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Abstract

Background

The consequences of alcohol consumption on health outcomes are largely determined by

two separate, but related, dimensions of drinking: the total volume of alcohol consumed and

the pattern of drinking. Most epidemiological studies focus on the amount of alcohol con-

sumed and do not consider the pattern of drinking.

Objectives

This study evaluated the prevalence of and factors associated with high-risk and heavy alco-

hol drinking in Korean adults.

Methods

This study analyzed 15,215 of the 28,009 participants in the 2009–2011 Korea National

Health and Nutrition Examination Survey (KNHANES). High-risk alcohol drinking was

defined as Alcohol Use Disorders Identification Test (AUDIT) scores�16, which provides a

framework for intervention to identify hazardous and harmful drinking patterns as the cause

of alcohol-use disorders, according to World Health Organization guidelines.

Results

The prevalence of high-risk drinking was 15.1%, with the highest prevalence of 17.2% in

middle-aged adults (45–64 years). In men, the prevalence of high-risk alcohol drinking was

23.7%, with the highest prevalence found in middle-aged adults. In women, the prevalence

of high-risk alcohol drinking was 4.2%, with the highest prevalence found in younger adults.

Men had higher weighted mean AUDIT scores than women (10.0 vs. 4.0, P<0.001), and

age was negatively associated with the AUDIT score (P<0.001). Elementary school gradu-

ates had higher mean AUDIT scores than senior high school (P = 0.003) or college

(P<0.001) graduates. Regarding occupation, clerical support workers (P = 0.002) and ser-

vice and sales workers (P<0.001) had higher mean AUDIT scores than managers and
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professionals. Logistic regression analyses of high-risk alcohol drinking using sex, age, edu-

cation level, number of family members, household income, and occupation as covariates

was performed. Women had a lower risk of high-risk alcohol drinking (odds ratio (OR) 0.14,

95% CI: 0.13–0.16, P<0.001) than men. Regarding age, compared to control subjects aged

19–29 years, adults aged 60–69 and older than 70 years had 0.67- (95% CI: 0.51–0.89, P =

0.005) and 0.29-fold (95% CI: 0.20–0.70, P<0.001) lower risks, respectively, of high-risk

alcohol drinking, whereas adults aged 30–59 had an increased risk of high-risk alcohol

drinking. Using elementary school graduates as controls, senior high school (OR: 0.70, 95%

CI: 0.55–0.87, P = 0.002) and college (OR: 0.54, 95% CI: 0.42–0. 70, P<0.001) graduates

had lower risks of high-risk alcohol drinking. Regarding occupation, compared to managers

and professionals as controls, service and sales workers had a greater risk of high-risk alco-

hol drinking (OR: 1.36, 95% CI: 1.07–1.73, P = 0.011). The number of family members and

household income did not influence high-risk alcohol drinking.

Conclusions

In a representative sample of Korean adults, the prevalence of high-risk alcohol drinking

was 15.1%, with the highest prevalence of 28.3% found in middle-aged men (45–64 years).

This study suggests that younger age, male sex, low education level, and service and sales

workers are at risk for a high-risk drinking pattern.

Introduction

Alcohol consumption is major risk factor for burden of disease, particularly bouts of heavy

drinking. Diseases in which alcohol has a detrimental effect include unintentional or inten-

tional injuries, cancer, liver cirrhosis, cardiovascular diseases, diabetes mellitus, and neuropsy-

chiatric disorders, with an estimated 3.8% of all global deaths and 4.6% of global disability-

adjusted life-years attributable to alcohol [1].

Based on the World Health Organization (WHO) Global Status Report on Alcohol and

Health 2014, an average of 6.13 L pure alcohol (defined as 100% ethanol) was consumed

worldwide each year in individuals aged 15 years or older [2]. The countries with the highest

overall consumption were in Eastern Europe (�12 L pure alcohol per individual). Korea was

the region with the next highest overall consumption (8.5–11.9 L pure alcohol per individual)

in 2015 [3].

