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Abstract

Background There is a lack of national-level research on alcohol consumption and the epidemiology of alcoholic
liver disease (ALD) in South Korea. This study aims to address the critical public health issue of ALD by focusing on its
trends, incidence, and outcomes, using nationwide claims data.

Methods Utilizing National Health Insurance Service data from 2011 to 2017, we calculated the population’s overall
drinking amount and the incidence of ALD based on ICD-10 diagnosis codes.

Results From 2011 to 2017 in South Korea, social drinking increased from 15.7% to 16.5%, notably rising

among women. High-risk drinking remained around 16.4%, decreasing in men aged 20-39 but not decreased in men
aged 40-59 and steadily increased in women aged 20-59. The prevalence of ALD in high-risk drinkers (0.97%) was sig-
nificantly higher than in social drinkers (0.16%). A 3-year follow-up revealed ALD incidence of 1.90% for high-risk
drinkers and 0.31% for social drinkers. Women high-risk drinkers had a higher ALD risk ratio (6.08) than men (4.18). The
economic burden of ALD was substantial, leading to higher healthcare costs and increased hospitalization. Progres-
sion rates to liver cirrhosis and hepatocellular carcinoma (HCC) in ALD patients were 23.3% and 2.8%, respectively,
with no gender difference in cirrhosis progression.

Conclusions The study revealed a concerning rise in alcohol consumption among South Korean women
and emphasizes the heightened health risks and economic burdens associated with high-risk drinking, especially
concerning ALD and its complications.
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Background
In South Korea, chronic hepatitis B and alcohol are the
most common causes of liver disease in South Korea,
accounting for 60-80% and 13-14.5% of cases [1-3].
Recently, there has been a decline in hepatitis B and C,
while the prevalence of alcoholic liver disease (ALD) is
gradually increasing [4—6]. This upward trend is concern-
ing due to the potential for ALD to progress to severe
liver conditions, including cirrhosis and hepatocellular
carcinoma (HCC) [7, 8]. Alcohol consumption has a well-
documented relationship with the incidence of alcoholic
liver disorders. Alcoholic liver disease is a significant
issue in Asia, where trends in alcohol consumption are
particularly alarming. In China, the rate of alcohol con-
sumption is increasing faster than in other regions of
the world, highlighting a growing public health concern
[9]. Additionally, Central Asia has recorded the highest
number of alcohol-attributable liver cirrhosis Disability-
Adjusted Life Years (DALYs) per 100,000 people for both
men and women [10]. Research has shown that genetic
factors, such as the prevalence of certain alcohol dehy-
drogenase and aldehyde dehydrogenase enzyme vari-
ants in Asians, contribute to a higher susceptibility to
alcoholic liver diseases compared to other populations.
This genetic predisposition results in a faster conver-
sion of alcohol into acetaldehyde, a toxic metabolite, and
a slower process of clearing it from the body, leading to
increased liver damage from smaller amounts of alcohol.

Traditionally, alcohol has played a pivotal role in both
social and business settings in South Korea. Drinking
patterns in South Korea are characterized by a mix of
solitary and social drinking, often involving both mixed
and single-type alcohol consumption. Social drinking
is commonly practiced in a variety of settings, includ-
ing family gatherings, pubs, and restaurants, reflecting
its integral role in both personal and professional inter-
actions. This pattern is deeply embedded in the culture,
where drinks like soju and beer are frequently consumed
in combination during social occasions to facilitate bond-
ing and business negotiations. On the other hand, soli-
tary drinking has been on the rise, often driven by stress
or social isolation, marking a shift in traditional drinking
behaviors. These changes are not just social trends; they
carry significant implications for public health, particu-
larly in the incidence and progression of ALD. Addition-
ally, the landscape of alcoholic beverage policies in South
Korea has seen adjustments during the study period.
These include modifications in taxation, advertising reg-
ulations, and sales restrictions aimed at curbing excessive
alcohol consumption.

