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2. ABSTRACT53 
54 

a) Aims: The association between caffeinated coffee consumption and 55 

atrial fibrillation (AF) remains unclear. Recent studies suggest an inverse 56 

association only between a moderate caffeinated coffee consumption and AF, 57 

but others have found no association. The aim of our study was to 58 

prospectively assess the association between caffeinated coffee consumption 59 

and AF in two Spanish cohorts, one of adults from a general population and 60 

another of elderly participants at high cardiovascular risk. 61 

b) Methods and Results: We included 18,982 and 6,587 participants 62 

from the “Seguimiento Universidad de Navarra” (SUN) and "Prevención con 63 

Dieta Mediterránea" (PREDIMED) cohorts, respectively. Participants were 64 

classified according to their caffeinated coffee consumption in three groups: 65 

≤3 cups/mo, 1-7 cups/wk, and >1cup/d. We identified 97 AF cases after a 66 

median follow-up of 10.3 years [IQR 6.5-13-5], in the SUN cohort and 250 67 

cases after 4.7 years median follow-up [IQR 2.8-5.8] in the PREDIMED study. 68 

No significant associations were observed in the SUN cohort although a J-69 

shaped association was suggested. A significant inverse association between 70 

the intermediate category of caffeinated coffee consumption (1-7 cups/week) 71 

and AF was observed in PREDIMED participants with a HR=0.53 (95% CI 72 

0.36-0.79) when compared with participants who did not consume caffeinated 73 

coffee or did it only occasionally. No association was found for higher levels of 74 

caffeinated coffee consumption (>1 cup per day), HR=0.79 (95% CI 0.49-75 

1.28). In the meta-analysis of both PREDIMED and SUN studies, HR for 76 

intermediate consumption of caffeinated coffee was 0.62 (95%CI 0.46-0.85) 77 
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without evidence of heterogeneity. Similar findings were found for the 78 

association between caffeine intake and AF risk.   79 

c) Conclusion: Intermediate levels of caffeinated coffee consumption (1-80 

7 cups/wk) were associated with a reduction in AF risk in two prospective 81 

Mediterranean cohorts. 82 

83 

Abstract word count: 283 84 

Manuscript word count 4055 85 

86 

Keywords: Atrial Fibrillation, coffee, caffeine, Mediterranean diet.87 
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3. INTRODUCTION88 

Coffee is a plant-derived beverage highly consumed in western countries. 89 

Coffee consumption has been associated with healthy benefits including a 90 

decrease in the risk of both cardiovascular and overall death 1–4.  However, 91 

the effect of coffee intake on cardiac arrhythmia is still unclear5. Traditionally, 92 

beverages with caffeine have been related to an increase of the burden of 93 

supraventricular arrhythmias, including atrial fibrillation (AF)6 . This pro-94 

arrhythmic effect has been found in some in vitro and animal models 95 

experiments 7,8. Additionally, caffeine is one of the most frequent triggers for 96 

AF as reported by patients 9. On the other hand, several population-based 97 

studies have found no increased risk of AF associated with coffee or caffeine 98 

intake 10,11. Moreover, some studies have found a U-shaped or linear 99 

association between coffee and AF risk, suggesting a protective effect of low-100 

to-moderate consumption of coffee 12–16. However, some of these studies did 101 

not make a distinction between regular and decaffeinated coffee 10,15–17. 102 

Caffeine may have both a proarrhythmic property by sympathomimetic effects 103 

and antiarrhythmic properties as an antioxidant 18. Among adults, coffee is the 104 

main source of caffeine intake and therefore its consumption is related to a 105 

high intake of plant phytochemicals also with antioxidant properties 19.   106 

The PREvención with DIeta MEDiterránea (PREDIMED) trial showed a 107 

protective effect of the Mediterranean diet supplemented with extra-virgin 108 

olive oil on the risk of AF 20.  It is estimated that in Mediterranean countries 109 

the intake of caffeine from coffee is about 198 mg/day per person 19. In this 110 

context, it is important to know whether the consumption of coffee can also be 111 

recommended as a strategy to reduce the incidence of AF.  112 
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Our aim was to assess the association between the consumption of 113 

caffeinated coffee and AF in two Mediterranean Spanish cohorts, one of 114 

young adults, from the SUN cohort, and another of elderly subjects, from the 115 

PREDIMED study. Our hypothesis was that caffeinated coffee consumption 116 

could be inversely associated with the incidence of AF in a long-term 117 

prospective assessment. 118 

119 

4.METHODS120 

Population 121 

We included participants from two Spanish studies, the SUN project and the 122 

PREDIMED trial, assessed as prospective observational cohorts. 123 

The SUN Project is an open multipurpose young cohort made of university 124 

graduates. It was designed to assess the relationship between diet and 125 

lifestyle factors and different health disorders. All the information is collected 126 

