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Non-clinical interventions for AF



• Weight reduction 
• Alcohol 
• Caffeine 
• Exercise 
• Blood pressure control

Outline



Is obesity associated with AF?

• 51646 pts with no AF from 7 US 
and European cohort studies 

• follow up 7.4 to 19 years 
• 4179 AF cases 
• BMI and AF 
• BMI gene scores and AF
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Association with BMI and AF
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Association between AF and BMI 
genes

Chatterjee et al Circ 1016
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Obesity and AF
• Womens health study - 34,309 participants with 834 AF 

events

Figure 1.
Survival free of atrial fibrillation by BMI category. Shown is an age-adjusted Kaplan Meier
survival curve plotting survival free of atrial fibrillation divided into categories of BMI (Normal
< 25 kg/m2, Overweight 25–30 kg/m2, and Obese ≥ 30 kg/m2). The log rank test shows
statistical significance with a p value of < 0.0001.
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Low activity and AF

• 607 pts with no AF history but >1 risk 
factor for AF 

• FU>6 months 
• 6 MWT and Duke activity status index 

(DASI)

Ramkumar AM J Cardiol 2016



Low activity and AF

Ramkumar AM J Cardiol 2016hypertension (79%). The median AF risk (CHARGE-AF)
was 7.0% (interquartile range 3.5% to 10.5%). Baseline
patient characteristics are summarized in Table 1.

Participants were split into 4 groups based on AF risk
(low 0% to 5%, medium 5% to 10%, high 10% to 15%, and
very high risk >15%; Table 2). Patients with greater AF
risk were older, more likely to be men with higher systolic
blood pressure and rates of diabetes mellitus, hypercholes-
terolemia, and ischemic heart disease (p <0.05). Patients
with low AF risk had a greater proportion who had previous
chemotherapy. There was no statistically significant differ-
ence in smoking rates and body mass index between
groups.

AF risk was associated with reduced functional ca-
pacity (Table 3). SMWT was lower in higher AF risk
groups (496 m in low risk vs 432 m in very high risk, p
<0.001), and patients with greater AF risk had lower
DASI scores (p <0.001) and had more medical co-
morbidities (p ¼ 0.04).

Univariate regression showed clinical AF risk was asso-
ciated with impaired functional capacity (assessed by SMWT
and DASI) and quality of life (EuroQoL5D Visual Analog

Scale), Charlson index, and male gender. In a multivariate
linear regression model, SMWT (b ¼ "0.188, p <0.001)
was independently associated with clinical AF risk. Using
ROC curves, the optimal cutoff for SMWT was 500 m (area
under the curve [AUC] 0.60, 95% confidence interval [CI]
0.56 to 0.65, p <0.001), for DASI was 42.7 (AUC 0.64, 95%
CI 0.59 to 0.69, p <0.001), and for MLHF was 24 (AUC
0.59, 95% CI 0.51 to 0.68, p ¼ 0.02; Figure 1).

The association between AF risk and atrial and LV pa-
rameters is presented in Table 4. Greater clinical AF risk
was associated with lower ejection fraction (60 # 5.9% vs
62 # 4.8% in lowest risk, p ¼ 0.001), worse GLS ("17.6 #
2.6% vs "19.1 # 2.4% in lowest risk, p <0.001) and GCS
("29.7 # 4.9 vs "31.0 # 5.7%, p ¼ 0.002). Indexed LV
mass was noted to be greater in patients with greater AF risk
(99.4 # 24.8 g/m2 vs 84.5 # 21.4, p <0.001). AF risk was
associated with GLS (b ¼ 0.19, p <0.001), E/e’ (b ¼ 0.16,
p <0.001), and male gender (b ¼ 0.26, p <0.001). Using
ROC curves, the optimal cutoff for GLS was "18% (AUC
0.598, 95% CI 0.552 to 0.643, p <0.001) and that for
indexed LA volume was 35 ml/m2 (AUC 0.586, 95% CI
0.537 to 0.635, p ¼ 0.001).

Figure 1. ROC curves comparing functional capacity parameters to AF risk. (A) ROC curve comparing male gender to CHARGE-AF. (B) ROC curve
comparing SMWT cutoff 500 m to CHARGE-AF. (C) ROC curve comparing DASI cutoff 42.7 to CHARGE-AF. (D) ROC curve comparing MLHF Score
cutoff 24 to CHARGE-AF.
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Alcohol and AF

Larsson et al JACC 2014

STATISTICAL ANALYSIS. We categorized partici-
pants into 7 categories of total alcohol consumption
and into 4 categories of liquor, wine, and beer con-
sumption (Table 1). We also grouped participants ac-
cording to binge drinking, defined as having 5 or more
drinks of liquor, wine, or beer on a single occasion or
a calculated average consumption of 5 or more drinks
per day.

