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Abstract
Mechanisms underlying the triggers and maintenance of atrial fibrillation(AF) are not fully
understood. One potential unproven mechanism is that gastroesophageal reflux disease(GERD)
where acid reflux induces local and systemic inflammation may increase in triggered activity in the
myocardium and pulmonary veins and increase AF risk. A self-report questionnaire was mailed to
a random sample of 5288 Olmsted County residents aged 25-74 years to assess the presence and
frequency of GERD from 1988-1994. Long-term risk of AF over a period of 11.4 ± 5.0 years was
determined through review of clinical evaluations and the electrocardiogram database in those
without prior AF. The average age was 53±17 years and 2571(49%) were male. Of these patients,
741 developed AF[cumulative probability of AF was 20%(95% CI 17-22%) at 18 years]. Age[HR
1.09(95% CI 1.08-1.10),p<0.001], male gender[HR 1.81(95% CI 1.53-2.14),p<0.001], hypertension
[HR 1.36(95% CI 1.14-1.61),p=0.0006), and heart failure[HR 1.74(95% CI 1.16-2.60),p=0.007)
were independently associated with the risk of AF. The presence of any GERD was not associated
with risk of AF[HR 0.81(95% CI 0.68-0.96),p=0.014] after adjustment for other risk factors.
Frequency of GERD did not significantly impact risk of AF, although patients with more frequent
GERD had a slightly higher AF risk. Esophagitis increased risk of AF [HR = 1.94(95% CI
1.35-2.78),p<0.001], but the association did not persist when accounting for other risk factors
(p=0.72). In conclusion, in this large population-based study of patients surveyed for GERD, we did
not find an association with presence or frequency of symptoms and AF. Patients with esophagitis
were more likely to develop AF, although this association requires further study.
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Introduction
New risk factors or risk “markers” for AF continue to be reported. Broadly these risk factors
include systemic inflammation1, obesity and sleep apnea2, alcohol3,4, and specific genetic
mutations5-7. Environmental factors also play a key role in certain situations. In one study of
patients who developed lone AF, the environment triggers were variable but distinct and
included: sleeping (44%), exercise (36%), alcohol use (36%), and eating (34%).8 Although the
role of sleeping2 and alcohol intake3,4 have been previously established, less is known about
mechanisms underlying the association of AF and the gastrointestinal tract. One potential
explanation is that gastroesophageal reflux disease (GERD) underlies the association of eating
and AF. A study of 3 patients showed that AF onset was associated with a pH drop during 24
hour intraesophageal pH monitoring.9 It is reasonable to surmise that this association exists
due to the proximity of the esophagus, left atrium, and pulmonary veins. Focal inflammation
of the esophagus may inflame the myocardial and pulmonary vein tissues and increase the risk
of triggered atrial activity. Also, it is conceivable that systemic effects from cytokine release
and impaired esophageal contractility associated with GERD could potentially increase the
risk of AF.10 Therefore, to examine this potential association we undertook a large population-
based study that surveyed the presence and frequency of GERD and long-term risk of AF.

Methods
Olmsted County has a population of nearly 120,000 people based upon the United States census
in 2005. Nearly 80% of the population resides within 5 miles of the city of Rochester. The
health care is predominantly provided by two groups: Mayo Medical Center and the Olmsted
Medical Center. Within these two health systems medical diagnoses and surgical procedures
are indexed when made as outpatients, emergency room visits, nursing home care, hospital
admissions, and death certificates.11 This database allows investigation of the impact of
diseases on a population over time. Using this database a random sample of the population was
obtained with ages from 25-74 years between 1988 and 1994. Patients were excluded from the
estimation of the AF risk if they had a preexisting diagnosis of AF. This database was used to
abstract the general patient demographics as contained in Table 1. The diagnoses were
determined by the attending physician and not based upon strict criteria.

