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Abstract

Objective: To determine insulin resistance in chronic hepatitis C patients and assess the effects of insulin resistance on laboratory and histopathological parameters of chronic hepatitis C.

Methodology: The study included 50 person divided into 30 adult chronic hepatitis C patients diagnosed by PCR within previous 6 months and 20 healthy controls. The functional and morphological status of the liver was evaluated by ultrasonography and laboratory investigations including liver function tests and liver biopsy. Fasting blood glucose and fasting insulin levels were measured and body mass index and insulin resistance were calculated. Patients having HOMA-IR >2.5 were labeled as insulin resistant. 
Results: Thirty patients including19 (63.3%) male and 11 (36.7%) females with mean (±SD) age of 39.5±9.5 years were enrolled for this study. The mean (±SD) of HOMA-IR was 1.84±1.06.  Eight (26.7%) patients had HOMA-IR values greater than 2.5, which was consistent with IR diagnosis. patients with IR have higher BMI (p = 0.000),  higher degree of hepatic steastosis (p = 0.006) and inflammatory activity (p = 0.05) compared to patients without IR. 

In conclusion, insulin resistance is a potentially modifiable factor that can aggravate hepatic steatosis and accelerates hepatic fibrosis.
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Introduction
      Hepatitis C virus (HCV) is a global disease with a worldwide prevalence estimated to be around 3% [1]. Egypt has the highest prevalence of HCV worldwide which was estimated to be more than 15% [2].

         Acute HCV infection is most often asymptomatic; 50-85% of these patients ultimately develop chronic hepatitis C (CHC) [3], and 20%-30% of HCV patients develop cirrhosis after 20-30 years of disease [4]. The rate of progression to cirrhosis is the most important factor in the natural history of HCV infection. Since most patients with CHC do not develop cirrhosis, it is logical to infer that host related and virus related factors must play a role in the progression to cirrhosis [5].

        In the last few years factors such as insulin resistance (IR) and hepatic steatosis, have been linked to progression of hepatic fibrosis [6-8]. Patients with chronic liver disease, and cirrhosis in particular, are known to be prone to IR. However, chronic HCV infection may induce IR, regardless of the presence of liver cirrhosis [5].
Aim of the work
The aim of this study was to determine insulin resistance in chronic hepatitis C patients and assess the effects of insulin resistance on laboratory and histopathological parameters of chronic hepatitis C.

Patients and Methods: 
Patients:The present study included fifty patients divided into thirty patients with chronic hepatitis C virus infection selected from CHC patients attending the outpatient clinics of Tropical Medicine and Gastroenterology, and 20 healthy controls 
Inclusion criteria: Adult patients of both sexes diagnosed within the previous 6 months positive for HCV RNA in serum (by RT-PCR assay), with evidence of chronic hepatitis supported by liver biopsy. Patients were not receiving hepatitis treatment at the time of sampling. 
Exclusion criteria: Patients who had serological evidence of hepatitis B or human immuno-defficiency virus infection, patients with history of prior anti-HCV treatment, history of current alcohol and/or drug abuse and those who are known to have other diseases as diabetes mellitus or with clinically evident autoimmune diseases were excluded from the study.
The control group: included twenty healthy individuals (without any evidence of liver disease either clinically or laboratory) matched for age with the CHC group and with negative serology.
Methods:

The protocol was approved by faculty Ethics Committee. All participants signed written consents then the following were done
· Complete history taking and full clinical examination.

· Body mass index was calculated from patients' weight: patients' weight (Kg)/ patients' height (meter)2[9]. 

