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ABSTRACT
Objective To assess alcohol intake as a risk factor for
adverse events among patients with incident atrial
fibrillation (AF).
Design Prospective cohort study.
Setting Population based cohort study and nationwide
Danish registries.
Patients The Danish Diet, Cancer and Health study
included 57 053 participants (27 178 men and 29 875
women) aged between 50 and 64 years. The study
population for this study included the 3107 participants
(1999 men, 1108 women) who developed incident AF
after inclusion.
Main outcome measures A composite of
thromboembolism or death.
Results During a median follow-up of 4.9 years 608
deaths and 211 thromboembolic events occurred. Of
those who developed AF, 690 (35%) men and 233
(21%) women had a high intake of alcohol (>20 drinks/
week for men and >13 drinks/week for women). After
adjustment for use of oral anticoagulation and
components of the CHA2DS2-VASc score, men with an
intake of >27 drinks/week had a higher risk for
thromboembolism or death (hazard ratio (HR) 1.33,
95% CI 1.08 to 1.63) than men with an intake of <14
drinks/week. Women with an intake of >20 drinks/week
also had a higher risk (HR 1.23, 95% CI 0.78 to 1.96)
than women in the low intake category. The higher risk
among men was primarily driven by mortality (HR 1.51,
95% CI 1.20 to 1.89), whereas the risk found among
women was driven by thromboembolism (HR 1.71, 95%
CI 0.81 to 3.60).
Conclusions High alcohol intake predicts
thromboembolism or death, even after adjustment for
established clinical risk factors, and may help identify
high risk AF patients who could be targeted for stroke
and cardiovascular prevention strategies.

INTRODUCTION
Atrial fibrillation (AF) is the most common sus-
tained cardiac rhythm disorder, and is associated
with a substantial risk of mortality and morbidity
from ischaemic stroke and arterial thromboembol-
ism. A variety of clinical risk stratification schemes
aiming to identify high risk patients suitable for
oral anticoagulation exist, the most widely used
being the CHADS2 and CHA2DS2-VASc scores.

1 2

Alcohol has been estimated to account for 3.8%
of all deaths and 4.6% of all diseases and injuries
worldwide.3 The intake of alcohol in light to mod-
erate amounts is, however, associated with a lower
risk of cardiovascular as well as all cause mortality,

whereas heavier use is associated with a higher
risk.4 The same pattern has been observed with
alcohol intake and risk of stroke.5 6 A recent
meta-analysis concluded that moderate to high
alcohol intake is associated with a greater risk of
developing AF, whereas the impact of light drinking
remains uncertain.7

Alcohol use or abuse has not been determined as
a risk factor for ischaemic stroke and mortality in
AF patients. In contrast, alcohol abuse has been
considered a contraindication to oral anticoagula-
tion with the vitamin K antagonist (VKA) class of
drugs (eg, warfarin), and alcohol intake—even in
moderate amounts (eg, from >8 drinks per week)
—has been implemented in some clinical risk
scores for bleeding risk assessment among AF
patients.8–10

Previous studies of the association between
alcohol intake and adverse events among AF
patients have been restricted to dichotomous ana-
lyses from randomised trial cohorts,11 12 or has
been limited by few subjects with a heavy intake.13

Thus, the relationship between the full range of
alcohol intake on outcomes has not been investi-
gated prospectively with long term follow-up in a
large non-selected AF cohort.
The objective of this study was to assess pro-

spectively the associations of alcohol intake and the
long term risk of thromboembolism and death
among AF patients, by analysing data from the
large Danish Diet, Cancer, and Health cohort
study. We hypothesised that the relationship
between alcohol intake and the risk of thrombo-
embolic events and death would be either J or U
shaped, with the highest risk among heavy users.

METHODS
The Diet, Cancer and Health cohort was estab-
lished between 1993 and 1997, originally enrolling
57 053 participants (27 178 men and 29 875
women). The study design has been reported in
detail elsewhere.14 Cross linkage between the
cohort participants and the National Civil
Registration system together with the National
Patient Register15 provided detailed information on
incident AF, thromboembolism, and death and spe-
cific information about censoring from emigration
and death during follow-up.

Incident cases of AF
The cohort subjects were linked to the National
Patient Register, dating back to 1977, using the
Danish Personal Identification number. This is a
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unique and national identification number, which is part of the
personal information stored in the Civil Registration System.
The study population in the present study included participants
who developed incident AF during follow-up.

Codes from the International Classification of Diseases, 10th
revision (ICD-10) were used to extract admissions for AF. This
includes all patients diagnosed with AF in hospital or ambulator-
ies, but not from general practice. AF and atrial flutter have one
common ICD-10 code (I48). Therefore, some atrial flutter cases
have been included in the present study.

