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Abstract

Chocolate consumption has been shown to protect against various cardiovascular endpoints, 

however little is known about the association between chocolate consumption and incident atrial 

fibrillation (AF). Therefore, we prospectively examined the association between chocolate 

consumption and incident AF in a cohort of 18,819 US male physicians. Chocolate consumption 

was ascertained between 1999 and 2002 via a self-administered food frequency questionnaire. 

Incident AF was ascertained through yearly follow-up questionnaires. Cox regression was used to 

estimate relative risks of AF. The average age at baseline was 66 (±9.1) years. During a mean 

follow up of 9.0 (±3.0) years, 2,092 cases of AF occurred. Using <1/month of chocolate 

consumption as the reference group, multivariable adjusted hazard ratios (95% confidence 

interval) for AF were 1.04 (0.93-1.18), 1.10 (0.96-1.25), 1.14 (0.99-1.31), and 1.05 (0.89-1.25) for 

chocolate intake of 1-3/month, 1/week, 2-4/week, and ≥5/week (p for trend 0.25), respectively. In 

a secondary analysis, there was no evidence of effect modification by adiposity (p interaction = 

0.71) or age (p interaction = 0.26). In conclusion, our data did not support an association between 

chocolate consumption and risk of AF among US male physicians.
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Atrial fibrillation (AF) is an extremely common cardiac arrhythmia in clinical practice. 

Approximately 2.2 million people in the United States (US) and 4.5 million people across 

Europe are diagnosed with AF 1. The annual incidence of AF increases from <0.1% among 

those under 40 to 1.5% in women and 2% in men older than 80 years of age 2,3. The 

prevalence of AF increases with advancing age (approaching 8% among those >80 

years 4-6). While AF can be associated with structural heart disease, a large proportion of AF 

occurs in the absence of known cardiac disease. Data from prior studies have demonstrated 

beneficial effects of light-to-moderate physical activity on AF risk 7. In contrast, there is a 

positive relation between obesity 8, inflammation 9, heavy alcohol consumption 10, 

hypertension 10, type 2 diabetes mellitus (T2DM) 11, and dyslipidemia 12 with AF. There is 

evidence for a beneficial effect of certain foods such as olive oil, nuts, fish, fruits, 

vegetables, fiber, whole grains on cardiovascular health 13,14. Recent studies have shown 

beneficial effects of chocolate consumption on several risk factors for AF including 

hypertension 15,16, T2DM 17,18, CHD 19,20, and heart failure (HF) 21. However, the 

association between chocolate consumption and incident AF has not been investigated in a 

prospective cohort study. Therefore, the current study sought to prospectively assess the 

association of chocolate consumption with incident AF among US male physicians.

METHODS

The Physicians’ Health Study (PHS) I is a completed randomized, double-blind, placebo-

controlled trial, designed to study the effects of low-dose aspirin and beta-carotene on 

cardiovascular disease and cancer among US male physicians. In 1997, PHS II trial enrolled 

7,641 physicians from PHS I along with 7,000 newly recruited physicians to study the 

effects of vitamins on cardiovascular disease and cancer. A detailed description of the PHS I 

and II has been published 22,23. Of the 29,071 total participants in the PHS, 21, 075 

completed a food frequency questionnaire (FFQ) between 1999 and 2002. We excluded 

people with prevalent AF (n=1,962) and missing data on chocolate consumption (n=294). 

Thus, a final sample of 18,819 participants was used for current analyses. Each participant 

gave written informed consent and the Institutional Review Board at Brigham and Women's 

Hospital approved the study protocol.

Information on chocolate consumption was obtained by using a FFQ. Participants were 

asked to report average consumption of 1 oz (approx. 28.4 g) of chocolate during the past 

year. Possible responses were: never or less than once per month, 1–3/month, 1/week, 2–4/

week, 5–6/week, 1/day, 2–3/day, 4–5/day, and 6+/day. The validity and reproducibility of 

FFQs have been previously published 24,25.

Incident AF was ascertained through follow-up questionnaires. In PHS, self-reported AF has 

been previously validated in a random sample of 400 PHS participants, using a more 

detailed questionnaire on the diagnosis of AF and the review of medical records by 

cardiologists 26.

