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OBJECTIVES: Alcohol consumption is a well-established risk factor for cancer. Despite extensive research into the relationship
between alcohol consumption and cancer risk, the effect of light alcohol consumption on cancer risk remains a topic of debate.
To contribute to this discourse, we conducted a comprehensive systematic review and meta-analysis.

METHODS: Our systematic review aimed to investigate the associations between different levels of alcohol consumption and
the risk of several cancer types. We focused on analyzing prospective associations using data from 139 cohort studies. Among
them, 106 studies were included in the meta-analysis after a quantitative synthesis.

RESULTS: Our analysis did not find a significant association between light alcohol consumption and all-cause cancer risk (rel-
ative risk, 1.02; 95% confidence interval, 0.99 to 1.04), but we observed a dose-response relationship. Light alcohol consumption
was significantly associated with higher risks of esophageal, colorectal, and breast cancers. Light to moderate drinking was associ-
ated with elevated risks of esophageal, colorectal, laryngeal, and breast cancers. Heavy drinking was also found to contribute to
the risk of stomach, liver, pancreas, and prostate cancers, thereby increasing the risk of almost all types of cancer. Additionally,
females generally had lower cancer risks compared to males.

CONCLUSIONS: Our findings highlight that cancer risks extend beyond heavy alcohol consumption to include light alcohol
consumption as well. These findings suggest that there is no safe level of alcohol consumption associated with cancer risk. Our

results underscore the importance of public health interventions addressing alcohol consumption to mitigate cancer risks.
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INTRODUCTION

Cancer is the second leading cause of death globally, account-
ing for almost 10 million deaths in 2020 [1]. Alcohol consump-
tion causes a range of diseases, including cancer [2]. In 1988, the
International Agency for Research on Cancer (IARC) classified
alcohol as a Group 1 human carcinogen [3]. The IARC also lists
alcohol as a cause of breast, colorectal, laryngeal, liver, esophageal,
oral, and pharyngeal cancers [4,5]. According to the Global Bur-
den of Cancer in 2020 Attributable to Alcohol Consumption study,
approximately 741,300 cancer cases (95% uncertainty interval
[UI], 558,500 to 951,200; population-attributable fraction, 4.1%

www.e-epih.org | 1



Epidemiol Health 2023;45:2023092

Epidemiology
and Health

epiH

[95% UL, 3.1 to 5.3]) were attributable to alcohol consumption [6].

The association between alcohol consumption and the risk of can-
cer death follows a J-shaped pattern, where heavy drinkers exhibit
a higher cancer mortality rate than moderate drinkers [7,8]. Cohort
studies have shown that even a small amount of alcohol consump-
tion is associated with a heightened risk of cancer and death [9,10].
Furthermore, a meta-analysis reported that light alcohol consump-
tion (1 drink per day, <12 g alcohol) was linked to increased risks
of esophageal (30%), oropharyngeal (17%), liver (8%), colon (7%),
and breast (5%) cancers [11]. Furthermore, among female, light al-
cohol consumption was associated with 20% excess risks of breast
and colorectal cancers [12].

Given the evidence linking alcohol consumption with cancer,
various countries have established guidelines on alcohol intake
[13,14]. For instance, the IARCSs third edition of the European Code
Against Cancer (ECAC) recommended a limit of “no more than
two drinks a day for male and one drink per day for female” [15].
The fourth edition now recommends, “If you drink alcohol of any
type, limit your intake. Not drinking alcohol is better for cancer
prevention” [16]. Korea has similarly revised cancer prevention
guidelines, shifting from ‘Tlimiting alcohol to 1-2 drinks a day’ to
virtually abstaining from drinking [17].

