
Atrial fibrillation is associated with an
increased risk of stroke and a related
high burden of mortality and morbidity,

both in the general public and among pa tients
with existing cardiovascular disease.1,2 The preva-
lence of atrial fibrillation increases steadily with
age, as do the associated risks, and atrial fibrilla-
tion accounts for up to 23.5% of all strokes
among elderly people.3

Moderate alcohol consumption has been
reported to be associated with a reduced risk of
cardiovascular disease and all-cause death,1,2

whereas heavy alcohol intake and binge drinking
have been associated with an increased risk of
stroke,4 cardiovascular disease and all-cause
death.5,6 Similarly, heavy drinking and binge
drinking are associated with an increased risk of
incident atrial fibrillation in the general popula-
tion.7 However, the association between moder-
ate drinking and incident atrial fibrillation is less

consistent and not well understood among older
people with existing cardiovascular disease.

In this analysis, we examined whether drink-
ing moderate quantities of alcohol, and binge
drinking, would be associated with an increased
risk of incident atrial fibrillation in a large cohort
of people with existing cardiovascular disease or
diabetes with end-organ damage who had been
followed prospectively in 2 long-term antihyper-
tensive drug treatment trials.

Methods

Study participants
We included participants in the ONTARGET
(Ongoing Telmisartan Alone and in Combination
with Ramipril Global Endpoint Trial) and
TRANSCEND (Telmisartan Randomised
Assessment Study in ACE Intolerant Subjects
with Cardiovascular Disease) trials,8,9 two paral-
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Background: Moderate alcohol consumption
may reduce cardiovascular events, but little is
known about its effect on atrial fibrillation in
people at high risk of such events. We exam-
ined the association between moderate alco-
hol consumption and the risk of incident atrial
fibrillation among older adults with existing
cardiovascular disease or diabetes.

Methods: We analyzed data for 30 433 adults
who participated in 2 large antihypertensive
drug treatment trials and who had no atrial fib-
rillation at baseline. The patients were 55 years
or older and had a history of cardiovascular dis-
ease or diabetes with end-organ damage. We
classified levels of alcohol consumption accord-
ing to median cut-off values for low, moderate
and high intake based on guidelines used in var-
ious countries, and we defined binge drinking
as more than 5 drinks a day. The primary out-
come measure was incident atrial fibrillation.

Results: A total of 2093 patients had incident
atrial fibrillation. The age- and sex- standardized

incidence rate per 1000 person-years was 14.5
among those with a low level of alcohol con-
sumption, 17.3 among those with a moderate
level and 20.8 among those with a high level.
Compared with participants who had a low
level of consumption, those with higher levels
had an increased risk of incident atrial fibrilla-
tion (adjusted hazard ratio [HR] 1.14, 95% confi-
dence interval [CI] 1.04–1.26, for moderate con-
sumption; 1.32, 95% CI 0.97–1.80, for high
consumption). Results were similar after we
excluded binge drinkers. Among those with
moderate alcohol consumption, binge drinkers
had an increased risk of atrial fibrillation com-
pared with non–binge drinkers (adjusted HR
1.29, 95% CI 1.02–1.62).

Interpretation: Moderate to high alcohol in -
take was associated with an increased inci-
dence of atrial fibrillation among people aged
55 or older with cardiovascular disease or dia-
betes. Among moderate drinkers, the effect of
binge drinking on the risk of atrial fibrillation
was similar to that of habitual heavy drinking.
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lel, randomized controlled, double-blind trials
that followed a common protocol. The ONTAR-
GET trial compared the effects of the combina-
tion of telmi sartan plus ramipril with telmisartan
or ramipril alone daily in 25 620 patients. The
TRANSCEND trial enrolled 5926 participants
who were intolerant to angiotensin-converting-
enzyme (ACE) inhibitors and compared telmi -
sartan treatment with placebo.

In both trials, patients were included if they
were free of heart failure and were at high risk of
cardiovascular events (age ≥ 55 years plus a his-
tory of either cardiovascular disease [e.g., coro-
nary artery disease, peripheral artery disease and
cerebrovascular disease] or diabetes mellitus
with end-organ damage). For both trials, partici-
pants were recruited from 733 collaborating cen-
tres in 40 countries between November 2001 and
May 2004 and were followed at 6-month inter-
vals for a median of 56 months. Approval was
obtained from the institutional ethics committee
of each centre, and all participants provided writ-
ten informed consent.8,9

Assessment of alcohol consumption
Alcohol intake was assessed by questionnaire
during a baseline clinical visit. Participants were
asked for information on whether they regularly
consumed alcohol, the number of drinks per
week, the number of days per month during
which they consumed alcohol and whether they
had consumed more than 5 drinks per day.

