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Abstract

This study was conducted to investigate the prevalence of alcohol consumption and identify the sociodemographic factors
associated with alcohol consumption among individuals with hepatitis B virus(HBV) infection. We used data from the Korean
National Health and Nutrition Examination Surveys, a nationwide survey conducted between 2007 and 2011. ‘‘Monthly
alcohol consumption’’ was defined as having consumed alcohol at least once per month during the past year, and ‘‘high-risk
alcohol consumption’’ was defined as having consumed alcohol twice or more per week and, for males, having consumed at
least 60 g of alcohol on one occasion or, for females, having consumed at least 40 g of alcohol on more than one occasion.
The prevalence of monthly alcohol consumption was 53.2%, and that of high-risk alcohol consumption was 11.8% among
HBV carriers. Less education was associated with both monthly and high-risk alcohol consumption(OR = 1.75 [95%
CI = 1.0223.02] for monthly alcohol consumption among those with less than a high school education; OR = 2.48 [95%
CI = 1.1925.17] for high-risk alcohol consumption among those with less than a high school education and OR = 2.02 [95%
CI = 1.1223.64] among those with a high school education). Additionally, smoking and being male increased the risk of
alcohol consumption, and older age and having a normal body mass index decreased the risk. HBV carriers who were less
educated, overweight, and smokers were more likely to consume alcohol or meet criteria for high-risk drinking. Health
policies and intervention programs aimed at promoting a generally healthy lifestyle in HBV carriers should consider
educational inequalities and alcohol consumption.
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Introduction

Hepatitis B virus (HBV) infection is a major global public health

issue. It is estimated that, worldwide, more than 2 billion people

are infected with HBV and that 378 million are chronic carriers.

Additionally, about 4.5 million new HBV infections develop

worldwide each year; about one-quarter of these progress to

further liver disease and approximately 600,000 individuals die of

HBV-related causes each year [1]. The disease burden of HBV

infection is especially high in Asian countries. Indeed, about 75%

of chronic HBV carriers reside in the Asia–Pacific region, and 15–

25% die of HBV-related liver diseases [2]. People who are

chronically infected with HBV are at high risk of developing life-

threatening chronic diseases, such as liver cirrhosis and hepato-

cellular carcinoma (HCC) [3]. HCC accounts for 70–85% of

primary liver cancer cases [4], which is the sixth most common

cancer and the third leading cause of death from cancer worldwide

[5].

The outcome of HBV infection is influenced by several viral and

host factors, and alcohol consumption is one of the host factors

that affects the progress of HBV infection [6]. Alcohol consump-

tion itself is also a major cause of chronic liver diseases, such as

liver cirrhosis and HCC, and it contributes to the progression of

liver damage when other risk factors exist [7]. Alcohol intake

independently increases the risk of liver cirrhosis and HCC in

HBV carriers [8]. Some researchers have even suggested a

multiplicative interactive effect between HBV infection and heavy

alcohol consumption on the risk of liver cirrhosis [7]. In terms of

HCC development, compared with non-viral-induced cirrhosis,

cirrhosis related to viral infection, especially chronic HBV

infection, is associated with a higher risk of developing HCC

[9]. Several previous studies have shown that alcohol consumption

and HBV infection operate synergistically [10–12] and share

mechanisms of action in the development of HCC [13].

The Republic of Korea is among the regions with a high

prevalence ($8%) of HBV infection [14]. Although the prevalence

of HBV infection has decreased because of the nationwide

vaccination program implemented in 1995, HBV infection is still

considered endemic in the Republic of Korea, which is now

classified as intermediate in this regard [15].

The prevalence of drinkers and the amount of alcohol

consumed per capita in the Republic of Korea is among the

highest worldwide and the prevalence of alcohol consumption in
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the population has been increasing [16]. Considering the disease

burden of HBV infection, efforts to combat the development of

liver disease must focus not only on the primary prevention of

HBV infection through HBV vaccination but also on the

modification of risk factors, such as reducing alcohol consumption

in HBV carriers.

Thus, in this study, we investigated the prevalence of alcohol

consumption, a major factor that operates synergistically with

other factors in the development of liver disease, among HBV

carriers and compared it with that among HBV non-carriers. We

also identified the sociodemographic factors associated with

alcohol consumption in individuals with HBV infection using a

nationally representative sample of the population of the Republic

of Korea.

Materials and Methods

Study population
This study used data from the Korean National Health and

Nutrition Examination Surveys (KNHANES), a series of cross-

sectional, population-based nationally representative surveys that

relied on independent rolling survey sampling based on a complex

survey design. This survey had been implemented every 3 years

between 1998 and 2005; since 2007, it has been conducted

annually. KNHANES uses a standardized questionnaire to

examine health behavior, a health examination survey, and a

nutrition survey using a food-frequency questionnaire. Details of

the survey have been described fully on the KNHANES official

website, and the survey data are publicly available (http://

knhanes.cdc.go.kr/). The study protocol was approved by the

Institutional Review Board of the Korean Centers for Disease

Control and Prevention.

