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Abstract

Background There is some evidence of reduced major cardiovascular event (MACE) rates associated with moderate
coffee consumption in the general population. However, there is concern about the potential risks of coffee con-
sumption in patients with atrial fibrillation (AF). Therefore, we aimed to investigate the association between coffee
consumption and MACE in AF patients.

Methods Data of patients with documented AF enrolled in two large prospective observational multicenter cohort
studies (Swiss-AF and Beat-AF) were analyzed. Follow-up information was obtained on a yearly basis. Coffee consump-
tion was categorized into two main groups: ‘daily”and “not-daily” coffee consumers as well as additional subcatego-
ries. The primary endpoint was MACE, defined as a composite of stroke or systemic embolism, myocardial infarction,
hospitalization for acute heart failure, and cardiovascular mortality. Secondary endpoints were the individual compo-
nents of MACE and all-cause mortality. We performed time-updated multivariable adjusted Cox regression analyses

to investigate the association between coffee consumption and MACE.

Results The incidence rate for MACE was 5.09 per 100 person-years (py) in daily and 7.49 per 100 py in not-daily
consumers (median follow-up duration: 4.7 years). After adjustment for pre-selected confounding variables, daily cof-
fee consumption was associated with a 23% lower hazard for MACE compared to not-daily consumption (hazard ratio
(HR) (95% confidence interval (Cl)) 0.77 (0.66; 0.89)). Patients with moderate coffee consumption (2-3 cups/day) had
the lowest hazard for MACE compared to patients with not-daily coffee consumption (HR (95% Cl) 0.74 (0.63; 0.87)).

Conclusions In a population of AF patients, daily coffee consumption was associated with a reduced risk for MACE,
hospitalization for acute heart failure, and all-cause mortality. The results were inconclusive for stroke or systemic
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embolism, myocardial infarction, and cardiovascular death. In this analysis, we found no evidence of an unfavourable
association of daily coffee consumption in AF Patients with adverse outcome events.

Trial registration ClinicalTrials.gov Identifier: NCT02105844.

Keywords Atrial fibrillation, Coffee, Caffeine, MACE, All-cause mortality, Outcome events

Background

Coffee is one of the most common beverages consumed
worldwide [1]. Based on current data, coffee consump-
tion is not associated with an increased risk of atrial
fibrillation (AF) in the general population [2-8]. Addi-
tionally, moderate coffee consumption seems to have a
protective effect on the occurrence of stroke [9, 10], the
development of heart failure [11], and coronary artery
disease [10]. Furthermore, different studies and meta-
analyses in general populations have shown that moder-
ate coffee consumption is associated with reduced risk
of all-cause mortality [12, 13] and cardiovascular mor-
tality [14, 15]. The role of coffee consumption in myo-
cardial infarction is not yet fully understood. However,
an increased risk with high coffee consumption was
observed in men but not in women [16].

AF is strongly associated with an increased risk of
stroke, systemic embolism, heart failure, myocardial
infarction, and mortality [17-20]. Whether these clini-
cally relevant complications are influenced by coffee
consumption in patients with AF is still unknown. AF
patients often report coffee consumption as one of the
three most important factors that subjectively trigger
an AF episode, although this is not objectively validated
[21, 22]. Consequently, AF patients are often concerned
whether they should lower or even quit consuming
coffee.

The aim of this study was to examine whether coffee
consumption is associated with adverse cardiovascular
events in a large population of AF patients.

Methods

Study design and patient population

This analysis is based on the data of the Swiss-AF (Swiss
Atrial Fibrillation Cohort Study, ClinicalTrials.gov Iden-
tifier: NCT02105844) and Beat-AF (Basel Atrial Fibrilla-
tion Study) studies. Both studies are ongoing prospective,
observational, multicenter cohort studies. The Swiss-AF
cohort study enrolled 2415 patients between 2014 and
2017 at 14 different study centers in Switzerland. The
Beat-AF study enrolled 1553 patients between 2010 and
2014 at seven different Swiss study centers. Detailed
information about the study methodology was pub-
lished previously [23]. The main inclusion criterion of
both studies was documented AF. Swiss-AF primarily

included patients aged > 65 years (with around 10% of the
patients aged <65 years included to investigate the role
of AF in the working population), whereas there was no
age restriction in the Beat-AF cohort. The main exclu-
sion criteria were short and reversible forms of AF (e.g.,
due to cardiac surgery or sepsis), acute illness within the
last 4 weeks, and inability to provide informed consent.
The study protocols were approved by the ethics com-
mittee and conducted in accordance with the Helsinki
Declaration.