using biennial mailed or web-based questionnaires 21,22. Since the beginning 127 

of the study in December 1999 until 2017, 22,564 participants were recruited 128 

(39% men), with a mean age of 37.5 years (SD 11,9 years), and 23 and 54 129 

years, the 10th and 90th percentiles, respectively.  130 

The PREDIMED study was a multicentre intervention trial conducted in 11 131 

recruiting centres23. A total of 7,447 men and women were recruited. 132 

Participant’s age ranged between 55-80 years. All participants were initially 133 

free of cardiovascular disease but at high cardiovascular risk. As inclusion 134 

criteria they had to be diagnosed with type 2 diabetes or present ≥3 of any of 135 

the following cardiovascular risk factors: current smoking, hypertension, 136 

hypercholesterolemia, low high-density lipoprotein cholesterol, 137 
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overweight/obesity, or family history of premature coronary heart disease 23. 138 

We analysed the PREDIMED trial as a prospective observational cohort, 139 

including the intervention group as a covariate in the models. 140 

141 

For the present assessment, we excluded 2,202 participants in the SUN 142 

cohort, 143 with prevalent AF cases at baseline and 2059 with no follow up. 143 

916 participants in the PREDIMED study were also excluded, 75 prevalent AF 144 

cases at baseline and 841 with no follow up, including all participants from a 145 

center, center E (n=667), where the presence of AF was not assessed. We 146 

also excluded all participants with no information about coffee consumption 147 

(834 participants in SUN cohort and 50 in PREDIMED study) and those who 148 

did not meet predefined energy intake limits: <400 kcal or > 6,000 kcal in men 149 

and <400 kcal and >5,000 kcal in women (261 participants in the SUN cohort 150 

and 2 participants in the PREDIMED study).  151 

152 

Ethics 153 

Approval from the Research Ethics Committees of the University of Navarra 154 

for the SUN cohort and recruitment centers of the PREDIMED trial was 155 

obtained. All participants provided written informed consent in PREDIMED 156 

study. In the SUN cohort, a response to the initial questionnaire was 157 

considered as an informed consent to participate in the study. Regarding the 158 

obtainment of informed consent of potential participants, we duly informed 159 

these potential candidates of their right to refuse to participate in the SUN 160 

study or to withdraw their consent to participate at any time without reprisal, 161 

according to the principles of the Declaration of Helsinki. After ensuring that 162 
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the candidate had understood the information, we sought their potential freely-163 

given informed consent, and their voluntary completion of the baseline 164 

questionnaire. These methods were accepted by the Research Ethics 165 

Committee as to imply an appropriately-obtained informed consent. 166 

167 

Coffee consumption  168 

A previously validated food-frequency questionnaire was used to measure 169 

baseline caffeinated and decaffeinated coffee consumption, both in the SUN 170 

(136 items) and in PREDIMED (137 items) 24,25. Coffee consumption was 171 

measured using 9 possible categories: never/almost never, 1-3 cups/month, 172 

1/week, 2-4/week, 5-6/week, 1/day, 2-3/day, 4-6/day and >6/day). For 173 

analyses in the present study, participants were classified according to three 174 

categories of coffee consumption:  ≤3 cups/month (occasional or non-175 

drinkers), 1-7 cups/week (light drinkers or intermediate level of consumption), 176 

>1cup/day (moderate-to-high drinkers).177 

178 

Outcome 179 

We included all incident AF events from baseline until December 2010 180 

(maximum follow-up: 7 years) in the PREDIMED study and until the longest 181 

available follow-up in the SUN project (maximum follow-up: 16 years).  182 

In the SUN cohort, incident AF diagnosis was assessed in the biennial follow-183 

up questionnaires. As we have previously described26, the following AF 184 

confirmation algorithm was applied in the SUN project: participants with a self-185 

reported AF were asked to send the diagnostic ECG or a medical report with 186 

the specific diagnosis and the date of the first diagnosis of AF. All the ECGs 187 
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and medical records were reviewed by a cardiologist (PB). If no answer was 188 

obtained or the received information was incomplete, further information was 189 

required by the cardiologist using a brief questionnaire during a phone call. In 190 

these scenarios, AF cases were confirmed if the participant could answer at 191 

least two out of the three following questions: 1) name of the arrhythmia; 2) 192 

medication frequently used for the treatment of AF (anticoagulation, 193 

antiarrhythmics, etc); and 3) suggestive symptoms of AF (irregular palpitations 194 

associated or not to dyspnoea or asthenia). The information about the date of 195 

diagnosis was obtained from the information collected in the medical records. 196 