Regular alcohol consumption was defined as
at least 1 drink per week of a standard glass of
beer (355 mL), wine (150 mL) or shot of hard
liquor (45 mL). We used median cut-off values
based on guidelines used in various countries on
daily alcohol intake to classify participants’ level
of consumption as low (< 1 drink/week, refer-
ence category), moderate (up to 2 drinks/day [1–
14 drinks/week] for women and up to 3
drinks/day [1–21 drinks/week] for men) and
high (> 2 drinks/day for women and > 3
drinks/day for men).10 Binge drinking was
defined as having more than 5 drinks per day at
any one time or a calculated average ingestion of
more than 5 drinks per day. The group of binge
drinkers was a subgroup of the moderate- and
high-intake categories and therefore not mutually
exclusive of these groups.

Outcome measures
The primary composite outcome of the main
study, published elsewhere, was death from car-
diovascular causes, myocardial infarction, stroke
or hospital admission because of heart failure.8

The primary outcome of our analysis was inci-
dent atrial fibrillation, which was determined by

the site investigators who completed specific
questions and event forms on the presence of
atrial fibrillation and related conditions at each
follow-up visit. Electrocardiograms (ECGs)
were required when atrial fibrillation was
detected. They were also obtained for all partici-
pants at baseline, at 2 years and at the penulti-
mate follow-up visit. Diagnosis of new-onset
atrial fibrillation and event dates were made by
the site investigators based on the ECGs showing
atrial fibrillation; we compiled information for
our study from the event forms and follow-up
forms completed at each visit.

Statistical analysis
Since the entry criteria and study conduct were
similar between the 2 trials, other than ACE
inhibitor intolerance in the TRANSCEND trial,
we pooled the data from both studies in our
analysis. We included data for all of the partici-
pants in the 2 trials who had no atrial fibrilla-
tion at baseline. Percentages of participants
with incident atrial fibrillation and incidence
rates per 1000 person-years were obtained. We
adjusted standardized incidence rates across
alcohol consumption groups for age and sex
using the direct standardization approach, with
the ONTARGET and TRANSCEND popula-
tions as the standard.11

We used multivariable Cox regression models
to test the associations with different levels of
alcohol consumption and calculated the hazard
ratios (HRs) with 95% confidential intervals
(CIs) for atrial fibrillation, based on the time to
occurrence of first event. We created 4 adjust-
ment models to calculate HRs using factors that
were significant (p < 0.05) in the univariable
analysis as well as other risk factors reported in
the literature. 

To examine the possibility of competing risks
of the effect of alcohol intake on death and the
effect on the risk of atrial fibrillation, we used a
proportional hazards model developed by Fine
and Gray.12 This competing risk regression model
considers the effect of alcohol intake on the sub-
hazard function, accounting for the competing
risk of all-cause death. We performed subgroup
analyses for key characteristics that might mod-
ify the association between alcohol intake and
atrial fibrillation. Statistical interaction was
tested using the Wald test.

We used the statistical software SAS version
8.2 for Unix (SAS Institute Inc, Cary, NC) for all
analyses except for the competing risk regres-
sion, for which we used the statistical software
R, cmprsk package (version 2.2–2,  www.r-
project .org). A 2-tailed p value of less than 0.05
was considered statistically significant.
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Results

Of the 31 546 patients enrolled in the 2 trials,
we excluded 61 (0.2%) because of a lack of rel-
evant information about their alcohol consump-
tion and 1052 (3.3%) because they had evi-
dence of atrial fibrillation at baseline, which left
30 433 for our analysis. The mean age of the
patients was 66.4 ± 7.2 years, and 9064

(29.8%) were women. The baseline characteris-
tics are shown in Table 1. Overall, 18 775
(61.7%) of the patients had a low level of alco-
hol consumption, 11 139 (36.6%) were moder-
ate drinkers, and 519 (1.7%) had a high level of
consumption. Binge drinking was identified in
1204 participants (4.0%) and was more preva-
lent among men than among women (5.2% v.
0.9%) (Table 2). Most of the binge drinkers
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Table 1: Baseline characteristics of 30 433 patients who had existing cardiovascular disease or diabetes 
with end-organ damage, by level of alcohol consumption* 