Critics have argued that the meta-analysis by Bagnardi et al. [11],
which was central to the fourth edition of the ECAC guidelines [16],
may have produced inaccurate recommendations [18]. In particu-
lar, it has been pointed out that this study failed to take into con-
sideration the differences between case-control and cohort study
design, which resulted in an incorrect conclusion being drawn from
a combination of findings from both study types [18,19]. The study
of Choi et al. [19] supported the link between light alcohol con-
sumption and an increased risk of cancer. However, it should be
noted that their study focused only on light drinking patterns and
therefore could not determine the effects of varying alcohol con-
sumption levels. As most existing research has focused on specific
levels of alcohol consumption or specific cancer types, there is still
a lack of studies establishing the risk relationship between different
drinking levels and various cancer types.

Our study sought to investigate the association between light to
heavy alcohol intake and cancer risk, unlike many studies that have
focused solely on specific alcohol consumption levels. We also con-
centrated on a variety of cancer types identified as alcohol-related
carcinomas by the IARC [20]. To ensure our studies drew from the
most recent evidence, we integrated data from the Korean Cancer
Prevention Study-II and the Korean Genome Epidemiology Study
Biobank (Pooled Korean Biobank) [21]. This approach allowed us
to encompass a broader range of literature than previous meta-
analyses, thereby enabling us to present up-to-date findings.

MATERIALS AND METHODS

We conducted the study following the Preferred Reporting Items
for Systematic Review and Meta-Analysis (PRISMA) guidelines
(Figure 1). A systematic literature search was conducted using 5
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databases (Embase, Cochrane Library, PubMed, Scopus, and Web
of Science) to identify original articles published up to July 2021.
The search was performed using relevant keywords such as “alco-
hol,” “alcohol drinking,” “neoplasm,” “cancer,” “carcinoma,” and
“cohort” Only studies published in English were considered. In
addition to the database search, the references of the retrieved ar-
ticles were manually screened to identify any additional relevant
studies.

Two authors (S] and HjP) independently reviewed the titles
and abstracts of the retrieved articles based on pre-set eligibility
criteria. The full texts of the remaining articles after the initial
screening were assessed by both researchers independently for fi-
nal inclusion. Any inconsistencies between the 2 researchers were
resolved through a consensus meeting with other authors (HAL
BP, SYL and HsP).

The inclusion criteria for the meta-analysis were as follows: (1)
studies focusing on esophageal, stomach, liver, pancreatic, colo-
rectal, larynx, lung, thyroid, breast, and prostate cancers; (2) origi-
nal cohort studies (excluding abstracts, letters, reviews, and meta-
analyses); (3) studies reporting quantitative findings regarding the
relationship between alcohol consumption and the risk of cancer
as hazard ratios (HRs), relative risks (RRs), or odds ratios (ORs)
for alcohol drinkers compared to non-drinkers or occasional
drinkers; (4) studies providing the standard error or confidence
interval (CI) of the risk estimate or sufficient data for their calcu-
lation; and (5) studies with the full text accessible. If multiple arti-
cles reported results from the same study, the most recent or com-
plete article was included. Studies that evaluated specific types of
alcoholic beverages only were excluded to avoid potential con-
founding.

Data extraction included information such as first author, year
of publication, country, follow-up duration, cohort size and cases,
sex, alcohol consumption level, OR/RR/HR and 95% CI, confound-
ers considered, and outcomes (cancer incidence or death). If avail-
able, data were evaluated by sex. The methodological quality of
the included studies was assessed independently by 2 authors (S]
and HjP) using the Newcastle-Ottawa Scale (NOS), with a higher
score indicating higher methodological quality (NOS score >7
considered high-quality). Any disagreements or uncertainties
were resolved through discussion to reach a consensus.

For the purpose of analysis, alcohol consumption was catego-
rized into 4 levels: light (0.01-12.4 g/day), light to moderate
(12.5-24.9 g/day), moderate to high (25.0-49.9 g/day), and heavy
(=50.0 g/day). Various units of alcohol consumption (grams,
milliliters, ounces, or number of drinks) reported in the studies
were converted to grams per day using the following conversion
factors: 0.8 g/mL, 28 g/oz, and 12 g/glass [22]. In studies that pro-
vided cancer risk based on categories of alcohol intake, the medi-
an value of each category was used for analysis [23].