If this information was missing, it was obtained from self-reported 197 

questionnaire or from the phone call. If the information about the date of 198 

diagnosis was discordant we selected the earliest date as the most probable 199 

accurate date. 200 

In the PREDIMED study, information about incident AF cases was obtained 201 

from medical records and yearly ECGs, and each case was assessed and 202 

confirmed by an Adjudication committee blinded to the intervention group. 203 

Additional information about the diagnosis of AF has been discussed 204 

elsewhere 27.  205 

206 

Covariates 207 

Participants in the SUN cohort answered at baseline a questionnaire including 208 

information on socio-demographic factors, physical activity 28, and other 209 

health-related habits and a 136-item semi-quantitative food-frequency 210 

questionnaire. 211 
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Information related to other caffeine beverages (tea, sodas and energy drinks) 212 

was collected from the food-frequency questionnaire.  213 

In the PREDIMED study, all participants completed at baseline a general 214 

questionnaire including lifestyle and clinical information, a validated Spanish 215 

version of the Minnesota Leisure-Time Physical Activity 28 and a 137-item 216 

semi-quantitative food frequency questionnaire. 217 

Weight and height were biennially self-reported in the SUN project while in 218 

PREDIMED study those variables were measured by trained personnel, at 219 

baseline and yearly, using calibrated scales. Body mass index (BMI) was then 220 

calculated with the information obtained as the result of the weight (kilograms) 221 

by the square of height (meters).  222 

At the SUN project hypertensive status was established by previous validated 223 

self-reported medical diagnosis of hypertension 29. Blood pressure was 224 

measured in triplicate after 5 min of rest by using a validated semiautomatic 225 

sphygmomanometer in PREDIMED study, and diagnose of hypertension in 226 

this case was confirmed by a trained physician.   227 

Other variables such as previous diagnoses and family medical history were 228 

also obtained from the baseline questionnaire in both the SUN and 229 

PREDIMED studies. 230 

231 

Statistical analyses 232 

Baseline characteristics were described using means and standard deviations 233 

for continuous variables and percentages for categorical variables, using 234 

ANOVA and Chi-squared tests, respectively, to compare different groups of 235 

caffeinated coffee consumption. 236 
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Cox proportional hazards regression models were used to assess the 237 

association between caffeinated coffee consumption and the risk of incident 238 

AF during follow-up. We estimated Hazard Ratios (HRs) and 95% Confidence 239 

Intervals (CI) using seldom or never drinkers (≤ 3 cups/month) as the 240 

reference category. Person-years of follow-up were calculated from the date 241 

of baseline visit to the date of AF diagnosis, death, or the end of follow-up, 242 

whichever occurred first. First, we performed an age and sex adjusted model. 243 

In the SUN cohort age was used as the underlying time variable. In the 244 

PREDIMED cohort we used time in the trial and adjusted for age. Second, we 245 

additionally adjusted for other caffeinated beverages and decaffeinated 246 

coffee, alcohol consumption (nondrinkers, moderate drinkers defined as >0 247 

and ≤ 14 units of drink/week in men and  >0 and ≤ 7 units of drink/week in 248 

women and heavy drinkers), smoking habit (non-smokers, former and current 249 

smokers), height (m), body mass index (kg/m2), sleep apnea (yes/no), 250 

physical activity (METS-min/day), hypertension or use of antihypertensive 251 

agents (yes/no), and previous diagnosis of diabetes and heart failure and 252 

other cardiovascular events (myocardial infarct, coronary disease or stroke) in 253 

SUN project and for non-atherosclerotic coronary disease in PREDIMED 254 

study.  255 

Non-linear dose-response analysis was modelled using restricted cubic 256 

splines with 3 knots. In this analysis, we used the residuals of coffee 257 

consumption after adjusting for total energy following the residual method30. 258 

We adjusted for the same variables used in the multivariable model previously 259 

described. 260 
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We used simple imputation for 480 missing values in smoking habit, 50 in 261 

physical activity and 45 in height at baseline in the SUN cohort. In the 262 

PREDIMED study we imputed 2 participants with missing values for physical 263 

activity, and 4 participants with missing values for baseline hypertension were 264 

classified as non-hypertensives. 265 

Different sensitivity analyses were performed repeating the Cox multivariable 266 

regression analyses under different assumptions: 1) after the imputation of the 267 

exposure variable, caffeinated coffee consumption. We imputed to zero and 268 

additionally performed a simple imputation; 2) changing the energy intake 269 

limits criteria; 3) excluding early incident cases of AF (<1 year of follow-up, to 270 

