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Objectives: Smoking is a preventable risk factor for morbidity and mortality 
in patients with liver disease. This study aims to explore the additional risks 
of smoking in the development of alcoholic liver disease (ALD), cirrhosis, and 
hepatocellular carcinoma (HCC) in high-risk drinkers.

Methods: Data from the National Health Insurance Service, including claims 
and health check-up information spanning 2011 to 2017, were used. The overall 
alcohol consumption was calculated, and ALD was defined based on ICD-10 
codes. High-risk drinking was defined as 7 or more drinks for men and 5 or 
more for women, twice weekly. Half of the high-risk drinkers were smokers, 
decreasing in men but stable at 20% for women.

Results: ALD prevalence was 0.97% in high-risk drinkers and 1.09% in high-
risk drinkers who smoked, higher than 0.16% in social drinkers (p <  0.001). ALD 
incidence over 3-years was highest in high-risk drinkers who smoked (2.35%), 
followed by high-risk drinkers (2.03%) and social drinkers (0.35%) (p  <  0.001). 
Cirrhosis and HCC followed similar patterns, with prevalence and incidence was 
highest in drinkers who smoked. 3-year mortality was 0.65% in high-risk drinkers 
who smoked, compared to 0.50% in high-risk drinkers and 0.24% in social 
drinkers (p  <  0.001). Smoking increased the incidence of ALD, cirrhosis, and 
HCC by 1.32, 1.53, and 1.53 times, respectively (all p <  0.001). Gender-specific 
analysis revealed higher risk ratios (RR) for women in ALD, alcoholic cirrhosis, 
and HCC, particularly among high-risk drinkers who smoked. Women showed 
significantly increased RR in ALD (6.08 to 12.38) compared to men (4.18 to 4.40), 
and similar trends were observed for cirrhosis and HCC.

Conclusion: Smoking significantly heightens the risk of ALD, cirrhosis, and HCC, 
especially in women, among high-risk drinkers. This emphasizes the importance 
of smoking cessation, particularly for female patients with ALD.
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Introduction

In the realm of liver diseases, alcoholic liver disease (ALD) has 
emerged as an increasingly significant health concern. ALD 
encompasses a spectrum of liver conditions, from fatty liver to 
alcoholic hepatitis and cirrhosis, predominantly associated with 
excessive alcohol consumption (1). The global burden of ALD is on 
the rise, with a worldwide prevalence of 4.8% (2). The World Health 
Organization (WHO) recognizes alcohol misuse as a primary risk 
factor for death and disability, especially among individuals aged 15 
to 49 years (3). This growing significance of ALD is partly attributed 
to the successful development of effective antiviral treatments for 
chronic hepatitis B and C, which are anticipated to reduce the 
prevalence of these viral liver diseases and shift focus to other liver 
conditions like ALD (4–6).

Smoking continues to present significant global health risks, 
contributing to over 8 million smoking-related deaths annually. It has 
been identified as a substantial risk factor in the progression of various 
liver diseases, affecting liver health through multiple mechanisms (7, 
8). For instance, smoking exacerbates oxidative stress and fibrosis in 
non-alcoholic fatty liver disease (NAFLD), leading to a more severe 
disease course (9–12). Similarly, in chronic viral hepatitis, particularly 
hepatitis B (HBV) and hepatitis C (HCV), smoking accelerates 
progression to cirrhosis and increases the risk of developing 
hepatocellular carcinoma (HCC) (13–15). Smoking also impacts the 
effectiveness of antiviral therapies and may worsen prognoses in these 
diseases (16, 17). Additionally, smoking has been associated with an 
increased risk of liver fibrosis and cirrhosis in other liver conditions, 
such as primary biliary cholangitis (18).

Recent studies further indicate that smoking may exacerbate liver 
damage in ALD. According to Marti-Aguado et al. (19), smoking is a 
preventable risk factor for premature morbidity and mortality, and 
approximately 40% of patients with liver disease have a history of 
smoking. The clinical evidence suggests that smoking negatively 
impacts the incidence and severity of fatty liver disease, fibrosis 
progression, HCC development, and outcomes in patients with 
advanced liver disease (19). The underlying mechanisms are complex 
and involve oxidative stress, oncogenic signals, and other 

pathophysiological pathways. Smoking also promotes cardiovascular 
disease and extrahepatic cancers in patients with liver disease, further 
complicating clinical outcomes.