A meta-analysis was performed to estimate the pooled RR of
cancer for each alcohol consumption level, except for laryngeal
cancer due to insufficient data. Since cancer is a rare disease, the
OR, RR, and HR were assumed to be comparable estimates of the
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Figure 1. Flow chart of study selection for inclusion in the meta-analysis.

RR. The analysis included risk estimates that were adjusted for
confounding factors, and if adjusted values were unavailable, crude
values were used. We computed pooled RR estimates for the re-
ported cancer risk compared to non-drinkers by alcohol consump-
tion level. All analyses were performed without distinguishing be-
tween incident cancer and death.

Forest plots were used to identify heterogeneity between studies,
and the degree of heterogeneity was quantified using the I* statis-
tic, with low (<25%), medium (25 to <75%), and high (>75%)
[24] levels of heterogeneity considered. A fixed-effects model was
used in most cases; however, a random-effects model was used if
there was high heterogeneity between studies. To assess the dose-
response association between alcohol consumption and cancer
risk, a dose-response meta-analysis was conducted. The linearity
and non-linearity of associations were evaluated [25]. Publication
bias was evaluated using funnel plots and Egger’s regression asym-
metry test [26].

The statistical analysis was carried out using R studio version
4.2.1 and the “metafor” package in R software (https://cran.r-pro-
ject.org/). The results of 2-sided tests were considered statistically
significant when p <0.05.

Ethics statement
This study is not required to ethical approval since it was based

on published articles.

RESULTS

We conducted a comprehensive study selection process, which
is presented in Figure 1. Initially, we identified a total of 126,135
articles, including systematic review papers, through a literature
search. After excluding 33,580 duplicates articles, we reviewed the
titles and abstracts of the remaining 92,555 articles, resulting in
the exclusion of 91,701 irrelevant articles. After reviewing the full
text of 854 articles, 715 were excluded because they had insufficient
data (n=169), were published in a language other than English
(n=8), were gray literature (n=27), had an inaccessible full text
(n=150), dealt with cancer types other than those under investi-
gation (n=105), and had case-control or other study designs
(n=256). The systematic review included a total of 139 papers.
Among these, 34 articles were considered unsuitable for assessing
cancer risk associated with alcohol consumption and were subse-
quently excluded. The final meta-analysis comprised 106 articles,
which included an additional key study for a comprehensive anal-
ysis. The reference list categorized by cancer type is shown in Sup-
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plementary Marterials 1 and 2 provides a summary of confound-
ing factors stratified by cancer type, based on the selected literature.

Table 1 summarizes the characteristics of the studies included
in the meta-analysis by cancer type, excluding the key study. Of
the included articles, 73 were published before 2010, while 32 were
published after 2010. These studies were conducted in the Ameri-
cas (n=43), Asia (n=32), and Europe or Australia (n=30). The
cohort size ranged from 2,682 to 6,568,561 for male and 1,954 to
6,568,561 for female, while the number of cases ranged from 11 to
64,476 for male and 3 to 41,315 for female. Some articles did not
report cohort size by sex. The follow-up period varied from 4 to
47 years. It should be noted that articles were counted more than
once if they investigated multiple cancer types or reported results
from multiple cohort studies. Further details on the characteristics
of the studies can be found in Supplementary Material 1.

All studies included in the meta-analysis analyzed cancer risk
according to alcohol consumption level, regardless of the specific
cancer type. Light alcohol consumption was not significantly asso-
ciated with all-cause cancer risk (RR, 1.02; 95% CI, 0.99 to 1.04).
However, alcohol consumption levels from light to moderate (RR,
1.08; 95% CI, 1.04 to 1.12), moderate to heavy (RR, 1.19; 95% CI,
1.13 to 1.27), and heavy (RR, 1.39; 95% CI, 1.29 to 1.49) were each
significantly associated with an increased risk of cancer. These
findings confirm a dose-response relationship, where higher levels
of alcohol consumption are linked to greater cancer risk (Figure 2).
This is also supported by the linearity results of the dose-response
meta-analysis (p for linearity <0.001; data not shown). Addition-
ally, females exhibited lower risks of all cancer types than males,
and both males and females demonstrated a dose-response rela-
tionship between alcohol consumption and the risk of all cancer

types (Supplementary Material 3).