Overall, 3968 patients were enrolled. For this analysis,
67 patients were excluded because no follow-up infor-
mation was available, and 7 patients were excluded due
to double inclusion in both studies. Another 59 patients
were excluded due to missing information on coffee con-
sumption (n=16) or other relevant covariates (n=43),
resulting in 3835 patients remaining for this analysis
(Swiss-AF, n=2387; Beat-AF, n=1507). Patient selection
is presented in Supplementary Fig. S1.

Data assessment

In both studies, data were collected at baseline and at
consecutive yearly follow-up visits with identical stand-
ardized case report forms (CRFs) to have comparable
data. In the Swiss-AF cohort, data were collected during
personal visits via physical examination. If personal vis-
its were not possible, follow-up visits were performed by
phone or by using medical records. After a personal visit
at baseline, all yearly follow-up visits in Beat-AF were
performed by phone. Information on lifestyle factors,
comorbidities and medication was obtained at baseline
and updated on a yearly basis in both studies.

Coffee consumption

Coffee consumption was assessed using a standardized
questionnaire. Information on coffee consumption was
updated yearly and the same questionnaire was used in
both studies. Coffee consumption was assessed using a
CRF containing nine different coffee consumption cat-
egories: never or less than once a month; 1-3 cups per
month; 1 cup per week; 2—4 cups per week; 5-6 cups
per week; 1 cup per day; 2—3 cups per day; 4—5 cups per
day; and 6 or more cups per day. We categorized coffee
consumption according to the questionnaire into two
groups: daily and not-daily consumption. Additionally,
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we constructed five subcategories according to the ques-
tionnaire, which correspond to the literature [7-10, 24]:
not-daily consumption included non-consumers (never
or less than once a month) and very-low consumers (1-3
cups per month; 1 cup per week; 2—4 cups per week; 5-6
cups per week). Daily consumption included low con-
sumers (1 cup per day), moderate consumers (2—3 cups
per day), and high consumers (4-5 cups per day; 6 or
more cups per day). An overview about the different cat-
egories of coffee consumption is provided in Fig. 1.

Adverse cardiovascular events

Documented outcome events were independently vali-
dated by two different physicians. In cases of uncertainty,
a third physician validated the event. The main outcome
event was major adverse cardiovascular events (MACE),
a composite of myocardial infarction, stroke and systemic
embolism, hospitalization for acute heart failure, and
cardiovascular mortality. As secondary outcome events,
we defined all-cause mortality and the individual com-
ponents of MACE. The definitions of all endpoints are
shown in Supplementary Table S1.

Other variables

Body mass index (BMI) was defined as body weight in kg
divided by height in m?% Educational status was catego-
rized into three different levels (basic, middle and high)
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according to the highest level achieved. CHA,DS,-VASc
Score was calculated based on the participants’ history
of the included risk factors (history of congestive heart
failure, hypertension, age, diabetes mellitus, stroke or
transient ischemic attack, vascular disease, sex). Sys-
tolic and diastolic blood pressure were measured three
times, and the mean of all measurements was used for
this analysis. AF type was determined by the available
clinical patient data and categorized according to the
ESC guidelines from 2010 into paroxysmal, persistent,
or permanent AF [25]. Alcohol consumption was catego-
rized into non-drinkers,>0 to<1 drinks per day, 1 to<2
drinks per day, and >2 drinks per day. Regular exercise is
defined as engaging in physical activity at least once per
week. A fruit and/or vegetable consumption of >5 serv-
ings per day was used as a surrogate of a healthy diet.
AF-related symptoms were classified using the European
Heart Rhythm Association (EHRA) Score [26]. The fol-
lowing AF symptoms were obtained separately: palpita-
tions, dizziness, syncope, dyspnea, fatigue, limitation in
performance, and thoracic pain.