Our analysis included data from the KNHANES conducted

between 2007 and 2011. During the period, 53,232 individuals

were sampled, and 42,347 participated in the survey (response

rate: 71.2% in 2007, 77.8% in 2008, 82.8% in 2009, 81.9% in

2010, and 80.4% in 2011). Individual HBV surface antigen

(HBsAg) values were measured in serum with an electrochemilu-

minescence immunoassay (Roche Diagnostics, Switzerland) in

those aged 10 years or older. Of these, we selected 28,340

individuals aged 20 years or older with complete HBsAg test

results; 27,318 of this group were negative for HBsAg, and 1,022

were positive. Thus, 3.7% of the population aged 20 years or older

was infected with HBV, and the weighted prevalence was 3.5%.

We defined those whose serum was HBsAg-positive as HBV

carriers and those whose serum was HBsAg-negative as HBV non-

carriers.

Data collection
Participants’ drinking patterns, including alcohol consumption,

frequency of alcohol consumption during the previous year, and

amount of alcohol consumed on one occasion, were accessed by

questionnaire. The World Health Organization (WHO) defines

high-risk drinking as drinking 60 g of alcohol or more for males

and 40 g of alcohol or more for females on a single day [17]. We

defined ‘‘monthly alcohol consumption’’ as having consumed

alcohol once or more per month during the past year, and ‘‘high-

risk alcohol consumption’’ as having consumed alcohol twice or

more per week and, for males, having consumed at least 60 g of

alcohol on one occasion or, for females, having consumed at least

40 g of alcohol on one occasion [18].

Demographic data (sex, age, area of residence), socioeconomic

factors (monthly household income, educational level), life style-

related factors (subjective health status, recognition of HBV

infection status, smoking) were collected using a standardized

questionnaire. We defined ‘‘recognition of HBV infection’’ as

being serum HBsAg-positive and diagnosed with HBV infection

by a physician. Body mass index (BMI) was calculated based on

the height and weight data collected during the health examina-

tion.

Statistical analyses
All analyses incorporated sampling weights, stratification, and

clustering. The total proportions of baseline characteristics among

HBV carriers and non-carriers were compared with the chi-square

test. In addition, the annual prevalence of the monthly alcohol

consumption and high-risk alcohol consumption for 2007 and

2011 was analyzed. We performed multiple logistic regression to

estimate the odds ratios (ORs) and 95% confidence intervals (CIs)

for the association between sociodemographic factors and monthly

alcohol consumption and high-risk alcohol consumption among

HBV carriers to control for the effects of other sociodemographic

variables and showed the frequency and percent of each socio-

demographic factor. A p-value of ,0.05 was considered to

indicate statistical significance. All statistical analyses were

performed using the SAS software (ver. 9.1; SAS, Inc., Cary,

NC, USA).

Results

Among HBV carriers, 53.2% consumed alcohol at least once

per month during the previous year, but this figure did not differ

significantly from that for non-carriers (56.0% for non-carriers,

P = 0.168). The prevalence of high-risk alcohol consumption was

11.8% in HBV carriers and 12.0% in HBV non-carriers. The

prevalence of high-risk alcohol consumption also did not

significantly differ between HBV carriers and non-carriers

(P = 0.867). Figure 1 and 2 shows the annual prevalence of the

monthly alcohol consumption and high-risk alcohol consumption

for the years 2007 and 2011 among HBV carriers and non-carriers

age 20 years or older.

Table 1 compares the baseline characteristics of HBV carriers

and non-carriers in 2007–2011 in the Republic of Korea. Among

HBV carriers, 52.4% were males and 47.6% were females. Most

HBV carriers (79.1%) in Korea did not recognize their infection

status, nearly 50% of HBV carriers considered their health status

to be moderate, and 44% of HBV carriers were smokers.

Compared with non-carriers, more HBV carriers tended to be

male, in their 40s and 50s, and to consider their health status bad

or moderate. Other baseline characteristics were not significantly

different.