allow for an induction period longer than one year); 4) and excluding late 271 

incidence cases (diagnosed >5 years of follow-up). 272 

In order to combine the results of SUN and PREDIMED, we performed a 273 

meta-analysis using random effect methods, to estimate the combination of 274 

the HRs and 95% CI from both studies.  275 

As ancillary analyses, we analysed the association between decaffeinated 276 

coffee or caffeine with AF in multivariable Cox regression models adjusting for 277 

the same covariates as described previously for coffee with caffeine.  278 

279 

280 

5. RESULTS281 

We included in our study a total of 18,983 participants from the SUN cohort, 282 

and 6,479 participants from the PREDIMED study. All of them were free from 283 

AF at baseline (Figure 1). In the SUN cohort a majority of participants (39%, 284 

n=7,529) were light to moderate coffee drinkers (1-7 cups/week) whereas in 285 
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the PREDIMED study, most participants (61%, n=3,978) were light or 286 

never/seldom drinkers of coffee (≤3 cups/month) (Tables 1 and 2). 287 

Compared with never-seldom drinkers (≤3 cups/month), participants with a 288 

higher caffeinated coffee consumption were more likely to be men, former or 289 

current smokers, physically active, alcohol drinkers, and with higher 290 

dyslipidemia with similar between-group differences in the SUN and 291 

PREDIMED cohorts. An exception was physical activity which was higher in 292 

never/seldom (≤ 3 cups/month) coffee drinkers in the SUN cohort. Participants 293 

with the lowest consumption of caffeinated coffee showed higher prevalence 294 

of hypertension at baseline in both cohorts (Tables 1 and 2). 295 

After a mean follow up of 10 years in the SUN cohort, 97 incident cases of AF 296 

(191233 person years) were identified, whereas during 4.4 years of follow-up 297 

in the PREDIMED study, 250 cases of AF (28567 person years) were 298 

identified. The category of never/seldom coffee drinkers showed the highest 299 

proportion of incident cases in both cohorts: 4.3% in PREDIMED (n=173) and 300 

0.6% in SUN (n=30).  301 

Table 3 shows the association between different levels of coffee consumption 302 

and risk of incident AF in both the PREDIMED and the SUN studies. An 303 

intermediate level of caffeinated coffee consumption (1-7 cups/week) was 304 

inversely associated with the risk of AF in PREDIMED study, compared with 305 

participants drinking <3 cups/month (47% relative risk reduction (95% CI 306 

21%-64%). A non-significant inverse association was observed for 307 

participants drinking more than 1 cup per day in the PREDIMED study 308 

HR=0.79 (95% CI 0.49-1.28). In the SUN cohort, we found similar results in 309 

the point estimates of the relative risk, but no association was statistically 310 
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significant; HR= 0.74 (95% CI 0.44-1.25) for intermediate levels of coffee 311 

consumption and HR=1.01 (0.59-1.73) for >1 cup/day (Table 3). We repeated 312 

the analyses in the SUN cohort with additional categories of caffeinated coffee 313 

consumption with similar results (Supplementary Table 1). No relevant 314 

changes were observed in sensitivity analyses (Supplementary Table 2).  315 

Figure 2 shows the non-linear association between the consumption of 316 

caffeinated coffee and the risk of AF. In both the PREDIMED trial and the 317 

SUN cohort we observed a J-shaped association, although it was only 318 

statistically significant for the intermediate level of consumption in the 319 

PREDIMED trial. 320 

A random-effect meta-analysis combining the results of both studies showed 321 

a 40% relative risk reduction (95% CI 18%-56º%) of intermediate levels (1-7 322 

cups/week) of caffeinated coffee consumption and AF risk compared with 323 

participants drinking <3 cups/month (Figure 3) with no evidence of 324 

heterogeneity (I2 = 0.2%, p =0.317). 325 

We also analyzed the association between decaffeinated coffee and AF, both 326 

in the SUN and PREDIMED studies (Supplementary Table 3). No significant 327 

association was observed for 1-7 cups/week and >1cup/day of decaffeinated 328 

coffee consumption with respect to AF risk when it was compared to ≤ 3 329 

cups/month.  330 

Finally, when we explored the association between caffeine intake and AF 331 

risk, a significant inverse association with AF in participants from the 332 

PREDIMED study consuming 10-30 mg/day or >30 mg/day in comparison 333 

with lower intake of caffeine (0-0.55 mg/day) was found (supplementary Table 334 

4)335 
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336 

6. DISCUSSION337 

In two large Spanish cohorts a light caffeinated coffee consumption (1-7 338 

cups/week) was associated with a decreased incidence of AF as compared to 339 

not drinking coffee or doing it only occasionally. This association was only 340 

statistically significant in the PREDIMED study but we also found a statistically 341 

