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ABSTRACT

Introduction: Hepatitis B and C viruses (HBV and HCV) are
the most common causes of chronic viral hepatitis in the
United States and worldwide. As several studies have shown
that some viral infections promote Insulin Resistance (IR), it
becomes imperative to investigate the effect of HBV and HCV
on the same.

Aim: To investigate the association between IR and Hepatitis C
and Hepatitis B infection.

Materials and Methods: The present cross-sectional study
was conducted in the Department of Paramedical and Health
Sciences, Parul Institute of Paramedical and Health Sciences,
Faculty of Medicine, Parul University, Vadodara, Gujarat, India,
from November 2022 to June 2023. The study comprised
100 consecutive patients, with 55% testing positive for
Hepatitis B and 45% for Hepatitis C. Biochemical parameters
such as fasting blood sugar, fasting insulin and IR via the
Homeostasis Model Assessment (HOMA-IR) were determined.
Statistical analysis was performed using International Business

Original Article

Association of Insulin Resistance with
Hepatitis B and Hepatitis C Infection:
A Cross-sectional Study

Machines (IBM) Statistical Package for Social Sciences (SPSS)
software version 26.0. The z-test of proportion was calculated
and a Z-score calculator was used for p-value.

Results: In the present study, out of 100 consecutive patients,
76 were males and 24 were females. The mean insulin level for
HBV patients was found to be high, with values of 28.94+2.22
mU/L in 23.63% of cases, whereas in HCV cases, 68.8% of
patients were found to have higher levels, with mean values of
34.52+9.00 mU/L. The mean HOMA-IR values for HBV patients
were found to be high, at 4.84+2.32 in 47.27% of cases,
whereas in HCV cases, 77.7% of patients were found to have
higher values of HOMA-IR, with a mean of 7.94+4.83.

Conclusion: Insulin resistance can be a consequence of the
inability of insulin to induce the appropriate effect on glucose
metabolism and is the principal indication for the development
of metabolic syndrome and diabetes mellitus. In the current
study, HCV-positive patients showed more IR compared to
HBV-positive cases.

Keywords: Blood glucose, Homeostasis model assessment, Liver disease, Viral infection

INTRODUCTION

World Health Organisation (WHO) estimates that in 2019, 296 million
people worldwide were living with hepatitis B and 58 million people
were living with hepatitis C. Additionally, 1.5 million people were
newly diagnosed with HBV and HCV infection [1,2]. HBV and HCV
are the most common causes of chronic viral hepatitis in the United
States and worldwide [3]. Viral hepatitis is an inflammation of the
liver that causes liver damage. There are different types of hepatitis
viruses, including HBV and HCV, which are separate viruses with
some similarities. Recent studies have confirmed a close relationship
between IR and other liver diseases [4-6]. IR and Type 2 Diabetes
Mellitus (T2DM) are associated with complications similar to those
associated with chronic hepatitis caused by HBV and HCV infection,
such as cirrhosis and Hepatocellular Carcinoma (HCC) [7].

According to the US Department of Health and Human Services,
the rates of new HBV infections are highest among adults aged
30-59 years, reflecting low hepatitis B vaccination coverage among
adults at risk [8,9]. For 2019, the reported number and rate of HCV
infections were highest among persons aged 30-39 years followed
by those 20-29 years of age; the lowest number and rate was
among those 0-19 years of age [8,10].

Insulin resistance appears as a result of the inability of insulin to
induce the proper effect on glucose metabolism. Exceedingly large
amounts of insulin are required to achieve a normal response in
a state of IR [6]. HOMA-IR is one of the most commonly used
methods to determine IR in large population-based studies,
because it is mathematically derived from individual fasting glucose
and insulin measurements. HOMA-IR is based on the feedback
loop between glucose and insulin after it has been taken up by cells
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[7]. A hyperinsulinemic state causes several clinical abnormalities to
appear in the blood vessels, kidneys and liver. These represent the
major features of metabolic syndrome [11].