Alcohol intake and drinking pattern
All participants filled in a detailed semiquantitative food and
drink frequency questionnaire at entry and 5 years after entry
into the cohort, which has been described and validated previ-
ously.16 17 Exposure data were extracted from the questionnaire
closest to but before the first diagnosis of AF. Participants
reported detailed information on both frequency of intake and
type of alcohol beverages consumed within the last year. The
number of standard drinks per week (12 g of ethanol) was cal-
culated on the basis of the assumed alcohol content in the dif-
ferent alcoholic beverages. People who reported no alcohol
intake during the last year in both questionnaires were cate-
gorised as abstainers. These details were used to generate an
exposure variable describing the weekly alcohol intake into five
categories for women: abstainers, <7, 7–13, 13–20 and >20
drinks; and five categories for men: abstainers, <14, 14–20,
21–27 and >27 drinks.

Comorbid variables
To determine the different comorbid variables a method used
by Olesen et al18 was adapted. ICD codes and ATC (Anatomical
Therapeutic Chemical) drug codes used for determining the
comorbid variables are available in online web-only table 1.

Outcomes
We defined our primary outcome as the composite of ‘thrombo-
embolism or death’, with thromboembolism comprising ischaemic
stroke and arterial thromboembolism. Secondary analyses were
performed for the components of the primary composite end
point, that is, ‘thromboembolism’ and ‘death’. Information on
emigration or death was available from the National Civil
Registration System, and incident cases of ischaemic stroke using
ICD-10 (I63.0–I63.9, I64.9) and arterial thromboembolism using
ICD-10 (I74.0–I74.9) were found in the National Patient Register.

Statistical methods
Association of reported alcohol intake on risk of event was
reported in terms of incidence rates for the weekly intake

groups and subsequently analysed by means of Cox propor-
tional regression using time since AF as the underlying time
scale. End of study (30 December 2009) or emigration was con-
sidered as outcome independent censoring. For the secondary
outcome event thromboembolism, death was considered as a
censoring event.

All analyses were stratified by sex. The associations are
reported as a crude measure of association and after adjustment
for the risk factors recommended in current stroke prevention
guidelines, essentially the CHA2DS2-VASc components.19–21

The risk factors were derived at time of AF diagnosis and
assumed to be constant throughout time at risk. Both crude and
adjusted analyses are adjusted for the effect of VKA treatment,
incorporated as a time varying covariate. This was possible as all
prescriptions handled in Danish pharmacies are reported to a
common database. As there is no prior hypothesis on the asso-
ciations of alcohol exposure in terms of the number of standard
drinks per week, the effect was further modelled using a natural
cubic spline and presented graphically. Data were analysed using
Stata V.12 (Stata Corporation, College Station, Texas, USA).
A value of p<0.05 was considered statistically significant.

RESULTS
We identified 3366 patients with incident AF during follow-up.
Of those, 259 (7.7%) patients were excluded from the final ana-
lyses (figure 1), leaving a study population of 3107 cases: 1999
men and 1108 women.

Baseline characteristics according to weekly alcohol intake are
presented in table 1 for men and table 2 for women. Men had a
median age of 66.5 years, with a median follow-up of 4.9 years,
and a median weekly alcohol intake of 12.5 drinks (10th–90th
centile, 2.1–40.7) (table 1). Only 43 (2%) males reported being
abstainers and 690 (35%) patients had a weekly alcohol intake
above the Danish recommended male maximum of 21 drinks
per week. Around 25% had a CHA2DS2-VASc score of 0.

Women had a median age of 67.8 years, with a median
follow-up of 4.7 years and a median weekly alcohol intake of
5.6 drinks per week (10th–90th centile, 0.7–21.7) (table 2).
Only 45 (4%) females reported being abstainers and 233 (21%)
reported having a weekly alcohol intake above the Danish
recommended female maximum of 14 drinks per week. Around
21% had a CHA2DS2-VASc score of 1 (women cannot score 0).

Follow-up
During 17 089 person years of follow-up, 608 patients died and
211 had a thromboembolic event. Crude incidence rates for men
and women are available in online web-only table 2. Hazard
ratios (HRs) at full follow-up are presented in table 3 for men

Figure 1 Inclusion of the study
population. CPR (unique and national
identification number).
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and table 4 for women. Results for the entire cohort without
stratification for sex are shown in online web-only table 3.