Cox proportional hazards regression models were
used to estimate relative risks (RRs) with 95% confi-
dence intervals (CIs) of AF. All analyses were adjusted
for age (in months) and sex as stratum variables.
Multivariable models were further adjusted for edu-
cation and for known risk factors for AF, including
smoking, BMI, family history of MI before 60 years of
age, a history of CHD or heart failure (ascertained
through the Swedish Inpatient Register), a history of
diabetes, and a history of hypertension (more details
in Table 1). We also conducted analyses excluding

those with a history of CHD or heart failure at base-
line. In analyses of different alcoholic beverages,
liquor, wine, and beer were mutually adjusted by
inclusion in the same multivariable model.

Test for trend across categories of alcohol con-
sumption in current drinkers was performed by
assigning the median value for each category of
alcohol consumption and modeling this variable as a
continuous variable. We tested for differences in
associations for beverage types using a chi-square
test. All statistical analyses were conducted using
SAS (version 9.2, SAS Institute, Cary, North Carolina).
A 2-tailed p < 0.05 was considered statistically
significant.

DOSE-RESPONSE META-ANALYSIS. We performed a
meta-analysis that included findings from our own
prospective study (COSM and SMC trials) and results
from previously published, prospective studies of

TABLE 1 Risk Evaluation for Atrial Fibrillation and Alcohol Use

Alcohol Drinking Status* Number of Cases Person-Yrs
Age- and Sex-Adjusted

RR (95% CI) Multivariable RR (95% CI)† Multivariable RR (95% CI)†‡

Never 820 66,101 1.02 (0.93–1.12) 1.03 (0.94–1.12) 1.07 (0.97–1.18)

Past 406 36,765 1.02 (0.91–1.14) 0.96 (0.85–1.08) 1.01 (0.89–1.16)

Current, drinks/week§

<1 (0.4) 1,232 132,869 1.00 (reference) 1.00 (reference) 1.00 (reference)

1–6 (4.6) 2,909 381,029 0.99 (0.92–1.06) 1.01 (0.94–1.09) 1.06 (0.98–1.15)

7–14 (10.0) 1,162 158,611 1.05 (0.96–1.14) 1.07 (0.98–1.17) 1.12 (1.02–1.23)

15–21 (16.6) 381 48,969 1.15 (1.02–1.30) 1.14 (1.01–1.28) 1.18 (1.03–1.35)

>21 (28.4) 335 35,076 1.42 (1.25–1.62) 1.39 (1.22–1.58) 1.43 (1.25–1.65)

p for trend¶ <0.0001 <0.0001 <0.0001

Liquor, drinks/week

<1 (0.1) 3,993 629,590 1.00 (reference) 1.00 (reference) 1.00 (reference)

1–6 (2.3) 1,603 188,686 1.08 (1.02–1.15) 1.04 (0.98–1.10) 1.05 (0.98–1.12)

7–14 (8.8) 314 32,352 1.25 (1.11–1.41) 1.13 (1.01–1.28) 1.14 (1.00–1.30)

>14 (18.8) 109 8,792 1.69 (1.39–2.05) 1.43 (1.14–1.74) 1.46 (1.18–1.81)

p for trend¶ <0.0001 0.0002 0.0002

Wine, drinks/week

<1 (0.2) 3,465 484,708 1.00 (reference) 1.00 (reference) 1.00 (reference)

1–6 (2.6) 2,128 319,913 0.99 (0.93–1.04) 1.01 (0.96–1.07) 1.02 (0.96–1.09)

7–14 (8.6) 331 45,248 1.11 (0.99–1.24) 1.09 (0.97–1.23) 1.07 (0.94–1.21)

>14 (18.6) 95 9,551 1.37 (1.11–1.68) 1.30 (1.06–1.61) 1.35 (1.08–1.68)

p for trend 0.003 0.009 0.01

Beer, drinks/week

<1 (0.1) 2,954 443,987 1.00 (reference) 1.00 (reference) 1.00 (reference)

1–6 (2.7) 2,196 303,557 0.95 (0.90–1.01) 0.96 (0.91–1.02) 1.00 (0.93–1.06)

7–14 (9.1) 584 72,041 1.09 (0.99–1.20) 1.07 (0.98–1.12) 1.11 (1.00–1.23)