Characteristic 

Level of alcohol consumption; no. (%) of patients† 

All 
n = 30 433 

Low 
n = 18 775 

Moderate 
n = 11 139 

High 
n = 519 

Age, yr, mean ± SD 66.4 ± 7.2 66.6 ± 7.2 66.1 ± 7.1 65.2 ± 6.7 

Sex, female    9 064 (29.8)   7 464 (39.8) 1 546 (13.9)   54 (10.4) 

Region     

 Americas   9 288 (30.5)   6 051 (32.2) 3 156 (28.3)   81 (15.6) 

 Europe 14 980 (49.2)   8 400 (44.7) 6 275 (56.3) 305 (58.8) 

 Australia/Asia   6 165 (20.3)   4 324 (23.0) 1 708 (15.3) 133 (25.6) 

Waist:hip ratio, mean ± SD 0.94 ± 0.08 0.93 ± 0.09 0.95 ± 0.08 0.96 ± 0.07 

Medical history     

 Coronary artery disease 23 422 (77.0) 14 001 (74.6) 9 023 (81.0) 398 (76.7) 

 Stroke/TIA   6 261 (20.6)   4 128 (22.0) 2 019 (18.1) 114 (22.0) 

 Peripheral artery disease   5 439 (17.9)   3 176 (16.9) 2 118 (19.0) 145 (27.9) 

 Hypertension 21 315 (70.0) 13 938 (74.2) 7 076 (63.5) 301 (58.0) 

 Diabetes 11 345 (37.3)   8 005 (42.6) 3 218 (28.9) 122 (23.5) 

 Chronic renal disease   8 178 (26.9)   5 475 (29.2) 2 587 (23.2) 116 (22.4) 

 Sleep apnea   2 033   (6.7)   1 313   (7.0)   697   (6.3)   23   (4.4) 

Use of statin 18 503 (60.8) 10 619 (56.6) 7 519 (67.5) 365 (70.3) 

Smoking status     

Never smoked 11 418 (37.5)   8 624 (45.9) 2 747 (24.7)   47   (9.1) 

Current/former smoker 18 983 (62.4) 10 132 (54.0) 8 381 (75.2) 470 (90.6) 

Education     

None   1 115  (3.7)      977   (5.2)    131   (1.2)     7   (1.3) 

1–8 yr   9 120 (30.0)   6 302 (33.6) 2 677 (24.0) 141 (27.2) 

9–12 yr   8 987 (29.5)   5 422 (28.9) 3 405 (30.6) 160 (30.8) 

University/trade school 11 204 (36.8)   6 072 (32.3) 4 921 (44.2) 211 (40.7) 

Physical activity‡     

Sedentary 10 486 (34.5)   7 101 (37.8) 3 200 (28.7) 185 (35.6) 

Moderate   6 971 (22.9)   3 903 (20.8) 2 951 (26.5) 117 (22.5) 

High 12 966 (42.6)   7 766 (41.4) 4 983 (44.7) 217 (41.8) 

Stress§     

Yes 19 685 (64.7) 12 156 (64.7) 7 210 (64.7) 319 (61.5) 

No 10 734 (35.3)   6 612 (35.2) 3 923 (35.2) 199 (38.3) 

Note: SD = standard deviation, TIA = transient ischemic attack. 
*Low = < 1 drink/wk; moderate = 1–14 drinks/wk (about 2 drinks/d) for women and 1–21 drinks/wk (about 3 drinks/d) for men; 
high = > 14 drinks/wk (> 2 drinks/d) for women and > 21 drinks/wk (> 3 drinks/d) for men. 
†Unless stated otherwise. 
‡Sedentary = physical activity once per week or less often, moderate = 2–4 times per week, high = ≥ 5 times per week. 
§Having had some or several periods of stress or permanent stress at work/home, or moderate or high worry about money. 



(78.7% [948/1204]) were in the group of mod-
erate alcohol consumption (Table 3).