Among men, the group with an intake of <14 drinks per
week was used as reference. After multivariate analysis the
highest risk of ‘thromboembolism or death’ among men was
found among abstainers (HR 1.62, 95% CI 0.99 to 2.66). Men
with an intake of >27 drinks per week also had a significantly
higher risk after multivariate adjustment (HR 1.33, 95% CI
1.08 to 1.63). This higher risk was primarily driven by a differ-
ence in mortality (HR 1.51, 95% CI 1.20 to 1.89). Further
adjustment for frequency of intake did not influence the results
for men.

Among women, subjects with a weekly intake of <7 drinks
was used as reference. After multivariate analysis a trend for the
highest risk of ‘thromboembolism or death’ was found among
women with an intake of 14–20 drinks per week (HR 1.25,
95% CI 0.82 to 1.92), which was very similar to the risk found
among women in the highest intake category of >20 drinks per
week (HR 1.23, 95% CI 0.78 to 1.96). Abstainers had the
lowest risk (HR 0.76, 95% CI 0.38 to 1.50). The higher risk
seen among women with an intake of 14–20 drinks per week
was driven by a difference in mortality, whereas the higher risk
seen among women with an intake of ≥20 drinks per week was
driven mainly by a difference in risk of thromboembolism,
which was significant when adjusted for frequency of intake
(HR 2.78, 95% CI 1.02 to 7.60).

An analysis of the low risk subgroup of men with
CHA2DS2-VASc=0 and women with CHA2DS2-VASc=1 accord-
ing to alcohol intake is presented in online web-only table
4. The higher risk of thromboembolism and death was also

evident in men with CHA2DS2-VASc=0 and an intake of >27
drinks per week (HR 1.88, 95% CI 1.18 to 2.99). A higher risk
was again seen among the nine male abstainers, but the HR
should be interpreted with caution given the small numbers. A
non-significant trend was seen among the small numbers of
women with CHA2DS2-VASc=1 and an intake of >14 drinks
per week.

In figure 2 the number of drinks per week are modelled as
cubic splines. For men (figure 2A), the risk of the composite
end point of thromboembolism or death was greater with
higher intake of alcohol. For both secondary outcomes of
‘thromboembolism’ and ‘death’ separately, roughly similar
curves were seen, although the association was stronger for
death than for thromboembolism.

For women (figure 2B), the risk for the composite end point
was higher with higher intake of alcohol until a peak at around
30 drinks weekly, after which the curve declined slightly.
Analyses of the secondary end points of thromboembolism and
death revealed that women had a higher risk for ‘thrombo-
embolism’ with higher intake of alcohol in a dose–response
matter, whereas the curve for ‘death’ rose until around 20
drinks weekly and thereafter declined to a level below one for
the highest number of drinks per week.

To investigate whether the higher risk of mortality observed
among men was caused by fatal bleeding events, we censored all
patients with a major bleeding (see online web-only table 1 for
ICD codes) followed by death within 30 days, and this did not
attenuate the association (data not shown). As alcohol is also
related to the development of cancer, we censored all patients
who were given a cancer diagnosis during follow-up in a

Table 1 Clinical characteristics of men according to weekly alcohol intake

Alcohol intake, drinks* per week

All men Abstainer <14 14–20 21–27 >27

Subjects, n 1999 43 1025 241 234 456
Drinks per week (median, (10%; 90%)) 12.5 (2.1–40.7) N/A 6.9 (1.5–11.9) 18.4 (14.9–20.7) 23.8 (21.4–26.3) 38.8 (28.6–64.7)
Years of follow-up (median (10%; 90%)) 4.9 (1.0–11.3) 5.3 (1.8–11.5) 5.0 (1.0–11.2) 4.7 (1.0–11.2) 4.9 (0.9–11.6) 4.8 (1.1–11.4)
Age, years (median (10%; 90%)) 66.5 (58.8–73.9) 66.8 (60.0–73.3) 66.7 (59.1–74.4) 66.5 (58.8–73.7) 66.5 (58.8–73.8) 66.4 (58.5–73.5)
Age ≥75 years 6.7 4.9 7.7 6.6 6.0 5.0
Age 65–74 years 53.4 62.8 52.7 52.7 54.3 53.9

Heart failure 7.5 11.6 8.1 6.2 5.6 7.2
Hypertension 27.7 20.9 29.1 27.8 25.6 26.1
Diabetes 15.3 18.6 15.0 17.4 11.5 16.4
Previous
Ischaemic stroke 6.4 7.0 7.0 5.8 6.8 5.0
Transient ischaemic attack 3.0 0.0 3.3 2.6 4.3 2.2
Arterial thromboembolism 0.6 2.3 0.7 0.0 0.0 0.9