>14 (21.2) 285 39,835 1.12 (0.98–1.27) 1.06 (0.93–1.23) 1.03 (0.87–1.19)

p for trend¶ 0.02 0.14 0.28

Values are relative risk [RR] (95% confidence interval [CI]) of atrial fibrillation by alcohol drinking status and number of drinks of total alcohol, liquor, wine, and beer in current drinkers among 79,019
Swedish men and women. *Median values in parentheses. †Multivariable models were stratified by age (in months) and sex and adjusted for education (primary school, high school, university), smoking status
and pack-years of smoking (never smoker, past smoker and <20 pack-years, past smoker and $20 pack-years, current smoker and <20 pack-years, current smoker and $20 pack-years), body mass index
(<23.0, 23.0 to 24.9, 25.0 to 29.9,$30 kg/m2), family history of myocardial infarction before 60 years of age (yes/no), history of coronary heart disease or heart failure (yes/no), history of diabetes (yes/no),
and history of hypertension (yes/no). ‡Excluding participants with a diagnosis of coronary heart disease or heart failure at baseline. §Standard drinks ¼ 12 g alcohol. One standard drink corresponds to
approximately 40 ml liquor, 80 ml strong wine, 150 ml wine, 330 ml class III beer (alcohol by volume, >3.5%), 50 ml class II beer (2.8% to 3.5%), or 660 ml class I beer (<2.25%). ¶p for trend across
categories of alcohol consumption among current drinkers using the median consumption in each category as a continuous variable.
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Risk of AF and baseline fitness

compared with those with <2 METs gain (!12 " 8.8
vs. !3 " 7.6 kg; p ¼ 0.001). Additionally, the $2 METs
gain group had more sustained weight loss compared
to the <2 METs gain group (54% vs. 46%; p ¼ 0.006),
and fewer patients fluctuated >5% in their weight
during the yearly follow-up (37% vs. 63%; p ¼ 0.001).

Blood pressure contro l . There was a greater decline
in systolic blood pressure (BP) in patients who
gained$2 METs compared to those with a<2 MET gain
(14 " 16.4 vs. 10 " 18 mm Hg; p ¼ 0.05). The number of
antihypertensive agents used for BP control decreased
in patients with a $2 METs gain (0.8 " 0.8 to 0.5 " 0.5;
p ¼ 0.01) and remained unchanged in those with a <2
METs gain (0.8 " 1.0 to 0.9 " 0.7; p ¼ 0.2).

L ip id profi le . At baseline, 46% of the $2 METs and
48% of the <2 METs gain groups had dyslipidemia
(p ¼ 0.7). Drug therapy was required in 29% and 35%
of patients in each group, respectively (p < 0.001).
Both low-density lipoprotein cholesterol and plasma
triglycerides declined significantly in patients who
gained $2 METs (p < 0.001), but did not differ in
those with a <2 METs gain.

GLYCEMIC CONTROL. At baseline, 29% of the
$2 METs and 25% of the <2 METs gain groups had

a history of DM (p ¼ 0.8). At final follow-up, DM
patients in the $2 METs group had a significantly
better glycemic control compared to those in the
<2 METs gain group (glycated hemoglobin <7% in
12% vs. 3%, respectively; p ¼ 0.001).
Inflammat ion . Patients with a $2 METs gain
demonstrated a decrease in mean hsCRP (p < 0.001)
from baseline to follow-up. There was no change in
hsCRP in patients with a <2 METs gain (p ¼ 0.8).

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

CARDIAC STRUCTURE. Table 3 shows the effect of
cardiorespiratory fitness gain on cardiac structure.
The left atrial volume indexed for body surface area
decreased significantly in both groups. There was a
greater decline in left atrial volume index with a $2
METs gain (p < 0.001). A similar trend was seen in left
ventricular end-diastolic diameter, in which a $2
METs gain corresponded to greater reductions in left
ventricular end-diastolic diameter. Lateral E/E0

declined in patients with a $2 METs gain, but did not
change in the <2 METs gain group.

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

AF SYMPTOM BURDEN. At baseline, both groups had
comparable and high AFSS subscale scores (Table 3).