Data on demographics, anthropometrics, smoking, alcohol, exercise frequency, energy 

intake, along with history of hypertension, T2DM and CHD were obtained at baseline. For 

alcohol consumption, subjects were asked the following question: “How often do you 
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usually consume alcoholic beverages?” Possible responses were: rarely/never, 1–3 times/

month, 1 time/week, 2–4 times/week, 5–6 times/week, daily, and ≥ 2 times/day. 

Hypertension was defined as anyone who self- reported a diagnosis of hypertension, blood 

pressure >140/90 mmHg, or use of antihypertensive drugs. CHD diagnosis (angina, 

myocardial infarction, and coronary artery bypass grafting) was validated by the PHS 

Endpoint Committee 23. T2DM diagnosis was self-reported and validated by detailed review 

of the medical records in a subsample 27.

We classified each subject into one of the following categories of chocolate consumption: 

<1/month, 1-3/month, 1/week, 2-4/week, and ≥5/week. We computed person-time of follow 

up from the time when chocolate consumption was assessed until the first occurrence of a) 

AF, b) death, or c) the date of last available follow up. Baseline demographic variables were 

recorded and compared across the categories of chocolate consumption.

We used Cox proportional hazard models to compute multivariable adjusted hazard ratios 

(HR) with corresponding 95% confidence intervals (CI) using participants reporting <1/

month chocolate consumption as the reference group. Potential confounding was assessed 

for established risk factors of AF. First, we adjusted for age (≤55, >55-≤65, >65-≤75, >75 

years) in model 1. Second, we additionally controlled for body mass index (continuous), 

smoking status (never, past, and current smokers), alcohol consumption (never, monthly, 

weekly, and daily), exercise frequency (rarely/never, 1-2 days/week, 3-4 days/week, and 5-7 

days/week), and energy intake (quintiles) in model 2. Finally, in model 3, we adjusted for 

factors included in model 2 as well as potential mediators such as history of hypertension, 

T2DM, and CHD.

In secondary analysis, we evaluated whether there were statistically significant interactions 

between chocolate consumption and body mass index or age by using a product term of both 

variables in a hierarchical model. Assumptions for proportional hazard models were tested 

(by including main effects and product terms of chocolate consumption and logarithmic-

transformed person-time of follow up) and were met (all p values >0.05). All analyses were 

conducted using SAS, version 9.3 (SAS Institute, NC). Significance level was set at 0.05.

RESULTS

Table 1 shows baseline characteristics according to chocolate consumption. Mean age of the 

study participants at baseline was 66.0 ±9.1 years. Compared with chocolate consumption of 

<1/month, higher chocolate consumption was associated with a higher energy intake, higher 

proportion of being white or never smoker and a lower proportion of daily alcohol 

consumption, exercising frequency <1/week, T2DM, hypertension, CHD, and higher energy 

intake.

During a mean follow up of 9.0 (±3.0) years, 2,092 cases of AF occurred. Using <1/month 

chocolate consumption as the reference group, multivariable adjusted hazard ratios (95% CI) 

for AF were 1.04 (0.93-1.18), 1.10 (0.96-1.25), 1.14 (0.99-1.31), and 1.05 (0.89-1.25) for 

people reporting an average chocolate consumption of 1-3/month, 1/week, 2-4/week, and 

≥5/week (p for trend 0.25), respectively (Table 2).
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In a secondary analysis, there was no effect modification seen for chocolate consumption-

AF association by adiposity (p interaction = 0.71) or age (p interaction = 0.26).

DISCUSSION

Our data showed no significant association between chocolate consumption and incident 

AF. In a secondary analysis, neither adiposity nor age modified the relationship between 

chocolate consumption and incident AF. To the best of our knowledge, this is the first large 

prospective study to assess the association between chocolate consumption and incident AF.

Despite a lack of association seen in our study, chocolate consumption has been associated 

with favorable effects on important risk factors for AF. Ried et al 15 in a meta-analysis of 

randomized controlled trials demonstrated a beneficial effect of dark chocolate consumption 

on blood pressure. The effect seen was only significant among prehypertensive and 

hypertensive subgroups. Our results are consistent with the aforementioned study 

demonstrating no beneficial effects of chocolate on risk factor for AF among healthy 

participants. Of note is that the mean duration of follow up in our study (9.0 y) which was 

much longer than that reported in above study (longest duration 18 wks).