Haemorrhagic stroke 1.0 0.0 0.5 1.7 0.9 1.5
Vascular disease
Previous myocardial infarction 13.3 18.6 15.1 11.6 9.4 11.4
Aortic plaque 0.4 2.3 0.4 0.4 0.0 0.2
Peripheral artery disease 4.6 7.0 3.5 5.0 4.7 6.4

VKA treated 21.7 23.3 21.2 22.8 20.5 22.8
CHADS2 (mean) 0.83 0.81 0.86 0.82 0.74 0.81
0 50.5 44.1 49.3 49.4 57.7 50.4
1 28.0 34.9 28.2 31.1 22.2 28.3
≥2 21.5 20.9 22.4 19.5 20.1 21.3

CHA2DS2-VASc=0 24.9 20.9 24.8 23.2 26.1 25.9

Data are percentages unless otherwise stated.
*One drink corresponds to 12 g of pure alcohol.
VKA, vitamin K antagonist.
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sensitivity analysis. The associations between alcohol intake and
thromboembolism and death were still present (data not
shown).

DISCUSSION
In this study we found that among men with AF, abstainers and
heavy users (>27 drinks per week) of alcohol had the highest
risk of ‘thromboembolism or death’, even after adjustment for
well known stroke risk factors used in current guidelines.
Among women, subjects with an intake above 14 drinks per
week had the highest risk of thromboembolism or death after
adjustment for known stroke risk factors, whereas abstainers
were not at higher risk. Our hypothesis of abstainers and heavy
users having the highest risk was hereby confirmed, except
abstaining women did not have a higher risk. Generally, the
higher risk seen among men was mainly driven by death,
whereas the higher risk among female heavy alcohol users was
driven by thromboembolism. The higher risk of death found
among men was not explained by either cancer or fatal bleeding.
Further adjustment for frequency of intake indicated that drink-
ing pattern was of more importance for women, as the measures
of association changed for women but not for men.

Strengths and limitations
The Diet, Cancer and Health study population is a selected
population where only about 35% of those invited agreed to
participate. Also, we relied on hospital discharge diagnoses to
diagnose AF. It is, however, unlikely that the association
between alcohol intake and thromboembolism or death is sys-
tematically different between identified and non-identified

participants with AF. A validation study indicated a positive pre-
dictive value of >92% for AF diagnoses.22 The participants
were followed in national registries with very limited loss to
follow-up, and thus the study is unlikely to be subject to selec-
tion bias.

It is important to realise that this is not a study of the actual
effect of alcohol per se but merely of the associations between
reported alcohol intake and risk of outcomes. Due to the self-
reported nature of alcohol intake, some AF patients might have
been misclassified. However, this only mirrors the ‘real life’ clin-
ical situation in which a physician would retrieve information
about a patient’s alcohol intake in a clinical history—that is, self-
reported. Nonetheless, changes in drinking pattern may have
occurred during follow-up, and this was not taken into account.
However, we minimised this risk by assessing alcohol intake
closest to, but before, first diagnosis of AF. Follow-up for vital
status was almost complete, and the predictive values for stroke
diagnoses is >80% and most likely not associated with reported
alcohol intake obtained from questionnaires. Information bias is
thus not a likely explanation of the study results.

In the first analyses VKA treatment was taken into account,
but we had no information on international normalised ratio
(INR) values. The time axis was time from the diagnosis of AF
and thus closely controlled for. We did not differentiate
between subtypes of AF, which may have differed among
alcohol subgroups. We focused on the possible added value
compared to use of current guidelines,19–21 and components of
the CHA2DS2-VASc risk score were therefore included in multi-
variate analyses. Heavy alcohol users are most likely also asso-
ciated with other lifestyle risk factors for thromboembolism and

Table 2 Clinical characteristics of women according to weekly alcohol intake

Alcohol intake, drinks* per week

All women Abstainer <7 7–13 14–20 >20

Subjects, n 1108 45 601 229 110 123
Drinks per week (median, (10%; 90%)) 5.6 (0.7–21.7) N/A 2.3 (0.6–6.2) 9.3 (7.4–12.2) 18.8 (15.0–20.2) 26.5 (21.7–40.9)
Years of follow-up (median (10%; 90%)) 4.7 (1.0–10.8) 4.2 (1.1–11.4) 4.8 (1.0–11.0) 4.9 (0.9–11.0) 5.3 (1.4–10.5) 3.1 (0.7–9.5)
Age, years (median (10%; 90%)) 67.8 (60.2–74.6) 68.7 (61.4–73.6) 67.8 (59.6–74.5) 67.2 (60.3–75.1) 68.2 (60.5–74.2) 68.9 (60.2–74.6)
Age ≥75 years 9.1 8.9 8.7 10.5 7.3 10.6
Age 65–74 years 59.4 57.8 59.9 56.3 60.9 61.8

