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A B S T R A C T

This is a brief summary of the prevalence on Hepatitis C (HCV) and Hepatitis B (HBV) viral

infections and associated risk factors in Type 2 diabetes subjects. Prevalence of HBV (9%)

was higher compared to HCV (2%) infection in the screened 388 subjects. Results showed

that these infections are independent of the liver damage. Risk factors prominently

observed among positive HCV and HBV cases were longer duration of diabetes, hospital

admission, history of jaundice and history of surgeries which enlightened the importance

of hepatitis vaccination once the subject is diagnosed with diabetes.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Diabetes is an important public health problem which cur-

rently affects 425 million adults, and estimated to rise to

629 million by 2045 in the world [1]. Hepatitis C (HCV) and

Hepatitis B virus (HBV) infections leads to cirrhosis and hep-

atocellular carcinoma, and there is a huge burden of these

conditions [2]. Prevalence of HCV and HBV infection in India

is about 1–1.9% and 2–4.7%. India has over 40 million HBV car-

riers and accounts for 10–15% of the entire pool of HBV carri-

ers of the world. A study from Tamilnadu showed that overall

prevalence of HCV and HBV in general population was 0.2%

and 3.6% respectively [3,4]. Glucose metabolism is altered by

liver and adequate liver function is essential to maintain glu-
cose homeostasis [5]. Type-2-diabetes (T2DM) is associated

with an increased risk of chronic viral hepatitis (CVH). The

major risk factors associated with the development of infec-

tions are multi-factorial which includes virus-related factors

[e.g viral load or genotypes] and host related factors, such

as age, gender, alcohol consumption, blood transfusion sta-

tus, obesity, immune status and co-infections [6]. HCV espe-

cially attacks hepatocytes causing acute and chronic type of

hepatitis, can be transmitted by blood, sexual contact, con-

taminated needles or syringes, The likelihood of chronicity

after acute HCV infection is as high as 85% with chronic infec-

tion being common even in those having normal amino-

transferase levels after the acute episode [7] A meta-

analysis showed that HCV increases the risk of T2DM by 1.8
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times in excess of that posed by relative degree of liver

pathology [8]. On the other hand, HBV can be transmitted

via blood or other bodily fluids and people living with T2DM

are at an increased risk of contracting HBV infection. The

association between positive serology for HBV surface anti-

gen and incident diabetes has been studied in only a few lon-

gitudinal studies [9]. It is essential to identify those who are

unprotected so that they can be vaccinated [10]. Since the

prevalence of diabetes is on the rise and co infection with

Hepatitis will make situation worst, screening is very impor-

tant in high risk subjects for early management. The current

study was undertaken to estimate the prevalence of HBV and

HCVamong T2DM subjects and also to determine the risk fac-

tors associated with the condition in bidirectional aspect.

2. Materials and methods

2.1. Study population

This study was a hospital based cross sectional study where a

total of 388 (M:F, 215:173) subjects were consecutively enrolled

between April 2018 and August 2018 in a tertiary care center

for diabetes in Chennai, South India. The subjects were divided

into three groups: Group-I T2DM with Abnormal Liver Function

test (AbLFT; n = 120), Group-II – T2DM with normal liver func-

tion test (NorLFT; n = 138), Group-III – Control with normal liver

function and without T2DM [Control; n = 130]. Diagnosis of dia-

betes was based on the WHO criteria. The study protocol was

approved by the institutional ethics committee (Ref No- IEC/

N-006/07/2018) and written informed consent was obtained

from all the study participants. The study was conducted as

per Helsinki’s declaration. Sample size was derived based on

the preliminary results of pilot study with 30 subjects per group

with 95% confidence interval, power of 80%. Patients with

type1diabetes, liver cancer, on interferon therapy, having end

stage renal disease, gestational diabetes and those who are

unwilling to sign the consent form were excluded.

The body mass index (BMI) was calculated. Plasma glucose,

serum cholesterol, triglycerides, high density lipoprotein

cholesterol (HDL-C), and creatinine were measured using fully

automated biochemistry autoanalyzers. Glycated hemoglobin

A1c (HbA1c) was estimated by high performance liquid chro-

matography (Bio-Rad, Hercules, CA). All the biochemical inves-

tigations were done in an NABL accredited laboratory.

2.2. Quantitative analysis using RT-PCR

HCV RNA was extracted from plasma samples by QIAamp�
viral RNA Kit. HCV-RNA was determined quantitatively by

real-time PCR assay using Biorad CFX96 T1000 using HCV

RT-PCR [Qiagen, USA] quantification kit. Similarly HBV DNA

was extracted from plasma sample using QIAamp� mini

blood DNA Kit. HBV viral load analysis was done using real-

time PCR (HBV RT-PCR (Qiagen) kit).