significant inverse association in the combined analysis of the SUN and 342 

PREDIMED studies. No significant associations were observed for moderate-343 

to-high coffee consumers (>1 cup/day). Consistency in all sensitivity analyses 344 

supports the robustness of the results. 345 

Previous studies were not consistent in the association between coffee 346 

consumption and risk of AF. Several studies suggested a lack of association 347 

between coffee consumption or caffeine  intake and AF 10,31,32. In fact, the last 348 

consensus document for AF prevention of the European society of Cardiology 349 

stated that coffee consumption does not seem to increase the risk of AF 33. 350 

However, one study suggested a possible linear dose-response relationship 351 

between coffee 15, and more recently, one study showed a protective effect 352 

only for a moderate consumption of total coffee (1-3 cups/day)16. Some 353 

studies have also found an inverse association for caffeine consumption 354 

17,34,35 and AF. This association was first suggested in a large cohort of 355 

Danish women with an average consumption of caffeine of 135 mg/d 14. Later, 356 

this inverse association between low-dose caffeine and the risk of AF was 357 

confirmed in a meta-analysis including seven observational studies 12. Our 358 

study supports these results, suggesting a J-shaped relation between coffee 359 

consumption and AF, with the highest benefit for a light coffee consumption 360 
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(up to 1 cup per day). 361 

A possible reason to explain the differences between studies could be the 362 

heterogeneity in the population assessed as well as the different ways to 363 

obtain and measure the main exposure (coffee) and the diagnosis of AF. In 364 

fact, most of the previous studies where a protective effect was found 365 

assessed the effect of caffeine itself as the main exposure excluding other 366 

potential protective compounds that coffee may contain 12,14,17,34. On the other 367 

hand, AF diagnosis in many of the studied cohorts was based on medical 368 

records and no active follow up was made precluding the diagnosis of 369 

asymptomatic AF cases. This heterogeneity could make difficult, if not 370 

preclude, the comparison between studies. However, the growing evidence 371 

seems to be consistent with the absence of a harmful effect and a probable 372 

benefit of coffee intake. 373 

The potential benefit of caffeinated coffee in AF susceptibility has been 374 

related to the antagonism with adenosine receptor and the anti-oxidative 375 

effects of other coffee compounds, mainly polyphenols 18. We have also 376 

observed an inverse association between caffeine consumption and AF risk, 377 

suggesting that the inverse association could be at least partially attributed to 378 

the effect of caffeine. In fact, we found no association between decaffeinated 379 

coffee and AF. However, this lack of association could be explained by the 380 

loss of some cardioprotective compounds during the caffeine extraction 381 

process. Caffeine consumption could also be a surrogate of caffeinated 382 

coffee, especially in older participants from the PREDIMED study where the 383 

consumption of other beverages with caffeine was very low. Thus, we should 384 

be cautious before concluding whether the effect can be attributed to the 385 
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properties of caffeine or to other compounds available in the coffee. Further 386 

studies analyzing the association between other sources of caffeine and AF 387 

risk could be helpful to better understand this potential protective effect of 388 

caffeine.  389 

 Our results suggest a protective effect of coffee in old adults with higher 390 

prevalence of cardiovascular risk factors, both highly represented in the 391 

PREDIMED trial. This inverse association could be related to the inverse 392 

association between coffee intake and other cardiovascular risk factors, 393 

specially hypertension and diabetes 1,5,36. However, our results were also 394 

statistically significant after adjusting for cardiovascular risk factors and there 395 

may be other mechanisms related specifically to the risk reduction in AF that 396 

we have observed. In the SUN cohort we observed a weaker association 397 

between coffee and AF that could be explained because participants were 398 

younger, AF was less intensively screened and the number of diagnosed 399 

cases was smaller. More research is required to explore more effectively 400 

whether the effect of regular coffee on AF is related to age or whether the 401 

effect is mediated by some specific cardiovascular risk factors. 402 

Some remarkable strengths in our study are the high quality data collected in 403 

the PREDIMED trial from trained dieticians and the confirmation of AF cases 404 

by an end-point adjudication committee. In the SUN cohort, participation of 405 

university graduates (>50% of them health professionals) reduces the risk of 406 

information bias. Another strength of this study is the replication of data in two 407 

independent cohorts with significant differences between both regarding age, 408 

educational level, and cardiovascular risk factors. Although non-significant 409 

results were found in the younger cohort, a J-shaped association was 410 
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replicated in both studies and this reinforces the generalization of our results 411 

