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ORIGINAL ARTICLE

Systematic Review with Meta-Analysis: Low-Level Alcohol Consumption and
the Risk of Liver Cancer

Hana Park®, Seung Kak Shin? ljin Joo®, Do Seon Song*, Jeong Won Jang*, and Joong-Won Park®

'Health Screening and Promotion Center, Asan Medical Center, University of Ulsan College of Medicine, Seoul, “Department of Internal
Medicine, Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon, *Department of Radiology, Seoul National
University Hospital, *Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, and ’Center for Liver

Cancer, National Cancer Center, Goyang, Korea

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 (Cls) 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% Cl, 1.192 to 1.687;
p<0.001) for liver cancer incidence and 1.167 (95% Cl, 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% Cl, 2.116
10 4.898; p<0.001) and that for all-cause mortality was 1.166
(95% Cl, 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.'
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.”’ Alcohol consumption is estimated to be responsible
for 3.5% to 4.4% of cancer deaths annually worldwide.”*

Animal studies have suggested that consumption of small
amounts of alcohol, particularly red wine, can prevent cancer
and ameliorate cardiovascular disease.” However, clinical trials
in humans have not provided corroborative evidence regard-
ing the benefits of red wine.® 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.’

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.'*"?

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."”"” 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.'* 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
gl/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.” 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.'®

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)

Excluded:

y

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)

A

382 Full-text papers considered for the inclusion
(the bibliographies of relevant articles added, n=10)

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

A 4

meta-analysis.

28 Papers included in 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.”” 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."” We used Forest plots to identify the
heterogeneity among studies, which was quantified using the I’
index, which represents the percentage of the total variability
in a set of effect sizes rising from the true heterogeneity among
studies.” 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.”” 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.”"*

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 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%
(I, 1.192 to 1.687; p<0.001; I’=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; I’=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%
Cl, 2.116 to 4.898; p<0.001; I’=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; I’=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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A
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-value p-value
Allen (2009) 1.140 0.982 1.323 1.725 0.085 [}
Persson (2013) 1.370 0.701 2.676 0.922 0.357 —il—
Kawamura (2016) 3.730 0.879 15.820 1.786  0.074 B
Schwartz (2013) 1.520 1.060 2.180 2.276  0.023 —H
Setiawan (2016) 1.490 0.889 2.497 1513  0.130 i
Michikawa (2012) 1.500 0.421 5.339 0.626  0.531 i
Chen (1996) 5.800 1.199 28.067 2.185  0.029 ——
Ohishi (2008) 2120 0.979 4.593 1.905 0.057
Koh (2011) 2.240 1.466 3.423 3.727  0.000
Trichopoulos (2011) 0.900 0.251 3.225 -0.162  0.871 —
Yuan (2004) 2.130 0.949 4.783 1.832  0.067
Loftfield (2016) 1.360 0.885 2.089 1.404  0.160 E
Yi (2018) 1.080 1.041 1.121 4.071 0.000
1418 1.192 1.687 3.944  0.000 TO
0102051 2 5 10
Favours A Favours B
B
Study name Statistics with study removed Odds ratio (95% CI)
Lower  Upper with study removed
Point limit limit Z-value p-value
Allen (2009) 1.580 1.230 2.028 3.587  0.000 L
Persson (2013) 1.427 1.190 1.712 3.839  0.000 n
Kawamura (2016) 1.391  1.174 1.649 3.804 0.000 | ]
Schwartz (2013) 1.404 1.168 1.687 3.617  0.000 |
Setiawan (2016) 1416 1.180 1.699 3.737  0.000 |
Michikawa (2012) 1.422  1.190 1.698 3.880  0.000 ]
Chen (1996) 1.379 1.169 1.626 3.810  0.000 [ |
Ohishi (2008) 1.387 1.166 1.649 3.699  0.000 ]
Koh (2011) 1.289 1.111 1.495 3.344  0.001 [ |
Trichopoulos (2011) 1436 1.201 1.715 3.979  0.000 | |
Yuan (2004) 1.389 1.168 1.652 3.714  0.000 | |
Loftfield (2016) 1.433 1.189 1.728 3.773  0.000 L |
Yi (2018) 1.558 1.261 1.926 4.101 0.000 i
1418 1.192 1.687 3.944  0.000 ¢
0102 051 2 5 10
Favours A Favours B
C 0.0 -
0.2 +
S
o 0.4
2
9]
2 0.6 Fig. 2. Meta-analysis of studies
% ' examining the relationship between
the incidence of liver cancer and
0.8 1 moderate/heavy light alcohol con-
sumption versus never or a low level
of alcohol consumption. (A) Forest
1.0 J J ' = i i ! plot; (B) sensitivity test; (C) funnel
-20 -15 -10 -05 00 05 10 15 20