2.3. Quantitative real-time PCR [qPCR] for HCV analysis

The presence of HCV viral RNAwas determined based on the

amplification curves. Fluorescence detection channel used
were fluorescence Cycling Green FAM and the other is fluores-

cence ROX channel. Presence of HCV viral DNAwas based on

positive amplification signals of both the channels.

2.4. Quantitative real-time PCR [qPCR] for HBV analysis

The QIAamp DSP Virus Kit (QIAGEN, cat. no. 60704) was vali-

dated for viral DNA purification from human plasma. artus�
HBV RG PCR kit was used for HBV detection. Fluorescence

detection channel used in amplification of HBV were fluores-

cence Cycling Green FAM and fluorescence Cycling orange

HEX channel. Presence of HBV viral DNA was based on both

channels showing amplification signals.

2.5. Statistical analysis

Categorical variables were summarized as number (propor-

tion) and continuous variables as mean [standard deviation].

SPSS statistical package (version 20.0; SPSS, Chicago, IL)

was used and a P-value less than 0.05 was considered as

significant.

3. Results

The mean age of the subjects was 52.7 ± 10.2 years. Differ-

ences in the liver function test (AST, ALP, ALT, bilirubin, total

protein and serum albumin) was used to classify group I and

group II because of the strong evidences on elevated liver

enzymes levels during hepatitis infection. The clinical and

biochemical characteristics of the study subjects were com-

pared between the groups (AbLFT, NorLFT T2DM and con-

trols). T2DM subjects were older and had high BMI, HbA1c,

blood glucose levels, systolic and diastolic blood pressure,

creatinine, total cholestrol, triglycerides, levels as compared

to control group (Table 1).

Table 2 shows the prevalence of HCV and HBV in the study

groups. In total, HBV (9.3%) was more prevalent compared to

HCV (2.8%) among subjects. Higher prevalence was seen

among men in both HCV (2.6%) and HBV (7.47%) infections

as compared to women HCV(0.2%) and HBV(1.8%). The preva-

lence of HCV in Group I, Group II and Group III were 3.3%, 4.3%

and 0.8% respectively. The prevalence of HBV in Group I,

Group II and Group III were 5.8%, 20.3% and 0.8% respectively.

Higher number of positive cases was observed in groupII as

compared to group I. Group II showed the higher prevalence

rates of both the hepatitis infections, which in turn proved

that elevated liver enzymes are not provoking these infec-

tions. Nearly 60% of HCV and 78% HBV infected subjects were

having normal liver function tests.

Table 3 shows the clinical and biochemical parameters of

HCV and HBV +ve and �ve subjects. Both HBV +ve and HCV

+ve subjects were older and had poor glycemic control as

compared to �ve subjects. Blood pressure was similar and

creatinine levels were elevated in HBV +ve subjects. HbA1c

levels were high in HCV +ve cases. The ALP levels were ele-

vated in HCV +ve subjects.

Table 4 shows the distribution of risk factors among HBV

and HCV infections. The duration of diabetes, history of hos-

pital admission, history of jaundice, and history of surgeries



Table 1 – Anthropometric and biochemical parameters of the study groups.

Characteristics Group I T2DM
with AbLFT (n = 120)

Group II T2DM with
NorLFT (n = 138)

Group III Normal
Controls (n = 130)

P value

Age (years) 51 ± 11.9 58 ± 10.9 48 ± 13.2 <0.001
BMI (kg/m2) 28.0 ± 5.2 26.2 ± 3.6 27.5 ± 5.0 <0.001
HbA1c (%) 8.7 ± 2.0 8.6 ± 1.6 5.6 ± 0.5 <0.001
Urea (mg/dl) 28 ± 15.4 29 ± 12.9 28.3 ± 15.1 >0.05
Serum creatinine (mg/dl) 1.1 ± 0.4 1.19 ± 0.7 1.02 ± 0.3 <0.001
Total cholesterol (mg/dl) 170 ± 47.8 200 ± 66.2 178 ± 36.1 <0.001
LDL chol. (mg/dl) 102 ± 34.4 119 ± 45.3 105.3 ± 24.6 >0.05
HDL chol. (mg/dl) 42.2 ± 31.2 31.2 ± 8.9 48.1 ± 13.1 <0.001
Triglycerides (mg/dl) 155 ± 77.2 170 ± 96.9 122 ± 61.7 <0.001
Fasting glucose (mg/dl) 185 ± 65.28 154 ± 43.2 92 ± 9.7 <0.001
Post prandial glucose (mg/dl) 283 ± 101.6 218 ± 44.21 131 ± 22.4 <0.001
Hb (mg/dl) 13.3 ± 2.0 12.9 ± 2.1 12.6 ± 1.8 >0.05
Blood pressure (mm/Hg) 130 ± 15.3 140 ± 13.1 121 ± 17.5 <0.001
Systolic Diastolic 80 ± 8.2 82 ± 9.1 76 ± 9.9 <0.001

Values are mean ± SD.