However, the specific impact of smoking on ALD remains less 
clear, with current research suggesting a potential exacerbation of liver 
damage but lacking definitive conclusions. Previous studies have not 
sufficiently addressed this relationship, highlighting a significant gap 
in the literature. This study aims to investigate the impact of smoking 
on the prevalence, incidence, and prognosis of ALD using South 
Korean nationwide claims data. By examining this relationship, 
we aimed to investigate how smoking influences ALD and to inform 
targeted interventions and clinical management strategies.

Materials and methods

Data source and study population

We used the National Health Insurance Service-Health Screening 
Cohort (NHIS-HEALs) database in South Korea, which operates a 
universal health coverage system with mandatory social health 
insurance, covering approximately 98% of the total population. This 
study is a prospective cohort study, tracking groups with different 
health habits over time to observe outcomes. Due to security and data 
capacity concerns, the data for the entire NHIS-HEALs population 
was not provided. Instead, we selected a sample cohort representing 
10% of the NHIS population randomly each year from 2011 to 2017 
(Supplementary Table S1). This sample cohort was designed to mirror 
the age and gender structure of the entire NHIS dataset, making it 
representative of the entire Korean population. The sample size each 
year ranged from 3,769,258 individuals in 2011 to 3,982,051 
individuals in 2017. The follow-up period varies: Table 1 represents a 
10-year follow-up cohort, while the other tables and graphs represent 
data from a 3-year follow-up period.

The database comprises de-identified information, including 
demographic and claimed data based on the International 
Classification of Diseases, 10th revision (ICD-10). The NHIS medical 
check-up database includes baseline information such as demographic 

TABLE 1 Risk of alcoholic liver disease, cirrhosis, and hepatocellular carcinoma.

Factor Alcoholic liver disease Liver cirrhosis Hepatocellular carcinoma

HR (95% CI) p HR (95% CI) p HR (95% CI) p

High risk drinking 3.478 (3.373–3.587) <0.001 1.841 (1.743–1.945) <0.001 1.375 (1.263–1.497) <0.001

Smoking 1.325 (1.293–1.357) <0.001 1.534 (1.457–1.615) <0.001 1.532 (1.411–1.664) <0.001

Physical activity 0.912 (0.891–0.933) <0.001 0.821 (0.782–0.862) <0.001 0.857 (0.792–0.927) <0.001

Older than 40 years 2.178 (2.126–2.232) <0.001 5.093 (4.778–5.429) <0.001 6.341 (5.648–7.118) <0.001

Male 2.343 (2.250–2.439) <0.001 1.763 (1.636–1.900) <0.001 2.460 (2.152–2.812) <0.001

Body mass index (kg/m2) 1.020 (1.017–1.024) <0.001 0.974 (0.966–0.982) <0.001 1.000 (0.987–1.013) 0.994

Diabetes mellitus 1.323 (1.244–1.407) <0.001 1.624 (1.465–1.800) <0.001 1.629 (1.396–1.900) <0.001

Hepatitis B virus 

infection
1.433 (1.353–1.518) <0.001 9.933 (9.384–10.514) <0.001 21.149 (19.524–22.908) <0.001

Hepatitis C virus 

infection
2.208 (2.024–2.409) <0.001 2.149 (1.893–2.440) <0.001 1.756 (1.458–2.116) <0.001
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data, lifestyle and behavior data (e.g., smoking, drinking habits), 
physical examination results, laboratory test results, and medical 
history. Over time, it records subsequent health examinations, medical 
treatments, and disease incidence. The Institutional Review Board 
approved the 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 used. Our study adhered to the ethical 
guidelines outlined in the World Medical Association Declaration 
of Helsinki.

