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Is caffeine beverage 
associated with an 
increased risk of 
atrial fibrillation? 

 
Anna Vittoria Mattioli 



Caffeine is the most widely consumed 
behaviourally active substance in the world.  

Almost all caffeine comes from dietary sources 
and most of it from coffee and tea.  

The content of caffeine ranges from 40 to 180 
mg/150 ml of coffee.  

Ingestion of a single cup of espresso coffee 
provides a dose of 0.4-2.5 mg/kg of caffeine 
(calculated as 80-90 mg/cups of Italian espresso).  

Caffeine in coffee beverages 



Caffeine in coffee beverages 

The amount of caffeine in different 
espresso and brewed specialty coffee 
varies in different preparation.  

There are hundreds of different coffee 
species, the two most common being 
“Robusta” and “Arabica”.  

The modality of preparation (i.e. 
filtered, non-filtered, percolated) could 
influence the quantity of caffeine 

The diluition could also influenced 
caffeine contents  

McCusker 2003 



The variability in caffeine content may 
be due to many factors:  

modality of preparation i.e. espresso 
or percolation,  

different quality of coffee bean, 
roasting method and  

the length of brewing time  

In espresso coffee the variability is 
wider  due to human manipulation 
involved in the production of the 
espresso extraction  

.  

Caffeine in coffee beverages 

McCusker 2003 



Stimulates: 
•     central nervous system,  
•     gastric acid secretion 
•     coronary vessel dilation 
•     diuresis.  
•     fat oxidation in muscle,  
•     free fatty acid release from peripheral tissues 
•     increases basal energy consumption  

 

It might impair insulin action by stimulating the release of 
epinephrine, a potent inhibitor of insulin activity and decreases 
insulin sensitivity in muscle.  

Caffeine doses as low as 100 mg were associated with alertness, 
well-being, sociability, energy and willingness to work 

Caffeine: effects 



Coffee and AF 

• Studies examining the association between coffee 
consumption and atrial fibrillation have been 
inconclusive 
 
• Coffee drinking has been associated with increased 
cardiovascular morbidity in some but not all 
prospective studies 

• Although case-control studies found a positive 
association between coffee consumption and risk of 
atrial fibrillation, prospective cohort studies 
underlined a lower risk among individuals with 
higher coffee consumption. 



No changes in heart 
rate variability in young 
healthy male habitual 
coffee consumers 

 

Rauh R, 2006 



Coffee and heart rate variability 

after ingestion compared with baseline was !7 " 9
for placebo,!25" 6 for caffeine 100 mg, and!28"
8 for caffeine 200 mg.

• • •
The findings of the present study suggest that, in

addition to the increased SNSA previously observed,
PNSA is reduced after acute caffeine ingestion in
normal subjects. These alterations may represent a
direct effect of caffeine on pathways of autonomic
control within the central nervous system. The shift in
sympathovagal balance with caffeine may contribute
to the increased systolic and diastolic blood pressures
observed in this and earlier studies of acute ingestion
of this drug. However, the findings of the present
study contrast with those of Hibino et al,3 who noted
a transient increase in vagal activity after caffeine
ingestion in seated normal subjects controlling their
respiration at a constant rate. An explanation for these
differences between studies is not readily apparent.
However, the increase in muscle sympathetic nerve
activity in response to caffeine, as previously de-
scribed,1 is in keeping with our overall finding of a
shift in sympthovagal balance toward sympathetic
predominance after acute ingestion.
Heart rate was not altered by acute caffeine inges-

tion in the present study, in keeping with previous
observations of either no change6,7 or small reduc-
tions2 in heart rate with this drug. Given the reduction
in PNSA observed in the present study, together with
the previously described increase in SNSA,1 these
autonomic disturbances would be expected to directly

contribute to an increase in heart
rate. One possible explanation for the
general lack of change in heart rate
observed is that the direct autonomic
effects of caffeine may be at least
partially offset by a baroreflex-medi-
ated reduction in heart rate in re-
sponse to the increase in blood pres-
sure.
There is ongoing controversy re-

garding the association between caf-
feine consumption and increased car-
diovascular risk in humans.8,9 Be-
cause PNSA and SNSA have both
been proposed as markers of cardio-
vascular risk,4,10 the findings of the
present study may be of some rele-
vance to this controversy. Studies of
the impact of chronic caffeine con-
sumption on autonomic status are re-

quired; however, because pharmacologic tachyphy-
laxis is well known with this drug, the autonomic
changes that occur with short-term ingestion may not
necessarily be observed after long-term consumption.
In summary, the present study has found that

compared with placebo, acute ingestion of caffeine
in 10 normal subjects resulted in increased blood
pressure and decreased HRV measures of PNSA,
without changes in heart rate. These findings sug-
gest that acute ingestion of caffeine directly re-
duces PNSA in the short term in humans.
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to activation of the sympathetic nervous system (abstr). Eur Heart J 2000;21:105.
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Coffee, caffeine, and cardiovascular disease in men. N Engl J Med 1990;323:
1026–1032.
10. Curtis BM, O’Keefe JH Jr. Autonomic tone as a cardiovascular risk factor:
the dangers of chronic fight or flight. Mayo Clin Proc 2002;77:45–54.

TABLE 1 Baseline Measures of Blood Pressure, Heart Rate, and HRV measures of
PNSA, as Well as Placebo-corrected Changes After Caffeine Ingestion

Variable

Baseline
Measurement

Placebo-corrected
Change After

Caffeine 100 mg

Placebo-corrected
Change After

Caffeine 200 mg
(n # 10) (n # 9) (n # 10)

Systolic blood pressure (mm Hg) 108.3 " 3.1 !3.7 " 2.9* !7.0 " 1.8†

Diastolic blood pressure (mm Hg) 61.3 " 3.5 !1.9 " 1.9* !4.3 " 2.1†

Mean heart rate (beats/min) 61.2 " 1.8 !0.4 " 0.4 !1.2 " 0.4
SDNN (ms) 68.9 " 6.3 $16.0 " 1.5* $17.0 " 1.1*
rMSSD (ms) 72.4 " 10.9 $6.7 " 1.2* $6.9 " 0.4†

pNN50 (%) 51.6 " 9.0 $0.9 " 1.1 $6.8 " 1.3*
HFP (ms2) 961 " 306 $303 " 59* $251 " 36*
LFP/HFP 0.5 " 0.3 !0.0 " 0.1 !0.4 " 0.0*

*p %0.05; †p %0.01.
HFP # high-frequency power; LFP # low-frequency power; pNN50 # percentage of successive RR

intervals &50 ms different from one another; rMSSD # root-mean-squared difference in successive RR
intervals; SDNN # SD of RR intervals.
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Coffee, Caffeine, and Risk of Hospitalization for Arrhythmias

comprised 56.0% of the total study 
population and 73.2% of partici-
pants with arrhythmia. 

The subset of 11,679 participants 
that supplied information about 
coffee types was also studied by 
comparing persons taking specific 
coffee types to non-coffee-drinkers 
as referent. In the same subset, 
total caffeine intake was studied as 
a continuous (per decile) variable. 
These were studied both with and 
without control for total amount of 
coffee intake. 

For coffee intake, we studied risk 
of any arrhythmia and of specific di-
agnoses. The latter included supra-
ventricular tachycardia (code 427.0; 
n = 257), paroxysmal ventricular 
tachycardia (code 427.1; n = 232), 
atrial fibrillation (code 427.31; n = 
1512), atrial flutter (code 427.32; n = 
273), ventricular fibrillation/flutter/
cardiac arrest (code 427.4–5; n = 
91), premature beats (code 427.6; n 
= 91), and other arrhythmia (code 
427.8; n = 755). Analyses yielded 
estimates of hazard ratios (HRs), 
95% confidence intervals (CIs), 
and p values. We performed similar 
analyses of the relation of tea to ar-
rhythmia risk.

Similar analyses of total coffee 
intake were performed, includ-

ing—one at a time—systolic blood 
pressure, diastolic blood pressure, 
total blood cholesterol, glucose, and 
leukocyte count.

Finally, we used similar models 
to examine risk of hospitalization 
for the three most numerous cardio-
vascular diagnostic groups. These 
were coronary artery disease ([CAD] 
codes 410–414; n = 7658), cerebro-
vascular disease (codes 430–438; 
n = 5108), and heart failure (code 
428; n = 3418).

Results
In adjusted models (Table 2), 

we observed an inverse relation of 
coffee to risk of hospitalization for 
arrhythmia, especially supraven-
tricular arrhythmias, that was statisti-
cally significant for heavier coffee 
drinkers (>4 cups/day) and for 
coffee as a continuous variable. This 
inverse relation was progressive in 
the largest intake categories: for ex-
ample, at 4–6 cups/day, the HR for 
all arrhythmias was 0.84 (p = 0.05), 
and at >6 cups/day, it was 0.73 (p 
= 0.02). The results were similar for 
most of the specific supraventricular 
arrhythmia diagnoses. The HR for 
heavy coffee drinkers was >1.0 for 
paroxysmal ventricular tachycardia, 
but it was 0.5 for the composite 

of “ventricular fibrillation/flutter/
cardiac arrest.”

The inverse relation of coffee 
drinking to arrhythmia was consis-
tent in men, women, whites, blacks, 
and persons younger than or older 
than 60 years of age at baseline (Ta-
ble 3). The association was nearly 
identical in persons with a yes for 
CR composite and those without a 
yes for the composite (Table 3). The 
inverse coffee relation was slightly 
stronger for risk within 10 years 
of examination (vs >10 years) and 
for risk of never-smokers (vs ex-
smokers or current smokers). Tea 
drinking was less prevalent in our 
study population and was unrelated 
to any endpoint. For the 24,945 per-
sons reporting intake of >1 cup/day 
of tea (vs none), the HR was 1.01; 
the HR per cup per day was 1.00.