Metabolic disorders associated with IR are related to a worse
prognosisin Chronic Hepatitis C (CHC) virus infection or Non Alcoholic
Fatty Liver Disease (NAFLD) [12,13]. IR also plays an important role
in the development of various complications associated with HBV
infection. Recent evidence indicates that HCV-related IR can lead to
liver fibrosis, steatosis, HCC and resistance to antiviral drugs [14].
Moreover, there is evidence suggesting that hepatitis C promotes IR
and IR, in turn, induces interferon resistance, steatosis and fibrosis
progression [15].

As mentioned above, several studies have shown that some viral
infections promote IR, which is still unclear [16,17]. This relationship
is likely found mainly in chronic hepatitis because acute infections
promote liver damage instead of metabolic changes due to the
extended duration of the damage. The reports on the relationship
between IR and viral hepatitis, such as HBV and HCV infection, are
inconsistent. Some authors have found glycaemic abnormalities in
HBV-infected patients similar to those associated with HCV infection
[18,19]. However, others have reported that IR and HBV infection are
not related [20]. Due to the lack of substantial evidence, it still remains
controversial. Hence, it becomes important to analyse the association
of IR in the cases of HCV and HBV infections, respectively.

The current study focused on evaluating IR using the HOMA-IR
method to examine the association of the same parameter in HBV
and HCV patients. These results can indicate that patients with HBV
and HCV may need to be carefully monitored for the occurrence of
IR and, hence, diabetes mellitus in the future.
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MATERIALS AND METHODS

The present cross-sectional study was conducted in the Department
of Paramedical and Health Sciences, Parul Institute of Paramedical
and Health Sciences, Faculty of Medicine, Parul University, Vadodara,
Guijarat, India, from November 2022 to June 2023. The study
subjects were counselled separately about the study and an informed
consent form was obtained from each patient. The present study
was approved by the Ethics Committee of the Parul University-
Institutional Ethics Committee for Human Research (PU-IECHR),
Vadodara (PUIECHR/PIMSR/00/081734/5311).

Inclusion criteria: Patients aged >30 years who had been clinically
diagnosed with HCV and HBV, encompassing both males and
females were included in the study. HBV testing was performed
using the Meriscreen one step HBsAg test strip and HCV testing
was conducted using the TREDRO HCV Ab kit method [21,22].

Exclusion criteria: Patients with type 1 diabetes, pregnant women,
smokers and alcoholics were excluded from the study.

Sample size calculation: The sample size was determined using a
non probability, characteristic and convenient sampling method with
a 95% confidence level, using the online statistical tool OpenEpi. The
sample size of the present study comprised a total of 100 individuals.

Study Procedure

Demographic data such as age and gender were recorded using
a semistructured questionnaire. The information concerning the
patients was obtained under strict confidentiality and their identities
were not disclosed.

Blood samples of the subjects were collected using the sterile vein-
puncture technique in grey (fluoride) vials for Fasting Blood Glucose
(FBS) (2 mL) and red (plain) vials (2 mL) for Insulin (IF) following eight
hours of fasting. FBS levels were estimated using an automated
analyser (Fully automatic Erba Macchine EM 200) with the normal
range being 70-100 mg/dL [23].

Insulin fasting was analysed using the ADVIA Centaur XP system
by Chemiluminescent Immunoassays (CLIA) method, with the
normal value being 0-25 mU/L. Further, FBS and insulin fasting
were calculated using the OMNI Homeostatic Model Assessment
(HOMA-IR) calculator:

HOMA-IR=(InsulinxGlucose)/405 [24,25]
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The normal range of HOMA-IR values was taken as (0-2) and
higher values of HOMA-IR, which indicate positive IR, were taken
as >2 [25].

