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Prevalence of gastroesophageal reflux disorder in arrhythmic patients and 
adjunctive effects of proton pump inhibitors on comorbid atrial fibrillation

Keita Odashiro, Shioto Yasuda, Taku Yokoyama, Shunsuke Yoda, Hirotaka Noda, 
Mitsuhiro Fukata, Takeshi Arita, Toru Maruyama*, Koichi Akashi

INTRODUCTION

Gastroesophageal reflux disorder (GERD) is a rapidly 
growing healthcare problem in developed countries due to 
modern lifestyle, the prevalence of obesity,1 sleep apnea2 and 
metabolic syndrome,3 rapid progression of aging, and reduced 
rate of Helicobacter pylori infection.4 The lower esophageal 
sphincter tends to relax in those with obesity, a full stomach,1,5 
or sleep apnea,2 whereas hiatal hernias are prevalent in the 
elderly.6 Although GERD is sometimes associated with atrial 
fibrillation (AF),7-10 the prevalence of GERD in patients with 
various kinds of arrhythmia remains unknown.

AF is a common age-dependent arrhythmia,11 and new risk 
factors associated with it have emerged, i.e., sleep apnea12 
and metabolic syndrome.13 AF and GERD share the same 
predisposing factors, including metabolic syndrome,3,13 sleep 

apnea,2,12 and senescence.6,11 Although our recent work has 
focused on this relationship,14,15 the question remains whether 
this relationship is causal or coincidental. Therefore, the 
goal of this observational study was to investigate: (1) the 
prevalence of GERD in a variety of arrhythmic patients, 
(2) the alterations of symptoms before and after treatment 
with proton pump inhibitors (PPI) using disease-specific 
questionnaires in patients with GERD and concomitant 
AF, and (3) the effects of PPI on the paroxysms of AF in 
pacemaker patients with GERD and AF.

METHODS

Patient population

This investigation was approved by the internal ethics 
committee (18038 and 24064, UMIN000009151) and 
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conducted according to the Declaration of Helsinki (2008). 
Patients with various kinds of arrhythmia were enrolled in 
this study between September 2010 and March 2014, and 
were followed regularly at the outpatient clinic of Kyushu 
University Hospital. Written informed consent was obtained 
from all patients prior to their participation. Patients 
with malignancy, dementia, acute coronary syndrome, 
acute heart failure, and hemodialysis were excluded. All 
patients underwent standard electrocardiograms (ECG), 
echocardiography, and chest X-ray, and many received 
ambulatory or exercise ECG and chest computed tomography 
in their regular follow-up visits to the outpatient clinic.

Study protocol

This study was divided into three parts. Patients with various 
kinds of arrhythmia (n=147) were enrolled in Study 1. They 
were administered a questionnaire (frequency scale for 
symptoms of GERD, the so-called F-scale) in the regular 
follow-up visits. All arrhythmic patients were prescribed 
optimized antiarrhythmic agents and/or anticoagulants. 
The F-scale was used to screen the arrhythmic patients with 
GERD, and determinants of GERD were analyzed by uni- 
and multi-variate analyses using baseline characteristics.

The patients with AF and GERD diagnosed using the F-scale 
(n=27) were enrolled in Study 2. The classification of types 
(paroxysmal, persistent, or permanent) of AF, definition of 
non-valvular AF, and indication of anticoagulation with 
warfarin or novel oral anticoagulants were based on the 
guideline of the European Society of Cardiology,16 although 
persistent AF was difficult to distinguish from paroxysmal 
AF in the monthly follow-up visits. PPI (rabeprazole, 
lansoprazole, and esomeprazole) were administered to 
these patients, whereas prescriptions other than PPI were 
not altered. The choice of PPI was based on the discretion 
of treating physicians. Patients responded to the AF-specific 
questionnaire of AF quality of life questionnaire (AFQLQ) in 
addition to the F-scale. These questionnaires were completed 
before and 3 months after starting the administration of PPI.

