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INTRODUCTION 

Chronic hepatitis B (CHB) is a worldwide health problem. More 

than 400 million people around the world are chronically infected 

despite the hepatitis B virus (HBV) vaccination, and those patients 

have increased risk for complications of CHB, including liver cirrho-

sis and hepatocellular carcinoma (HCC).1 An increased serum HBV 

DNA level (>10,000 copies/mL) is a strong risk factor for HCC and 

liver cirrhosis independent of hepatitis B e-antigen (HBeAg) status 

and the serum alanine aminotransferase (ALT) level.2,3 Therefore, 
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one of primary goals in treatment of CHB is suppressing HBV rep-

lication and reducing complications, such as the development of 

HCC and cirrhosis.

Entecavir (ETV) is a potent and selective guanosine analogue 

with a high genetic barrier to resistance and strong suppression 

of HBV replication. Long-term observation has revealed low rates 

of resistance in nucleoside-naive patients during 5 years of ETV 

therapy, with a 5-year cumulative probability of ETV resistance 

of 1.2%.4 Also, treatment with ETV showed improved histologic, 

virologic, and biochemical efficacy after 48 weeks of treatment 

compared to lamivudine (LAM) in HBeAg-positive and HBeAg-

negative patients with CHB.5,6 ETV has been recommended as a 

primary therapy for CHB with potent HBV DNA suppression and 

low resistance, because the proportion of patients with a docu-

mented LAM-resistant mutation increased from 23% in year 1 to 

65% in year 5 of treatment with LAM.7 Therefore, ETV is currently 

used worldwide as primary drug in nucleoside-naïve CHB patients.

However, factors influencing the antiviral effect of ETV have 

not yet been widely studied. In particular, obesity and alcohol 

consumption are major factors that have a harmful impact on the 

liver. A longitudinal cohort study suggested that a higher body 

mass index (BMI) was associated with transition from healthy HBV 

carrier state to HCC and liver-related death among men.8 Alcohol 

is also associated with the development of both alcoholic cirrhosis 

and HCC.9,10 A report demonstrated that chronic ethanol consump-

tion stimulates HBV gene expression and replication in transgenic 

mice,11 and one prospective study found that obesity and alcohol 

synergize to increase the risk of incident HCC in men.12

In this retrospective study, we analyzed the association be-

tween alcohol consumption, obesity, and treatment outcomes in 

naïve CHB patients receiving ETV.

PATIENTS AND METHODS

Patients

The most of data were extracted from a retrospective cohort 

study previously performed in our institution.13 Additionally, we 

retrospectively analyzed the medical records of treatment-naïve 

patients with CHB who received 0.5 mg ETV once daily for >12 

months at our institution between March 2007 and September 

2009. ETV was commenced according to the Korean Association 

for the Study of the Liver.14 Liver cirrhosis was clinically diagnosed 

(varix, ascites, reasonable result on radiologic method). The ex-

clusion criteria included a co-infection with hepatitis C virus or 

human immunodeficiency virus, a history of taking other antiviral 

agents for CHB, decompensated liver cirrhosis, HCC, and a con-

current use of immunosuppressive drugs or corticosteroids and 

underlying medical diseases accompanied by ascites such as con-

gestive heart failure.

The study protocol was approved by the Institutional Review 

Board for Human Research at Kangbuk Samsung Hospital. Writ-

ten, informed consent was obtained from all participating pa-

tients.

Laboratory assays

Serum biochemical parameters, including total bilirubin, ALT, 

aspartate aminotransferase, gamma glutamyl transpeptidase, 

alkaline phosphatase, HBeAg, anti-HBeAg, and HBV DNA were 

measured at baseline. Total bilirubin, ALT, aspartate aminotrans-

ferase, albumin, gamma glutamyl transpeptidase, alkaline phos-

phatase, HBeAg, anti-HBeAg, and HBV DNA were accessed at 

3, 6, and 12 months during treatment. Serum levels of HBV DNA 

were quantified with a real-time polymerase chain reaction (PCR) 

assay by a Cobas TaqMan 48 analyzer (Roche Molecular Systems, 

Branchburg, NJ, USA). Treatment response was evaluated at 3, 6, 

and 12 months after initiation of ETV. Complete virologic response 

(CVR) was defined as an HBV DNA level by a real-time PCR assay 

of <300 copies/mL, and biochemical response (BR) was defined 

as normalization of the ALT level (ALT level ≤1×the upper normal 

limit) in subjects with an abnormal baseline ALT level at 6 months 

after initiation of ETV treatment. Non virologic response was de-

fined as an HBV DNA decline of <2 log10 copies/mL at 6 months 

after initiation of ETV treatment. Virologic breakthrough was 

defined as an increase in HBV DNA levels to >1 log10 copies/mL 

above the treatment nadir during the follow-up period. 

