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Visual Abstract
IMPORTANCE Conventional wisdom holds that caffeinated coffee is proarrhythmic. Coffee is
the most commonly consumed caffeinated beverage in the US, and a randomized trial
assessing caffeinated coffee consumption in patients with atrial fibrillation (AF) has not
previously been performed. Supplemental content

Research Summary
Multimedia

OBJECTIVE To determine the effect of caffeinated coffee consumption compared with
abstinence from coffee and caffeine on recurrent AF.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective, open-label, randomized clinical
trial enrolling 200 current or previous (within past 5 years) coffee-drinking adults with
persistent AF, or atrial flutter with a history of AF, planned for electrical cardioversion from 5
hospitals in the US, Canada, and Australia between November 2021 and December 2024.
The date of final follow-up was June 5, 2025.

INTERVENTION Patients were randomized in a 1:1 ratio to regular caffeinated coffee
consumption vs coffee and caffeine abstinence for 6 months. Patients in the coffee
consumption group were encouraged to drink at least 1 cup of caffeinated coffee daily.
Patients in the abstinence group were encouraged to completely abstain from both
caffeinated and decaffeinated coffee and other caffeine-containing products.

MAIN OUTCOMES AND MEASURES The primary end point was clinically detected recurrence of
AF or atrial flutter over 6 months.

RESULTS Two hundred patients (mean [SD] age, 69 [11] years; 71% male) were randomized to
caffeinated coffee consumption (n = 100) or coffee abstinence (n = 100). Baseline coffee
intake was 7 cups (IQR, 7-18) per week in both groups. During follow-up, coffee intake in

the consumption and abstinence groups was 7 (IQR, 6-11) and O (IQR, 0-2) cups per week,
respectively, resulting in a between-group difference of 7 cups (95% Cl, 7-7) per week. In the
primary analysis, AF or atrial flutter recurrence was less in the coffee consumption (47%)
than the coffee abstinence (64%) group, resulting in a 39% lower hazard of recurrence
(hazard ratio, 0.61[95% Cl, 0.42-0.89]; P = .01). A comparable benefit of coffee consumption

was observed with AF recurrence only. There was no significant difference in adverse events. Author Affiliations: Division of
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trial fibrillation (AF) is the most common heart rhythm
disorder. The prevalence of AF is rising, is estimated to
affect up to 1in 3 people during life, and is currently di-
agnosed in more than 10.5 million in the US alone.!? There is
thus increasing interest in modifiable risk factors to reduce the
burden of AF.? Coffee is one of the most ubiquitously con-
sumed substances and contains multiple active ingredients, the
most recognized of which is caffeine. Indeed, coffee is the most
commonly consumed caffeinated substance in the US.*> How-
ever, despite its widespread use, whether coffee has a benefi-
cial, detrimental, or neutral effect on AF continues to be debated.
Caffeinated coffee has traditionally been considered
proarrhythmic.® It is commonly nominated by patients to be
afrequent trigger for AF episodes, and physicians continue to
advise that coffee reduction may minimize the effects of AF.”#
In contrast, the recent Coffee and Real-time Atrial and Ven-
tricular Ectopy (CRAVE) randomized trial found that caffein-
ated coffee consumption did not result in more premature atrial
contractions that are known to trigger AF episodes.®!! Simi-
larly, observational studies have generally reported no height-
ened or even a lower risk of AF among those who consumed
coffee.'?1® However, observational studies are prone to con-
founding, and whether these findings are biased by system-
atic differences between coffee and noncoffee drinkers is un-
clear. An accurate understanding of any effect of caffeinated
coffee on AF would be of great interest to patients and physi-
cians alike. Thus, the current randomized clinical trial com-
pared caffeinated coffee consumption vs abstinence from
coffee and caffeine in patients with AF.