Inclusion and exclusion criteria
For this study, we included adults aged 20 years and older who had 

undergone health screenings conducted by the NHIS, which provided 
comprehensive data on alcohol consumption and smoking habits. For 
the analysis related to ALD incidence and prevalence, we included 
individuals aged 20 years and older who had a diagnosis of ALD based 
on ICD-10 codes K70 (K700, K701, K702, K703, K704, and K709). 
We excluded individuals with a diagnosis of HCC or liver cirrhosis 
prior to the study period and those with incomplete data or missing 
key variables required for the analysis. The study did not impose 
restrictions based on age or residential status. In South Korea, the 
NHIS provides coverage for nearly the entire population, with private 
insurance representing a very small fraction. As a result, our study did 
not separately account for those with private insurance, focusing 
exclusively on data obtained from the NHIS.

Definitions of alcohol drinking, smoking, 
and physical activity

High-risk drinking was defined as consuming alcohol more 
than twice a week, with men exceeding 7 standard drinks and 
women surpassing 5 standard drinks, according to the guidelines 
of South Korea’s Ministry of Health and Welfare (20). One 
standard drink is equivalent to 7 grams of pure alcohol, as per the 
South Korean alcohol consumption guideline (21). Social drinkers 
served as the control group for high-risk drinking, defined as 
individuals who drank once a week, with men consuming 6 or 
fewer standard drinks and women consuming 4 or fewer standard 
drinks (20). A smoker was defined as an individual who has 
smoked a total of 5 packs (100 cigarettes) or more in their lifetime 
and currently engages in smoking (22). Physical activity was 
characterized by participating in high-intensity exercises (running, 
aerobics, fast-speed cycling, hiking, etc.) for more than 20 min or 
engaging in moderate activities (brisk walking, tennis, moderate-
speed cycling, etc.) for more than 30 min at least once a week (23).

Outcomes and covariates

The study’s primary outcomes were the prevalence and incidence of 
ALD, alcoholic cirrhosis, and HCC. ALD was defined as having a history 
of outpatient treatment more than twice or being hospitalized more than 
once, with the main diagnosis code falling within ICD-10 codes K70 
(K700, K701, K702, K703, K704, and K709). Liver cirrhosis was defined 
by ICD-10 codes K74, K702, and K703, while HCC was defined by 
C220. Mortality was considered in cases where death was reported, 
regardless of the cause. Incidence was calculated as the occurrence of a 
new outcome during the 3-year follow-up of the sample cohort. To assess 

the impact of smoking on the incidence of liver disease, adjustments 
were made for alcohol consumption, physical activity, age, gender, 
obesity evaluated by body mass index (BMI), diabetes, hepatitis B virus 
(HBV) infection, and hepatitis C virus (HCV) infection. BMI was 
assessed as a continuous variable, diabetes mellitus (DM) was defined by 
ICD-10 codes E08 to E13, HBV infection was defined by ICD-10 codes 
B180 and B181, and HCV infection was defined by ICD-10 code B182.

Statistical analysis

Continuous variables were reported as means ± standard deviations 
(SDs), while categorical variables were expressed as proportions unless 
otherwise specified. Group differences were analyzed using Student’s 
t-test for continuous variables and the χ2 test for categorical variables. 
The impact of smoking on each group was assessed through relative 
risk (RR). Multivariate analysis using Cox regression test was used to 
determine the effect of smoking on each outcome. Statistical analyses 
were performed using SAS version 9.4 (SAS Institute, Cary, NC, 
United States) and R version 3.2.3 (The R Foundation for Statistical 
Computing, Vienna, Austria, http://www.Rproject.org). A two-sided 
p-value <0.05 was considered statistically significant.

Results

Alcohol consumption rate

The proportion of social drinkers in the sample cohort was 15.4% 
in 2011, gradually increasing to 16.4% in 2017 (Supplementary Figure S1) 
(p for trend <0.001). The proportion was consistently higher among 
men than women (all p < 0.001) and exhibited an upward trend for 
both genders annually (p for trend <0.001). Conversely, high-risk 
drinkers constituted approximately 14.7% of the sample cohort, 
maintaining a steady rate from 2011 to 2017. The prevalence of high-
risk drinking was higher in men than women, with the rate decreasing 
annually for men and increasing for women.