Measurement of obesity and alcohol use

Weight and height were measured by a trained nurse at 6 

months after initiation of ETV treatment. BMI was calculated us-

ing weight divided by height squared (kg/m2), and subjects were 

categorized into the normal group (BMI <25 kg/m2) and the high 

BMI group (BMI ≥25 kg/m2).

At 6 months after initiation of treatment, we interviewed en-

rolled patients using the alcohol use disorder identification test 

(AUDIT) questionnaire of the World Health Organization (WHO) to 

investigate the status of alcohol intake.15 The AUDIT questionnaire 
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was suggested to identify individuals with an early alcohol disor-

der in primary care,16 and recent studies reported the use of AUDIT 

as a proper tool of screening for the various spectrum of alcohol 

use disorders. A total score of 8 or more is recommended as an 

indicator of hazardous alcohol use according to scoring protocol.15 

AUDIT scores of each patient were obtained and subjects were di-

vided into the hazardous alcohol group (AUDIT score ≥8) and the 

non-hazardous alcohol group (AUDIT score <8). In each group, 

treatment outcomes were analyzed.

Statistical analysis

Serum HBV DNA levels were converted to a common loga-

rithm. The characteristics of total enrolled patients were given 

as the mean±SD, where applicable. To summarize the continu-

ous variables, we used medians and IQR (Interqartile range). 

The chi-square test or Fisher’s exact test and the Student t-test 

were used to compare the categorical and continuous variables, 

respectively. We used the chi-square test or Fisher’s exact test to 

compare treatment outcomes according to BMI and alcohol use. 

To investigate the independent predictors for CVR at 12 months, 

univariate logistic regression was performed. And a multivariate 

logistic regression was carried out for significant variables. Age, 

sex, HBeAg, ALT, HBV DNA, liver cirrhosis, BMI and AUDIT score 

were included in multivariate analysis. They were described on the 

footnote of Table 3. A P-value less than 0.05 was considered to be 

statistically significant. SPSS version 18.0 (SPSS, Inc., Chicago, IL, 

USA) was the software used for all statistical analyses. 

RESULTS

Study population

A total of 88 patients were enrolled. The baseline characteris-

tics of the patients are shown in Table 1. The mean age was 45.6 

years, and 60 patients (68.2%) were male, 44 patients (50.0%) 

were HBeAg-positive, and 19 cases (21.6%) were patients with 

liver cirrhosis. The median or mean baseline values of ALT, log10 

HBV DNA, BMI and AUDIT score were 107 IU/L, 6.3 log10 copies/

mL, 23.3 kg/m2 and 1.5 respectively. 

The baseline characteristics of the two groups according to BMI 

and alcohol use are shown in Table 2. Twenty-four patients (27.3%) 

were enrolled in the high BMI group. There were no significant 

differences in baseline characteristics between the normal and 

high BMI groups except sex. As expected, the number of men was 

significantly higher than that of women in the high BMI group 

(91.7% vs. 59.4%, P=0.004). Seventeen patients (19.3%) con-

sumed a hazardous level of alcohol. The baseline characteristics 

of two groups according to alcohol use are described in Table 2. 

Significantly more men were included in the hazardous alcohol use 

group (94.1% vs. 62.0%, P=0.011).   

Overall antiviral response to ETV therapy

At 3, 6, and 12 months after initiation of ETV treatment, CVR 

was achieved in 41 (46.6%), 61 (69.3%), and 73 (83.0%) patients. 