STATISTICAL ANALYSIS

The authors investigated the presence of an independent association
between IR and HBV/HCV status. Statistical analysis was carried
out using IBM SPSS software version 26.0, and Microsoft Excel
2013 was used for the analysis. The Chi-square test method was
employed. The z-test of proportion was manually calculated and a
z-score calculator was used for the p-value. A p-value less than 0.05
was considered statistically significant.

RESULTS

The study comprised 100 patients, including 76 males and 24
females. The total number of HBV-positive patients was 55, with 51
males (mean age: 48.5+12.25 years) and four females (mean age:
35.25+4.71 years). The total number of HCV-positive patients was
45, with 25 males (mean age: 49.32+12.37 years) and 20 females
(mean age: 46.45+9.63 years) [Table/Fig-1].

Among the HBV-positive patients, 14 (25.45%) had higher fasting
blood sugar levels. Similarly, for HCV-positive cases, 11 (24.4%) out
of 45 patients were found to have higher fasting blood sugar levels.
Almost 75% of patients were non diabetic in both cases. In HBV
patients, out of 55, 13 (23.63%) were found to have high insulin
fasting levels. Conversely, in HCV patients, out of 45, 31 (68.8%)
were found with higher insulin fasting levels. There was a significant
difference in the proportion of patients with high FBS, high insulin
fasting and HOMA-IR [Table/Fig-2].

In HBV cases, the mean value for FBS was 85.34+8.02 mg/
dL in normal cases and for higher levels, the mean values were
126.14+19.33 mg/dL. IF levels were 7.32+5.33 mU/L and
28.94+2.22 mU/L for lower and higher values, respectively. The
HOMA-IR values were 1.13+0.42 and 4.84+2.32 for normal and
higher values, respectively in HBV patients [Table/Fig-3].

In HCV cases, the mean values for FBS were 86.73+9.0 mg/dL
for normal and 130.09+22.44 mg/dL for higher levels. The normal
insulin fasting values were 6.58+3.89 mU/L and 34.52+9.0 mU/L
for higher values of insulin fasting in HCV-positive patients. The tests
indicated normal values of HOMA-IR as 1.08+0.43 and 7.94+4.83
for higher values of the same [Table/Fig-4].

[Table/Fig-1]: Demographic data among HBV and HCV groups.

Z-test, Two-sampled Independent t-test

HBV (n=55) HCV (n=45)
Variables Male Female Statistics p-value Male Female Statistics p-value
n 51 4 z-value: 8.96 0.0001 25 20 z-value: 1.05 0.293
Mean age (years) 48.5+£12.25 35.25+4.71 t-value: 2.13 0.037 49.32+12.37 46.45+9.63 t-value: 0.85 0.39

The p-value in bold font indicates statistically significant value

z-score calculator

HBV (n=55) HCV (n=45) - . .
Comparitive ratio of higher values
Parameters Normal High Normal High of various parameters HCV/HBV z-value p-value
FBS, n (%) 41 (74.54) 14 (25.45) 34 (75.5) 11 (24.4) 0.78 24.0 0.001
Insulin Fasting, n (%) 42 (76.36) 13 (23.63) 14 (31.1) 31 (68.8) 2.38 23.12 0.00001
HOMA-IR, n (%) 29 (52.72) 26 (47.27) 10 (22.2) 35 (77.7) 1.34 46.06 0.002

[Table/Fig-2]: Comparison of FBS, insulin fasting and HOMA-IR associated with HCV/HBV patients.

HBV (n=55) »

Statistics
Parameters Normal High t value p-value
FBS in mg/dL 85.34+8.02 | 126.14+19.33 | -11.132 | 0.00001
(Mean+SD)
IFin mU/L (Mean=SD) | 7.32+5.33 | 28.94+2.22 14.17 0.00001
Homa-IR (Mean=SD) 1132042 | 4.84:2.32 -8.46 0.00001

[Table/Fig-3]: Mean values of low and high levels of parameters in HBV.
Two-sampled Independent t-test

HCV (n=45)
Statistics
Parameters Normal High t-value p-value
FBS in mg/dL (Mean+SD) | 86.73+9.0 | 130.09+22.44 -9.33 0.00001
IF in mU/L (Mean+SD) 6.58+3.89 34.52+9.0 -11.10 0.00001
Homa-IR (Mean +SD) 1.08+0.43 7.94+4.83 -4.44 0.0006

[Table/Fig-4]: Mean values of low and high levels of parameters in HCV.
Two-sampled Independent t-test
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The Pearson’s Chi-square test was used to check the association
between all three parameters in both HBV and HCV. The FBS
levels were non significant, whereas IF and HOMA-IR were highly
significant [Table/Fig-5].