Table 2 – Prevalence of HCV and HBV in the study groups

Total AbLFT
Group I

NorLFT
Group II

Control
Group III

P-Value Men Women

HCV Positive 11(2.8%) 4 (3.3%) 6 (4.3%) 1(0.8%) NS 10(2.6%) 1(0.2%)
HBV Positive 36(9.3%) 7 (5.8%) 28(20.3%) 1(0.8%) <0.001 29(7.47%) 7(1.8%)

Values are n (%).

NS; non significant.
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were remarkably significant in HBV +ve cases whereas no sig-

nificant differencewas seen in the history of smoking, alcohol

consumption and family history of DM. Around 80% of those

with a previous history of hospital admission had HCV +ve

and it was statistically significant [p < 0.001]. Prediction of

surgical risk is based on the type of surgery and the preclini-

cal status of the patient. In the present study 80% of HCV

cases had undergone major surgeries like amputation

whereas for HBV infected cases 78% had only day care minor

surgery, but what was prominent in both cases was that

nearly 90% cases had foot ulcers.

4. Discussion

In this cross-sectional study, the prevalence of HBV and HCV

infection were studied and found a higher prevalence of

HBV (9.3%) compared to HCV (2.8%). In the present study,

older patients were more exposed to the infections. This

might be due to more parenteral exposures as compared to

young [11]. Seropositivity was more in men compared to

women in both HBV and HCV which agree with the work by

Caronia et al. [12]. The hypothesis of elevated liver enzymes

levels during HBV and HCV infections was totally disproved

in this study, where we have found higher rate of seropositiv-

ity in diabetes patients with normal liver function test which

totally differ from other studies [13,14]. The present study
showed only 2.8% of HCV prevalence which was slightly lower

than a recent study from north India [15] which reported 5.7%

of HCV prevalence among T2DM subjects. The incidence of

HCV prevalence was higher in Indian population [16] com-

pared to others [17,18]. Laloo et al. [15] reported that the his-

tory of jaundice, blood transfusion, tooth extraction, dialysis,

body piercing, tattooing was not significant among HCV pos-

itive cases which conflicts with other studies that have

hypothesized these risk factors are one of the possible cause

of acquiring HCV in T2DM subjects [14,17].

Few studies from USA have reported an increased risk of

HBV among persons with diabetes irrespective of HBV risk

factors [12,19,20]. Thus, the data Advisory Committee on

Immunization Practices [ACIP] has recommended that indi-

viduals aged 20–59 years old should get HBV vaccination as

soon as they have been diagnosed with diabetes [21]. A study

by Uddin et al. [22] found that HBV infection and transmission

are geographically more prevalent in Asian regions. Ferreira

et al. [23] reported that the risk of incident HBV diagnosis in

the diabetes cohort was not different from that in the non

diabetes cohort in UK population. However, bayramer et al

claim that HBV and HCV associated hospitalization rate was

higher in diabetes than in non diabetes cohort [24], which

correlate with the present study. The difference in

viral infections among T2DM populations may be due to

socioeconomical and health care system status of that



Table 3 – Anthropometric and biochemical parameters of hepatitis +ve and -ve subjects.

Characteristics Hepatitis B virus infection P-value Hepatitis C virus infection P- value

HBV +ve HBV -ve HCV +VE HCV -VE

Men: female 29:7 237:115 10:1 256:121
Age (years) 55.1 ± 7.4 52.5 ± 10.5 <0.001 53.8 ± 10.4 52.4 ± 10.2 <0.001
BMI (kg/m2) 26.5 ± 4.3 27.2 ± 3.4 NS 25.30 ± 3.3 27.24 ± 3.5 NS
Blood pressure (mm/Hg)
Systolic
Dystolic