However, there is discordance between the amount of alcohol consumed and the preva-

lence of alcohol-use disorders. Unlike the average volume of alcohol consumed per adult, the

highest prevalence of alcohol-use disorders was in Southeast Asia, America, and the western

Pacific region [1]. This finding can be partly explained by hazardous drinking patterns that

lead to harmful consequences. The countries with the highest prevalence of heavy episodic

drinking (at least 60 g pure alcohol on at least one occasion in the past 7 days) among current

drinkers were in Southeast Asia and Mongolia (�30%) [4].

Most epidemiology studies focus on the amount of alcohol consumed, and few considering

the pattern of drinking. Therefore, we evaluated high-risk alcohol consumption using the

Alcohol Use Disorders Identification Test (AUDIT), which provides a framework for interven-

tion to identify hazardous and harmful drinking patterns as the cause of alcohol-use disorders,

as well as heavy alcohol drinking [5].
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In the current study, we performed a cross-sectional analysis to investigate the prevalence

of and factors associated with high-risk alcohol drinking, using AUDIT, in Korean adults

based on data from the 2009–2011 Korean National Health and Nutrition Examination Survey

(KNHANES).

Methods

Study population and data collection

This study used data from the 2009–2011 KNHANES, a cross-sectional, nationally representa-

tive survey conducted by the Korean Center for Disease Control for Health Statistics. The fol-

lowing information is reproduced from our previous works [6–8]. The KNHANES has been

conducted periodically since 1998 to assess the health and nutritional status of the civilian,

non-institutionalized population of Korea. Participants were selected using proportional allo-

cation-systemic sampling with multistage stratification. A standardized interview was con-

ducted in the homes of the participants to collect information on demographic variables,

family and medical history, medications used, and a variety of other health-related variables.

The health interview used an established questionnaire to determine the demographic and

socioeconomic characteristics of the subjects including age, education level, occupation,

household income, marital status, smoking habit, alcohol consumption, exercise, previous and

current diseases, and family disease history.

The assessment of alcohol consumption

Alcohol consumption was assessed by questioning the subjects about their drinking behavior,

including the average amount consumed and drinking frequency, in the month before the

interview. As described in detail previously [9,10], a standard drink was defined as a single

glass of liquor, wine, or the Korean traditional distilled liquor So-ju. One bottle of beer (355

mL) was counted as 1.6 standard drinks. We calculated the amount of alcohol consumed per

standard drink to be 10 g, and the average daily alcohol intake was assessed [9,10]. An average

consumption of 30 g per day or more, a level of exposure associated with health risks, was con-

sidered heavy alcohol drinking [9,11–14].

AUDIT

To assess high-risk alcohol drinking in this study, we used the AUDIT, which was developed

by the WHO as a simple method of screening for excessive drinking [5]. The AUDIT com-

prises three domains: hazardous alcohol use (frequency of drinking, typical quantity, and fre-

quency of heavy drinking), dependence symptoms (impaired control over drinking, increased

salience of drinking, and morning drinking), and harmful alcohol use (guilt after drinking,

blackouts, alcohol-related injuries, and other concerns about drinking). The AUDIT scores

were categorized into three groups according to the WHO guidelines: low-risk, 0 to 7 points;

intermediate-risk, 8 to 15 points; and high-risk,�16 points. We found that with AUDIT scores

of 8 to 15 it was most appropriate to provide simple advice focused on a reduction in hazard-

ous drinking or medium-level alcohol problems, whereas AUDIT scores�16 represented

high-risk alcohol drinking, suggesting the need for counseling and continued monitoring or

further diagnostic evaluation for alcohol dependence [5].

Ethics statement

This study was approved by the Institutional Review Board of Ilsan Paik Hospital, Republic of

Korea (IRB 2016-12-022). After approving the study proposal, the KNHANES dataset was
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made available at the request of the investigator. Our study was exempt from participant con-

sent because the dataset did not include any personal information and the participants’ con-

sent had already been given for the KNHANES.