Name of parameters FBS IF HOMA-IR
Test significant value 0.0183 20.59 9.681
p-value 0.548 <0.0001 0.002

[Table/Fig-5]: Association between different parameters of HBV and HCV.

Pearson’s Chi-square test

DISCUSSION

Many studies indicate that some viral infections encourage Insulin
Resistance (IR) [26]. This association is more likely to occur in
chronic hepatitis because acute infections promote liver damage
[27,28]. It is believed that IR and T2DM are linked to complications
such as cirrhosis and HCC, which are primarily linked to chronic
hepatitis caused by HBV and HCV infections [29,30]. However, due
to a lack of information related to the manifestation of IR in both
viral hepatitis types, i.e., HBV and HCV, it is difficult to ascertain
whether it plays a prominent role in the aetiology of complications
occurring in both cases to the same extent. HOMA-IR, an IR index
test, is used for prediction diabetes in patients and was utilised
in the current study, where a value greater than 2.0 is considered
indicative of the presence of IR [31]. The association between IR and
hepatitis caused by HBV and HCV is crucial for preventing patients
from future T2DM complications of which they might be unaware.

The present study revealed that out of a total of 100 patients, 55%
(51 males with a mean age of 48.5+12.25 years and four females
with @ mean age of 35.25+4.71 years) were found to be HBV
positive. The total number of HCV-positive patients were 45 (45%)
with 25 males (mean age of 49.32+12.37 years) and 20 females
(mean age of 46.45+9.63 years). In a population-based study,
Wang S et al., found that among all study participants, 3.8% and
0.36% tested positive for hepatitis B and anti HCV, respectively. The
HBsAg and anti-HCV-positive rates were significantly higher in male
participants (4.58% and 0.43%) than in female individuals (3.0%
and 0.33%) [32].

A hospital-based study related to the prevalence of HBV and HCV
infection among patients with Chronic Liver Disease (CLD) in South
India by Saravanan S et al., found that out of the 69 CLD cases
screened for possible markers of HBV and HCV infection, 39 (57 %)
were positive for HBV and 30 (43%) were HCV infected [33].

In the current study, almost 75% of patients were non diabetic in
both cases. However, the fasting insulin levels were high in 23.63%
of HBV cases and it is quite interesting to note that 68.8% of HCV
patients showed high values of fasting insulin, as well as with the
HOMA-IR index. 47.27% of HBV patients were found to have high
values and surprisingly, 77.7% of HCV patients were found to have
high HOMA-IR values.

According to Kumar M et al., a total of 69 chronic HBV-positive
patients were examined to study the relationship between
histological findings and anthropometric and biochemical data,
including IR determined by the HOMA-IR. They concluded that IR
in Chronic HBV (CHBYV) infected patients is a reflection of the host
metabolic profile and CHBV infection is not in itself correlated with
IR [26]. According to a review article, glucose abnormalities (DM/
IR) are strongly associated with HCV infection [34]. On the contrary,
Lee JG et al., demonstrated that chronic HBV is associated with IR.
It may need to be monitored for the occurrence of IR and diabetes
mellitus [12].

