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Abstract

Dietary habits, including alcohol consumption, are among the significant risk factors for the occurrence of atrial fibrillation (AF). The
pathophysiological relationship between alcohol consumption and AF is complex and multifactorial. However, there is conflicting in-
formation about the impact of alcohol consumption (in various doses and types) on the risk of AF and AF-related outcomes. Alcohol
consumption is significantly associated with AF in a gender-independent manner. The widespread belief that moderate amounts of al-
cohol, especially red wine, have cardioprotective effects may mean that more people will use alcohol. Even small amounts of alcohol
regularly consumed increase the risk of AF. In this narrative review, we will review the epidemiological associations between alcohol
and AF, and the implications for incident AF and AF-related outcomes.
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1. Introduction
Atrial fibrillation (AF) is the most common cardiac ar-

rhythmia in humans [1]. The 2019 global burden of AF is
estimated at 59.7million (95% confidence interval: 45.7 to
75.3million), double the number of estimated cases in 1990
[2]. It is estimated that in 2050 the incidence of AF may in-
crease by more than 60% [3]. Experts indicate that in 2050
the prevalence of AF in the USA and Europe will amount
to 16 and 16–17 million cases, respectively [4]. The high
prevalence of AF is a significant economic problem, asso-
ciated primarily with frequent hospitalizations, absenteeism
or complications of the disease, including stroke [5].

From a clinical point of view, an important issue is
the effect of diet and lifestyle on the risk of AF [6]. Dietary
habits, including alcohol consumption, are among the sig-
nificant risk factors for the occurrence of AF. Manthey et
al. [7] showed that the consumption of alcohol in the world
is constantly increasing: 1990—5.9 L/capita; 2017—6.5
L/capita; 2030—7.6 L/person (in terms of pure ethanol).
Alcohol use is a leading risk factor for global disease bur-
den and causes substantial health loss [8]. According to
World Health Organisation (WHO) worldwide, 3 million
premature deaths every year result from harmful use of al-
cohol. This represents 5.3% of all deaths [9]. However,
there is conflicting information about the impact of alcohol
consumption (in various doses and types) on the risk of AF
and AF-related outcomes.

In this narrative review, we will review the epidemi-
ological associations between alcohol and AF, and the im-
plications for incident AF and AF-related outcomes.

2. Alcohol Consumption—What the
Guidelines and Recommendations Say

In scientific nomenclature, the basic way of determin-
ing the amount of alcohol consumed is the standard alcohol
unit (SAU; drink), which is the amount of alcoholic bev-
erage (of any kind) that contains 12.5 mL or 10 g of pure
ethanol. For example: a small beer (330 mL; 4.5%) is 1.19
SAU; a large beer (500 mL; 4.5%) is 1.8 SAU; a glass of
wine (175 mL; 12%) is 1.68 SAU; a shot of vodka (50 mL;
40%) is 1.6 SAU. There are other definitions of SAU. For
example, in the UK it is the amount of an alcoholic drink
that contains 10 mL or 8 g of pure ethanol. Another defi-
nition indicate that a unit of alcohol is 12 g of pure ethanol
[10,11].

In general, alcohol consumption has been defined as:
light (<7 standard drinks/week); moderate (7 to 21 stan-
dard drinks/week); and heavy (>21 standard drinks/week),
where 1 standard drink is approximately 12 g of alcohol
[10,11]. The guidelines of the European Society of Cardiol-
ogy (ESC 2021) on cardiovascular prevention indicate that
alcohol consumption should be limited to 100 g/week, both
among women and men (recommendation class: 1; level of
evidence: B) [12]. The Dietary Guidelines for Americans
by Centers for Disease Control and Prevention recommend
limiting alcohol consumption to 2 drinks or less in a day for
men or 1 drink or less in a day for women, on days when
alcohol is consumed [13].
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3. Alcohol and Atrial Fibrillation
The association between excessive drinking and vari-

ous forms of cardiovascular disease is well established [14].
The influence of the amount of alcohol consumed on the
risk of most cardiovascular diseases takes the shape of a “J”
curve [14]. Considering the constantly increasing preva-
lence of AF, it is clinically important how the relationship
between the amount of alcohol consumed and the risk of
this arrhythmia develops.

3.1 A Brief Overview of Pathophysiological Mechanisms
Alcohol may act proarrhythmogenic in many mecha-

nisms. At the cellular level, alcohol can damage intercellu-
lar junctions and cells, trigger inflammation and oxidative
stress, and disrupt the regulation of ion channels in the my-
ocardium [14,15]. Within the autonomic nervous system,
alcohol increases the activity of the sympathetic component
and reduces heart rate variability (HRV) [14,15].