Smoking rate according to amount of 
alcohol consumption

The proportion of smokers among social drinkers was 22.82% in 
2011, progressively declining each year to 17.79% in 2017 
(Supplementary Figure S2) (p for trend <0.001). The smoking 
prevalence was notably higher in men than in women (all p < 0.001) 
but exhibited a decreasing trend for both genders (p for trend <0.001). 
Concurrently, the smoking rate among high-risk drinkers significantly 
increased compared to social drinkers (p < 0.001), with an average of 
50% of high-risk drinkers being smokers. While the smoking rate 
among men was higher than that of women, it decreased annually for 
men, whereas it remained constant at an average of 20% among women.

Smoking and alcoholic liver disease

We investigated the impact of smoking on the prevalence and 
incidence of ALD. The prevalence of ALD increased across social 
drinkers (0.16%) and high-risk drinkers (0.97%), reaching the highest 
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value in the high-risk drinker with smoking group (1.09%) 
(Supplementary Table S2) (p  < 0.001). Across all three groups, the 
prevalence of ALD was consistently higher in men than in women (men: 
0.26, 1.12, 1.12%; women: 0.05, 0.37, 0.76%) (p < 0.001). The incidence 
of ALD over a 3-year period was 0.35% in the social drinker group, 
rising to 2.03% in the high-risk drinker group, and further to 2.35% in 
the high-risk drinker with smoking group (Supplementary Table S6) 
(p < 0.001). While the overall incidence of ALD was higher in men than 
in women, the risk increased significantly in women when transitioning 
from the high-risk drinker group to the high-risk drinker with smoking 
group (men: 2.33 to 2.41%; women: 0.82 to 1.67%).

Smoking and alcoholic liver cirrhosis

Subsequently, we  investigated the impact of smoking on the 
prevalence and incidence of alcoholic cirrhosis. The prevalence of 
cirrhosis in the social drinker, high-risk drinker, and high-risk drinker 
with smoking groups was 0.10, 0.19, and 0.22%, respectively 
(Supplementary Table S3) (p < 0.001). We then explored the incidence 
of alcoholic cirrhosis over a 3-year period in the sample cohort. At the 
3-year follow-up, the highest incidence rate of ALD was observed in 
the high-risk drinker with smoking group at 0.52%, followed by the 
high-risk drinker group at 0.42%, and the social drinker group at 
0.18% (Supplementary Table S7) (p < 0.001).

Smoking and hepatocellular carcinoma

There was a noteworthy disparity in the prevalence of HCC 
among the 3 groups (Supplementary Table S4). It was at its lowest in 
the social drinker group (0.033%), with a significant increase in both 
the high-risk drinker (0.042%) and high-risk drinker with smoking 
groups (0.045%) (p < 0.001). Similarly, the incidence of HCC exhibited 
a significant increase in the high-risk drinker with smoking group 
(0.14%), followed by the high-risk drinker group (0.12%) and the 
social drinker group (0.03%) (Supplementary Table S8) (p < 0.001). 
The incidence of HCC was consistently higher in men than in women 
across all groups (all p < 0.001).

Smoking and 3-year mortality

The 3-year mortality rate in the social drinker group was 0.24%, 
escalating to 0.50 and 0.65% in the high-risk drinker and high-risk 
drinker with smoking groups, respectively (Supplementary Table S5) 
(p < 0.001). Across all groups, men exhibited a higher 3-year mortality 
rate than women (men: 0.36, 0.57, 0.67%; women: 0.11, 0.22, 0.42%) 
(all p < 0.001).

Multivariate analysis of the effects of 
smoking on the development of ALD, 
cirrhosis, and HCC

We conducted Cox regression multivariate analysis to assess the 
impact of smoking on the occurrence of ALD, alcoholic cirrhosis, 
and HCC (Table 1). After adjusting for alcohol consumption, physical 

activity, gender, old age, obesity by body mass index, HBV infection, 
and HCV infection, smoking increased the incidence of ALD, 
cirrhosis, and HCC by 1.32 (Hazard Ration; HR 1.325, 95% CI 
1.293–1.357, p  < 0.001), 1.53 (HR 1.534, 95% CI 1.457–1.615, 
p < 0.001), and 1.53 times (HR 1.532, 95% CI 1.411–1.664, p < 0.001), 
respectively.