Statistical analysis

Baseline characteristics were stratified by coffee con-
sumption (daily vs. not-daily consumption at baseline).
In addition, baseline characteristics were stratified by
coffee consumption subcategories (non-consumer; very
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Fig. 1 Coffee consumption categorization. The categorization is based on the data presented in the first line of the figure that was assessed

by questionnaire (coffee cups per month, week or day)
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low consumer; low consumer; moderate consumer; and
high consumer). Continuous data are presented as mean
(+standard deviation (SD)) and categorical data as num-
bers (percentages). Depending on the distribution and
number of strata, continuous data were compared using
Student’s ¢-test or ANOVA. Categorical data were com-
pared using chi-square tests.

Person years of follow-up were calculated as the dif-
ference from baseline to death, loss to follow-up, drop-
out, last follow-up date, or the respective event date. To
investigate the association between coffee consump-
tion and adverse outcome events, we performed multi-
variable adjusted time-updated Cox regression analyses.
Coffee consumption and all covariates were used as time-
updated variables (visit-based). In case of missing values
in between, we replaced missing values by using the “last
value carried forward” method. Results are presented as
hazard ratios (HRs) and 95% confidence intervals (CIs).
Potential competing risk due to non-cardiovascular death
was taken into account, by using cause-specific hazard
models. In addition, we calculated p-values for linear
trend across the coffee consumption categories. The inci-
dence rate was calculated per 100 person-years (py). In
addition, the incidence stratified by daily versus not-daily
coffee consumption was calculated at 1, 3, and 5 years
of follow-up. Cumulative incidence curves with corre-
sponding confidence intervals stratified by daily versus
not-daily coffee consumption were (1) constructed over
the whole study period and (2) truncated at 5 years of
follow-up.

Different Cox regression models were constructed.
Model 1 was adjusted for age and sex. Model 2 was addi-
tionally adjusted for education (basic, middle, high),
hypertension, history of heart failure, history of stroke,
transient ischemic attack or systemic embolism, his-
tory of coronary artery disease, history of diabetes, his-
tory of renal failure, BMI, AF type, oral anticoagulation,
betablocker, and antiarrhythmic drugs (Vaughan Wil-
liams classification Ic or III). A third model was addi-
tionally adjusted for lifestyle factors, including active
smoking, alcohol consumption, regular physical activity,
and healthy diet.

We performed specific subgroup analyses according
to AF type (paroxysmal versus non-paroxysmal), patient
sex, and study (Swiss-AF versus Beat-AF) for the associa-
tion between coffee consumption (daily vs not-daily) and
MACE. p-value for interaction was calculated by adding
a multiplicative interaction term.

Considering the exploratory nature of the analysis, we
performed no correction for multiple testing and inter-
preted p-values as a continuous variable. Statistical anal-
ysis was performed using R version R 4.1.0 (2021-05-18,
R Core Team).
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Results

Of the 3835 patients included in this analysis, 80.7%
(n=3095) reported daily coffee consumption (Table 1).
Mean age of the individuals in the study cohort was 71.4
(£10) years, and 1073 (28.0%) were female. Baseline
characteristics stratified by daily versus not-daily cof-
fee consumption are presented in Table 1. Most base-
line characteristics were well balanced between the two
groups. Female sex (31% versus 27%, p=0.03) and renal
failure (23% versus 18%, p=0.001) were more common
in patients with not-daily consumption compared to
patients with daily coffee consumption. In contrast, alco-
hol consumption was higher in patients with daily coffee
consumption (p<0.001). AF-related symptoms did not
differ between the two groups. Baseline characteristics
stratified by more detailed coffee consumption categories
are presented in Supplementary Table S2.

The results of the association between coffee con-
sumption and MACE are presented in Table 2. MACE
occurred in 979 patients. Of them, hospitalization for
acute heart failure occurred in 543 patients, MI in 116
patients, stroke or systemic embolism in 169 patients,
and cardiac death in 173 patients (some events occurred
at the same day). Overall, the incidence rate for MACE
was 5.55 per 100 py (7.49 and 5.09 per 100 py in patients
with not-daily and daily coffee consumption, respec-
tively). Median (interquartile range) follow-up duration
for MACE was 4.7 (4.0-6.2) years. Cumulative incidence
curves of MACE stratified by daily versus not-daily con-
sumption are shown in Fig. 2. The incidence of MACE in
patients with daily versus not-daily coffee consumption
was 6.0 versus 8.4% after 1 year, 15.4 versus 21.8% after
3 years, and 23.0 versus 33.3% after 5 years of follow-up
(Supplementary Table S3). Compared to patients with
not-daily coffee consumption, daily consumers had a 23%
relative risk reduction for MACE after adjustment for
a broad set of covariates (HR (95% CI) 0.77 (0.66; 0.89),
final model). When looking at subcategories of daily cof-
fee consumption, the HR (95% CI) for MACE in patients
with low, moderate, or high consumption was 0.83 (0.69;
1.00), 0.74 (0.63; 0.87), and 0.77 (0.60; 0.99), respectively
(p-value for linear trend =0.02).