FIGURE 2 AF Freedom Outcome According to Baseline Cardiorespiratory Fitness (Baseline METs Achieved)
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(A) Kaplan-Meier curve for AF-free survival without the use of rhythm control strategies. (B) Kaplan-Meier curve for AF-free survival for total AF-free
survival (multiple ablation procedures " drugs; right). Abbreviations as in Figure 1.
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Effect of intervention on AF
• 178 pts BMI >27 randomised to intervention vs control

Copyright 2013 American Medical Association. All rights reserved.

decreased in the intervention group (from 1.3 [95% CI, 1.1-
1.5] at baseline to 1.2 [95% CI, 0.9-1.5] at 15 months, P = .03)
and increased in the control group (from 1.4 [95% CI, 1.2-1.6]
at baseline to 1.7 [95% CI, 1.4-2.0] at 15 months, P = .02)
(eFigure 1 in Supplement), with significant effect of group
allocation at 15 months (P < .001). Levels of serum glucose
(P < .001), insulin (P < .001), CRP (P < .001), and total and
low-density lipoprotein cholesterol (P < .001) decreased and
of high-density lipoprotein cholesterol (P < .001) increased
in both groups. Levels of serum triglycerides decreased only
in the intervention group (P < .001). Levels of insulin

(P < .001) and CRP (P < .001) decreased more in the inter-
vention group than in the control group (Table 2).

Safety
Adverse events are outlined in eTable 7 in Supplement. Instabil-
ity in INR was observed, with 1 patient withdrawn for a persis-
tent INR less than 2.0 and another for an INR greater than 4. No
serious bleeding was observed in either group. Postural symp-
toms,whichfrequentlyoccurredwithsystolicbloodpressureless
than 100 mm Hg or a postural decrease greater than 10 mm Hg,
resolved with reduction in use of antihypertensive agents.

Figure 3. Changes in Atrial Fibrillation Symptom Scale (AFSS) Scores Over Study Follow-up
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Figure 2. Changes in Waist Circumference and Body Mass Index From Baseline (Enrollment) to 15 Months’ Follow-up
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Impact of fitness program on AF 

Pathak et al JACC 2015

compared with those with <2 METs gain (!12 " 8.8
vs. !3 " 7.6 kg; p ¼ 0.001). Additionally, the $2 METs
gain group had more sustained weight loss compared
to the <2 METs gain group (54% vs. 46%; p ¼ 0.006),
and fewer patients fluctuated >5% in their weight
during the yearly follow-up (37% vs. 63%; p ¼ 0.001).

Blood pressure contro l . There was a greater decline
in systolic blood pressure (BP) in patients who
gained$2 METs compared to those with a<2 MET gain
(14 " 16.4 vs. 10 " 18 mm Hg; p ¼ 0.05). The number of
antihypertensive agents used for BP control decreased
in patients with a $2 METs gain (0.8 " 0.8 to 0.5 " 0.5;
p ¼ 0.01) and remained unchanged in those with a <2
METs gain (0.8 " 1.0 to 0.9 " 0.7; p ¼ 0.2).

L ip id profi le . At baseline, 46% of the $2 METs and
48% of the <2 METs gain groups had dyslipidemia
(p ¼ 0.7). Drug therapy was required in 29% and 35%
of patients in each group, respectively (p < 0.001).
Both low-density lipoprotein cholesterol and plasma
triglycerides declined significantly in patients who
gained $2 METs (p < 0.001), but did not differ in
those with a <2 METs gain.

GLYCEMIC CONTROL. At baseline, 29% of the
$2 METs and 25% of the <2 METs gain groups had

a history of DM (p ¼ 0.8). At final follow-up, DM
patients in the $2 METs group had a significantly
better glycemic control compared to those in the
<2 METs gain group (glycated hemoglobin <7% in
12% vs. 3%, respectively; p ¼ 0.001).
Inflammat ion . Patients with a $2 METs gain
demonstrated a decrease in mean hsCRP (p < 0.001)
from baseline to follow-up. There was no change in
hsCRP in patients with a <2 METs gain (p ¼ 0.8).

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

CARDIAC STRUCTURE. Table 3 shows the effect of
cardiorespiratory fitness gain on cardiac structure.
The left atrial volume indexed for body surface area
decreased significantly in both groups. There was a
greater decline in left atrial volume index with a $2
METs gain (p < 0.001). A similar trend was seen in left
ventricular end-diastolic diameter, in which a $2
METs gain corresponded to greater reductions in left
ventricular end-diastolic diameter. Lateral E/E0

declined in patients with a $2 METs gain, but did not
change in the <2 METs gain group.

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

AF SYMPTOM BURDEN. At baseline, both groups had
comparable and high AFSS subscale scores (Table 3).