Moreover, alcohol promotes dilatation and fibrosis of
the left atrium and increases its pressure [16,17]. Long-term
alcohol consumption promotes atrial cardiomyopathy (al-
coholic cardiomyopathy) associated with structural, func-
tional and electrical remodeling of the atria, thus stabilizing
AF episodes and contributing to AF progression [16,17].
In addition, alcohol consumption often leads to other risk
factors for AF, such as being overweight, obstructive sleep
apnea, and arterial hypertension [16]. Myocardial hyper-
trophy resulting from chronic alcohol consumption by in-
creasing the reactivity of transient receptor potential cation
channels (TRPC) leads to electrical instability of cardiomy-
ocytes, which directly contributes to the occurrence of ar-
rhythmias [18,19].

Alcohol directly causes a number of disorders in the
electrophysiology of the heart. This effect is related to the
dysregulation of ion channels. One in silico study found
that alcohol reduced INa, ICa,L, Ito, IKr and IKur, dual ef-
fects on IK1 and IK,ACh (inhibition at low and augmentation
at high concentrations), and increased INCX and sarcoplas-
matic reticulum (SR) Ca2+ leak and SERCA uptake in car-
diomyocytes. Alcohol may also damage the gap junctions
between cardiomyocytes [20]. Finally, alcohol consump-
tion leads to decreased biatrial conduction velocities (CV),
action potential duration and refractoriness, and shortened
right atrial effective refractory periods (AERP) while in-
creasing the dispersion of atrial refractoriness [20].

Heavy alcohol consumption can result in the holiday
heart syndrome, which was first described in 1978 and oc-
curs when healthy subjects without heart disease known
to cause arrhythmia experience AF after excessive alcohol
consumption, which was observed mainly after weekends
or holidays [21]. This can probably be attributed to such
effects of alcohol as: inhibition of sodium channels in my-
ocardial cells, stimulation of the sympathetic and parasym-
pathetic nervous system, increase in the concentration of
free fatty acids in the blood and stimulation of c-Jun N-

terminal kinase 2 (JNK2) kinase [secondarily leads to the
stimulation of calmodulin II kinase (CaMKII) and the re-
lease of calcium ions from the SR, which ultimately con-
tributes to the development of AF], and above all - elec-
trolyte changes, including hypokalemia and hypomagne-
semia, after taking large doses of alcohol in a short time
[21–23].

In a study by Voskoboinik et al. [24] including 75
patients undergoing AF ablation using high density elec-
troanatomical mapping, moderate alcohol consumption (8–
21 drinks/week) was found to be associated with lower
bipolar voltage and slower atrial conduction velocity. In
a randomized and placebo-controlled study by Marcus et
al. [25], covering 100 subjects, acute exposure to alcohol
reduces atrial effective refractory periods (AERP), particu-
larly in the pulmonary veins, which is substrate for AF. In
a study by Sha et al. [26], including 134 patients with AF,
alcohol causes echocardiographic and electrophysiological
changes such as impaired peak left atrial longitudinal strain,
obvious inter-atrial conduction delay and increasing ERP
dispersion. Intra-atrial conduction delay and ERP disper-
sion also increased with increasing levels of alcohol con-
sumption [26]. The most important mechanisms of the in-
fluence of alcohol consumption on the pathogenesis of AF
are summarized in Fig. 1 (Ref. [14,15,27,28]).

The safer effect of drinking wine, observed in some
studies [17], in contrast to other alcohols, may be due to
the richness of polyphenols contained in this red and white
beverage. Of particular interest is resveratrol, a polyphenol
found in large amounts in red wine [29]. Resveratrol has
been shown to reduce the inducibility of AF, potentially
by reducing left atrial fibrosis and regulating ion channel
function [30]. The overall effect of polyphenols on reduc-
ing the risk of AF is associated with, among others, anti-
inflammatory, antioxidant and anti-fibrotic effects, as is the
case with the consumption of polyphenol-rich coffee [31].

In summary, alcohol consumption triggers both acute
and chronic mechanisms that lead to the onset of AF. Regu-
lar consumption of even ESC-acceptable alcohol doses (100
g/week) leads to electrical and structural remodeling of the
atria and increases the risk of AF. The polyphenols con-
tained in wine can to some extent mitigate the negative ef-
fects of alcohol itself.

3.2 Dose of Alcohol

The most important results relating alcohol consump-
tion and AF are summarized in Table 1 (Ref. [17,32–48]).