The incidence rates per 100 py for all-cause and
cardiovascular mortality were 3.24 and 2.02, respec-
tively (Supplementary Table S4). After a comprehen-
sive adjustment of covariates, we found a significant
association between daily coffee consumption and
all-cause mortality (HR (95% CI) 0.79 (0.66; 0.94)) but
not between daily coffee consumption and cardiovas-
cular mortality (HR (95% CI) 0.89 (0.70; 1.27)). There
was a strong association between daily coffee consump-
tion and hospitalization for acute heart failure with an
HR (95% CI) of 0.71 (0.59; 0.86), compared to patients
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Table 1 Baseline characteristics stratified by daily versus not-daily coffee consumption

Characteristic Overall (n=3835) Not-daily (n=740, Daily (n=3095, 80.7%) p-value
19.3%)

Age, years, mean (SD) 714 (10.0) 71.7(11.0) 714 9.7) 0.36
Female sex, n (%) 1073 (28.0) 231(31.2) 842 (27.2) 0.03
BMI, kg/mz, mean (SD) 274 (4.8) 27.3(4.8) 27.5(4.8) 045
Education level, n (%) * 0.25

Basic (%) 456 (11.9) 96 (13.0) 360 (11.6)

Middle (%) 1889 (49.3) 345 (46.6) 1544 (49.9)

Advanced (%) 1490 (38.9) 299 (404) 1191 (38.5)
Blood pressure, mmHg

Systolic (mean (SD)) 133.8(18.7) 1334 (18.6) 133.9(18.7) 0.55

Diastolic (mean (SD)) 77.7 (12.0) 77.1(11.9) 77.8(12.0) 0.16
History of hypertension, n (%) 2641 (68.9) 510 (68.9) 2131 (68.9) 1.00
History of diabetes, n (%) 1(15.9) 106 (14.3) 505 (16.3) 0.20
History of renal failure, n (%) 718 (18.7) 170 (23.0) 548 (17.7) 0.001
History of congestive heart failure, n (%) 914 (23.8) 168 (22.7) 746 (24.1) 045
History of coronary artery disease, n (%) 1029 (26.8) 204 (27.6) 825 (26.7) 0.65
History of myocardial infarction, n (%) 566 (14.8) 99 (13.4) 467 (15.1) 0.26
History of stroke or TIA, n (%) 661 (17.2) 143 (19.3) 518 (16.7) 0.11
History of systemic embolism, n (%) 192 (5.0) 44 (5.9) 148 (4.8) 023
CHA,DS,-VASC score, mean (SD) 3201.7) 33(1.7) 3.2(1.8) 0.11
Atrial fibrillation type, n (%) 0.11

Paroxysmal 1885 (49.2) 348 (47.0) 1537 (49.7)

Persistent 1076 (28.1) 202 (27.3) 874 (28.2)

Permanent 874 (22.8) 190 (25.7) 684 (22.1)
Active smoking status, n (%) 298 (7.8) 45 (6.1) 253(8.2) 0.07
Alcohol consumption, n (%) <0.001

Non-drinkers 684 (17.8) 180 (24.3) 504 (16.3)

>0to< I drink/day 1777 (46.3) 354 (47.8) 1423 (46.0)

1 to <2 drinks/day 644 (16.8) 99 (13.4) 545 (17.6)