Table 2 presents the sociodemographic factors associated with

monthly alcohol consumption in HBV carriers. Being male,

smoking, and less education were significantly associated with

higher rates of monthly alcohol consumption (OR = 2.56 [95%

CI = 1.6224.03, P,0.001] for males; OR = 2.28 [95%

CI = 1.4723.54, P,0.001] for smokers; and OR = 1.75 [95%

CI = 1.0223.02, P = 0.044] for those with less than a high school

education vs. those with at least some college). People older than

50 drank less than did people younger than 40 (P,0.001), and low

household income and normal BMI (18.5–24.9) were significantly

associated with less monthly drinking (OR = 0.43 [95%

CI = 0.2420.80, P = 0.008] for the those in the first quartile of

household income vs. those in the fourth quartile, and OR = 0.69

[95% CI = 0.4820.99, P = 0.045] for normal BMI vs. those with

BMI $25 m/Kg2). Area of residence, recognition of HBV

infection, and subjective health status were not associated with

monthly drinking.

Alcohol Consumption in Hepatitis B Carriers

PLOS ONE | www.plosone.org 2 November 2014 | Volume 9 | Issue 11 | e110144

http://knhanes.cdc.go.kr/
http://knhanes.cdc.go.kr/


Table 3 shows the associations between individual sociodemo-

graphic factors and high–risk alcohol consumption in HBV

carriers. Similar to the association with monthly alcohol

consumption, being male, smoking, and less education were

significantly associated with a higher prevalence of high–risk

alcohol consumption (OR = 3.46 [95% CI = 1.3329.00, P,

0.011] for males; OR = 4.15 [95% CI = 1.7529.85, P = 0.001]

for smokers; and OR = 2.48 [95% CI = 1.1925.17, P = 0.016] for

those with less than high school education and OR = 2.02 [95%

CI = 1.1223.64, P = 0.020] for those with a high school education

Figure 1. The annual prevalence of monthly alcohol consumption and high-risk alcohol consumption during the year of 2007–2011
among HBV carriers and non-carriers aged 20 or older.
doi:10.1371/journal.pone.0110144.g001

Figure 2. Trends in annual prevalence of high-risk alcohol consumption during the year of 2007–2011 among hepatitis B carriers
and non-carriers aged 20 or older and per capita pure alcohol consumption per year in general population. The prevalence of high-risk
alcohol consumption was calculated from Korean National Health and Nutrition Examination Surveys and Korean Statistical Information Service data
was applied for per capita pure alcohol consumption.
doi:10.1371/journal.pone.0110144.g002
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vs. those with at least some college). Being older, having a normal

BMI, and moderate self-rated health status were associated with

less high–risk alcohol consumption. Area of residence, household

income, and recognition of HBV infection were unrelated to high–

risk alcohol consumption.

Discussion

This study found that 53.2% of HBV carriers consumed alcohol

on a monthly basis and that 11.8% of this group met criteria for

high-risk alcohol consumption, but these figures did not signifi-

cantly differ from those for HBV non-carriers. Less education,

smoking, and being overweight were associated with monthly

drinking and high-risk drinking in HBV carriers, and we

confirmed the existence of educational inequalities in the alcohol

consumption of HBV carriers. To our knowledge, this is the first

published study to investigate the prevalence of alcohol consump-

tion among HBV carriers who are at high risk for chronic liver

disease.

The proportion of Korean adults who drink alcohol is among

the highest in the world and is increasing [19]. The proportion of

high-risk alcohol drinkers has also been increasing [18], and both

the prevalence of high-risk alcohol consumption and total alcohol

consumption per capita are high in the Republic of Korea

compared with most other countries [16].

In the Republic of Korea, the prevalence of those with serum

HBsAg-positive status has been decreasing rapidly, from 8.6% in

1980 [15] to 3.2% in 2009, due to a nationwide HBV vaccination

program implemented in 1995 [20]. However, the decrease in the

disease burden related to chronic liver diseases, including liver

cancers, is not as dramatic as is the decrease in the prevalence of

HBsAg. To further decrease the risk for developing liver disease, it

has been recommended that HBV carriers stop drinking [6].

Indeed, the treatment guidelines for chronic hepatitis B developed

by the Korean Association for the Study of the Liver recommend

that HBV carriers avoid drinking [21]. However, more than 50%

of HBV carriers drank alcohol and more than 10% were heavy

drinkers. Thus, in addition to current efforts that focus on

reducing high-risk groups, such as HBV carriers, through

vaccination, more efforts are needed to prevent the gradual

development of liver disease in general, especially in high-risk

groups.

Educational attainment and alcohol use have been associated

with each other in several previous studies. Several studies have

suggested that less education is associated with alcohol dependence

[22–24], whereas others have proposed that more education is

associated with increased daily alcohol consumption or problem-

atic drinking [25] or that there is no association between these

factors [26]. In this study, we showed that lower educational levels

were associated with increased monthly alcohol consumption and

high-risk alcohol consumption in HBV carriers. The odds ratios of

educational attainment were more significant for high-risk alcohol

consumption than for monthly alcohol consumption, showing

educational disparities in both alcohol consumption, in general,

and heavy drinking patterns, in particular. In Korea, there are

differences in mortality due to liver cancer and liver diseases

according to educational attainment, and these differences reflect

major inequalities [27]. Our results showing differences in

drinking according to educational level in HBV carriers may, at

least in part, explain the inequalities in liver cancer and liver

disease mortality.