In Study 3, the patients with pacemaker implantation were 
screened among those enrolled in Study 2. PPI administration 
was continued at least to 6 months. Permanent dual-chamber 
pacemakers programmed to DDD have dedicated functions 
of AF detection and electrogram storage. Regular check-
ups of pacemakers were conducted every 6 months in our 
outpatient clinic, and these patients underwent pacemaker 
interrogation before and 6  months after starting PPI 
administration. A questionnaire survey was conducted before 
and 3 and 6  months after starting PPI in the pacemaker 
patients. Device follow-up included checking the battery 
longevity, pacemaker mode and function, lead impedance, 
atrial and ventricular pacing threshold, and voltages of 
patients’ own P and R waves. AF occurring during the 
interval of regular check-ups was considered as automated 
mode switch observed in the absence of atrial overdrive 

pacing program. Mode switch rate was set to 200 pacing 
per mins, and the stored bipolar atrial electrograms were 
reviewed blindly by cardiac device representatives. The 
number, the maximum duration, and the total duration of 
paroxysms of AF were investigated.

Questionnaire study

The F-scale is a widely used questionnaire designed 
specifically to screen for GERD.17 It covers the 12 
most common GERD symptoms. The symptoms were 
scored based on their frequency as follows: never = 0, 
occasionally = 1, sometimes = 2, often = 3, or always = 4. 
Therefore, the total score of the F-scale reflects the presence 
of GERD-related symptoms semi-quantitatively. This 
questionnaire is composed of two parts: 7 items relating to 
reflux-like symptoms and 5 items relating to dysmotility-
like dyspeptic symptoms. Total scores and those relating to 
reflux and dyspeptic symptoms were analyzed separately. 
The cutoff value for the total score to diagnose symptomatic 
GERD was set at 8 points, which has been reported to yield 
a sensitivity of 62%, specificity of 59%, and diagnostic 
accuracy of 60% as a reference for endoscopy.17

AFQLQ is a questionnaire formulated specifically for AF 
patients to assess the quality of life (QOL) related strictly 
to the symptoms of AF. This questionnaire consists of 
3 subscales: AF1 assesses the subjective frequency and 
duration of AF symptoms (6 items, 0-24 points), AF2 
assesses the severity of AF symptoms (6 items, 0-18 points), 
and AF3 assesses the limitations in daily life and other 
activities, and mental anxiety related to AF (14 items, 
0-56 points). Higher scores indicate a more favorable 
QOL for each subscale and the validity of this AF-specific 
questionnaire was reported.18,19

The two kinds of questionnaire were self-administered by 
the patients at the regular follow-up visits after obtaining 
informed consent, and forwarded to the laboratory where 
data were analyzed by cardiologists who were unaware of 
the study protocol.

Statistical analysis

Continuous data are expressed as the mean ± standard 
deviation, and discrete variables are indicated as numbers 
and percentages. In the questionnaire analysis, the F-scale 
scores were evaluated separately from highly (>8 points) 
rated scores, that is, the incidence of GERD. The data 
distribution was examined using the Kolmogorov–Smirnov 
test for normality. Intergroup differences were compared by 
one-way Analysis of Variance for multiple comparisons of 
normally distributed data, or by the Kruskal–Wallis test for 
the other data. For paired data, differences were compared 
using Wilcoxon’s sign rank test for data which did not show 
normality. Spearman’s correlation was used to analyze the 
relationship between F-scale and AFQLQ scores, which were 
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not distributed normally. Discrete variables were analyzed 
as a cross table using Fisher’s exact test or Pearson’s χ2 test 
with Yate’s continuity correction, if necessary.

This questionnaire survey did not anticipate dropout cases, 
and hence the sample size was chosen to provide 90% power 
with an α error of 0.05 on two-sided comparison based on our 
preliminary questionnaire survey,14 and should have included 
≥140 cases in total. As logistic regression analysis, baseline 
characteristics were incorporated into univariate analysis, 
and variables showing significance were incorporated 
into multivariate analysis, which was performed using 
stepwise discrimination to detect independent contributors 
to GERD. Practical computation was performed using the 
Predictive Analytics Software (PASW) 18.0 version for 
Windows package (SPSS Inc., IBM, Chicago, IL, USA). 
A difference with a two-sided p<0.050 was considered to 
indicate significance.

RESULTS

Normally distributed data included those on the age, body 
mass index, and echocardiography of subjects, whereas the 
distribution of CHADS2 scores, questionnaires (F-scale and 
AFQLQ) scores, and all data extracted from device memory 
did not show normality.