Statistical analyses

The KNHANES participants were not sampled randomly. The survey was designed using a

complex, stratified, multistage probability-sampling model; consequently, individual partici-

pants were not equally representative of the Korean population. To obtain representative prev-

alence rates from the dataset, it is necessary to consider the power of each participant (sample

weight) as representative of the Korean population. Following approval from the Korea Cen-

ters for Disease Control and Prevention, we received a survey dataset that included informa-

tion regarding the survey location, strata by age, sex, and various other factors, and the sample

weight for each participant. The survey sample weights, which were calculated using the sam-

pling and response rates and age/sex proportions of the reference population (2005 Korean

National Census Registry), were used in all of the analyses to provide representative estimates

of the non-institutionalized Korean civilian population. The statistical analyses were per-

formed using SPSS ver. 21.0 for Windows (SPSS, Chicago, IL, USA). To compare the weighted

mean AUDIT score according to socio-demographic factors, the chi-square test and analysis

of covariance (ANCOVA) were performed. A logistic regression analysis was used to evaluate

the odds ratio (OR) for heavy alcohol drinking and high-risk drinking with age, sex, education

level, number of family members, household income, and occupation as covariates. All of the

tests were two-sided, and P values< 0.05 were considered statistically significant.

Results

Demographics and clinical characteristics of the study population

Among the 28,009 participants in the 2009–2011 KNHANES, 6,810 individuals younger than

19 years of age were excluded. The 3,199 adults who did not undergo blood collection were

excluded, as were the 2,785 subjects who lacked AUDIT scores. Ultimately, this study analyzed

15,215 participants. Table 1 shows the weighted demographic and clinical characteristics of the

study population. The mean AUDIT score was 2 points. The percentages of subjects with low-,

intermediate-, and high-risk AUDIT scores were 60.5%, 24.4%, and 15.1%, respectively. The

weighted average alcohol intake was 20.1 (95% CI: 19.4–20.9) g/day. The overall weighted

prevalence of heavy alcohol consumption (alcohol� 30 g/day) was 21.7% (95% CI: 20.8–

22.6%). The prevalence of heavy alcohol drinkers was much higher in men than in women

(33.6% vs. 6.6%). The overall weighted prevalence of abstainers was 13.4%, with a higher preva-

lence in women than in men (19.3% vs. 8.7%).

Weighted prevalence of high-risk and intermediate- or high-risk alcohol

drinking according to age group

Table 2 shows the weighted prevalence of high-risk (AUDIT score� 16) and intermediate- or

high-risk alcohol drinking (AUDIT score� 8) in Korean adults. Overall, the prevalence of

high-risk drinking was 15.1%, with the highest prevalence of 17.2% found in middle-aged adults

(45–64 years). The prevalence of intermediate- or high-risk alcohol drinking was 39.5%, with

the highest prevalence of 43.9% found in younger adults (19–44 years). In men, the prevalence

of high-risk and intermediate- or high-risk was 23.7 and 57.5%, respectively, with the highest

prevalence found in middle-aged adults. In women, the prevalence of high-risk and intermedi-

ate- or high-risk was 4.2 and 16.6%, with the highest prevalence found in younger adults.

High-risk alcohol consumption in Korean adults
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Weighted mean AUDIT scores according to socio-demographic factors

Table 3 shows the unadjusted and adjusted-weighted mean AUDIT scores according to socio-

demographic factors. Men had a higher weighted mean AUDIT score than women (10.0 vs.
4.0, P<0.001). According to age, the mean AUDIT score was highest in individuals aged 19–29

years and lowest in those aged� 70 years. Age was negatively associated with the AUDIT score

(P<0.001). Elementary school graduates had higher mean AUDIT scores than senior high

school (P = 0.003) or college (P<0.001) graduates (Fig 1). Concerning occupation, clerical sup-

port workers (P = 0.002) and service and sales workers (P<0.001) had higher mean AUDIT

scores than managers and professionals (Fig 2). The number of family members or household

income did not influence the mean AUDIT scores after adjusting for all of the variables.