In a meta-analysis of 6 studies the risk of AF was
significantly increased from the consumption of 12 g or
more of alcohol/day. A linear dose-response relationship
has been demonstrated between alcohol consumption and
the risk of AF [32]. A meta-analysis of 14 studies found
that higher (versus lower) alcohol consumption was associ-
ated with a significant increase in the risk of AF (RR = 1.51;
95% CI: 1.31–1.74). A linear dose-response relationship
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Fig. 1. Main acute and chronic pathophysiological mechanisms triggered by alcohol consumption and leading to the development
of atrial fibrillation. Based on [14,15,27,28]. Abbreviations: AF, atrial fibrillation; ERP, effective refractory period; PV, pulmonary
vein; HRV, heart rate variability; JNK2, c-Jun N-terminal kinase 2; CaMKII, calmodulin II kinase.

has been demonstrated between alcohol consumption and
the risk of AF [33]. A meta-analysis of 9 studies (249,496
subjects) found that heavy to moderate alcohol consump-
tion was significantly associated with an increased risk of
AF (by 34% and 11%, respectively). Low alcohol con-
sumption was not associated with the risk of AF [34]. In
a meta-analysis of 7 prospective studies (205,073 partici-
pants), it was found that each one drink/day increase in al-
cohol consumption was significantly associated with an 8%
increase in the risk of AF (RR = 1.08; 95% CI: 1.06–1.10)
[35]. Onemeta-analysis of 13 studies (10,266,315 subjects)
found that regular moderate (about 2 units of alcohol/day)
alcohol consumption increased the risk of AF (HR = 1.14;
95% CI: 1.07–1.21), while low alcohol consumption (about
1 unit of alcohol/day) had no effect on this risk [36]. An-
other meta-analysis of 13 studies (668,905 subjects) found
that heavy alcohol consumption increased the risk of AF by
30% (HR = 1.30; 95% CI: 1.20–1.41), moderate by 12%
(HR = 1.12; 95% CI: 1.06–1.18), while low did not affect
the risk (HR = 1.00; 95% CI: 0.96–1.05) [37].

Nonetheless, a meta-analysis of 16 studies
(13,044,007 subjects) showed a slightly different re-
lationship between alcohol consumption and the risk
of AF. A relationship in the form of a “J” curve was
found, as high alcohol consumption (>168 g/week) was
significantly associated with an increased risk of AF, while

moderate consumption (<168 g/week) was characterized
by a protective effect [38]. However, the results of this
meta-analysis were not confirmed in meta-analysis of 13
prospective studies, covering over 10 million subjects,
conducted by Jiang et al. [39]. This meta-analysis found
that each increase in alcohol consumption by one drink/day
is significantly associated with an increased risk of AF (RR
= 1.06; 95% CI: 1.03–1.08) [39].

In the losartan intervention for endpoint Reduction
in Hypertension (LIFE) randomized clinical trial, includ-
ing 9193 patients with electrocardiography (ECG) signs
of left ventricular hypertrophy and arterial hypertension,
the consumption of >10 units of alcohol/week increased
the risk of AF by 60% (HR = 1.60; 95% CI: 1.02–2.51)
[40]. In a prospective study including 79,019 subjects who
were followed for 11 years, the consumption of 1–6 alco-
hol units/week was not associated with the risk of AF (RR
= 1.06; 95% CI: 0.98–1.15). Consumption of 7–14, 15–21
and>21 alcohol units/week significantly increased the risk
of AF by 12%, 18% and 43%, respectively [35]. In a study
by Cha et al. [41], including 19,634 subjects who were fol-
lowed for 7.0 ± 2.8 years, the risk of AF was significantly
higher in alcohol drinkers versus nondrinkers (HR = 2.21;
95% CI: 1.55–3.14) and higher in subjects drinking more
versus less alcohol (HR = 3.15; 95% CI: 1.98–4.99). In a
cohort study by Csengeri et al. [42] including 107,845 sub-
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Table 1. Summary of the results of the most important studies and meta-analyses evaluating the impact of alcohol consumption on the risk of developing atrial fibrillation.