Methods

Study Design

The DECAF (Does Eliminating Coffee Avoid Fibrillation?) trial
was an investigator-initiated, prospective, open-label, interna-
tional, multicenter, randomized clinical trial. Patients were re-
cruited from 5 tertiary hospitals in the US, Australia, and Canada.
The trial was prospectively registered with ClinicalTrials.gov
(NCTO05121519) and approved by the University of California
San Francisco, University of Adelaide, and University of Toronto
institutional review boards. The trial protocol isin Supplement 1.
The trial is reported in accordance with the Consolidated
Standards of Reporting Trials (CONSORT) guidelines.

Study Population

Patients meeting inclusion criteria were invited to participate
and provided written informed consent (Figure 1). The inclu-
sion criteria were age 21 years or older, sustained AF (or atrial
flutter with a history of AF), planned direct current electrical
cardioversion, coffee consumption of 1 cup per day or greater
sometime in the past 5 years, willingness and ability to ad-
here to coffee abstinence or continuation, and life expec-
tancy of at least 6 months. Patients who were not currently
drinking coffee but otherwise met inclusion criteria were eli-
gible. Key exclusion criteria were an established or adverse re-
action to coffee, stated inability to adhere to coffee absti-
nence or continuation, AF ablation or cardiothoracic surgery
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Key Points

Question Does consumption of caffeinated coffee have a
beneficial, detrimental, or neutral effect on the risk of recurrent
atrial fibrillation (AF) episodes?

Findings In this multicenter randomized clinical trial including 200
patients with persistent AF undergoing cardioversion, the risk of
recurrent AF was significantly lower in the group allocated to coffee
consumption (47%) compared with the abstinence group (64%).

Meaning Consumption of coffee and other caffeinated products
may be reasonably considered in patients with AF.

within 3 months, and pregnancy or desire to conceive within
6 months. Baseline characteristics were determined by medi-
cal record review, and race, ethnicity, and lifestyle habits were
determined by participant self-report.

Randomization

Because some patients have unsuccessful cardioversion or
early recurrence of AF, randomization occurred only after
sustained successful cardioversion. Patients were random-
ized 1:1 with stratification by study site to either caffeinated
coffee consumption or abstinence from coffee and caffeine.
If allocated to caffeinated coffee consumption, patients were
encouraged to drink at least 1 cup of caffeinated coffee (or at
least 1 espresso shot) and other caffeine-containing products
every day as per their usual lifestyle. It was recommended
that patients in the coffee consumption group not intention-
ally increase or decrease consumption of coffee or other
caffeine-containing products. If allocated to the abstinence
group, patients were encouraged to completely abstain from
coffee, including decaffeinated coffee, and other caffeine-
containing products.

Follow-Up

Patients had study follow-up via telephone, video confer-
ence, or in-person at months 1, 3, and 6 where the random-
ized allocation was reinforced and the following ascertained:
coffee and other caffeinated product consumption, medical
history, medication inventory, recurrence of AF or atrial flut-
ter, any consumer electrocardiogram data, and adverse events.
The type and frequency of clinical follow-up and investiga-
tions were at the discretion of patients’ regular physicians. All
clinical health care documentation from regular physicians and
electronic medical records, including all electrocardiograms
(ECGs), wearable ECG monitors, and/or implantable cardiac de-
vice data, was reviewed to ascertain the primary end point of
AF or atrial flutter recurrence and secondary end points. Ev-
ery attempt was made to collect data for both primary and sec-
ondary end points until study censorship or the end of the
6-month follow-up period for all randomized participants.