136.5 ± 11.4
80.9 ± 6.1

130.2 ± 12.7
79.4 ± 6.9

NS 136.8 ± 14.1
81.8 ± 5.6

130.6 ± 12.7
79.5 ± 6.8

NS

Post pandial glucose (mg/dl) 233.2 ± 54.5 206.6 ± 67.6 NS 252.7 ± 40.3 208.3 ± 66.9 NS
HbA1c (%) 9.3 ± 2.1 7.4 ± 1.6 <0.001 8.9 ± 1.4 7.5 ± 1.6 NS
Urea (mg/dl) 32.6 ± 10.6 28.1 ± 9.9 <0.001 32.2 ± 8.6 28.5 ± 10.0 NS
Creatinine (mg/dl) 1.57 ± 0.6 1.06 ± 0.2 <0.001 1.1 ± 0.1 1.1 ± 0.2 NS
Total cholestrol (mg/dl) 152.5 ± 36.1 186.6 ± 38.9 <0.001 148.4 ± 28 184.4 ± 39.7 <0.001
LDL cholesterol (mg/dl) 95.5 ± 24.7 110.4 ± 28.6 <0.001 100.7 ± 22.3 109.2 ± 28.7 NS
HDLcholestrol (mg/dl) 34.0 ± 10.3 40.9 ± 10.3 <0.001 31.8 ± 8.1 40.4 ± 10.4 NS
Triglycerides (mg/dl) 86.7 ± 61.5 155.5 ± 62.0 <0.001 127.2 ± 33.2 116.8 ± 50.5 NS
ALT (IU/L) 25.2 ± 11.5 34.9 ± 14.1 NS 28.9 ± 12.7 34.7 ± 14.1 <0.001
AST (IU/L) 27.6 ± 13.8 43.3 ± 20.8 NS 39.2 ± 16.4 41.9 ± 20.6 NS
Bilrubin (mg/dl) 0.7 ± 0.2 0.7 ± 0.2 NS 0.9 ± 0.3 0.7 ± 0.3 NS
Hemoglobin (%) 12.0 ± 1.5 12.9 ± 1.5 NS 12.1 ± 1.0 12.9 ± 1.6 NS
ALP [IU/L] 241 ± 86.5 199 ± 59.2 NS 261 ± 54.0 201 ± 61.5 <0.001
Total protein (gm/dl) 7.3 ± 0.57 7.9 ± 1.5 NS 6.9 ± 0.4 7.8 ± 1.5 NS
Serum albumin (gm/dl) 3.9 ± 0.5 4.4 ± 0.5 NS 3.6 ± 0.2 4.3 ± 0.6 NS
Serum Globulin (gm/dl) 3.2 ± 0.5 3.1 ± 0.4 NS 2.9 ± 0.5 3.13 ± 0.4 NS

Values are mean ± SD, ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; ALP: Alkaline phosphatase.

NS; non significant.

Table 4 – Distribution of various risk factors among HBV and HCV.

Characteristics HBV [N = 388] P-value HCV [N = 388] P-value

HBV +VE n = 36 HBV –VE n = 352 HCV +VE n = 11 HBV –VE n = 377

Duration of diabetes (years)
<10 10(28%) 119(34%) <0.001 29(18%) 122(32%) NS
>10 25(69%) 104(29.5) 8(73%) 126(33%)
History of Hospital Admission
Yes 34(94%) 172(49%) <0.001 10(91%) 196(52%) NS
History of jaundice
Yes 30[83%] 165(47%) <0.001 6(54%) 188(50%) NS
Family history of diabetes
Yes 22[61%] 190(54%) NS 6(54%) 206(55%) NS
History of surgery
Yes 28[78%] 28(8%) <0.001 9(82%) 75(20%) <0.001
Smoking and Alcohol consumption
Yes 20(55%) 180 (51%) NS 6(54%) 206(55%) NS

Values are number (%).

NS; Non significant.
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population as viral infections are mostly blood born, labora-

tory and selection methods followed will vastly effects the

infection rate.

The present study is the first of its kind from South India to

evaluate the prevalence and risk factors of HBV and HCV

infections. Secondly, we have used quantitative viral load

analysis using Real-Time polymerase chain reaction to con-

firm the presence HCV RNA and HBV DNA. Moreover, we have

sub grouped the diabetes patients based on liver enzyme

levels to get a more clear results. Control group from same
area was used for comparison of findings with the diabetes

group. The study also has few limitations. Firstly, the small

sample size. The present study did not evaluate the presence

of Hepatitis E and A which was also more prevalent in study

area and cause of jaundice, and occupational history of the

subjects was not noted to rule out any other mode of trans-

mission of viruses. Second, the risk factors were evaluated

based on the self-reported medical history which can

introduce some degree of misclassification of the outcome

status, but this type of misclassification is likely to be
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non-differential and therefore, would induce an attenuation

of the association.

In conclusion, diabetes was independently associated with

an increased risk of hepatitis infections. Persistent mild to

moderate elevation of liver enzymes with T2DM cannot be

considered as a risk factor for HCVand HBV infection. In addi-

tion to these diagnostic considerations, results also conclude

that prevalence of HBV is significantly high in the study sub-

jects. The presence of the risk factors such as longer duration

of diabetes, history of jaundice, history of frequent hospital-

ization and history of surgeries make diabetes subjects more

susceptible for infections.
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