Factors associated with high-risk, intermediate- or high-risk alcohol

drinking, and heavy alcohol drinking

A logistic regression analysis was performed for high-risk and intermediate- or high-risk alco-

hol drinking/heavy alcohol drinking using sex, age, education level, number of family mem-

bers, household income, and occupation as covariates (Table 4). Women had a lower risk of

high-risk alcohol drinking (OR: 0.14, 95% CI: 0.13–0.16, P<0.001) than men. Regarding age,

Table 1. Demographic and clinical characteristics of the study population.

Unweighted Number (%) Weighted Number (%)

Total 15,215 29,850,472

Sex Men 7,615 (50.0) 16,745,929 (56.1)

Women 7,600 (50.0) 13,104,543 (43.9)

Age (years) 19–29 2,033 (13.4) 6,116,551 (20.5)

30–39 3,136 (20.6) 6,696,234 (22.4)

40–49 3,069 (20.2) 6,831,926 (22.9)

50–59 2,894 (19.0) 5,399,647 (18.1)

60–69 2,383 (15.7) 2,902,827 (9.7)

� 70 1,700 (11.2) 1,903,239 (6.4)

Education Elementary school graduated 3,371 (22.2) 4,816,540 (16.1)

Junior high school graduated 1,713 (11.3) 3,090,942 (10.4)

Senior high school graduated 5,426 (35.7) 11,975,403 (40.1)

College graduated 4,705 (30.9) 9,967,587 (33.4)

Family member (n) 1 917 (6.0) 1,584,546 (5.3)

2 3,637 (23.9) 5,649,241 (18.9)

3 3,763 (24.7) 7,875,577 (26.4)

� 4 6,898 (45.3) 14,741,108 (49.4)

Household income � 24th percentile 2,717 (18.1) 4,417,455 (14.8)

25-49th percentile 3,742 (24.6) 7,674,246 (25.7)

50-74th percentile 4,356 (28.6) 8,939,547 (29.9)

� 75th percentile 4,370 (28.7) 8,819,224 (29.5)

Occupation Managers and professionals 1,978 (13.0) 4,393,642 (14.7)

Clerical support workers 1,346 (8.8) 2,992,076 (10.0)

Service and sales workers 2,012 (13.2) 4,365,819 (14.6)

Skilled agricultural, forestry and fishery workers 1,274 (8.4) 1,867,003 (6.3)

Craft, plant, or machine operators and assemblers 1,664 (10.9) 3,907,122 (13.1)

Laborers 1,295 (8.5) 2,406,266 (8.1)

Unemployed (including students and housewives) 5,646 (37.1) 9,918,544 (33.2)

https://doi.org/10.1371/journal.pone.0175299.t001
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using subjects aged 19–29 years as controls, adults aged 60–69 and older than 70 years had

0.67- (95% CI: 0.51–0.89, P = 0.005) and 0.29-fold (95% CI: 0.20–0.70, P<0.001) lower risks of

high-risk alcohol drinking, respectively. However, adults aged 30–59 had increased risk of

high-risk alcohol drinking compared to those aged 19–29 years. Unlike high-risk alcohol

drinking, intermediate- or high-risk alcohol drinking significantly decreased with age

(P<0.001). Using elementary school graduates as a control, senior high school (OR: 0.70, 95%

CI: 0.55–0.87, P = 0.002) and college (OR: 0.54, 95% CI: 0.42–0.70, P<0.001) graduates had a

decreased risk of high-risk alcohol drinking. The ORs of intermediate- or high-risk alcohol

drinking were similar to those of high-risk alcohol drinking, according to education level.

Regarding occupation, using managers and professionals as a control, service and sales work-

ers had increased risks of high-risk (OR: 1.36, 95% CI: 1.07–1.73, P = 0.011) and intermediate

or high-risk (OR: 1.45, 95% CI: 1.23–1.71, P<0.001) alcohol drinking. Conversely, unem-

ployed status, including students and housewives, was associated with decreased risks of high-

risk (OR: 0.77, 95% CI: 0.60–0.98, P = 0.032) and intermediate- or high-risk (OR: 0.76, 95%

CI: 0.64–0.90, P = 0.001) alcohol drinking. The number of family members and household

income did not influence high-risk alcohol drinking. The factors associated with heavy alcohol

drinking, based on an average of 30 g alcohol per day or more, and high-risk alcohol drinking,

using the AUDIT score, were similar, with the exception of the number of family members.