Heart failure 5.6 8.9 8.8 3.1 5.5 1.6
Hypertension 28.0 33.3 29.6 23.6 25.5 28.5
Diabetes 11.4 26.7 12.1 9.6 3.6 12.2
Previous
Ischaemic stroke 6.0 6.7 5.5 7.9 5.5 4.9
TIA 3.6 8.9 4.0 1.3 2.7 4.9
Arterial thromboembolism 0.4 0.0 0.2 1.3 0.9 0.0

Haemorrhagic stroke 1.4 0.0 1.7 1.7 0.9 0.0
Vascular disease:
Previous MI 6.5 4.4 8.0 5.2 7.3 1.6
Aortic plaque 0.5 2.2 0.5 0.0 0.0 0.8
Peripheral artery disease 2.7 2.2 3.0 1.3 3.6 3.3

VKA treated 14.4 6.7 15.5 10.0 14.5 20.3
CHADS2 (mean) 0.81 1.16 0.82 0.79 0.64 0.78
0 50.8 37.8 51.1 52.0 54.5 48.8
1 29.0 31.1 27.0 29.7 33.6 32.5
≥2 20.2 31.1 22.0 18.3 11.8 18.7

CHA2DS2-VASc=1 21.3 17.8 21.1 22.7 20.9 21.1

Data are percentages unless otherwise stated.
*One drink corresponds to 12 g of pure alcohol.
MI, myocardial infarction; TIA, transient ischaemic attack; VKA, vitamin K antagonist
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death. These risk factors would have been potential confounders
if the aim had been to specify the independent association for
alcohol, but not in this study concerning a possible added value
to existing risk stratification strategies. Confounding by other
known stroke risk factors is therefore not an issue of concern.

Few studies have investigated the associations between
reported alcohol intake and risk of thromboembolism and death
in AF patients. An analysis of 2012 participants from the SPAF
(Stroke Prevention in Atrial Fibrillation) I–III trials found inci-
dence rates for ischaemic stroke to be lower with higher
reported alcohol intake, and that users of alcohol had a lower
risk than non-users (HR 0.4, p=0.04).12 However, dichotomisa-
tion is not discriminatory enough, and non-users may include
previous users who have stopped drinking due to health issues.

Thus, using ‘non-users’ as reference could therefore give a
biased image of the true associations, and is therefore not
optimal when trying to identify high risk subjects.23 Similarly,
data from the anticoagulated arms of the SPORTIF
(Stroke Prevention Using Oral Thrombin Inhibitor In Atrial
Fibrillation) III and IV trials found users of alcohol to have a
lower risk of stroke or systemic embolism than non-users (HR
0.69, 95% CI 0.51 to 0.93).11 In our sex stratified analysis, only
abstaining men had a higher risk, whereas abstaining women
were not at higher risk. This may reflect the fact that abstaining
men could be previous heavy users of alcohol. Nonetheless, our
cohort had few abstainers and change might have influenced
these results. We also observed other differences between men
and women, as the higher risk among heavy drinkers in men

Table 4 Hazard ratios (95% CI) for thromboembolism and death according to weekly alcohol intake for women with incident atrial fibrillation

Alcohol intake, drinks* per week

Abstainers <7 (reference) 7 to 13 14 to 20 >20

Subjects, n 45 601 229 110 123
Thromboembolism or death
VKA adjusted† 0.90 (0.46 to 1.76) 1 0.94 (0.67 to 1.32) 1.20 (0.78 to 1.83) 1.08 (0.68 to 1.70)
Multi adjusted‡ 0.76 (0.38 to 1.50) 1 1.06 (0.74 to 1.50) 1.25 (0.82 to 1.92) 1.23 (0.78 to 1.96)
Frequency adjusted§ 0.70 (0.35 to 1.40) 1 1.30 (0.85 to 2.01) 1.66 (0.96 to 2.86) 1.71 (0.93 to 3.14)

Thromboembolism
VKA adjusted 0.75 (0.18 to 3.13) 1 1.03 (0.56 to 1.91) 0.77 (0.30 to 1.97) 1.53 (0.73 to 3.17)
Multi adjusted 0.66 (0.16 to 2.79) 1 1.14 (0.61 to 2.13) 0.77 (0.301.98) to 1.71 (0.81 to 3.60)
Frequency adjusted 0.68 (0.16 to 2.94) 1 1.45 (0.68 to 3.11) 1.11 (0.37 to 3.28) 2.78 (1.02 to 7.60)