FIGURE 2 AF Freedom Outcome According to Baseline Cardiorespiratory Fitness (Baseline METs Achieved)
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(A) Kaplan-Meier curve for AF-free survival without the use of rhythm control strategies. (B) Kaplan-Meier curve for AF-free survival for total AF-free
survival (multiple ablation procedures " drugs; right). Abbreviations as in Figure 1.
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compared with those with <2 METs gain (!12 " 8.8
vs. !3 " 7.6 kg; p ¼ 0.001). Additionally, the $2 METs
gain group had more sustained weight loss compared
to the <2 METs gain group (54% vs. 46%; p ¼ 0.006),
and fewer patients fluctuated >5% in their weight
during the yearly follow-up (37% vs. 63%; p ¼ 0.001).

Blood pressure contro l . There was a greater decline
in systolic blood pressure (BP) in patients who
gained$2 METs compared to those with a<2 MET gain
(14 " 16.4 vs. 10 " 18 mm Hg; p ¼ 0.05). The number of
antihypertensive agents used for BP control decreased
in patients with a $2 METs gain (0.8 " 0.8 to 0.5 " 0.5;
p ¼ 0.01) and remained unchanged in those with a <2
METs gain (0.8 " 1.0 to 0.9 " 0.7; p ¼ 0.2).

L ip id profi le . At baseline, 46% of the $2 METs and
48% of the <2 METs gain groups had dyslipidemia
(p ¼ 0.7). Drug therapy was required in 29% and 35%
of patients in each group, respectively (p < 0.001).
Both low-density lipoprotein cholesterol and plasma
triglycerides declined significantly in patients who
gained $2 METs (p < 0.001), but did not differ in
those with a <2 METs gain.

GLYCEMIC CONTROL. At baseline, 29% of the
$2 METs and 25% of the <2 METs gain groups had

a history of DM (p ¼ 0.8). At final follow-up, DM
patients in the $2 METs group had a significantly
better glycemic control compared to those in the
<2 METs gain group (glycated hemoglobin <7% in
12% vs. 3%, respectively; p ¼ 0.001).
Inflammat ion . Patients with a $2 METs gain
demonstrated a decrease in mean hsCRP (p < 0.001)
from baseline to follow-up. There was no change in
hsCRP in patients with a <2 METs gain (p ¼ 0.8).

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

CARDIAC STRUCTURE. Table 3 shows the effect of
cardiorespiratory fitness gain on cardiac structure.
The left atrial volume indexed for body surface area
decreased significantly in both groups. There was a
greater decline in left atrial volume index with a $2
METs gain (p < 0.001). A similar trend was seen in left
ventricular end-diastolic diameter, in which a $2
METs gain corresponded to greater reductions in left
ventricular end-diastolic diameter. Lateral E/E0

declined in patients with a $2 METs gain, but did not
change in the <2 METs gain group.

EFFECT OF CARDIORESPIRATORY FITNESS GAIN ON

AF SYMPTOM BURDEN. At baseline, both groups had
comparable and high AFSS subscale scores (Table 3).

FIGURE 2 AF Freedom Outcome According to Baseline Cardiorespiratory Fitness (Baseline METs Achieved)
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(A) Kaplan-Meier curve for AF-free survival without the use of rhythm control strategies. (B) Kaplan-Meier curve for AF-free survival for total AF-free
survival (multiple ablation procedures " drugs; right). Abbreviations as in Figure 1.
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Renin-angiotensin blockers

Healey et al JACC 2005
days following MI and followed for up to 4 years (9). The
incidence of AF was higher in GISSI-3 (Table 1), and,
given its much larger size, the number of patients with AF
was more than 20 times that seen in the TRACE study. In
addition to differences in follow-up periods, the TRACE
study enrolled only patients with LV dysfunction, whereas
in the GISSI-3 trial 84% of patients had no evidence of HF
at the time of MI (14) (Table 1).
Heart failure. In four trials studying ACEIs or ARBs in
patients with HF (8,10,11,31), there was an overall 44%
relative risk reduction in the development of AF (p ! 0.007,
95% CI 15% to 63%). All trials demonstrated a significant
reduction in AF, although there was still considerable
heterogeneity between trials (p ! 0.002) (Fig. 2). Both
ACEIs and ARBs reduced AF, despite the fact that many
patients in the ARB trials were already receiving ACEIs.
There appeared to be a relationship between the relative risk
reduction and LV ejection fraction. Patients in the SOLVD
substudy had the most severely impaired LV function (mean
left ventricular ejection fraction [LVEF] ! 26.7%) and the
largest reduction in AF (RRR ! 78%). As mean LVEF in
HF studies increased, the RRR with therapy decreased
(Valsartan Heart Failure Trial [ValHeFT]: mean LVEF !
28%, RRR ! 23%; Candesartan in Heart Failure
[CHARM]: mean LVEF ! 39%, RRR ! 18%). However,
the CHARM program, which enrolled patients with nor-
mal and impaired LV function into distinct studies, found a
consistent reduction in AF in both groups (31). No indi-
vidual study reported on the relationship between ejection