Smoking and female vulnerability

Lastly, stratified by gender, we  computed the risk ratio for 
developing ALD, alcoholic cirrhosis, and HCC. Smoking risks 
exhibited gender-based variations (Figure  1). In terms of ALD 
incidence, the RR value in the high-risk drinker group was higher in 
women than in men (6.08 vs. 4.18). This risk further escalated in the 
high-risk drinker with smoking group. Notably, for women, the RR 
significantly increased from 6.08 to 12.38, compared to a change from 
4.18 to 4.40 for men (Figure 1A). Women were also more susceptible 
to smoking than men in developing alcoholic cirrhosis (Figure 1B) or 
HCC (Figure 1C). In the high-risk drinker with smoking group, the 
RR for women developing cirrhosis increased from 2.31 to 4.83, 
representing a larger increase than the change in men’s RR from 1.74 
to 1.95.

Discussion

As our understanding of liver disease advances, especially with the 
decreasing prevalence of viral hepatitis due to medical advancements, 
the emphasis on ALD becomes more apparent. This underscores the 
need to explore modifiable factors that may worsen ALD, with 
smoking as a key concern. Unlike other liver diseases where the 
harmful effects of smoking are recognized, the mechanisms and 
outcomes of smoking in the context of ALD remain unclear. Our 
study affirms that smoking elevates the prevalence and incidence of 
ALD, along with the occurrence of HCC, with a notably significant 
risk increase in females.

It is well-recognized that smoking adversely affects various liver 
diseases, warranting clinical attention due to its status as a 
representative modifiable factor. The impact of smoking on liver 
disease, categorized by etiology, is elucidated as follows: In HBV 
patients, heavy smoking (> − 20 cigarettes/day) emerges as a 
significant risk factor exacerbating the progression to liver cirrhosis 
(24). Also, smoking has been reported to have a negative effect on 
fibrosis regression in HBV patients undergoing antiviral therapy 
(25). Moreover, smoking was associated with a high viral load and 
severe liver inflammation in HBV patients (15). Smoking is 
associated with an increased inflammatory activity grade, and 
smoking cessation has been shown to contribute to improved 
fibrosis after HCV clearance (26). The causal relationship between 
NAFLD and smoking has been firmly established in numerous 
cross-sectional and cohort studies. Smoking exacerbates steatosis 
and fibrosis progression in NAFLD patients and contributes to 
increased cardiovascular disease (CVD) mortality in this population 
(27, 28). Furthermore, it heightens the risk of progression to liver 
cirrhosis in MAFLD patients (12). Lastly, concerning HCC, 
smoking is linked to an increased incidence, recurrence, and 
mortality from HCC (29–32).
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In this study, we used social drinker group as the control group 
for high-risk drinking group. Non-drinkers were not considered as the 
control group due to their relatively small proportion in the study 

sample and the high deviation in their baseline characteristics. This 
group includes individuals who may abstain from alcohol due to 
chronic illnesses or frailty. Instead, social drinkers, defined as 

FIGURE 1

Risk ratio of (A) alcoholic liver disease, (B) liver cirrhosis, and (C) hepatocellular carcinoma compared with social drinkers.
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individuals who drank once a week, with men consuming 6 or fewer 
standard drinks and women consuming 4 or fewer standard drinks, 
were chosen as the control group. Social drinkers are more likely to 
lead healthier lifestyles and can voluntarily control their alcohol 
consumption, making them a more appropriate comparison group for 
high-risk drinkers.

The first finding of our study was to analyze the effect of smoking 
on ALD in a nationwide cohort. Although the association between 
various liver diseases and smoking has been well-documented, the 
impact of smoking on ALD has been relatively less explored. In 1994, 
smoking was reported as a faint risk factor for cirrhosis in 115 
alcoholic liver cirrhosis patients and 167 control groups. In 2018, 
smoking was associated with increased mortality in cirrhosis patients 
with heavy alcohol consumption (33, 34). Our study found that 
smoking can increase the prevalence, incidence, and mortality of 
ALD. Particularly in heavy-drinker patients, smoking elevated the 
incidence of ALD by 1.3 times, liver cirrhosis by 1.5 times, and HCC 
by 1.4 times. To date, our study stands as the only large-scale 
investigation demonstrating a robust association between smoking 
and ALD.