Unlike other viral hepatitis cases, ALD has identifiable
triggering factors and is significantly influenced by social
and economic policies [11]. Therefore, early identification
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of drinking status can aid in ALD prevention through
abstinence education, effectively averting progression to
liver cirrhosis or HCC [12]. Understanding the current
status of drinking rates and their direct impact on ALD
epidemiology is crucial for developing effective public
health interventions and policies [13]. Unfortunately, no
large-scale study representative of South Korea’s ALD epi-
demiology has been conducted to date [1, 14]. This study
aims to investigate drinking rates and ALD epidemiology
in South Korea, examining patterns of change over time
using national cohort and National Health Insurance
data. Additionally, in line with existing reports that alco-
hol consumption varies by age and gender [15-17], we
have conducted further stratified analysis based on these
demographic factors

Methods

Data source and study population

In this study, two databases were utilized. First, to com-
prehend the current drinking landscape in South Korea
and assess the risk levels based on drinking rates, we
analyzed examination data from the National Health
Insurance Corporation (National Health Insurance
Service-Health Screening Cohort; NHIS-HEALSs). Due
to security and data capacity limitations, the complete
NHIS-HEALs dataset was unavailable. Consequently,
a representative sample cohort, constituting 10% of the
NHIS population, was randomly selected annually from
2011 to 2017, as detailed in Supplementary Table 1. This
sample cohort accurately mirrors the broader South
Korean population, deliberately chosen to match the age
and gender distribution of the entire NHIS-HEALSs. Sec-
ond, the epidemiology of patients with ALD was further
validated using claims data in conjunction with NHIS-
HEALSs. Data reliability was ensured through two meth-
ods. Initially, the ALD incidence rate was calculated and
compared from NHIS-HEALSs and claims data, confirm-
ing a consistent pattern. Additionally, the proportion
of high-risk drinkers was compared between National
Health and Nutrition Examination Survey data and
NHIS-HEALSs, demonstrating consistent proportions of
high-risk drinkers in the two cohorts.

Both databases contain anonymized data, including
demographic details and claims information aligned with
the International Classification of Diseases, 10th revi-
sion (ICD-10). The Institutional Review Board of Soon-
chunhyang University Bucheon Hospital approved the
current study (IRB No. SCHBC 2023-05-007, approval
date 23-May-2023). Informed consent was waived by the
IRB since only de-identified information was utilized.
Our study adhered to the ethical guidelines of the World
Medical Association Declaration of Helsinki.
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Classification of alcohol drinking

In South Korea, a national health screening is conducted
every two years, during which citizens are required to fill
out a health questionnaire. The questionnaire includes
the following items related to alcohol consumption:

1) On average, how many days per week do you drink
alcohol?

2) On days when you drink, how much do you typically
consume in a day? (number of drinks)

(Calculate using each type of drink’s standard serving
size. Note that one can of beer (355 cc) is equivalent to
1.6 standard beer servings.)

Based on these survey items, high-risk drinking was
categorized as consuming alcohol more than twice
weekly, with men consuming over 7 standard drinks
and women more than 5, following the guidelines of the
South Korean Ministry of Health and Welfare [18]. A
standard drink in Korea is defined as containing 7 g of
pure alcohol, in accordance with South Korean alcohol
consumption guidelines [19]. For the purpose of com-
parison, social drinkers served as the control group for
high-risk drinking. Social drinkers were identified as
individuals who drink once a week, with men having
up to 6 standard drinks and women up to 4 standard
drinks [18].

Outcomes

The study focused on examining the prevalence and inci-
dence of ALD, cirrhosis, and HCC. ALD was identified
in patients who received outpatient treatment more than
twice or were admitted to the hospital at least once with a
primary diagnosis coded under ICD-10 codes K70 (K700,
K701, K702, K703, K704, and K709). Liver cirrhosis was
categorized using ICD-10 codes K74, K702, and K703,
while HCC was defined by the code C220. Mortality
encompassed all reported deaths, regardless of the cause.
Incidence referred to the emergence of a new case of the
outcome during a 3-year follow-up of the sample cohort.

Statistical analysis

Continuous variables were presented as means with
standard deviations (SDs), while categorical variables
were expressed as percentages, unless otherwise speci-
fied. Group differences were assessed using Student’s
t-test for continuous variables and the y* test for categor-
ical variables. We conducted age-period-cohort (APC)
analyses to identify changes in outcomes over time,
accounting for the influences of age and birth cohort.
Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and R version 3.2.3 (The
R Foundation for Statistical Computing, Vienna, Austria,
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http://www.Rproject.org). A P value of less than 0.05,
determined from a two-sided test, was considered indica-
tive of statistical significance.

