose 
concentration (glucose > 110 < 126 mg/dl). These levels 
of fasting plasma glucose are considered as impaired 
fasting glucose (IFG) according to the American Diabe- 
tes Association criteria. High concentration of insulin or 
HOMA-IR were observed mainly in the patients from 
group A, which showed more overweight and BMI com- 
pared to group B patients or controls. It is relevant to 
mention the presence of IR in obese patients in the ab- 
sence of another pathologic entity [17].  

Elevated ALT and nitrites are considered markers of 
inflammation and hepatic damage; however, doubts ab- 
out the real clinical significance still exist. Some data 

have shown that 20 to 40% of hepatitis C virus RNA pa- 
tients will have a normal ALT concentration [18]; this 
limits the usefulness of ALT levels as markers of liver 
damage in these patients. Our results show significant 
differences in ALT concentration. However, we did not 
achieve the levels reported in other works, which have 
shown levels of 167 IU/ml in non-diabetic patients 
with chronic hepatitis C [19]. The latter could suggest a 
milder inflammatory process [20]. TNF-α inhibits the 
function of the insulin receptor and promotes insulin 
resistance favoring a state of hyperglycemia, hyperin su- 
linemia, and enhanced liver steatosis [21]. We expected 
increased TNF-α values but, however, we did not find 
them. Nitrites were moderately increased in both the 
normoand hyper-insulinemic HCV patients as compared 
to control individuals (11.0 ± 1.6 and 11.3 ± 2.6 vs. 3.4 ± 
0.4 μmol/l). Our results suggest an attenuated synthesis 
of NO in response to the presence of HCV.  

It has recently been suggested that IR is induced by 
chronic HCV infection more than contributing to, which 
requires the coexistence of hepatitis, steatosis, and/or fib- 
rosis [18]. Development of hepatic steatosis induces a 
fas- ter progression of hepatic disease and reduces the su- 
stained virological response to treatment with pegylated 
interferon plus ribavirin, which has been associated with 
insulin resistance in patients infected with HC [22]. 
Other major differences were the relatively higher ALT 
concentration, but slightly low platelet values of hyper-
insulinemic patients vs. normoinsulinemic individuals. 
With such differences, we would expect a higher Child- 
Pugh score in hyperinsulinemic patients but, interestingly, 
this was not the case.   

The conflicting results, obtained regarding the asso-
ciation between T2 DM and chronic HCV infection still 
remain to be elucidated. It has been recognized that the 
control of excessive synthesis, as well as the response to 
TNF-α, can delay the development of T2 DM [23]. It 
could well be that the development of diabetes mellitus is 
a consequence of the hepatic damage in later phases of 
the disease, derived from the high insulin concentration 
and not as consequence of the presence of the virus. 
Behrendt and Ruiz [24] reported that hyperglycemia in 
patients with hepatitis C does no show the classical phe- 
notype; also they emphasize the association between 
HCV patients and the family history of diabetes or the 
presence of diabetes mellitus. Moreover, they showed an 
inverse relation between HCV with the presence of im- 
paired fasting glucose. It could suggest that hyperinsu- 
linemia in early phases of the infection is a protection 
mechanism that decreases proinflammatory and increases 
anti-inflammatory cytokines synthesis and attenuates the 
inflammatory process. When this mechanism is inhibit- 
ing, it induces the onset of steatosis and fibrosis and later 
on the onset of diabetes mellitus in the HCV patient [25]. 
However, we cannot to ignore that recently has been 
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showed at the increase in one unit of BMI, it is linked 
with the increase in the levels of insulin, which could be 
explain the insulin levels observed in the patients of 
group A.  

Although the presence of hyperinsulinemia for long 
periods of time could be linked with the onset of hepatic 
damage in the patient with HCV type 1 and 2, the ab- 
sence of changes in the levels of proinflamatory cyto- 
kines in our work, suggest the relevance of other factors 
associated with the onset of fibrosis (age, consumption of 
alcohol, viral coinfections, and duration of infection) 
[26], and with the onset of hepatic damage in the patient 
with chronic HCV infection. In conclusion, our results 
suggest the relevance of evaluate not one but numerous 
factors in the patient with chronic infection by hepatitis 
C virus, which help us to improve our comprehension 
about the evolution of disease in these patients  
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