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Abstract Background and aims: Some observational studies have found that habitual coffee and
caffeine consumption might reduce the risk of atrial fibrillation (AF). We conducted a two-
sample Mendelian randomization study to explore the potential association between coffee con-
sumption and AF.
Methods and results: This study was based on summary-level data from the Atrial Fibrillation
Consortium, including 588 190 individuals (65 446 cases and 522 744 non-cases). Nine single-
nucleotide polymorphisms associated with coffee consumption at significance level of
P < 5 � 10�8 were used as instrumental variables and were obtained from a genome-wide asso-
ciation study that included up to 375 833 individuals.

The odds ratio of AF per genetically-predicted 50% increase of coffee consumption was 0.98
(95% confidence interval, 0.88, 1.10; P Z 0.80) in the standard inverse-variance weighted anal-
ysis. Results were consistent in sensitivity analyses using the weighted median and MR-Egger
methods, and no directional pleiotropy (P Z 0.37) was observed. Moreover, complementary an-
alyses that separated the coffee-related single-nucleotide polymorphisms based on their associ-
ation with blood levels of caffeine metabolites (lower, higher, unrelated or unknown association)
revealed no association with AF.
Conclusions: This study does not support a causal association between habitual coffee consump-
tion and risk of AF.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Background

Atrial fibrillation (AF) is the most prevalent sustained
arrhythmia of clinical significance. It has been shown to be
a risk factor for stroke [1], myocardial infarction [2], heart
failure [3], dementia [4] and thromboembolism [5]. A
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global burden of disease study estimated that around 33.5
million individuals worldwide had AF in 2010 [6]. The
disability-adjusted life-years caused by AF increased by
18.8% from 1990 to 2010 [6].

Caffeine is a natural stimulant most commonly obtained
from coffee, tea, chocolate, cocoa beverages, soft drinks, and
energy drinks. Caffeine induces a transient increase in
blood pressure [7] and has been postulated to be the main
driving environmental factor for heart beat irregularities in
clinical practice [8]. Thus, caffeine exposure may affect the
risk of AF, but findings from observational studies of
caffeine or coffee consumption in relation to risk of AF have
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been inconsistent. No association between self-reported
coffee consumption and risk of AF was observed in a
meta-analysis of six prospective cohort studies [9]. How-
ever, a largeDanish cohort study published since thatmeta-
analysis found that coffee consumptionwas associatedwith
a reduction in AF risk [10]. Moreover, caffeine consumption
was found to be inversely associated with the risk of AF in a
meta-analysis of four prospective cohort studies [11]. Given
that available data on coffee consumption and AF risk come
from observational studies, which may be biased by resid-
ual confounding and reverse causality, it remains unclear
whether coffee consumption plays a causal role in the
development of AF.

Mendelian randomization (MR) can strengthen casual
inference on exposure-outcome relationship by using ge-
netic variants as instrumental variables of an exposure.
Genetic variants are less likely to be associated with con-
founding factors related with exposures and outcomes
since they are randomly assorted at conception [12]. The
MR design also diminishes reverse causality because allelic
randomization precedes the development of disease [12].
We conducted a two-sample MR study to investigate the
causal associations between coffee consumption and the
risk of AF.

Methods

Data sources and SNP selection

This study is based on summary-level data from published
genome-wide association studies (Supplementary table 1).
Single-nucleotide polymorphisms (SNPs) robustly associ-
ated with coffee consumption were obtained from the
hitherto largest genome-wide association study on coffee
consumption [13] (Supplementary table 2). That study
included 375 833 individuals of European ancestry from the
UK Biobank and identified 15 SNPs at the level of genome-
wide significance (P< 5�10�8) [13]. These SNPs explained
0.48% of the variation in coffee consumption [13]. We
evaluated whether the 15 SNPs were uncorrelated, that is,
not in linkage disequilibrium (defined as R2 < 0.1) and
searched the PhenoScanner database (on June 19, 2019)
[14] for pleiotropic associations of the SNPs with potential
confounders. Six of the 15 SNPs were excluded due to
linkage disequilibrium (rs4719497 was in linkage disequi-
librium with rs4410790 in the AHR gene (R2 Z 0.2;
P < 0.0001)) or associated with potential risk factors for AF
(rs1260326 in the GCKR gene is associated with multiple
phenotypes such as alcohol consumption, fat-free mass,
height, resting heart rate, etc.; rs574367, rs10865548, and
rs66723169 in the SEC16B, TMEM18,MC4R gene regions are
strongly associated with body mass index; rs34060476 in
theMLXIPL gene is associatedwith serum lipids and fat-free
mass) at genome-wide significance. The remaining 9 SNPs
were used as instrumental variables for coffee consump-
tion. Among the selected SNPs, the coffee-raising allele has
been reported to be associated with lower blood levels of
caffeine metabolites (reflecting faster caffeine metabolism)
for three SNPs, higher blood levels of caffeine metabolites
for one SNP, and unrelated to caffeine metabolites for two
SNPs; for three SNPs, the association with blood levels of
caffeine metabolites was unknown (Supplementary table
2) [15,16].