We performed most stratified 
analyses separately for atrial fibril-
lation, the diagnosis for half of all 
participants. The results for atrial 
fibrillation were consistently simi-
lar to those for all arrhythmias; for 
example, the HR of those drinking 
>4 cups/day were 0.83 for men, 
0.78 for women, 0.78 for white per-
sons, 0.65 for black persons, 0.79 if  
<60 years old at baseline, 0.83 if 
>60 years old at baseline, 0.64 if <10 

Table 2. Adjusteda hazard ratio (95% confidence interval) of arrhythmia diagnoses by coffee intake
Diagnosisb N <1 cup/day 1–3 cups/day >4 cups/day Per cup per dayc

Any arrhythmia 3137 0.97 (0.85–1.11) 0.93 (0.84–1.02) 0.82 (0.73–0.93)d,e 0.97 (0.95–0.99)e

Paroxysmal supraventricular 
tachycardia

257 0.85 (0.54–1.34) 1.01 (0.72–1.40) 0.63 (0.41–0.98)f 0.94 (0.88–1.02)

Paroxysmal ventricular tachycardia 232 0.99 (0.59–1.63) 1.04 (0.71–1.53) 1.22 (0.79–1.87) 1.05 (0.98–1.12)
Atrial fibrillation 1512 0.82 (0.67–1.00) 0.88 (0.76–1.01) 0.81 (0.69–0.96)f 0.97 (0.94–1.00)f

Atrial flutter 273 0.99 (0.65–1.93) 0.86 (0.62–1.20) 0.80 (0.54–1.19) 0.97 (0.91–1.04)
Ventricular fibrillation/flutter/
cardiac arrest

91 0.62 (0.28–1.34) 0.72 (0.42–1.22) 0.47 (0.23–0.96)f 0.88 (0.78–1.00)

Premature beats 91 1.98 (1.02–3.84)f 0.98 (0.54–1.79) 0.62 (0.28–1.35) 0.87 (0.77–0.99)a

Other arrhythmia 755 1.02 (0.79–1.32) 0.93 (0.77–1.14) 0.72 (0.56–0.93)f 0.94 (0.90–0.98)e

a Versus nondrinkers as referent, with 8 covariates.
b First admission for each diagnosis used; study participants could be in more than one category.
c Coffee as continuous variable; see text for description.
d Hazard ratio for 4–6 cups/day = 0.82; hazard ratio for >6 cups/day = 0.83.
e p < 0.01.
f p < 0.05.

The inverse 
relation of 

coffee drinking 
to arrhythmia 
was consistent 

in men, women, 
whites, blacks, 

and persons 
younger than 

or older than 60 
years of age …
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Background
Cardiac rhythm disturbances are 

among the toxic effects from very 
large doses of caffeine administered 
in animal studies1–3 and taken in 
human suicide attempts.4 Patients 
frequently report palpitations after 
caffeine ingestion, and physi-
cians often advise patients with 
arrhythmias to avoid caffeinated 

coffee. However, human experi-
mental5–9 and prospective popula-
tion study10–12 data about relations 
of commonly ingested amounts of 
coffee and caffeine to arrhythmia 
have yielded inconsistent results. 
Controlled experiments in humans 
have shown no relation to ventricu-
lar premature beats (VPBs), includ-
ing data about caffeine restriction 

in persons with symptomatic VPBs,9 
caffeine administration in patients 
with recent myocardial infarction,7 
and inducibility of VPBs.8 A con-
trolled experiment of ingestion of 
the caffeine equivalent of 4 to 5 
cups of coffee showed no relation-
ship to heart rate and number of 
atrial or VPBs on taped electrocar-
diograms.5 Two earlier population 
studies of coffee drinking and 
incident atrial fibrillation risk11,12 
showed no association; another10 
showed a weak positive association 
but with an inconsistent dose–re-
sponse relationship.

In view of the need for more data 
about the association of arrhyth-
mia risk with commonly ingested 
amounts of coffee, we examined 
and report here data about rela-
tions of reported coffee intake to 
subsequent risk of hospitalization 
for various arrhythmias in a large 
free-living population.

Methods
Study Participants and Data

The study protocols were ap-
proved by the institutional review 
board of the Kaiser Permanente 
Medical Care Program. Study par-
ticipants were 130,054 members of a 
Northern California comprehensive 
health care plan who voluntarily 
underwent a health examination13 
between 1978 and 1985. For many 

Arthur L Klatsky, MD, is a Senior Consultant in Cardiology at the Oakland Medical Center and an Adjunct Investi-
gator at the Kaiser Permanente Division of Research in Oakland, CA. E-mail: arthur.klatsky@kp.org. 
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Abstract
Context: Population study data about relations of coffee drinking to 

arrhythmia are sparse.
Objective: To study relations of coffee drinking to risk of cardiac arrhyth-

mia in 130,054 persons with previous data about coffee habits.
Design and Outcome Measure: We used Cox proportional hazards 

models with 8 covariates to study coffee-related risk in 3137 persons hos-
pitalized for cardiac arrhythmia. We conducted a similar analysis of total 
caffeine-related risk in a subgroup with data about other caffeine intake 
(11,679 study participants; 198 hospitalized).

Results: With non-coffee-drinkers as the referent, the adjusted hazard 
ratio (HR) for any arrhythmia at the level of <1 cup of coffee per day was 
1.0 (95% confidence interval [CI] = 0.9–1.1; p = 0.7); for 1–3 cups/day, it 
was 0.9 (CI, 0.8–1.0; p = 0.2), and for >4 cups/day, it was 0.8 (CI, 0.7–0.9; 
p = 0.002). With coffee intake as a continuous variable, the HR per cup per 
day was 0.97 (CI, 0.95–0.99; p = 0.001). Results were similar for several 
strata, including persons with history or symptoms of possible cardiore-
spiratory disease and those without such history or symptoms. Coffee had 
similar relations to atrial fibrillation (48% of participants with arrhythmia) 
and most other specific arrhythmia diagnoses. Controlled for number of 
cups of coffee per day, total caffeine intake was inversely related to risk 
(HR highest quartile vs lowest = 0.6; p = 0.03).

Conclusion: The inverse relations of coffee and caffeine intake to hos-
pitalization for arrhythmias make it unlikely that moderate caffeine intake 
increases arrhythmia risk.

credits available for this article — see page 95.
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Coffee consumption is not associated with
increased risk of atrial fibrillation: results from
two prospective cohorts and a meta-analysis
Susanna C. Larsson1* , Nikola Drca2, Mats Jensen-Urstad2 and Alicja Wolk1

Abstract

Background: Whether coffee consumption affects the risk of developing atrial fibrillation (AF) remains unclear. We
sought to investigate the association between coffee consumption and incidence of AF in two prospective cohorts,
and to summarize available evidence using a meta-analysis.

Methods: Our study population comprised 41,881 men in the Cohort of Swedish Men and 34,594 women in the
Swedish Mammography Cohort who had provided information on coffee consumption in 1997 and were followed
up for 12 years. Incident cases of AF were ascertained by linkage with the Swedish Hospital Discharge Register. For
the meta-analysis, prospective studies were identified by searching PubMed and Embase through 22 July 2015, and
by reviewing the reference lists of retrieved articles. Study-specific relative risks were combined using a random
effects model.

Results: We ascertained 4,311 and 2,730 incident AF cases in men and women, respectively, in the two cohorts.
Coffee consumption was not associated with AF incidence in these cohort studies. The lack of association was
confirmed in a meta-analysis, including six cohort studies with a total of 10,406 cases of AF diagnosed among
248,910 individuals. The overall relative risk (95 % confidence interval) of AF was 0.96 (0.84–1.08) for the highest
versus lowest category of coffee consumption, and 0.99 (0.94–1.03) per 2 cups/day increment of coffee consumption.

Conclusions: We found no evidence that coffee consumption is associated with increased risk of AF.

Background
Coffee is a complex beverage containing many different
chemical substances that may affect health [1]. Moderate
coffee consumption has been associated with reduced
risk of type 2 diabetes [2], coronary heart disease [3],
stroke [3, 4], and mortality from all causes and cardio-
vascular disease [5]. Whether coffee consumption also
influences the risk of atrial fibrillation (AF), the most
frequent cardiac arrhythmia, remains unclear. A major
compound in coffee is caffeine, which is a vasoactive
substance that can promote the release of norepineph-
rine and epinephrine [6]. Short-term metabolic studies
in humans performed in the 1970s and 1980s showed
that acute caffeine ingestion increased plasma renin ac-
tivity, catecholamine concentrations and blood pressure

[7], as well as shortened the refractory period of the
right atrium, AV node and the right ventricle, and pro-
longed the refractory period of the left atrium [8]. Several
more recent randomized controlled trials have reported
that caffeine intake produces an acute increase in blood
pressure (mean change of 8 mm/Hg and 6 mm/Hg in
systolic and diastolic blood pressure, respectively,
within <60–180 min after intake of 200–300 mg caf-
feine or coffee) [9], whereas long-term (1–4 months)
coffee consumption has no effect on blood pressure [10].
Two recent meta-analyses of observational studies of
caffeine intake in relation to AF risk did not support an
association between a high caffeine intake and increased
AF risk; if anything, an inverse association was indicated
[11, 12]. In experimental animal models, caffeine adminis-
tration has been shown to either reduce [13] or increase
the propensity for AF [14].
Patients with AF have a substantially increased risk of

stroke, heart failure, dementia and all-cause mortality,
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two studies that assessed caffeine intake [24, 25]. In this
analysis, which included six studies of coffee consumption
and two studies of caffeine intake in relation to AF risk,
the overall RR for the highest versus lowest category of
coffee or caffeine intake was 0.95 (95 % CI, 0.86–1.06; I2 =
46.3 %).
There was no evidence of a nonlinear relationship be-

tween coffee consumption and AF risk (P nonlinearity =
0.55). The RR per 2 cups/d increment of coffee con-
sumption was 0.99 (95 % CI 0.94–1.03; I2 = 65.7 %)
(Additional file 1: Web Figure S3). We found no indica-
tion of publication bias (P ≥0.43).

Discussion
In the COSM and the SMC, coffee consumption was not
associated with incidence of AF. Likewise, results from a
complementary meta-analysis showed no overall associ-
ation between coffee consumption and AF risk, but there
was heterogeneity among studies. All studies were con-
ducted in either Sweden or the US, thus reducing the
generalizability of the results.
In sex-specific analyses, coffee consumption was asso-

ciated with a non-significant positive association in men,
but with a non-significant inverse association in women.
Whether men may be more sensitive to a high coffee or
caffeine intake warrants further study.
Although available evidence does not indicate that cof-

fee consumption increases the risk of developing AF,
coffee (or caffeine) may trigger arrhythmia. In a study of
100 patients with idiopathic paroxysmal AF, 25 patients
indicated coffee consumption as a triggering factor for
arrhythmia [26]. In the COSM and the SMC, participants
who had AF at baseline consumed, on average, less coffee
than those without AF, suggesting that some individuals

with AF may have quit drinking coffee or lowered their
consumption because of an arrhythmic-triggering effect of
coffee.
Strengths of the COSM and the SMC are the large

sample sizes and the large number of incident AF cases.
Moreover, the accuracy of the AF diagnosis in the Swedish
Hospital Discharge Register is high [17]. However, the AF
cases in our cohorts are mainly symptomatic cases. We
cannot exclude the possibility that bias might have been
introduced if individuals with first episodes of less serious
AF (undiagnosed cases) might have reduced their con-
sumption of coffee. Because of the observational nature of
our studies, we cannot rule out confounding as a potential
explanation for the lack of association between coffee con-
sumption and AF risk, although we adjusted for major AF
risk factors. In addition, because coffee consumption was
assessed with a self-administered questionnaire and only
at baseline, some measurement error in the assessment of
coffee consumption was inevitable, and could explain our
null results. Another limitation is that we did not have in-
formation on type of coffee (for example, decaffeinated)
and preparation method (for example, filtered or boiled),
and we had limited statistical power in our analysis using
coffee abstainers as the reference. The meta-analysis in-
herits the limitations of the included studies. The limi-
tations in the other studies are about the same as those
discussed for the COSM and the SMC. Publication bias
could be of concern in any meta-analysis of published
data. We observed no evidence of such bias in the present
meta-analysis.
Two recent meta-analyses of the association between

caffeine intake and AF risk showed no overall association
[11, 12]. In one of those meta-analyses, which included
six prospective studies, there was a statistically significant

Fig. 1 Forest plot of the relative risks (RR) of atrial fibrillation for the highest versus lowest category of coffee consumption (cups/day). Squares
indicate study-specific RR estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate the 95 % CI; diamond
indicates the overall RR with its 95 % CI. Study-specific RRs were combined using a random-effects model
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We conducted secondary analyses to test the associations
between total fish and types of fish intakes and AF risk. We did
not observe a significant association between total fish intake and
AF risk. However, participants who consumed .4 servings of
dark fish/wk were at increased risk of developing AF (hazard
ratio: 6.53; 95% CI: 2.65, 16.06; P , 0.0001), as shown in
Table 3. In contrast, there were no significant associations be-
tween canned tuna fish, shrimp and shellfish, or other fish and
risk of AF (see supplemental Table 3 under “Supplemental data”
in the online issue). We also examined the sources of fiber and
types of grain and showed that neither fibers from cereals,
vegetables, fruit, legumes, nor whole or refined grains were
associated with incident AF (see supplemental Table 4 under
“Supplemental data” in the online issue).