We detected evidence of publication bias for heavy drinking
(Egger’s test, p=0.01), as indicated by asymmetry in the funnel
plot. However, it should be noted that for esophageal cancer, the
calculation of a large risk value may have influenced the symme-
try of the plot. There was no evidence of publication bias for other
alcohol consumption levels (Supplementary Material 4).

Figure 3 shows the pooled RRs for each cancer type according to
alcohol consumption level. Except for thyroid cancer, all other can-
cers showed a dose-response relationship with alcohol consump-
tion, where the RR increased as the level of alcohol consumption
increased. Heavy alcohol consumption was significantly associated
with an elevated risk of all cancer types except thyroid cancer. Fur-
thermore, light alcohol consumption was significantly associated
with the risk of esophageal cancer (RR, 1.39; 95% CI, 1.10 to 1.75),
colorectal cancer (RR, 1.04; 95% CI, 1.02 to 1.07), prostate cancer
in male (RR, 1.05; 95% CI, 1.01 to 1.09), and breast cancer in female
(RR, 1.05; 95% CI, 1.04 to 1.07). For light to moderate alcohol con-
sumption, increased risks were evident for esophageal cancer (RR,
1.83;95% CI, 1.40 to 2.40), colorectal cancer (RR, 1.09; 95% CI, 1.05
to 1.13), laryngeal cancer (RR, 1.63; 95% CI, 1.19 to 2.22), and breast
cancer in female (RR, 1.12;95% CI, 1.10 to 1.14). As the level of al-
cohol consumption increased to moderate to heavy, there were sig-
nificant elevations in risk for esophageal (RR, 2.68; 95% ClI, 2.15 to
3.35), stomach (RR, 1.20; 95% CI, 1.10 to 1.31), liver (RR, 1.14; 95%
CI, 1.03 to 1.27), colorectal (RR, 1.20; 95% CI, 1.10 to 1.31), laryn-
geal (RR, 1.76; 95% CI, 1.11 to 2.78), prostate (RR, 1.11; 95% CI, 1.00
to 1.23), and breast cancers (RR, 1.23; 95% CI, 1.20 to 1.26). Heavy
drinking was associated with an elevated risk for nearly all the eval-
uated cancers, with the exception of thyroid and laryngeal cancers.

All cancer
Alcohol consumption No. of studies Pooled RR (95%Cl) I (%)
Light 80 [ ] 1.02 (0.99-1.04) 60
Light to moderate 67 [ ] 1.08 (1.04-1.12) 57
Moderate to heavy 51 ] 1.19 (1.13-1.27) 80
Heavy 71 | 1.39 (1.29-1.49) 76

I
0.71 1.00 1.41
Pooled RR

Figure 2. Pooled relative risks estimated by all cancer (esophageal; stomach; liver; pancreatic; colorectal; laryngeal; lung; thyroid; prostate;
and breast) and alcohol consumption levels. The range of alcohol consumption levels was divided into light (0.01-12.4 g/day), light to mod-
erate (12.5-24.9 g/day), moderate to heavy (25.0-49.9 g/day), and heavy (=50.0 g/day). RR, relative risk; Cl, confidence intervals; I?, indicates