Using living alone as a control, three family members were associated with a decreased risk of

heavy alcohol drinking (OR: 0.70, 95% CI: 0.53–0.93, P = 0.015).

Discussion

Alcohol drinking is one of the most common social behaviors in Korean adults. The mean

amount of alcohol consumed per person is 30.1 g/day for men and 6.6 g/day for women,

Table 2. Weighted prevalence of high-risk and intermediate- or high-risk alcohol drinking according to age group.

Number (unweighted/

weighted)

Prevalence of high risk drinking (AUDIT

score� 16)

Prevalence of intermediate or high risk drinking

(AUDIT score� 8)

Both men and women

Total 15,215/29,850,472 15.1 (14.4–15.9) 39.5 (38.5–40.6)

Younger adults 5,169/12,812,835 14.8 (13.5–16.0) 43.9 (42.2–45.5)

Middle-aged

adults

7,258/13,896,354 17.2 (16.1–18.3) 39.5 (38.2–40.9)

Older adults 2,788/3,141,283 7.4 (6.1–8.8) 22.0 (20.1–24.0)

Men

Total 7,615/16,745,929 23.7 (22.4–25.0) 57.5 (56.1–58.9)

Younger adults 2,447/7,261,239 21.3 (19.4–23.2) 59.7 (57.4–62.0)

Middle-aged

adults

3,598/7,759,158 28.3 (26.4–30.1) 60.1 (58.2–62.0)

Older adults 1,570/1,725,532 13.1 (10.8–15.4) 36.7 (33.6–39.7)

Women

Total 7,600/13,104,543 4.2 (3.6–4.9) 16.6 (15.5–17.7)

Younger adults 2,722/5,551,596 6.3 (5.0–7.5) 23.1 (21.0–25.3)

Middle-aged

adults

3,660/6,137,196 3.2 (2.5–3.9) 13.5 (12.1–14.9)

Older adults 1,218/1,415,751 0.5 (0.2–0.9) 4.2 (2.9–5.5)

Data are expressed as mean (95% CI). AUDIT, Alcohol Use Disorders Identification Test. Younger adults (age, 19–44 years), Middle-aged adults (age, 45–

64 years), Older adults (age� 65 years).

https://doi.org/10.1371/journal.pone.0175299.t002
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according to Korean statistical data [15]. For selected high-income countries, a previous report

showed that all of the countries spent more than 1% of their gross domestic product (GDP)

purchasing power parity (PPP) on alcohol-attributable costs, with the highest GDP PPP spent

in the United States (2.7%). Furthermore, for the selected middle-income countries, South

Korea spent 3.3% of GDP PPP, more than the United States, with $524 alcohol-attributable

costs per head [1,16].

Apart from the volume of alcohol consumed, the pattern of drinking also gives rise to very

different health outcomes in population groups with the same level of alcohol consumption,

Table 3. Weighted mean AUDIT scores according to socio-demographic factors.

Unadjusted Adjusted for all variables

AUDIT score, mean (95%

CI)

P AUDIT score, mean (95%

CI)

P

Total 2 (0–36)