> 2 drinks/day 730 (19.0) 107 (14.5) 623 (20.1)
Regular physical activity (yes %) 1868 (48.7) 336 (45.4) 1532 (49.5) 0.05
Healthy diet (yes %) 1073 (28.6) 212(294) 861 (284) 0.63
Oral anticoagulation, n (%) 3231(84.3) 626 (84.6) 2605 (84.2) 0.82
Vitamin K antagonist n (%) 1867 (48.7) 359 (48.5) 1508 (48.7) 0.95
Direct oral anticoagulants n (%) 1362 (35.5) 266 (35.9) 1096 (35.4) 0.82
Antiplatelet therapy, n (%) 826 (21.5) 143 (19.3) 683 (22.1) 0.11
Betablocker therapy, n (%) 2648 (69) 508 (68.6) 2140 (69.1) 0.11
Antiarrhythmic drugs (Vaughan Williams Classifica- 896 (23.4) 171 (23.1) 725 (23.4) 0.83
tion Tcand Ill), n (%)
PVI, n (%) 815(21.3) 148 (20.0) 667 (21.6) 039
Device, n (%) 675 (17.6) 146 (19.7) 529(17.1) 0.10
EHRA score, n (%) 037

/ 1380 (58.1) 286 (59.2) 1094 (57.9)

Il 766 (32.3) 145 (30.0) 621(32.8)

i 186 (7.8) 45(9.3) 141 (7.5)

v 42(1.8) 7(1.4) 35(1.9)
AF symptoms 2540 (66.4) 479 (64.7) 2061 (66.8) 031

Palpitations 1610 (42.0) 315 (42.6) 1295 (41.8)

Dizziness 577 (22.7) 105 (14.2) 472 (15.3)

Syncope 119 (4.7) 29 (3.9 90 (2.9)
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Table 1 (continued)
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Characteristic Overall (n=3835)

Not-daily (n=740, Daily (n=3095, 80.7%) p-value

19.3%)
Dyspnea 960 (37.8) 174 (23.5) 786 (25.4)
Fatigue 680 (26.8) 134 (18.1) 546 (17.6)
Limitation in performance 707 (27.8) 134 (18.1) 573(18.5)
Thoracic pain 401 (15.8) 81(11.0) 320(10.3)

Data are presented as means +standard deviation or counts (percentages). CHA,DS,-VASC score: stroke risk score in atrial fibrillation patients. EHRA score: AF
symptom score classified from the European Heart Rhythm Association. Regular physical exercise: physical activity such as jogging, Nordic walking, cycling, aerobics,
or ball sports for at least once per week. Healthy diet was defined as > 5 servings of fruit or vegetable per day. 1 Basic: <6 years (less than the current compulsory
education curriculum); middle: 6 to <12 years (high school or similar); advanced: > 12 years (college or university degree). AF, atrial fibrillation; BMI, body mass index;
EHRA, European Heart Rhythm Association; PVI, pulmonary vein isolation; SD, standard deviation; TIA, transient ischemic attack

Table 2 Association between coffee consumption and major adverse cardiovascular events (MACE)

MACE No. of events Person-years Incidence rate per Cox regression model Cox regression model Cox regression
100 person-years 1 2 model 3
HR (95% ClI) HR (95% Cl) (lifestyle)
HR (95% ClI)
Overall 979 17,636 5.55
Not-daily 253 3377 749 Ref Ref
Non-consumer (0 cup/
day)
Very low consumer (< 1
cup/day)
Daily 726 14,260 5.09 0.74 (0.64,0.85) 0.76 (0.66;0.88) 0.77 (0.66; 0.89)
Low consumer (1 cup/ 216 3591 6.02 0.80 (0.67;0.96) 0.84 (0.70;1.01) 0.83 (0.69; 1.00)
day)
Moderate consumer (2-3 418 8665 4.82 0.70 (0.60;0.82) 0.72 (0.61,0.84) 0.74 (0.63;0.87)
cups/day)
High consumer (=4 cups/ 92 2004 459 0.79 (062;1.00) 0.80 (0.63;1.01) 0.7 (0.60; 0.99)
day)
p-value for linear trend 0.02 0.03 0.02
p-value for quadratic 0.02 0.06 0.13

trend

MACE (major adverse cardiovascular events): composite of hospitalization for acute heart failure, stroke and systemic embolism, myocardial infarction, cardiovascular
mortality. Model 1: adjusted for age and sex. Model 2: additionally adjusted for education (basic, middle, high), hypertension, history of heart failure, history of