Because of the largely negative results, we post hoc examined
the study’s statistical power. We had 80% power to detect a
hazard ratio !1.65 when the risk of AF in the first quartile of a
given nutrient was compared to risk of AF in the fourth quartile
of that nutrient with the assumption of an increasing association
between intake and risk by using Cox proportional hazards re-
gression analysis. For nutrients with inverse associations with
AF risk, we had 80% power to detect a hazard ratio !0.67 when
risk of AF in the first quartile of a given nutrient was compared
to risk of AF in the fourth quartile of that nutrient.

DISCUSSION

In a longitudinal analysis conducted in the FHS, we observed
little evidence of an association between dietary exposures from
alcohol, caffeine, fiber, and fatty acids and incident AF during 4-y
of follow up. In exploratory analyses, we observed that the high
weekly consumption of dark fish was associated with a signifi-
cantly increased risk of AF.

Acute alcohol intake and binge drinking have been related to
AF (23, 24). Epidemiologic data of the long-term relation of
alcohol intake have been inconsistent. Data from the early
analysis of the FHS and the Cardiovascular Health Study showed
no effect of alcohol intake on AF (9, 25). In recent analyses from
the FHS, moderate-to-heavy alcohol consumption (!3 drinks/d;
’36 g alcohol) was significantly associated with increased AF
risk in men (11). The association with the consumption of
!2 drinks/d (equivalent to 25 g alcohol/d) and AF risk also has
been identified in women (10). In our study, we observed only
a marginal association between moderate-to-heavy drinking and
increased risk of AF, possibly because of a small group of
moderate-to-heavy drinkers in this population (only 9–15% of
women and men in our cohort). Whereas prior evidence sug-
gested that moderate-to-heavy drinking contributes to AF risk,
the evidence from our study could neither confirm nor rule out
that hypothesis. The arrhythmogenicity of chronic alcohol ex-
posure may stem from alcoholic cardiomyopathy (26), increased
oxidative stress, neurohormonal activation, and altered calcium
homeostasis (27).

Caffeine is widely present in many dietary sources and may
mediate AF by resulting in neurohormonal stimulation and
sympathetic activation (28, 29). The clinical effect of intakes of
caffeine from coffee, tea, and caffeinated soda on AF remains
inconclusive. In young healthy participants in a clinical trial,
acute ingestion of caffeinated instant coffee did not result in
supraventricular arrhythmias (30). In contrast, an acute increase
in coffee intake was associated with the recurrence or persistence
of AF in patients with a first episode of AF (31). As for the
habitual intake, our study and a Danish cohort showed no as-
sociation of daily caffeine intakewith incident AF (12). However,
one study identified moderate coffee consumption (1–4 cups
coffee/d) as a contributor to AF risk (32), whereas another study
showed that caffeine was associated with less successful car-
dioversion in participants with hypertension (13). Further studies
are necessary to clarify the relation of caffeine exposure to risk of
incident and recurrent AF in healthy individuals and patients with
a predisposition for AF.

The consumption of whole grains and dietary fiber, especially
cereal fiber, reduces CVD morbidity and mortality (33, 34). The
rich contents of fiber, vitamins, minerals and various phyto-
chemicals in whole grains (35) decrease inflammation and oxi-
dative stress (36). High intakes of whole grains also are
associated with lower risk of death attributed to inflammatory dis-
eases (37). Because emerging evidence indicates that inflammation
and oxidative stress may play a role in the pathophysiology of AF
(38), the high intake of whole grains and fiber may have an
antiarrhythmic potential. As an important source of dietary
magnesium, whole grains may provide additional protection
because magnesium has been suggested to be effective in the
acute management of rapid AF in clinics (39). Our data did not
support the hypothesis of an antiarrhythmic relation between

TABLE 1
Characteristics of participants at baseline1

Men
(n = 4231

examinations)

Women
(n = 5409

examinations)

Clinical characteristics
Age (y) 62.0 6 9.82 62.8 6 10.4
BMI (kg/m2) 28.3 6 4.2 27.1 6 5.5
Systolic blood pressure (mm Hg) 131 6 18 130 6 21
Current smoker (%) 14 15
Moderate-to-heavy alcohol

drinker (%)3
15 9

Heart failure (%) 1 1
Significant heart murmur (%) 3 3
PR interval (ms) 170 6 3 161 6 2
Diabetes (%) 14 10
Hypertension treatment (%) 31 30

Dietary factors
Total energy (kcal/d) 1951 6 643 1724 6 559
Total fiber (g/d) 18.5 6 7.9 18.6 6 8.0
Alcohol (g/d) 14.7 6 19.3 6.6 6 11.3
Caffeine (mg/d) 274 6 214 232 6 194
Saturated fatty acid (g/d) 23.0 6 10.8 19.8 6 9.1
Monounsaturated fatty

acid (g/d)
24.9 6 11.1 20.9 6 9.1

PUFA (g/d) 12.4 6 5.6 11.3 6 5.1
n23 PUFA, 20:5 and

22:6 (mg/d)
264 6 244 268 6 244

n26 PUFA, 20:4 and 18:2 (g/d) 1.2 6 0.5 1.3 6 0.5
Fish intake (servings/wk) 1.9 6 1.7 1.9 6 1.7
Dark fish (servings/wk) 0.4 6 0.6 0.3 6 0.6
Canned tuna fish (servings/wk) 0.9 6 1.1 1.0 6 1.1
Shrimp and shellfish (servings/wk) 0.3 6 0.4 0.3 6 0.4

1 PUFA, polyunsaturated fatty acid.
2 Mean 6 SD (all such values).
3 Defined as .35 g alcohol/d for men and .25 g alcohol/d for women.
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ABSTRACT
Background: There have been conflicting reported associations
between dietary factors and incident atrial fibrillation (AF).
Objective: We evaluated associations between consumption of al-
cohol, caffeine, fiber, and polyunsaturated fatty acids (PUFAs) and
incident AF in the Framingham Heart Study.
Design: Participants without AF (n = 4526; 9640 examinations;
mean age: 62 y; 56% women) from the original and offspring co-
horts completed food-frequency questionnaires and were followed
prospectively for 4 y. We examined the associations between dietary
exposures and AF with Cox proportional hazards regression.
Results: A total of 296 individuals developed AF (177 men, 119
women). In multivariable analyses, there were no significant asso-
ciations between examined dietary exposures and AF risk. Hazard
ratios (HRs) for increasing quartiles of dietary factors were as fol-
lows: for alcohol, 0.73 (95% CI: 0.5, 1.05), 0.85 (95% CI: 0.61,
1.18), and 1.12 (95% CI: 0.83, 1.51) (P for trend = 0.48); for
caffeine, 0.84 (95% CI: 0.62, 1.15), 0.87 (95% CI: 0.64, 1.2), and
0.98 (95% CI: 0.7, 1.39) (P for trend = 0.84); for total fiber, 0.86
(95% CI: 0.61, 1.2), 0.64 (95% CI: 0.44, 0.92), and 0.81 (95% CI:
0.54, 1.2) (P for trend = 0.16); and for n23 (omega-3) PUFAs, 1.11
(95% CI: 0.81, 1.54), 0.92 (95% CI: 0.65, 1.29), and 1.18 (95% CI:
0.85, 1.64) (P for trend = 0.57; quartile 1 was the reference group).
In exploratory analyses, consumption of .4 servings of dark fish/
wk (5 cases and 21 individuals at risk) was significantly associated
with AF risk compared with the consumption of ,1 serving of dark
fish/wk (HR: 6.53; 95% CI: 2.65, 16.06; P , 0.0001).
Conclusions: Consumption of alcohol, caffeine, fiber, and fish-
derived PUFAs was not significantly associated with AF risk. The
observed adverse association between the consumption of dark fish
and AF merits further investigation. Our findings suggest that the
dietary exposures examined convey limited attributable risk of AF
in the general population. Am J Clin Nutr 2011;93:261–6.

INTRODUCTION

Atrial fibrillation (AF) is the most commonly encountered
arrhythmia in clinical practice (1) and conveys increased risks of
stroke, dementia, heart failure, and overall mortality (2). Its
increasing prevalence poses great challenges to public health and
the health care system (3). Therefore, identifying novel, modi-
fiable risk factors for AF is a priority for preventive efforts (4).
Lifestyle factors, in particular dietary intake, have been recog-
nized as important, modifiable risk factors for cardiovascular
disease (CVD). Studies have shown that dietary components,
such as alcohol, caffeine, fiber, and fish-derived long-chain

polyunsaturated fatty acids (PUFAs), influence CVD morbidity
and mortality (5–8).

However, the effect of dietary factors on risk of AF is not well
established. The associations between AF risk and alcohol and
caffeine intakes have had conflicting results (9–13). Reports on
the relation of fish and fish-derived fatty acid intakes on AF risk
have also been inconsistent: studies have shown an alternately
protective effect (14) or null to unfavorable relation (15–17). The
association between dietary fiber intake and incident AF is
largely unexplored. Thus, whether dietary factors predispose
individuals to AF risk remains uncertain. In the setting of
a community-based cohort study, we conducted longitudinal
analyses of the associations of alcohol, caffeine, fiber, and fish-
derived n23 PUFA intakes with incident AF.

