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Abstract
Background We examined whether the risk of incident atrial fibrillation (AF) in a large, biracial, prospective cohort is lower 
in participants who adhere to heart-healthy dietary patterns and higher in participants who adhere to less heart-healthy diets.
Methods Between 2003 and 2007, the REasons for Geographic and Racial Differences in Stroke (REGARDS) cohort 
study enrolled 30,239 Black and White Americans aged 45  years or older. Dietary patterns (convenience, plant-
based, sweets, Southern, and alcohol and salads) and the Mediterranean diet score (MDS) were derived based on food 
frequency questionnaire data. The primary outcome was incident AF at the follow-up visit 2013–2016, defined by either 
electrocardiogram or self-reported medical history of a physician diagnosis.
Results This study included 8977 participants (mean age 63 ± 8.3 years; 56% women; 30% Black) free of AF at baseline who 
completed the follow-up exam an average of 9.4 years later. A total of 782 incident AF cases were detected. In multivariable 
logistic regression analyses, neither the MDS score (odds ratio (OR) per SD increment = 1.03; 95% confidence interval (CI) 
0.95–1.11) or the plant-based dietary pattern (OR per SD increment = 1.03; 95% CI 0.94–1.12) were associated with AF 
risk. Additionally, an increased AF risk was not associated with any of the less-healthy dietary patterns.
Conclusions While specific dietary patterns have been associated with AF risk factors, our findings fail to show an association 
between diet patterns and AF development.
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Introduction

Atrial fibrillation (AF) is the most frequently encountered 
cardiac arrhythmia in clinical practice and more often seen 
in older populations. The overall prevalence of AF in the 
United States is 1% to 2% [1]. The prevalence of AF in 
European individuals over the age of 65 is estimated at 7.8% 
[2]. The presence of AF is associated with an over two-fold 
increased risk of stroke, heart failure, and cardiovascular 
mortality [3]. The risk of developing AF, however, is not 
evenly distributed amongst the various racial and ethnic 
groups. Despite underrepresented racial and ethnic groups 
experiencing a higher burden of traditional AF risk factors 
and a poorer AF-associated outcome profile, a paradox 
exists in that the overall incidence and prevalence of AF 
in these groups is only half of what is observed in White 
individuals [4, 5]. Continued investigations to improve our 
understanding of the mechanisms that underlie AF, as well 
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as the differences in AF incidence observed across various 
racial and ethnic groups, are important.

Adherence to the Mediterranean or Dietary Approach to 
Stop Hypertension (DASH) diets are advocated by major 
medical societies due to their established effectiveness in 
reducing incident cardiovascular disease (CVD) [6–10]. The 
beneficial effects of diet on CVD risk reduction are thought 
to be due to reduction of inflammation and oxidative stress, 
mechanisms that are both implicated in the pathogenesis 
of AF [11–14]. A secondary analysis of the Prevención 
con Dieta Mediterránea (PREDIMED) trial found that 
individuals randomized to a Mediterranean diet, including 
the use of extra virgin olive oil (EVOO), experienced 
a substantially reduced risk of incident AF [15]. There 
is limited observational research, however, looking at 
associations of the Mediterranean diet and AF risk.

Similarly, prior study has also not evaluated whether the 
less-healthy Western dietary patterns that do not incorporate 
elements of a heart-healthy diet may place an individual at 
an increased risk for AF. Prior research in the REasons for 
Geographic And Racial Differences in Stroke (REGARDS) 
study demonstrated that a Southern dietary pattern, one that 
is high in added fats, fried food, eggs and egg dishes, organ 
meats, processed meats, and sugar-sweetened beverages, 
was associated with an increased risk of coronary heart 
disease and sudden cardiac death [16, 17]. We examined 
whether the risk of incident AF is lower in participants who 
adhere to heart-healthy dietary patterns—Mediterranean and 
plant-based—and higher in participants who adhere to less 
heart-health dietary patterns, e.g., the—Southern, sweets, 
or convenience as previously derived in REGARDS [18].