Primary and Secondary End Points

The primary end point in an intention-to-treat analysis was
clinically detected recurrence of AF or atrial flutter lasting 30
seconds or longer assessed in a time-to-event analysis. All epi-
sodes of AF or atrial flutter required confirmation by physician
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Figure 1. Screening, Randomization, and Follow-Up in the DECAF Study

1965 Adults 221 years old with persistent atrial fibrillation or atrial flutter
planned for electrical cardioversion screened

1739 Excluded

427 Unwilling to abstain from coffee

251 Recent or planned ablation or other
cardiac procedure

219 Did not drink coffee

208 Current or prior coffee drinker but
unwilling to drink 1 cup per day

119 Atrial flutter without history of
atrial fibrillation

109 Declined for other reasons (ie, patient met
all criteria but declined to participate)

76 Cardioversion canceled
50 Unable to provide informed consent
280 Other reasons (ie, determined by
trial coordinator)

226 Agreed to participate and undergo planned cardioversion

——>| 26 Excluded due to unsuccessful cardioversion

200 Randomized?

‘ 100 Randomized to coffee consumption ‘

‘ 100 Randomized to coffee abstinence

‘ 1 Withdrew from study? ‘47

DECAF indicates Does Eliminating
Coffee Avoid Fibrillation.

99 Had primary end point data available
at 6-mo follow-up

100 Had primary end point data available
at 6-mo follow-up

2Randomization was stratified by
study site.

v

The 1 patient who withdrew

100 Included in the primary analysis ‘

‘ 100 Included in the primary analysis

(randomized to the coffee
consumption group) did so on day 3

following study enroliment.

interpretation of an ECG, wearable ECG monitor, or implant-
able cardiac device electrograms. Prespecified secondary end
points were the recurrence of AF and atrial flutter separately
and adverse events before censorship (including myocardial
infarction, stroke, heart failure exacerbation, emergency de-
partment visit, hospitalization, and death).

Statistical Analysis

For sample-size calculations, we assumed a 50% incidence of
AF recurrence within 6 months following cardioversion.!”'®
A clinically relevant effect size was assumed to approximate
the effectiveness of commonly prescribed antiarrhythmic drugs
for recurrent AF after cardioversion.'®?' To provide 80% power
to detect a minimum 41% reduced relative hazard of AF, we
enrolled 200 patients (100 per group) assuming a 1:1 random-
ization scheme, potential 10% loss to follow-up, and .05 2-tailed
alevel (eTable 1in Supplement 2).

Baseline characteristics were summarized by randomiza-
tion assignment. Continuous variables were described with
means and SDs or medians and IQRs appropriate to distribu-
tion. Categorical variables were summarized with counts and
percentages.

The primary end point of clinically detected recurrence
of AF or atrial flutter lasting 30 seconds or longer was ana-
lyzed as a time-to-event outcome. Kaplan-Meier plots were

jama.com

used to descriptively compare the survival distributions of
the primary end point by randomization group. Cox propor-
tional hazards regression models were used to formally ana-
lyze the primary end point with prespecified adjustment for
study site (used in the randomization process as a stratifica-
tion factor). In prespecified sensitivity analyses, we addition-
ally adjusted for other baseline characteristics that were
either prognostic factors or imbalanced between the groups.
The proportional hazards assumption was assessed with no
strong evidence of violation found (eMethods and eFigure 1
in Supplement 2). Point estimates for hazard ratios (HRs),
Wald-based 95% confidence intervals (CIs), and P values
were reported. The primary intention-to-treat analysis
included all participants regardless of adherence with ran-
domized allocation. To explore the consistency of the treat-
ment effect with respect to the primary end point, subgroup
analyses were undertaken. The trial was not powered to com-
pare the treatment effects across subgroups. CIs and
interaction-related P values were not adjusted for multiplic-
ity. For secondary end points, AF and atrial flutter recurrence
separately were assessed with Cox hazard regression models,
and adverse events compared with x? tests. Statistical analy-
ses were conducted using SAS software, version 9.4 (SAS
Institute). A 2-tailed P value of .05 was considered statisti-
cally significant. The last protocol and statistical analysis
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Table 1. Baseline Patient Characteristics

Table 1. Baseline Patient Characteristics (continued)