SUBJECTS AND METHODS

Study design

The Framingham Heart Study (FHS) is a longitudinal study
that was initiated in 1948 to identify CVD risk factors. Offspring
of Original cohort participants and their spouses were recruited to
participate in the Framingham Offspring Study in 1971. The
detailed design and methodology of the study have been pre-

1 From the Jean Mayer US Department of Agriculture Human Nutrition
Research Center on Aging, Tufts University, Boston, MA (JS, PFJ, MJ, and
JMO); the Departments of Biostatistics (VMJ and LMS) and Epidemiology
(PAQ and EJB), School of Public Health, the Sections of Cardiology (JWM,
SP, DL, RSV, and EJB) and Preventive Medicine (RSV and EJB), Evans
Memorial Department of Medicine, and the Department of Health Sciences,
Sargent College of Health and Rehabilitation Sciences (PAQ), Boston Univer-
sity, Boston, MA; the National Heart, Lung, and Blood Institute’s Framingham
Heart Study, Framingham, MA (DL, JWM, and EJB); and the Cardiovascular
Research Center, Massachusetts General Hospital, Boston, MA (SAL).

2 Supported by the National Heart, Lung, and Blood Institute (grants HL-
54776; to JS and JMO), the National Institute of Diabetes and Digestive and
Kidney Diseases (grant DK075030; to JMO), the US Department of Agri-
culture Research (contracts 53-K06-5-10 and 58-1950-9-001; to JS and
JMO), the American Heart Association (award 09FTF2190028; to JWM),
and the National Institutes of Health (grants N01-HC 25195, 6R01-NS
17950, RC1HL101056, HL092577, and 1R01HL102214; to EJB).

3 Address correspondence and reprint requests to EJ Benjamin, the Fra-
mingham Heart Study, 73 Mount Wayte Avenue, Suite 2, Framingham, MA
01702-5827. E-mail: emelia@bu.edu.
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whole grains and dietary fiber at the relatively modest amounts
consumed in the FHS cohort.

Consumption of fish and fish-derived n23 PUFAs decreases
the risk of sudden cardiac death (7) mainly through preventing
cardiac arrhythmia, particularly ventricular fibrillation (40). The
anti-arrhythmic effects of n23 PUFAs could be mediated through
their regulation of the calcium channel, eicosanoid metabolism,
inflammation, and cardiac muscle metabolism (41). In our study,
dark-fish intake and n23 PUFA intake from fish or fish-oil
supplements were not associated with a lower incidence of AF.
Our findings are consistent with many earlier cohort studies (15–
17) but contradict a previous longitudinal cohort that reported
a beneficial association between AF and n23 PUFA from fish or

fish supplements in elderly participants of the Cardiovascular
Health Study (14). The inconsistent results across observational
studies may reflect differences in study populations and dietary
assessment methodologies. Also, the heterogeneous nature of
AF could potentially differentiate individual responses to fish-
derived n23 PUFAs (42, 43). This notion has been supported by
observations that showed that the consumption of n23 PUFAs
increases parasympathetic tone (44) and may mediate lone AF
risk in susceptible individuals, whereas n23 PUFAs may have
a protective role in older individuals at risk of AF secondary
to structural heart disease (45). Divergent associations of fish
oil with AF have also been shown in experimental studies that
demonstrated that n23 PUFAs suppress the type of AF

TABLE 3
Risk of atrial fibrillation according to total fish and dark-fish intake

Frequency of fish intake

P for trendNever or ,1 serving/wk 1–4 servings/wk .4 servings/wk

Total fish
No. of cases/participants 107/3365 156/5460 33/815 —
Person-years of follow-up 12,872 20,919 3093 —
Age, sex, and energy adjusted 1 (reference)1 0.91 (0.71, 1.17) 1.33 (0.89, 1.98) 0.57
Multivariable adjusted2 1 (reference) 0.88 (0.69, 1.13) 1.25 (0.84, 1.86) 0.81

Dark fish
No. of cases/participants 248/8321 43/1298 5/21 —
Person-years of follow-up 31,886 4932 67 —
Age, sex, and energy adjusted 1 (reference) 1.02 (0.74, 1.41) 8.77 (3.61, 21.27) 0.15
Multivariable adjusted2 1 (reference) 1.01 (0.72, 1.39) 6.53 (2.65, 16.06) 0.21

1 Hazard ratio; 95% CI in parentheses (all such values).
2 Cox proportional hazards regression model adjusted for age, sex, BMI, systolic blood pressure, hypertension treatment, electrocardiogram, PR interval,

significant heart murmur, and heart failure.

TABLE 2
Risk of atrial fibrillation according to quartile (Q) of nutrient intake1

Q1 Q2 Q3 Q4 P for trend

Alcohol (g/d) 0 (0–0)2 2 (1–3) 7 (3–13) 29 (13–161) —
No. of cases/participants 107/2947 39/1886 56/2398 94/2409 —
Person-years of follow-up 11,154 7301 9238 9193 —
Age, sex, and energy adjusted 1 (reference)3 0.71 (0.49, 1.03) 0.81 (0.58, 1.12) 1.10 (0.82, 1.48) 0.59
Multivariable adjusted4 1 (reference) 0.73 (0.50, 1.05) 0.85 (0.61, 1.18) 1.12 (0.83, 1.51) 0.48

Caffeine (mg/d) 23 (0–82) 142 (82–186) 347 (186–366) 452 (366–1203) —
No. of cases/participants 89/2410 77/2410 71/2410 59/2410 —
Person-years of follow-up 9153 9168 9293 9271 —
Age, sex, and energy adjusted 1 (reference) 0.86 (0.64, 1.17) 0.90 (0.65, 1.23) 0.96 (0.68, 1.35) 0.78
Multivariable adjusted4 1 (reference) 0.84 (0.62, 1.15) 0.87 (0.64, 1.20) 0.98 (0.70, 1.39) 0.84

Total fiber (g/d) 10 (3–13) 15 (13–17) 20 (17–23) 27 (23–95) —
No. of cases/participants 72/2407 71/2412 62/2413 91/2408 —
Person-years of follow-up 9180 9198 9331 9176 —
Age, sex, and energy adjusted 1 (reference) 0.88 (0.63, 1.23) 0.67 (0.47, 0.97) 0.85 (0.58, 1.26) 0.28
Multivariable adjusted4 1 (reference) 0.86 (0.61, 1.20) 0.64 (0.44, 0.92) 0.81 (0.54, 1.20) 0.16

n23 PUFA, 20:5 and 22:6 (mg/d) 80 (0–120) 150 (120–200) 250 (200–330) 460 (330–3800) —
No. of cases/participants 71/2319 80/2500 66/2392 79/2429 —
Person-years of follow-up 8878 9593 9149 9266 —
Age, sex, and energy adjusted 1 (reference) 1.18 (0.86, 1.63) 0.98 (0.70, 1.38) 1.32 (0.95, 1.84) 0.23
Multivariable adjusted4 1 (reference) 1.11 (0.81, 1.54) 0.92 (0.65, 1.29) 1.18 (0.85, 1.64) 0.57

1 PUFA, polyunsaturated fatty acid.
2 Median; minimum–maximum in parentheses (all such values).
3 Hazard ratio; 95% CI in parentheses (all such values).
4 Cox proportional hazards regression model adjusted for age, sex, BMI, systolic blood pressure, hypertension treatment, electrocardiogram, PR interval,

significant heart murmur, and heart failure.
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ABSTRACT
Background: There have been conflicting reported associations
between dietary factors and incident atrial fibrillation (AF).
Objective: We evaluated associations between consumption of al-
cohol, caffeine, fiber, and polyunsaturated fatty acids (PUFAs) and
incident AF in the Framingham Heart Study.
Design: Participants without AF (n = 4526; 9640 examinations;
mean age: 62 y; 56% women) from the original and offspring co-
horts completed food-frequency questionnaires and were followed
prospectively for 4 y. We examined the associations between dietary
exposures and AF with Cox proportional hazards regression.
Results: A total of 296 individuals developed AF (177 men, 119
women). In multivariable analyses, there were no significant asso-
ciations between examined dietary exposures and AF risk. Hazard
ratios (HRs) for increasing quartiles of dietary factors were as fol-
lows: for alcohol, 0.73 (95% CI: 0.5, 1.05), 0.85 (95% CI: 0.61,
1.18), and 1.12 (95% CI: 0.83, 1.51) (P for trend = 0.48); for
caffeine, 0.84 (95% CI: 0.62, 1.15), 0.87 (95% CI: 0.64, 1.2), and
0.98 (95% CI: 0.7, 1.39) (P for trend = 0.84); for total fiber, 0.86
(95% CI: 0.61, 1.2), 0.64 (95% CI: 0.44, 0.92), and 0.81 (95% CI:
0.54, 1.2) (P for trend = 0.16); and for n23 (omega-3) PUFAs, 1.11
(95% CI: 0.81, 1.54), 0.92 (95% CI: 0.65, 1.29), and 1.18 (95% CI:
0.85, 1.64) (P for trend = 0.57; quartile 1 was the reference group).
In exploratory analyses, consumption of .4 servings of dark fish/
wk (5 cases and 21 individuals at risk) was significantly associated
with AF risk compared with the consumption of ,1 serving of dark
fish/wk (HR: 6.53; 95% CI: 2.65, 16.06; P , 0.0001).
Conclusions: Consumption of alcohol, caffeine, fiber, and fish-
derived PUFAs was not significantly associated with AF risk. The
observed adverse association between the consumption of dark fish
and AF merits further investigation. Our findings suggest that the
dietary exposures examined convey limited attributable risk of AF
in the general population. Am J Clin Nutr 2011;93:261–6.

INTRODUCTION

Atrial fibrillation (AF) is the most commonly encountered
arrhythmia in clinical practice (1) and conveys increased risks of
stroke, dementia, heart failure, and overall mortality (2). Its
increasing prevalence poses great challenges to public health and
the health care system (3). Therefore, identifying novel, modi-
fiable risk factors for AF is a priority for preventive efforts (4).
Lifestyle factors, in particular dietary intake, have been recog-
nized as important, modifiable risk factors for cardiovascular
disease (CVD). Studies have shown that dietary components,
such as alcohol, caffeine, fiber, and fish-derived long-chain

polyunsaturated fatty acids (PUFAs), influence CVD morbidity
and mortality (5–8).

However, the effect of dietary factors on risk of AF is not well
established. The associations between AF risk and alcohol and
caffeine intakes have had conflicting results (9–13). Reports on
the relation of fish and fish-derived fatty acid intakes on AF risk
have also been inconsistent: studies have shown an alternately
protective effect (14) or null to unfavorable relation (15–17). The
association between dietary fiber intake and incident AF is
largely unexplored. Thus, whether dietary factors predispose
individuals to AF risk remains uncertain. In the setting of
a community-based cohort study, we conducted longitudinal
analyses of the associations of alcohol, caffeine, fiber, and fish-
derived n23 PUFA intakes with incident AF.

