
RESEARCH ARTICLE Open Access

The protective effect of alcohol
consumption on the incidence of
cardiovascular diseases: is it real? A
systematic review and meta-analysis of
studies conducted in community settings
Seok-Joon Yoon1, Jin-Gyu Jung1* , Sami Lee1, Jong-Sung Kim1, Soon-ki Ahn2, Ein-Soon Shin3, Ji-Eun Jang3 and
Sang-Hyun Lim4

Abstract

Background: This study investigated the dose-response relationship between alcohol consumption and CVD
incidence, conducting a meta-analysis of studies focusing on residents from local communities. Further, we
examined whether light to moderate alcohol consumption had a protective effect on CVD incidence through a
sub-group analysis.

Methods: This study conducted a meta-analysis of the relationship between alcohol consumption and CVD
incidence, selecting journals published up to December 2017. The alcohol consumption level was classified into
non-consumers, light (0.01–10.0 g/day), light to moderate (10.1–20.0 g/day), moderate (20.1–40.0 g/day), moderate
to high (40.1–60.0 g/day), and high (> 60.0 g/day) groups. The sub-group analysis was conducted according to the
number of comorbidities and age.

Results: Seven articles were selected in total for the meta-analysis. The mean Newcastle-Ottawa scale score was
8.14 points, suggesting studies were of high quality. There was a J-shaped dose-response relationship between
alcohol consumption level and CVD incidence only in men. In general, light to moderate and moderate
consumption lowered CVD incidence (Relative risk (RR) [95% confidence interval (CI)] was 0.68 [0.57–0.81] and 0.72
[0.58–0.90], respectively). In men with 3–4 comorbidities, there were no protective effects of light to moderate and
moderate consumption on CVD incidence. In either groups of only men or men and women there were protective
effects of light to moderate and moderate consumption on CVD incidence only in those aged between 41 and 65.

Discussion: We found that light to moderate and moderate alcohol consumption had a protective effect on CVD
incidence, there was no protective effect either in those with at least three comorbidities or people aged 40 or
younger.

Conclusions: We conclude that not all local community residents experience a protective effect of light to
moderate consumption on CVD incidence. As such, it is necessary to recommend a moderate amount of drinking
or less for each individual.

Keywords: Alcohol drinking, Cardiovascular diseases, Residence characteristics, Comorbidity, Meta-analysis, Health
promotion

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: jjg72@cnuh.co.kr
1Department of Family Medicine, Chungnam National University Hospital,
282, Munhwa-ro, Jung-gu, Daejeon, Republic of Korea
Full list of author information is available at the end of the article

Yoon et al. BMC Public Health           (2020) 20:90 
https://doi.org/10.1186/s12889-019-7820-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-019-7820-z&domain=pdf
http://orcid.org/0000-0002-2591-4867
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:jjg72@cnuh.co.kr


Background
Alcohol consumption has existed throughout the major-
ity of the history of mankind. However, making deci-
sions about the consumption of alcohol remains difficult
in consideration of the substantial body of literature
examining its health benefits and risks [1]. Indeed, nu-
merous studies have found various relationships (both
positive and negative) between alcohol and several
chronic and acute diseases. In particular, studies docu-
menting the protective effects of alcohol on the inci-
dence and mortality of cardiovascular diseases [1–7] and
concerns about the impact of even small amounts of
drinking on cancer incidence [1, 7, 8] are in direct
conflict.
It has long been widely known and accepted that light

to moderate drinking has a protective effect on cardio-
vascular diseases (CVD), such as coronary heart disease
(CHD) and stroke. It has been reported that there is a J-
or U-shaped relationship between the amount of drink-
ing and CVD [9]. However, with the accumulation of
new data, and discussions based on the analysis of this
data, many studies are now being published opposing
this traditional view point.
Previously, a meta-analysis was published investigating

the relationship between alcohol consumption and cor-
onary artery diseases between people who could not
tolerate alcohol due to a genetic variance of an alcohol-
degrading enzyme and people without this genetic
variance [10]. The results of that study suggest that vari-
ations in alcohol dehydrogenase 1B (ADH1B) were asso-
ciated with no or limited alcohol consumption, and the
risk of CHD incidence was low in these subjects. This
phenomenon was also seen in patients with light to
moderate alcohol consumption. However, doubt
remained in that study as to whether the cardio-
protective effect of light to moderate drinking was a real
effect. As a result, the authors suggested that there
should be more studies investigating if the protective
effects of alcohol were due to the influence of other fac-
tors. In contrast, the result of an additional meta-
analysis containing 600,000 people found that drinking
increased the risks of fatal myocardial infarction (MI), all
kinds of stroke, fatal coronary diseases that were not MI,
heart failure, and hypertensive diseases [11]. It revealed
that it would be difficult to determine the amount of
drinking that could lower the risks of CVD and argued
that it could be necessary to lower the recommended
dose of alcohol consumption in the existing guidelines.
While not investigating CVD incidence directly, a recent
meta-analysis examined the relationship of drinking and
CHD mortality and it found there was no protective
effect of light to moderate drinking in people under the
age of 55 when heart health was controlled for in the
analysis [12]. Finally, the results of an additional study