Sex Men 10.1 (9.8–10.3) reference 10.0(9.8–10.2) reference

Women 3.9 (3.8–4.1) <0.001 4.0 (3.8–4.1) <0.001

Age (years) <0.001 <0.001

19–29 8.1 (7.7–8.4) reference 8.3 (8.0–8.7) reference

30–39 7.8 (7.5–8.1) <0.001 8.2 (7.9–8.5) <0.001

40–49 7.8 (7.5–8.1) <0.001 7.9 (7.6–8.2) <0.001

50–59 7.5 (7.2–7.9) <0.001 7.2 (6.9–7.5) <0.001

60–69 5.9 (5.5–6.2) <0.001 5.3 (4.9–5.6) <0.001

� 70 3.9 (3.5–4.2) <0.001 3.3 (2.9–3.7) <0.001

Education <0.001 <0.001

Elementary school graduated 5.7 (5.3–6.0) reference 8.2 (7.8–8.6) reference

Junior high school graduated 7.5 (7.0–8.0) <0.001 8.4 (8.0–8.9) 0.427

Senior high school graduated 7.9 (7.7–8.1) <0.001 7.5 (7.3–7.7) 0.003

College graduated 7.5 (7.3–7.7) <0.001 6.5 (6.3–6.7) <0.001

Family member

(n)

0.004 0.043

1 7.2 (6.5–7.8) reference 7.4 (7.0–7.9) reference

2 7.0 (6.7–7.4) 0.752 7.5 (7.1–7.8) 0.931

3 7.1 (6.9–7.4) 0.990 7.1 (6.8–7.3) 0.157

� 4 7.7 (7.4–7.9) 0.137 7.5 (7.3–7.7) 0.858

Household

income

<0.001 0.907

� 24th percentile 6.5 (6.1–6.9) reference 7.3 (6.9–7.6) reference

25-49th percentile 7.3 (7.0–7.6) <0.001 7.3 (7.0–7.6) 0.798

50-74th percentile 7.7 (7.4–7.9) <0.001 7.4 (7.2–7.7) 0.512

� 75th percentile 7.6 (7.3–7.8) <0.001 7.4 (7.2–7.7) 0.552

Occupation <0.001 <0.001

Managers and professionals 7.9 (7.5–8.3) reference 7.4 (7.0–7.7) reference

Clerical support workers 8.8 (8.4–9.2) <0.001 8.1 (7.7–8.5) 0.002

Service and sales workers 8.5 (8.1–8.9) 0.028 8.6 (8.2–8.9) <0.001

Skilled agricultural, forestry and fishery workers 7.7 (7.0–8.4) 0.689 7.6 (6.9–8.2) 0.584

Craft, plant, or machine operators and

assemblers

10.0 (9.6–10.5) <0.001 7.9 (7.5–8.4) 0.059

Laborers 6.6 (6.1–7.1) <0.001 7.1 (6.7–7.6) 0.480

Unemployed (including students and

housewives)

5.3 (5.1–5.5) <0.001 6.4 (6.2–6.7) <0.001

AUDIT, Alcohol Use Disorders Identification Test.

https://doi.org/10.1371/journal.pone.0175299.t003
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particularly injuries and cardiovascular disease [2]. The higher the risky pattern of drinking,

the greater the alcohol-attributable burden of disease [2].

Based on the data from the KNHANES 2009–2011, we used the AUDIT score to calculate

that the prevalence of high-risk alcohol drinking in the Korean population was 15.1%, with the

highest prevalence of 28.3% found in middle-aged men (45–64 years). This result is similar to

the data released by the WHO, which noted a prevalence of heavy episodic drinking of 10.0–

19.9% in South Korea [4]. Although we could not directly compare the prevalence of high-risk

alcohol drinking in the general population among countries, due to different data collection

and analysis methodologies, the prevalence of binge drinking in adults, which is considered a

high-risk drinking pattern, was 9% in Hong Kong and 17.1% in the United States [17,18].

Various factors that affect the high-risk patterns of alcohol consumption and the magnitude

of alcohol-related problems have been identified at the individual and societal level [19–24].

Fig 1. Weighted mean AUDIT (Alcohol Use Disorders Identification Test) scores according to

education level. Elementary school graduates had higher mean AUDIT scores than senior high school

(*P <0.05) or college graduates (**P<0.001) after adjusting for age, sex, number of family members,

household income, and occupation.

https://doi.org/10.1371/journal.pone.0175299.g001

Fig 2. Weighted mean AUDIT (Alcohol Use Disorders Identification Test) scores according to

occupation. Clerical support workers (*P<0.005) and service and sales workers (**P<0.001) had higher

mean AUDIT scores than managers and professionals, after adjusting for age, sex, number of family

members, education level, household income.

https://doi.org/10.1371/journal.pone.0175299.g002
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Our study also suggests that socio-demographic factors, including sex, age, education level,

and occupation, are associated with high-risk alcohol drinking. However, the number of fam-

ily members and household income did not influence high-risk alcohol drinking in this study.