to Mediterranean populations. 412 

Our study has several limitations. First, in the SUN cohort we applied a non-413 

validated protocol to confirm the outcomes self-reported by participants 414 

whereas in the PREDIMED all cases were confirmed according to an End-415 

point Adjudication Committee. The protocol used in the SUN cohort allowed 416 

us to confirm some AF cases from participants who did not provide the ECG 417 

or medical report of diagnosis of AF. A similar protocol was used by Bodar in 418 

the Physicians’ Health Study16. Moreover, a disease characteristic and 419 

disease-specific treatment are among the most important factors identified in 420 

a recent questionnaire designed to measure patient knowledge of AF 37. In 421 

the SUN cohort, the participation of university graduates (55% from health 422 

professions), and the confirmation of cases by a cardiologist minimizes the 423 

possibility of false positives. Second, In the SUN cohort, we were not able to 424 

conduct an active search of AF cases with ECG or holter precluding the 425 

diagnosis of silent AF. This limitation is common in other cohort studies10,16. 426 

Moreover, pulse palpation in trained participants could be effective for AF 427 

screening38 although this intervention could not be conducted in an 428 

observational study such as the SUN cohort. Due to these reasons, we have 429 

probably underestimated the real AF incidence, especially in the SUN cohort. 430 

In any case, specificity can be assumed to be sufficiently high and suboptimal 431 

sensitivity in outcome ascertainment due to non-differential measurement 432 

error in prospective  cohort studies is known not to introduce any substantial 433 

bias in the estimation of relative risks39. Future studies with systematic and 434 

comprehensive AF screening strategies can be helpful to increase specificity 435 
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and increase statistical power to confirm the association between coffee 436 

consumption and AF incidence that we have identified in our cohort.  437 

438 

439 

440 

Third, the low proportion of high coffee drinkers in both cohorts and this may 441 

explain the lack of association found for high coffee consumption. However, a 442 

higher risk for this group shown in the point estimates of the HRs in our 443 

studies, is similar to other large cohort studies suggesting a U-shaped relation 444 

between coffee intake and AF.  445 

Four, we cannot exclude the possibility of reverse causality in the association 446 

between coffee consumption and AF. Under this assumption those 447 

participants with higher rates of risk factors or illnesses will try to avoid coffee 448 

consumption due to the previously commented belief of a deleterious effect of 449 

coffee on cardiovascular health. In fact, we observed a higher percentage of 450 

participants with hypertension among never/seldom coffee drinkers in the 451 

SUN study and higher proportion of anti-hypertensive use among 452 

never/seldom coffee drinkers in the PREDIMED study.  However, the 453 

proportion of smokers was higher among heavy coffee consumers. The 454 

highest proportion of participants without hypertension or anti-hypertensive 455 

medication was found in participants with the highest consumption of coffee, 456 

and our results showed non-significant results for this group. Notwithstanding, 457 

most risk factors for AF were homogeneously distributed across categories of 458 

coffee consumption. In addition, when we removed the cases occurring during 459 

the first year in our sensitivity analyses, the results remained similar. These 460 
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findings make unlikely the existence of reverse causality. However, we cannot 461 

exclude a possible residual confounding despite the multivariable adjustment.  462 

Five, we have combined the results of two very different populations 463 

according to the lack of statistical heterogeneity identified in our cohorts. 464 

Although the meta-analysis that we used to combine both cohorts improved 465 

the statistical power within our study, the combined risk estimate cannot be 466 

interpreted as sufficiently generalizable as to represent the association 467 

between coffee and AF risk in any Mediterranean population independent of 468 

age and other cardiovascular risk factors. Further studies would be needed to 469 

suggest this generalizability. 470 

In conclusion, in two large Mediterranean cohorts, light consumption of 471 

caffeinated coffee (1-7 cups/week) was associated with a reduction in AF 472 

incidence. Further studies are necessary to replicate this result and to better 473 

clarify the effect of decaffeinated coffee and other sources of caffeine. 474 
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9.TABLES 611 

Table	1.	Baseline	characteristics	according	to	caffeinated	coffee	intake	in	SUN	612 
study	613 

Overall	
<3	

cups/month
1‐7	

cups/week
>1		

cup/day	 p‐value

n 18983 5091 7529 6363 

Age  37.3 (11.9) 36 (13) 37 (12) 38 (11) <0.01 

0.2 

38.8 37.9 39.5 38.7 

61.2 62 60.5 61.3 

44.9 (40.9) 9.6 (19.1) 30.8 (16.1) 89.8 (33.7) <0.01 

Sex 

Men (%) 

Women (%) 