The mean FBS levels did not show a significant difference in
both cases. It was found to be 126 mg/dL and 130 mg/dL,
respectively, whereas the mean fasting insulin and HOMA-IR
values were remarkably higher in HCV patients. The test results
indicated 28.94+2.22 for higher values of fasting insulin for HBV-
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positive patients and 34.52+9.00 mU/L for HCV patients. A study
conducted by Alizadeh AM et al., aimed to determine whether IR
occurs in patients with Chronic Hepatitis B and CHC. According to
the results, the mean fasting serum insulin and IR were found to be
higher in HBV-positive cases as compared to HCV [35].

Although approximately, 74% of patients were found to be non
diabetic in both cases, the fasting insulin and HOMA-IR were
found to be higher, indicating an alarming condition for the patients
regarding high IR and the future development of T2DM. It is
noteworthy that HCV is a prominent connection to IR sensitivity.
Hence, it is not an exaggeration to say that HCV-infected patients
are more likely to develop IR and, as a result, T2DM.

The present study indicated that almost 75% of non diabetic
patients in both HBV and HCV cases, hence approximately 25-26%
of cases were found to be diabetic (T2DM). In other findings, such
as Ryu JK et al., 24% of T2DM patients were found in the HCV-
positive group and 10.4% T2DM in the HBV-positive group [36].
Several investigations related to CLD also showed that diabetes
was observed in 24% to 26% of patients in the case of HCV
infection, while it was observed in 9% to 13% of patients with HBV
infection [36-38].

The mechanisms underlying IR are considered multifactorial. The
development of IR involves glucose consumption in skeletal muscle
and glucose production in liver cells. Thus, HCV can be considered
a metabolic disease which can further complicate the infection
and eventually, the onset of T2DM may occur due to this [39-41].
According to Bose SK and Ray R, HCV infection interferes with the
insulin signaling pathway resulting in IR [42]. Many studies indicate
the involvement of HCV as a risk factor for IR [4,43]. The relationship
between T2DM and the development of cirrhosis and HCC has
been reported in several studies [44,45]. Hence, screening for IR
becomes important in patients with viral hepatitis [46]. In the current
findings, HBV was not seen to be linked with high fasting insulin
and HOMA-IR sensitivity. Similar findings were observed in other
research, as well [26,47]. Due to a lack of adequate information,
prospective studies on a larger scale are much needed to confirm
the outcomes for HBV cases.

Limitation(s)

Although the present study needs to be conducted prospectively in
a larger group and for a longer period of time to evaluate the long-
term effects, additional parameters like Body Mass Index (BMI), lipid
profile, Alanine Transaminase (ALT)/Aspartate Aminotransferase
(AST) etc., can be further investigated to predict the occurrence of
complications beforehand.

CONCLUSION(S)

In the current study, the Hepatitis B and C patients were checked
for IR sensitivity. HCV-positive patients showed more IR compared
to that of HBV-positive cases. In fact, IR is the principal indication
for the development of metabolic syndrome and T2DM. IR can be
a consequence of the inability of insulin to induce the appropriate
effect on glucose metabolism. Hence, the evaluation of IR in viral
hepatitis patients, especially in HCV cases, stands prominent in the
prediction of T2DM much before and the patients can be saved from
future complications like Non Alcoholic Fatty Liver Disease (NAFLD),
hepatic steatosis and even hepatic carcinoma. The association of
hepatitis B with IR is still uncertain. Further studies are warranted in
the future for unraveling many hidden aspects.

REFERENCES

[1] Parveen M, Vani M, Pushkar, Usha G, Yogesh S. Prevalence of Hepatitis B and
Hepatitis C in tertiary care center of Northeren India. Adv Res Gastroentero
Hepatol, 2020;15(4):555918. Doi: 10.19080/ARGH.2020.15.555918.

[2] Guidelines for the screening care and treatment of persons with chronic
hepatitis C infection. WHO (2016).