Death
VKA adjusted 0.84 (0.39 to 1.81) 1 0.93 (0.63 to 1.37) 1.24 (0.77 to 1.98) 0.97 (0.57 to 1.64)
Multi adjusted 0.72 (0.33 to 1.55) 1 1.06 (0.72 to 1.57) 1.29 (0.80 to 2.08) 1.10 (0.64 to 1.89)
Frequency adjusted 0.65 (0.30 to 1.42) 1 1.29 (0.79 to 2.10) 1.65 (0.89 to 3.03) 1.44 (0.72 to 2.87)

Thromboembolism: includes ischaemic stroke or peripheral arterial thromboembolism. Measures of association in bold indicates statistical significance.
*One drink equates to 12 g of pure alcohol.
†Calculated using Cox’s regression with time since atrial fibrillation diagnosis as underlying time variable and adjusted for VKA treatment.
‡Further adjustment for CHA2DS2-VASc components.
§Also adjusted for frequency of intake (not weekly, non-daily or daily).
VKA, vitamin K antagonist.

Table 3 Hazard ratios (95% CI) for thromboembolism and death according to weekly alcohol intake for men with incident atrial fibrillation

Alcohol intake, drinks* per week

Abstainers <14 (reference) 14–20 21–27 >27

Subjects, n 43 1025 241 234 456
Thromboembolism or death
VKA adjusted† 1.82 (1.11 to 2.97) 1 0.92 (0.69 to 1.24) 1.02 (0.76 to 1.36) 1.36 (1.11 to 1.66)
Multi adjusted‡ 1.62 (0.99 to 2.66) 1 0.99 (0.74 to 1.32) 1.11 (0.83 to 1.47) 1.33 (1.08 to 1.63)
Frequency adjusted§ 1.28 (0.75 to 2.18) 1 0.97 (0.70 to 1.33) 1.07 (0.77 to 1.47) 1.26 (0.98 to 1.63)

Thromboembolism
VKA adjusted 1.30 (0.47 to 3.56) 1 0.65 (0.36 to 1.20) 1.03 (0.61 to 1.71) 0.99 (0.66 to 1.49)
Multi adjusted 1.19 (0.43 to 3.28) 1 0.72 (0.39 to 1.33) 1.08 (0.65 to 1.80) 1.02 (0.68 to 1.54)
Frequency adjusted 0.95 (0.32 to 2.79) 1 0.75 (0.39 to 1.44) 1.10 (0.62 to 1.98) 1.04 (0.62 to 1.73)

Death
VKA adjusted 1.16 (0.64 to 2.12) 1 1.03 (0.72 to 1.47) 1.03 (0.71 to 1.48) 1.45 (1.09 to 1.94)
Multi adjusted 1.60 (0.91 to 2.81) 1 1.08 (0.79 to 1.49) 1.10 (0.80 to 1.52) 1.51 (1.20 to 1.89)
Frequency adjusted 1.25 (0.69 to 2.29) 1 1.05 (0.74 to 1.49) 1.04 (0.73 to 1.49) 1.40 (1.06 to 1.86)

Thromboembolism: includes ischaemic stroke or peripheral arterial thromboembolism. Measures of association in bold indicate statistical significance.
*One drink equates to 12 g of pure alcohol.
†Calculated using Cox’s regression with time since atrial fibrillation diagnosis as underlying time variable and adjusted for VKA treatment.
‡Further adjustment for CHA2DS2-VASc components.
§Also adjusted for frequency of intake (not weekly, non-daily or daily).
VKA, vitamin K antagonist.
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was driven by mortality in contrast to thromboembolism in
women. On a general population level heavy alcohol intake is
associated with stroke and death among both men and women.6

Considering this is not a study of the effect of alcohol, these dif-
ferences might pertain to differences in lifestyle between sexes
that were not taken into account in the present analyses.

In the Cardiovascular Health Study, Mukamal and colleagues
investigated the relationship between reported alcohol intake
and mortality among 1232 AF patients.13 After multivariate
analysis, including adjustment for concurrent warfarin treat-
ment, all groups of alcohol users had a lower risk of death com-
pared with never drinkers, with the highest intake category
defined as ≥14 drinks per week. Thus, they mainly studied the
associations for moderate alcohol intake, as the average intake
among incident AF cases was quite low (2.6 drinks per week
against 15.0 drinks per week in the present analysis).