· Investigations:

1) Laboratory:
a) Liver function tests: serum albumin, ALT, AST, total bilirubin, prothrombin time and concentration by standard methods.

b) Fasting serum glucose, AFP, creatinine, complete blood picture. 

c) Polymerase chain reaction (PCR) for HCV. Total RNA was extracted from 100 μl of serum using a QIAamp viral RNA kit (QIAGEN, Germany)
d) Serum insulin level was collected after 12 h of overnight fasting from each individual. Serum insulin was measured by ARCHITECT plus 1 1000 based on chemiluminescent microparticle immunoassay (8K4 ARCHITECT insulin kit; Diagnostic Products Abbott Park, IL 60064 USA).  IR was calculated by the HOMA-IR using the following formula: HOMA-IR = fasting insulin (μU/mL) × plasma glucose (mmol/L)/22.5.and an index value of > 2.5 was defined as IR. This cutoff value was chosen because recent studies have suggested that a HOMA-IR of 2.4-3.0 is probably suitable to define IR in CHC patients [10].

.
2) Abdominal ultrasonography: to exclude patients with liver cirrhosis.
3)  Histopathological evaluation of chronic hepatitis C:

The obtained tissue cores were 1 to 2 cm long. They were fixed in 10 % formaldehyde, processed as usual, embedded in paraffin and sections of 4 µm thickness were prepared and stained with hematoxylin and eosin (H&E) to assess both the grade and the stage of chronic viral hepatitis, in addition to the degree of steatosis. The degree of necroinflammatory lesions (grade) and extent of fibrosis (stage) were measured using both modified Ishak scoring and Metavir staging systems [11,12]. Histopathological evaluation was performed without knowledge of the patients’ clinical or blood samples data. All liver biopsies were examined by a single pathologist. 

Statistical analysis:

The data were analyzed by SPSS version 16. Continuous data were expressed as mean ± SD, and categorical data were expressed as numbers and percentages. Comparisons of differences between two groups were performed by the Student's t-test for the continuous data, Chi-square test or Fisher's exact test for categorical data. Pearson’s r correlation test was used to evaluate the association for continuous variables. Spearman’s rho correlation test was used to evaluate the association for categorical data. P values of less than 0.05 were considered significant

Results

The study was conducted on 30 patients with chronic hepatitis C who fulfilled the study's inclusion criteria. 19 (63.3%) were males and 11 (36.7%) were females with age ranged from 22 - 54 years and a mean age of 39.5±9.5 years in whom HOMA-IR was calculated, the mean value was found to be 1.84±1.06.  Eight (26.7%) patients had serum HOMA-IR values greater than 2.5, which is consistent with IR diagnosis. The healthy controls group is formed of 12 (60%) males and 8 (40%) females with age ranged from 20-49 years and a mean age of 35.12+4.20 years. Comparison between CHC and healthy controls regarding mean values of BMI, HOMA-IR, fasting insulin, fasting blood glucose revealed significant difference in mean values of HOMA-IR (1.84 vs 1.06), fasting insulin (7.37 vs 4.20 μU/mL) and fasting blood glucose (5.76 vs 4.69 mmol/L) (p = 0.033, p = 0.044, P=0.000 respectively). In chronic hepatitis C patients HOMA-IR, Serum insulin and fasting blood glucose were higher than healthy controls. BMI was comparable between CHC and healthy controls (p = 0.179). Of the histopathological characteristics the degree of steatosis divided into (≥10%) found in 33.3%, and (<10%) found in 66.7% of the patients.
Chronic hepatitis C patients with IR showed significantly higher mean values of BMI and fasting insulin than those without IR (P<0.000). Patients with IR were more likely to have steatosis (p = 0.006), higher necroinflammatory activity as they had higher scores of HAI (p = 0.05).  No significant differences were found between the two groups regarding hepatic fibrosis (Table 1).
Table (1): Demographic and laboratory data of the of 30 patients with chronic  

   hepatitis C according to the presence or absence of insulin resistance (IR)