Shruti Bhanderi and Nivedita Priya, Insulin Resistance Effect on both Viral Hepatitis B and C

[3]

[41

(5]

[61

[71

(8l
[

[a]

1]

N2

(3]

4]

[18]

[16]

7]

(el

)

[20]

[21]
[22]
[23]
[24]

[25]

[26]

Karnsakul W, Schwarz KB. Hepatitis B and C. Pediatr Clin North Am.
2017;64(3):641-58. Doi: 10.1016/j.pcl.2017.01.007. PMID: 28502443; PMCID:
PMC5433262.

Hickman 1J, Macdonald GA. Impact of diabetes on the severity of liver disease.
Am J Med. 2007;120(10):829-34.

Yimaz B, Koklu S, Buyukbayram H, Yalgin K, Korkmaz U, Posul E, et al. Chronic
hepatitis B associated with hepatic steatosis, insulin resistance, necroinflammation
and fibrosis. Afr Health Sci. 2015;15 (3):714-18. Doi: 10.4314/ahs.v15i3.3.
PMID: 26957957; PMCID: PMC4765474.

Gutiérrez-Grobe Y, Ponciano-Rodriguez G, Méndez-Sanchez N. Viral hepatitis
infection and insulin resistance: A review of the pathophysiological mechanisms.
Salud Publica Mex. 2011;53(supl 1):S46-S51.

Castelli G, Pelosi E, Testa U. Liver Cancer: Molecular characterization, clonal
evolution and cancer stem cells. Cancers (Basel). 2017;9(9):127. Doi: 10.3390/
cancers9090127. PMID: 28930164; PMCID: PMC5615342.

Guidelines of US department of Health and Human Services: https://www.hhs.
gov/hepatitis/learn-about-viral-hepatitis/hepatitis-b-basics/index.html.

Viral hepatitis National Strategic Plan: A Roadmap to Elimination for the United States |
2021-2025. https://www.hhs.gov/sites/default/files/Viral-Hepatitis-National-Strategic-
Plan-2021-2025.pdf.

Centers for disease control and prevention for viral hepatitis surveillance report
2019. https://www.cdc.gov/hepatitis/statistics/2019surveillance/HepC.htm.

Lee JG, Lee S, Kim YJ, Cho BM, Park JS, Kim HH, et al., Association of chronic
viral hepatitis B with insulin resistance. World J Gastroenterol. 2012;18(42):6120-
26. Doi: 10.3748/wjg.v18.i42.6120. PMID: 23155341; PMCID: PMC3496889.
Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling.
Diabetes Care. 2004;27(6):1487-95.

Lorenzo C, Okoloise M, Wiliams K, Stern MP, Haffner SM. The metabolic
syndrome as predictor of type 2 diabetes: The San Antonio heart study. Diabetes
Care. 2003;26(11):3153-59.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-meta-analytic assessment of
prevalence, incidence and outcomes. Hepatology. 2016;64(1):73-84.

Bondini S, Younossi ZM. Non-alcoholic fatty liver disease and hepatitis C infection.
Minerva Gastroenterol Dietol. 2006;52(2):135-43. PMID: 16557185.

El-Zayadi AR, Anis M. Hepatitis C virus induced insulin resistance impairs response
to anti-viral therapy. World J Gastroenterol. 2012;18(3):212-24. Doi: 10.3748/wjg.
v18.i3.212. PMID: 22294824; PMCID: PMC3261538.

He X, Liu C, Peng J, Li Z, Li F, Wang J, et al. COVID-19 induces new-onset
insulin resistance and lipid metabolic dysregulation via regulation of secreted
metabolic factors. Signal Transduct Target Ther. 2021;6(1):427.

Ambachew S, Eshetie S, Geremew D, Endalamaw A, Melku M. Prevalence of
type 2 diabetes mellitus among hepatitis C virus-infected patients: A protocol
for systematic review and meta-analysis. Syst Rev. 2019;8(1):60.

Cheng AY, Kong AP, Wong VW, So WY, Chan HL, Ho CS, et al. Chronic hepatitis
B viral infection independently predicts renal outcome in type 2 diabetic patients.
Diabetologia. 2006;49(8):1777-84.

