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Abstract
Background: Alanine aminotransferase (ALT) levels are widely used to screen liver disease, and many asymptomatic
individuals show elevated ALT levels. As elevated ALT level indicates liver injury, even a small amount of alcohol
intake may be harmful in subjects with elevated ALT levels, but there is limited evidence of the effect of light to
moderate amount of alcohol intake in this subgroup.
Methods: A cohort of 367,612 men and women without established liver diseases (including chronic viral hepatitis,
alcohol-associated liver disease, cirrhosis, liver transplantation, or rare forms of liver disease) who underwent at least
1 health screening exam between 2009 and 2015 were assessed for liver-related and all-cause mortality. Elevated
ALT levels were defined as ≥ 34 U/L for men and 25 U/L for women.
Results: In participants with normal ALT levels, the fully-adjusted hazard ratios (95% CI) for liver-related mortality
comparing light and moderate drinkers to non-drinkers were 0.73 (0.51–1.05), and 1.06 (0.73–1.52), respectively. In
participants with elevated ALT levels, the corresponding hazard ratios were 1.57 (1.08–2.28), and 2.09 (CI 1.46–2.99),
respectively (p value for alcohol intake by ALT interaction < 0.01). For all-cause mortality, the fully-adjusted hazard
ratios comparing light and moderate drinkers to non-drinkers in participants with normal ALT levels were 0.72
(0.66–0.77), and 0.89 (0.82–0.97), respectively. In participants with elevated ALT levels, the corresponding hazard
ratios were 0.93 (0.81–1.08), and 1.31 (1.14–1.50), respectively (p value for alcohol intake by ALT interaction < 0.01).
Conclusions: Small amounts of alcohol intake were associated with increased liver-related and all-cause mortality
among individuals with elevated ALT levels. Subjects with elevated ALT levels should be advised complete
abstinence from alcohol.
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Background
Alcohol intake is a major contributor to the global burden of disease [1, 2]. Alcohol intake is an established risk
factor for cancer, liver disease, cardiovascular disease,
violence, and injuries [2, 3]. However, while the adverse
health effects of excessive alcohol intake are widely accepted, there is substantial controversy on the effects of
light to moderate alcohol intake. Some studies found
lower risk of cardiovascular disease, diabetes, and mortality with light to moderate alcohol intake [4–6], while
others found no safe level of alcohol intake [7, 8].
The effects of alcohol may differ according to underlying diseases or conditions. The liver is the main organ
that metabolizes alcohol [9], and the effects of light to
moderate alcohol intake may differ in individuals with
and without liver disease. For example, complete abstinence is recommended for patients with alcoholassociated liver disease, as any amount of alcohol intake
can be harmful [10]. Light to moderate alcohol intake
was also associated with increased all-cause mortality in
patients with chronic viral hepatitis [11], and abstinence
is recommended for them as well [12, 13]. However, the
health effects of light to moderate alcohol intake in
people with nonalcoholic fatty liver disease (NAFLD) or
with less prevalent forms of liver disease (e.g., Wilson’s
disease, autoimmune, or cryptogenic liver disease) are
controversial and information is scarce [14].
Liver injury or liver disease is usually asymptomatic
until complications of liver failure or portal hypertension develop [15]. Thus, liver function tests, including
bilirubin, albumin, alkaline phosphatase, gammaglutamyltransferase (GGT), and aminotransferase
levels are the mainstay for identifying early liver injury or liver disease [15, 16]. While alkaline phosphatase, GGT, and aspartate aminotransferase (AST) can
be produced by organs other than the liver, alanine
aminotransferase (ALT) is exclusively produced in hepatocytes and widely used as a specific biomarker of
liver injury or liver disease [15, 16]. As serum ALT
measurement is relatively inexpensive, it is frequently
used to screen for or exclude liver disease [16, 17],
and it is common to find asymptomatic individuals
with abnormally elevated ALT levels [18]. Subjects
with elevated ALT levels are recommended to
undergo additional workup to establish the etiology of
liver injury [16]. In these subjects, the most common
causes of elevated ALT levels are alcohol-associated
liver disease, chronic viral hepatitis, and NAFLD [18].
When alcohol-associated liver disease or chronic viral
hepatitis are identified as the causes of elevated ALT,
current evidence and practice guidelines recommend
complete abstinence [10–13]. In subjects with other
causes of elevated ALT levels (mostly subjects with
NAFLD), it is controversial if they require complete
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abstinence and information regarding this issue is
limited. Thus, we aimed to evaluate the association of
light to moderate alcohol intake on liver-related mortality and all-cause mortality among individuals with
elevated ALT levels, but excluding those with excessive alcohol intake or viral hepatitis, using a nationwide population-based cohort.