Coffee Coffee Coffee Coffee
consumption abstinence consumption abstinence
Variable (n =100) (n =100) Variable (n =100) (n =100)
Demographics Medication history, No. (%)
Age, mean (SD), y 68.2(12.3) 70.4(10.1) Non-vitamin K antagonist oral anticoagulant 96 (96) 91(91)
Sex, No. (%) B-Blocker 71(71) 70 (70)
Male 76 (76) 65 (65) Antiarrhythmic therapy" 53(53) 51(51)
Female 24 (24) 35(35) Class IC 13(13) 10 (10)
Height, mean (SD), cm 175.7(9.7) 174.0(10.1) Class Il 40 (40) 41 (41)
Weight, mean (SD), kg 94.1(28.5) 92.5(25.4) Digoxin 9(9) 4(4)
Body mass index, mean (SD)? 30.3(7.9) 30.4(7.5) Non-dihydropyridine calcium channel blockers 5 (5) 8(8)
Race, No. (%) n=99 n =96 Lifestyle history, No. (%)
American Indian/Alaska Native 1(1) 0 Coffee and other caffeinated products,
o/\!
Asian °0) 7 e ff 49 (49 45 (45
Dri ti
Black or African American 3(3) 1(1) MpEe Ze coknsump fon (49) (45)
Espresso drink consumption 37 (37 36 (36
More than 1 race 4(4) 0 : : 37 (37) = (28)
T ti
Native Hawaiian or 2(2) 0 S G 37 28
Other Pacific Islander Chocolate 28(28) 28 (28)
Other® 4(4) 4(4) Decaffeinated coffee consumption 7(@7) 11(11)
White 76 (77) 84 (88) Baseline coffee consumption, median (IQR), 7 (7-18) 7(7-18)
L o _ _ cups/weelk!
Ethnicity, No. (%) n=65 n =60 b T AF e e
atient-reported coffee never triggerin b
Hispanic or Latino 8(12) 5(8) NO_I(%) P vertriggering G 2
Not Hispanic or Latino 57 (88) 55(92) Patient-reported no coffee abstinence 61(61) 64 (64)
0,
Education, No. (%) SYT“P'COI‘“S.. NO- (/o).
Ui e (B RGa 46 (46) 42(42) m.ozo/p:;ysman advice to decrease coffee, 13(13) 19 (19)
Some college 18 (18) 12(12) Alcohol consumption, No. of drinks/wk
<High school 29 (29) 41 (41) None 46 (46) 47 (47)
Other® 7(7) 5(5) <1 8(8) 9(9)
Medical history, No. (%) 1-3 21(21) 19 (19)
Hypertension 65 (65) 63 (63) 4-7 12 (12) 12 (12)
Obstructive sleep apnea 29 (29) 26 (26) 8-14 7(7) 6(6)
Heart failure 23(23) 21(21) 15-21 1(1) 5(5)
Cardiomyopathy 17 (17) 21(21) >21 5(5) 2(2)
Diabetes 14 (14) 14.(14) Investigations
Stroke or transient ischemic attack 10(10) 9(9) Left ventricular ejection fraction, 54.0 (10.9) 53.6(14.2)
Coronary artery disease 9(9) 16 (16) mean (SD), %
. ; >
Permanent pacemaker 9(9) 9(9) Left atrial volume index, mean (SD), mL/m 46.2 (15.1) 44.5(14.9)
Implantable cardioverter defibrillator 6 (6) 7(7) Abbreviations: AF, atrial fibrillation; CHA,DS,-VASc, congestive heart failure,
Myocardial infarction 3(3) 4(4) hypertension, age =75 years, diabetes mellitus, stroke or transient ischemic
- - attack or thromboembolism, vascular disease, age 65-74 years, and
Peripheral vascular disease 2(2) 3(3) female sex).
AF history 2 Calculated as weight in kilograms divided by height in meters squared
Historydof paroxysmal AF, 25(25) 35(35) The other category includes the option of unknown or not reported.
0,
No. (%) € Medical history was determined by a combination of medical record review
Coexisting atrial flutter, No. (%) 3(3) 8(8) and patient self-report.
Time_ since first diagnosis of AF, 2.4 2.6(0.4-6.1) dThese patients had a pattern of paroxysmal AF prior to the current episode of
median (IQR), y (0.4-6.9) persistent AF that led to them being planned for electrical cardioversion.
Duration of currgnt AF episode, 60 (22-143) 60 (22-150) ©The duration of the current AF episode was determined by the treating
median (IQR), d physician to the best of their knowledge based on symptoms and/or
CHA,DS,-VASc score, 2.5(1.7) 2.6 (1.5) documented AF.
mean (SD)* ) '
e OEasa, 00 GAF f The CHA,DS,-VASc score is a measure of the risk of stroke among persons
symp e with AF; scores range from O to 9, with higher scores indicating a greater risk.
o pliwsiteail e i Soen & An indication of AF symptom severity was self-reported from these categorical
Slight physical limitation 33(33) 25 (25) options.
Marked physical limitation 14(14) 17.(17) M Class IC agents included flecainide and propafenone, and class Il agents
Severe symptoms at rest 1(1) 1(1) included sotalol, dofetilide, amiodarone, and dronedarone.
Previous AF ablation 20 (20) 12 (12) " See eTables 4 and 5 in Supplement 2 for more details on consumption of
coffee and other caffeinated products.
(continued)
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J Coffee intake was self-reported in standard cups (8 oz or 240 mL).
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Figure 2. Changes in Coffee Intake by Randomization Group