Methods

Details of the methods of the REGARDS study have 
been published [19]. Briefly, REGARDS is a prospective 
cohort study designed to identify contributors to regional 
and Black-White disparities in stroke mortality. The study 
over-sampled Black persons and residents of the stroke 
belt (North Carolina, South Carolina, Georgia, Alabama, 
Mississippi, Tennessee, Arkansas, and Louisiana). Between 
January 2003 and October 2007, using postal mailings and 
telephone interviews, a total of 30,239 participants were 
recruited from a commercially available list of residents. 
Socio-demographic information and medical histories 
were obtained by a computer-assisted telephone interview 
(CATI). An in-home examination was performed 3–4 weeks 
after the telephone interview. Trained staff collected 
medication information, blood and urine samples, blood 
pressure readings, and a resting electrocardiogram (ECG). 
Approximately 10  years after the baseline assessment, 
2013–2016, participants who were still alive and active 

completed a follow-up examination similar to the baseline 
visit. The institutional review boards at the collaborating 
centers approved the REGARDS study protocol, and all 
participants provided written informed consent.

Dietary assessment

Diet was assessed at baseline with the Block 98 food 
frequency questionnaire (FFQ), a validated semi-quantitative 
FFQ that assessed usual dietary intake of 110 food items 
(NutritionQuest, Berkeley, CA) [19, 20]. For each line 
item on the FFQ, participants were asked how often, on 
average, they consumed the food (or group of foods) during 
the previous year, as well as the usual quantity of the food 
consumed. The FFQ also included adjustment questions 
(e.g., inquiring about the type of milk consumed—low-
fat, non-fat, etc.) to further refine intake data. The FFQ 
was self-administered after the in-home visit and mailed 
to the REGARDS Operations Center, where they were 
reviewed for completeness and scanned. The results were 
then sent to NutritionQuest for scoring, which included 
a data set that provided the number of grams per day (g/
day) for each line item on the FFQ. Amounts of each food 
on the FFQ consumed by a participant were calculated by 
multiplying the frequency of consumption of that food by 
the usual amount consumed. A total of 56 food groups, on 
which dietary patterns were based, were derived using the 
110 individual food variables on the FFQ using published 
methods [18].

Dietary patterns

Split sample replication was used to (1) derive the dietary 
patterns using exploratory factor analysis, and (2) test 
the patterns using confirmatory factor analysis [18, 21]. 
Patterns were named based on the major factor loadings. 
Factor 1 loaded heavily on mixed dishes, pasta dishes, pizza, 
Mexican food, and Chinese food and was designated the 
“Convenience” pattern. Factor 2 had high factor loadings 
for vegetables, fruits, fruit juice, cereal, beans, fish, poultry, 
and yogurt and was named the “Plant-based” pattern. Factor 
3 loaded on added sugars, desserts, chocolate, candy, and 
sweetened breakfast foods and was named the “Sweets” 
pattern. Factor 4 loaded heavily on added fats, fried food, 
eggs and egg dishes, organ meats, processed meats, and 
sugar-sweetened beverages, reflecting a culinary pattern 
observed in the Southeastern United States, and was named 
the “Southern” pattern. Factor 5 loaded highly on beer, wine, 
liquor, green leafy vegetables, tomatoes, and salad dressing 
and was designated the “Alcohol and Salad” pattern. A 
standardized adherence score for each of the 5 dietary 
patterns was created (lower score = lower adherence).
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Two patterns were considered to have health promoting 
properties based on their food composition and the general 
nutritional epidemiologic literature. Specifically, both the 
alcohol/salads and plant-based patterns had high factor 
loadings for foods such as vegetables, leafy greens, nuts, 
seeds, and fish, which are beneficial for health. We also 
identified three patterns, convenience, sweets, and southern, 
as unhealthy because they had higher factor loadings for 
foods that are known to be associated with unfavorable 
health and disease outcomes [18].