stroke, transient ischemic attack or systemic embolism, history of coronary artery disease, history of diabetes, history of renal failure, body mass index, AF type, oral
anticoagulation, betablocker and antiarrhythmic drugs. Model 3 (lifestyle) was additionally adjusted for active smoking, alcohol consumption, regular physical activity,

and healthy diet

with not-daily consumption, which was also present
across the different subcategories of daily consump-
tion (p for linear trend=0.04). Compared to patients
who consumed coffee on a not-daily basis, patients
with moderate coffee consumption (2-3 cups per day)
had the lowest hazard ratio (HR (95% CI) 0.69 (0.56;
0.85)) (Fig. 3). Additionally, daily coffee consumption
was associated with a reduced risk of stroke and sys-
temic embolism even after multivariable adjustment
(HR (95% CI) 0.70 (0.51; 0.95), model 2) but lost level of
significance when additionally adjusting the model for
lifestyle factors (HR (95% CI) 0.75 (0.54; 1.04), model
3). No association was found between daily coffee con-
sumption and the occurrence of myocardial infarction.

The results of the subgroup analysis for AF type (par-
oxysmal vs. non-paroxysmal), patient sex, and study
(Swiss-AF vs. Beat-AF) for the association between daily
coffee consumption and MACE are presented in Sup-
plementary Table S5. There was a significant association
between daily consumption and MACE in patients with
non-paroxysmal AF (HR (95% CI) 0.71 (0.59; 0.85)) but
not in patients with paroxysmal AF (HR (95% CI) 0.86
(0.67; 1.09)). However, there was no evidence for an
interaction between AF type and daily coffee consump-
tion (p for interaction=0.25). Additionally, we found an
inverse association between daily coffee consumption
and MACE in male patients (HR (95%CI) 0.71 (0.60;
0.84)), however without evidence of an effect modifying



Iten et al. BMC Medicine (2024) 22:593 Page 7 of 11

HR (95%Cl) 0.77 (0.66; 0.89)
40% 1
Ll
o
<
=
o 30%
(8]
=
(]
o
e
= 20%
(]
>
©
=
£ 10%
o
0%
0 25 5 75 10
Time to event (years)
Number at risk
%Not-daify 740 620 301 65 1
&% Daily{ 3004 2527 1332 290 2
0 25 5 75 10

Time to event (years)

Fig. 2 Cumulative incidence curves of major adverse cardiovascular events (MACE) stratified by daily versus not-daily coffee consumption
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Fig. 3 Hazard ratio (95% confidence intervals) stratified by categories of coffee consumption for primary and secondary outcome events. The
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embolism, history of coronary artery disease, history of diabetes, history of renal failure, body mass index, AF type, oral anticoagulation, betablocker,
and antiarrhythmic drugs (model 2)
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effect by sex (p for interaction=0.16). Finally, there was
an inverse association between coffee consumption and
MACE in both studies separately with a HR (95%CI) of
0.79 (0.66; 0.95) for Swiss-AF and 0.72 (0.56; 0.92) for
Beat-AF (p for interaction=0.43).

Discussion

Several new findings emerged from our analysis which
used data from two large cohorts of AF patients. First,
we found no evidence for an increased risk for any of our
studied adverse outcome events when comparing daily
versus not-daily coffee consumption in AF patients. In
contrast, compared to AF patients with not-daily cof-
fee consumption, daily coffee consumption was associ-
ated with a decreased risk of MACE, all-cause mortality,
and hospitalization for acute heart failure. Since baseline
characteristics were well distributed between daily and
not-daily coffee consumers, we assume that these varia-
bles had a small confounding effect. Second, AF type and
patient sex had no modifying effect on the association
between coffee consumption and MACE.

To the best of our knowledge, there is no evidence in
the current literature of an association between coffee
consumption and adverse cardiovascular events in AF
patients. In contrast, there is much evidence in the gen-
eral population in favor of coffee consumption [9-15,
27]. In our study with elderly AF patients, we found
comparable results as in patients from the general popu-
lation. For example, we found a 23% relative risk reduc-
tion for MACE in patients with daily coffee consumption
compared to patients with not-daily consumption. The
inverse relationship between daily coffee consumption
and MACE was mainly based on strong associations with
hospitalization for acute heart failure and in part stroke/
systemic embolism. Cardiovascular mortality and myo-
cardial infarction did not contribute to these findings to
the same extent, even though the shape of the association
was similar. The association between coffee consumption
and MACE was mainly driven by a strong association in
patients with moderate coffee consumption (2-3 cups/
day).