Djousse et al 19 in a cross-sectional design study on National Heart, Lung, and Blood 

Institute Family Heart Study participants demonstrated an inverse relationship between 

chocolate consumption and prevalent CHD. Lewis et al 20 in a prospective cohort study of 

elderly women followed for >9.5 yrs demonstrated a lower risk of hospitalization or death 

from CHD. Matsumoto et al 18 in a prospective cohort study, conducted on cohort similar to 

ours, demonstrated a beneficial effect of moderate chocolate consumption on the risk of 

T2DM. Although the study designs, participants, and duration of follow up for these studies 

were very comparable to our study, we failed to demonstrate any mediator effects of T2DM 

or CHD.

Chocolate is derived from the plant theobroma cacao, components of which include 

methylxanthine alkaloids, theobromine, and caffeine. In a meta-analysis of 6 prospective 

cohort studies an inverse association was seen between habitual caffeine intake and AF risk 

(overall trend p=0.015;) in a dose-response meta-analysis 28. However, we did not have 

information on caffeine content of chocolate used in our study to explain the observed 

difference in results.

Several additional factors could have lead to this null association. Information on chocolate 

consumption was self-reported. Inaccurate recall, exposure misclassification, and inability to 

completely capture all episodes of chocolate consumption could have biased our results. A 

single assessment of chocolate consumption might have been inadequate to evaluate the role 

of chocolate consumption on incident AF. We did not have data on the amount or type of 

chocolate consumed. Our inability to capture asymptomatic (subclinical) AF could have led 

to underestimation of incident AF in our study. Furthermore, participants in this study were 

male and mostly Caucasian physicians, thereby limiting the generalizability of our findings 

to other ethnic groups or general population. In the absence of randomization, we cannot 

exclude chance, confounding by unmeasured factors, or residual confounding as possible 
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explanation for our findings. Nevertheless, the large sample size, more than 5 years of 

follow up, a standardized and systematic collection of covariates, availability of a large 

number of covariates, and a validation of AF and comorbidities in the PHS are strengths of 

this study.

ACKNOWLEDGEMENTS/FUNDING

We are indebted to the participants in the PHS for their outstanding commitment and cooperation and to the entire 
PHS staff for their expert and unfailing assistance.

This work was supported by the National Heart, Lung, and Blood Institute (R21 HL088081 to L.D.). The 
Physicians' Health Study is supported by grants CA-34944, CA-40360 and CA-097193 from the National Cancer 
Institute and grants HL-26490, and HL-34595, from the National Heart, Lung and Blood Institute of Health, 
Bethesda, MD. Funding agencies play no role in the data collection, analysis and manuscript preparation.

Acknowledgement to all contributors who do not meet the criteria for authorship: N/A

REFERENCES

1. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, Halperin JL, Kay GN, Le 
Huezey JY, Lowe JE, Olsson SB, Prystowsky EN, Tamargo JL, Wann LS, Smith SC Jr, Priori SG, 
Estes NA 3rd, Ezekowitz MD, Jackman WM, January CT, Lowe JE, Page RL, Slotwiner DJ, 
Stevenson WG, Tracy CM, Jacobs AK, Anderson JL, Albert N, Buller CE, Creager MA, Ettinger 
SM, Guyton RA, Halperin JL, Hochman JS, Kushner FG, Ohman EM, Stevenson WG, Tarkington 
LG, Yancy CW. 2011 ACCF/AHA/HRS focused updates incorporated into the ACC/AHA/ESC 
2006 guidelines for the management of patients with atrial fibrillation. Circulation. 2011; 123:e269–
367. [PubMed: 21382897] 

2. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, White R, Furberg CD, 
Rautaharju PM. Incidence of and risk factors for atrial fibrillation in older adults. Circulation. 1997; 
96:2455–2461. [PubMed: 9337224] 

3. Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy TE. The natural history of atrial 
fibrillation: incidence, risk factors, and prognosis in the Manitoba Follow-Up Study. Am J Med. 
1995; 98:476–484. [PubMed: 7733127] 

4. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE. Prevalence of 
diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke 
prevention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 
2001; 285:2370–2375. [PubMed: 11343485] 

5. Feinberg WM, Blackshear JL, Laupacis A, Kronmal R, Hart RG. Prevalence, age distribution, and 
gender of patients with atrial fibrillation. Analysis and implications. Arch Intern Med. 1995; 
155:469–473. [PubMed: 7864703] 

6. Furberg CDPB, Manolio TA, Gardin JM, Smith VE, Rautaharju PM. Prevalence of atrial fibrillation 
in elderly subjects (the Cardiovascular Health Study). Am J Cardiol. 1994; 74:236–241. [PubMed: 
8037127] 

7. Mozaffarian D, Furberg CD, Psaty BM, Siscovick D. Physical activity and incidence of atrial 
fibrillation in older adults: the cardiovascular health study. Circulation. 2008; 118:800–807. 
[PubMed: 18678768] 

8. Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for atrial fibrillation or 
flutter: the Danish Diet, Cancer, and Health Study. Am J Med. 2005; 118:489–495. [PubMed: 
15866251] 

9. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P, Kronmal RA, Tracy RP, 
Van Wagoner DR, Psaty BM, Lauer MS, Chung MK. Inflammation as a risk factor for atrial 
fibrillation. Circulation. 2003; 108:3006–3010. [PubMed: 14623805] 

10. Hodgkinson JA, Taylor CJ, Hobbs FD. Predictors of incident atrial fibrillation and influence of 
medications: a retrospective case-control study. Br J Gen Pract. 2011; 61:e353–361. [PubMed: 
21801515] 

Khawaja et al. Page 5

Am J Cardiol. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Dublin S, Glazer NL, Smith NL, Psaty BM, Lumley T, Wiggins KL, Page RL, Heckbert SR. 
Diabetes mellitus, glycemic control, and risk of atrial fibrillation. J Gen Intern Med. 2010; 25:853–
858. [PubMed: 20405332] 

12. Watanabe H, Tanabe N, Yagihara N, Watanabe T, Aizawa Y, Kodama M. Association Between 
Lipid Profile and Risk of Atrial Fibrillation. Circ J. 2011; 75:2767–2774. [PubMed: 21914959] 

13. Hu FB, Willett WC. Optimal diets for prevention of coronary heart disease. JAMA. 2002; 
288:2569–2578. [PubMed: 12444864] 

14. Korre M, Tsoukas MA, Frantzeskou E, Yang J, Kales SN. Mediterranean Diet and Workplace 
Health Promotion. Curr Cardiovasc Risk Rep. 2014; 8:416. [PubMed: 25328563] 

15. Ried K, Sullivan T, Fakler P, Frank OR, Stocks NP. Does chocolate reduce blood pressure? A 
meta-analysis. BMC Medicine. 2010; 8:39. [PubMed: 20584271] 

16. Grassi D, Desideri G, Necozione S, Lippi C, Casale R, Properzi G, Blumberg JB, Ferri C. Blood 
pressure is reduced and insulin sensitivity increased in glucose-intolerant, hypertensive subjects 
after 15 days of consuming high-polyphenol dark chocolate. J Nutr. 2008; 138:1671–1676. 
[PubMed: 18716168] 

17. Greenberg JA. Chocolate intake and diabetes risk. Clin Nutr. 2015; 34:129–133. [PubMed: 
24582922] 

18. Matsumoto C, Petrone AB, Sesso HD, Gaziano JM, Djoussé L. Chocolate consumption and risk of 
diabetes mellitus in the Physicians' Health Study. Am J Clin Nutr. 2015; 101:362–367. [PubMed: 
25646334] 

19. Djoussé L, Hopkins PN, North KE, Pankow JS, Arnett DK, Ellison RC. Chocolate consumption is 
inversely associated with prevalent coronary heart disease: the National Heart, Lung, and Blood 
Institute Family Heart Study. Clin Nutr. 2011; 30:182–187. [PubMed: 20858571] 

20. Lewis JRPR, Zhu K, Devine A, Thompson PL, Hodgson JM. Habitual Chocolate Intake and 
Vascular Disease: A Prospective Study of Clinical Outcomes in Older Women. Arch Intern Med. 
2010; 170:1857–1858. [PubMed: 21059981] 

21. Petrone AB, Gaziano JM, Djoussé L. Chocolate consumption and risk of heart failure in the 
Physicians' Health Study. Eur J Heart Fail. 2014 doi: 10.1002/ejhf.180. [Epub ahead of print]. 