Mediterranean diet score

The Mediterranean diet score (MDS) was derived according 
to published methods used in REGARDS based on the 
method of Trichopoulou and colleagues [22]. In brief, food 
group contributors to the MDS included those designated 
as “beneficial” (vegetables, fruits, legumes, cereals, fish), 
and “detrimental” (meat, dairy). One point was assigned 
for consumption that exceeded the sex-specific median 
for the “beneficial” groups or was below the median for 
“detrimental” food groups. For fat intake (eighth food 
category), participants with monounsaturated lipids to 
saturated lipids ratios at or above the sex-specific median 
were assigned a value of 1, and those with ratios below the 
sex-specific median were assigned a value of 0. For alcohol 
consumption (ninth category), participants were assigned a 
score of 1 for moderate consumption (> 0 and ≤ 7 drinks per 
week for women and > 0 and ≤ 14 drinks per week for men) 
and a score of 0 for everyone else. The MDS was determined 
by summing scores for the 9 food groups, resulting in a 
possible range of scores of 0 to 9.

Atrial fibrillation

AF was identified at baseline and a subsequent follow-up 
visit approximately 10 years later by (1) a visit ECG and 
(2) self-reported history of a physician diagnosis during the 
CATI survey. The ECGs were read and coded at a central 
reading center (EPICARE, Wake Forest School of Medicine, 
Winston-Salem, NC) by analysts who were blinded to 
other REGARDS data. Self-reported AF was defined as 
an affirmative response to the following question: “Has a 
physician or a health professional ever told you that you had 
atrial fibrillation?” This question was as reliable a predictor 
of incident stroke events as AF detected by ECG [23].

Covariates

Participant characteristics at baseline were used as 
covariates. Age, sex, race, household income, education, 
and smoking status were self-reported. Body mass 
index (BMI) and waist circumference were measured 

at the baseline examination. Physically active was 
defined as ≥ 4  days of exercise (enough to work up 
a sweat) per week. Hypertension was defined as 
systolic blood pressure ≥ 130  mm Hg, diastolic blood 
pressure ≥ 80  mm Hg, or self-reported current use of 
anti-hypertensive therapy. Dyslipidemia was defined as 
total cholesterol ≥ 240 mg/dL, low-density lipoprotein 
cholesterol ≥ 160  mg/dL, high-density lipoprotein 
cholesterol ≤ 40  mg/dL, or self-reported current use 
of lipid-lowering therapy. Diabetes mellitus was 
defined as fasting glucose ≥ 126  mg/ dL, non-fasting 
glucose ≥ 200  mg/dL, or self- reported current use of 
anti-diabetic medications. CRP measurement used a 
high-sensitivity particle-enhanced immunonephelometric 
assay on the BNIII nephelometer (N High Sensitivity 
CRP, Dade Behring Inc., Deerfield, IL) with an interassay 
coefficient of variation of 2–6%. CVD included the 
presence of coronary heart disease (a self-reported history 
of myocardial infarction, coronary artery bypass grafting, 
coronary angioplasty or stenting, or evidence of prior 
myocardial infarction on the baseline ECG) or prior stroke 
which was ascertained by participant’s self-report.

Statistical analysis

Descriptive statistics for demographic, socioeconomic, 
lifestyle, anthropometric, and medical history variables 
at the baseline assessment according to quartiles of 
consumption of each dietary pattern and MDS categories 
were calculated using the chi-square test (for proportions) 
and analysis of variance (for continuous variables).

Logistic regression was used to calculate the odds ratio 
(OR) [95% confidence interval (CI)] for prevalent (baseline 
visit) and incident (follow-up visit) AF for each of the five 
dietary patterns as well as the MDS per standard deviation 
(SD) increment in adherence. Models were built as follows: 
model 1: age, sex, race, education, household income, and 
region; model 2: model 1 plus total energy intake, lifestyle 
factors (smoking, physical activity), CVD risk factors (BMI, 
waist circumference, hypertension, dyslipidemia, diabetes, 
history of CVD), and CRP. Statistical significance for all 
comparisons including interactions was defined as p < 0.05. 
SAS version 9.4 (Cary, NC) was used for all analyses.