Log odds ratio

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

plot.
CI, confidence interval.

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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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-value p-value
Kim (2010)_male 1.080 0.935 1.247 1.049 0.294 [}
Kim (2010)_female 1.800 0.904 3.585 1.672  0.094
Yi (2010)_male 0.860 0.449 1.647 -0.455 0.649
Yi (2010)_female 1.060 0.131  8.556 0.055  0.956
Yang (2012) 1.180 1.071 1.301 3.332  0.001
Jee (2004) 1.110 0.928 1.327 1.143  0.253
Joshi (2008) 0.920 0.796 1.064 -1.124 0.261
Jung (2012) 2410 1.398 4.154 3.166  0.002 ——
Kono (1986) 2700 1.035 7.041 2.031 0.042
Park (2006) 1.250 1.109  1.409 3.656  0.000 L]
Shih (2012) 1.220 1.097 1.357 3.674  0.000 L
1.167 1.056  1.290 3.022 0.003 ()
0102051 2 5 10
Favours A Favours B
Study name Statistics with study removed Odds ratio (95% Cl)
Lower  Upper with study removed
Point limit limit Z-value p-value
Kim (2010)_male 1.186 1.058  1.331 2.914 0.004
Kim (2010)_female 1.157 1.047 1.278 2.853 0.004
Yi (2010)_male 1.175  1.061 1.301 3.104 0.002
Yi (2010)_female 1.168 1.055 1.294 2.978 0.003
Yang (2012) 1175 1.036  1.332 2.506 0.012
Jee (2004) 1.179 1.053 1.320 2.849 0.004
Joshi (2008) 1.202 1.106  1.307 4.315 0.000
Jung (2012) 1.141 1.046 1.244 2.974 0.003
Kono (1986) 1.155 1.049 1.272 2.942 0.003
Park (2006) 1.156 1.029  1.299 2.445 0.014
Shih (2012) 1.164 1.031 1.314 2.457 0.014
1.167 1.056  1.290 3.022 0.003 ¢
0102051 2 5 10
Favours A Favours B
C Funnel plot of standard error by log odds ratio
0.0 4 o
] o °
0.5 °
S
@
5 1.0+ .
e Fig. 3. Meta-analysis of studies
% examining the relationship between
154 mortality from liver cancer and
' moderate/heavy alcohol consump-
tion versus never or a low level of
20 alcohol consumption. (A) Forest

— T
-20 -15 -10 -05 00 05
Log odds ratio

1.0 15 20

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.

plot; (B) sensitivity test; (C) funnel
plot.
CI, confidence interval.

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 acﬁvity.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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A

Study name

Statistics for each study

Odds Lower Upper

ratio  limit limit  Z-value
Setiawan (2016)_US born 2.230 1.516 3.281 4.071
Setiawan (2016)_Foreign born 2.740 1.530 4.908 3.389
Persson (2013) 3.450 1.223 9.733 2.340
Schwartz (2013)_male 6.680 4.163 10.718 7.872
Yi (2016)_male 2370 1569 3.579 4.104
Younoszai (2014) 4930 0.948 25.632 1.897