Author, year, [Ref] Meta-analysis/study characteristics The amount of alcohol consumed and the risk of AF
Notes/Comment What pattern of alcohol consumption increases

the risk of AF?Compatibility with the ESC 2021 guidelines

Samokhvalov A. et al.,
2010, [32]

6 studies/67,891 subjects

12 g/day F and M: RR = 1.08; 95% CI: 1.02–1.14

Gender - did not affect the risk of AF
Dose - The greater the alcohol consumption,
the greater the risk of AF
ESC 2021: no

• Any amount of alcohol (small consumption -
small effect)

24 g/day
F: RR = 1.07; 95% CI: 1.04–1.10
M: RR = 1.08; 95% CI: 1.04–1.11

60 g/day
F: RR = 1.42; 95% CI: 1.23–1.64
M: RR = 1.44; 95% CI: 1.23–1.69

120 g/day
F: RR = 2.02; 95% CI: 1.60–2.97
M: RR = 2.09; 95% CI: 1.52–2.86

Kodama S. et al.,
2011, [33]

14 studies/138,378 subjects High versus low RR = 1.51; 95% CI: 1.31–1.74
Gender, comorbidities and reference group (low or
no intake) did not influence the risk of AF
ESC 2021: yes

• Increased alcohol consumption

Gallagher C. et al.,
2017, [34]

9 studies/249,496 subjects
Low (1 drink/day) HR = 0.95; 95% CI: 0.85–1.06 Moderate alcohol consumption significantly increased

the risk of AF only in men
ESC 2021: yes

• High consumption in both sexes
•Moderate consumption in men

Moderate HR = 1.11; 95% CI: 1.05–1.18
High versus low/no consumption HR = 1.34; 95% CI: 1.20–1.49

Larsson S. et al., 2014,
[35]

7 prospective studies/205,073
subjects

Increase alcohol intake by an addi-
tional drink (12 g pure alcohol)/day

RR = 1.08; 95% CI: 1.06–1.10 The risk was not affected by: gender, geographical origin
ESC 2021: no

• Each increase in alcohol consumption by one
drink/day

Yang L. et al.,
2022, [36]

13 studies/10,266,315 subjects
Small (about 1 drink/day) HR = 1.05; 95% CI: 0.98–1.13 Small F and M - no effect

Moderate
F - no effect
M - (HR = 1.09; 95% CI: 1.07–1.11)
Region: Europe
Small - HR = 1.09; 95% CI: 1.02–1.17
Moderate - HR = 1.26; 95% CI: 1.09–1.44
Types of alcohol (spirits, beer, wine)
Small - no impact
Moderate - no impact
ESC 2021: yes

•Moderate consumption in men
• Small and moderate among EuropeansModerate (about 2 drinks/day) HR = 1.14; 95% CI: 1.07–1.21

Zhang H. et al.,
2022, [37]

13 prospective studies/668,905
subjects

Small (<12 g/day)
F: HR = 0.97; 95% CI: 0.90–1.04

Gender had some effect on the risk of AF associated
with alcohol consumption
ESC 2021: yes

•Moderate to high in men
• Large in women

M: HR = 1.04; 95% CI: 0.97–1.11

Moderate (12–24 g/day)
F: HR = 1.02; 95% CI: 0.91–1.14
M: HR = 1.21; 95% CI: 1.10–1.33

High (>24 g/day)
F: HR = 1.32; 95% CI: 1.10–1.60
M: HR = 1.54; 95% CI: 1.26–1.89

Giannopoulos G. et al.,
2022, [38]

16 studies/13,044,007 subjects
Moderate (<168 g/week) logOR = –0.20; 95% CI: –0.28 to –0.12 The dependence taking the shape of the “J” curve was found

ESC 2021: yes
•More than 14 drinks/week

High (>168 g/week) logOR = 0.14; 95% CI: 0.01–0.2

Jiang H. et al.,
2022, [39]

13 prospective studies/10,151,366
subjects

Each increase in alcohol consumption
by one drink

F: RR = 1.05; 95% CI: 0.96–1.14 Women: J-curve association
Men: linear association
ESC 2021: no

• Any amount in men
• ≥3.5 drinks/day for womenM: RR = 1.08; 95% CI: 1.05–1.11

Ariansen I. et al.,
2012, [40]

9193 patients with LVH and AH
>10 drink/week HR = 1.60; 95% CI: 1.02–2.51 Multivariate analysis

ESC 2021: yes
• >10 drink/week

<10 drink/week Statistically insignificant risk

Larsson S. et al.,
2014, [35]

Prospective/79,019 subjects

1–6 drinks/week RR = 1.01; 95% CI: 0.94–1.09 Comparison: <1 drink/week Multivariate analysis: age,
gender, weight, smoking, comorbidities
Type of alcohol and a significant increase in the risk of AF:
Liqueur: from 7 drinks/week
Wine: from 14 drinks/week
Beer: inconsistent data
ESC 2021: yes

• >15 drinks/week
7–14 drinks/week RR = 1.07; 95% CI: 0.98–1.17
15–21 drinks/week RR = 1.14; 95% CI: 1.01–1.28
>21 drinks/week RR = 1.39; 95% CI: 1.22–1.58

Cha M. et al.,
2020, [41]

Prospective/19,634 subjects
Drinking versus not drinking HR = 2.21; 95% CI: 1.55–3.14 Men more predisposed to alcohol-related AF

ESC 2021: no
• Drinking alcohol, especially in larger amounts

Higher versus lower consumption HR = 3.15; 95% CI: 1.98–4.99
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Table 1. Continued.