SUBJECTS AND METHODS

Study design

The Framingham Heart Study (FHS) is a longitudinal study
that was initiated in 1948 to identify CVD risk factors. Offspring
of Original cohort participants and their spouses were recruited to
participate in the Framingham Offspring Study in 1971. The
detailed design and methodology of the study have been pre-
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JMO); the Departments of Biostatistics (VMJ and LMS) and Epidemiology
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was the adjusted difference and 95% confidence interval (CI) in
QT interval duration by categories of each exposure compared to
the reference category, calculated from multivariable linear
regression models. We used four models with progressive degrees
of adjustment. First, we adjusted for age (continuous), race-
ethnicity (non-Hispanic white, non-Hispanic black, Mexican-
American, other), sex, and RR-interval (restricted quadratic
splines with knots at the 5th, 50th, and 95th percentiles). Second,
we further adjusted for BMI (continuous), high school education
(yes, no), annual household income (,$20,000, $$20,000), and
use of QT-prolonging medications (yes, no). Third, we further
adjusted for systolic blood pressure, blood pressure lowering
medication, total and HDL cholesterol, diabetes, history of
myocardial infarction, history of congestive heart failure, serum
potassium (continuous), and serum calcium (continuous). Finally,
fully adjusted models further included all exposures of interest (i.e.,
coffee, tea, and alcohol intake, smoking, and physical activity) in a
single model. Tests for linear trend across categories of each
exposure were computed by including a variable with the median
value for each category of exposure in the linear regression
models.
Seconday analyses included stratified analysis by sex (as women

tend to have longer QT intervals than men), and sensitivity
analysis using Bazett’s corrected QT interval as the outcome
(Table S1; results were similar to the main analysis). All statistical
analyses were conducted using SUDAAN (version 10.0; Research
Triangle Institute, Research Triangle Park, NC).

Table 1. Baseline characteristics.

Characteristic NHANES III (N=7,795)

Age (years) a 56.5 (0.4)

Male 45.1

Race/ethnicity

White 80.7

Black 9.0

Other 10.4

High school education 70.8

Low family income 30.9

Use of QT prolonging medication 12.0

Diabetes 8.6

Myocardial infarction 5.2

Hypertension 36.7

Total cholesterol (mg/dL) 218.0 (0.9)

HDL (mg/dL) 51.0 (0.4)

BMI (kg/m2) 27.3 (0.1)

Heart rate (beat/min) 68.1 (0.2)

QT interval (ms) 406.3 (0.6)

Values are means (SE) or percentages unless otherwise noted.
doi:10.1371/journal.pone.0017584.t001

Table 2. Adjusted difference (95%CI) in QT interval duration by categories of coffee, tea, and caffeine intake.

N Mean QT Model 1 a Model 2 b Model 3 c Model 4 d

Coffee (cups/day)

0 2347 406.8 (404.8, 408.9) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference)

,1 3671 406.7 (405.2, 408.3) 20.7 (22.0, 0.5) 20.8 (22.1, 0.5) 20.7 (21.9, 0.5) 20.9 (22.2, 0.4)

1–3 1257 405.0 (402.7, 407.4) 21.8 (23.2, 20.3) 21.5 (23.0, 0.0) 21.2 (22.7, 0.3) 21.6 (23.2, 0.1)

4–5 311 402.0 (399.0, 405.1) 20.2 (22.7, 2.3) 0.5 (21.9, 3.0) 1.1 (21.3, 3.5) 0.6 (22.0, 3.2)

$6 209 404.7 (400.1, 409.2) 21.1 (24.3, 2.2) 21.1 (24.5, 2.4) 20.7 (24.1, 2.8) 21.2 (24.4, 2.0)

p-trend 0.03 0.42 0.61 0.89 0.59

Tea (cups/day)

0 4137 407.2 (405.6, 408.7) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference)

,1 3242 405.3 (403.8, 406.8) 20.4 (21.5, 0.8) 20.4 (21.6, 0.7) 20.2 (21.4, 1.0) 20.1 (21.4, 1.1)

1–3 343 403.4 (398.0, 408.8) 21.8 (24.5, 1.0) 22.3 (25.1, 0.5) 22.4 (25.4, 0.5) 22.4 (25.3, 0.6)

4–5 58 403.8 (393.3, 414.3) 20.1 (24.9, 4.7) 20.8 (25.2, 3.6) 0.8 (24.2, 5.8) 0.6 (24.3, 5.6)

$6 15 405.9 (393.7, 418.2) 0.3 (29.1, 9.7) 1.2 (28.4, 10.7) 22.1 (211.4, 7.2) 22.0 (211.2, 7.3)

p-trend 0.18 0.44 0.33 0.27 0.27

Caffeine (mg/day)

,24.2 2080 408.4 (406.3, 410.4) 0.0 (reference) 0.0 (reference) 0.0 (reference) 0.0 (reference)

24.2–135.2 2425 405.8 (404.2, 407.4) 21.6 (23.0, 20.1) 21.6 (23.1, 20.2) 21.1 (22.6, 0.4) 21.3 (22.8, 0.3)

135.2–274.9 1489 406.6 (404.0, 409.3) 20.1 (21.4, 1.3) 20.1 (21.6, 1.3) 0.1 (21.4, 1.6) 20.1 (21.6, 1.5)

$274.9 1801 404.2 (402.5, 405.8) 21.6 (22.9, 20.2) 21.3 (22.7, 0.1) 20.8 (22.2, 0.6) 21.2 (22.7, 0.3)

p-trend ,0.001 0.05 0.13 0.35 0.17

a. Adjusted for age (continuous), race-ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American, other), sex, and RR-interval (restricted quadratic splines with
knots at the 5th, 50th, and 95th percentiles).
b. Further adjusted for BMI (continuous), high school education (yes, no), annual household income (,$20,000, $$20,000), and use of QT-prolonging medications (yes,
no).
c. Further adjusted for systolic blood pressure, blood pressure lowering medication, total and HDL cholesterol, diabetes, history of myocardial infarction, history of
congestive heart failure, serum potassium (continuous), and serum calcium (continuous).
d. Further adjusted for smoking (current, former, never), number of drinks (continuous), and total physical activity (continuous).
doi:10.1371/journal.pone.0017584.t002
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Effect of coffee consumption, lifestyle and acute life stress in
the development of acute lone atrial fibrillation
Anna Vittoria Mattiolia, Silvia Bonattia, Mauro Zennaroc, Roberto Melottib

and Giorgio Mattiolid

Objective The study evaluated the relationships between
acute stress, lifestyle and coffee consumption, and acute
lone atrial fibrillation (AF).

Methods The study group included 400 patients with mean
age of 54W11 years, 205 of whom were men. They all
presented with a first episode of AF. Patients underwent a
series of cognitive tests to evaluate acute psychological
stress (mean life acute stress score). Lifestyle and
nutritional parameters (diet, alcohol and espresso coffee
consumption, smoking and obesity) were investigated. An
age-matched and sex-matched control group was selected
and compared.

Results Recent stress, high intake of coffee, and obesity
were associated with greater risk of AF. Acute stress
induces an increase in coffee consumption and changes in
lifestyle. The increase in coffee consumption was more
marked in nonhabitual drinkers, leading to a higher risk of
developing AF [odds ratio (OR) 4.1; 95% confidence interval
(CI): 1.98–4.56; P<0.001]. Spontaneous conversion of AF to
sinus rhythm was observed in 191 patients (47%). Patients
who experienced AF after an acute stress showed the
highest probability of spontaneous conversion. High
espresso coffee consumption (OR 0.86; 95% CI: 0.49–1.21;

P<0.01) and obesity (OR 0.88; 95% CI: 0.84–1.20; P<0.01)
were associated with a significantly greater risk of
persistent AF.

Conclusion Acute stress induced changes in lifestyle,
including an increase in coffee consumption, leading to a
higher risk of AF. Patients who developed AF after an acute
stress showed the highest probability of spontaneous
conversion. High espresso coffee consumption and obesity
were associated with an increased risk of persistent AF.
J Cardiovasc Med 9:794–798 Q 2008 Italian Federation of
Cardiology.
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Background
As is well known, dietary intake and lifestyle play an
important role in cardiovascular disease, including arrhyth-
mias. Available evidence suggests that the modern life-
style, including high-calorie diet, coffee and alcohol
intake, and low physical activity, influences the develop-
ment of cardiovascular disease. The present study focused
on the relation between coffee consumption and cardio-
vascular disease. Caffeine is the most widely consumed
behaviorally active substance in the world. Almost all
caffeine comes from dietary sources, and most of it from
coffee and tea [1]. Coffee contains several hundred differ-
ent substances, but its effects on the cardiovascular system
have mainly been related to caffeine. The content of
caffeine ranges from 40 to 180mg/150ml of coffee, which
is equivalent to 90mg per cup of espresso coffee. In Italy,
the estimated caffeine from coffee consumption is 198mg
per person per day. Ingestion of a single cup of espresso
coffee provides a dose of 0.4–2.5mg/kg of caffeine [2].

The relationship between coffee consumption and
cardiovascular disease has been studied extensively.
Coffee drinking has been associated with increased cardi-
ovascularmorbidity in some but not all prospective studies
[3–5]. Some other studies [6] found that coffee has a
protective effect, mostly related to its antioxidant proper-
ties. The causal mechanisms, however, have not been
identified. Controversial results were also observed when
comparing habitual and nonhabitual coffee drinkers [7,8].

The present study was designed to evaluate the influence
of an acute stress event on lifestyle and espresso coffee
consumption and its relation with development and
conversion of acute lone atrial fibrillation (AF).

Methods
The study group included 400 patients, 205 men and 195
women, of mean age of 54! 11 years presenting with
acute lone AF cardioverted within 48 h of the onset of AF.
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of AF in higher strata (Table 3). In the third and fourth
strata of LCU, the risk was more than two-fold in patients
with AF.

When we analyzed the espresso coffee consumption, high
consumers of coffee were more frequent in the group of
patients that developed AF (3.1! 1.4 cups per day vs.
control 2.1! 1.5 cups per day). Risk of AF was 3.14 [95%
confidence interval (CI): 1.864–3.35, P< 0.001]. The
BMI was slightly higher in patients with AF
(26.33! 4.60 vs. control 25.18! 3.9; P¼ 0.78). Obesity
was associated with a significantly greater risk of AF [odds
ratio (OR) 1.61; 95% CI: 0.722–3.23; P< 0.05].

A recent stress, a high BMI, and the high intake of coffee
were associated with greater risk of AF.

Analyzing the effect of acute stress on coffee consump-
tion and lifestyle, we found an increase in coffee con-
sumption in the days after the stress event and this
increased was more marked in nonhabitual drinkers,
leading to an higher risk of developing AF [relative risk
(RR) 4.1; 95% CI: 1.98–4.56; P< 0.001].