Incidence of atrial fibrillation
During follow-up, there were 2093 cases of inci-
dent atrial fibrillation. Of these, 1507 (72.0%)
were clinically apparent episodes, and 586
(28.0%) were asymptomatic and were detected

on routine ECGs obtained at 2 years or at the
penultimate follow-up visit. A few were detected
by ECGs recorded for other reasons. The inci-
dence rate per 1000 person-years was 14.2 in the
group with a low level of alcohol consumption,
17.5 in the group of moderate drinkers and 18.7
in the group with a high level of consumption
(Table 4). The incidence rates increased with
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Table 2: Baseline characteristics of patients, by binge-drinking status* 

Characteristic 

Low alcohol 
consumption, no. (%)† 

n = 18 775 

Moderate or high alcohol consumption,  
no. (%) of patients† 

No binge drinking 
n = 10 454 

Binge drinking 
n = 1 204 

Age, yr, mean ± SD 66.6 ± 7.2 66.3 ± 7.1 64.2 ± 6.7 

Sex, female    7 464 (39.8) 1 515 (14.5)   85   (7.1) 

Region    

 Americas   6 051 (32.2) 2 947 (28.2) 290 (24.1) 

 Europe   8 400 (44.7) 5 904 (56.5) 676 (56.1) 

 Australia/Asia   4 324 (23.0) 1 603 (15.3) 238 (19.8) 

Waist:hip ratio, mean ± SD 0.93 ± 0.09 0.95 ± 0.08 0.96 ± 0.07 

Medical history    

 Coronary artery disease 14 001 (74.6) 8 464 (81.0) 957 (79.5) 

 Stroke/TIA   4 128 (22.0) 1 905 (18.2) 228 (18.9) 

 Peripheral artery disease   3 176 (16.9) 1 991 (19.0) 272 (22.6) 

 Hypertension 13 938 (74.2) 6 646 (63.6) 731 (60.7) 

 Diabetes   8 005 (42.6) 2 989 (28.6) 351 (29.2) 

 Chronic renal disease   5 475 (29.2) 2 442 (23.4) 261 (21.7) 

 Sleep apnea   1 313   (7.0)   637   (6.1)   83   (6.9) 

Use of statin 10 619 (56.6) 7 053 (67.5) 831 (69.0) 

Smoking status    

Never smoked   8 624 (45.9) 2 582 (24.7) 212 (17.6) 

Current/former smoker 10 132 (54.0) 7 861 (75.2) 990 (82.2) 

Education    

None       977   (5.2)    127   (1.2)   11   (0.9) 

1–8 yr   6 302 (33.6) 2 541 (24.3) 277 (23.0) 

9–12 yr   5 422 (28.9) 3 165 (30.3) 400 (33.2) 

University/trade school   6 072 (32.3) 4 616 (44.2) 516 (42.9) 

Physical activity‡    

Sedentary   7 101 (37.8) 3 003 (28.7) 382 (31.7) 

Moderate   3 903 (20.8) 2 743 (26.2) 325 (27.0) 

High   7 766 (41.4) 4 703 (45.0) 497 (41.3) 

Stress§    

Yes 12 156 (64.7) 6 767 (64.7) 762 (63.3) 

No   6 612 (35.2) 3 681 (35.2) 441 (36.6) 

Note: SD = standard deviation, TIA = transient ischemic attack. 
*Binge drinking = > 5 drinks/d at any one time or a calculated average ingestion of > 5 drinks/d; non-binge drinking = ≥ 1 
drink/wk but not meeting the criterion for binge drinking; low consumption = < 1 drink/wk, moderate = 1–14 drinks/wk (about 
2 drinks/d) for women and 1–21 drinks/wk (about 3 drinks/d) for men; high = > 14 drinks/wk (> 2 drinks/d) for women and > 21 
drinks/wk (> 3 drinks/d) for men. 
†Unless stated otherwise. 
‡Sedentary = physical activity once per week or less often, moderate = 2–4 times per week, high = ≥ 5 times per week. 
§Having had some or several periods of stress or permanent stress at work/home, or moderate or high worry about money. 



age. As shown in Figure 1, the increase in inci-
dence with higher alcohol consumption was con-
sistent within each age strata. The absolute
increase in the age- and sex- standardized inci-
dence compared with the low-intake group was
2.8 (95% CI 1.4–4.2) events per 1000 person-
years in the moderate-consumption group and
6.3 (95% CI 1.7–10.9) events per 1000 person-
years in the high-consumption group (Table 4).
Among the binge drinkers, 100 (8.3%) cases of
incident atrial fibrillation were found, for a rate
of 18.4 events per 1000 person-years.