Custro N, Carroccio A, Ganci A, Scafidi V, Campagna P, Di Prima L, et al.
Glycemic homeostasis in chronic viral hepatitis and liver cirrhosis. Diabetes
Metab. 2001;27(4 Pt 1):476-81. PMID: 11547221,

Kao JH. Diagnosis of hepatitis B virus infection through serological and
virological markers. Expert Rev Gastroenterol Hepatol. 2008;2(4):553-62.

Zein NN. Clinical significance of hepatitis C virus genotypes. Clin Microbiol Rev.
2000;13(2):223-35.

Teitz N.W. Fundamentals of Clinical Chemistry (243), W.B. Saunders & Co.
Philidelphia PA 1976.

Omni HOMA-IR calculator-Insulin Resistance. https://www.omnicalculator.com/
health/homa-ir.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: Insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia.
1985;28(7):412-19. Doi: 10.1007/BF00280883. PMID: 3899825.

Kumar M, Choudhury A, Manglik N, Hissar S, Rastogi A, Sakhuja P, et al.
Insulin resistance in chronic Hepatitis B virus infection. Am J Gastroenterol.
2009;104(1):76-82.

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

www.jcdr.net

Suriawinata AA, Thung SN. Acute and chronic hepatitis. Semin Diagn Pathol.
2006;23(3-4):132-48. Doi: 10.1053/j.semdp.2006.11.001. PMID: 17355087.
Maasoumy B, Wedemeyer H. Natural history of acute and chronic hepatitis C.
Best Pract Res Clin Gastroenterol. 2012;26(4):401-12.

Panneerselvam S, Wilson C, Kumar P, Abirami D, Pamarthi J, Reddy MS, et
al. Overview of hepatocellular carcinoma: From molecular aspects to future
therapeutic options. Cell Adh Migr. 2023;17(1):01-21.

Liu CJ, Kao JH. Hepatitis B virus-related hepatocellular carcinoma: Epidemiology
and pathogenic role of viral factors. J Chin Med Assoc. 2007;70(4):141-45.

Hsu CS, Liu CJ, Liu CH, Wang CC, Chen CL, Lai MY, et al. High hepatitis C
viral load is associated with insulin resistance in patients with chronic hepatitis
C. Liver Int. 2008;28(2):271-77. Doi: 10.1111/j.1478-3231.2007.01626.x. Epub.
PMID: 18028320.

Wang S, Tao Y, Tao Y, Jiang J, Yan L, Wang C, et al. Epidemiological study of
hepatitis B and hepatitis C infections in North-eastern China and the beneficial
effect of the vaccination strategy for hepatitis B: A cross-sectional study. BMC
Public Health. 2018;18(1):01-07.

Saravanan S, Velu V, Kumarasamy N, Shankar EM, Nandakumar S, Murugavel
KG, et al. The prevalence of hepatitis B virus and hepatitis C virus infection
among patients with chronic liver disease in South India. Int J Infect Dis.
2008;12(5):513-18.

Desbois AC, Cacoub P. Diabetes mellitus, insulin resistance and hepatitis C virus
infection: A contemporary review. World J Gastroenterol. 2017;23(9):1697-1711.
Alizadeh AM, Fallahian F, Alavian SM, Ranjbar M, Hedayati M, Rahimi F, et
al. Insulin resistance in chronic hepatitis B and C. Indian J Gastroenterol.
2006;25(6):286-89.

Ryu JK, Lee SB, Hong SJ, Lee S. Association of chronic hepatitis C virus infection
and diabetes mellitus in Korean patients. Korean J Intern Med. 2001;16(1):18-
23. Doi: 10.3904/kjim.2001.16.1.18. PMID: 11417300; PMCID: PMC4531698.
Ozyilkan E, Arslan M. Increased prevalence of diabetes mellitus in patients with
chronic hepatitis C virus infection. Am J Gastroenterol. 1996;91(7):1480-81.
Mason AL, Lau JY, Hoang N, Qian K, Alexander GJ, Xu L, et al. Association
of diabetes mellitus and chronic hepatitis C virus infection. Hepatology.
1999;29(2):328-33.