BR was observed in 63 (71.6%), 76 (86.4%), and 81 (92.0%) pa-

tients at 3, 6, and 12 months after initiation of ETV treatment (from 

a total of 88 patients who had elevated baseline ALT level). 9 

(20.5%), 11 (25%), and 15 patients (34.1%) achieved HBeAg sero-

conversion at 3, 6, and 12 months after initiation of ETV treatment 

in HBeAg positive (n=44) patients. CVR was achieved in 9 (20.5%), 

21 (47.7%), and 31 patients (70.5%) in the HBeAg positive group 

(n=44) and in 32 (72.7%), 40 (90.9%), and 42 patients (95.5%) 

in the HBeAg negative group. Non virologic response and virologic 

breakthrough did not occur during the study period.

Table 1. Baseline and follow up characteristics of enrolled patients

Characteristics Patients (n=88)

Age (yr, mean±SD) 45.6±10.9

Male 60 (68.2%)

HBeAg-positive 44 (50%)

Baseline serum ALT (IU/L, median [IQR]) 107 (64-203.3)

Baseline serum HBV DNA (log10 copies/mL, mean±SD) 6.3±1.2

>8 log10 copies/mL 15 (17.0%)

<8 log10 copies/mL 73 (83.0%)

Liver cirrhoisis 19 (21.6%)

Mean duration of ETV (mon, mean±SD) 18.2±2.1

BMI (kg/m2, median [IQR]) 23.3 (20.9-25.3)

≥25 24 (27.3%)

<25 64 (72.7%)

AUDIT score (median, IQR) 1.5 (0-5)

≥8 17 (19.3%)

<8 71 (80.7%)

Volues are presented as n (%) unless otherwise indicated.
SD, standard deviation; IQR, interqartile range; HBeAg, hepatitis B e 
antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
ETV, entecavir; HBV, hepatitis B virus; BMI, body mass index; AUDIT, alcohol 
use disorder identification test.
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Factors associated with CVR in all subjects

Predictors for CVR at 12 months after initiation of ETV therapy 

were investigated in all patients (Table 3). Among the baseline 

characteristics, univariate analysis showed that an absence of 

HBeAg (P=0.006) and a low HBV DNA level at baseline (P=0.002) 

were significantly associated with CVR at 12 months. In multivari-

ate analysis, a high ALT level (P=0.029, OR=1.015, 95% CI 1.002-

1.029) and a low HBV DNA level at baseline (P=0.026, OR=0.495, 

95% CI 0.266-0.919) was significant predictor of CVR. 

Virologic response according to BMI and alco-
hol use

A total of 83.3% (20/24) of patients with high BMI and 64.1% 

(41/64) of patients with normal BMI achieved HBV DNA levels 

<300 copies/mL by PCR assay at 6 months after inititiation of ETV 

treatment. By 12 months after the initiation of of ETV treatment, 

87.5% (21/24) of patients with high BMI and 81.3% (52/64) of 

patients with normal BMI achieved HBV DNA levels <300 copies/

mL by PCR assay (Fig. 1). There were no significant differences in 

Table 2. Comparision of baseline characteristics between two groups according to alcohol use and BMI

Characteristics
Normal BMI 

(n=64)
(BMI <25)

High BMI 
(n=24)

(BMI ≥25)
P-value

Non hazardous 
drinker (n=71)

(AUDIT score <8)

Hazardous drinker
(n=17)

(AUDIT score ≥8)
P-value

Age (yr, mean±SD) 46.1±11.6 44.3±9.1 0.502* 46.0±11.7 43.9±6.9 0.484*

Male  38 (59.4%)  22 (91.7%) 0.004†  44 (62.0%)  16 (94.1%) 0.011†

HBeAg-positive  36 (56.3%)    8 (33.3%) 0.056†  34 (47.9%)  10 (58.8%) 0.418†

Baseline serum ALT (IU/L, median [IQR]) 107 (64.3-225.8) 103 (51.8-173.3) 0.536* 108 (64-195) 101 (58-250) 0.983*

Baseline serum HBV DNA
  (log10 copies/mL, mean±SD)

6.43±1.442 5.89±1.485 0.121§ 6.35±1.409 5.99±1.698 0.360§

Cirrhosis  13 (20.3%) 6 (25.0%) 0.634‡  14 (19.7%)  5 (29.4%) 0.511‡

BMI (kg/m2, (median [IQR]) 21.9 (20.5-23.6) 26.4 (25.5-27.6) <0.001* 23.4 (20.8-25.1) 23.3 (21.6-26.4) 0.303*