When we analyzed the factors associated with heavy alcohol drinking (� 30 g/day), the num-

ber of family members was also associated with heavy alcohol drinking, along with sex, age,

education level, and occupation.

Traditionally, men and younger people more consistently engage in hazardous drinking

than women and older people in all regions [25,26]. These findings are concordant with our

study. Men had an approximately 7-fold greater risk of high-risk alcohol drinking than

Table 4. Odds ratios (ORs) for heavy alcohol drinking (� 30 g/day), high-risk drinking (AUDIT score� 16), and intermediate- or high-risk drinking

(AUDIT score� 8).

Heavy alcohol drinking High-risk drinking Intermediate- or high-

risk drinking

Variables OR (95% CI) P OR (95% CI) P OR (95% CI) P

Sex Men Reference Reference Reference

Women 0.14 (0.12–0.16) <0.001 0.14 (0.12–0.17) <0.001 0.15 (0.13–0.16) <0.001

Age (years) <0.001 <0.001 <0.001

19–29 Reference Reference Reference 0.298

30–39 1.54 (1.27–1.88) <0.001 1.39 (1.12–1.71) 0.002 0.92 (0.78–1.08) 0.003

40–49 1.62 (1.34–1.96) <0.001 1.39 (1.13–1.71) 0.002 0.79 (0.67–0.92) <0.001

50–59 1.54 (1.24–1.91) <0.001 1.30 (1.02–1.67) 0.037 0.66 (0.56–0.78) <0.001

60–69 0.87 (0.69–1.11) 0.267 0.67 (0.51–0.89) 0.005 0.39 (0.32–0.48) <0.001

� 70 0.53 (0.40–0.72) <0.001 0.29 (0.20–0.42) <0.001 0.19 (0.15–0.25) 0.298

Education <0.001 <0.001 <0.001

Elementary school graduated Reference Reference Reference

Junior high school graduated 0.92 (0.75–1.12) 0.393 0.88 (0.69–1.11) 0.279 0.96 (0.79–1.16) 0.655

Senior high school graduated 0.73 (0.61–0.87) <0.001 0.70 (0.55–0.87) 0.002 0.83 (0.71–0.88) 0.025

College graduated 0.54 (0.44–0.67) <0.001 0.54 (0.42–0.70) <0.001 0.68 (0.57–0.81) <0.001

Family member (n) 0.015 0.061 0.032

1 Reference Reference Reference

2 0.91 (0.69–1.20) 0.205 0.93 (0.69–1.26) 0.565 1.01 (0.79–1.28) 0.961

3 0.70 (0.53–0.93) 0.015 0.77 (0.57–1.05) 0.100 0.82 (0.65–1.02) 0.079

� 4 0.84 (0.65–1.10) 0.489 0.94 (0.70–1.27) 0.697 0.88 (0.71–1.09) 0.235

Household income 0.677 0.488 0.488

� 24th percentile Reference Reference Reference

25-49th percentile 1.13 (0.93–1.37) 0.222 0.95 (0.77–1.18) 0.652 0.91 (0.77–1.08) 0.274

50-74th percentile 1.09 (0.90–1.31) 0.373 0.91 (0.74–1.11) 0.348 0.92 (0.77–1.08) 0.303

� 75th percentile 1.07 (0.88–1.30) 0.494 0.86 (0.69–1.06) 0.163 0.98 (0.82–1.17) 0.832

Occupation <0.001 <0.001 <0.001

Managers and professionals Reference Reference Reference

Clerical support workers 1.17 (0.96–1.42) 0.130 1.19 (0.97–1.47) 0.097 1.33 (1.13–1.58) 0.001