3.220 2.116 4.898 5.462

Odds ratio and 95% ClI

p-value

0.000
0.001
0.019
0.000
0.000
0.058
0.000

0102051 2 510
Favours A Favours B

Study name Statistics with study removed Odds ratio (95% CI)
Lower Upper with study removed
Point  limit  limit Z-value p-value
Setiawan (2016)_US born 3.597 2172 5955 4975 0.000
Setiawan (2016)_Foreign born 3.367 2.006 5.653 4.594 0.000
Persson (2013) 3.205 2.003 5.128 4.858 0.000
Schwartz (2013)_male 2461 1929 3.141 7.244 0.000
Yi (2016)_male 3.534 2.077 6.014 4.653 0.000
Younoszai (2014) 3.147 2.016 4.914 5.044 0.000
3220 2116 4.898 5.462 0.000
0102051 2 510
Favours A Favours B
C Funnel plot of standard error by log odds ratio
0.0 q
0.2
o
— o
e
o 0.4
B2
g )
5 0.6
n
0.8
o
1.0 T T T T T T 1
-20 -15 -10 -05 00 05 10 15 20

Log odds ratio

Fig. 4. Meta-analysis of studies
examining the relationship between
liver disease-related mortality and
moderate/heavy alcohol consump-
tion versus never or a low level of
alcohol consumption. (A) Forest
plot; (B) sensitivity test; (C) funnel
plot.

CI, confidence interval.

heart disease is under investigation. However, clinical trials
have shown that resveratrol is not effective for preventing or
treating cancer.” Alcohol was categorized as a human liver car-
cinogen by the International Agency for Research on Cancer in
1988." 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,

1912(1) increased

acetaldehyde, of liver carcinogenesis include:
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

"B Tyrati et al."* systematically reviewed and meta-

for women.
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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Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit  Z-value p-value
Kim (2010)_male 1.070 0.864 1.326 0.619 0.536 T
Kim (2010)_female 1.270 1.069 1.509 2.720 0.007 L]
Jung (2012) 1.350 1.114 1.636 3.062 0.002 =
Kono (1986) 1.280 1.074 1.526 2.756 0.006 [ ]
Fuchs (1995)_female 0.970 0.807 1.166 -0.325 0.745 »n
Marugame (2007)_male 1.230 0.959 1.578 1.629 0.103 -
Marugame (2007)_female  1.290 0.961 1.732 1.695 0.090 H-
Ferrari (2014)_male 1.200 0.949 1.518 1.521 0.128 JI
Saito (2017) 0.910 0.763 1.085 -1.052 0.293
Younoszai (2014) 1.270 1.017 1.586 2111 0.035 | 3
1.166 1.065 1.278 3.311  0.001 ¢
0102 051 2 5 10
Favours A Favours B
Study name Statistics with study removed Odds ratio (95% Cl)
Lower Upper with study removed
Point  limit limit  Z-value p-value
Kim (2010)_male 1.178 1.066 1.301 3.217 0.001
Kim (2010)_female 1.154 1.043 1.276 2789 0.005
Jung (2012) 1145 1.042 1.259 2816 0.005
Kono (1986) 11563 1.043 1.273 2.791 0.005
Fuchs (1995)_female 1.193 1.090 1.306 3.841 0.000
Marugame (2007)_male 1.161 1.052 1.283 2953 0.003
Marugame (2007) female 1.158 1.051 1.276 2969  0.003
Ferrari (201 4)_ma|e 1.164 1.053 1.287 2.966 0.003
Saito (2017) 1.205 1.119 1.297 4.927 0.000
Younoszai (2014) 1.157 1.048 1.277 2.879 0.004
1.166 1.065 1.278  3.311 0.001 ¢
0102 051 2 5 10
Favours A Favours B
C Funnel plot of standard error by log odds ratio
0.00 -
0.05 -
S
@
2 0.10 1 Mk
° °lo
= b
% ° Fig. 5. Meta-analysis of studies
0.15 4 o examining the relationship between
all-cause mortality and moderate/
heavy alcohol consumption versus
never or a low level of alcohol con-
0.20 ! ! ' T T i i ! sumption. (A) Forest plot; (B) sensi-
-20 -15 -10 -05 00 05 10 15 20

Log odds ratio

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).” 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

tivity test; (C) funnel plot.
CI, confidence interval.

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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