heterogeneity.
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Esophageal cancer Stomach cancer
Alcohol consumption No. of studies PooledRR (95%Cl) I’ (%) Alcohol consumption No. of studies Pooled RR (95%Cl)  I” (%)
Light 10 | 1.39 (1.10-1.75) 60 Light 8 - 1.04 (0.98-1.10) 39
Light to moderate 1 . 1.83 (1.40-2.40) 56 Light to moderate 7 . 1.01 (0.88-1.16) 60
Moderate to heavy 9 . 2.68 (2.15-3.35) 60 Moderate to heavy 6 - 1.20 (1.10-1.31) ]
Heavy 12 . 4.12 (3.20-5.30) 61 Heavy 12 - 1.22 (1.10-1.35) o
10 141 20 60 071 10 1.41
Pooled RR Pooled RR
Liver cancer Pancreatic cancer
Alcohol consumption No. of studies Pooled RR (95%Cl) I’ (%)  Alcohol consumption No. of studies Pooled RR (95%Cl)  I* (%)
Light 7 - 0.91 (0.85-0.98) o Light 9 ] 0.94 (0.88-1.01) 9
Light to moderate 7 - 1.01 (0.94-1.09) 33 Light to moderate 7 - 1.07 (0.99-1.14) ]
Moderate to heavy 5 . 1.14 (1.03-1.27) o Moderate to heavy 4 | 1.21 (0.97-1.49) 52
Heavy 9 - 1.36 (1.19-1.56) 56 Heavy 11 - 1.29 (1.19-1.40) o
1 T
071 10 1.41 071 10 141
Pooled RR Pooled RR
Colorectal cancer Laryngeal cancer
Alcohol consumption No. of studies Pooled RR (95%Cl) I’ (%)  Alcohol consumption No. of studies Pooled RR (95%Cl)  I* (%)
Light 22 - 1.04 (1.02-1.07) 49 Light 2 -m 1.17 (0.81-1.68) o
Light to moderate 18 - 1.09 (1.05-1.13) 40 Light to moderate 2 - 1.63 (1.19-2.22) 40
Moderate to heavy 13 - 1.20 (1.10-1.31) 61 Moderate to heavy 2 L | 1.76 (1.11-2.78) k]
Heavy 18 - 1.48 (1.33-1.65) 57 Heavy NA NA NA
— —r—r——
10 1.41 0711014120 60
Pooled RR Pooled RR
Lung cancer Thyroid cancer
Alcohol consumption No. of studies Pooled RR (95%Cl) I (%) Alcohol consumption No. of studies Pooled RR (95%Cl)  I* (%)
Light 16 ] 0.90 (0.87-0.92) 38 Light 6 [} 0.91 (0.82-1.01) 0
Light to moderate 15 - 0.95 (0.92-0.98) 34 Light to moderate 5 - 0.74 (0.66-0.83) o
Moderate to heavy 15 - 0.97 (0.94-1.00) 22 Moderate to heavy 3 - 0.69 (0.51-0.93) 53
Heavy 14 | 1.08 (1.03-1.13) 46 Heavy 2 - 0.73 (0.61-0.88) o
—
071 1.0 050 071 10
Pooled RR Pooled RR
Prostate cancer Breast cancer
Alcohol consumption No. of studies Pooled RR (95%Cl) I’ (%)  Alcohol consumption No. of studies Pooled RR (95%Cl)  I” (%)
Light 13 [ | 1.05 (1.01-1.09) o Light 35 | | 1.05 (1.04-1.07) a7
Light to moderate 9 - 1.09 (0.99-1.20) o Light to moderate a2 - 1.12 (1.10-1.14) 19
Moderate to heavy 10 -m 1.11 (1.00-1.23) 11 Moderate to heavy 21 - 1.23 (1.20-1.26) 6
Heavy 16 | | 1.11 (1.05-1.18) 17 Heavy 20 | 1.35 (1.28-1.42) 1
o7 10 141 10 141
Pooled RR Pooled RR

Figure 3. Pooled RR estimated by cancer types and alcohol consumption levels. The range of alcohol consumption levels was divided into
light (0.01-12.4 g/day), light to moderate (12.5-24.9 g/day), moderate to heavy (25.0-49.9 g/day), and heavy (=50.0 g/day). RR, relative risk;
Cl, confidence intervals; I?, indicates heterogeneity; NA, not available.
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Table 2. Pooled relative risks by sex and cancer types'