20+ [l coffee consumption

] Coffee abstinence

Box-and-whisker plots showing
changes in coffee intake among

35+

30+

254

204

154

Coffee cups per week

104

JLlL 1% &

patients in the caffeinated coffee
consumption group and the coffee
abstinence group. Coffee intake was
self-reported in standard cups
(approximately 8 oz or 240 mL).
The bottom edge, middle black line,
and top edge of the boxes represent
the 25th percentile, median,
and 75th percentile values,
respectively. The whiskers are plotted
using the Tukey method, extending
- from the 25th percentile minus

0 30 60 90 120
Days of follow-up
No. at risk
Coffee consumption 100 79 70 61 57
Coffee abstinence 100 64 53 47 42

150 180 1.5 times the IQR to the 75th percentile
plus 1.5 times the IQR. Some of the
values for the boxes and whiskers are
similar or identical in several plots.
Values outside the whiskers are
plotted as individual points.

56 52
38 36

plan were finalized before the database was locked and data
analysis commenced.

.|
Results

Patient Characteristics

Of 1965 potential patients who were screened for participa-
tion, 1739 did not meet eligibility criteria and were excluded
(Figure 1). One-quarter of patients screened were not willing
to abstain from coffee, caffeine, or both (427 patients, 25%).
Due to either personal preference or physician advice, an-
other one-quarter of screened patients were either current or
prior coffee drinkers but unwilling to consume at least 1 cup
per day (208 patients, 12%) or did not drink coffee (219 pa-
tients, 13%). After a further 26 patients were excluded due to
unsuccessful cardioversion, a total of 200 patients were ran-
domly assigned to consumption of caffeinated coffee (100 pa-
tients) or abstinence from coffee and caffeine (100 patients).
The majority were randomized on the day of cardioversion
(eTable 2 in Supplement 2). Except for 1 patient withdrawal,
all patients had primary and secondary end point data avail-
able at 6 months’ follow-up.

Baseline characteristics were largely balanced between the
groups, although there were numerical imbalances in sex, coro-
nary artery disease, previous AF ablation, coexisting atrial flut-
ter, and history of paroxysmal AF (Table 1). Approximately half
of patients (52%) were taking antiarrhythmic medication
(Table 1; eTable 3 in Supplement 2).