Author, year, [Ref] Meta-analysis/study characteristics The amount of alcohol consumed and the risk of AF
Notes/Comment What pattern of alcohol consumption increases

the risk of AF?Compatibility with the ESC 2021 guidelines

Csengeri D. et al.,
2021, [42]

Prospective/107,845 subjects

1 g/day (0.08 drink) HR = 1.01; 95% CI: 0.99–1.04

No significant differences between vodka and beer. The risk
of AF associated with wine consumption was the least
expressed or insignificant
ESC 2021: no

• Regular consumption of even small amounts of
alcohol, especially spirits and beer

2 g/day (0.17 drink) HR = 1.02; 95% CI: 1.0–1.04
3 g/day (0.25 drink) HR = 1.04; 95% CI: 1.02–1.05
4 g/day (0.33 drink) HR = 1.05; 95% CI: 1.03–1.07
5 g/day (0.42 drink) HR = 1.06; 95% CI: 1.04–1.08
6 g/day (0.5 drink) HR = 1.07; 95% CI: 1.05–1.1
12 g/day (1 drink) HR = 1.16; 95% CI: 1.11–1.22
24 g/day (2 drinks) HR = 1.36; 95% CI: 1.25–1.47
36 g/day (3 drinks) HR = 1.52; 95% CI: 1.35–1.7
48 g/day (4 drinks) HR = 1.59; 95% CI: 1.37–1.85
60 g/day (≥5 drinks) HR = 1.61; 95% CI: 1.35–1.92

Tu S. et al., 2021, [17] Prospective/403,281 subjects Increasing doses of alcohol J-shaped relationship in total alcohol con-
sumption, with the lowest risk of AF at less
than 7 drinks/week

The strength of the study: comparable numbers of women
and men.
Beer and cider - any consumption is harmful
Red and white wine and spirits: up to 10, 8 and 3
drinks/week, respectively, not associated with an increased
risk of AF
Gender - no significant differences were found
ESC 2021: no

• Beer and cider - any amount
• Red wine>10 drinks/week
•White wine>8 drinks/week
• Spirits>3 drinks/week

Han M. et al., 2022,
[43]

Prospective/1,537,836 subjects
105–210 g/week HR = 1.25; 95% CI: 1.12–1.40 Multivariate analysis - no effect on AF risk

ESC 2021: yes
•Moderate
• High≥210 g/week HR = 1.47; 95% CI: 1.18–1.83

Marcus G. et al., 2022,
[44]

RCT, n-of-1 trial/446 patients Acute exposure to alcohol OR = 2.15; 95% CI: 1.17–3.61 ESC 2021: no Acute exposure to alcohol

Marcus G. et al., 2021,
[45]

100 subjects/Real-time detection
of AF

1 drink After 4 hours: OR = 2.02; 95%CI: 1.38–3.17 Individual AF episodes were associated with higher odds of
recent alcohol consumption
ESC 2021: no

• Even 1 drink
2 drinks After 4 hours: OR = 3.58; 95%CI: 1.63–7.89

Aung S. et al., 2022,
[46]

36,158 subjects Occasional increase in alcohol con-
sumption (weekend, holiday, etc.)

Statistically significant increase in ED vis-
its for AF and for new-onset AF (1757 addi-
tional visits for new-onset, incident AF ED
visits/100,000 person-years; 95% CI: 945–
2.569 visits, p < 0.001) during and shortly
after periods of increased alcohol consump-
tion

Population-based study
ESC 2021: no

• Occasional increase in alcohol consumption

Frederiksen T.C. et al.,
2022, [47]

43,758 subjects/Five-year changes
in alcohol intake

≤6.9 drinks/week Females: ≤6.9 to≥21 drinks/week→ increase
risk by 45% (HR = 1.45; 95% CI: 1.07–1.98);
7–13.9 to≥21 drinks/week→ increase risk by
30% (HR = 1.30; 95% CI: 1.04–1.64). Males:
increasing alcohol consumption did not affect
the risk of AF

Multivariate analysis
There were no differences in the effect of different types of
alcohol on the risk of AF
ESC 2021: yes