Light Light to moderate Moderate to heavy Heavy
ST e poofpresway Mo sy MO mreswa) N mreswa)
Esophageal Male 8 1.65 (1.36, 1.99) 8 1.88 (1.52,2.34) 7 2.86 (2.45,3.33) 1 3.94 (3.04,5.10)
cancer Female 2 1.17 (1.00, 1.37) 2 1.21(1.02, 1.42) - - - - - -
Stomach cancer  Male 4 1.00 (0.92, 1.08) 4 1.06 (0.96, 1.17) 4 1.19(1.07,1.33) 7 1.17 (1.03,1.33)
Female 3 0.87 (0.58,1.31) 2 1.02 (0.56, 1.87) - - - - - -
Liver cancer Male 2 0.93 (0.81, 1.06) 2 1.15 (0.65, 2.04) 2 1.12 (0.96, 1.31) 4 1.21(1.12,1.31)
Female 4 0.94 (0.75,1.17) 3 1.25(0.98,1.57) - - - - - -
Pancreatic cancer Male 6 0.99 (0.89, 1.11) 5 1.05 (0.94,1.17) 3 136 (1.19,1.57) 8 1.28 (1.16,1.41)
Female 4 0.91 (0.82,0.99) 3 1.07 (0.97,1.18) 2 1.15 (0.98, 1.36) 3 1.36 (1.15,1.62)
Colorectal cancer Male 13 1.16 (1.04, 1.28) 1 1.14 (1.09, 1.20) 8 1.29 (1.23,1.34) 12 1.55 (1.46, 1.66)
Female 11 1.00 (0.97,1.04) 10 1.01 (0.78,1.30) 4 1.07 (1.00, 1.14) 5 1.09 (0.79, 1.50)
Lung cancer Male 9 0.89 (0.85,0.92) 8 0.90 (0.86, 0.94) 9 0.97 (0.93,1.01) 8 1.11 (1.03, 1.20)
Female 8 0.93 (0.79, 1.09) 7 1.04 (0.98,1.10) 6 1.00 (0.91,1.10) 3 0.89 (0.66, 1.21)
Thyroid cancer?  Female 4 0.89 (0.77,1.03) 3 0.67 (0.55,0.82) - - - - - -

RR, relative risk; Cl, confidence intervals.

'The range of alcohol consumption levels was divided into light (0.01-12.4 g/day), light to moderate (12.5-24.9 g/day), moderate to heavy (25.0-

49.9 g/day), and heavy (=50.0 g/day).

ZThyroid cancer (male) and laryngeal cancer were not presented because data from 1 or no study were obtained in this study, and information on

sex-specific cancer incidence was insufficient.

The results of analysis stratified by sex are shown in Table 2. Light
alcohol consumption was significantly associated with the risk of
esophageal cancer in male and female (male: RR, 1.65, 95% ClI,
1.36 to 1.99; female: RR, 1.17, 95% CI, 1.00 to 1.37). Moreover, the
risk of colorectal cancer in male was associated with light alcohol
consumption (RR, 1.16; 95% CI, 1.04 to 1.28). At moderate to heavy
consumption levels, both male and female demonstrated height-
ened risks of cancer, with the exception of liver cancer, lung cancer,
and pancreatic cancer in female. Heavy levels of alcohol consump-
tion were found to elevate the risk of cancer for both male and fe-
male, except for colorectal and lung cancers in female. There was
no evidence for publication bias for Esophageal, colorectal, lung,
prostate, or breast cancer (except for light to moderate drinking)
(Supplementary Material 5). Publication bias was not analyzed for
other cancer types due to the limited number of studies [27].

DISCUSSION

This systematic review and meta-analysis aimed to examine the
association between levels of alcohol consumption and cancer-
specific risk. A total of 139 papers were included in the systematic
review, and 106 papers were included in the subsequent meta-anal-
ysis. The analysis revealed a dose-response relationship, indicating
that as alcohol consumption levels increased, the risk of cancer
also increased for most cancer types. However, the impact of light
alcohol consumption varied across cancer types. Significant asso-
ciations were found between light alcohol consumption and es-
ophageal, colorectal, prostate (in male), and breast (in female) can-
cers. Light to moderate drinking significantly elevated the risk of
specific cancers, including esophageal, colorectal, laryngeal, and

breast cancer (in female). Moderate and heavy drinking further
escalated the risk, including for additional cancer types, including
stomach, liver, and pancreatic cancers. Heavy drinking was asso-
ciated with almost all evaluated cancers except for thyroid and la-
ryngeal cancers. Furthermore, female generally had lower risks of
all cancer types than male.