Service and sales workers 1.51 (1.25–1.82) <0.001 1.36 (1.07–1.73) 0.011 1.45 (1.23–1.71) <0.001

Skilled agricultural, forestry and fishery workers 1.19 (0.91–1.55) 0.212 1.11 (0.80–1.53) 0.534 1.07 (0.84–1.36) 0.567

Craft, plant, or machine operators and assemblers 1.15 (0.95–1.39) 0.159 0.98 (0.77–1.23) 0.840 1.05 (0.88–1.26) 0.567

Laborers 0.97 (0.74–1.26) 0.790 0.83 (0.62–1.12) 0.221 0.94 (0.75–1.17) 0.562

Unemployed (including students and housewives) 0.81 (0.67–0.98) 0.031 0.77 (0.60–0.98) 0.032 0.76 (0.64–0.90) 0.001

AUDIT, Alcohol Use Disorders Identification Test.

https://doi.org/10.1371/journal.pone.0175299.t004
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women. Young adults aged 19–29 years had a 3-fold greater risk of high-risk alcohol drinking

compared to those aged� 70 years.

High-risk alcohol drinking, such as binge drinking, particularly in adolescence, is prevalent

and has been recognized as a widespread problem behavior for more than a generation [27].

The European School Survey Project in Alcohol and Other Drugs reported that on average,

61% of the students in the European region had consumed alcohol in the last 30 days and 43%

had participated in binge drinking in the same period [28]. The Arkhangelsk Social and Health

Assessment showed that the overall prevalence of binge drinking was about 50%, using data

from a representative sample of 6th–10th grade students (n = 2892) in the public school system

in Russia [19]. Tavolacci et al. [29] reported that the respective prevalence of binge drinking in

the never, occasional, and frequent categories was 34.9%, 51.3%, and 13.8%, respectively,

among 3286 college students in France. In our study, the prevalence of high-risk drinking in

young adults was 14.8% (95% CI: 13.5–16.0%), which was similar to the prevalence of frequent

binge drinking among college students in France, as reported by Tavolacci et al [29].

Although household income did not affect high-risk alcohol drinking in our study, the level

of education and occupation, reflecting socio-economic status (SES), were associated with

high-risk alcohol drinking. In this study, concerning occupation, service and sales workers

were the most vulnerable to high-risk alcohol drinking. We speculated that social culture, such

as entertaining customers with wining and dining, and job stress dealing with clients were pos-

sible factors leading to vulnerability of service and sales workers to high-risk alcohol drinking.

Similary, Barnes et al. reported that those in sales and related occupations were 6.9 percentage

points more likely to binge drink than those in professional occupation [30]. Previous studies

have also shown that a low education level and unemployment or a low SES are associated

higher heavy drinking or drunkenness [21–23,26]. Parikh et al. [24] reported that lower annual

income and lack of college education are independently associated with higher rates of binge

drinking among elderly Americans. Unlike previous findings, this study showed that unem-

ployed status was associated with a decreased risk of high-risk alcohol drinking, most likely

because housewives were included as unemployed.

There are several strengths to our study. First, we examined a large, nationally representa-

tive sample of adult Koreans. To the best of our knowledge, few other studies have described a

national-level assessment of the demographic characteristics and associated risk factors for

high-risk alcohol drinking using AUDIT. Nevertheless, our study had some limitations.

Although we adjusted for many confounding factors, residual or hidden confounding variables

cannot be excluded, similar to other cross-sectional studies. Second, we assessed alcohol con-

sumption based on a self-reported questionnaire. This could lead to misclassification of actual

drinking patterns, because participants may underestimate their alcohol consumption by recall

error or intentionally.

In conclusion, in a representative sample of Korean adults, the prevalence of high-risk alco-

hol drinking was 15.1%, with the highest prevalence of 28.3% found in middle-aged men (45–

64 years). This study suggests that young male, low education level, and service and sales work-

ers were vulnerable to high-risk drinking pattern. Factors associated with high-risk alcohol

drinking should be considered in policy-based interventions to reduce the high-risk pattern of

drinking and related alcohol-attributable disease.
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