Clinical implications
We have chosen a composite end point including the outcomes
affected by intervention with oral anticoagulation, since VKA
use prevents both thromboembolism and death in AF patients.24

Importantly, some deaths in our study are likely to be due to
undiagnosed ischaemic stroke caused by the register based
nature of the dataset. The two most widely used stroke risk
stratification schemes, CHADS2 and CHA2DS2-VASc, are
capable of predicting both stroke and death among AF
patients.25

In recent years, two new oral anticoagulants have gained
approval for stroke prevention in AF patients, with one add-
itional drug nearing approval.26–28 Each has fundamentally dif-
ferent pharmacokinetic properties than the VKAs, and their
anticoagulant effects are not directly affected by high intake of
alcohol. The role of alcohol as a risk factor for bleeding in
anticoagulated patients will thus potentially diminish, as the
new oral anticoagulants will become more widely used.
Reported alcohol intake may then help to identify subjects at
high risk for ischaemic events without worrying about alcohol

interfering with the anticoagulant effect of these new and safer
agents. Importantly, we found indications that even among
those considered low risk subjects (men with CHA2DS2-VASc=0
and women with CHA2DS2-VASc=1) alcohol intake might help
to differentiate them into low risk and high risk patients, but
due to small numbers further studies are needed to confirm this.

Further studies are also needed to confirm our results in an
AF cohort with older participants and other ethnic groups, as
our cohort was relatively young and predominantly white. If
confirmed, self-reported alcohol intake may help identify sub-
jects potentially at high risk of thromboembolic events and
death once diagnosed with incident AF.

CONCLUSION
High alcohol intake predicts ‘thromboembolism or death’, even
after taking into account clinical risk factors recommended by
current guidelines. High alcohol consumption may help identify
AF patients with a higher risk for ‘thromboembolism or death’,
who could be targeted for stroke and cardiovascular prevention
strategies.
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Web-only table 1. ICD-codes and ATC drug codes used in the study. 

 

 

 

Diagnosis ICD-8 codes ICD-10 codes Drug code 

Heart failure 425, 4270, 4271 I110, I42, I50, J819 C03C 

Hypertension N/A N/A 

C02A, C02B, C02C, C02DA, 

C02L, C03A, C03B, C03D, 

C03E, C03X, C07C, C07D, 

C08G, C09BA, C09DA, C09X, 

A52, C02DB, C02DD, C02DG, 

C04, C05, C07, C07F, C08, 

C09BB, C09DB, C09 

Thromboembolism 

and transient 

ischemic attack 

433-438, 444, 450 
G458, G459, I26, 

I63, I64, I74 
N/A 

Vascular disease 410, 440 
I21, I22, I700, 

I702-I709 
N/A 

Diabetes 249, 250 E10, E11, E14 A10 

Intracranial 

bleeding 
N/A I60-62 N/A 

Gastrointestinal 

bleeding 

N/A 

I850, K250, K252, 

K254, K256, K260, 

K262, K264, K266, 

K270, K272, K274, 

K276 K280, K920, 

K921 

N/A 

Haematuria N/A N02, R31 N/A 

N/A: not applicable, i.e. not used for this study. 



Web-only table 2. Incidence rates per 100 person years for men (top) and women (bottom) with 

incident atrial fibrillation according to weekly alcohol intake. 

 

Alcohol intake, drinks
*
 per week 

Men (n=1,999) Abstainers <14 14 to 20 21 to 27 >27 

Thromboembolism
†
 

or death 

9.5 

(5.9-15.2) 

5.3 

(4.7-6.0) 

4.9 

(3.8-6.4) 

5.5 

(4.2-7.1) 

7.3 

(6.2-8.6) 

Thromboembolism 
2.2 

(0.8-5.9) 

1.6 

(1.3-2.1) 

1.1 

(0.6-1.9) 

1.7 

(1.1-2.7) 

1.7 

(1.2-2.3) 

Death 
6.8 

(3.9-11.7) 

3.9 

(3.4-4.5) 

4.1 

(3.1-5.5) 

4.1 

(3.1-5.5) 

6.1 

(5.2-7.3) 

 

Women (n=1,108) Abstainers <7 7 to 13 14 to 20 >20 

Thromboembolism 

or death 

6.8 

(3.9-11.7) 

3.9 

(3.4-4.5) 

4.1 

(3.1-5.5) 

4.1 

(3.1-5.5) 

6.1 

(5.2-7.3) 

Thromboembolism 
1.0 

(0.3-4.1) 

1.3 

(0.9-1.8) 

1.4 

(0.8-2.3) 

1.0 

(0.4-2.4) 

2.0 

(1.0-3.8) 

Death 
3.6 

(1.7-7.5) 

3.4 

(2.8-4.2) 

3.2 

(2.3-4.5) 

4.0 

(2.6-6.2) 

3.3 

(2.0-5.3) 

* 1 drink corresponds to 12 grams of ethanol; † comprising ischemic stroke or arterial 

thromboembolism. 