Our results showed that smokers who were HBV carriers were

more likely to drink alcohol on a monthly basis and to be heavy

drinkers, which is similar to previous results indicating that
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smoking and drinking are related in the general population [28].

Similar to previous studies that showed an association between

obesity and alcohol consumption [29,30], the odds that individuals

who were of normal weight (18.5# BMI ,25 kg/m2) consumed

alcohol were significantly lower than were those that overweight or

obese people (BMI $25 kg/m2) did so. Additionally, our results

showed no statistically significant differences in monthly drinking

or high-risk drinking between obese people (BMI $25 kg/m2) and

people with BMI ,18.5 kg/m2. Considering the synergistic effects

of smoking and HBV infection and of obesity and HBV infection

on the risk of HCC [12,29], the higher prevalence of smokers or

overweight/obese people with HBV infection may further increase

the risk of developing HCC.

To reduce the disease burden related to the morbidity and

mortality of liver cancer, which is end-stage liver disease [13],

Korea implemented nationwide liver cancer screening in 2003 as

part of the National Cancer Screening Program for secondary

prevention. Alpha-fetoprotein and ultrasonography tests are

provided for men and women aged 40 years or older with chronic

HBV or hepatitis C virus (HCV) infection, liver cirrhosis, or

chronic liver disease of any cause [30,31]. However, there is no

specific national program for the primary prevention of liver

diseases that targets high-risk populations. A previous study

conducted by our team suggested that sex, age, awareness of

infection status, and monthly household income are associated

with liver cancer screening among HBV carriers [32]. Another

study also showed that HBV or HCV carriers who knew their

infection status sought liver cancer screening more often than

carriers unknown infection status during their lifetime [33].

Although awareness of infection status was the most important

factor related to undergoing liver cancer screening among HBV

carriers, we found that it was not associated with alcohol

consumption among HBV carriers, suggesting that we may need

a different approach to the primary and secondary prevention of

liver diseases in HBV carriers.

This study has several limitations. First, the information related

to demographic, socioeconomic, and life style-related factors was

self-reported in health surveys, and thus might be subject to

information bias and/or recall bias. Although the alcohol

consumption measured in household surveys might be underre-

ported [34], it is possible to use such questions in epidemiological

studies [35]. In addition, studies have shown that self-reported

information regarding risk factors, including alcohol consumption

and smoking, was reasonably reproducible, suggesting reasonable

reliability [36,37]. Therefore, although the questions used in

KNHANES might not be validated, the bias was expected to be

minimal. Second, because hepatitis B surface antibodies and total

hepatitis B core antibodies were not assessed in the KNHANES,

only current HBV infections could be examined, and we could not

be certain whether the individuals with HBsAg were acutely

infected or chronic carriers. Third, these results are based on

cross-sectional study data, and we did not assess the order of the

association between sociodemographic factors and drinking.

Despite these limitations, a major strength of the study is that

the KNHANES data are representative of the Korean population

and, by applying sampling weights in the analysis, the results can

be applied to all HBV carriers in Korea. Second, the prevalence of

alcohol consumption and its associated factors among HBV

carriers may provide opportunities for the primary prevention of

liver cirrhosis or HCC in a high-risk population.

HBV infection is endemic in Korea, and the burden of liver

diseases related to HBV infection is substantial [14,15]. Efforts,

from primary prevention to tertiary prevention, are necessary

across the natural history of disease to decrease the burden related

to the morbidity and mortality associated with HBV infection.

Previous studies focusing on secondary prevention through liver

cancer screening found that the awareness of infection status was

an important contributor to undergoing liver cancer screening

[32,33]. However, sociodemographic factors, especially education,

were important in terms of primary prevention via healthy lifestyle

choices (e.g., abstaining from alcohol consumption). Thus, our

findings indicate that efforts to reduce the disease burden caused

by HBV infection need to focus on less educated socioeconomic

groups to achieve more effective primary prevention. Additionally,

other health-related behaviors, such as smoking and obesity, affect

alcohol consumption in the population at high risk for HCC.

Considering these are other independent and synergistic contrib-

utors to the development of HCC in HBV carriers [12,29], efforts

should focus not only on abstinence but also on promoting a

generally healthy lifestyle. The difference in alcohol consumption

according to educational level among HBV carriers should be

considered by health policies or intervention programs that are

aimed at HBV carriers and at promoting generally healthy

lifestyles.
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