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Background/Aims: Multiple meta-analyses and observa-
tional studies have reported that alcohol is a risk factor for 
liver cancer. However, whether there is a safe level of alcohol 
consumption remains unclear. We performed a systematic 
review and meta-analysis of the correlation between low-level 
alcohol consumption and the risk of liver cancer. Methods: 
Nested case-control studies and cohort studies involving 
the general population published prior to July 2019 were 
searched. In total, 28 publications (31 cohorts) with 4,899 
incident cases and 10,859 liver cancer-related deaths were 
included. The pooled odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated. Results: Compared with 
those with low levels of alcohol consumption, moderate and 
heavy drinkers (≥1 drink/day for females and ≥2 drinks/day 
for males) had pooled ORs of 1.418 (95% CI, 1.192 to 1.687; 
p<0.001) for liver cancer incidence and 1.167 (95% CI, 1.056 
to 1.290; p=0.003) for liver cancer mortality. The pooled OR 
for liver disease-related mortality for those with more than 
low levels of alcohol consumption was 3.220 (95% CI, 2.116 
to 4.898; p<0.001) and that for all-cause mortality was 1.166 
(95% CI, 1.065 to 1.278; p=0.001). The sensitivity analysis 
showed that none of the studies had a strong effect on the 
pooled OR. The Egger test, Begg rank correlation test, and 
the funnel plot showed no overt indication of publication 
bias. Conclusions: Continuous consumption of more than a 
low-level of alcohol (≥1 drink/day for females and ≥2 drinks/
day for males) is related to a higher risk of liver cancer. (Gut 
Liver 2020;14:792-807)

Key Words: Alcohol; Liver neoplasms; Meta-analysis; Risk 
factors; Systematic review

INTRODUCTION

According to the World Health Organization, binge drinking 
is the leading cause of more than 200 diseases and injuries and 
is associated with premature death and disability; indeed, it is 
estimated that 3.3 million people worldwide die annually from 
drinking alcohol. In 1988, the International Agency for Research 
on Cancer categorized alcohol as a Group 1 human carcinogen.1 
Additionally, the International Agency for Research on Can-
cer regards alcohol consumption as a cause of female breast, 
colorectal, laryngeal, hepatic, esophageal, oral, and pharyngeal 
cancers.2,3 Alcohol consumption is estimated to be responsible 
for 3.5% to 4.4% of cancer deaths annually worldwide.4-6

Animal studies have suggested that consumption of small 
amounts of alcohol, particularly red wine, can prevent cancer 
and ameliorate cardiovascular disease.7 However, clinical trials 
in humans have not provided corroborative evidence regard-
ing the benefits of red wine.8 Few epidemiologic studies have 
addressed the association between alcohol consumption and 
cancer risk in humans. A Korean study reported that continuous 
alcohol consumption, even in small amounts, increases the inci-
dence of esophageal and stomach cancer.9

The causes of chronic liver disease, including liver cancer, 
vary from region to region, but the most frequent are typically 
chronic viral hepatitis and alcohol. However, the recent devel-
opment of effective therapeutics for chronic viral hepatitis has 
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increased the importance of alcohol as a cause of liver disease. 
Alcohol can initiate the development of liver cancer and is re-
lated to tumor progression.10-12 Regular consumption of 40–60 
g of alcohol is related to a higher risk of liver cancer; this level 
has been suggested to be lower for women.12,13 A recent meta-
analysis on the incidence of alcohol-related liver cancer found 
a significant association between the risk of liver cancer and 
high-level alcohol consumption, with an excess risk of 66% for 
alcohol consumption of 100 g/day.14 Nevertheless, the effect of 
low-level alcohol consumption (<40 g/day) on the risk of liver 
cancer was not evaluated and the safe level of alcohol con-
sumption for women was not proposed.

Therefore, we carried out a meta-analysis to determine 
whether there is a safe level of alcohol consumption in terms of 
liver cancer risk in men and women. In expressing the amount 
of alcohol consumption, existing studies used varying units of 
measurement (number of drinks, ounces, milliliters, or grams 
consumed every day, week, month, or year); in this study, grams 
per day (g/day) was used as the standard measure of alcohol in-
take using the following equivalences: one drink=0.8 g/mL=28 
g/ounce=12.5 g/drink. According to the definitions in the U.S. 
Government Dietary Guidelines for Americans (2015 to 2020), 
light alcohol drinking was defined as less than two drinks/day 
in males and one drink/day in females.15 Using these criteria, we 
systematically reviewed the existing literature and performed a 
meta-analysis of the effect of alcohol consumption on the risk 
of liver cancer.