Study 1

Table  1 summarizes the baseline characteristics of the 
enrolled patients with various kinds of arrhythmia (n=147). 
Paroxysmal supraventricular tachycardia (PSVT) includes 
paroxysms of atrial tachycardia, atrioventricular nodal 

reentrant tachycardia, and atrioventricular reciprocating 
tachycardia based on accessory pathway syndrome. Patients 
with PSVT (n=24) were younger than those with other types 
of arrhythmia (p<0.001). All patients with valvular AF (n=9) 
belonged to the group of permanent AF (n=17), whereas 
those with non-valvular AF (n=89) were divided into two 
AF groups (paroxysmal/persistent and permanent).

In echocardiography, left atrial (LA) diameter (LAD) and 
LA volume index (LAVI) showed significant differences, 
i.e., these indices in patients with permanent AF were larger 
than those in the other arrhythmic patients (p<0.001). Left 
ventricular ejection fraction (LVEF) showed intergroup 
difference as well (p=0.002). F-scale scores also showed 
significant intergroup differences: the reflux score (p=0.046), 
dysmotility score (p=0.043), and total score (p=0.039) 
were the highest in patients with permanent AF, and so the 
incidence of GERD was higher in AF patients than in the 
other arrhythmic patients (p<0.001). However, multivariate 
logistic regression analysis demonstrated no independent 
determinants of GERD, i.e.  the type of arrhythmia alone 
tended to remain as a marginal contributor to GERD 
(p≥0.054), indicating again the significance of AF.

Study 1 consequently screened patients with paroxysmal 
or persistent AF and coexistent GERD (n=27). The 
CHADS2 score and age of the 27  patients did not differ 
from those of the remaining patients with paroxysmal/
persistent AF, but without GERD (n=54). Significant 
echocardiographic differences between the two groups 
were found in LAD (45.9±5.1 vs. 37.3±4.0 mm, p<0.001) 
and LAVI (43.1±7.9 vs. 35.7±9.8 ml/m2, p=0.011), but not 
in LVEF (67.7±8.1 vs. 68.3±7.4%, p=0.846), implying LA 
size relating to symptomatic GERD (Table 1).

Table 1: Baseline characteristics of enrolled patients with various kinds of arrhythmia.
(N) AFL (11) Permanent 

AF (17)
Paroxysmal or 

persistent AF (81)
PSVT 
(24)

Ventricular 
Arrhythmias (14)

p value

Age (y.o.) 62.9±9.7 65.1±11.0 66.3±10.7 48.8±18.0 57.1±17.1 <0.001
Gender (M/F) 7/4 11/6 54/27 7/17 9/5 0.017
BMI (kg/m2) 19.5±1.2 19.5±1.6 19.2±1.3 19.0±1.0 19.3±1.1 0.704
LAD (mm) 43.8±5.4 45.9±8.0 39.9±5.8 32.3±5.8 35.1±7.8 <0.001
LAVI (ml/m2) 42.5±14.4 52.9±16.6 37.3±12.2 34.0±18.5 29.5±8.0 <0.001
LVEF (%) 61.8±14.5 63.7±6.2 68.1±7.5 70.4±4.1 61.2±9.4 0.002
F‑scale scores

Reflux 1 (0‑10) 2 (0‑8) 1 (0‑24) 0.5 (0‑8) 0.5 (0‑4) 0.046
Dysmotility 2 (0‑10) 2 (0‑8) 1 (0‑18) 0 (0‑5) 0 (0‑4) 0.043
Total 4 (0‑20) 6 (0‑10) 2 (0‑42) 1 (0‑13) 1 (0‑8) 0.039

GERD (%) 1 (9.0) 5 (29.4) 27 (33.3) 2 (8.3) 1 (7.1) <0.001
Pacemaker 
implantation (n)

0 2 5 0 0 ‑

Numbers in each column indicate the mean±SD for normally distributed data, median (left), and range (right, in parenthesis) of data 
which did not show normality, or the number, ratio, and percentage (parenthesis) of discrete variables (n=147). AF: Atrial fibrillation; 
AFL: Atrial flutter, GERD: Gastroesophageal reflux disease, LAD: Left atrial dimension, LAVI: Left atrial volume index, LVEF: Left 
ventricular ejection fraction, PSVT: Paroxysmal supraventricular tachycardia, SD: Standard deviation
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Study 2