In order to assess the frequency of heartburn in the community, patients were sent a study
questionnaire as previously reported.12 The gastroesophageal reflux questionnaire was
designed as a self-report instrument. The following definitions were used to define GERD as
previously reported12: 1) heartburn, a burning pain or discomfort behind the breast bone in the
chest; 2) acid regurgitation, a bitter- or sourtasting fluid coming into the throat or mouth; 3)
chest pain, any pain or discomfort felt inside the chest but no including heartburn or any pain
that is primarily in the abdomen; 4) dysphagia (trouble swallowing), a feeling that food sticks
in the throat or chest; 5) globus, a feeling as if there is a lump in the throat when not swallowing,
6) dyspepsia, an ache or pain occurring mainly in the upper abdomen and not including
heartburn, chest pain, or pain with menstrual periods, 7) hoarseness, rough and harsh voice; 8)
bronchitis, cough as often as 4 to 6 times a day on 4 or more days a week. Questions were also
made to determine if the patient had asthma, heart disease, or pneumonia. Symptoms frequency
was then measures using a scale, 1: none in past year, 2: less than once a month, 3: about once
a month, 4: about once a week, 5: several times a week, 6: daily). For the purposes of this study
we used a simplified scale of none, some (less than once a month or monthly), weekly, and
daily. This study questionnaire was sent to 5288 random residents of Olmsted County from
1988-1994. They received reminder letters at 2, 4, and 7 weeks. Those who indicated at any
point that they did not want to participate were not contacted further. Nonresponders were
contacted by telephone to request their participation. The spectrum of response has been
previously reported.12
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In 2007 we then analyzed the records on the surveyed patients. AF was diagnosed from their
medical records from both in- and out-patient evaluations, the electrocardiogram database, and
International Classification of Diseases, Ninth Revision (ICD-9) codes.

Statistical Analysis
Continuous variables were reported as mean ± the standard deviation and categorical variables
were summarized as percentages. Survival free of the end point of AF was estimated by the
Kaplan-Meier method. These estimates were made using both the presence and frequency of
GERD. Univariate associations of clinical variables with AF were assessed in a Cox
proportional hazards model. Multivariate models were constructed using the stepwise selection
technique with these Cox models.

Results
The average age was 53 ± 17 years and 2571 (49%) were male. Of these patients, 2577 (49%)
reported GERD on the survey. One hundred and eighty two (3%) had a prior history of AF.
These patients were excluded from the subsequent analysis that looked at impact of GERD on
risk of AF.

Of the 2577 that reported GERD symptoms, the average age was 52 ± 17 years and 1316 (51%)
were male. A comparison of the baseline variables based upon the report of GERD is listed in
Table 1. Patients that reported GERD were younger and more often male. They were less likely
to have prior AF or congestive heart failure. In Table 2, demographics are listed based upon
frequency of GERD. Patients with daily GERD symptoms were older and more likely to have
coronary artery disease and a prior myocardial infarction.

Of the 5288 patients initially surveyed, 741 (14%) developed AF over a follow up period of
11.4 ± 5.0 years. Of the baseline variables listed in Table 1, age, gender, hypertension,
congestive heart failure, and esophagitis were associated with the risk of AF (Figure 1). There
was a slight, but significant inverse association with reported GERD symptoms and risk of AF.

Figure 2 displays the Kaplan Maier analysis examining the association of any reported GERD
symptoms and AF. In this general analysis there was an inverse association of GERD symptoms
and risk of AF (p<0.001). Next, Figure 3 displays the association of frequency of GERD
symptoms and AF. Although those with daily symptoms had a higher risk of AF, it was of
borderline significance in comparison to the other GERD-symptom groups [hazard ratio 1.54
(95% Confidence intervals: 0.96 -2.46), p=0.07] with no significance found when adjusting
for other confounding variables (p=0.260). Finally, shown in Figure 4 is subgroup analysis
based upon age. We did not find a clear association of risk with GERD symptoms in 3 age-
based groups (<50 years, 50-65 years, >65 years). However, as expected the risk of AF in
general was much greater in the older groups (Figure 4B, 4C) compared to the younger group
(Figure 4A).