also reported that there were no protective effects of
light to moderate drinking on all-cause mortality in the
elderly when the data were adjusted for exercise and
perceived health status [13].
It is currently difficult to conduct a randomized con-

trolled trial identifying any correlation between alcohol
consumption and CVD incidence. As such, it is neces-
sary to identify correlations through the results of pro-
spective observational cohort studies. However, there are
a number of studies with opposing data and view-points
on this topic. This is a result of the challenges associated
with effectively controlling confounding variables in ob-
servational studies. For example, specific and confound-
ing demographics, including lifetime alcohol abstainers
or former alcohol consumers who ceased consumption
due to health problems, can reduce study accuracy or
limit conclusions. Thus, it is reasonable to develop stud-
ies based on meta-analyses that select studies that only
include appropriate and established standards. Particu-
larly, in order to provide recommendation guidelines to
the public, it is necessary to conduct meta-analyses of
the studies performed in the community settings. How-
ever, it is difficult to find community-based studies con-
ducted on the relationship between drinking and CVD
incidence.
Therefore, the aim of this study was to investigate the

dose-response relationship between alcohol consump-
tion and CVD incidence through a meta-analysis of
studies with people living in the local community. Fur-
ther, we aimed to clarify whether light to moderate
drinking has a protective effect on CVD incidence
through a sub-group analysis.

Methods
Search strategy
We searched for relevant journals published prior to
December 2017. Searches were made on PubMed,
EMBASE, Cochrane Central Register of Controlled
Trials (CENTRAL), PsycINFO, and Western Pacific
Regional Index Medicus. To identify Korean journals,
searches were made in Korean databases, including
Research Information Sharing Service (RISS), KoreaMed,
Korean Medical Database (KMbase), and National
Digital Science Library (NDSL).

Study selection criteria
Studies were selected using Co-evidence Software, the
standard production platform of Cochrane Reviews (http://
www.coevidence.org). Three authors (J.G.J., E.S.S., and J.E.J)
excluded journals unsuitable for review based on the study
titles and abstracts. If the titles and abstracts did not con-
tain sufficient content for selection, their full texts were
reviewed. The selection criteria are as follows: 1) prospect-
ive cohort studies and case-control studies analyzing the
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incidence of total CVD, all kinds of cardiovascular diseases,
such as coronary heart disease (CHD) and stroke 2) alcohol
consumption was the exposure condition, 3) the study re-
ported at least three categories of alcohol consumption and
a unit of alcohol measurement (g/day), 4) the outcome was
development of total CVD, 5) a community or workplace
setting, 6) subjects were initially free of CVD, 7) subjects
were initially free of cancer and severe comorbidities which
could trigger cardiovascular disease, such as uncontrolled
hypertension, arrhythmia like atrial fibrillation, uncon-
trolled diabetes, and 8) the studies reported the outcome as
either relative risks (RR), hazard ratios (HR), or odds ratios
(OR) with 95% confidence intervals (CI). The exclusion cri-
teria are as follows: 1) review articles, letters, conference ab-
stracts, retrospective cohort studies, master’s or doctoral
dissertations, and meta-analyses, 2) the studies did not re-
port the incidence of total CVD as the outcome, 3) all ani-
mal studies, 4) any study with hospitalized populations, and
5) if the definition of a non-alcohol consuming subject was
ambiguous (which did not distinguish social consumers
and/or ex-consumers of alcohol).