Methods
Study population and design

This is a retrospective cohort study based on data from
the National Health Insurance Service (NHIS) National
Sample Cohort (NHIS-NSC) 2.0, an administrative
nationwide cohort which includes a representative 2.2%
sample of the Korean population in 2006 [19]. Data can
only be accessed by visiting the NHIS datacenter, after
approval from data access committee of NHIS (https://
nhiss.nhis.or.kr/bd/ab/bdaba001cv.do). This research
was conducted using the application number NHIS2019-2-034. South Korea has a single-payer universal
health system. The NHIS maintains claims data on all
reimbursed inpatient and outpatient visits, procedures,
and prescriptions. In addition, the NHIS-NSC 2.0 includes data from annual or biennial health screening
exams provided free of charge by the Ministry of Health
and Welfare. Approximately 75% of all eligible persons
underwent a health screening exam [20].
In this analysis, we included NHIS–NSC 2.0 participants with 40–84 years of age who underwent at least
one health screening exam between January 1, 2009, and
December 31. 2015 (N = 440,943). We selected 2009 as
the first year of follow-up because health screening
exams were substantially modified in 2009. We then excluded participants with chronic viral hepatitis (defined
as any inpatient or outpatient visit with International
Classification of Diseases, Tenth Revision [ICD-10]
codes B18 or Z225; N = 14,960), alcohol-associated liver
disease (codes K700-K704, or K709; N = 3,768), autoimmune liver disease (codes K754 or K743; N = 69),
metabolic liver disease (codes E830 or E831; N = 12),
toxic liver disease (codes K711, K713-K715, or K717; N
= 44), liver cirrhosis (code K74; N = 1,541), liver transplantation (code Z944; N = 84), or history of any cancer
(any ICD-10 C code; N = 30,107). In addition, we excluded participants who, in the health screening exam,
reported heavy alcohol intake (defined as ≥ 40 g/day in
women and ≥ 60 g/day in men; N = 13,307). We further
excluded 3,988 participants with missing data on ALT
(N = 168), alcohol status (N = 3664) or body mass index
(BMI) (N = 163) in the health screening exam, resulting
in a final sample of 367,612 individuals (172,287 men
and 195,325 women; Fig. 1). The Institutional Review
Board of the Samsung Medical Center approved the
study and waived the requirement for informed consent
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Fig. 1 Flowchart of study participants

because NHIS-NSC 2.0 data were publicly available deidentified data.
Study variables

The NHIS-NSC2.0 data includes modules on insurance
eligibility, medical treatments, and health screening
exams. The insurance eligibility module contains information on age, sex, residential area, and income level.
The medical treatment module contains information on
claims for all inpatient and outpatient diagnoses, procedures, and prescriptions [19], coded using ICD-10 codes
and the Korean Drug and Anatomical Therapeutic
Chemical Codes [21]. The NHIS routinely audits all
claims and the data are considered reliable and have
been used in many peer-reviewed publications [22].
The health screening exam module included data from
questionnaires, anthropometric measurements, and
blood tests to screen for anemia, diabetes, cardiovascular
risk factors, kidney disease, and liver disease. If a participant had more than one health screening exam during
the study period, we used only data from the initial
(baseline) screening exam. The frequency and amount of
alcohol drinking and smoking habits were collected by
self-administered questionnaires. Current alcohol intake
(g/day) was calculated using frequency of drinking