Conversion of atrial fibrillation
Spontaneous conversion of AF to sinus rhythm within
48 h from the onset of symptoms was observed in 191
patients (47%).

In the logistic regression analysis, the presence of spon-
taneous conversion to sinus rhythm was used as the
dependent variable. Independent variables were indicator

variables representing categories of stress, espresso coffee
consumption, physical activity, and BMI.

Patients with a recent acute stress showed the highest
probability of spontaneous conversion. Habitual high
espresso coffee consumption, more than three cups per
day (OR 0.86; 95% CI: 0.49–1.21; P< 0.01) and obesity
(BMI> 30) were associated with a significantly greater
risk of persistent AF (OR 0.88; 95% CI: 0.84–1.20;
P< 0.01) (Table 4). Alcohol consumption and smoking
habits did not influence spontaneous conversion of AF.

Discussion
We identify high espresso coffee consumption, a recent
acute stress, and obesity as independent risk factors for
the development of acute lone AF.

The role of coffee in the development of acute AF is
controversial [1]. The effects of coffee on arrhythmias
have been attributed to caffeine, but the mechanism by
which caffeine ingestion can induce arrhythmias is not
completely known. Studies [12] evaluating the heart rate
variability before the onset of AF identify two forms of
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Table 2 Clinical and demographic characteristics of patients
included in the study categorized according coffee consumption

Variables All patients No coffee Low coffee High coffee

Number of patients 400 112 178 110
Mean age (years) 54!11 54!10 58!7 51!8
Sex (men/women) 205/195 41/71 82/96 82/28
BMI 26.8!6.0 29.1!5.8 26.2!4.8 24!2.3
Waist-to-hip ratio 0.89!0.09 0.91!0.09 0.89!0.09 0.90!0.09
Heart rate (beats/min) 88!20 85!18 88!21 90!12
Systolic BP (mmHg) 127!21 120!12 126!18 129!23
Diastolic BP (mmHg) 80!10 77!12 82!11 83!9
Sedentary (<200 kcal/week) 101 33 40 27

BMI, body mass index; BP, blood pressure.

Table 3 Risk of atrial fibrillation

Parameters OR (95% CI) P

Acute stress
LCU 0–25 0.61 (0.452–0.976) NS
LCU 25–50 0.002 (#0.27 to 0.008) NS
LCU 50–75 1.7 (0.341–2.171) <0.05
LCU 75–100 2.14 (0.289–3.20) <0.001

Coffee
Never 0.43 (0.019 to 0.54) NS
1–3 cups per day 0.02 (0.013 to 0.086) NS
>3 cups per day 3.14 (1.864–3.35) <0.001

BMI
<24.9 0.81 (0.025–0.983) NS
25–29.9 0.70 (0.034–0.930) NS
>30 1.61 (0.722–3.23) <0.05

Smoking
Never 0.86 (0.001–0.975) NS
Former 0.74 (0.848–1.148) NS
1–15 cigarettes per day 0.43 (0.143–0.89) NS
1 pack per day 1.02 (0.39–1.009) NS

Alcohol consumption
Abstainers 0.4 (0.025–0.682) NS
Lowest 0.95 (0.41–0.831) NS
Heavy 0.34 (0.965–1.62) NS

CI, confidence interval; LCU, life changes units; OR, odds ratio.

Table 4 Univariate and multivariate variables associated with persistent atrial fibrillation

Variable

Univariate Multivariate

OR 95% CI P OR 95% CI P

Coffee >3 cups per day 2.432 2.381–6.156 <0.001 0.86 0.49–1.21 <0.01
BMI >30 2.665 1.47–4.35 <0.001 0.88 0.84–1.20 <0.01
Stress >50 LCU 0.35 0.22–0.58 <0.01
Coffee >3 cups per day by nonhabitual drinker 0.22 0.08–0.121 <0.05
High alcohol consumption 1.181 0.99–1.266 <0.05 0.034 0.08–0.05 NS
Low physical activity 1.765 1.239–2.597 <0.05 0.46 0.67–0.013 NS
LDL cholesterol 1.348 1.059–1.656 <0.05 0.075 0.095–0.21 NS

CI, confidence interval; LCU, life changes units; LDL, low-density lipoprotein; OR, odds ratio.
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trends in incidence rates over quintiles. Tests for linear trend over
quintiles were calculated by assigning the medians of intake in
quintiles treated as a continuous variable.

The assumption of proportional hazards in the Cox models
was evaluated by using graphic assessment and found appropri-
ate in all models. We calculated 95% CIs throughout the analy-
ses. All reported P values are two-sided. We used SPSS statistical
software (version 11.5; SPSS Inc, Chicago) and STATA statis-
tical software (version 7; Stata Corp, College Station, TX).

RESULTS

The cohort included 57 053 subjects at baseline. We excluded
9022 subjects who reported that they had or took medicine for
endocrine or cardiovascular diseases including arrhythmias (hy-
pertension was not excluded), had a diagnosis of endocrine or
cardiovascular disease (hypertension was not excluded) in the
Danish National Registry of Patients before or at baseline, or
both. In addition, 42 subjects with missing questionnaires and 40
subjects with missing information on caffeine intake were ex-
cluded. Thus, the study population consisted of 47 949 sub-
jects—22 533 men and 25 416 women.

The cohort provided a total of 275 136 person-years of risk (x!:
5.7 y; range: 0–8.1 y), and, during follow-up, 373 men (1.7%)

and 182 women (0.7%) had an incident diagnosis of atrial fibril-
lation or flutter in the National Registry of Patients, which cor-
responded with incidence rates of 29.2 per 10 000 person-years
at risk in men and 12.4 per 10 000 person-years at risk in women.

Characteristics at baseline according to quintile of caffeine
consumption are shown in Table 1. The mean ! SD consump-
tion of caffeine was 248 ! 91 mg/d in the lowest quintile and
997 ! 144 mg/d in the top quintile. Potential confounders such
as age, sex, height, BMI, smoking, alcohol consumption, systolic
blood pressure, and treatment for hypertension were equally distrib-
uted over quintiles of caffeine intake. The proportion of subjects
with a total serum cholesterol concentration " 6 mmol/L corre-
lated with the quintiles of caffeine intake.

The incidence rates of atrial fibrillation or flutter according to
quintile of caffeine consumption are shown in Table 2. The
incidence rates of atrial fibrillation by increasing quintile of
intake of caffeine were 20.8, 23.7, 17.7, 19.8, and 18.8 per 10 000
person-years under follow-up. Thus, the crude incidence rates of
atrial fibrillation and flutter did not vary significantly by quintile
of caffeine intake.

The hazard rate ratios for atrial fibrillation or flutter according
to quintile of caffeine consumption are shown in Table 3. When
we used the lowest quintile of caffeine consumption as a refer-
ence, the adjusted hazard rate ratios (95% CIs) in quintiles 2, 3,

TABLE 1
Baseline characteristics of the subjects in the Danish Diet, Cancer, and Health Study according to quintile of caffeine consumption

Characteristic

Quintile

P for
correlation1

Quintile 1
(n # 9585)

Quintile 2
(n # 9577)

Quintile 3
(n # 9611)

Quintile 4
(n # 9585)

Quintile 5
(n # 9591)

Caffeine consumption (mg/d) 248 ! 912 475 ! 67 584 ! 58 769 ! 17 997 ! 144
Age (y) 56.0 ! 4 56.0 ! 4 56.0 ! 4 56.0 ! 4 56.0 ! 4 0.34
Sex (% men) 46.1 47.2 48.0 47.2 46.4 0.79
Body height (cm) 170.1 ! 9 170.2 ! 9 170.2 ! 9 170.1 ! 9 169.9 ! 9 0.24
BMI (kg/m2) 25.9 ! 3.9 25.9 ! 4.0 25.9 ! 4.0 25.9 ! 4.0 25.9 ! 4.0 0.86
Smoking (%)3

Never 36 36 36 36 37
Former 28 29 29 28 28
Current 36 35 35 36 36 0.71

Alcohol consumption (g/d) 20.9 ! 22 20.4 ! 21 21.0 ! 22 20.4 ! 21 20.4 ! 22 0.13
Systolic blood pressure (mm Hg) 139 ! 20 139 ! 20 139 ! 20 139 ! 20 139 ! 20 0.35
Treatment for hypertension (%) 10.4 10.2 10.3 10.4 10.2 0.84
Total serum cholesterol " 6

mmol/L (%)
50.2 50.2 50.2 49.0 49.1 0.03

1 Spearman’s correlation analysis. Not all significant digits are shown in the table (ie, values have been rounded). Some of the significant differences were
due to decimal places that are not shown.

2 x! ! SD (all such values).
3 Sum of percentages may deviate from 100 because of rounding.

TABLE 2
Incidence rates of atrial fibrillation or flutter in the Danish Diet, Cancer, and Health Study according to quintile of caffeine consumption

Quintile

P for
trend

Quintile 1
(n # 9585)

Quintile 2
(n # 9577)

Quintile 3
(n # 9611)

Quintile 4
(n # 9585)

Quintile 5
(n # 9591)

Mean duration of follow-up (y) 5.8 5.7 5.7 5.7 5.8 —
No. of person-years of follow-up 55 303 54 755 55 212 54 671 55 195 —
No. of subjects with atrial fibrillation or flutter 115 130 98 108 104 —
Incidence rate per 10 000 person-years 20.8 23.7 17.7 19.8 18.8 0.13

580 FROST AND VESTERGAARD

 at UNIV M
O

DENA E REG
G

IO
 EM

ILIA on April 30, 2013
ajcn.nutrition.org

Downloaded from
 

See corresponding editorial on page 539.

Caffeine and risk of atrial fibrillation or flutter: the Danish Diet,
Cancer, and Health Study1–3

Lars Frost and Peter Vestergaard

ABSTRACT
Background: It is not known whether the consumption of caffeine
is associated with excess risk of atrial fibrillation.
Objective: We evaluated the risk of atrial fibrillation or flutter in
association with daily consumption of caffeine from coffee, tea,
cola, cocoa, and chocolate.
Design: We prospectively examined the association between the
amount of caffeine consumed per day and the risk of atrial fibrillation
or flutter among 47 949 participants (x! age: 56 y) in the Danish Diet,
Cancer, and Health Study. Subjects were followed in the Danish
National Registry of Patients and in the Danish Civil Registration
System. The consumption of caffeine was analyzed by quintiles with
Cox proportional-hazard models.
Results: During follow-up (x!: 5.7 y), atrial fibrillation or flutter
developed in 555 subjects (373 men and 182 women). When the
lowest quintile of caffeine consumption was used as a reference, the
adjusted hazard ratios (95% CIs) in quintiles 2, 3, 4, and 5 were 1.12
(0.87, 1.44), 0.85 (0.65, 1.12), 0.92 (0.71, 1.20), and 0.91 (0.70,
1.19), respectively.
Conclusion: Consumption of caffeine was not associated with risk
of atrial fibrillation or flutter. Am J Clin Nutr 2005;81:578–82.