Definition of alcohol consumption categories
To examine the dose-response relationship, the alcohol
consumption level was divided into six levels: Non-
drinkers, light (0.01–10.0 g per day (g/day)), light to
moderate (10.1–20.0 g/day), moderate (20.1–40.0 g/day),
moderate to high (40.1–60.0 g/day), and high (> 60.0 g/
day). Non-drinkers were used as a reference. Alcohol
consumers were assigned to one of five alcohol groups
according to the mid-point of the consumption ranges
presented in each study. For example, if an alcohol con-
sumer presented 23–46 g/day of alcohol, the individual
was assigned to the moderate alcohol group (20.1–40.0
g/day), given the mid-point is 34.5 for this individual. If
no upper limit of the consumption was presented in a
study, it was set by adding 75% of the previous category
to the lower limit. For example, if the maximum con-
sumption category presented was > 46 g, and the previ-
ous category was 23 g, 63.25 g would be the upper limit
value, since the sum of 46 and 75% of 23 is 63.25. An al-
cohol consumer who fell within that range was assigned
to the moderate to high alcohol consumption group
(40.1–60.0 g/day) given the mid-point of 46 and 63.25 is
54.63. Alcohol consumption was calculated from studies
which were conducted based on the number of glasses
by determining the standard glass size for the country in
which the study was conducted and then using this to
calculate the total g/day.

Data extraction and quality assessment
Data were extracted from the studies selected by three
authors (J.G.J., E.S.S., and J.E.J.), using a data collection
form. To minimize issues related to the data collection

form, a pilot test was conducted, and the data collection
form was modified based on the findings from that
study. Using this final form, the following information
was extracted: the country in which the research was
conducted, research setting, follow-up duration, age at
baseline, the number of participants, the number of inci-
dent cases, the reference group data, comparison groups
by level of alcohol consumption, research design, and
controlled variables. The following information related
to the meta-analysis was extracted: OR, HR, HR, 95% CI,
the total number of participants, and the total number
of events. The following information related to drinking-
related information was extracted: measurement unit (g/
day), criteria and/or classification of the level of alcohol
consumption, and data collection method. Using the
Newcastle-Ottawa Scale (NOS), the quality of the se-
lected studies was evaluated [14]. The star-rating system
of NOS consists of three categories: 1) selection (0–4
points); 2) comparability (0–3 points); and 3) outcome
(0–3 points). A study was determined to of high quality
if it obtained score higher than seven out of nine points.

Statistical analysis
The effect size was expressed as an RR with 95% CI.
The pooled RR estimates were calculated for each al-
cohol category. To normalize the data, we took the
natural logarithms of the RR estimates for each level
of alcohol consumption from the individual studies
and used the natural logarithms of the 95% CI re-
ported to calculate the standard errors of the log RR
estimates. If there were missing data, we contacted
the corresponding author to acquire the appropriate
data for the meta-analysis. We input the missing stat-
ics, e.g. 95% CIs, after carefully determining the sta-
tistics (p-value) that allowed the calculation. In order
to present more conservative analysis than the fixed-
effect model, all pooled outcomes were determined
applying a random-effect model, as suggested by Der-
Simonian and Laird [15].
The heterogeneity among the studies was estimated by

Cochran Q test (p < 0.1 was set to be statistically signifi-
cant heterogeneity) and the I2 statistic [16]. We consid-
ered studies with an I2 > 60% to contain substantial
heterogeneity. To identify cases in which alcohol con-
sumption had a protective effect on CVD incidence, a
sub-group analysis was conducted according to the
number of comorbidities (0, 1–2, and 3–4) and age (40
or younger, 41–65, over 65, and all those aged 20 or
more). Publication bias was visually assessed based on
the asymmetry of the funnel plots [17]. All meta-
analyses were conducted using RevMan Software,
Version 5.3 (Copenhagen; The Nordic Cochrane Center,
The Cochrane Collaboration, 2014).
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Results
Study characteristics
Of a total of 13,368 journal articles identified, 10,907 ar-
ticles were selected through their titles and abstracts.
After the exclusion of 2461 duplicates, 762 articles were
determined to be suitable for full-text review. Of these, a
total of seven articles met the criteria for selection and
exclusion. The flow chart of the selection of studies is
shown in Fig. 1. The characteristics of the journals in-
cluded are stated in Table 1. Follow-up duration ranged
from 4 to 13 years. All seven journal articles were pro-
spective cohort research studies. All of the studies in-
cluded were from high quality journals, and the mean
NOS score was 8.14 (ranged from 7 to 9).
In this study, total CVD was defined as coronary

heart disease and stroke (ischemic, hemorrhagic) in
all selected articles. However, Snow et al. [18] in-
cluded also other kinds of CVD (valvular heart dis-
eases, heart failure, aortic diseases, stroke, peripheral
artery diseases, etc.) besides coronary heart disease.
Smyth A et al. [19] covered admission to hospital for
heart failure as well as CVD. Hypertension, diabetes
and dyslipidemia were included in all studies could be
identified comorbidities. Besides, Iso H et al. [20] in-
cluded hypertensive ophthalmoscopic change and left
ventricular hypertrophy. In addition, using anti-
thrombolytics was defined as one of comorbidities in
a study by Smyth A et al. [19].
Age, sex, BMI, smoking, hypertension or blood

pressure, diabetes, dyslipidemia or cholesterol level
were adjusted as confounding factors in all selected
studies. Besides, socio-demographic factors such as
marital status, education level were also adjusted in
some studies.