Table 2 summarizes the scores of the F-scale and AFQLQ 
before and 3  months after starting the administration of 
PPI (n=12 for rabeprazole, n=7 for lansoprazole, and n=8 
for esomeprazole) in patients with GERD associated with 
paroxysmal or persistent AF (n=27). Concerning F-scale 
scores, total (p<0.001), reflux (p<0.001), and dysmotility 
(p=0.013) scores were significantly reduced by starting the 
administration of PPI. With respect to AFQLQ, scores of 
AF1 (P=0.001) and AF2 (p<0.001), but not AF3 (p=0.491) 
were significantly increased by PPI administration. These 
questionnaires indicate a subjective improvement of not 
only symptomatic GERD but partially AF-related QOL 
after starting PPI therapy in patients with concurrent GERD 
and AF.

Correlations of the F-scale and AFQLQ were demonstrated 
individually before (Table 3) and 3 months after starting 
PPI (Table  4). Prior to PPI administration, reflex scores 
were significantly correlated with AF1 (p=0.009), AF2 
(p=0.005), and AF3 (p=0.011) scores, and dysmotility 
and total scores were closely correlated with all AF scores 
(p<0.001). 3 months after starting PPI administration, AF2 
scores were not correlated with any F-scores, whereas AF1 
(p=0.003-0.018) and AF3 (p=0.001-0.008) scores were 
significantly correlated with all F-scale scores (Tables 2-4).

Study 2 screened 5  patients with paroxysmal AF and 
GERD, who underwent permanent dual-chamber 
pacemaker implantation for bradyarrhythmia. These patients 
(80.1±7.0 y.o.) were significantly (p=0.002) older than the 
remaining patients without pacemaker (63.2±8.8 y.o., n=22). 
The CHADS2 score in the pacemaker patients (2, [1-3]) was 
significantly (p=0.010) higher than that in the remaining 
patients (1, [0-3]). With respect to the questionnaire scores, a 
part of AFQLQ scores in the pacemaker patients was greater 
than that in the remaining AF patients (p=0.042 for AF1, 
p=0.390 for AF2, and p=0.039 for AF3). On the other hand, 
a part of F-scale scores in these patients was lower than that 
in the remaining patients (p=0.040 for reflux score, p=0.485 
for dysmotility score, and p=0.284 for total score) prior to 
PPI administration. These findings indicate that pacemaker 
patients in Study 2 (n=5) showed relatively mild symptoms 
of GERD and favorable AF-related QOL.

Study 3

Five patients with pacemaker implantation in Study 2 were 
enrolled in Study 3. The dual-chamber pacemaker was 
implanted for sick sinus syndrome in all 5 patients and was 
capable of AF detection. Paroxysms of AF were recognized 
by long-term (3.2-5.5  years) follow-up of these patients 
after the pacemaker implantation. Pacemaker memory 

Table 2: Changes in questionnaire scores before and 3 months after starting the administration of PPI.
Scores Reflux 

scores
Dysmotility 

scores
Total 
scores

AF1 AF2 AF3

Preadministration of PPI 5 (3‑24) 6 (0‑18) 10 (8‑42) 16 (4‑21) 13 (5‑16) 44 (32‑50)
Postadministration of PPI 4 (0‑19) 5 (0-15) 7 (4‑32) 18 (8‑22) 15 (8-17) 45 (31‑50)
p value <0.001 0.013 <0.001 0.001 <0.001 0.491
Numbers of scores are expressed as the median (left) and range (right, in parenthesis) of data which did not show normality (n=27), PPI: 
Proton pump inhibitors, AF: Atrial fibrillation, AFQLQ: Atrial fibrillation quality of life questionnaire

Table 3: Correlations of F‑scale and AFQLQ scores before starting the administration of PPI.
Scores Reflux scores Dysmotility scores Total scores AF1 AF2 AF3
Reflux scores 1.000 0.404 0.710 −0.491 −0.520 −0.481

‑ 0.037 <0.001 0.009 0.005 0.011
Dysmotility scores 0.404 1.000 0.894 −0.666 −0.650 −0.710