Fabiani S, Fallahi P, Ferrari SM, Miccoli M, Antonelli A. Hepatitis C virus infection
and development of type 2 diabetes mellitus: Systematic review and meta-analysis
of the literature. Rev Endocr Metab Disord. 2018;19(4):405-20. Doi: 10.1007/
5$11154-017-9440-1. PMID: 29322398.

Hung CH, Lee CM, Lu SN. Hepatitis C virus-associated insulin resistance:
Pathogenic mechanisms and clinical implications. Expert Rev Anti Infect Ther.
2011;9(5):525-383.

Machado MV, Cortez-Pinto H. Insulin resistance and steatosis in chronic hepatitis
C. Ann Hepatol. 2009;8(Suppl):S67-S75.

Bose SK, Ray R. Hepatitis C virus infection and insulin resistance. World J
Diabetes. 2014;5(1):52-58. Doi: 10.4239/wjd.v5.i1.52. PMID: 24567801; PMCID:
PMC3932427.

Hui JM, Sud A, Farrell GC, Bandara P, Byth K, Kench JG, et al. Insulin resistance
is associated with chronic hepatitis C virus infection and fibrosis progression
[corrected]. Gastroenterology. 2003;125(6):1695-704. Doi 10.1053/j.gastro.
2003.08.032. Erratum in: Gastroenterology. 2004;126(2):634. PMID: 14724822.
Mantovani A, Targher G. Type 2 diabetes mellitus and risk of hepatocellular
carcinoma: Spotlight on nonalcoholic fatty liver disease. Ann Transl Med.
2017;5(13):270.

Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2 diabetes mellitus on the
risk for hepatocellular carcinoma in chronic liver diseases. Eur J Cancer Prev.
2015;24(2):89-99.

Coman LI, Coman OA, Badarau IA, Paunescu H, Ciocirlan M. Association
between liver cirrhosis and diabetes mellitus: A review on hepatic outcomes.
J Clin Med. 2021;10(2):262. Doi: 10.3390/jcm10020262. PMID: 33445629;
PMCID: PMC7827383.

Wang CC, Hsu CS, Liu CJ, Kao JH, Chen DS. Association of chronic hepatitis B
virus infection with insulin resistance and hepatic steatosis. J Gastroenterol
Hepatol. 2008;23(5):779-82. Doi: 10.1111/1.1440-1746.2007.05216.x. Epub
2007 Nov 19. PMID: 18028349.

PARTICULARS OF CONTRIBUTORS:
MSc MLT Student, Department of Paramedical and Health Sciences, Parul Institute of Paramedical and Health Sciences, Faculty of Medicine, Parul University, Vadodara,

1.

Gujarat, India.

2. Assistant Professor, Department of Paramedical and Health Sciences, Parul Institute of Paramedical and Health Sciences, Faculty of Medicine, Parul University, Vadodara,

Gujarat, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Nivedita Priya,

Assistant Professor, Department of Paramedical and Health Sciences, Parul Institute
of Paramedical and Health Sciences, Faculty of Medicine, Parul University,
Vadodara-391760, Gujarat, India.

E-mail: priyanive13@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:

None

* Was Ethics Committee Approval obtained for this study? Yes
¢ Was informed consent obtained from the subjects involved in the study? Yes

e For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: lantetall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Jul 20, 2023

e Manual Googling: Oct 19, 2023

EMENDATIONS: 7

e iThenticate Software: Dec 09, 2023 (12%)

NA

Date of Submission: Jul 20, 2023
Date of Peer Review: Oct 10, 2023
Date of Acceptance: Dec 13, 2023

Date of Publishing: Feb 01, 2024

Journal of Clinical and Diagnostic Research. 2024 Feb, Vol-18(2): BCO1-BC04


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