Coffee Intake and Other Caffeinated Products

Baseline coffee intake was similar between the groups, with the
most frequent amount of coffee intake being 7 cups per week,
or 1 cup per day (40%; Figure 2; eTable 4 in Supplement 2).
Coffee intake did not significantly change in the coffee con-
sumption group over the trial period, with baseline and
follow-up intake of 7 (IQR, 7-18) and 7 (IQR, 6-11) cups per week,
respectively (percentage change, 0% [IQR, -33% to 14%];
Figure 2; eFigure 2 in Supplement 2). Patients in the coffee ab-
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stinence group reduced their coffee intake from 7 (IQR, 7-18) to
0 (IQR, 0-2) cups per week (percentage change, -100% [IQR,
-100% to -77%)). As aresult, there was a between-group differ-
ence in coffee intake of 7 (95% CI, 7-7), 7 (95% CI, 6-7), and 7
(95% CI, 7-7) cups per week at months 1, 3, and 6, respectively,
and a between-group difference of 7 cups (95% CI, 7-7) per week
over the entire trial period. Intake of other caffeinated products,
such as tea, chocolate, energy drinks, soda, and decaffeinated
coffee, was numerically higher in the coffee consumption group
during the trial period. However, most were not significantly dif-
ferent, except for the addition of sugar to coffee, which was
greater in the consumption group (eTable 5 in Supplement 2).

Follow-Up and Primary End Point

In addition to 1-, 3-, and 6-month study follow-ups, patients
had a mean (SD) of 5.8 (6.5) clinical and 1.9 (2.0) cardiology
health care encounters, including 2.1 (2.3) ECGs, during the
study period (eTable 6 in Supplement 2). A majority (53%) had
a continuous recording device during follow-up, such as a con-
sumer device, wearable ECG monitor, and/or implanted car-
diac device (eTable 7 in Supplement 2).

At 6 months’ follow-up, recurrence of AF or atrial flutter
was documented in 111 patients (56%), representing 47 pa-
tients (47%) in the caffeinated coffee consumption group and
64 patients (64%) in the abstinence group (eTables 8, 9, and
10 in Supplement 2). In the primary intention-to-treat analy-
sis adjusted for study site, the time to recurrence was longer
in the coffee consumption group than in the abstinence group
(Figure 3), resulting in a 39% lower hazard of AF or atrial flut-
ter recurrence with coffee consumption (HR, 0.61 [95% CI,
0.42-0.89]; P = .01). A similar benefit for caffeinated coffee con-
sumption was also observed in prespecified sensitivity analy-
ses adjusting for baseline characteristics that were either prog-
nostic factors and/or numerically imbalanced between the
groups (eTable 11 in Supplement 2). This benefit appeared to
be consistent across most analyses of subgroups except for ab-
lation history (P = .04), though this was not adjusted for mul-
tiplicity and should be interpreted cautiously (eTable 12 in
Supplement 2).
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Figure 3. Time to Recurrence of Atrial Fibrillation or Flutter

100+
Hazard ratio, 0.61 (95% Cl, 0.42-0.89); P=.01
80

60

40+

Probability of recurrent
atrial fibrillation or flutter, %

20

Coffee consumption

Coffee abstinence

Kaplan-Meier survival curve showing
the probability of recurrent atrial
fibrillation or flutter in the coffee
consumption and abstinence groups.
All patients in both groups were
followed up until recurrence or 6

0 0 3‘0 6‘0 9‘0 1‘20
Days of follow-up
No. at risk
Coffee consumption 100 79 70 61 57
Coffee abstinence 100 64 53 47 42

150 180 months’ follow-up. Hazard ratio

and P value are from a Cox
proportional hazard regression

56 52 model including prespecified

38 36 adjustment for study site used in the

randomization process.

Table 2. Adverse Events?®

Coffee consumption Coffee abstinence

Variable (n =100) (n =100)

E_m_ergency department 13 16

visits
Any cardiovascular 7 8
AF or atrial flutter 5 5
related
Heart failure 1 2
Myocardial infarction 2 0
Syncope 0 2
Stroke or transient 0 0
ischemic attack

Hospitalizations 23 21
Any cardiovascular 17 17
AF or atrial flutter 10 15
related
Heart failure 1 2
Myocardial infarction 2 0
Syncope 0 1
Stroke or transient 0 0
ischemic attack

Death 0 0

Abbreviation: AF, atrial fibrillation.