KEY WORDS Arrhythmia, coffee, epidemiology

INTRODUCTION

Caffeine is a methylxanthine that is clinically similar to the-
ophylline, and sympathomimetic effects due to circulating cat-
echolamines cause the cardiac manifestations of caffeine over-
dose (1, 2). Caffeine toxicity by self-intended poisoning
produces tachyarrhythmias such as supraventricular tachycardia,
atrial fibrillation, ventricular tachycardia, and ventricular fibril-
lation (2–5).

The risk of cardiac arrhythmias associated with customary
daily consumption of caffeine from coffee, tea, cola, cocoa, and
chocolate does not seem to be increased at the ventricular level
(6), but more information is needed about what happens at the
supraventricular level (ie, the atrium).

The literature on caffeine and the risk of supraventricular
arrhythmias is sparse. A study in 38 healthy subjects exposed to
1 mg caffeine/kg body wt after a 72-h period of caffeine absten-
tion did not find that excess supraventricular arrhythmias were
caused by exposure to caffeine (7). Conversely, atrial tachyar-
rhythmias including atrial fibrillation and flutter were produced
by the intravenous administration of caffeine at a dose ranging
from 1 to 5.0 mg caffeine/kg body wt in an experimental study in
dogs (8). In the Multifactor Primary Prevention Study begun in

Göteborg, Sweden, in 1970, consumption of 1–4 cups of coffee
per day was associated with an age-adjusted odds ratio of atrial
fibrillation of 1.24 (95% CI: 1.00, 1.54) during follow-up,
whereas drinking !4 cups of coffee was not associated with a
risk of atrial fibrillation (9). The purpose of the current study was
to examine the association between the amount of caffeine con-
sumed per day, and the risk of atrial fibrillation or flutter in the
Danish Diet, Cancer, and Health Study.

SUBJECTS AND METHODS

Study population

The Danish Diet, Cancer, and Health study is a prospective
cohort study primarily focused on the role of diet in cancer risk,
but which has the potential for studying other diseases as well.
The study design has been described in detail elsewhere (10, 11).

From December 1993 through May 1997, subjects aged
50–64 y (n " 80 996 M, 79 729 F) were invited to participate in
the study; 27 177 men and 29 876 women accepted the invitation.
Eligible cohort members were born in Denmark, were living in
the Copenhagen and Aarhus areas, and had no previous cancer
diagnosis in the Danish Cancer Registry. The baseline data were
linked to the Danish Cancer Registry and other population-based
registries, including the Danish National Registry of Patients and
the Danish Civil Registration System, by using the civil registry
number, which is a unique number given to everyone living with
an address in Denmark since 1968. The Civil Registration Sys-
tem has electronic records of all changes in vital status for the
Danish population since 1968, including change in address, date
of emigration, and date of death. The Danish National Registry of
Patients, established in 1977, records 99.4% of all discharges
from nonpsychiatric hospitals in Denmark (12). The data include
the civil registry number, dates of admission and discharge, sur-
gical procedures performed, and #20 discharge diagnoses per
discharge, which were classified until 1993 according to the
Danish version of the International Classification of Diseases,
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Danish population since 1968, including change in address, date
of emigration, and date of death. The Danish National Registry of
Patients, established in 1977, records 99.4% of all discharges
from nonpsychiatric hospitals in Denmark (12). The data include
the civil registry number, dates of admission and discharge, sur-
gical procedures performed, and #20 discharge diagnoses per
discharge, which were classified until 1993 according to the
Danish version of the International Classification of Diseases,
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4, and 5 were 1.12 (0.87, 1.44), 0.85 (0.65, 1.12), 0.92 (0.71,
1.20), and 0.91 (0.70, 1.19), respectively. These findings indicate
that we could not detect any association between caffeine intake
and the risk of atrial fibrillation or flutter in men and women.

DISCUSSION

We did not find any risk of atrial fibrillation or flutter associ-
ated with consumption of caffeine. The main source of caffeine
is coffee—both because of the high caffeine content of coffee
and because of the high coffee consumption in Denmark—and,
in the Multifactor Primary Prevention Study, consumption of
1–4 cups of coffee/d was associated with an age-adjusted odds
ratio of atrial fibrillation of 1.24 (95% CI: 1.00, 1.54) during
follow-up, whereas drinking ! 4 cups of coffee/d was not asso-
ciated with risk of atrial fibrillation (9). The finding in the Mul-
tifactor Primary Prevention Study and that in the current study
indicate that it is unlike that customary daily consumption of
caffeine from coffee, tea, cola, cocoa, and chocolate is associated
with a risk of atrial fibrillation.

Our findings are supported both by findings from experimen-
tal studies in humans that showed no effect on the P-wave of
coffee ingestion as evaluated by analysis of signal-averaged
atrial electrocardiograms (24, 25) and by the finding that caffeine
has no effect on interatrial and intraatrial conduction intervals, as
assessed by invasive electrophysiological testing (26). Our re-
sults are also indirectly supported by previous findings that there
is no risk of ventricular arrhythmias as a result of customary daily
consumption of caffeine (6).

The main strengths of our study are the large number of cases
with atrial fibrillation; the detailed information on potential con-
founding factors; the complete follow-up through nationwide,
population-based registries, which limit selection and surveil-
lance bias; and the standardized assessment of a sample of the
registered outcome events. We used restriction in applying ad-
missibility criteria, because restriction reduces confounding and
increases the validity of the study (27). The incidence rates for
atrial fibrillation or atrial flutter are in accordance with those for
atrial fibrillation in the same age interval reported from the Fra-
mingham Heart Study (28), The Manitoba Follow-up Study (29),
and the Renfrew/Paisley study (30).

The consumption of coffee in our country is high, and the
range of exposure to caffeine was wide in our study. Moreover,
persons who drink decaffeinated coffee may differ from those
who drink ordinary coffee (31). The consumption of decaffein-
ated coffee in Denmark, however, is negligible: in the year 1997,
consumption of decaffeinated coffee in Denmark was "1% of
the total coffee consumption (32).

Our study was done in a country with a uniformly organized
health care system, in which there is neither charge nor profit
because the system is complete financed through taxes. Biased
follow-up may have occurred, but we find it unlikely that
follow-up was biased by category of caffeine consumption. We
would have preferred to have a reference group that did not
consume any caffeine at all. We had limited statistical power, and
we were able to include only atrial fibrillation or flutter that was
symptomatic and that led to hospitalization or clinical investiga-
tion in an outpatient hospital clinic. However, given the age
profile of our study cohort, it is likely that patients with clinical
symptoms of atrial fibrillation were referred to a hospital for
further evaluation. We relied on the subjects’ self-reported data
on the consumption of caffeine-containing food and drink items,
and we had no information on supplementary intake of caffeine
from drugs. Caffeine content may vary between different brands
of caffeine-containing food and drink items. Because of the ob-
servational design, we cannot exclude the possibility of unmea-
sured bias and uncontrolled confounding.

Some clinicians advise patients with cardiac arrhythmias to
avoid caffeine-containing beverages such as coffee and tea. In
this large cohort study, we could not find evidence for such a
practice.
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TABLE 3
Risk of atrial fibrillation or flutter in the Danish Diet, Cancer, and Health Study according to quintile of caffeine consumption

Quintile

P for
trend

Quintile 11

(n # 9585)
Quintile 2
(n # 9577)

Quintile 3
(n # 9611)

Quintile 4
(n # 9585)

Quintile 5
(n # 9591)

Unadjusted hazard rate ratio (95% CI) 1.00 1.15 (0.89, 1.47) 0.85 (0.65, 1.12) 0.95 (0.73, 1.24) 0.91 (0.70, 1.18) 0.34
Adjusted hazard rate ratio (95% CI)2 1.00 1.12 (0.87, 1.44) 0.85 (0.65, 1.12) 0.92 (0.71, 1.20) 0.91 (0.70, 1.19) 0.35

1 Reference category.
2 Adjusted for age, sex, body height, BMI, smoking, consumption of alcohol, systolic blood pressure, treatment for hypertension, total serum cholesterol,

and level of education.
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the lowest risk in women in the third quintile of caffeine intake
(median: 285 mg/d; P for quadratic trend: 0.03). These associ-
ations remained virtually unchanged after comprehensive mul-
tivariable adjustment, as shown in Table 2 (P for linear trend:
0.45; P for quadratic trend: 0.01). Our results were not appre-
ciably altered when we excluded women who reported a car-
diovascular event before the occurrence of AF (data not shown).

In secondary analyses, we did not find any linear association
between different sources of caffeine intake assessed separately
and risk of AF, as shown in Table 3. However, women in the
fourth quintile of caffeinated-coffee consumption had an in-
creased risk of incident AF compared with women in the lowest
quintile [hazard ratio (95% CI): 1.36 (1.12, 1.65)], but no clear
dose-response relation was observed because the risk in women

in the highest quintile of caffeinated coffee consumption was not
increased [hazard ratio (95% CI): 1.03 (0.79, 1.35)] (Table 3).
Adding a quadratic term to the trend models improved the model
fit for caffeinated coffee (P = 0.01) but not for decaffeinated
coffee (P = 0.32), which suggested a potential curvilinear re-
lation between caffeinated coffee and incident AF.