(times/week) and amount of alcohol at each occasion.
We categorized alcohol intake according to the American Association for the Study of Liver Diseases (AASLD)
guidelines [10] into none, light (< 10 g/day in women
and < 20 g/day in men), moderate (10–< 40 g/day in
women and 20–< 60 g/day in men), and heavy (≥40 g/
day in women and ≥60 g/day in men). Smoking status
was categorized into never, and ever (past or current)
smoker. Height, weight, waist circumference, and blood
pressure were measured at the health screening exam.
BMI was calculated as weight in kilograms divided by
height in meters squared [23]. We classified study participants into two groups based on serum ALT level at the
health screening exam: normal (ALT < 34 U/L for men
and < 25 U/L for women), and elevated (ALT ≥34 U/L
for men and ≥25 U/L for women) [18].
Co-morbidities during the year prior to the first health
screening exam were defined using claims data and summarized using the Charlson comorbidity index [24].
Hypertension was defined as the presence of at least one
I10–I13 or I15 code during the year prior to the
screening exam, or a systolic blood pressure ≥140 mmHg
or a diastolic blood pressure ≥90 mmHg at the baseline
screening exam. Diabetes was defined as the presence of
at least one E11–E14 code or a fasting glucose level of

Sinn et al. BMC Medicine

(2022) 20:18

≥126 mg/dL at the baseline screening exam. Dyslipidemia was defined as the presence of an E78 code or a
total cholesterol level of > 240 mg/dL at the baseline
screening exam.
Residential area at the time of the first screening exam
was classified as metropolitan or rural. Metropolitan
areas were defined as Seoul, 6 metropolitan cities, and
15 cities with population > 500,000 that have been officially designated as municipal cities (http://www.mois.
go.kr). Data on income at the time of the first screening
exam was obtained from the insurance eligibility database. Income level was categorized by percentile groups
(≤30th, >30th–≤70th, and >70th percentile).
Mortality follow-up

The NHIS-NSC 2.0 included mortality data from the
Ministry of the Interior and Safety [19]. The study outcomes were liver-related mortality and all-cause mortality. Liver-related mortality was defined as liver cancer
(code C22) or liver disease (codes B15–B19 or K70–
K75) related mortality.
Statistical analyses

Participants were followed-up from the time of their initial (baseline) health screening exam until death, 85 years
of age, or December 31, 2015, whichever first. As age is
a strong determinant of mortality, we used age as the
time scale in the analyses [25]. Poisson regression was
used to estimate marginally adjusted mortality rates by
alcohol intake and ALT category. For risk analysis, we
used Cox’s proportional hazard regression models to estimate hazard ratios (HRs) with 95% confidence intervals
(CIs) for liver-related and all-cause mortality. Cox
models were adjusted for sex, body mass index, Charlson
comorbidity index, diabetes, hypertension, hyperlipidemia, smoking status (never, ever or unknown), residential area (metropolitan, rural and unknown), and income
percentile (≤30th, >30th–≤70th, >70th, and unknown)
[26]. We examined the assumption of proportional hazards using plots of the log(–log) survival function and
Schoenfeld residuals. To examine the possibility of reverse causation, we conducted 2 sensitivity analyses: (1)
excluding participants who died in the first 2 years of
follow-up (N=2037), and (2) excluding participants with
any existing chronic illnesses at baseline (1 Charlson comorbidity index ≥1, N = 116,830). A p value < 0.05 was
considered statistically significant. All analyses were performed using SAS Enterprise Guide 7.1 (SAS Institute
Inc., Cary, NC, USA) and Stata version 16 (StataCorp
LP, College Station, TX, USA).