Due to inherent limitations with the MDS, namely 
the designation of any dairy intake as adverse, and the 
availability of other scoring systems, we repeated the 
analyses using the Mediterranean-DASH Diet Intervention 
for Neurodegenerative Delay (MIND) diet score. Among 
the MIND diet components are 10 brain healthy food groups 
(green leafy vegetables, other vegetables, nuts, berries, 
beans, whole grains, seafood, poultry, olive oil and wine) 
and 5 unhealthy food groups (red meats, butter and stick 
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margarine, cheese, pastries and sweets, and fried/fast food). 
This diet score has been associated with slower cognitive 
decline and reduced cardiovascular disease [24–26].

Results

There were 18,967 REGARDS participants with complete 
covariate data and dietary assessment at baseline and 8,977 
of these were included in the prospective analyses because 
they were without prevalent AF and completed a follow-up 
examination. Baseline characteristics stratified by MDS 
category and dietary pattern quartiles are shown in Table 1 
and Supplemental Table 1, respectively. Mean (SD) age was 
63 (8.3) years, 30% were Black, and 56% female. 782 (8.7%) 
participants developed AF over a median (IQR) follow-up of 
9.3 (1.4) years. Compared to participants in the lowest MDS 
category, those in higher categories were older, more likely 
to be male, be black, have a high school education, be more 
physically active and less likely to smoke, have a low annual 
income, have hypertension, and have diabetes (Table 1).

Risk of incident AF according to the various dietary 
patterns and MDS are reported in Fig.  1. Neither the 
MDS score (OR per SD increment = 1.03; 95% CI 
0.95–1.11) or the plant-based dietary pattern (OR per 
SD increment = 1.03; 95% CI 0.94–1.12) were associated 
with AF risk. In age-, race-, region-, sex and income-
adjusted models, greater adherence to the sweets dietary 
pattern was associated with a lower AF risk (OR per SD 
increment = 0.89; 95% confidence interval (CI): 0.81, 
0.97; p-trend = 0.01), while greater adherence to the 
Southern pattern was associated with an increased risk 
of AF (OR per SD increment = 1.12; 95% CI 1.02, 1.22; 
p-trend = 0.01) (Fig.  1). After additional adjustment 
for covariates, only the association between the sweets 
dietary pattern and AF remained significant (OR per SD 
increment = 0.90; 95% CI 0.82, 0.99; p-trend = 0.03).

Measures of adiposity and hypertension were most 
responsible for attenuation of association between 
Southern pattern and incident AF (Supplemental Table 2). 
The convenience and alcohol and salads dietary patterns 
were not associated with incident AF risk. In cross-
sectional analyses, no associations were observed for 
any of the dietary patterns or MDS with prevalent AF 
(Supplemental Fig. 1). Findings were similar for both 

Table 1  Baseline demographic 
characteristics by Mediterranean 
Diet Score category

* Hypertension defined as systolic blood pressure ≥ 130 mm Hg and/or diastolic blood pressure ≥ 80 mm Hg 
or self-reported current use of medication to control blood pressure
† Dyslipidemia defined as total cholesterol ≥ 240  mg/dL and/or low-density lipoprotein 
cholesterol ≥ 160 mg/dL and/or high-density lipoprotein cholesterol ≤ 40 mg/dL or self-reported current use 
of medication to control cholesterol
‡ Diabetes mellitus defined as fasting glucose ≥ 126 mg/dL and/or non-fasting glucose ≥ 200 mg/dL or self-
reported current use of medication to control blood sugar
§ Physically active defined as ≥ 4 days of exercise (enough to work up a sweat) per week
‖ Cardiovascular disease defined as the presence of coronary heart disease (a self-reported history of 
myocardial infarction, coronary artery bypass grafting, coronary angioplasty or stenting, or if evidence of 
prior myocardial infarction was present on the baseline ECG) or prior stroke which was ascertained by 
participant’s self-report