MATERIALS AND METHODS

1. Literature search

The search for relevant literature was independently per-
formed by two authors (H.P. and S.K.S.), who searched for ar-
ticles published prior to July 31, 2019 in Embase and PubMed, 
by using the following search terms: (alcohol OR ethanol) AND 
(neoplasm OR carcinoma OR cancer) AND (hepatocellular OR 
liver) AND (prospective OR cohort OR cohort studies [Medical 
Subject Headings; MeSH Terms]). The titles and abstracts of all 
retrieved studies were scanned to exclude all irrelevant studies, 
and inconsistencies were resolved by review of the full text and 
discussion. The full texts of the remaining papers were exam-
ined to assess their eligibility. We also examined the reference 
lists of all retrieved articles. This meta-analysis was performed 
according to the Preferred Reporting Items of the Systematic 
Reviews and Meta-Analyses statement.16

2. Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) original research 
articles of nested case-control or cohort studies (letters, reviews, 
and abstracts were excluded); (2) articles reporting the incidence 
and mortality of primary liver cancer or hepatocellular carci-
noma as odds ratios (ORs), hazard ratios, or relative risks (RRs) 
(at least two levels of alcohol consumption vs nondrinkers and/
or occasional drinkers); and (3) articles using standard errors 
or confidence intervals (CIs) of the risk estimates or those that 
provided sufficient data to calculate them. The exclusion criteria 

2,067 Papers identified through literature search:

using the following search string in PubMed: and Embase

(alcohol OR ethanol) AND (liver OR hepatocellular) AND

(cancer OR neoplasm OR carcinoma) AND (cohort OR prospective)

382 Full-text papers considered for the inclusion

(the bibliographies of relevant articles added, n=10)

28 Papers included in the meta-analysis

Excluded:

98 Not human data

167 Written in non-English

1,420 Not relevant papers

(title and/or abstract were not relevant

for the end point of the study)

Excluded:

135 Not relevant

52 Studies with no available data for

outcome measures (RR/OR/HR)

120 Other study designs (not cohort or

nested case-control)

7 Shared an identical population

32 Insufficient data

8 Review or meta-analysis

Fig. 1. Flowchart of the literature 
search and inclusion criteria of the 
meta-analysis.
RR/OR/HR, relative risk/odds ratio/
hazard ratio.
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were: (1) non-English language articles; (2) non-human studies; 
and (3) no classification of alcohol consumption. When multiple 
studies involved the same population, the most recent article 
was included.

3. Data extraction and quality assessment

Two independent authors (H.P. and S.K.S.) extracted data 
from the included studies. The following details were retrieved 
from each study: (1) first author’s name and the year of publica-
tion, (2) country, (3) design, (4) follow-up period, (5) subjects’ 
gender distribution, (6) subjects’ mean age, (7) number of sub-
jects, (8) classification of alcohol consumption, (9) effect size (OR, 
harzard ratio, or relative risk and 95% CI), and (10) confounders 
adjusted for. The Newcastle-Ottawa Scale (NOS) was used to 
estimate the quality of the studies.17 The NOS score ranges from 
0 to 9 and is defined as the sum of the scores of the following 
three subscales: selection of studies, comparability, and out-
come. A higher score indicates greater methodological quality. 
Studies with NOS scores ≥7 were noted as high quality.

4. Statistical analysis

We used the fixed- and random-effects models to estimate 
the pooled ORs with 95% CIs. Sufficiently homogenous groups 
of studies were analyzed with the fixed-effects model, and 
more heterogeneous groups of studies were analyzed with the 
random-effects model.18 We used Forest plots to identify the 
heterogeneity among studies, which was quantified using the I2 
index, which represents the percentage of the total variability 
in a set of effect sizes rising from the true heterogeneity among 
studies.19 To evaluate the stability of the meta-analysis, we car-
ried out a sensitivity analysis. The pooled OR of the remaining 
studies was computed by excluding one study at a time and 
compared with that of the fixed-effects model or random-effects 
model. The funnel plot or Egger regression test was utilized to 
evaluate the publications.20 When the articles provided ORs by 
using a different reference category, the ORs were newly calcu-
lated by dividing each OR by the OR for non-drinking; CIs were 
calculated by employing the standard errors of the crude OR 
estimates that were penalized by a factor of 1.5.21,22

Comprehensive Meta-Analysis version 2.0 (Biostat, Inc., 
Englewood, NJ, USA) was used for carrying out all statistical 
analyses. p-values smaller than 0.05 (two-sided) were consid-
ered statistically significant.