Results
The mean (standard deviation) age of study participants
(N = 367,612) was 52.4 (10.9) years and 46.9% of
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participants were men. The proportion of participants
with elevated ALT levels was 23.4% (N = 85,877). Compared to participants with normal ALT levels, those with
elevated levels were more likely to be male, obese, and
have more co-morbidities. Among participants with normal ALT levels, the proportions of participants with no,
light, and moderate alcohol intake were 58.8, 24.9, and
16.4%, respectively, while among participants with elevated ALT levels, the corresponding proportions were
57.4, 22.6, and 20.0%, respectively (Table 1).
During 1,703,650 person-years of follow-up, we observed 7,020 (1.9%) deaths, including 401 liver-related
deaths (0.1%). The fully-adjusted liver-related mortality
rates in participants with normal and elevated ALT
levels were 7 and 28 per 100,000 person-years, respectively (HR 4.07, 95% CI 3.32–5.01). Alcohol intake
showed a positive association with liver-related mortality
in participants with elevated ALT levels, but not in those
with normal ALT levels (p value for alcohol intake by
ALT interaction < 0.01; Table 2). Among those with elevated ALT levels, liver-related mortality increased with
increasing category of alcohol intake (Table 2, Fig. 2).
The fully-adjusted all-cause mortality rates in participants with normal and elevated ALT levels were 188
and 202 per 100,000 person-years, respectively (HR 1.08.
95% CI 1.02–1.15). In participants with normal ALT
levels, the fully-adjusted HRs (95% CI) for all-cause mortality comparing light and moderate drinkers to nondrinkers were 0.72 (95% CI 0.66–0.77) and 0.89 (95% CI
0.82–0.97), respectively (Table 2 and Fig. 2). In participants with elevated ALT levels, the corresponding HRs
were 0.93 (95% CI 0.81–1.08), and 1.31 (95% CI 1.14–
1.50), respectively (p value for alcohol intake by ALT
interaction < 0.01).
When we evaluated the HRs comparing elevated to
normal ALT levels, the fully-adjusted HR for liverrelated mortality comparing participants with elevated
to those with normal ALT levels were 2.84 (95% CI
2.12–3.80), 6.10 (95% CI 1.03–9.24), and 5.63 (95% CI
3.79–8.34) for participants with none, light, and moderate of alcohol intake, respectively (Table 3). For allcause mortality, the fully-adjusted HRs comparing
participants with elevated to those with normal ALT
levels were 0.97 (95% CI 0.90–1.04), 1.26 (95% CI
1.10–1.45), and 1.41 (95% CI 1.24–1.61) for participants with none, light, and moderate amount of alcohol intake, respectively (Table 3). In sensitivity
analyses, the results were virtually the same
(Additional file 1: Tables S1 and S2).

Discussion
In this large cohort study, we found that in individuals
with elevated ALT levels, even small amounts of alcohol
intake were associated with increased liver-related
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Table 1 Baseline characteristics of study participants by alanine aminotransferase (ALT) level status (N = 367,612)
Normal (281,735)
N (%)

Elevated (85,877)
N (%)

p value

Age, years

52.5 (11.1)

52.2 (10.1)

< 0.01

Sex, male

128,266 (45.5)

44,021 (51.3)

< 0.01

BMI, kg/m2

23.5 (6.6)

25.4 (3.3)

< 0.01

Waist circumference, cm

79.6 (8.6)

84.6 (9.0)

< 0.01

Creatinine

1.0 (1.1)

1.0 (1.0)

0.83

GGT, U/L

20 (14-32)

41 (25-75)

< 0.01

AST, U/L

27.8 (8.5)

37.1 (23.6)

< 0.01

Charlson comorbidity index

0 (0–1)

0 (0–1)

< 0.01

Diabetes

30,807 (10.9)

16,209 (18.9)

< 0.01

Hypertension

84,112 (29.9)

35,053 (40.8)

< 0.01

Hyperlipidemia

111,175 (39.5)

52,561 (61.2)

< 0.01

None

165,552 (58.8)

49,312 (57.4)

Light

70,075 (24.9)

19,404 (22.6)

Moderate

46,108 (16.4)

17,161 (20.0)

183,564 (65.2)

51,571 (60.1)

Alcohol amount

< 0.01

Smoking status
Never

< 0.01

Ever

97,720 (34.7)

34,221 (39.8)

Unknown

451 (0.2)

85 (0.1)

181,399 (64.4)

54,553 (63.5)

Rural

97,373 (34.6)

30,437 (35.4)