0.037 ‑ <0.001 <0.001 <0.001 <0.001
Total scores 0.710 0.894 1.000 −0.626 −0.626 −0.666

<0.001 <0.001 ‑ <0.001 <0.001 <0.001
AF1 −0.491 −0.666 −0.626 1.000 0.767 0.804

0.009 <0.001 <0.001 ‑ <0.001 <0.001
AF2 −0.520 −0.650 −0.626 0.767 1.000 0.570

0.005 <0.001 <0.001 <0.001 ‑ 0.002
AF3 −0.481 −0.710 −0.666 0.804 0.570 1.000

0.011 <0.001 <0.001 <0.001 0.002 ‑
Each column is expressed as the correlation coefficient (upper) and p value (lower) of two scores (n=27), PPI: Proton pump inhibitors, 
AF: Atrial fibrillation, AFQLQ: Atrial fibrillation quality of life questionnaire
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interrogation detected AF paroxysms irrespective of the 
symptoms. The PPI administered to these patients was 
esomeprazole. Table 5 summarizes the questionnaire survey 
and device memory interrogation in these patients (n=5). 
With respect to the questionnaire scores, reflux (p=0.041) 
and total (p=0.042) scores but not the dysmotility score 
(p=0.157) in the F-scale were improved, whereas none of the 
AFQLQ scores were improved in these patients (p≥0.063) on 
6-month treatment with PPI. The same was true for 3-month 
treatment (not shown). Device interrogation confirmed no 
significant alterations concerning the number (p=0.138) and 
the maximum duration (p=0.345) of AF paroxysms. The 
total duration of AF paroxysms was barely abbreviated by 
the 6-month PPI therapy (p=0.043) (Table 5).

DISCUSSION

The main findings of this study are threefold. First, 
patients with AF showed large LA and high F-scale scores, 
leading to an increased incidence of GERD among various 
arrhythmic patients (Table 1). Second, PPI administration 
to patients with AF and GERD significantly ameliorated 
both all the F-scale scores and most AFQLQ scores 

(Table 2), which are mutually correlated (Tables 3 and 4). 
Third, device interrogation confirmed limited suppressions 
of AF paroxysms by PPI administered to the pacemaker 
patients with AF and GERD (Table  5). The first part of 
this study (Study 1) reconfirmed the association of AF and 
GERD reported in literature7-10 and our recent studies.14,15 
We hypothesized that LA size plays the key role in this 
association, i.e.,  an enlarged LA compresses or irritates 
the lower esophagus, leading to reflux symptoms, because 
of anatomical proximity. However, the LA size was not a 
significant contributor but AF per se may be a marginal 
(p≥0.054) contributor to GERD. One reason may be that 
AF patients were heterogeneous in this study.

PPI is the first line therapy for patients with non-erosive 
reflux disease20 as well as GERD.21 Although controversy 
exists,22 the hypothesis of GERD being a risk factor for AF 
raises the possibility of PPI as adjunctive treatment for 
AF.8,9,23 In a part of this study (Study 2), symptoms of both 
AF and GERD were ameliorated after PPI administration 
based on disease-specific questionnaires (Table  2). The 
therapeutic efficacy of PPI on AF has been sporadically 
described in a case report and a pilot study.24,25 Diagnosis 

Table 5: Alterations of questionnaire scores and pacemaker interrogation before and 6 months after starting the 
administration of PPI.

Variables Reflux 
scores

Dysmotility 
scores

Total 
scores

AF1 AF2 AF3 Number of 
paroxysms 

(n)

Maximum 
duration of 
paroxysms 

(min)

Total 
duration of 
paroxysms 

(min)
Preadministration 
of PPI

3 (3‑7) 5 (3‑7) 9 (8‑11) 19 (15‑20) 13 (12‑15) 48 (40‑50) 127 
(89‑230)

401 
(256‑522)

6322 
(5389‑8021)

Postadministration 
of PPI

2 (1‑4) 5 (3‑6) 7 (6‑8) 18 (17‑22) 15 (13‑16) 47 (40‑50) 131 
(77‑201)

399 
(234‑501)

6251 
(5103‑7596)

p value 0.041 0.157 0.042 0.276 0.063 0.157 0.138 0.345 0.043
Numbers in each column indicate the median (upper) and range (lower, in parenthesis) of data which did not show normality (n = 5), 
PPI: Proton pump inhibitors, AF: Atrial fibrillation