RESULTS 

A total of 2,067 articles were initially retrieved from PubMed 
and Embase. After applying the exclusion criteria, the full texts 
of 382 potentially relevant studies were reviewed. Of these, 28 
were finally included for meta-analysis (Fig. 1):22-49 22 were co-
hort studies and six nested case-control studies; 18 studies were 
from Asia, five were from the United States, and the other five 

were from Europe.
Table 1 shows the characteristics of the included studies. In 

total, 28 publications (31 cohorts) were included. A total of 
4,899 incident cases and 10,859 deaths from liver cancer were 
included in the articles as a whole. A total of 1,669 deaths from 
liver disease and 91,256 all-cause deaths were also included.

Tables 2 and 3 shows the methodological qualities of the co-
hort and nested case-control studies. The average score was 7.5 
for case-control studies and 8.5 for cohort studies (range, 7–9). 
All included studies were of high quality (NOS score ≥7). Quality 
assessment regarding alcohol and mortality from liver cancer, 
all-cause, and liver diseases was also performed (Supplement 
Tables 1-3).

Fig. 2A shows the Forest plot regarding the relationship be-
tween the incidence of liver cancer and more than light drink-
ing versus never or light drinking. The pooled OR was 1.418 (95% 
CI, 1.192 to 1.687; p<0.001; I2=60.5%) based on 13 studies. The 
sensitivity analysis showed that no single study had significant-
ly affected the overall results (Fig. 2B). The funnel plot in the 
analysis of liver cancer incidence and more than light drinking 
versus never or light drinking showed evidence of publication 
bias in Egger test (p=0.010), but not Begg rank correlation test 
(p=0.502) (Fig. 2C). After using the trim-and-fill analysis to cor-
rect for this bias, a pooled OR of 1.141 (95% CI, 0.958 to 1.259) 
was calculated using the random-effects model. 

The pooled OR for mortality from liver cancer for more than 
light drinking versus never or light drinking was 1.167 (95% CI, 
1.056 to 1.290; p=0.003; I2=61.1%) based on nine studies (11 
cohorts) (Fig. 3A). The sensitivity analysis demonstrated that no 
single study conferred a significant impact on the pooled OR (Fig. 
3B). The funnel plot, Egger (p=0.409) and Begg rank correlation 
test (p=0.640) indicated no overt indication of publication bias 
in the analysis of liver cancer mortality (Fig. 3C).

The pooled OR of liver disease-related mortality for more 
than light drinking versus never or light drinking was 3.220 (95% 
CI, 2.116 to 4.898; p<0.001; I2=66.7%) based on five studies 
(six cohorts) (Fig. 4A). The pooled OR for all-cause mortality for 
more than light drinking versus never or light drinking was 1.166 
(95% CI, 1.065 to 1.278; p=0.001; I2=48.9%) based on eight 
studies (10 cohorts) (Fig. 5A). In both analyses, the sensitivity 
analysis demonstrated that no single study conferred a signifi-
cant impact on the pooled OR (Figs. 4B, 5B), and the funnel 
plot, Egger (p=0.603 and p=0.466, respectively) and Begg rank 
correlation test (p=0.133 and p=1.000, respectively) indicated no 
overt indication of publication bias (Figs. 4C, 5C).

DISCUSSION

We investigated the relationship between liver cancer and al-
cohol consumption. Most previous studies of the incidence and 
mortality of liver cancer have been conducted on people who 
drink more than 40–69 g of alcohol per day for both genders. In 
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this study, however, light alcohol consumption standards of less 
than two drinks/day for males and one drink/day for females 
were used for analysis. We also assessed the overall relationship 
between alcohol and liver disease based not only on the inci-
dence of liver cancer and the associated mortality rates but also 
on the mortality rate of liver disease and the all-cause mortality 

rate.
More than light alcohol drinkers had a 42% increased risk of 

liver cancer incidence and 17% increased risk of liver cancer 
death compared to those who drink less alcohol. The liver-re-
lated mortality rate was 3.2-fold higher in more than moderate 
drinkers compared to those who drink less alcohol, demon-
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Fig. 2. Meta-analysis of studies 
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strating that consumption of even one or two alcoholic drinks 
daily can have an adverse effect on health. The risk of all-cause 
mortality in more than light drinkers was 16% higher compared 
to those who drink less alcohol. A slight decrease in the risk of 
all-cause mortality compared to that of liver-related mortality 
can be assumed that cardiovascular diseases reported to be able 
to protect with a small amount of drinking was included in all-
cause mortality.