• Increase in alcohol intake was associated with a
greater risk of AF compared with a stable
low/moderate intake

7–13.9 drinks/week
14–20.9 drinks/week
≥20 drinks/week

Biddinger K.J., 2022,
[48]

371,463 subjects from UK Biobank
Consumption versus non-
consumption (Mendelian ran-
domization)

OR = 1.24; 95% CI: 1.08–1.44 Causality assessment
Analysis with the exclusion of abstainers
ESC 2021: no

• Any amount of alcohol

Non-consumption and 7, 14, 21 and
28 drinks/week

The relationship between alcohol and the risk
of AF was dose-dependent. Already from the
smallest dose of alcohol (1 drink/week) the
risk of AF began to increase statistically sig-
nificantly

Abbreviations: AF, atrial fibrillation; ESC, European Society of Cardiology; F, female; M, male; RR, relative risk; 95% CI, 95% confident interval; HR, hazard ratio; OR, odds ratio; LVH, left ventricular hypertrophy; AH, arterial hypertension; RCT,
randomized controlled trial; ED, emergency department.

5

https://www.imrpress.com


Fig. 2. Effect of alcohol consumption and different types of alcoholic beverages on the risk of developing atrial fibrillation. Data
adapted from [17]. Abbreviations: AF, atrial fibrillation; HR, hazard ratio.

jects from Europe, the effect of the amount of alcohol con-
sumed on the risk of AF was analyzed during a 13.9-year
follow-up, whereby regular consumption of one drink/day
was associated with a 16% increased risk of AF (HR = 1.16;
95% CI: 1.11–1.22). Indeed, a statistically significantly
increased risk of AF was found with regular alcohol con-
sumption at the level of 2 g/day [42]. From a methodolog-
ical point of view, the most convincing results come from
a prospective study by Tu et al. [17], involving 403,281
subjects from UK Biobank. In this study, the number of
women and men was comparable, and the follow-up period
was 11.4 years. A J-shaped relationship was found between
the amount of alcohol consumed and the risk of AF. The
lowest risk of AFwas observedwith less than 7 drinks/week
(56 g/week). Above this amount, the risk of AF started
to increase (significant increase risk of AF: >14 standard
drink/week; 112 g pure ethanol/week) (Fig. 2, Ref. [17]).
In a cohort study by Han et al. [43] including 1,537,836
adults aged 20 to 39 years, it was found that regular mod-
erate (105–210 g/week) to heavy (≥210 g/week) alcohol
consumption significantly increases the risk of AF by 25%
and 47%, respectively (HR = 1.25; 95% CI: 1.12–1.40 and
HR = 1.47; 95% CI: 1.18–1.83).

In an observational study by Frederiksen et al. [47]
of 43,758 participants without AF at baseline, increasing
alcohol consumption over a 5-year follow-up was associ-
ated with a higher risk of AF [from ≤6.9 drinks/week to
≥21 drinks/week (HR = 1.38; 95% CI: 1.09–1.72) or from
14–20.9 drinks/week to≥21 drinks/week (HR = 1.27; 95%

CI: 1.01–1.59)]. Biddinger et al. [48] reported an analysis
of 371,463 subjects from UK Biobank, where any amount
of alcohol (from 1 drink/week) was significantly associated
with an increased risk of AF.

In the I-STOP-AFib randomized clinical trial of 466
patients, acute exposure to alcohol increased AF risk (OR
= 2.15; 95% CI: 1.17–3.61), with no evidence that other ex-
posures, including caffeine, triggered AF [44]. In another
study by Marcus et al. [45], including 100 subjects, 56 of
whom had at least 1 episode of AF, within 4 hours of con-
suming one drink, the risk of AF (real-time documentation
of each alcoholic drink consumed was self-recorded using
a button on the ECG recording device) was doubled (OR =
2.02; 95% CI: 1.38–3.17), with a greater than 3-fold higher
odds of at least 2 drinks (OR = 3.58; 95% CI: 1.63–7.89).

In a study covering 36,158 individuals, occasional
(holiday, etc.) increases in alcohol consumption were as-
sociated with a statistically significant increase in ED visits
for AF and for new-onset AF, with 1757 additional visits
for new-onset, incident AF ED visits/100,000 person-years
(95% CI: 945–2569 visits, p < 0.001) during and shortly
after periods of increased alcohol consumption [46]. The
increased occurrence of AF after heavy alcohol consump-
tion during weekend or holidays is known as holiday heart
syndrome (HHS) [49].