Summary-level data for the associations of the coffee-
associated SNPs with AF were available from the Atrial
Fibrillation Consortium, which includes data from over 50
studies with a total of 588 190 individuals (65 446 AF cases
and 522 744 non-cases) of mainly (91%) European ancestry
[17]. AF was defined as paroxysmal or permanent AF or
atrial flutter.

Statistical analysis

We calculated an instrumental variable ratio estimate for
each SNP by dividing the beta-coefficients of AF by the beta-
coefficients of coffee consumption. The main analyses were
conducted using the inverse-variance weighted method in
fixed-effectsmodel. Several sensitivityanalyseswere carried
out, including the inverse-variance weighted method in
random-effects model, the weighted median method [18]
and the MR-Egger regression method [19]. The MR pleiot-
ropy residual sum and outlier (MR-PRESSO) method was
used to detect potential outlier SNPs [20]. In a complemen-
tary analysis, we grouped the coffee-associated SNPs based
on their associationwith blood levels of caffeinemetabolites
[15,16], and performed separate inverse-variance weighted
MR analyses for each set of SNPs. We scaled the odds ratio
estimates of AF per 50% increase in coffee consumption. All
statistical analyses were two-sided and considered statisti-
cally significant at P values < 0.05. The mrrobust package
[21] in Stata (StataCorp, College Station, TX, USA) and the
MR-PRESSO package [20] in R (R Foundation) were used to
conduct the MR analyses. Statistical power was calculated
using a web-based application [22].

Results

We had over 90% statistical power to detect an OR of 0.8
(or 1.2) and 100% statistical power to detect an OR of 0.7
(or 1.3). Genetically predicted coffee consumption was not
associated with AF (Fig. 1). In the standard MR analysis, the
odds ratio of AF per genetically-predicted 50% increase of
coffee consumption was 0.98 (95% confidence interval (CI),
0.88, 1.10; P Z 0.80), with moderate heterogeneity be-
tween individual SNPs (I2 Z 45%, P Z 0.07). Results of
sensitivity analyses were consistent (Fig. 1). The odds ra-
tios of AF per genetically predicted 50% increment of coffee
consumption were 0.98 (95% CI, 0.84, 1.14; P Z 0.80), 1.01
(95% CI, 0.86, 1.18; P Z 0.92), and 1.10 (95% CI, 0.82, 1.47;
PZ 0.52) in analyses based on the random-effects inverse-
variance weighted, weighted median, and MR-Egger ap-
proaches, respectively (Fig. 1). The MR-Egger analysis
detected no directional pleiotropy (P Z 0.37). No outlier
SNPs were detected in the MR-PRESSO analysis.

When the coffee-related SNPs were separated based on
their association with blood levels of caffeine metabolites,
the odds ratios of AF were 1.02 (95% CI, 0.90, 1.16;
PZ 0.73) for the three SNPs associated with lower caffeine



Figure 1 Association of genetically predicted coffee consumption with AF. AF indicates atrial fibrillation; CI, confidence interval; IVW, inverse-
variance weighted; OR, odds ratio; SNP, single-nucleotide polymorphism.
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metabolite levels, 0.57 (95% CI, 0.28, 1.18; P Z 0.13) for the
SNP associated with higher caffeine metabolite levels, 0.59
(95% CI, 0.34, 1.03; P Z 0.06) for the two SNPs unrelated to
caffeine metabolites, and 0.98 (95% CI, 0.71, 1.37; P Z 0.92)
for the three SNPs with unknown association with caffeine
metabolites.
Discussion

This study found no association between genetically-
predicted habitual coffee consumption and risk of AF. Re-
sults were robust in sensitivity analyses and no pleiotropy
or outlier SNPs were identified. Furthermore, coffee-
related SNPs that are associated with lower or higher
blood levels of caffeine metabolites, reflecting faster and
slower caffeine metabolism, respectively, or unrelated to
caffeine metabolites were not significantly associated
with AF.

Previous studies based on self-reported coffee or
caffeine intake in relation to risk of AF have produced
inconsistent results [9e11]. However, those studies may be
limited by their observational design and cannot rule out
that misclassification of life-long coffee consumption, re-
sidual confounding, and reverse causality affected the
results. Specifically, most observational studies did not
fully adjust for dietary factors, such as magnesium and
anti-oxidative nutrients [23,24], which have been found to
be inversely associated with risk of AF [23e27]. In addi-
tion, the measurement of long-term coffee consumption in
observational studies may be inaccurate [11].

A major strength of this study is the MR study design,
which mitigated unobserved confounding and reverse
causality by exploiting genetic variants as proxies of life-
long coffee consumption. A limitation is that the standard
MR method assumes a linear association between expo-
sure and outcome. If a nonlinear relationship between
habitual coffee consumption and AF or a threshold effect
exists, we were unable to detect such association. We also
cannot entirely rule out that population stratification
affected our results. However, this bias is unlikely to have
had a major impact on the results because around 91% of
included individuals were of European decent. Finally, in
the complementary analyses, we may have had insuffi-
cient power to detect weak associations of different levels
of caffeine metabolites with AF risk. Thus, further studies
of the causal nature of the association between caffeine
metabolite exposure and AF are needed to verify our
findings.

Conclusion

This MR study does not support a causal association be-
tween coffee consumption and risk of AF.
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Appendix A. Supplementary data
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