Our findings underscore the importance of introducing public
health interventions and educational programs aimed at raising
awareness about the heightened cancer risks linked to even modest
levels of alcohol consumption. This is especially relevant concern-
ing esophageal, colorectal, prostate (for male), and breast cancers
(for female). As safe drinking limits for cancer risk have not been
identified, it is crucial to develop appropriate interventions to ad-
dress drinking behavior. The 2021 Korean National Cancer Preven-
tion Awareness and Practice Survey showed that the guideline to
“avoid alcohol consumption” was challenging for many respond-
ents [28]. Furthermore, the percentage of respondents who adhered
to the guideline by abstaining from alcohol declined from 76.2% in
2007 to 47.7% in 2021 [28]. From 2019 to 2020, the drinking rate of
adults aged 19 and older in Korea was 74.8%, higher than the global
average drinking rate of 43% (> 15 years) [29,30]. Although month-
ly drinking rates in Korea have decreased, over half of the population
still consumes alcohol at least once a month [31]. Notably, around a
quarter of these individuals consume 1 drink to 2 drinks per ses-
sion [32]. Our findings showed that even light alcohol consump-
tion, defined as less than 1 drink, was associated with increased
risks of esophageal, colorectal, prostate (in male), and breast (in fe-
male) cancers. Apart from esophageal cancer, colorectal, prostate,
and breast cancers rank among the top 5 most common cancers in
Korea [33]. Given Koreas high alcohol consumption rates, adhering
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to drinking guidelines might be an effective strategy to reduce the
incidence of these cancers.

Our study results align with previous meta-analyses [11,19,34],
indicating a dose-response relationship between alcohol consump-
tion level and cancer risk. This consistency is further supported by
a previous cohort study conducted in Korean male, which followed
participants for 10.5 years and included repeated measurements of
alcohol consumption [35]. Compared to non-drinkers, mild drink-
ers (<15 g/day) exhibited a 4% increased risk, while medium-risk
drinkers (15-30 g/day) and high-risk drinkers (=30 g/day) experi-
enced 14% and 28% increased risks, respectively [36].

In this study, light alcohol consumption was associated with a
significantly higher risk of colorectal cancer and prostate cancer,
with a significantly higher risk of colorectal cancer, especially in
male. This finding is consistent with other previous studies. A pre-
vious study showed a significant dose-response relationship be-
tween low levels of alcohol consumption (>1.33 gand <25 g/day)
and the prostate cancer risk [37]. In addition, Choi et al. [19] re-
ported that light alcohol consumption slightly increased the inci-
dence of colorectal cancer in males. A possible mechanism to ex-
plain this is that folic acid and acetaldehyde, which are present in
alcoholic beverages, have been reported to promote colorectal
carcinogenesis [38].

Our study revealed a strong association between esophageal
cancer and alcohol consumption across all levels. This finding
aligns with previous research by Bagnardi et al. [11], whose meta-
analysis demonstrating a 30% increased risk of esophageal cancer,
particularly squamous cell carcinoma, among individuals with
light alcohol consumption (< 12.5 g/day; <1 drink/day). Notably,
this risk was prominently observed in Asians (RR, 1.49; 95% CI,
1.12 to 1.98) [11], potentially due to genetic variations in ethanol
metabolism [39]. Furthermore, another meta-analysis reported a
significant increase in esophageal cancer risk at high alcohol con-
sumption (100 g/day; RR, 4.23; 95% CI, 3.91 to 4.59) [40].