fraction and the reduction in AF seen with RAAS
inhibition.
Hypertension. Three trials compared ACEIs (26,27) or
ARBs (13) to other agents in the treatment of hypertension
(Fig. 2). Overall, there was no significant reduction in AF
(RR ! 0.88, 95% CI 0.66 to 1.19, p ! 0.4). However, the
results from hypertension trials are statistically heteroge-
neous (chi-square test, p ! 0.001) despite similar follow-up
periods (Table 1). Only the Losartan Intervention For
Endpoint reduction in hypertension (LIFE) trial demon-
strated a significant reduction in AF (13). The LIFE trial
was also the only one of the three studies to use an ARB,
and it was the only one to enroll only patients with evidence
of LV hypertrophy (13). The CAPP and Swedish Trial in
Old Patients with Hypertension-2 (STOP-H-2) trials stud-
ied general hypertensive populations (26,27). In the Capto-
pril Prevention Project (CAPP) and STOP-H-2, there was
no reduction in AF with ACEIs compared to beta-blockers,
calcium channel antagonists, and diuretics (26,27).
Secondary prevention of AF following cardioversion. Two
randomized trials were designed to test whether an ACEI
(12) or an ARB (7) would reduce the recurrence of AF in
patients following electrical cardioversion (Fig. 2). Most
patients in these trials had hypertension with preserved LV
function (Table 1). Both studies showed a significant re-
duction in AF with treatment (Fig. 2), which was apparent
within weeks of the cardioversion. Both studies were small,
had a short follow-up period, and, although randomized,
were not placebo controlled (Table 2).

Figure 1. Prevention of atrial fibrillation with angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs). CI !
confidence interval; RR ! relative risk.
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Effects of study size, methodology, publication bias, and
study selection. The five trials showing the largest effect of
treatment (7–9,11,12) were also the five smallest, and
together accounted for !5% of patients in this analysis.
This systematic review did not find any corresponding small
negative trials, and thus there is suggestion of publication
bias. Although publication bias could result in an overesti-
mation of treatment effect, this would not likely produce a
qualitative change in the results of this analysis, given the
relatively large number of patients in this analysis. Indeed, a
sensitivity analysis, which excluded all reports of !1,000
patients, still found a significant reduction in AF with
ACEIs or ARBs, but the apparent treatment effect was
considerably smaller, with a relative risk reduction of 18%
(95% CI 5% to 29%, p " 0.01).

Overall, the duration of follow-up in individual trials did
not appear to influence the effect of therapy (Table 1, Fig.
1). However, the methods used to document AF may have
had an impact. Most trials used only periodic electrocardio-
grams to document AF, usually no more than once per year
(Table 2). However, the two post-cardioversion trials (7,12)
and two of the HF trials (8,9) performed extensive investi-
gations to document AF (Table 2), and, in these four trials,
the benefit seen with ACEIs or ARBs was greater than all

but one of the other trials in this analysis (Fig. 1). This may
simply suggest that the benefit of ACEIs and ARBs is more
apparent if one uses more sensitive techniques to document
AF. Alternatively, these drugs may have a lesser effect on
the development of sustained AF that is more likely to be
documented on infrequent electrocardiograms.

There were two reports from the SOLVD study regard-
ing AF (11,30); the one used for this meta-analysis reported
episodes of AF from a single site (11), the other reported
hospitalizations for atrial arrhythmias for the entire
SOLVD study population (30). A sensitivity analysis was
done using data from the second publication, which found
that hospitalizations for atrial arrhythmias occurred in 68 of
3,401 patients randomized to enalapril and 90 of 3,396
randomized to placebo. The use of these data instead of the
single-center publication lowered the apparent effect from a
relative risk reduction of 29% to a relative risk reduction of
22% (95% CI 11% to 33%, p " 0.0004).

DISCUSSION

This meta-analysis, based on 11 randomized controlled
trials, indicates that both ACEIs and ARBs are effective at
preventing the development of AF. This effect appears to be

Figure 2. Prevention of atrial fibrillation in various patient populations. Abbreviations as in Figure 1.
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history of cardiovascular disease or diabetes showed
that among moderate drinkers, binge drinkers (>5
drinks/day at 1 time) had a statistically significant
increased risk (29%) of AF compared with non-binge
drinkers (7). As in our study, the positive association
of moderate and high alcohol consumption with AF
risk remained after excluding binge drinkers. These
findings suggest that not only binge drinkers but also
regular drinkers of moderate amounts of alcohol have
an increased risk of developing AF.