DISCUSSION

In this prospective study, caffeine consumption was not as-
sociated with an increased risk of incident AF in initially healthy,
middle-aged women. Women in the highest quintile of caffeine
consumption had a similar risk of developing AF during
follow-up compared with women in the lowest quintile, and

TABLE 3
Intake of various caffeinated beverages and risk of incident atrial fibrillation

Category 1 Category 2 Category 3 Category 4 Category 5
P for

linear trend

Caffeinated coffee (cups/d) 0 0 to ,1 1 2–3 !4 —
No. of events 223 119 127 349 118 —
Age-adjusted incidence rate1 2.08 2.03 1.85 2.29 1.71 —
Age-adjusted relative risk Referent 1.01 (0.85, 1.20)2 0.94 (0.72, 1.23) 1.36 (1.13, 1.65) 1.00 (0.77, 1.31) 0.15
Multivariable-adjusted relative risk3 Referent 1.03 (0.87, 1.21) 0.93 (0.71, 1.21) 1.36 (1.12, 1.65) 1.03 (0.79, 1.35) 0.10

Decaffeinated coffee (cups/d) 0 0 to ,1 1 2–3 !4 —
No. of events 445 214 98 136 30 —
Age-adjusted incidence rate1 1.89 2.07 2.23 2.62 2.03 —
Age-adjusted relative risk: updated Referent 0.95 (0.82, 1.11) 0.96 (0.72, 1.29) 1.23 (0.95, 1.57) 0.77 (0.44, 1.33) 0.61
Multivariable-adjusted relative risk3 Referent 1.01 (0.86, 1.17) 1.00 (0.74, 1.33) 1.25 (0.97, 1.61) 0.79 (0.45, 1.37) 0.58

Tea (cups/d) 0 0 to ,1 1 !2 — —
No. of events 301 384 105 137 — —
Age-adjusted incidence rate1 2.02 2.02 1.91 2.40 — —
Age-adjusted relative risk: adjusted Referent 0.89 (0.76, 1.03) 0.97 (0.74, 1.27) 1.19 (0.94, 1.52) — 0.06
Multivariable-adjusted relative risk3 Referent 0.90 (0.77, 1.05) 0.97 (0.75, 1.27) 1.19 (0.93, 1.52) — 0.07

Caffeinated cola (cans/d) 0 0 to ,1 !1 — — —
No. of events 726 176 23 — — —
Age-adjusted incidence rate1 2.12 1.77 2.02 — — —
Age-adjusted relative risk: updated Referent 0.88 (0.75, 1.03) 0.91 (0.57, 1.45) — — 0.62
Multivariable-adjusted relative risk3 Referent 0.92 (0.78, 1.08) 0.92 (0.58, 1.48) — — 0.67

Decaffeinated cola (cans/mo) 0 1–3 !4 — — —
No. of events 823 54 47 — — —
Age-adjusted incidence rate1 2.04 2.09 2.24 — — —
Age-adjusted relative risk: updated Referent 0.98 (0.75, 1.28) 0.99 (0.77, 1.25) — — 0.38
Multivariable-adjusted relative risk3 Referent 1.03 (0.79, 1.34) 1.04 (0.82, 1.33) — — 0.20

Low-calorie caffeinated cola (cans/d) 0 0 to ,1 1 !2 — —
No. of events 462 319 72 67 — —
Age-adjusted incidence rate1 1.92 2.08 2.08 2.56 — —
Age-adjusted relative risk Referent 1.06 (0.92, 1.22) 1.04 (0.77, 1.42) 1.10 (0.78, 1.56) — 0.63
Multivariable-adjusted relative risk3 Referent 1.05 (0.91, 1.21) 0.97 (0.71, 1.32) 0.96 (0.68, 1.36) — 0.65

Low-calorie decaffeinated cola (cans/d) 0 0 to ,1 1 !2 — —
No. of events 548 283 55 40 — —
Age-adjusted incidence rate1 1.92 2.18 2.54 2.61 — —
Age-adjusted relative risk Referent 1.08 (0.95, 1.24) 1.30 (0.92, 1.85) 1.14 (0.72, 1.81) — 0.30
Multivariable-adjusted relative risk3 Referent 1.09 (0.95, 1.26) 1.22 (0.86, 1.73) 0.98 (0.62, 1.56) — 0.78

Chocolate (bars or packets/mo) 0 1–3 4 .4 — —
No. of events 413 319 123 85 — —
Age-adjusted incidence rate1 2.16 2.02 1.90 1.96 — —
Age-adjusted relative risk Referent 0.99 (0.85, 1.15) 0.88 (0.72, 1.09) 0.89 (0.68, 1.16) 0.25
Multivariable-adjusted relative risk3 Referent 0.99 (0.85, 1.15) 0.88 (0.71, 1.08) 0.86 (0.65, 1.13) — 0.17

1 Per 1000 person-years of follow-up.
2 Hazard ratio; 95% CI in parentheses (all such values).
3 Adjusted for age, systolic blood pressure, BMI, hypertension, diabetes, hypercholesterolemia, smoking, exercise, alcohol consumption, parental history

of myocardial infarction, treatment group, fish intake, and race-ethnicity.
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Elevated  caffeine consumption did not confer an 
increased risk of incident AF in this large cohort of 
initially healthy women.  

By contrast the consumption of small to moderate 
amounts of caffeine may have a small but 
significant protective  effect on the occurrence of 
AF 

Conen, 2010 



Anti-oxidant properties of coffee may be mediated by 
flavonoids, potassium, magnesium and other 
components that could have anti-inflammatory effects. 
 
High coffee consumption is associated with low levels 
of inflammation and endothelial dysfunction in healthy 
and diabetic women  
 
Regular consumption of food and beverages rich in 
flavonoids is associated with a decreased risk of 
cardiovascular mortality including coronary artery 
disease and stroke.  
 

Coffee and antioxidants 



Coffee and antioxidants 



Author's personal copy

acids. The phenolic and polyphenolic constituents of coffee
have drawn recent attention due, in part, to their natural
abundance and reported biological activities including:
antioxidant activities, stimulation of NO production and
vasodilation, regulation of xenobiotic-metabolizing enzy-
mes, increased fatty acid oxidation and insulin sensiti-
vity, and modulation of glucose absorption and utilization
[18,19]. If coffee is consumed throughout the day, it may
provide up to two thirds of total daily dietary antioxidants.
Svilaas and coworkers observed that green and black coffee
beans contain 15.9 and 22.6 mmol total antioxidants/100 g,
respectively [20]. Many papers suggested a good bioavail-
ability of bioactive molecules from coffee [21,22]. However
coffee is a complex beverage and contains several
substances, i.e. caffeine. Since caffeine directly acts on
pathways of autonomic control, one could hypothesize
a synergistic effect of caffeine in inducing AF [23,24].

However, data from the Women’s Health Study did not
support a relationship between caffeine intake and atrial
fibrillation [25]. In a recent paper we suggested an influ-
ence of caffeine intake on atrial fibrillation in hypertensive
patients and we found a U-shape relationship between
coffee consumption and spontaneous conversion of AF [24].
It is plausible that the effects of caffeine on arrhythmias
mechanisms vary in habitual and non-habitual consumers,
similarly to that demonstrated by Corti and coworkers on
blood pressure [26]. Patients developing spontaneous
conversion of atrial fibrillation showed more adherences to
Med Diet and higher intake of antioxidants.

Intake of antioxidants from wine was also lower in
patients developing atrial fibrillation. A beneficial effect of
wine on cardiovascular disease has been reported [27]. In
the Mediterranean Country alcoholic beverages of all types
(mainly wine) are consumed with food in the majority of

Table 3 Results from multiple linear regression analysis that evaluated the association between Med Score (calculated on
Panagiotakos Score [3]), antioxidant levels and spontaneous conversion of atrial fibrillation (outcome).

Parameters Beta coefficient ! SE p

Med Diet Score
1st quartile (Q1) "0.2 ! 0.9 1.34
2nd quartile (Q2) 1 ! 2.2 0.43
3rd quartile (Q3) 1.6 ! 0.30 0.047
4th quartile (Q4) 3.1 ! 1.9 0.001

Antioxidants levels
1st quartile (Q1) 0.13 ! 2.15 0.5
2nd quartile (Q2) 0.09 ! 1.2 0.49
3rd quartile (Q3) 0.04 ! 0.9 0.9
4th quartile (Q4) 2.2 ! 0.17 0.01

Age (per 1 years) 0.31 ! 1.23 0.54
BMI (per 1 kg/m2) "1.6 ! 0.35 0.004
Waist circumference (per 1 cm) "1.1 ! 0.4 0.05

Table 4 Adjusted odds ratio for spontaneous conversion of atrial fibrillation.

Parameters OR (95%CI) p

Med diet score
1st quartile (Q1) 0.002 ("0.26 to 0.004) 1.23
2nd quartile (Q2) 0.5 (0.23e1.6) 0.45
3rd quartile (Q3) 1.8 (0.34e1.56) 0.046
4th quartile (Q4) 1.9 (1.58e2.81) 0.001

Antioxidants levels
1st quartile (Q1) 0.33 ("0.19 to 1.6) 0.67
2nd quartile (Q2) 0.21 ("0.06 to 0.09) 0.96
3rd quartile (Q3) 1.0 (0.86e3.4) 0.05
4th quartile (Q4) 1.8 (1.56e2.99) 0.01

Caffeine intake
1st quartile (Q1) 1.75 (1.23e2.6) 0.05
2nd quartile (Q2) 0.92 (0.26e1.38) 0.068
3rd quartile (Q3) 0.34 (0.12e1.01) 1.87
4th quartile (Q4) 0.1 (0.003e0.3) 1.34
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•  the great majority of studies are observational 
•  the intake of coffee and caffeine come from self-
assessment 
• Modality of coffee preparation could influence the 
quantity of caffeine 
•  relationship between coffee and meals can influence 
bioavailability of caffeine  
• only symptomatic events are reported and analyzed 
  
• Pts with previous episodes of AF reduced coffee 
consumption…. Do this mean that coffee acts as a 
trigger? 

Limitation of clinical studies 



Not only coffee…… 

 

 

The amount of caffeine in different 
beverages:  

Cola Soda 

Energy drinks 



!

Caffeine in energy drinks 



Energy drinks and AF 

Guarana 
Paullinia cupana, P. sorbilis  
 
also known as Brazilian cocoa 
and ‘Zoom’ 
 
Guarana is the plant having the highest caffeine 
content in the world. It also contains theobromine 
and other substances having therapeutic 
properties. It is used in an increasing way in 
energy drinks, in slim and reinvigorating products. 



• The International Society of Sports Nutrition published 
a position paper on the use of energy drinks on spots 
performance. They found that consuming an ED 
(containing approximately 2 mg·kgBM-1caffeine) 45 to 
60 minutes prior to anaerobic/resistance exercise may 
improve upper- and lower- body total lifting volume, 
but has no effect on repeated high intensity sprint 
exercise, or on agility performance  
 
• They also concluded that indiscriminant use of ED, 
especially if more than one serving per day is 
consumed, may lead to adverse events and harmful side 
effects mainly related to high dosage of caffeine 

Energy drinks and AF 



•  Despite several alert from Scientific Societies, energy 
drinks are usually associated in marketing campaign by 
manifacturers to healthy activities and wellness and the 
great majority of younger considered it harmless 

 
•  More data are needed about the potential toxical effects of 

ED especially when associated with alcohol 

Energy drinks and AF 



•  The introduction of high amounts of caffeine, about 1 gram 
per day, and the combination alcohol-EDs can alter both the 
central and peripheral nervous system. The increase of 
heart rate causing major side effects such as anxiety, mood 
changes, insomnia, tachycardia, hypertension, cardiac 
arrhythmias and gastrointestinal disorders. EDs and the co-
consumption of alcohol have been associated with renal 
impairment that seem to be able to be traced primarily to 
the effects of taurine on the excretory system  

Energy drinks and AF 



In conclusion:  

• Data on caffeine and coffee consumption and risk of AF are 
controversial due to many confounding factors 

• Data on caffeine and ED consumption and risk of AF are 
derived from “case reports” suggesting that more studies are 
needed 

• ED are considered harmless, are easy to get and their 
consumption is increasing among young people and the mix of 
ED and alcohol is becoming very popular. 

Energy drinks and AF 