Association between alcohol intake
and atrial fibrillation
The results of our analysis of the influence of
alcohol consumption on the risk of incident atrial
fibrillation are summarized in Table 5. Consuming
more alcohol was associated with a graded
increase in risk of atrial fibrillation in the unad-
justed model and after minimal adjustment for
age, sex, body mass index and region (p for trend
< 0.001). The same was true after further stepwise
adjustments for additional risk factors, including a
medical history of coronary artery disease, hyper-
tension, stroke or transient ischemic attack, renal
disease, being a former smoker, diabetes and
stress (Table 5). In a sensitivity analysis in which
we excluded binge drinkers, the estimates for
moderate and heavy drinking remained robust
(HR 1.13, 95% CI 1.02–1.24 for moderate
drinkers and 1.54, 95% CI 1.03–2.29 for heavy
drinkers; p for trend = 0.005).

We observed a significant graded increase in
the risk of atrial fibrillation when we compared
patients who were not binge drinkers (adjusted
HR 1.13, 95% CI 1.03–1.24) and those who
were binge drinkers (adjusted HR 1.35, 95% CI
1.10–1.67) with patients who had a low level of
alcohol consumption (Table 6).

To understand better the effect of binge drink-
ing on the risk of atrial fibrillation, we compared
binge drinkers and non–binge drinkers among the
moderate drinkers only, since 78.7% of binge
drinkers came from this group. In this analysis,
binge drinking was associated with an increased
risk of atrial fibrillation (adjusted HR 1.29, 95%
CI 1.02–1.62) compared with non–binge drinking
(incidence 8.6% [82/948] v. 7.7% [789/10 191]).

Subgroup analysis
In the subgroup analyses, increasing alcohol
consumption was consistently associated with an
increased risk of incident atrial fibrillation across
different categories of age, sex, and those with or
without hypertension or chronic renal disease
(Figure 2). No significant effect modification by
risk factors was found.

Competing risks
During the study, 3507 patients died: the deaths
involved 2354 (12.5%) of those in the low-, 1098
(9.9%) of those in the moderate- and 55 (10.6%)
of those in the high-consumption groups. The
fully adjusted HR for all-cause mortality was
0.79 (95% CI 0.73–0.85) among the moderate
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Table 3: Baseline characteristics of patients who were moderate drinkers, 
by binge-drinking status* 

Characteristic 

No. (%) of patients† 

No binge drinking 
n = 10 191 

Binge drinking 
n = 948 

Age, yr, mean ± SD 66.3 ± 7.2 64.1 ± 6.7 

Sex, female  1470 (14.4)   76   (8.0) 

Region   

 Americas 2 905 (28.5) 251 (26.5) 

 Europe 5 735 (56.3) 540 (57.0) 

 Australia/Asia 1 551 (15.2) 157 (16.6) 

Waist:hip ratio, mean ± SD 0.95 ± 0.08 0.96 ± 0.07 

Medical history   

 Coronary artery disease 8 267 (81.1) 756 (79.7) 

 Stroke/TIA 1 848 (18.1) 171 (18.0) 

 Peripheral artery disease 1 912 (18.8) 206 (21.7) 

 Hypertension 6 504 (63.8) 572 (60.3) 

 Diabetes 2 930 (28.8) 288 (30.4) 

 Chronic renal disease 2 385 (23.4) 202 (21.3) 

 Sleep apnea    625   (6.1)   72   (7.6) 

Use of statin 6 864 (67.4) 655 (69.1) 

Smoking status   

Never smoked 2 564 (25.2) 183 (19.3) 

Current/former smoker 7 617 (74.7) 764 (80.6) 

Education   

None    123   (1.2)     8   (0.8) 

1–8 yr 2 464 (24.2) 213 (22.5) 

9–12 yr 3 084 (30.3) 321 (33.9) 

University/trade school 4 515 (44.3) 406 (42.8) 

Physical activity‡   

Sedentary 2 918 (28.6) 282 (29.7) 

Moderate 2 687 (26.4) 264 (27.8) 

High 4 581 (45.0) 402 (42.4) 

Stress§   

Yes 6 604 (64.8) 606 (63.9) 

No 3 581 (35.2) 342 (36.1) 

Note: SD = standard deviation, TIA = transient ischemic attack. 
*Binge drinking = > 5 drinks/d at any one time or a calculated average intake of > 5 drinks/d; 
non-binge drinking = ≥ 1 drink/wk but not meeting the criterion for binge drinking; 
moderate consumption = 1–14 drinks/wk (about 2 drinks/d) for women, and 1–21 drinks/wk 
(about 3 drinks/d) for men. 
†Unless stated otherwise. 
‡Sedentary = physical activity once per week or less often, moderate = 2–4 times per week, 
high = ≥ 5 times per week. 
§Having had some or several periods of stress or permanent stress at work/home, or 
moderate or high worry about money. 