Caffeine (mg/day) 
Decaffeinated coffee 
(%) <0.01 

<3 cups/month 72.4 63.8 69 83.4 

1-7 cups/week 23.9 29.4 28.1 14.5 

>1 cup/day 3.7 6.7 2.9 2.1 

Soda drinks (%) <0.01 

<3 cups/month 57.9 58.5 56.9 58.4 

1-7 cups/week 40.7 39.5 42.1 40.1 

>1 cup/day 1.4 2 1 1.5 

Smoking (%) <0.01 

Current smoker 27.4 19.1 25.7 36.3 

Former smoker 24.5 20.4 25 27.1 

Diabetes (%) 1.8 1.9 1.8 1.6 0.39 

Dyslipemia (%) 19.9 18.2 20.2 20.9 <0.01 

Hypertension (%) 10.3 12.6 10.6 8.1 <0.01 

CV disease (%) 1.3 1.6 1.3 1.1 0.04 

Heart failure (%) 0.35 0.51 0.35 0.22 0.03 

Height  (cm) 168 (8.6) 168 (9) 169 (9) 168 (9) 0.36 

BMI  23.5 (3.5) 23.3 (3.5) 23.4 (3.5) 23.7 (3.6) < 0.01 

BMI >30 (%) 4.6 4.20 4.62 4.81 <0.01 
Physical activity 
(METS-min/day) 

190.5 
(198.5) 204(219) 189 (196) 179 (182) <0.01 

Sleep apnea (%) 1.7 1.7 1.8 1.7 0.82 
Total alcohol intake 
(g/d) 

6.8 (10.5) 5 (9.1) 6.9 (10.1) 8 (11.6) <0.01 

Alcohol patterns(%) <0.01 

Non drinkers  20.5 30.9 17.8 15.3 

Moderate drinkers  66.6 60.6 69.5 68 

Heavy drinkers  12.9 8.6 12.6 16.7 
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Data are mean (SD) unless otherwise stated. SBP: systolic blood pressure. DBP: diastolic blood pressure. *P value from comparisons was calculated 614 
with Pearson’s chi-square test and ANOVA, as appropriate.  CV disease: prevalent cardiovascular disease, compound of stroke and artery heart 615 
disease 	616 

617 
618 
619 

Table	2.	Baseline	characteristics	according	to	caffeinated	coffee	intake	in	620 
the	PREDIMED	study	621 

622 

Overall	
≤	3	

cups/month	
1‐7	

cups/week	
>1

cup/day	
p‐
value	

n 6479 3,978 1,643 858 
Age  67.0 (6.1) 67.6 (6.2) 66.5 (5.9) 65.1 (6.1) <0.01 
Sex <0.01 

Men (%) 42.3 37.3 47.5 55.6 
Women (%) 57.7 62.7 52.5 44.4 

Caffeine (mg/day) 21.8 (29.3) 5.7 (12.8) 30.1 (14.4) 81.1 (22.3) <0.01 
Soda drinks (%) 0.64 

<3 cups/month 84.4 84.8 83.9 83.7 
1-7 cups/week 14.7 14.2 15.3 15.5 

>1 cup/day 0.9 1 0.7 0.8 
Decaffeinated 
coffee (%) 

 <0.01 

<3 cups/month 47.3 25.7 74.9 94.6 
1-7 cups/week 36.2 48.7 22.5 4.1 

>1 cup/day 16.5 25.6 2.6 1.3 
Intervention 
Group (%) 

 0.21 

MedDiet+NUTS  33 32.2 35 33 
MedDiet+EVOO  34.6 34.5 34.1 35.8 

Smoking (%) <0.01 
Current smoker 13.8 10.1 16.4 25.9 

24.4 22.6 26.8 28.6 
48.1 48.8 46.2 48.7 0.19 
72.0 71.1 74.6 71.6 0.03 
83.3 85.9 82.6 72.14 <0.01 

148 (18.7) 148.7 (19.1) 148 (18.1) 145.3 (17.5) <0.01 
92.7 (13.8) 92.8 (14.0) 93.3 (13.6) 91.2 (14.0) <0.01 

72.4 75.8 70.3 61.0 <0.01 

159.9 ( 8.8) 159.3 (8.8) 160.6 (8.9) 162.1 (8.7) <0.01 
30.0 (3.8) 30.1 (3.9) 29.9 (3.7) 30 (3.9) 0.15 

47.6 47.8 46.6 48.5 0.84 

226.0 (8.8) 217 (224) 236 (240) 251 (283) <0.01 

3.2 2.9 3.2 4.2 0.14 
1.9 1.7 1.5 3.3 <0.01 

Former smoker 
Diabetes (%) 
Dyslipemia (%) 
Hypertension SBP 
mmHg  
DBP mmHg  
Anti-hypertensive 
medication (%) 
Height (cm) 
BMI  
BMI >30 (%) 
Physical activity 
METS-min/day  
Cardiopathy (%) 
Sleep apnea (%) 
Total alcohol 
intake (g/d) 