Results

Alcohol consumption trends in South Korea

The proportion of social drinkers was 15.7% in 2011,
gradually increasing thereafter and reaching 16.5% in
2017 (p for trend <0.001) (Table 1, Supplementary Fig. 1).
For men, the proportion of social drinkers peaked at
16.8% in 2014 and has been decreasing since, while for
women, it has shown a consistent upward trend each
year. Meanwhile, high-risk drinkers remained constant at
about 16.5% from 2011 to 2017. Although the number of
high-risk drinkers among men gradually decreased, the
proportions among women increased annually. When
analyzed by age and gender, the proportion of high-risk
drinkers decreased among men aged 20-39, while it does
not decrease among men aged 40-59. In women, the
number of high-risk drinkers increased each year across
all age groups from 20 to 59. To validate the reliability of
NHIS-HEALSs data, the proportion of high-risk drinkers
was cross-verified with National Health and Nutrition
Examination Survey data, revealing consistent propor-
tions in both cohorts (Supplementary Table 2).

Consequences of alcoholic liver disease caused by alcohol
consumption

Subsequently, we assessed the occurrence of ALD, liver
cirrhosis, HCC, and mortality based on the volume
of alcohol consumed. The prevalence of ALD among
high-risk drinkers was 0.97%, significantly surpassing
the prevalence of 0.16% among social drinkers (Sup-
plementary Table 3). Over a 3-year follow-up, the inci-
dence of ALD in high-risk drinkers reached 1.90%,
while in social drinkers, it was 0.31% (Table 2). In both
groups, ALD incidence rose with age and was higher
in men than in women. The prevalence of cirrhosis
was 0.19% among high-risk drinkers, exceeding the
0.10% among social drinkers (Supplementary Table 4).
The 3-year follow-up also revealed a higher incidence
of cirrhosis in high-risk drinkers (0.43% vs. 0.19%)
(Table 2). The patterns for the prevalence (Supplemen-
tary Table 5) and incidence (Table 4) of HCC followed
a similar trend, with significantly higher rates in high-
risk drinkers compared to social drinkers (prevalence:
0.04% vs. 0.03%, incidence: 0.13% vs. 0.08%). Further-
more, 3-year mortality was elevated in high-risk drink-
ers (0.50% vs. 0.24%) (Supplementary Table 6).

Age-period-cohort analysis
Our APC analysis of ALD, liver cirrhosis, and HCC over
a three-year span reveals distinct trends among different
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age groups and drinking behaviors (Fig. 1). For high-risk
drinkers, the incidence of ALD decreases with age, with
the highest rates in older age groups. Social drinkers
show consistently lower incidence rates across all con-
ditions compared to high-risk drinkers. The incidence
of liver cirrhosis and HCC is higher in older age groups
for both high-risk and social drinkers, with a more pro-
nounced increase among high-risk drinkers. Overall,
while high-risk drinkers exhibit a gradual decline in
incidence rates over time, social drinkers maintain rela-
tively stable and lower rates across all age groups and
conditions.

Vulnerability of females to alcoholic liver disease

Stratified by gender, we computed the risk ratios (RRs)
for ALD, cirrhosis, and HCC in high-risk drinkers com-
pared to social drinkers. Compared to social drinkers, the
risk of developing ALD was higher in women (RR 6.08)
than in men (RR 4.18) (Supplementary Fig. 2A). Similarly,
the risk of developing liver cirrhosis (women 2.31, men
1.74; Supplementary Fig. 2B) and HCC (women 1.48,
men 1.25; Supplementary Fig. 2C) was determined to
have a higher RR value in women than in men.