drinkers and 0.84 (95% CI 0.64–1.10) among
those in the high-consumption group, compared
with the low-consumption group. Using the Fine
and Gray regression model to examine the com-
peting risks of the effect of alcohol on death and
the effect on risk of atrial fibrillation, the
adjusted HR for risk of atrial fibrillation was
1.16 (95% CI 1.05–1.27) for the effect of moder-
ate alcohol intake compared with low intake and
1.33 (95% CI 9.98–1.92) for the effect of high
intake compared with low intake. These results
were consistent with the initial results of the Cox
regression on risk of atrial fibrillation.

Interpretation

In this large cohort of older people with cardio-
vascular disease or diabetes with end-organ dam-
age followed for 56 months, we found that mod-
erate alcohol intake, as defined using median
cut-off values based on guidelines used in vari-
ous countries,10 was associated with an increased

risk of atrial fibrillation. This finding remained
after we adjusted for many of the potential con-
founders shown to be associated with incident
atrial fibrillation. The magnitude of risk was
strongly and significantly related to alcohol
intake in a dose–response fashion irrespective of
other risk factors and lifestyle. Binge drinking,
even by those in the moderate-intake group, was
significantly associated with an increased inci-
dence of atrial fibrillation, with the magnitude of
risk comparable to habitual heavy drinking. Sub-
group analyses in our study showed a similar
pattern of results across all major subgroups.

Because moderate alcohol consumption has
been found to be associated with a reduced risk
of cardiovascular-related outcomes, including
death,13 the reduced risk of death that we ob -
served among participants who consumed mod-
erate levels of alcohol may allow them to survive
long enough to manifest the atrial fibrillation,
whereas patients at equal risk of atrial fibrillation
who drink little or no alcohol may die before the
atrial fibrillation reveals itself. However, when
this competing risk was examined by further
regression analyses, the HRs did not change
materially, which suggests that the harmful effect
of alcohol on atrial fibrillation persisted despite
the potential for competing risks from death.

Our findings are consistent with those from
most of the studies included in a meta-analysis
that showed a linear relation (rather than a J-
shaped or threshold curve) between alcohol con-
sumption and risk of atrial fibrillation.14 We
extend these findings by providing evidence of a
graded relation between alcohol intake and atrial
fibrillation among high-risk patients with existing
cardiovascular disease or diabetes. The incidence
rates of atrial fibrillation that we observed at each
level of alcohol intake in this high-risk population
were several times higher than the rates reported
in the general population or among patients with
diabetes.15,16 The absolute increase in risk of 2.8
events per 1000 person-years associated with
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Figure 1: Incidence of atrial fibrillation per 1000 person-years among 30 433
patients who had existing cardiovascular disease or diabetes with end-organ
damage, by age and level of alcohol consumption.

Table 4: Incidence of atrial fibrillation per 1000 person-years, by level of alcohol consumption* 

Alcohol  
consumption 

Men Women All 

Events, n/N Rate Events, n/N Rate Events, n/N Rate 
Standardized 

rate† 

Low    761/11 311 15.4 418/7 464 12.6 1 179/18 775 14.2 14.5 

Moderate    759/9 593 17.8 112/1 546 15.9    871/11 139 17.5 17.3 

High      38/465 18.5     5/54 20.0      43/519 18.7 20.8 

All 1 558/21 369 16.5 535/9 064 13.2 2 093/30 433 15.5 – 

*Low = < 1 drink/wk; moderate = 1–14 drinks/wk (about 2 drinks/d) for women and 1–21 drinks/wk (about 3 drinks/d) for men; high = > 14 drinks/wk (> 2 drinks/d) 
for women and > 21 drinks/wk (> 3 drinks/d) for men. 
†Standardized for age and sex. 



moderate alcohol consumption (Table 4) was
much higher than the absolute increases in risk
reported in the general  population.15,16

The effect of moderate alcohol consumption
on incident atrial fibrillation is less clear. Our
finding of an increased risk of incident atrial fib-
rillation associated with moderate alcohol con-
sumption among high-risk patients is in contrast
to that of several studies that found no increased
risk associated with moderate alcohol consump-
tion among people free of cardiovascular dis-
ease.15,17−20 In patients with existing cardiovascu-
lar disease, moderate alcohol consumption may
incur an equal, or possibly stronger, effect on the
risk of atrial fibrillation. 