Dose-response relationship between alcohol consumption
and CVD incidence by sex
We found a J-shaped association between alcohol intake
and CVD incidence in men. However, we were unable to
identify the set point for the amount of drinking at
which CVD incidence begins to increase. Further, we
found that light to moderate and moderate alcohol con-
sumption both lowered CVD incidence rates (RR [95%
CI] was 0.68 [0.57–0.81] and 0.72 [0.58–0.90], respect-
ively) (Table 2, Fig. 2).
There were not a sufficient number of studies to iden-

tify or determine a dose-response relationship in women
(Table 2). In the analysis of studies including both men
and women, there was no clear dose-response relation-
ship, and we were unable to confirm the amount of alco-
hol consumption that decreases or increases CVD
incidence rate (Table 2).

The protective effect of light, light to moderate, and
moderate consumption on CVD incidence: sub-group
analysis according to comorbidities and age
Light to moderate consumption lowered CVD incidence
in men with 1–2 comorbidities (RR [95% CI] was 0.64
[0.51–0.80]). However, in those without comorbidities or
those with 3–4 comorbidities, it did not lower CVD inci-
dence (RR [95% CI] was 0.54 [0.27–1.08] and 0.80
[0.58–1.11], respectively). Moderate consumption low-
ered CVD incidence in those without comorbidities and
with 1–2 comorbidities (RR [95% CI] was 0.40 [0.19–
0.84] and 0.71 [0.57–0.88], respectively); however, in
those with 3–4 comorbidities, moderate consumption
did not lower CVD incidence (RR [95% CI] was 0.85
[0.61–1.18], Table 2, Fig. 2).

Fig. 1 PRISMA chart
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In men aged between 41 and 65, both light to moder-
ate and moderate consumption lowered CVD incidence
(RR [95% CI] was 0.66 [0.54–0.80] and 0.71 [0.52–0.96],
respectively). However, in those aged 40 or younger and
all those aged 20 or more, it did not lower CVD inci-
dence (Table 2, Fig. 2).
In women, only light consumption lowered CVD inci-

dence in those aged no more than 40 years (RR [95% CI]
was 0.14 [0.05–0.39], Table 2).
In the analysis of studies including both men and

women, there was no amount of consumption that low-
ered CVD incidence, even if values were divided by the
number of comorbidities. In those aged between 41 and
65, only moderate consumption lowered CVD incidence
(RR [95% CI] was 0.62 [0.40–0.96]), and when individ-
uals aged 20 or older were included, it did not lower
CVD incidence (Table 2).

Harmful effects of high and very high drinking on CVD
incidence
In either groups with men only or both men and women
included, high consumption levels did not increase CVD
incidence. However, in a sub-group analysis, high con-
sumption levels increased CVD incidence in men with
3–4 comorbidities (RR [95% CI] was 2.00 [1.30–3.06],
Table 2).

Heterogeneity and sub-group analysis
There was heterogeneity in two studies that were only
included in the case of high consumption in men (I2 =

89%), with no significant heterogeneity in all the other
analyses (Table 2). There was a dose-response relation-
ship, which was J–shaped, only in men. There was a
similar J-shaped association in the results from a sub-
group analysis according to comorbidities and age. How-
ever, the J-shape was not distinctive in some cases (P of
comorbidity and age for interaction > 0.01, Fig. 2).

Publication bias
We did not detect any significant publication bias in the
visual inspection of the funnel plots (Additional file 1
Figure S1).

Discussion
In the current study, we found that in men there was a
dose-response J-shaped relationship between alcohol
consumption and CVD incidence. However, if women
were included in the analysis, no distinctive dose-
response relationship was established. While we found
that light to moderate and moderate alcohol consump-
tion had a protective effect on CVD incidence, there was
no protective effect either in those with at least three co-
morbidities or people aged 40 or younger. As such, our
study and analyses were unable to establish criteria for the
amount of consumption that could increase CVD incidence
in people living in local communities. However, we did find
that CVD incidence increased in those with three or more
comorbidities who consumed more than 60 g/day.
Our results showing that light to moderate consump-