Result from our meta-analysis is consistent with
findings from 2 previous meta-analyses showing an
8% increase in AF risk for each 10 g/day increase of
alcohol consumption (9) or per drink (equivalent of
12 g pure alcohol) and day (8). Those 2 meta-analyses
included both prospective and case-control studies.
We only included prospective studies, which are less
susceptible to systematic bias compared with case-
control studies. The current meta-analysis also
included twice as many AF cases as the previous
dose-response meta-analyses.

There are several speculations by which mecha-
nisms alcohol consumption may increase AF risk.
Studies in animals and humans have shown that
acute and chronic alcohol ingestion leads to depres-
sion of heart function and also may result in cardiac
conduction abnormalities and morphologic changes
(19). A study in healthy men showed that acute
moderate alcohol consumption was associated with
an increased interatrial electromechanical delay (20).
Long-term heavy alcohol consumption could lead to

dilated cardiomyopathy with both supraventricular
arrhythmias such as AF but also ventricular arrhyth-
mias with an increased risk of sudden cardiac death
(21,22). The association between alcohol consumption
and AF also may be related to a shortening of the
right atrial effective refractory periods (23). Other
potential mechanisms include alterations in oxida-
tive stress (24) and vagal activity (25), electrolyte
imbalances (26), and hypertension (27).

STUDY STRENGTHS. Major strengths of our study
include its prospective design, large sample size,
large number of AF cases, and the nearly complete
follow-up of participants through computerized
linkage to population-based Swedish registries. Lim-
itations include the observational design and that
information on some of covariates, including smok-
ing, BMI, and history of hypertension, was obtained
through self-report only. Thus, we cannot rule out the
possibility of residual confounding. Another limita-
tion is that alcohol consumption was self-reported
and measured only once. This will inevitably lead to
some measurement error in the assessment of alcohol
consumption. Because this study was prospective,
any measurement error in alcohol consumption
would be nondifferential and most likely lead to an
attenuation of the true association between alcohol
consumption and AF risk. Finally, the incidence AF in
our study may be underestimated, because we only
identified hospitalized and symptomatic cases.

One strength of our meta-analysis is the large
sample size, thus providing high statistical power to
detect even weak associations of light to moderate
alcohol consumption with AF risk. Moreover, the
prospective design of the included studies avoided
the potential influence of recall and selection bias,
which could be a problem in retrospective studies.
Another limitation is that we cannot rule out the
possibility that publication bias may have affected our
results. Although we found no evidence of publication
bias, tests for publication bias have low statistical
power, especially when the number of studies is small.

CONCLUSIONS

Alcohol consumption is positively associated with
risk of AF. Even moderate consumption of alcohol,
which lowers the risk of other cardiovascular diseases
(28), seems to slightly increase the risk of AF.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Susanna C. Larsson, Unit of Nutritional Epidemi-
ology, Institute of Environmental Medicine, Kar-
olinska Institutet, Box 210, SE-17177 Stockholm,
Sweden. E-mail: susanna.larsson@ki.se.

CENTRAL ILLUSTRATION Forest Plot of Relative Risks of Atrial Fibrillation
Per 1 Drink/Day Increment in Alcohol Consumption

Relative risks (RR) of atrial fibrillation per 1 drink/day increment in alcohol consumption,
in individual prospective studies. Squares indicate study-specific relative risk estimates
(size of the square reflects the study-specific statistical weight); horizontal lines indi-
cate 95% confidence intervals (CI); diamond indicates the overall relative risk with its
95% confidence interval.
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include oropharyngeal muscle hypotonia, depressed
arousal mechanisms, sleep fragmentation, and
reduced hemoglobin affinity for oxygen (61). Epide-
miological studies have confirmed the association
between alcohol and SDB in a dose-dependent
manner. Peppard et al. (62) reported a 25%
increased risk of SDB for each standard drink/day
increment. Tanigawa et al. (63) demonstrated that
moderate-heavy consumption (0.5 to 1 g/kg/day) is
associated with SDB, with the mean oxygen desatu-
ration index correlating with alcohol intake.