Because drinking moderate quantities of alco-
hol was common in our study (36.6% of the par-
ticipants), our findings suggest that the effect of

increased alcohol consumption, even in moder-
ate amounts, on the risk of atrial fibrillation
among patients with existing cardiovascular dis-
ease may be considerable. Using Levin’s for-
mula for calculating attributable risk,21 we esti-
mated that, for every 100 events of atrial
fibrillation occurring in the population of moder-
ate drinkers, an estimated 4.9 events (95% CI
1.4–8.7) would be prevented if every person quit
drinking. This estimate is comparable to popula-
tion attributable risk estimates for several other
established cardiovascular risk factors.22,23

We also examined the effect of binge drinking
on the risk of atrial fibrillation in our cohort. The
limited data on the association between binge
drinking and atrial fibrillation among people
with healthy hearts7 suggested that heavy binge
drinking, as may occur on weekends or during
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Table 5: Crude and adjusted hazard ratios (HRs) for incident atrial fibrillation, by level of alcohol consumption* 

Alcohol 
consumption 

 

% (no.) of patients 
with incident atrial 

fibrillation 

HR (95% CI) 

Unadjusted 
analysis Model 1† Model 2‡ Model 3§ Model 4¶ 

Low 6.3 (1 179/18 775) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 

Moderate 7.8 (871/11 139) 1.23 (1.12–1.34) 1.15 (1.05–1.26) 1.16 (1.06–1.28) 1.14 (1.04–1.26) 1.14 (1.04–1.26) 

High 8.3 (43/519) 1.31 (0.97–1.78) 1.29 (0.95–1.76) 1.34 (0.99–1.83) 1.32 (0.97–1.80) 1.32 (0.97–1.80) 

p value for trend  < 0.001 0.001 < 0.001 0.002 0.002 

Note: CI = confidence interval, ref = reference category. 
*Low = < 1 drink/wk; moderate = 1–14 drinks/wk (about 2 drinks/d) for women and 1–21 drinks/wk (about 3 drinks/d) for men; high = > 14 drinks/wk (> 2 drinks/d) 
for women and > 21 drinks/wk (> 3 drinks/d) for men. 
†Model 1: Adjusted for age, sex, body mass index and region (Europe or Americas v. Australia/Asia). 
‡Model 2: Adjusted for covariates in model 1, plus medical history of coronary artery disease, stroke or transient ischemic attack, hypertension, diabetes, chronic 
renal disease, and sleep apnea. 
§Model 3: Adjusted for covariates in model 2, plus smoking status, education (1–8 yr, 9–12 yr or college/trade v. none), physical activity (2–4 times/wk or ≥ 5 
times/wk v. < 1 time/wk) and stress.  
¶Model 4: Adjusted for covariates in model 3, plus use of statin and treatment allocation (ramipril, telmisartan or both v. placebo) in the trials. 

Table 6: Crude and adjusted hazard ratios (HRs) for incident atrial fibrillation, by binge-drinking status* 

Alcohol 
consumption* 

 

% (no.) of patients 
with incident atrial 

fibrillation 

HR (95% CI) 

Unadjusted 
analysis Model 1† Model 2‡ Model 3§ Model 4¶ 

Low 6.3 (1179/18 775) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 

Moderate or high       

No binge drinking 7.8 (814/10 454) 1.22 (1.12–1.33) 1.14 (1.03–1.25) 1.15 (1.05–1.26) 1.13 (1.03–1.24) 1.13 (1.03–1.24) 

Binge drinking 8.3 (100/1 204) 1.31 (1.07–1.61) 1.34 (1.09–1.65) 1.38 (1.12–1.69) 1.36 (1.10–1.67) 1.35 (1.10–1.67) 

p value for trend  < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Note: CI = confidence interval, ref = reference category. 
*Binge drinking = > 5 drinks/d at any one time or a calculated average intake of > 5 drinks/d; non-binge drinking = ≥ 1 drink/wk but not meeting the criterion for 
binge drinking; low = < 1 drink/wk; moderate = 1–14 drinks/wk (about 2 drinks/d) for women and 1–21 drinks/wk (about 3 drinks/d) for men; high = > 14 drinks/wk 
(> 2 drinks/d) for women and > 21 drinks/wk (> 3 drinks/d) for men. 
†Model 1: Adjusted for age, sex, body mass index and region (Europe or Americas v. Australia/Asia). 
‡Model 2: Adjusted for covariates in model 1, plus medical history of coronary artery disease, stroke or transient ischemic attack, hypertension, diabetes, chronic 
renal disease, and sleep apnea. 
§Model 3: Adjusted for covariates in model 2, plus smoking status, education (1–8 yr, 9–12 yr or college/trade v. none), physical activity (2–4 times/wk or ≥ 5 
times/wk v. < 1 time/wk) and stress.  
¶Model 4: Adjusted for covariates in model 3, plus use of statin and treatment allocation (ramipril, telmisartan or both v. placebo) in the trials. 