Our study found a strong association between breast cancer and
alcohol consumption across all levels. Consistent with previous
studies [41,42], even low levels of alcohol consumption were linked
to an increased incidence of breast cancer. In a meta-analysis [42],
it was observed that each additional 10 g of alcohol consumed per
day increased the risk of breast cancer in female by 7.1% (95% CI,
5.5 to 8.7). Similarly, our study revealed that higher levels of alco-
hol consumption were associated with a higher risk of breast can-
cer in females. Notably, even very light alcohol consumption, de-
fined as less than 0.5 drinks per day, increased the risk of breast
cancer (RR, 1.04; 95% CI, 1.01 to 1.07) [19], indicating that there is
no safe level of alcohol consumption in terms of increased risk of
breast cancer. This heightened risk can be attributed to alcohol’s
impact on the mammary gland, including elevating estrogen and
insulin-like growth factor concentrations, altering structural devel-
opment, and stimulating cell proliferation [43].

No significant association was found between thyroid cancer
and any level of alcohol consumption, suggesting a potential pro-
tective role for alcohol. This finding is consistent with the results
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of 2 previous meta-analyses [19,44]. Alcohol consumption may
play a preventive role in the development of thyroid cancer by re-
ducing thyroid-stimulating hormone levels [45]. Additionally, al-
cohol might exert a direct toxic effect on thyroid cells, leading to a
reduction in thyroid volume and a decreased risk of thyroid can-
cer [46]. However, due to the limited number of studies available
on thyroid cancer, further research is warranted to confirm these
findings.

In contrast, alcohol consumption has been identified as a risk
factor for laryngeal cancer [11,19,47]. However, the available stud-
ies were insufficient to assess the association between heavy alco-
hol consumption and laryngeal cancer. Nonetheless, a moderate
level of alcohol consumption was found to increase the risk of la-
ryngeal cancer.

This study has several limitations that warrant acknowledgment.
First, while a thorough assessment of literature quality indicated a
low overall risk of bias, caution is needed in interpreting the find-
ings because of the potential for bias and confounding effects. Sec-
ond, variations in how different studies defined drinking levels
could have introduced inconsistencies. For example, some studies
did not distinguish between non-drinkers and former drinkers.
This could have impacted the accuracy of the estimated effect size.
Third, the type of alcoholic beverage (e.g., wine, beer, liquor) was
not taken into account, although it is known that different types
of alcohol may have varying effects on health outcomes. Fourth,
since alcohol consumption is often self-reported, there is a possi-
bility of recall bias influencing the effect size. Heavy drinkers might
underreport their consumption, or individuals may underestimate
their alcohol intake due to memory lapses [48,49]. Additionally,
misclassifications and errors may arise from the use of different
survey tools across the included studies. To address the issue of
heterogeneity, a random-effects model was employed when high
between-study heterogeneity was observed [27]. Lastly, we did
not perform a stratified analysis of confounding factors to pinpoint
potential sources of heterogeneity, so the results should be inter-
preted with caution.

Nonetheless, our study has several notable strengths. Firstly, we
incorporated the most recent literature available in our review [21],
ensuring that our review reflects the most up-to-date findings com-
pared to previous meta-analyses conducted on this topic. Second-
ly, while previous meta-analyses primarily focused on exploring
the association between specific doses of alcohol consumption
and cancer risk, our study took a broader approach by investigat-
ing the association between various levels of alcohol consumption
and cancer risk. This comprehensive analysis provides a more nu-
anced understanding of the topic. Lastly, we specifically aimed to
include only cohort studies in our analysis, which provide strong-
er evidence for causal association.

CONCLUSION

Our findings support the proposal that higher levels of alcohol
consumption are associated with an increased risk of cancer. Fur-
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thermore, even low levels of alcohol consumption have been
found to elevate the risk of esophageal cancer, colorectal cancer,
and breast cancer in females, as well as prostate and colorectal
cancer in males. These findings suggest that there is no safe level
of alcohol consumption in terms of cancer risk. In light of these
findings, public health interventions, such as the strengthening of
drinking guidelines, are necessary to mitigate the potential harm
associated with alcohol consumption.
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