According to our subgroup analysis, the incidence
rate and relative risk reduction was higher in patients
with non-paroxysmal AF than in those with paroxysmal
AF (7.15 vs 4.06 per 100 py and 29% versus 14%). How-
ever, AF type had no modifying effect on the association
between coffee consumption and MACE. The widespread
individual concern in paroxysmal AF patients that an AF
episode could be triggered with coffee consumption [22]
did not seem to apply in this specific subgroup, as we did
not find an increased number of events. In addition, the
relative risk reduction was higher in men compared to

Page 8 of 11

women (29% versus 10%), however, without evidence of
an interaction effect.

Results from a meta-analysis in a general popula-
tion, which investigated the association of heart failure
in coffee drinkers compared to non-drinkers, revealed a
J-shaped association with the lowest risk in the group of
participants consuming 3—4 cups/day (HR (95% CI) 0.89
(0.81; 0.99)) [11]. This result is in line with our findings
showing that patients with moderate coffee consump-
tion had the lowest risk (2—3 cups/day). Current evidence
suggests that moderate coffee consumption as part of a
normal lifestyle does not lead to an excessive fluid loss
[28]. In contrast, excessive caffein consumption might
induce an acute diuretic effect as compared to a moder-
ate caffein consumption as shown in young adults [29].
However, the role of a potential diuretic effect of caffein
on the association between coffee consumption and heart
failure hospitalizations still remains unclear.

In another meta-analysis, the authors were able to
show a U-shaped inverse association between coffee con-
sumption and stroke, with the lowest risk again occur-
ring in the group of patients who consumed 3—4 cups/
day (HR (95% CI) 0.83 (0.74; 0.92)) [9]. In our analysis,
we found similar effect sizes in all groups. However, the
95% confidence interval was the narrowest for patients
with moderate coffee consumption (2-3 cups/day), and
the difference was significant compared to patients with
not-daily consumption (model 1 and model 2). The effect
of coffee consumption on the occurrence of myocardial
infarction is still not well understood. There is some evi-
dence that regular coffee consumption might reduce the
risk of coronary artery disease [10]. However, a differ-
ent study showed an increased incidence of myocardial
infarction in men with high coffee consumption [16].
This uncertainty resembles our findings, with no sig-
nificant association between coffee consumption and
the occurrence of myocardial infarction. Another meta-
analysis focusing on all-cause mortality revealed a non-
linear inverse relationship with the lowest risk in patients
consuming 3 cups of coffee/day (HR (95% CI) 0.83 (0.83;
0.88)) [14]. Again, our data showed similar effect sizes
across the groups. However, only patients who consumed
2-3 cups/day had a significantly reduced risk compared
to patients who did not consume on a daily basis (HR
(95% CI) 0.77 (0.63; 0.94). Another analysis of the general
population showed a favorable effect of coffee consump-
tion on cardiac death [14, 15]. However, our study was
not able to show a significant difference between patients
with daily versus not-daily coffee consumption, even
though the hazard ratio showed a trend toward a favora-
ble effect of daily coffee consumption (HR (95% CI) 0.89
(0.70; 1.27)).
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Based on the comparison of our results with the results
of the general population, we suggest that having AF of
any type has no effect on the association between coffee
consumption and clinical outcome events. The dose—
response relationship followed a similar pattern when
we compared the results of our AF population with the
results of different general populations. The reason for
this shape of association is not clear. Since we found no
evidence of unfavorable association of daily coffee con-
sumption with adverse outcome events and observed
comparable results as in general populations, it can be
assumed that recommendations for coffee consumption
in AF patients may not differ from those in the general
populations when referring to adverse outcome events.
However, based on the observational study design, we
must be cautious when interpreting the results and over-
interpretation should be avoided.

A comprehensive management of modifiable risk fac-
tors in AF patients (ABC pathway) is of high relevance
to improve AF management and reduce the risk of AF-
related complications [30]. Recently, the HEAD 2 TOES
concept was introduced, which summarizes modifiable
risk factor targets to prevent AF [31]. In our analysis, the
confounding effect of lifestyle factors on the association
between coffee consumption and adverse outcome events
was minimal, as was the influence of other modifiable
risk factors when comparing the different multivariable
adjusted models. Potentially, coffee consumption per se
reflects a certain pattern of lifestyle factors, even though
the baseline characteristics were not completely differ-
ent among patients with daily versus not-daily coffee
consumption.