holidays (“holiday heart syndrome”) may
increase the risk in general, but it was unknown
whether this would be the case among patients at
high risk of cardiovascular events, who do not
tend to indulge in heavy binge drinking. Our
study showed that the occasional habit of binge
drinking placed moderate drinkers at increased
risk. Of note, the association between moderate
alcohol consumption and atrial fibrillation risk
was robust after we excluded binge drinkers
from the analysis, and the dose–response relation
between alcohol intake and risk of atrial fibrilla-
tion was  maintained.

The underlying mechanisms linking alcohol
intake to atrial fibrillation are likely multifactor-
ial. Several experimental studies suggest associ-
ated harmful effects on maintenance of normal
heart rhythm,14 including a hyperadrenergic state
and impairment of vagal tone. Acute alcohol
intake in healthy men has been shown to de -
crease heart rate variability because of dimin-
ished vagal modulation.24 Increased alcohol
intake shortens the effective refractory period of
the right atrium, which promotes propagation of
a critically timed premature atrial complex.25

Conduction block occurs in some instances,26
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Figure 2: Adjusted hazard ratios (HRs) for atrial fibrillation associated with increasing levels of alcohol consumption among patients who
had existing cardiovascular disease or diabetes with end-organ damage, stratified by patient characteristics. An HR greater than 1.0 indi-
cates an increased risk of atrial fibrillation. *Adjusted for all other factors listed. CI = confidence interval, ref = reference category.



which sets up a disturbed milieu conducive to
triggering atrial fibrillation. In patients with sta-
ble coronary artery disease, a moderate amount
of alcohol ingestion (1.25 g/kg per day) has
elicited a significant decrease in vagal modula-
tion of the heart initially, followed by a shift to
sympathetic predominance and increased vaso-
motor activity.27 Moreover, alcohol intake lead-
ing to cardiomyopathy, increased thickening and
scarring of cardiac connective tissue, altered
oxidative stress, induced electrolyte imbalance
and negative inotropic effect through calcium-
channel inhibition in ventricular cells may also
play roles in the pathogenic process.

Strengths and limitations
We examined the association between alcohol
consumption and risk of atrial fibrillation in a
cohort of high-risk older patients with existing
cardiovascular disease or diabetes, in contrast to
other studies that involved otherwise healthy
individuals in the general population. Other
strengths of our study are its prospective design,
the large sample, the large number of events,
worldwide participants, the availability of de -
tailed covariates that could be used to adjust for
a broad range of potential confounders, high
completeness of systematically collected data
and confirmed outcomes.

Our study had limitations. First, alcohol
intake was self-reported at baseline but was not
assessed during follow-up. Any changes in alco-
hol consumption over time would not have been
captured. Second, the proportion of participants
who were heavy drinkers was small, because
those who were recruited and who remained in
the trials were unlikely to include the heaviest
drinkers. Third, recorded levels of alcohol inges-
tion may have been influenced by observer and
respondent interpretation; however, the definition
we used is commonly used in epidemiologic
studies. Fourth, because ECGs were not required
at each follow-up visit, episodes of asympto-
matic paroxysmal atrial fibrillation may have
been missed; therefore, the incidence of atrial
fibrillation may be underestimated. Fifth,
patients with atrial fibrillation at baseline were
excluded from our analysis. Such patients may
have had atrial fibrillation as a result of alcohol
consumption; therefore, the association between
alcohol consumption and atrial fibrillation may
be underestimated. Finally, information on thy-
roid function was not available.

Conclusion
Moderate to high alcohol intake was associated
with an increased incidence of atrial fibrillation
among patients aged 55 or older with existing

cardiovascular disease or diabetes. Among mod-
erate drinkers, the effect of binge drinking on the
risk of atrial fibrillation was similar to that of
habitual heavy drinking. Recommendations about
the protective effects of moderate alcohol intake
in patients at high risk of cardiovascular disease
may need to be tempered with these  findings.
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