In summary, most studies provide evidence of a strong
association between alcohol consumption and the risk of
AF. It cannot be arbitrarily concluded that light or moder-
ate alcohol consumption (up to 100 g/week) does not affect
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the risk of AF, as even small amounts of alcohol regularly
consumed increase the risk of AF.

3.3 Type of Alcohol
A prospective study by Larsson et al. [35] found that

for liquor, the risk of AF was increased when drinking 7–14
and >14 units of alcohol/week; while in the case of wine,
consumption >14 alcohol units/week was associated with
an increased risk of AF, and for beer consumption, 7–14 al-
cohol units/week. No significant differences in the effects
of spirits or beer on AF risk were found in a prospective
study by Csengeri et al. [42], where the risk of AF as-
sociated with wine consumption was the least pronounced
or insignificant. In the meta-analysis by Yang et al. [36],
analyzing the same types of alcohol, no significant differ-
ences in their impact on the risk of AF were found. In a
prospective study by Tu et al. [17], beverage-specific an-
alyzes have shown detrimental associations between any
beer/cider consumption and the risk of AF, while for con-
sumption of red and white wine and spirits up to 10, 8 and
3 drinks/week, respectively, no harmful effects were ob-
served (Fig. 2). In an observational study by Frederiksen
et al. [47] of 43,758 participants without AF at baseline no
differences in the effect of different types of alcohol (beer,
wine, spirit or liqueur) on the risk of AF were found.

In summary, the risk of AF depends on the type of
alcohol consumed (highest: beer, cider and spirits; lowest:
white and red wine).

3.4 Sex
Women consume significantly less alcohol compared

to men. In a meta-analysis by Kodama et al. [33], heavy al-
cohol consumption increased the risk of AF in both women
and men (37% and 32%, respectively). A similar finding
was made in the meta-analysis by Samokhvalov et al. [32]
showing an increased risk of AF in both women and men
with 12 g of alcohol/day and more). In a prospective study
by Tu et al. [17] involving an equal number of women and
men (52.4% versus 47.6%), no significant sex differences
in the risk of AF associated with alcohol consumption were
found.

A meta-analysis by Gallagher et al. [34] found that
moderate alcohol consumption significantly increased the
risk of AF in men (HR = 1.26; 95% CI: 1.04–1.54) but
not in women (HR = 1.03; 95% CI: 0.85–1.24). In a study
by Cha et al. [41], men were also more predisposed to a
higher risk of AF related to alcohol consumption compared
to women. A greater susceptibility of men to develop AF
in relation to alcohol was also found in the meta-analysis
by Yang et al. [36] who found that although low alcohol
consumption did not affect the risk of AF, moderate alco-
hol consumption increased it among men (HR = 1.09; 95%
CI: 1.07–1.11) but not among women. A meta-analysis by
Zhang et al. [37] found that moderate and heavy alcohol
consumption was significantly associated with the risk of

AF amongmen (HR = 1.21; 95%CI: 1.10–1.33 and HR = 1,
respectively, 54; 95% CI: 1.26–1.89), while among women
this was only evident with high alcohol consumption (HR
= 1.32; 95% CI: 1.10–1.60). In a meta-analysis by Jiang et
al. [39], the relationship between alcohol consumption and
the risk of AF is linear among men, while among women it
takes the shape of a “J” curve. In an observational study by
Frederiksen et al. [47] of 43,758 participants without AF
at baseline was found that increasing alcohol consumption
in a 5-year follow-up significantly increased the risk of AF
only among women.

Some [29,31,32,34,36], but not all [15,27,28,47],
studies have found a higher risk of AF in men who con-
sume alcohol. Several studies have failed to show an in-
crease in the risk of AF at all levels of alcohol consumption
in women. Most of these earlier studies included only a few
women who consumed large amounts of alcohol.

In summary, sex does not seem to have a significant
effect on the risk of AF associated with alcohol consump-
tion.

3.5 Genetic Predisposition

An important issue is whether certain gene polymor-
phisms of enzymes involved in alcoholmetabolism (alcohol
dehydrogenase—ADH; aldehyde dehydrogenase—ALDH)
[50] may affect the risk of AF associated with alcohol con-
sumption.