Although lighter alcohol intake may reduce the
risk of heart failure, habitual heavy drinkers may

experience the deleterious cardiotoxic effects of
alcohol and develop an alcoholic cardiomyopathy.
This may progress from unexplained LVH (64) to
overt systolic heart failure, particularly if consuming
>7 standard drinks/day for 5 years (65). Even if
systolic function is normal, one-third of heavy
drinkers have echocardiographic evidence of dia-
stolic dysfunction, with deterioration of diastolic
parameters correlating with degree of alcohol con-
sumption (66). Elevated LA pressures associated
with left ventricular diastolic and/or systolic
dysfunction may predispose to AF by stretch-
mediated mechanisms.

CENTRAL ILLUSTRATION Habitual Alcohol Consumption: Long-Term Risk of Atrial Fibrillation and
Cardiovascular Mortality

Voskoboinik, A. et al. J Am Coll Cardiol. 2016;68(23):2567–76.

Estimated long-term risk of developing atrial fibrillation (AF) and cardiovascular mortality in the general population with no prior history of AF on the basis of alcohol
consumption in large meta-analyses. AF risk (blue line; average follow-up 12 years) as shown has been adapted with permission from Larsson et al. (4). Cardiovascular
mortality (orange line; average follow-up 11 ! 6 years) as shown has been adapted with permission from Ronksley et al. (69).
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• Meta analysis 6 
studies, 228,465 
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the baseline electrocardiographs.24 A similar study also
showed that 400 mg caffeine did not change PR interval,
QRS duration, corrected QT interval, RR interval, or cor-
rected QT interval dispersion.25 During the healing phase
of acute myocardial infarction in humans, 300 mg caffeine
did not increase the occurrence or severity of ventricular
arrhythmias.26 Even in patients with clinical ventricular ar-
rhythmias, caffeine did not significantly alter inducibility or
severity of arrhythmias.9,10 It was also demonstrated that in
habitual caffeine consumers, the adrenergic effects of caffeine
were greatly attenuated and it is possible that that acute
proarrhythmia effect was reduced.27 According to the pre-
viously mentioned evidence, it is clear that moderate caffeine
intake does not increase arrhythmia risk acutely. Second,
habitual caffeine consumption might reduce AF risk by its

antifibrosis effect. There were several studies that showed
that caffeine reduced hepatic fibrosis.28,29 Caffeine inhibited
liver fibrosis by interfering with transforming growth factor b
signalling.30-32 Although there are few studies that evaluated
the antifibrosis effect of caffeine on the heart, it is possible
that caffeine also prevent cardiac fibrosis. At last, the pro-
tective effect of caffeine might be related to co-occurring
phytochemicals because caffeine is normally consumed in
the form of plant-derived products and extracts that invari-
ably contain other potentially bioactive phytochemicals. It is,
however, undeniable that none of them has been established,
and further research needed.

The finding of this study is meaningful. First, there is no
need for concern that habitual caffeine intake might increase
AF risk. Second, because atrial fibrosis is an important

Figure 2. Relative risk of atrial fibrillation for high and low doses of caffeine intake and the effect of adjusting for the confounding factor, smoking.
Overall relative risk calculated using a random effects model. CI, confidence interval; RR, relative risk.

452 Canadian Journal of Cardiology
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• Meta analysis 6 studies, 
228,465 pts

substrate for AF and caffeine has an antifibrosis property,33-35

the finding might pave the way for seeking effective anti-
fibrosis agents for AF management or prompt to develop
caffeine as an agent for preventing AF.

Limitations

There is a history of misleading large cohort studies in the
cardiovascular literature, including the ultimately proven to be
false reports of estrogens, vitamin E, vitamin C, among others,
as being “cardio-protective.” It is worth noting that there are
limitations in this meta-analysis. Incidence of AF was prone to
be underestimated with a “convenience sample” of electro-
cardiographic and self-reports of caffeine intake that were not
satisfactorily accurate. Confounding factors such as sleep ap-
nea were not adjusted. Considering potential sources of error,
an accurate assessment of relation between caffeine intake and
AF risk is prone to variability. In addition, studies included
and observational events that occurred in individual studies
were small. Prospective cohort study of larger sample size will
be more informative in the future. The result should be
eventually confirmed in a randomized clinical trial ideally.
Because of long follow-up duration and large sample size
needed to detect a beneficial effect of caffeine consumption, it
will be very difficult to conduct such a randomized placebo
controlled study.

Conclusions
It is unlikely that caffeine consumption causes or con-

tributes to AF. Habitual caffeine consumption might reduce
AF risk.
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Conclusions

• A partnership with patient 
– empowerment and control 

• Cost efficacy of risk reduction programs 
not yet available