Characteristic Low adherence, 
N = 2607

Medium 
adherence, 
N = 3749

High adherence (score 
6–9) N = 2503

p-trend 
across 
category

Age > 65 966 (37.1) 1545 (41.2) 1163 (46.5)  < 0.0001
Black 705 (27.0) 1136 (30.3) 804 (32.1)  < 0.0001
Male 1116 (42.8) 1603 (42.8) 1188 (47.5) 0.0009
Did not graduate HS 199 (7.6) 216 (5.8) 99 (4.0)  < 0.0001
Income < $20,000 346 (13.3) 389 (10.4) 191 (7.6)  < 0.0001
Residence in stroke belt 1504 (57.7) 2133 (56.9) 1304 (52.1) 0.0001
Current smoker 393 (15.1) 371 (9.9) 181 (7.2)  < 0.0001
Hypertension* 1377 (52.8) 1904 (50.8) 1246 (49.8) 0.03
Dyslipidemia† 1515 (58.1) 2109 (56.3) 1393 (55.7) 0.07
Diabetes‡ 388 (14.9) 550 (14.7) 299 (11.9) 0.0027
Physically  active§ 709 (27.2) 1183 (31.6) 947 (37.8)  < 0.0001
Anti-hypertensive use 1185 (45.5) 1667 (44.5) 1076 (43.0) 0.04
Cardiovascular  disease‖ 298 (11.4) 409 (10.9) 299 (11.9) 0.58
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prevalent and incident AF when evaluating participants 
with the MIND diet score (Supplemental Table 3).

Discussion

In a biracial cohort of individuals participating in the 
ongoing REGARDS study, a stronger adherence to a 
healthier dietary pattern, defined as either plant-based or 
Mediterranean, was not associated with a reduced incident 
AF risk. In addition, higher consumption of unhealthy 
Western dietary patterns, defined here as convenience, 
sweets, or Southern, was not associated with an increased 
incident AF risk.

Inflammation and oxidative stress are considered to 
play a role in AF pathogenesis and protective benefits of 
the Mediterranean diet are thought to involve modification 
of these pathways [12, 27, 28]. Anti-inflammatory 
and anti-oxidative properties are well documented in 
principal components of the Mediterranean diet [29–31]. 
A secondary analysis of the PREDIMED trial found that 

those randomized to a Mediterranean diet with EVOO 
experienced a 38% reduced risk of incident AF [15]. A 
similar association, however, was not found for participants 
in this trial randomized to the Mediterranean diet that 
included mixed nuts. No details were provided on the 
quantity of EVOO consumed or how much quantities 
differed amongst the EVOO, mixed nuts, and control groups, 
making it difficult to clinically interpret findings. Additional 
limitations of the PREDIMED trial included a sample size 
consisting of older White individuals at high cardiovascular 
risk and an unexpectedly low AF incidence (1.1% over 
5 years) [15].

A “plant-based” dietary pattern is also thought to protect 
against AF development via similar mechanisms to those for 
the Mediterranean diet. Multiple large observational studies 
performed in biracial or multi-ethnic populations, however, 
reported no association between adherence to an American 
Heart Association recommended diet, which largely overlaps 
with a plant-based diet, and risk of AF [32–34]. Adherence 
in these studies were also measured using a FFQ, and diet 
scores were calculated as the sum of the scores for each 

Fig. 1  Risk of incident atrial fibrillation according to Dietary patterns 
and Mediterranean Diet Score. Data are presented as odds ratio 
(95% CI) per standard deviation increment. There were 782 incident 
AF cases among 8977 participants for dietary patterns analyses. 
There were 766 incident AF cases among 8859 participants for 