Table 4: Correlations of F‑scale and AFQLQ scores 3 months after starting the administration of PPI.
Scores Reflux scores Dysmotility scores Total scores AF1 AF2 AF3
Reflux scores 1.000 0.435 0.822 −0.450 −0.209 −0.498

‑ 0.023 <0.001 0.018 0.295 0.008
Dysmotility scores 0.435 1.000 0.824 −0.553 −0.209 −0.752

0.023 ‑ <0.001 0.003 0.297 <0.001
Total scores 0.822 0.824 1.000 −0.541 −0.237 −0.657

<0.001 <0.001 ‑ 0.004 0.235 <0.001
AF1 −0.450 −0.553 −0.541 1.000 0.507 0.691

0.018 0.003 0.004 ‑ 0.007 <0.001
AF2 −0.209 −0.209 −0.237 0.507 1.000 0.308

0.295 0.297 0.235 0.007 ‑ 0.119
AF3 −0.498 −0.752 −0.657 0.691 0.308 1.000

0.008 <0.001 <0.001 <0.001 0.119 ‑
Each column is expressed as the correlation coefficient (upper) and p value (lower) of two scores (n=27), PPI: Proton pump inhibitors, 
AF: Atrial fibrillation, AFQLQ: Atrial fibrillation quality of life questionnaire
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of GERD is symptom-oriented, and rare paroxysms of 
AF are hard to be documented. Therefore, Gerson et al. 
conducted simultaneous esophageal pH and ambulatory ECG 
monitoring to study the causal link between AF and GERD. 
Based on the coincidence of acid reflux and arrhythmic 
events, they concluded that aggressive acid suppression 
therapy is effective for rhythm control in patients with AF 
and GERD.26 Temporal and partial correlations between the 
two scores were compatible with the results of their study 
(Tables 3 and 4).

Subclinical AF cannot be detected except for implantable 
monitoring device or pacemaker interrogation.27 The Study 
3 demonstrated that PPI showed limited suppressive effects 
on the paroxysms of selected AF patients (Table 5). It may 
be premature to conclude the definitive effects of PPI on the 
device-documented AF due to the small number of patients 
(n=5) and possible proarrhythmic action of PPI, making the 
conclusion of Study 3 weak.28,29 Moreover, the patients in 
Study 3 are significantly (p=0.002) older than the remaining 
patients in Study 2. Patients in Study 3 showed less severe 
symptoms of GERD and more favorable AF-related QOL 
relative to the remaining patients prior to PPI administration. 
Therefore, pacemaker patients did not necessarily represent 
the total patients with AF and GERD in our study. Cuomo et 
al. reported that gastroesophageal reflux alters neurocardiac 
functions in two strictly different ways: it modulates 
power spectral analysis of heart rate variability toward 
either sympathetic or parasympathetic dominance. They 
demonstrated that esomeprazole is effective only in patients 
showing a clear link between esophageal acidification and 
arrhythmias.30 The results of Study 3 are not contradictory 
to their outcome in that PPI may be effective in a distinctive 
subset of AF patients.

Limitations

This investigation enrolled patients with various kinds of 
arrhythmia as a single-center study. Although our hospital is 
a tertiary referral hospital, patient enrollment likely contained 
statistical bias, and PPI selection was not randomized. 
Although we set pacemaker interrogation study capable 
of asymptomatic AF detection, the small study sample for 
device interrogation (n=5) necessitates future investigations. 
The same was true in an endoscopic examination (n=9) to 
detect reflux esophagitis based on GERD.

CONCLUSION

The AF patients showed a large LA and prevalent GERD 
among other arrhythmic patients, although LA size was not 
an independent contributor to the development of GERD. 
The therapeutic role of PPI to improve AF symptoms was 
suggested by an AF-specific questionnaire, but device 
interrogation confirmed limited suppressive effects of PPI 
on AF paroxysms in pacemaker patients. This questionnaire 
study with device interrogation reconfirmed the association 

between AF and GERD, and a large-scale prospective study 
is required to conclude the efficacy of PPI as adjunctive 
therapy in the presence of comorbid AF.
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