	Variables
	IR present

N=8
	IR absent

N=22
	P value

	Age (years)
	44±9.83
	37.86±9.10
	0.150

	Body mass index (Kg ̸ m2)
	30.62±3.91
	24.92±1.72
	0.000***

	Sex: Male/Female
	3(37.5%)/5(62.5%)
	16(72.7%)/6(27.3%)
	0.091

	Aspartate transaminase (U/L)            
	37.08±17.17
	37.41±17.86
	0.975

	Alanine transaminase (U/L)
	43.50±23.21
	44±34.26
	0.959

	AST/ALT ratio
	1.07±0.51
	0.98±0.28
	0.671

	Albumin(mg/dL)
	4±0.40
	4.18±0.35
	0.251

	Bilirubin(mg/dL)
	0.75±0.38
	0.82±0.70
	0.743

	Alpha fetoprotein (ng/mL)
	11.10±21.1
	3.53±1.50
	0.344

	PCR (IU/mL)
	390841.75±436307.77
	824386.45±1908895.94
	0.328

	Prothrombin time (seconds)
	12.56±1.15
	11.80±0.77
	0.117

	Hemoglobin (g/dL)
	13.41±1.65
	13.98±1.93
	0.442

	WBCs (K/μL)
	5.04±1.15
	6.92±2,57
	0.011*

	Platelets(K/μL)
	216.08±66.60
	242.82±54.22
	0.298

	Fasting blood glucose(mmo/L)
	5.51±0.95
	5.84±0.49
	0.222

	Fasting insulin (μU/mL)
	13.65±3.08
	5.09±2.39
	0.000***

	Hepatic steatosis
	19±18.28
	5.14±7.81
	0.006**

	Metavir staging (F)
	1.75±1.16
	1.45±0.91
	0.472

	Metavir grading (A)
	1.38±0.52
	1.23±0.43
	0.486

	Modified Ishak staging
	2.63±1.85
	2.10±1.69
	0.488

	Modified HAI grading
	6±1.77
	4.45±1.60
	0.05*


AST/ALT ratio: Aspartate transaminase/Alanine transaminase ratio, PCR: polymerase chain reaction, 
WBCs: White blood cells.   *: mild significant, **: moderately significant, ***: highly significant
HOMA-IR values showed significant positive correlation with BMI, prothrombin time, AFP and fasting insulin; and non significant correlation with serum albumin, bilirubin, AST, ALT, platelets, AST/ALT ratio, PCR and fasting blood glucose levels (Table 2).

Table (2): Correlation between HOMA-IR and laboratory data in the 30 patients with chronic hepatitis C

	Variable
	HOMA-IR

	
	Correlation coefficient
	P value

	Body mass index (Kg ̸ m2)
	0.518
	0.003**

	Age (year)
	0.248
	0.187

	Aspartate transaminase (U/L)            
	0.045
	0.815

	Alanine transaminase (U/L)
	0.009
	0.962

	AST/ALT ratio
	0.047
	0.807

	Albumin (mg/dL)
	-0.142
	0.454

	Bilirubin (mg/dL)
	0.066
	0.729

	Alpha fetoprotein (ng/mL)
	0.371
	0.043*

	Prothrombin time (seconds)
	0.421
	0.020*

	PCR (IU/L)
	-0.066
	0.728

	Platelets(K/ μL)
	-0.121
	0.524

	Hemoglobin (g/dL)
	-0.174
	0.284

	WBCs (K/ μL)
	-0.077
	0.635

	Fasting glucose (mmol/L)
	-0.079
	0.679

	Fasting insulin (μU/mL)
	0.946
	0.000***


*: mild significant, **: moderately significant, ***: highly significant
There were significant positive correlations between HOMA-IR values and both percentage of steatosis and histological activity index, and significant positive correlation between fibrosis and fasting glucose.  Correlation between percentage of steatosis and fibrosis, or histological activity index showed significant positive correlation. There was nonsignificant correlation between fibrosis and HOMA-IR values (Table 3). 