Audit score (median, IQR) 1 (0-5) 2 (0-4.75) 0.926* 0 (0-3) 11 (9.5–14.5) <0.001*

Volues are presented as n (%) unless otherwise indicated.
*Mann-Whitney U test, †Pearson Chi-Square, ‡Fisher’s Exact Tes, §Student t-test.
SD, standard deviation; IQR, interqartile range; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ETV, entecavir; 
HBV, hepatitis B virus; BMI, body mass index; AUDIT, alcohol use disorder identification test.

Table 3. Results of univariate and multivariate analysis of the predictive factors for CVR at 12 months to ETV therapy in treatment naïve CHB 
patients

Baseline parameters CVR (n=73) Non CVR (n=15)
Univariate

P-value
OR (95% CI)

Multivariate
P-value

OR (95% CI)

Age (yr, mean±SD) 45.9±11.1 44.1±10.4 0.561* 1.016 (0.964-1.070) 0.378* 1.032 (0.962-1.108)

Male 48 (65.8%) 12 (80%) 0.288* 2.083 (0.538-8.071) 0.355* 2.442 (0.368-16.205)

HBeAg negativity 42 (57.5%) 2 (13.3%) 0.006* 0.114 (0.024-0.540) 0.091* 0.187 (0.027-1.309)

ALT (IU/L, median [IQR]) 120 (64.5-250) 92 (62-106) 0.057* 1.008 (1.000-1.017) 0.029*† 1.015 (1.002-1.029)

HBV DNA
  (log10 copies/mL, mean±SD)

6.0±1.4 7.4±1.2 0.002* 0.496 (0.316-0.778) 0.026*‡ 0.495 (0.266-0.919)

Liver cirrhoisis 18 (24.7%) 1 (6.7%) 0.155* 4.582 (0.563-37.319) 0.234* 4.104 (0.400-42.071)

BMI ≥25 21 (28.8%) 3 (20%) 0.490* 1.615 (0.413-6.312) 0.510* 1.912 (0.278-13.129)

AUDIT score ≥8 14 (19.2%) 3 (20%) 0.941* 0.949 (0.236-3.822) 0.759* 1.373 (0.181-10.402)

Volues are presented as n (%) unless otherwise indicated.
*Logistic regression; †Adjusted for age, sex, HBeAg negativity, HBV DNA, Liver cirrhosis, BMI, AUDIT score; ‡Adjusted for age, sex, HBeAg negativity, ALT 
level, Liver cirrhosis, BMI, AUDIT score.
SD, standard deviation; IQR, interqartile range; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ETV, entecavir; 
HBV, hepatitis B virus; BMI, body mass index; AUDIT, alcohol use disorder identification test; OR, odd ratio; CI, confidence interval.
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the CVR rate between the high and normal BMI groups (P=0.081 

at 6 months and P=0.751 at 12 months).

A total of 70.6% (12/17) of hazardous alcohol use group pa-

tients and 69.0% (49/71) of non hazardous alcohol use patients 

achieved HBV DNA levels <300 copies/mL by PCR assay at 6 

months after initiation of ETV treatment. By 12 months after initia-

tion of of ETV treatment, 82.4% (14/17) of hazardous alcohol use 

group patients and 83.1% (59/71) of non hazardous alcohol use 

patients achieved HBV DNA levels <300 copies/mL by PCR assay 

(Fig. 2). Our data showed no significant differences in CVR rate 

between the hazardous and non hazardous alcohol use groups 

(P=0.899 at 6 months and P=1.000 at 12 months).

Biochemical response to BMI and alcohol use

A total of 75% (18/24) of patients with high BMI and 90.6% 

(58/64) of patients with normal BMI achieved BR at 6 months 

after initiation of ETV treatment. By 12 months after initiation of 

ETV treatment, 75% (18/24) of patients with high BMI and 92.2% 

(59/64) of patients with normal BMI achieved BR (Fig. 1). High 

BMI did not significantly affect the BR rate in this study (P=0.081 

at 6 months and P=0.063 at 12 months).