Unknown

2963 (1.1)

887 (1.0)

66,944 (23.8)

19,454 (22.7)

>30th–≤70th

94,719 (33.6)

30,008 (34.9)

>70th

117,626 (41.8)

35,639 (41.5)

Unknown

2446 (0.9)

776 (0.9)

Residential area
Metropolitan

< 0.01

Income percentile
≤30th

< 0.01

Abbreviation: AST aspartate aminotransferase, BMI body mass index, GGT gamma-glutamyl transferase
Normal: < 34 U/L for men and < 25 U/L for women; elevated: ≥34 U/L for men and ≥25 U/L for women
Values are presented as n (%) for categorical variables and mean (standard deviation) for continuous variables

mortality and that a moderate amount of alcohol intake
was associated with increased risk of all-cause mortality.
This association was significantly different in subjects
with normal ALT levels, in whom alcohol intake was not
associated with increased liver-related or all-cause mortality. Our data provides support for recommending
complete abstinence from alcohol in subjects with elevated ALT levels, as even a small amount of alcohol intake may be harmful to them.
Alcohol is a well-established liver toxicant and
carcinogen [3, 27]. Even light and moderate alcohol intake can increase the risk of liver disease and of progression to advanced liver disease in individuals with liver
disease [28–30]. Current evidence and practice guidelines recommend complete abstinence for patients with

alcohol-associated liver disease and chronic viral hepatitis [10–13]. However, the health effects of light to
moderate alcohol intake in patients with other liver diseases are not well established. In our data, we demonstrated the synergistic effect of alcohol intake and
hepatic injury as measured by elevated serum ALT levels
in individuals without alcohol-associated liver disease or
chronic viral hepatitis. This suggests that individuals
with elevated ALT levels should be advised total abstinence from alcohol, even if they are free of alcoholassociated liver disease or chronic viral hepatitis. In this
study, light to moderate alcohol intake was associated
with lower risk of all-cause mortality in subjects with
normal ALT levels, while moderate alcohol intake was
associated with increased risk of all-cause mortality in
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Table 2 Multivariable-adjusted hazard ratios for liver-related and
all-cause mortality associated with alcohol intake by alanine
aminotransferase (ALT) level status
Alcohol intake

Alanine aminotransferasea
Normal
HR (95% CI)

Elevated
HR (95% CI)

Reference

Reference

Liver-related mortality
None

Table 3 Multivariable-adjusted hazard ratios for liver-related and
all-cause mortality associated with elevated alanine
aminotransferase (ALT) levels by alcohol intake status

p for
interaction

Alcohol
intake

< 0.01

Liver-related mortality

Alanine aminotransferasea
Normal
HR (95% CI)

Elevated
HR (95% CI)

< 0.01

None

Reference

2.84 (2.12, 3.80)

Light

0.73 (0.51, 1.05) 1.57 (1.08, 2.28)

Light

Reference

6.10 (4.03, 9.24)

Moderate

1.06 (0.73, 1.52) 2.09 (1.46, 2.99)

Moderate

Reference

5.63 (3.79, 8.34)

All-cause mortality
None

All-cause mortality
Reference

Reference

< 0.01

p for
interaction

< 0.01

None

Reference

0.97 (0.90, 1.04)

Light

0.72 (0.66, 0.77) 0.93 (0.81, 1.08)

Light

Reference

1.26 (1.10, 1.45)

Moderate

0.89 (0.82, 0.97) 1.31 (1.14, 1.50)

Moderate

Reference

1.41 (1.24, 1.61)

HRs and 95% CIs were obtained from proportional hazards models with age as
time scale and adjusted for sex, body mass index, Charlson comorbidity index,
diabetes, hypertension, hyperlipidemia, smoking status (never, ever or
unknown), residential area (metropolitan, rural, and unknown), and income
percentile (≤30th, >30th–≤70th, >70th, and unknown)
Abbreviation: HR, hazard ratio; CI, confidence interval
a
Normal: < 34 U/L for men and < 25 U/L for women; elevated: ≥34 U/L for men
and ≥25 U/L for women