Table (3): Correlation between HOMA-IR, fasting insulin, fasting blood glucose and the histological characteristics in chronic hepatitis C patients

	Variables
	Correlation
	HOMA -  IR
	Fasting insulin
	Fasting glucose
	Hepatic steatosis

	Hepatic steatosis
	Pearson’s r correlation
	0.452
	0.412
	0.016
	--------

	
	p value
	0.012
	0.024
	0.935
	

	Metavir staging (F)
	Spearman's rho
	0.084
	0.033
	0.366
	0.410

	
	p value
	0.661
	0.864
	0.047
	0.025

	Metavir grading (A)
	Spearman's rho
	0.287
	0.222
	0.327
	0.298

	
	p value
	0.124
	0.238
	0.078
	0.110

	Modified HAI grading
	Spearman's rho
	0.432
	0.469
	0.221
	0.459

	
	p value
	0.017
	0.026
	0.240
	0.005

	Modified Ishak staging 
	Spearman's rho
	0.122
	0.082
	0.311
	0.424

	
	p value
	0.519
	0.665
	0.094
	0.019


Discussion 

Insulin resistance is assumed to be a major part of liver pathology during viral hepatitis [13,14] Viral hepatitis is one important stimulant in causing IR and so initiates a damaging mechanism leading to

liver cell necrosis synchronised with immune mediated cell lysis [6].

In our study, there were significant difference in mean values of HOMA-IR, fasting insulin and fasting blood glucose  between CHC and healthy controls with higher mean values found in CHC. Our results were in agreement with Elbedewy et al. [15], who found Serum insulin and HOMA-IR values were higher in CHC than healthy volunteers.

There is no consensus on IR assessment and reference values among HCV carriers or even among subjects without liver disease. HOMA-IR index has been used as an indirect way to measure IR, and correlates well with insulin sensitivity using the euglycemic/ hyperinsulinemic clamping technique [16,17] .  Similar to  Huang, et al. [10] and de Souza et al. [5] we use cut-off value for HOMA-IR more than 2.5 and we found that out of 30 patients with CHC 8 (26.7%) patients had serum HOMA-IR values greater than 2.5, which is consistent with IR diagnosis. Our result was comparable to that of several studies as Mohamed et al. [18] and Irshad et al. [10] who found IR present in 39.5% and 28.57% of CHC patients, respectively.

In agreement with de Souza et al. [5], we found CHC patients with IR had higher BMI and fasting insulin, compared with patients without IR. Gender was similar between patients with and without IR. But in contrast to de Souza and his colleagues [5], we found nonsignificant differences between patients with and without IR regarding mean values of age, AST, ALT, platelets, AST/ALT ratio, AST: PLT ratio index, albumin, bilirubin, prothrombin time and fasting blood glucose.

We found a higher degree of liver steatosis and necroinflammatory activity in CHC with IR patients than those without. This was in consistent with the results of de Souza et al. [5]; liver steatosis may have contributed to this finding [5].

We found that HOMA-IR index had significant positive correlation with BMI, prothrombin time, AFP and fasting insulin and no significant correlation with the age, viral load, platelets, AST/ALT ratio, AST: PLT ratio index , serum albumin, bilirubin, AST, ALT and fasting blood glucose levels. Similarly, Elbedewy et al. [15], found significant positive correlations between HOMA-IR and both fasting insulin and AFP and no significant correlation with the age, serum albumin, bilirubin, AST, ALT and fasting blood glucose levels. In consistent with our results Kiran et al. [20], found BMI was positively associated with insulin resistance. On the other hand, Himoto et al. [21] reported non significant correlation between the HOMA-IR value and BMI

 In contrast to our result Kiran et al. [20], found older age was positively associated with insulin resistance. But in consistent with our result gender difference was not found to be associated with insulin resistance in their study.

Our result was in agreement with Hung et al. [10], who reported no significant association between HCV RNA levels and HOMA-IR index. In contrary to our result Yoneda et al. [22] and Mohamed et al. [18], found significant correlation between HCV RNA levels and HOMA-IR index.

We found no correlation between insulin resistance as measured by HOMA-IR and hepatic fibrosis neither by Metavir system nor by modified Ishak staging system. This result was similar to that reported by a recent study conducted on CHC patients that revealed lack of correlation between IR and fibrosis [23]. In consistent with our result, Grigorescu et al. [24] found HOMA-IR was insignificantly correlated to hepatic fibrosis by Metavir system. Hsu et al. [25] found insignificant correlation between HOMA-IR index and liver fibrosis by modified Ishak staging system. Also, Yoneda et al. [22] found insignificant correlation between HOMA-IR fibrosis.  On the other hand, Mohamed et al. [18] found HOMA-IR was significantly correlated to hepatic fibrosis by modified Ishak staging. In contrast to our result de Souza et al [5] reported that IR plays an important role in hepatic fibrosis in chronic HCV patient, irrespective of the genotype.