The hypothesis that smoking exacerbates ALD involves several 
interconnected physiological mechanisms. Firstly, both alcohol and 
tobacco smoke introduce a range of toxins to the liver, including 
acetaldehyde from alcohol metabolism and harmful chemicals from 
tobacco (35). This dual exposure significantly amplifies the liver’s toxic 
burden, resulting in more severe damage. Secondly, the combined 
effect of smoking and alcohol consumption heightens oxidative stress 
and inflammation in the liver, further aggravating liver cell damage 
(36). Additionally, smoking impairs the liver’s ability to regenerate, 
hindering its healing process and exacerbating the damage caused by 
alcohol (37). Furthermore, smoking accelerates the progression of 
liver fibrosis and scarring, common consequences of chronic alcohol 
consumption, leading to a faster progression of liver diseases such as 
cirrhosis (12). Lastly, both smoking and alcohol compromise the 
immune system, diminishing the body’s ability to combat infections 
and repair liver damage (38).

The second finding of our study is that the effects of smoking 
differ by gender, with women being more vulnerable. Although the 
number of patients with ALD, HCC, and death was higher in men, 
the calculated RR for women increased more markedly than that 
for men. Considering that men are a common risk factor for most 
liver diseases, the discovery that smoking, which increases the risk 
in women, is a unique finding. The heightened vulnerability of 
women to the harmful effects of smoking on liver health, 
particularly in the context of ALD, can be  linked to several key 
factors (39). Women’s livers may metabolize the toxins in tobacco 
smoke differently than men, potentially leading to greater harm, 
due to variations in enzyme activity. Hormonal differences, 
particularly involving estrogen, might exacerbate the impact of 
smoking-related toxins on the liver (40). Additionally, women 
might exhibit a heightened inflammatory response to smoking, 
accelerating liver damage (41). These factors, combined with the 
already harmful effects of alcohol on the liver, result in a more 
pronounced risk for women in developing ALD when they smoke, 
highlighting gender-specific susceptibility. Therefore, clinicians 
must check the smoking status of female patients with ALD and 
thoroughly educate them about smoking cessation if they smoke, 

which is beneficial for long-term prognosis. While our study 
highlights the higher relative risks observed in women, it is essential 
to address the significantly higher proportions of high-risk drinking 
and smoking among men. National policies should therefore 
be designed to target both men and women to effectively reduce the 
overall risk of liver diseases. By incorporating gender-specific 
strategies, public health initiatives can more accurately address the 
vulnerabilities and behaviors of each group, ultimately leading to a 
more significant impact on liver disease prevention and 
health promotion.

Our study has several limitations. First, there is potential 
selection bias arises from the random annual selection of only 5% 
of the total population, which may not fully represent the entire 
population’s drinking and smoking behaviors. Additionally, the 
observational nature of the study restricts the ability to establish 
causation between alcohol consumption, smoking, and liver disease 
outcomes. Reliance on self-reported data for alcohol consumption 
and smoking habits introduces the possibility of reporting bias, 
such as underreporting or over reporting. Furthermore, the study’s 
findings are limited by the absence of detailed information on other 
potential confounding factors, such as dietary habits, genetic 
predispositions, and socioeconomic status that could influence the 
development of ALD and HCC. Our study utilized a 10% subsample 
of the NHIS-HEALs cohort, specifically designed to reflect the age 
and gender structure of the entire Korean population. While 
additional socio-demographic factors such as education, household 
income, and marital status were not directly stratified, the large 
sample size and random stratified sampling method employed 
ensures that these factors are indirectly represented. It is 
acknowledged that these factors can influence health behaviors and 
outcomes, and future studies should aim to include these variables 
more explicitly. However, the current methodology provides a 
robust reflection of the population characteristics, ensuring the 
reliability and generalizability of the findings.

In conclusion, smoking is a modifiable factor that significantly 
increases ALD, cirrhosis, HCC, and death in the high-risk drinkers. 
Given the heightened risk in women, smoking cessation is particularly 
essential in female ALD patients. Our results need to be confirmed 
through future prospective studies, and additional research is needed 
to determine whether smoking cessation can improve this prognosis. 
Lastly, experimental research is needed to examine why women are 
more vulnerable to ALD when they smoke compared to men.
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