 

 

 



Web-only table 3. Hazard ratios (95% confidence interval) for thromboembolism and death 

according to weekly alcohol intake for the entire cohort. 

 
 Alcohol intake, drinks

*
 per week 

Abstainers < 7/14 

(reference) 

14 to 20/ 

7 to 13 

21 to 27/ 

14 to 20 

> 27/20 

Subjects, n 88 1,626 470 344 579 

Thromboembolism or death 

- VKA adjusted
† 

 

- Multi adjusted
‡ 

 

- Frequency 

adjusted
§
 

1.36 

(0.91-2.02) 

1.16 

(0.78-1.73) 

0.99 

(0.65-1.50) 

1 

 

1 

 

1 

0.93 

(0.75-1.17) 

1.00 

(0.81-1.26) 

1.07 

(0.83-1.38) 

1.07 

(0.84-1.35) 

1.14 

(0.90-1.45) 

1.19 

(0.91-1.57) 

1.30 

(1.08-1.56) 

1.31 

(1.09-1.58) 

1.35 

(1.07-1.72) 

Thromboembolism 

- VKA adjusted 

 

- Multi adjusted 

 

- Frequency 

adjusted 

1.05 

(0.46-2.39) 

0.96 

(0.42-2.19) 

0.87 

(0.37-2.06) 

1 

 

1 

 

1 

0.81 

(0.53-1.24) 

0.84 

(0.55-1.30) 

0.93 

(0.57-1.51) 

0.96 

(0.61-1.50) 

0.98 

(0.63-1.54) 

1.09 

(0.65-1.83) 

1.08 

(0.76-1.55) 

1.12 

(0.78-1.61) 

1.25 

(0.79-1.98) 

Death 

- VKA adjusted 

 

- Multi adjusted 

 

- Frequency 

adjusted 

1.32 

(0.84-2.07) 

1.11 

(0.70-1.75) 

0.93 

(0.58-1.50) 

1 

 

1 

 

1 

0.99 

(0.77-1.27) 

1.08 

(0.85-1.39) 

1.14 

(0.86-1.51) 

1.09 

(0.84-1.43) 

1.15 

(0.88-1.50) 

1.18 

(0.87-1.60) 

1.41 

(1.15-1.72) 

1.43 

(1.17-1.75) 

1.44 

(1.12-1.87) 

Thromboembolism: includes ischemic stroke or peripheral arterial thromboembolism. Measures of 

association in bold indicates statistical significance. 

* One drink equates to 12 grams of pure alcohol; † Calculated using Cox’s regression with time since atrial 

fibrillation diagnosis as underlying time variable and adjusted for VKA treatment; ‡ Further adjustment for 

CHA2DS2-VASc components; § Also adjusted for frequency of intake (not weekly, non-daily or daily). 

 

  



Web-only table 4. Incidence rates and hazard ratios for thromboembolism or death among men 

with CHA2DS2-VASc=0 and women with CHA2DS2-VASc=1 according to alcohol intake 

Men 

Alcohol intake, drinks
*
 per week 

Abstainers <14 

(reference) 

14 to 20 21 to 27 >27 

Subjects, n 9 254 56 61 118 

Incidence rates
†
 5.5 (1.8-17.2) 2.3 (1.7-3.1) 1.6 (0.7-3.6) 3.6 (2.1-5.9) 4.0 (2.8-5.7) 

Multi adjusted
‡ 

hazard ratios 

4.14 

(1.26-13.65) 

1 0.72 

(0.31-1.71) 

1.54 

(0.85-2.80) 

1.88 

(1.18-2.99) 

Women 

Alcohol intake, drinks
*
 per week 

Abstainers <7 

(reference) 

7 to 13 14 to 20 >20 

Subjects, n 8 127 52 23 26 

Incidence rates
†
 N/A 1.6 (1.0-2.6) 2.5 (1.3-4.8) 3.3 (1.4-8.0) 1.8 (0.6-5.6) 

Multi adjusted
‡
 

hazard ratios 

 

N/A 

1 1.47 

(0.64-3.37) 

2.34 

(0.85-1.34) 

1.07 

(0.31-3.70) 

Thromboembolism includes ischemic stroke or peripheral arterial thromboembolism. Measures of 

association in bold indicates statistical significance. 

* One drink equates to 12 grams of pure alcohol; † Incidence rates per 100 person years; ‡ 

Calculated using Cox’s regression with time since atrial fibrillation diagnosis as underlying time 

variable and adjusted for VKA treatment and age. 

N/A: not applicable, as no events were observed in this subgroup. 