2 Numbers represent participants with at least 1such event. Categories are not
exclusive.

Both groups had a similar proportion of recurrent AF or
atrial flutter detected by a consumer device, pacemaker
or defibrillator with atrial lead, or implantable loop recorder.
However, more patients in the abstinence group (78%) had
their AF detected by a 12-lead ECG compared with the coffee
consumption group (57%), and more in the coffee consump-
tion group (21%) had their AF detected by a wearable ECG moni-
tor compared with the abstinence group (0%) (eTable 9 in
Supplement 2).

Secondary Analyses

There was a similar benefit of caffeinated coffee consump-
tion on the secondary end point of AF recurrence only (HR, 0.62
[95% CI, 0.43-0.91]; P = .01; eFigure 3 and eTable 13 in Supple-

JAMA Published online November 9, 2025

ment 2). A lower hazard of atrial flutter recurrence was also
seen with caffeinated coffee consumption, although atrial flut-
ter recurrence occurred in only 6% of patients and the between-
group difference did not reach statistical significance (HR, 0.37
[95% CI, 0.10-1.41]; P = .14; eFigure 4 and eTable 13 in Supple-
ment 2). There were numerically more AF or atrial flutter-
related hospitalizations in the abstinence compared with the
consumption group (15 vs 10, respectively), with other ad-
verse events similar between the groups (Table 2).

|
Discussion

In this randomized clinical trial of patients with persistent AF
undergoing cardioversion, consumption of caffeinated coffee
compared with abstinence from coffee and caffeine was as-
sociated with a significantly lower recurrence of AF or atrial
flutter. The current results contrast with the traditional as-
sumption that coffee promotes atrial arrhythmogenesis, but
fit with some observational data on the subject.'?'® These find-
ings could be considered in patients with AF and a personal
preference for consumption of coffee and other caffeinated
products.

Conventional wisdom has held that caffeinated coffee is
proarrhythmic.®#22 In contrast, most'2® (although not all?®)
observational studies have suggested a neutral or beneficial
association of coffee with AF. However, nonrandomized studies
are prone to residual confounding that cannot be definitely ex-
cluded. The present trial, where measured and unmeasured
confounders should have been balanced via randomized al-
location, suggests that caffeinated coffee consumption may re-
duce recurrence of persistent AF compared with abstinence
from coffee and other caffeinated products. Moreover, a con-
tinued separation of survival curves over time implies that this
difference may be more attributable to a benefit of coffee con-
sumption rather than harm from abrupt coffee cessation and
withdrawal.

Several mechanisms may be responsible for these find-
ings. Coffee contains numerous biological compounds, the most
recognized being caffeine. Some data suggest that caffeinated
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but not decaffeinated coffee is associated with reduced AF.'®
Caffeine concentrations associated with typical coffee con-
sumption resultin blockade of A, and A,, adenosine receptors.?*
Adenosine facilitates AF induction, an effect thought to be due
to sympathoexcitatory effects, shortening of atrial refractori-
ness, and ectopic triggers.?>-2¢ Caffeine may thus have adeno-
sine-mediated antiarrhythmic properties, as has been sug-
gested in a canine study on AF inducibility.?”