Our results showed significant positive correlation (rho = 0.452; p = 0.017) between HOMA-IR values and histological activity index. Similarly, Grigorescu et al. [24] found HOMA-IR was significantly correlated with histological activity. On the contrary, Yoneda et al. [22] found insignificant correlation between HOMA-IR and inflammatory activity index. 
In previous studies, steatosis (≥10%) was common among patients with chronic hepatitis C, occurring in 34% of biopsy specimens [8,26,27,28] which is close to the percentage reported in our study as we found steatosis ≥10% occur in 33.3% of CHC patients 
In contrast to the results of El- Sharkawy et al. [23], we found significant positive correlation between percentage of steatosis and the stage of fibrosis and histological activity index. In consistent with our result Cholet et al. [29] and Rubbia-Brandt et al. [30] reported a significant correlation between steatosis and high stage of fibrosis. Also, in the study of Fartoux et al. [8]  steatosis was associated with more severe fibrosis, whatever the genotype, supporting the major role of steatosis, whatever its cause, in the progression of fibrosis. 

We found significant positive correlation between fibrosis and fasting glucose (rho = 0.366, p = 0.047). In fact, it has been demonstrated that high levels of insulin and glucose could promote fibrogenesis by stimulating the release of connective tissue growth factor, from hepatic stellate cells [31].

Conclusion
This study demonstrated that 26.7% of non-diabetic HCV positive patients had insulin resistance, defined by HOMA-IR values > 2.5, associated with high BMI, histological inflammatory activity and liver steatosis. Insulin resistance is a potentially modifiable host related factor that can aggrevate hepatic steatosis and accelerates hepatic fibrosis.
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الملخص العربي
مقاومة الإنسولين في أمراض الكبد المزمنة ذات الصلة بالإلتهاب الكبدي الفيروسي سى و سرطان الكبد
تهدف هذه الدراسة الي تحديد مقاومة الأنسولين في مرضى الإتهاب الكبدي الفيروسي المزمن سي و تقييم دور مقاومة الانسولين في زيادة درجة النسيج الليفي في الكبد وتأثيره علي عدد الفيروسات في الدم. 

و قد قامت هذه الدراسة علي50 شخص مقسمة إلى 30 مريض بفيروس سي و 20 من الاصحاء كمجموعة ضابطة. تم تقييم الحالة الوظيفية والمورفولوجية للكبد عن طريق الموجات فوق الصوتية والفحوص المختبرية بما في ذلك اختبارات وظائف الكبد. و تم قياس مستوى السكر صائم في الدم  و مستويات الانسولين وتم حساب كتلة الجسم وقياس مقاومة الأنسولين .
  ووجدنا من أصل 30 مصاب بالالتھاب الكبدى الفيروسى المزمن سي أن 8 (26.7٪) من المرضي لديهم مقاومة  الجسم للانسولين. و يصاحب هذاعادة إرتفاع كل من معامل كتلة الجسم، مستوي الأنسولين، معامل مقاومة الأنسولين و تؤدي إلي تشحم الكبد في مرضي الفيروس الكبدي (سي) المزمن. وجدنا أن المرضى الذين يعانون من مقاومة الجسم للانسولبن لديهم درجة أعلى في  دهون الكبد و نشاط إلتهاب الكبد, و قد ساهمت درجة تدهن الكبد في هذه النتيجة.
ونستخلص من هذه الدراسة أن مقاومة الانسولين تبدأ في وقت مبكر من الاصابة المزمنة بفيروس التهاب الكبدي سي وتتسبب في تشحم الكبد وتسرع من حدوث التليف الكبدي
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