22. Christen WG, Gaziano JM, Hennekens CH. Design of Physicians' Health Study II--a randomized 
trial of beta-carotene, vitamins E and C, and multivitamins, in prevention of cancer, cardiovascular 
disease, and eye disease, and review of results of completed trials. Ann Epidemiol. 2000; 10:125–
134. [PubMed: 10691066] 

23. Steering Committee of the Physicians’ Health Study Research Group. Final report on the aspirin 
component of the ongoing Physicians’ Health Study. N Engl J Med. 1989; 321:129–135. 
[PubMed: 2664509] 

24. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, Hennekens CH, Speizer FE. 
Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J Epidemiol. 
1985; 122:51–65. [PubMed: 4014201] 

25. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. reproducibility and 
validity of an expanded self-administered semiquantitative food frequency questionnaire among 
male health professionals. Am J Epidemiol. 1992; 135:1114–1126. [PubMed: 1632423] 

26. Aizer AGJ, Cook NR, Manson JE, Buring JE, Albert CM. Relation of Vigorous Exercise to Risk of 
Atrial Fibrillation Am J Cardiol. 2009; 103:1572–1577. [PubMed: 19463518] 

27. Djoussé L, Driver JA, Gaziano JM. Relation between modifiable lifestyle factors and lifetime risk 
of heart failure. JAMA. 2009; 302:394–400. [PubMed: 19622818] 

28. Cheng M, Hu Z, Lu X, Huang J, Gu D. Caffeine intake and atrial fibrillation incidence: dose 
response meta-analysis of prospective cohort studies. Can J Cardiol. 2014; 30:48–54.

Khawaja et al. Page 6

Am J Cardiol. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khawaja et al. Page 7

Table 1

Baseline characteristics of 18,819 US male physicians according to chocolate consumption

Variables Chocolate Consumption

<1/month (n=4930) 1-3/month (n=5513) 1/week (n=3655) 2-4/week (n=2993) ≥5/week (n=1728)

Age (years) 67 ± 9 66 ± 9 66 ± 9 66 ± 10 66 ± 10

Body mass index (kg/m2) 26 ± 3 26 ± 3 26 ± 3 26 ± 3 26 ± 3

White 85 % 91 % 94 % 95 % 96 %

Smoker

        Never 51 % 54 % 57 % 58 % 57 %

        Past 45 % 42 % 40 % 38 % 39 %

        Current 4 % 3 % 3 % 3 % 4 %

Exercise (days a week)

        <1 38 % 38 % 36 %) 37 % 37 %

        1-2 15 % 17 % 17 % 16 % 15 %

        3-4 28 % 29 % 30 % 31 % 30 %

        5-7 17 % 15 % 15 % 14 % 16 %

Alcohol Consumption

        Never 17 % 15 % 17 % 19 % 20 %

        Monthly 7 % 7 % 8 % 9 % 9 %

        Weekly 36 % 39 % 40 % 40 % 39 %

        Daily 39 % 37 % 35 % 32 % 32 %

Prevalent hypertension 49 % 45 % 44 % 41 % 43 %

Prevalent diabetes mellitus 12 % 7 % 5 % 5 % 5 %

Prevalent coronary heart 
disease

14 % 12 % 10 % 10 % 11 %

Prevalent heart failure 1 % 1 % 1 % 1 % 2 %

Calories (kcal) 1534 ± 484 1622 ± 481 1703 ± 497 1792 ± 512 2040 ± 588

Data are presented as means ±SD or percentages. Few participants had missing data: Race (n=67), smoking (n=12), alcohol (n=106), exercise 
(n=335), diabetes (n=8), hypertension (n=39), calories (n=846), and body mass index (n=2).
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