Epidemiology of alcohol-associated liver disease

and economic burden

Subsequently, we computed epidemiological data and
economic costs associated with ALD using claims data.
The incidence of ALD showed a yearly decline, decreasing
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from 0.39% in 2012 to 0.33% in 2017, with a more sig-
nificant decrease observed in men compared to women
(Supplementary Table 7). To validate the reliability of the
claim data, we compared the NHIS-HEALs cohort with
ALD incidence and confirmed that the trends in the two
cohorts were consistent. When ALD was categorized into
detailed disease codes, the proportion of relatively mild
diseases such as alcoholic fatty liver, ALD, and unspeci-
fied decreased, while the proportion of liver cirrhosis
increased from 16 to 27% (Fig. 2). Comparing the health-
care utilization of ALD patients with the control group,
the ALD group exhibited significantly higher total medi-
cal costs and drug costs than the control group (Table 3).
Additionally, the number of outpatient visits and hospi-
talization days in the ALD group exceeded those of the
control group (Table 3, Supplementary Fig. 3A/3B). This
discrepancy appears to be linked to the higher comorbid-
ity rate in the ALD group compared to the control group
(Supplementary Table 8).

Natural history of alcohol-associated liver disease

Finally, we computed the rate of progression to liver
cirrhosis or HCC in individuals diagnosed with ALD
(Table 4). Over a 3-year follow-up period, the progression
rates for liver cirrhosis and HCC in individuals with ALD
were 23.3% and 2.8%, respectively. Notably, there was no
significant difference in the rate of progression from ALD
to liver cirrhosis between men and women (men 21.7%,
women 21.7%; p=0.382).

nnnnnnnnnnnnn

§
IEEEEE]

§i6 3

§

Fig. 1 Age-period-cohort (APC) analyses. a alcoholic liver disease, (b) liver cirrhosis, (c) hepatocellular carcinoma
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«O~=Alcoholic fatty liver

«O=Alcoholic hepatic failure
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Fig. 2 Distribution of stages in alcohol-related liver disease

Discussion

Our study’s key findings include the gradual increase
in social drinking, rising rates of high-risk drinking in
women, gender and age-specific variations in alcohol
consumption patterns, and the concerning association of
high-risk drinking with the prevalence and incidence of
ALD, liver cirrhosis, HCC, and mortality.

The primary finding of this study is the gradual
increase in the proportion of social drinkers in South
Korea. To ensure the reliability of this observation,
alternative definitions, such as those who drink once
a week, were explored, revealing a consistent pattern
(Supplementary Table 9). We posit that two sociological
factors in South Korea contribute to this trend. First, the
absence of stringent regulations on alcohol advertising
or broadcasting allows for the widespread portrayal of
drinking scenes in public broadcasts and on platforms
like YouTube, fostering a relaxed and favorable attitude
towards drinking [20]. Also, the increase in alcohol con-
sumption is influenced by the extensive reach of media
and advertising. Alcohol brands frequently employ
popular celebrities and K-pop idols in their market-
ing strategies, which are prominently displayed across
diverse media platforms, including television and social
media. Such advertisements portray alcohol consump-
tion as an appealing aspect of a glamorous lifestyle,
which resonates strongly with young audiences. Second,
the increasing popularity of low-alcohol beverages, par-
ticularly among younger demographics, compounds the
issue [21].

2020 2021

In terms of regulatory efforts, South Korea has estab-
lished policies such as imposing taxes on alcoholic bev-
erages and regulating sales times to control alcohol
consumption. However, the enforcement of these poli-
cies is often lax, and specific regulations aimed at curb-
ing alcohol advertising are insufficiently rigorous. This
creates a regulatory environment where alcohol is both
easily accessible and affordably priced, further encourag-
ing its consumption among the youth. We suggest that
the existing policies need to be strengthened with stricter
advertising restrictions and more consistent enforcement
of alcohol sales regulations.

The secondary finding is an increase in the number
of high-risk drinkers among women. The overall rise of
high-risk drinking among women is not exclusive to
South Korea but represents a global phenomenon [22-
24]. These changes might be influenced by evolving soci-
ocultural dynamics, such as more women participating in
traditionally male-dominated professional environments,
possibly adopting associated social drinking habits.
Moreover, marketing strategies targeted at women by
alcohol companies also play a significant role. These cam-
paigns often promote alcoholic beverages as symbols of
modernity and independence, appealing particularly to
a younger, female audience. Additionally, the increasing
stress levels due to rapid socio-economic changes in the
country could differentially influence drinking behaviors
between genders. Women might use alcohol as a coping
mechanism differently than men, which warrants further
exploration [25, 26].
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Our APC analysis indicate that the incidence of ALD,
liver cirrhosis, and HCC varies significantly not only
with gender, but also with age. Younger individuals,
particularly those aged 20-39, show lower incidence
rates of these conditions compared to older age groups.
This can be attributed to the cumulative effects of long-
term alcohol consumption, which typically manifests in
more severe liver conditions over time. As people age,
the prolonged exposure to alcohol and its hepatotoxic
effects increase the likelihood of developing ALD and its
complications.