Finally, 173 patients had known esophagitis based upon ICD-9 codes when they were surveyed.
We do not know if all of these underwent endoscopy. The general demographics of those
patients with and without esophagitis are listed in Table 3. Patients with esophagitis were older,
more likely to have coronary artery disease, a prior myocardial infarction, and AF. Of these
patients, 45 (26%) developed AF as opposed to 696 (14%) in the group without esophagitis.
There was an increased hazard of AF over time based upon the diagnosis of esophagitis [HR
= 1.94(95% CI 1.35-2.78), p<0.001]. However, the hazard did not remain significant when
accounting for age, sex, hypertension, and heart failure (p=0.72).
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Discussion
In this large population-based study followed over a period more than a decade, we found an
inverse relationship between presence of GERD and AF. Frequency of AF did impact this
relationship, with patients that reported daily GERD symptoms having the highest risk of AF,
although the risk differences did not reach statistical significance. This latter observation may
have been due to confounding variables as these patients were more likely to be older and have
prior coronary artery disease and esophagitis.

In general, the study results were contrary to what we had hypothesized. In fact, GERD
symptoms as a whole resulted in AF less often. There are several potential explanations for
this finding.

First, GERD patients that are symptomatic from a noncardiac disease may seek medical
treatment more often than those without these symptoms. Repeat medical attention may also
result in identification and treatment of traditional risk factors of AF such as hypertension,
diabetes, and congestive heart failure.13-16 The observation that there were similar rates of
these traditional risk factors in the GERD and no GERD groups makes this possibility less
likely. Similarly, if patients with GERD presented more often to physicians then this action
should also increase the likelihood of AF diagnosis, but the opposite was seen.

A second possibility is that the management of the disease may have secondary effects that
reduce AF. For example, proton pump inhibitors are effective in the management of acid-
related disorders. This class of medication reduces esophageal inflammation and
extraesophageal manifestations of acid reflux such as noncardiac chest pain, asthma, and
laryngitis.17-19 In a small study of patients with GERD with endoscopic findings of esophagitis
and AF, proton pump inhibitors reduced the frequency and duration of palpitations. The
mechanisms underlying the effect of this medication class on the arrhythmia are unknown, but
the study suggests that these medications may play a role in the management of AF in select
patients with GERD. Although this is a plausible explanation, the data set we presented did
not include medication use information so we cannot test it within this population.

Third, in addition to traditional complications of GERD, injury to the distal esophagus may
impair vagal nerve response, in particular nerve sensitization in the afferent pathways.20 This
is important as vagal nerve mediated parasympathetic stimulation of the heart results in slowing
of the sinus and ventricular rates and can increase atrial fibrillation inducibility.21,22 Subtle
effects on vagal nerve function with GERD is a feasible possibility to explain the observed
data on a population-based scale. Nonetheless, this hypothesis requires further study to confirm
or refute its validity.

Fourth, a diagnosis of GERD is given to patients with symptoms suggestive of acid reflux.
However, the amount of reflux and manifestations of reflux can be variable over time.23 For
example, reflux of barium during radiographic evaluation is only positive in 25–75% of
symptomatic patients and is falsely positive in up to 20% of normal controls.23-25 Also, the
majority of patients with GERD will have a normal endoscopy26 a finding also suggested in
our data be the low prevalence of esophagitis. For this reason esophagitis confirms the diagnosis
of GERD, but lack of endoscopic findings does not exclude it.23 The discrepancy between
symptoms and physical manifestations of injury in the distal esophagus may account for why
there is no apparent risk of AF with GERD.