The biochemical active components of coffee are com-
plex and may have harmful and beneficial effects on
cardiovascular health. The most famous component of
coffee is caffeine, of which up to 400 mg per day (approxi-
mately 4 cups/day) appears to be safe for cardiovascu-
lar health [32]. Several clinical studies have shown that
there is no electrophysiological inducibility of arrhyth-
mias on ECG monitoring under oral or intravenous caf-
feine exposure [33-36], even though it raises the level
of epinephrine and norepinephrine and shortens the
refractory period in the right ventricle, AV-Node, and
right atrium and prolongs the one of the left atrium [35].
Other important components of coffee are antioxidants,
such as p-coumaric, caffeic, and ferulic acids, which
may play a protective role in atherosclerotic genesis by
reducing oxidation of low-density lipoprotein [37]. Fur-
thermore, there is evidence of an inverse relationship
between coffee consumption and inflammatory markers
in the bloodstream, which might also contribute to the
beneficial health effects of coffee consumption [38, 39].
The risk-reducing effect of coffee consumption seems to
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disappear and thus to equal that of not-daily consump-
tion if a certain low daily dose is consumed. One can only
speculate whether this observation is due to unidentified
confounding factors or whether there might be a dose-
dependent effect of biochemicals. One theory might be
that the negative effects of an increasing caffeine intake
might outweigh the protective effects of antioxidant com-
ponents and thus affect cardiovascular health negatively.
However, this theory is not supported by a meta-analysis
that compares the relationship between caffeinated and
decaffeinated coffee on all-cause mortality as they both
showed a similar and an approximately U-shaped rela-
tionship [27, 40]. Therefore, the reasons for the neutrali-
zation of the risk-reducing effect of coffee consumption
when consuming a certain amount still needs to be better
understood.

Strengths and limitations

A main strength of this study was the large sample size
of well-characterized AF patients. Furthermore, informa-
tion on coffee consumption and covariates was obtained
on a regular basis, which allowed us to perform time-
updated analyses. Nevertheless, several limitations
should be taken into account when interpreting our
results. First, both studies are conducted in Switzerland
and the main population of our study was of European
origin. Whether the results are generalizable to patients
of other ethnicities is uncertain. In addition, coffee con-
sumption habits may clearly be different in patients from
other geographical regions (within Europe and globally),
and the generalizability of our results in these patients is
uncertain. Second, coffee consumption was self-assessed
by the patients, and misclassification of coffee consump-
tion is theoretically possible. However, we assume that
misclassification would rather be non-differential, mean-
ing that the probability of individuals being misclassified
is equal across all groups. Third, male patients are over-
represented, which is common in cardiovascular studies.
However, there was no effect-modifying effect of patient
sex in this context. Fourth, caffeine, as an important
component of coffee, is also an important ingredient of
other food or beverages, such as black tea, coke, energy
drinks, and chocolate. These other sources of caffeine
may influence the amount of caffeine intake per person
and were not taken into account in our study. This issue
has been handled similarly in other studies; therefore, the
comparability of the data remains unproblematic. Fur-
thermore, daily caffeine intake is mostly driven by coffee,
and other sources do not play a comparable role in an
elderly population. Fifth, we did not correct for multiple
comparisons due to the exploratory nature of the analy-
sis. Finally, due to the observational nature of the study,
residual confounding is still possible. However, we made
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a comprehensive adjustment for the regression analyses,
including comorbidities, cardiovascular risk factors, and
educational status.

Conclusions

In this cohort of AF patients, daily coffee consumption
was associated with a reduced risk of MACE, hospi-
talization for acute heart failure, and all-cause mortality
compared to not-daily coffee consumption. This asso-
ciation was mainly driven by a risk reduction in patients
with moderate coffee consumption (2-3 cups/day). The
observational nature of this study does not allow to draw
causal inferences. Nevertheless, we found no evidence of
an unfavourable association of daily coffee consumption
in AF Patients with adverse outcome events.
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