Studies in animals have shown that alcohol consumption 
in small amounts, especially red wine, can prevent cancer and 
ameliorate cardiovascular disease. Indeed, some components of 
red wine, such as resveratrol, have anticancer activity.7 Resve-
ratrol is also present in peanuts, grapes, raspberries, and some 
other plants. Resveratrol is a polyphenol antioxidant produced 
by various plants to defend against fungi, stress, injury, infec-
tion, and excess sunlight; moreover, its effect on cancer and 
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Fig. 3. Meta-analysis of studies 
examining the relationship between 
mortality from liver cancer and 
moderate/heavy alcohol consump-
tion versus never or a low level of 
alcohol consumption. (A) Forest 
plot; (B) sensitivity test; (C) funnel 
plot. 
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heart disease is under investigation. However, clinical trials 
have shown that resveratrol is not effective for preventing or 
treating cancer.8 Alcohol was categorized as a human liver car-
cinogen by the International Agency for Research on Cancer in 
1988.1 Alcohol can initiate the development of liver cancer and 
is significantly associated with tumor progression. The underly-
ing mechanisms of the promotion by alcohol and its metabolite, 
acetaldehyde, of liver carcinogenesis include:10-12 (1) increased 
oxidative stress, which damages DNA and hampers its repair; (2) 
induction of liver injury, promoting fibrogenesis and cirrhosis 
(most alcohol-related liver cancers develop from liver cirrhosis); 
(3) interactions with other environmental carcinogens, such 
as tobacco smoke; (4) interruption of one-carbon metabolism, 
leading to impaired DNA methylation and altered gene expres-
sion.

Previous meta-analyses have reported that regular consump-
tion of 40–60 g of alcohol is related to a higher risk of liver 
cancer and proposed a lower level of safe alcohol consumption 
for women.12,13 Turati et al.14 systematically reviewed and meta-
analyzed the relation between alcohol intake and the incidence 
of liver cancer and death by including 16 articles (19 cohorts) 
that comprised a total of 4,445 incident cases and 5,550 liver 
cancer-related deaths; as a results, the authors found a signifi-
cant linear association between alcohol consumption and liver 
cancer risk (excess risk 46% for 50 g of alcohol per day and 
66% for 100 g per day). Although the authors reported a dose-
risk association between alcohol consumption and liver cancer 
risk, they did not evaluate the risk of consumption of smaller 
amounts of alcohol and did not analyze gender standards sepa-
rately. Additionally, the risk of liver cancer comprised both the 
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incidence and mortality rates of liver cancer; these were not 
evaluated separately. Another recent meta-analysis demon-
strated that alcohol consumption is associated with a higher risk 
of liver cancer in a dose-dependent manner (8% for 12 g alco-
hol per day, 54% for 50 g per day, and 3.2-fold for 100 g per 
day).50 Moreover, synergistic effects with other risk factors such 
as hepatitis and diabetes were detected. However, the enrolled 
studies showed significant heterogeneity as well as publication 
bias.

This study had the following limitations. First, we may have 

omitted the liver cancer data included in the results of our study 
with all kinds of cancer since we found a paper exclusively 
for the event in livers. Secondly, there was some heterogeneity 
among the articles, as with most meta-analyses. However, we 
overcame this limitation by applying random-effects and fixed-
effects models according to heterogeneity. Sensitivity analyses 
supported the robustness of our study results. Moreover, Egger 
tests for funnel plot asymmetry and the funnel plot did not in-
dicate the presence of major publication bias.

In conclusion, this meta-analysis supports previous reports 
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of the association between alcohol consumption and the risk of 
liver cancer. Furthermore, our research shows that continuous 
consumption of even a small amount of alcohol is related to 
liver cancer risks. Based on this analysis, more than light alco-
hol consumption should be considered harmful as it not only 
increases the incidence of liver cancer but also increases liver 
disease and overall mortality.
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