Mediterranean diet score analysis. *Model 1 adjusts for age, sex, race, 
education, household income, region, total energy. †Model 2 adjusts 
for Model 1 + smoking, physical activity, body-mass index, waist 
circumference, hypertension, dyslipidemia, diabetes, cardiovascular 
disease, and C-reactive protein
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of 5 individual components: fruits and vegetables (≥ 4.5 
cups per day), fish (≥ 2 3.5-oz servings per week), fiber-
rich whole grains (≥ 3 1-oz-equivalent serving per day), 
sodium (< 1500 mg/day), and sugar-sweetened beverages 
(≤ 450  kcal/week). The Framingham Heart Study, a 
predominantly white cohort of European ancestry, separately 
evaluated two of these components, fiber-rich whole grains 
and fish intake, and also reported no association [35].

The lack of association of MDS or plant-based 
dietary pattern with the risk of incident AF observed 
is consistent with much of the published observational 
literature mentioned above. Dietary factors do not appear 
to confer substantially to AF risk, and it is possible that 
any association with AF may be through indirect pathways 
where poor dietary habits increase the susceptibility to 
comorbidities that enhance an individual's risk for AF. It 
has been previously demonstrated that adherence to a plant-
based diet reduces the likelihood of primary AF risk factors, 
including hypertension, obesity, diabetes, and coronary heart 
disease [36–41]. Blood pressure is reduced due to improved 
vasodilation and increased potassium intake [36, 42, 43]. 
Improvements in blood glucose control are thought to be due 
to the lower content of advanced glycation endproducts [44]. 
Higher fiber, lower fat content of plant‐based nutrition, and 
reduced energy density all may contribute to reduce obesity 
risk [39].

In this study, contrary to expectation, the sweets dietary 
pattern was independently associated with a reduction in 
AF risk. Although our findings run contrary to what we 
would have expected, a similar protective relationship 
was described in REGARDS for the sweets pattern with 
both sudden cardiac death in those with baseline coronary 
heart disease as well as incident stroke [16, 45]. It is well 
established, however, that a diet high in added sweets and 
saturated fats is associated with increased CVD incidence 
and cardiovascular mortality [46, 47].

A major limitation was that a reliable estimated energy 
requirement could not be calculated due to how physical 
activity was assessed, and adjustment for dietary under-
reporting could not be performed, potentially introducing 
information bias. Additional limitations were also present. 
The majority of AF cases were by self-report at a single 
follow-up visit and participants may not have accurately 
recalled a diagnosis that occurred years earlier. More 
sensitive detection methods such as hospitalization diagnosis 
were not available. This likely led to the under ascertainment 
of AF events, especially those that were asymptomatic. This 
method of AF detection treated incident AF as a binary 
variable and did not allow use of longitudinal time to event 
analyses. The FFQ relied on recall of dietary intake, and 
this is prone to measurement error. Inaccuracies in reporting 
dietary intake may have resulted in misclassification, 
biasing results toward the null. Unfortunately, correction 

for potential measurement error was not possible. Diet was 
assessed at only one time point, so potential changes in diet 
could not be accounted for. Nearly 30% of participants did 
not complete a FFQ at baseline and these individuals were 
more likely to be Black race, less educated, and have a lower 
income. Finally, certain dietary pattern designations may not 
wholly depict each of the individual food components and 
it is possible that alternative naming options may be more 
representative; however, there are now multiple REGARDS 
publications using the names from the original design paper, 
so, for consistency, we have chosen to keep the names of the 
patterns the same.

In conclusion, in this large population-based sample of 
US adults, adherence to a variety of Western dietary patterns 
as well as to the Mediterranean diet were not associated 
with risk of incident AF. While specific dietary patterns have 
been strongly associated with AF risk factors, our findings 
suggest that they do not directly affect susceptibility to AF 
development.

Supplementary Information The online version contains 
supplementary material available at https:// doi. org/ 10. 1007/ 
s00394- 023- 03159-z.
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