A total of 82.4% (14/17) of hazardous alcohol use patients and 

87.3% (62/71) of non hazardous alcohol use patients achieved BR 

at 6 months after initiation of ETV treatment. By 12 months after 

initiation of ETV therapy, the proportion of patients who achieved 

BR increased to 91.5% (65/71) for the non hazardous alcohol use 

group and decreased to 70.6% (12/17) for the hazardous alcohol 

use group (Fig. 2). Hazardous alcohol consumption resulted in a 

significantly lower cumulative BR rate by 12 month after initiation 

of ETV therapy (P=0.694 at 6 months and P=0.033 at 12 months).

Serologic response to BMI and alcohol use

Seroconversion occurred in 25% (2/8) at 6 months and 25% 

(2/8) at 12 months of the HBeAg positive patients with high BMI 

(Fig. 1). Those rates were similar to those with normal BMI (25% 

[9/36] and 36.1% [13/36], respectively; P=1.000 for the compari-

son of seroconversion rate at 6 months between the groups and 

P=0.695 for the comparison of seroconversion rate at 12 months 

between the groups).

Seroconversion occurred in 20% (2/10) at 6 months and 20% 

(2/10) at 12 months of the HBeAg positive patients with hazard-

ous alcohol use (Fig. 2). Of the HBeAg positive patients with non 

hazardous alcohol use, seroconversion occurred in 26.5% (9/34) 

at 6 months and 38.2% (13/34) at 12 months (P=1.000 for the 

comparison of seroconversion rate at 6 months between the 

Figure 1. Comparison of the treatment response rate between 
the normal-BMI and high-BMI patients. The rate of complete viral 
response (CVR) was 42.2% in the normal BMI group vs. 58.3% in high 
BMI group at 3 months (P=0.176), 64.1% vs. 83.3% at 6 months (P=0.081), 
and 81.3% vs. 87.5% at 12 months (P=0.751). The biochemical response 
(BR) rate was 76.6% in the normal BMI group vs. 58.3% in the high BMI 
group at 3 months (P=0.091), 90.6% vs. 75.0% at 6 months (P=0.081), 
and 92.2% vs. 75.0% at 12 months (P=0.063). The seroconversion rate 
was 22.2% in the normal BMI group vs. 12.5% in the high BMI group at 
3 months (P=1.000). 25.0% vs. 25.0% at 6 months (P=1.000), and 36.1% 
vs. 25.0% at 12 months (P=0.695).
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groups and P=0.452 for the comparison of seroconversion rate 

at 12 months between the groups). A hazardous level of alcohol 

and high BMI did not disturb the seroconversion rate in patients 

receiving ETV.

DISCUSSION

Although the BR rate at 12 months after initiation of ETV treat-

ment was significantly lower in the hazardous alcohol use group, 

Our data demonstrated no significant differences in the serial 

treatment outcome of ETV in treatment-naïve CHB patients be-

tween two groups according to alcohol consumtion and BMI on 

the condition that there were no significant differences in HBeAg 

negativity and level of HBV DNA at baseline between two groups. 

Recent investigations reported low baseline HBV DNA level, 

absence of HBeAg, low baseline quantitative HBsAg titer, and 

high ALT level as predictors of the virologic response to ETV.17,18 

Our data also revealed that an absence of HBeAg and a low HBV 

DNA level at baseline were significant predictors of the CVR at 

12 months in a univariate analysis and a high ALT level and low 

HBV DNA at baseline were significant predictors in multivariate 

analysis. The level of HBsAg titer could not be obtained because 

quantitative assay of HBsAg level was not available in our institu-

tion during follow up period.

As predictors of treatment response, obesity and alcohol drink-

ing on ETV efficacy for CHB patients had not yet been studied. 

Alcohol and obesity are well known for their noxious effect on the 

liver and expected to have the negative effect on ETV efficacy. 

However, contrary to our expectations, ETV showed the satisfac-

tory antiviral effect in the obese and hazardous alcohol use pa-

tients with CHB.