tion had a protective effect on CVD incidence and that

Fig. 2 The relative risks of the incidences of cardiovascular diseases according to level of alcohol consumption when compared with non-drinkers
in men only. Square: total of relevant studies; 1 triangle: comorbidity 1–2; 2 triangles: comorbidity 3–4; 1 circle: age ≤ 40; 2 circles: age 41–65; 3
circles: age ≥ 20. Red-colored means statistically significant
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there was a J-shaped dose-response relationship in men
are in line with the results of the previous studies [3–6,
9]. Light to moderate consumption lowers CVD inci-
dence due to a lower CHD incidence rate, including MI,
and because it reduces the progression of atherosclerosis
by increasing high-density lipoprotein (HDL) cholesterol
and lowering blood coagulation factors [5, 21]. Although
not included in the meta-analyses of this study, other co-
hort studies which examined alcohol consumption found
that the occurrence of MI or CHD in healthy, typical
subjects also showed similar results [22, 23].
Recently, it has been reported by several studies that

light to moderate alcohol consumption does not have a
protective effect against stroke, among cardiovascular
diseases except for CHD [6, 11]. Since our study ana-
lyzed CVDs as a whole, it is hard to separate and relate
our findings only to CHD and stroke. However, it is pos-
sible to explain the relationship of light to moderate
consumption and stroke, as our study showed that light
to moderate drinking did not have a protective effect on
CVD incidence in people with at least three comorbidi-
ties, and high consumption levels increased the risk of
CVD development. The comorbidities investigated in
this study included the diseases that may affect the oc-
currence of CVD, such as hypertension, diabetes melli-
tus, and dyslipidemia. Since alcohol increase the
incidence of atrial fibrillation and can increase blood
pressure, it could be logical that it may also increase the
risk of stroke, which does not only occur due to athero-
sclerosis. While alcohol does have positive effects on
atherosclerosis, such as increasing HDL cholesterol, the
increased stroke incidence in those with several or a
multitude of comorbidities may affect overall CVD inci-
dence. Thus, we conclude it is possible that the protect-
ive effects on overall CVD incidence are outweighed by
the negative impacts. The results of our study suggest
there was a protective effect of light to moderate alcohol
consumption on CVD incidence only in men aged be-
tween 41 and 65, and this was not apparent in analyses
including young people aged 40 or younger. As dis-
cussed in past studies [12, 24], many elderly become
non-consumers as a result of health problems that have
developed with age. This may result in cardio-protective
effects of light to moderate alcohol consumption when
compared to elderly non-consumers.
In this study, unlike in men-only cohorts, it was dif-

ficult to evaluate any clear dose-response relation-
ships either in women only or studies with both men
and women groups. We suggest that the effect of con-
sumption was difficult to discern due to an insuffi-
cient number of women for the meta–analysis. This is
likely due to typical women living in the local com-
munities’ rarely consuming more than moderate
levels. Further, it could also be due to women having

a lower risk of CVD incidence when compared to
men.
In the J-shaped dose-response relationship between al-

cohol and CVD incidence in men in this study, the nadir
point was 10.1-20 g/day. This was a lower value in com-
parison with that in previous studies [3, 4]. It seems this
could be due to three out of the four studies in Japan
that analyzed subjects with light to moderate consump-
tion. There were insufficient studies to examine the re-
gional differences in this study. However, the amount of
consumption that may decrease CVD incidence is likely
to be less in many Asians communities, given the
alcohol-degrading enzyme is decreased physiologically in
these individuals when compared to those of Western
communities.
The limitations of this study are as follows. First, all the

studies included were cohort research studies. Since they
were observational studies, there is likelihood that not all
confounding variables were controlled effectively. Second,
it is likely that the actual amount of consumption could
have been either overestimated or underestimated, as this
study designated the alcohol groups at 20 g units, and con-
sumers were assigned to each group based on the average
of the categories presented in each case.
Despite these limitations, this study is significant in

that it conducted a meta-analysis of high quality studies
of individuals living in the local communities only. As a
result of this study, a J-shaped dose-response relation-
ship was observed between alcohol consumption and
CVD incidence in men only. Further, we determined
that light to moderate consumption lowered CVD inci-
dence. However, since alcohol did not have a protective
effect in all cases, we suggested that specific recommen-
dation guidelines should be provided for alcohol con-
sumption for each individual condition (e.g. age, sex,
comorbidities, etc.).

Conclusion
This study showed that light to moderate and moderate
alcohol consumption had a protective effect on CVD in-
cidence, there was no protective effect either in those
with at least three comorbidities or people aged 40 or
younger. We conclude that not all local community resi-
dents experience a protective effect of light to moderate
consumption on CVD incidence. Therefore, it is neces-
sary to recommend a moderate amount of drinking or
less for each individual.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12889-019-7820-z.

Additional file 1: Figure S1. Funnel plot of light to moderate drinking
in men. Funnel plot of moderate drinking in men
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