In a study by Tolstrup et al. [51], covering 88,782
subjects, ADH1B/ADH1C genetic variants were not found
to affect the risk of AF associated with alcohol consump-
tion. In a Mendelian randomized study (approximating the
possibility of causal inference) by Yang et al. [52] includ-
ing 8964 subjects, the rs671 polymorphism of the ALDH2
gene (decreased activity resulting in greater accumulation
of the highly toxic acetaldehyde) showed a significant as-
sociation with the risk of AF in men (OR = 1.65; 95% CI:
1.06–2.67). In Mendelian randomization, genetically pre-
dicted daily alcohol consumption was positively associated
with the risk of AF in both sexes (OR = 3.17; 95%CI: 1.18–
9.24) [52]. In a study by Yamashita et al. [53], including
656 subjects, the ALDH2∗1/∗2 carriers who habitually con-
sume alcohol had a higher risk of AF (OR = 5.07; 95% CI:
2.03–12.70), which was associated with a lower rate of al-
cohol metabolism.

In a study by Biddinger et al. [48] of 371,463 partici-
pants fromUKBiobank, which usedMendelian randomiza-
tion (promoting the possibility of causal inference), alcohol
consumption was significantly associated with the risk of
AF (OR = 1.24; 95% CI: 1.08–1.44).

In summary, genetic polymorphisms of the genes of
enzymes involved in ethanol metabolism may modulate the
risk of AF associated with alcohol consumption.
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Fig. 3. Alcohol consumption and the risk of different cardiovascular diseases. Based on [60]. Abbreviations: AF, atrial fibrillation;
CAD, coronary artery disease; SCD, sudden cardiac death.

4. Reduction of Alcohol Consumption and
Risk of AF
4.1 Subjects without AF at Baseline

In the Atherosclerosis Risk in Communities (ARIC)
Study 15,222 subjects followed for 19.7 years, current and
former drinkers were found to be at higher risk of AF than
those who never drank alcohol, and every decade absti-
nent from alcohol was associated with an approximate 20%
(95% CI: 11–28%) lower rate of incident AF [54]. Con-
versely, every additional decade of past alcohol drinking
was associated with a 13% (95% CI: 3–25%) higher rate of
AF and every additional drink/day during former drinking
was associated with a 4% (95% CI: 0–8%) higher rate of
AF [54]. The results of this study indicate that the lowest
risk of AF was among subjects who had never consumed
alcohol. In a study by Choi et al. [55], covering 1,112,682
patients with type 2 diabetes who were followed for 4 years,
alcohol abstinence was associated with a low risk of AF de-
velopment (HR = 0.81; 95% CI: 0.68–0.97).

In summary, reducing alcohol consumption is associ-
ated with a significant decrease risk of incident AF.

4.2 Patients with AF

In a meta-analysis of 9 studies (5436 patients) con-
ducted by Grindal et al. [56], including patients after
catheter ablation due to AF, the impact of alcohol consump-
tion on the risk of recurrence of arrhythmia showed that
compared with patients who consumed little or no alcohol,
those who consumed moderate or high amounts of alcohol
had a higher probability of recurring AF (OR = 1.45; 95%
CI: 1.06–1.99).

In a randomized clinical trial including 140 patients
with AF, the effect of reducing the amount of alcohol con-
sumed (from 16.8± 7.7 to 2.1± 3.7 standard drinks/week;
reduction by 87.5%) on the incidence of AF recurrence,
with a 45% reduction in the risk of AF recurrence (HR

= 0.55; 95% CI: 0.36–0.84), which was maintained for
6 months of follow-up [57]. In a prospective study by
Takahashi et al. [58], including 3474 patients undergo-
ing catheter ablation due to AF, reducing alcohol consump-
tion (from 140 g/week to approximately 70 g/week) signif-
icantly reduced the risk of AF recurrence or atrial tachy-
cardia by 37% (HR = 0.63; 95% CI: 0.52–0.77), compared
to a lower reduction of alcohol consumption. In a similar
study by Sagawa et al. [59] on 110 patients with AFwithout
structural heart disease who underwent single ablation, the
success rate after a single ablation was significantly lower
in drinkers than in abstainers (79.3% versus 95.9% at 12
months; mean follow-up, 18 ± 8 months, p = 0.013).

In summary, reducing alcohol consumption signifi-
cantly reduces the risk of AF recurrence in patients after
catheter ablation.

5. Summary and Practical Conclusions
The effect of alcohol consumption on the risk of AF

is different from other cardiovascular diseases (Fig. 3, Ref.
[60]). Based on current knowledge, it is not possible to es-
tablish a completely safe amount of alcohol that would not
increase the risk of AF. In patients with new onset AF, lim-
iting alcohol consumption should be recommended, or be
advised to change their consumption pattern (<100 g/week)
and maybe prefer wine. Reducing alcohol consumption is
an important part of the holistic or integrated care manage-
ment of AF [61]. Adherence to the latter approach is as-
sociated with improved clinical outcomes [62] and hence,
recommended in guidelines [63].
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