HRs and 95% CIs were obtained from proportional hazards models with age as
time scale and adjusted for sex, body mass index, Charlson comorbidity index,
diabetes, hypertension, hyperlipidemia, smoking status (never, ever or
unknown), residential area (metropolitan, rural and unknown) and income
percentile (≤30th, >30th–≤70th, >70th, and unknown)
Abbreviation: HR, hazard ratio; CI, confidence interval
a
Normal: < 34 U/L for men and <25 U/L for women; elevated: ≥34 U/L for men
and ≥25 U/L for women

subjects with elevated ALT levels. The effect of light to
moderate alcohol intake on health may thus differ depending on ALT levels. This may also explain some of
the heterogeneity in the effects of small amounts of alcohol intake on health endpoints in previous studies [4–8].
There are some limitations to this study. The exact
causes of elevated ALT levels in our study participants
were unknown. The most common causes of elevated
ALT levels in subjects undergoing health screening

exams are alcohol intake, viral hepatitis, and NAFLD
[18]. Since we excluded participants with heavy alcohol
intake, chronic viral hepatitis, and rare forms of chronic
liver disease (autoimmune, metabolic, or toxic liver disease), we expect NAFLD to be the cause of elevated
ALT levels in most of our study participants. Furthermore, compared to participants without elevated ALT
levels in our study, those with elevated ALT levels had a
higher average BMI and a higher prevalence of diabetes,

Fig. 2 Multivariable-adjusted rates of liver-related mortality (A) and all-cause mortality (B) by alcohol intake and alanine aminotransferase (ALT)
levels. Marginally-adjusted mortality rates were calculated from a Poisson regression model adjusted for age, sex, body mass index, Charlson
comorbidity index, diabetes, hypertension, hyperlipidemia, smoking status (never, ever or unknown), residential area (metropolitan, rural and
unknown), and income percentile (≤30th, >30th–≤70th, >70th, and unknown)
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hypertension, and dyslipidemia, which are all key features of NAFLD. Unfortunately, NAFLD can only be
identified when there is evidence of hepatic steatosis by
histological or radiological evaluation in the absence of
heavy alcohol intake and secondary causes for steatosis
[31], and we lacked this information. Hence, participants
with elevated ALT levels in this study do not exclusively
represent subjects with NAFLD. In this study, we lacked
follow-up ALT measurements and we could not determine whether the elevation in ALT levels was transient
or persistent. Further studies with multiple ALT measurements are needed to ascertain whether light to moderate alcohol intake is harmful only for those with
persistently elevated ALT levels or even for those with
transient or intermittent elevated ALT levels. Information on alcohol intake was collected by self-administered
questionnaires and was subject to measurement error
and abstainer bias [32]. Since the questionnaire of the
NHIS-NSC only asked current alcohol intake, we could
not distinguish between never drinkers and former
drinkers. Since some former drinkers may have stopped
drinking because of health issues, including never
drinkers and former drinkers in the reference category
would tend to decrease the observed association of alcohol intake with mortality. In addition, we did not have
information on the type or patterns of alcohol use [33],
or on the change of alcohol use over time [34]. Our cohort was composed of Korean men and women participating in health screening exams. The effects of alcohol
may differ by race/ethnicity [35] and genetic predisposition [36]. Hence, generalizability to other ethnic groups
warrants further evaluation. Also, we cannot exclude the
possibility of unmeasured or unknown confounding factors that were not controlled in the study. In this study,
we used elevated ALT levels as the only indicator of liver
injury. Further studies combining other biomarkers with
ALT levels are needed to better identify and to quantify
liver injury or liver disease. Strengths of this data include
the use of representative nationwide data, which minimized the possibility of selection bias, the large sample
size, and the availability of liver-specific and all-cause
mortality information.

Conclusions
In conclusion, a small amount of alcohol intake was associated with increased liver-related and all-cause mortality among individuals with elevated ALT levels.
Subjects with elevated ALT levels should be advised
complete abstinence from alcohol, as even a small
amount of alcohol intake may be harmful for them.
Abbreviations
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