8.23 (13.9) 6.6 (12.1) 10.7 (16.3) 11.1 (15.8) <0.01 
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Alcohol patterns(%) <0.01 
Non drinkers 37.4 42.7 29.9 27.5 

Moderate drinkers 42.1 40.4 44.3 45.9 
Heavy drinkers  20.5 17.0 25.8 26.6 

Data are mean (SD) unless otherwise stated. SBP: systolic blood pressure. DBP: diastolic blood pressure. *P 623 
value from comparisons was calculated with Pearson’s chi-square test and ANOVA, as appropriate. 624 
Cardiopathy: heart failure and non-atherosclerotic coronary disease. 625 
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Table	3.		Risk	of	atrial	fibrillation	(HR,	95%	CI)	according	to	caffeinated	coffee	intake626 
627 

SUN	 PREDIMED	
≤	3	cups/month

(5,091)
1‐7	cups	/week

(7,529)
>1	cup/day
(6,363)

≤ 3	cups/month
(3,978) 

1‐7	cups	/week
(1,643) 

>1	cup/day
(858)

Number cases 30 33 34 173 45 32 

Person-years 49,566 75,419 66,247 17,602 7,237  3,727 

Crude 1 (ref.) 0.71 (0.43- 1.17) 0.89 (0.54-1.47) 1 (ref.) 0.59 (0.42-0.83) 0.83 (0.55-1.22) 

Age, sex adjusted 1 (ref.) 0.70 (0.45-1.15) 0.86 (0.52-1.41) 1 (ref.) 0.59 (0.42-0.83) 0.87 (0.58-1.31) 

Multivariable adjusted (*) 1 (ref.) 0.74 (0.44-1.25) 1.01 (0.59-1.73) 1 (ref.) 0.53 (0.36-0.79) 0.79 (0.49-1.28) 

(*) Multivariable model: 628 
- PREDIMED study: adjusted for age, sex, smoking habit, body mass index, height, physical activity, sleep apnea, diabetes, diastolic and systolic blood pressure,629 
hypertension, alcohol intake, heart failure, other caffeinated beverage, decaffeinated coffee, intervention group and depression. 630 
- SUN study: adjusted for age, sex, smoking habit, body mass index, height, physical activity, sleep apnea, diabetes, hypertension, alcohol intake, ischemic631 
cardiopathy, prevalent heart failure, other caffeinated beverages and decaffeinated coffee. 632 

633 
634 
635 
636 
637 
638 
639 
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Figure	1	Flow	chart	of	participants	in	the	SUN	project	and	in	the	640 
PREDIMED	trial	641 

642 

643 
644 
645 
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Figure	2.	Risk	of	atrial	fibrillation	according	to	caffeinated	coffee	646 
consumption	in	a)	the	SUN	Project	and	b)	the	PREDIMED	trial		647 

648 
a) SUN	Project649 

650 
b) PREDIMED	trial651 

652 
(*) Multivariable model adjusted:  653 
- PREDIMED study: adjusted for age, sex, smoking habit, body mass index, height, physical activity, sleep 654 
apnea, diabetes, diastolic and systolic blood pressure, hypertension, alcohol intake, heart failure, other 655 
caffeinated beverage, decaffeinated coffee, intervention group and depression. 656 
- SUN study: adjusted for age, sex, smoking habit, body mass index, height, physical activity, sleep apnea, 657 
diabetes, hypertension, alcohol intake, ischemic cardiopathy, prevalent heart failure, other caffeinated 658 
beverages and decaffeinated coffee.659 
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Figure	3.	Intermediate	levels	of	caffeinated	coffee	consumption	(1‐7	660 
cups/week)	and	risk	of	atrial	fibrillation		661 

662 

663 
(*) Multivariable model adjusted: 664 
- PREDIMED study: adjusted for age, sex, smoking habit, body mass index, height, physical665 
activity, sleep apnea, diabetes, diastolic and systolic blood pressure, hypertension, alcohol 666 
intake, heart failure, other caffeinated beverage, decaffeinated coffee, intervention group and 667 
depression. 668 
- SUN study: adjusted for age, sex, smoking habit, body mass index, height, physical activity,669 
sleep apnea, diabetes, hypertension, alcohol intake, ischemic cardiopathy, prevalent heart 670 
failure, other caffeinated beverages and decaffeinated coffee. 671 
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