This current study provides data on the strong antiviral effect of 

ETV in nucleoside-naïve CHB patients and demonstrates that CVR, 

normalization of ALT, and seroconversion were 82.9%, 87.5%, 

and 34.0% at 12 months after initiation of ETV treatment. CVR at 

12 months was 70.4% in HBeAg positive patients and 95.4% in 

HBeAg negative patients. HBeAg negative patients showed more 

favorable treatment results than HBeAg positive patients. Al-

though our data demonstrated a higher seroconversion rate than 

other reports, it had a limitation, because the numbers of HBeAg 

positive patients (n=44) were small. 

Previous reports found a negative impact of obesity and ste-

atosis on the treatment response rates in patients with chronic 

hepatitis C (CHC) undergoing peginterferon treatment.19-21 In 

contrast, the clinical impact of obesity in CHB patients receiving 

oral nucleostide analogues remains largely unknown. Cindoruk et 

al investigated the relevance of hepatic steatosis in CHB patients 

treated with LAM, which was known to be a less potent agent.22 

In our study, significant differences in CVR, BR, and seroconver-

sion were not detected between the high BMI and normal BMI 

groups. Obesity as an inflammatory condition can indirectly inter-

fere with the immunomodulatory effects of peginterferon by sev-

eral mechanisms in CHC patients.23 It is thought that accumulation 

of fat material in the parenchyma of liver leads to liver tissue that 

is more susceptible to harmful stimuli. For this reason, obese pa-

tients are expected to have a poor response to antiviral therapy. 

However, in this analysis, obesity did not disturb the treatment 

outcomes of CHB patients receiving ETV.

The hazardous alcohol use group showed similar CVR and 

seroconversion rate compared to the non hazardous alcohol use 

group. Several reports indicated that chronic ethanol consumption 

substantially alters the cellular immune responses to human viral 

structural protein, and this effect may cause the persistence of 

HBV infection and increased viral gene expression.24 In this study, 

significant differences in HBV DNA reduction and seroconversion 

were not noted between the hazardous and non-hazardous alco-

hol use groups. ETV reduced the HBV DNA level and led to sero-

conversion regardless of hazardous level of alcohol consumption. 

On the other hand, BR was significantly lower in the hazardous 

alcohol use group at 12 months after initiation of ETV treatment. 

Chronic alcohol consumption is one of the major causes of liver 

enzyme elevation25 and seems to influence BR rate of alcohol use 

patients taking ETV. 

Our study is the first report to evaluate the clinical impact of 

alcohol use and obesity on the efficacy of ETV. The data in this 

study are valuable, because serial treatment outcomes were ana-

lyzed in obese or hazardous alcohol use patients treated with ETV 

as a first-line therapy for CHB. We found almost no reports regard-

ing the effect of alcohol on ETV treatment, perhaps because CHB 

patients are almost always advised to quit drinking during treat-

ment. In our report, before antiviral therapy, CHB patients were 

strongly encouraged to stop drinking alcohol by their attending 

physicians and nurse. However, some of them continued drinking 

during treatment despite being cautioned by their physicians, and 

a minority of them showed alcohol dependence. Those patients 

were enrolled in this study.

In the present study, some limitations exist in evaluating the 

effect of obesity and alcohol on ETV efficacy. First, this report is a 

retrospective cohort study performed in a single institution for a 
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single ethnic group of patients. Second, there were small numbers 

of patients enrolled in the hazardous alcohol group and a small 

number of patients with high grade obesity, because people in 

South Korea have a lower frequency of obesity than those in the 

Western population. Third, in investigating alcohol intake, this 

study depended on an interview with patients or their families. 

Although interviews were performed by a trained individual, this 

method may lead to an inaccurate estimate of alcohol intake. 

This is likely to underestimate the amount of alcohol use and can 

potentially lead to misclassification bias. Finally, we were not able 

to evaluate the development of resistance to ETV because of the 

short follow-up period.

In conclusion, obesity and hazardous alcohol drinking had no 

significant impact on the outcome of ETV in treatment-naïve CHB 

patients. Although the BR rate at 12 months after initiation of ETV 

treatment was significantly lower in the hazardous alcohol use 

group, ETV showed the satisfactory treatment response even in 

the obese and hazardous alcohol use patients. A further prospec-

tive study for large number of patients will be necessary to vali-

date the finding of this present study.
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