Another important finding of our study is the nota-
ble increase in the proportion of liver cirrhosis cases
within the spectrum of ALD. Upon manifestation of
ALD, our study revealed a 23.3% probability of pro-
gressing to liver cirrhosis within 3 years, a figure con-
sistent across both men and women and comparable
to findings in other countries [27]. Alcoholic liver
cirrhosis stands as a significant global public health
concern, with an estimated 25% of cirrhosis-related
deaths worldwide attributed to alcohol in 2019 [24, 28].
Recently observed shifts in South Korea, where the eti-
ology of chronic liver disease is transitioning from viral
hepatitis to ALD, emphasize the imperative for sus-
tained attention and more effective treatments for alco-
holic liver cirrhosis [8, 29, 30].

Additionally, our study demonstrated the vulner-
ability of females to ALD. The higher RR of developing
ALD, cirrhosis, and HCC in women compared to men
among high-risk drinkers aligns with findings in other
studies [31]. We posit that the heightened vulnerability
of women to alcohol stems from a combination of bio-
logical and physiological factors. Women, on average,
have a higher body fat percentage and less body water,
resulting in a more concentrated presence of alcohol
in their bloodstream after consuming similar amounts
as men. This prolonged exposure contributes to more
significant liver damage over time [32, 33]. Addition-
ally, women exhibit lower levels of alcohol dehydroge-
nase, the enzyme responsible for metabolizing alcohol,
resulting in an extended duration of alcohol presence
in their system, exposing the liver to harmful metabo-
lites for prolonged periods [34]. Hormonal differences,
particularly involving estrogen, may enhance women’s
susceptibility to alcohol-induced liver injury [34, 35].
Lastly, nutritional variances and social factors also con-
tribute to women’s heightened vulnerability to ALD.
Social stigma and other barriers may lead women to
delay seeking treatment, resulting in more advanced
liver disease at the time of diagnosis [36, 37].

In the case of ALD, psychiatric alcohol abstinence
treatment is essential. In South Korea, only about 9%
of ALD patients, regardless of gender, receive formal
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psychiatric treatment, and this percentage is further
decreasing each year (Supplementary Fig. 4). The infor-
mation regarding population coverage, treatment cov-
erage (e.g., alcohol use disorder and treatment), and
copayment of these patients is listed in Supplementary
Table 10. Lastly, the differences in healthcare utilization
between ALD and HCC are notable. Patients with ALD
generally incur lower healthcare costs and have fewer
hospital admissions compared to those with HCC.
This is likely because HCC, being a more advanced and
severe condition, requires more intensive treatments,
frequent monitoring, and complex interventions such
as surgery, chemotherapy, or liver transplantation. In
contrast, ALD management often involves lifestyle
modifications, medication, and less frequent hospital
visits unless it progresses to more severe stages like cir-
rhosis or HCC.

Our study has several limitations. Firstly, it relies
on self-reported data for alcohol consumption, which
may be subject to recall bias and underreporting. Sec-
ondly, the use of ICD-10 codes for diagnosing ALD and
HCC might not capture all cases accurately, as some
patients may be misclassified or undiagnosed. Thirdly,
the study’s observational design cannot establish cau-
sality between alcohol consumption and liver disease
outcomes. Additionally, the cohort is based on South
Korean individuals, which may limit the generaliz-
ability of the findings to other populations with differ-
ent drinking habits and genetic predispositions. Lastly,
the data on alcohol consumption patterns and health-
care utilization may not fully reflect recent trends, as
the study period ends in 2017, potentially overlooking
changes in drinking behaviors and policy impacts in
subsequent years.

In conclusion, our study assesses the dynamic trends
in alcohol consumption in South Korea and their con-
cerning association with ALD and related liver diseases.
The gender-specific findings, particularly the height-
ened vulnerability of women to the adverse effects of
high-risk drinking, warrant urgent public health strate-
gies and policies tailored to these trends.
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