Coffee also appears to have anti-inflammatory proper-
ties.?8:29 As systemic inflammation is an AF risk factor, coffee
might reduce AF risk by decreasing inflammation.>°=2 AF can
be vagally mediated, and perhaps the catecholaminergic ef-
fects of caffeine are therefore protective.3->* Caffeine is also a
diuretic, potentially reducing blood pressure and AF risk.3>-3¢

Coffee consumption may also influence other relevant be-
haviors. Coffee drinkers may consume fewer unhealthy
drinks.3” However, soda intake was greater in the coffee con-
sumption group. Similarly, adding sugar to coffee was expect-
edly greater in the consumption group. These differences
would, if anything, be expected to result in greater obesity, dia-
betes, and AF.383° Conversely, random assignment to coffee
consumption in the CRAVE trial resulted in approximately 1000
more steps each day.® Physical activity reduced AF recur-
rence in other trials*®*! and, in addition to other modifiable
factors such as alcohol*?*3 and obesity,** is now recom-
mended as part of AF management. It seems plausible that
greater physical activity may have been in part responsible for
the benefit of coffee consumption seen.

It is worth emphasizing that the caffeine in this study
was naturally occurring and coffee consumption was within
normal ranges. It would be inappropriate to extrapolate any
perceived benefits to high-dose caffeine, and particularly to
synthetic products such as energy drinks that might contain
other substances. However, given the apparent protective
effects, strategies to encourage or even initiate caffeinated
coffee as a proactive strategy to prevent AF may be worth-
while investigating.

Limitations

This trial had several limitations. First, it was pragmatic in de-
sign, and the primary end point was clinically detected AF or
atrial flutter. While clinical follow-up was per usual with no
loss to follow-up, and a majority of participants used continu-
ous recording devices, there was no protocol-mandated AF de-
tection method or schedule. However, follow-up and detec-
tion methods were similar between groups, except for wearable
ECG monitors used more frequently in the coffee consump-
tion group, which would have, if anything, likely biased re-
sults in the opposite direction to the current findings. Sec-
ond, the sample size was modest, similar to other trials on
lifestyle factors.*? Although the results were statistically sig-
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nificant and appeared robust to sensitivity analyses, a chance
finding remains possible.

Third, there were some numeric imbalances in baseline
characteristics; while sensitivity analyses adjusting for these
yielded similar results, the possibility that they influenced
the current findings cannot be excluded. Fourth, the study was
not blinded. While AF recurrence was detected and con-
firmed by treating physicians, and not by study coordinators,
blinding would have minimized risk of bias. Similarly, partici-
pants were not blinded to the exposure, although this did al-
low for the full and real-life experience of consuming caffein-
ated coffee, and the study was not intended to identify specific
mechanistic constituents.

Fifth, only a minority of screened patients were willing to
participate. While many did not want to abstain from coffee
for the length of this trial, many also believed that coffee wors-
ened AF. While it is possible this was an effect of the long-
held conventional wisdom, it remains possible that some select
individuals are truly triggered by coffee. If so, this subpopu-
lation may have been underrepresented. Of note, in the
I-STOP-AFib trial, those who believed caffeine to be an acute
trigger for AF did not demonstrate that effect in randomized
N-of-1 trials, suggesting the belief may more likely stem from
received (rather than evidence-based) wisdom.*® Sixth, par-
oxysmal AF may not respond in the same manner as persis-
tent AF to coffee and requires further study. Because patients
with persistent AF were enrolled, the study did not seek to de-
termine AF burden.

Seventh, adherence in the abstinence group was also
suboptimal, with only 69% not consuming any coffee. How-
ever, this does raise the possibility that these results might
underestimate the true magnitude of benefit from coffee. Self-
reported coffee consumption data may be subject to misclas-
sification in the form of recall bias. However, any nondifferen-
tial bias or differential bias more likely from those in the
abstinence group underreporting actual coffee consumption
would bias the current results to the null. Eighth, while no sig-
nificant differences in adverse events were observed, this trial
was not specifically powered to detect a difference in these less
common events, although these results are consistent with neu-
tral or beneficial observational associations of coffee with these
outcomes.*®

.|
Conclusions

Among previously coffee-drinking patients with AF referred
for cardioversion, random allocation to typical consumption
of caffeinated coffee averaging 1 cup a day was associated with
less recurrence of AF and atrial flutter compared with absti-
nence from coffee and caffeinated products.
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