However, the finding that esophagitis was associated with AF support our hypothesis that local
inflammation may increase risk of AF. Patients with daily GERD symptoms were more likely
to have esophagitis which may account for some of the increased risk of AF in this group of
patients. Unfortunately those with esophagitis had many other risk factors of AF and when
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taking these into account that increased hazard did not persist. Nonetheless, it is within this
population that further study is needed.

One area that requires further study is the possible association of a hiatus hernia, GERD, and
AF. A hiatus hernia has the potential to mechanically irritate the left atrium resulting in
arrhythmia. Furthermore, the hernia may also increase reflux and result in severe symptoms
and esophagitis.

The study strengths include a large random community sample which minimizes selection bias.
The survey used was subjective tool to assess for GERD rather than a more objective tool such
as endoscopic diagnosis. However, the questionnaire has been previously validated and the
prevalence rates reported similar to those of other populations.12,27 AF diagnosis was based
upon codes ICD-9 codes from hospital dismissal summaries, the electrocardiogram database,
and review of the in and out-patient medical records. Although this is a common means to look
for AF in a population-based study, subclinical or asymptomatic AF can be undetected. We do
not have information on AF subtype. AF subtype risk may vary with GERD symptoms.
Unfortunately we do not have data on use of medications to treat GERD. A study to look at
use of these GERD medications, duration of therapy, and compliance to the therapy may
provide insight into if these therapies may impact AF. Finally, not all patients had endoscopy
and we do not have information on the relative number of patients that did.
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Figure 1.
Hazard ratios are displayed for each demographic factor associated with AF. The presence of
any GERD symptoms was added to the model and slightly decreased the risk of AF [HR 0.81
(95% CI 0.68-0.96), p=0.013].
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Figure 2.
Kaplan Maier analysis of the presence or absence of GERD symptoms and long-term risk of
AF.
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Figure 3.
Kaplan Maier analysis of the presence and frequency of GERD symptoms and long-term risk
of AF. Daily GERD symptoms had the highest risk of AF [HR 1.30 (95% CI: 0.98-1.57),
p=0.07].
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Figure 4.
Kaplan Maier analysis of the presence or absence of GERD symptoms and long-term risk of
AF based upon age. A includes patients less than 50 years of age. B includes patients from 50
to 65 years of age. C includes patients greater than 65 years of age. In general, the risk of AF
increased with advancing age.
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Table 1

Baseline demographics of Olmsted County patients based upon presence of any gastroesophageal reflux disease
symptoms

GERD Symptoms

Variable Yes
(n=2577)

No
(n=2706) p value

Age (years) 51 ± 17 55 ± 18 0.0001

Men 1316 (51%) 1253 (46%) 0.0006

Hypertension 592 (23%) 649 (24%) 0.399

Diabetes Mellitus 200 (8%) 238 (9%) 0.178

Dyslipidemia 478 (19%) 454 (17%) 0.097

Coronary artery disease 217 (8%) 239 (9%) 0.596

Prior myocardial infarction 133 (5%) 155 (6%) 0.396

Congestive heart failure 49 (2%) 84 (3%) 0.006

Prior atrial fibrillation 69 (3%) 113 (4%) 0.003
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Table 3

Baseline demographics of Olmsted County patients based upon presence of the diagnosis of esophagitis.

Esophagitis

Variable Yes
(n=173)

No
(n=5115) p value

Age (years) 64 ± 14 53 ±17 <0.0001

Men 103 (60%) 2468 (48%) 0.0035

Hypertension 75 (43%) 1168 (23%) <0.0001

Diabetes Mellitus 26 (15%) 412 (8%) 0.0011

Dyslipidemia 56 (32%) 876 (17%) <0.0001

Coronary artery disease 42 (24%) 414 (8%) <0.0001

Prior myocardial infarction 28 (16%) 260 (5%) <0.0001

Congestive heart failure 7 (4%) 126 (2%) 0.191

Renal failure 3 (2%) 38 (1%) 0.144

Prior atrial fibrillation 14 (8%) 168 (3%) 0.0006
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