
INTRODUCTION
Atrial fibrillation (AF) is the most common arrhythmia 
in medical practice. Its incidence has risen in countries 
with rapidly aging populations (1). Gastroesophageal 
reflux disease (GERD) is a frequent benign disorder of 
the upper gastrointestinal tract (2). Owing to the close 
positioning of the esophagus and the atria and their 
similar autonomic innervations, it has been proposed 
that the development of GERD could be associated 
with the occurrence of AF. Sympathovagal imbalance 

seems to be a principal mechanism of both AF and 
GERD (3,4). Hiatus hernia, esophagitis, and a dilated left 
atrium also seem to be implicated in this association, 
owing to a potential mechanical effect or inflammatory 
process. In spite of the fact that the association between 
GERD and AF is supported by clinical and experimen-
tal studies, this relationship is still considered contro-
versial (3). Most studies about the association between 
AF and GERD are based on retrospective data from na-
tional registries or self-reporting questionnaires (3,4)  
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ABSTRACT

Background/Aims: Similar autonomic innervation of the esophagus and left atrium with sympathovagal im-
balance seems to explain the association between non-valvular atrial fibrillation (AF) and gastroesophageal 
reflux disease (GERD). We aimed to assess this association via parameters of heart rate variability in time (SDNN) 
and frequency (low-frequency (LF)/high-frequency (HF) ratio) domains by 24-hour electrocardiographic (ECG) 
Holter monitoring. 
Materials and Methods: One hundred thirty-five patients were prospectively included by a joint team consist-
ing of a gastroenterologist and a cardiologist on the basis of the patients’ complaints. A diagnosis of GERD was 
assessed by the gastroenterologist clinically. All patients also underwent upper gastrointestinal endoscopy. 
Results: The patients were included in two groups: 61 patients with GERD (group I) and 74 patients without 
GERD (group II), with demographic data of 41% male, age 61.5±9 years, and body mass index (BMI) 28.8±4 kg/
m2 versus 46% male, age 58±9 years, and BMI 29±4 kg/m2 (all p>0.05). In groups I and II the percentages of pa-
tients with AF were 33% and 39%, respectively (p=0.52). Patients with GERD had a relative risk of AF of 1.17 (95% 
confidence interval [CI] 0.78–1.75; p=0.34). Heart rate variability in terms of the time-domain parameter (SDNN) 
was statistically significantly lower in the GERD group (97.6±13.7 ms versus 139.9±44.6 ms; p=0.001). The mean 
value of the frequency-domain parameter (LF/HF ratio) was also lower in the GERD group (0.75±0.17 ms versus 
0.76±0.24 ms), but without statistical significance (p=0.930). 
Conclusion: Sympathovagal balance seems to be disrupted in patients with GERD, with dominance of the 
parasympathetic system and an increased risk of arrhythmias, although AF was not significantly more frequent 
in these patients.
Keywords: Atrial fibrillation, gastroesophageal reflux disease, autonomic imbalance, heart rate variability
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and did not evaluate autonomic imbalance in these patients. 
Heart rate variability (HRV) is a non-invasive tool that is very use-
ful in the assessment of imbalance in autonomic tone (5). HRV 
decreases when sympathetic activity is predominant; conversely, 
HRV increases when parasympathetic activity is predominant (6). 
Therefore, it represents an important tool for assessment of the 
cardiovascular autonomic nervous system. Different methods 
are available for the analysis of HRV, of which the most frequent-
ly used are those in the time and frequency domains. There are 
fewer prospective data about autonomic (sympathovagal) im-
balance and the risk of arrhythmias in patients with GERD. 

MATERIALS AND METHODS 

Study Population
We aimed to compare prospectively HRV parameters in the 
time and frequency domains in patients with and without 
GERD and the presence of a diagnosis of AF on the basis of 24-
hour electrocardiographic (ECG) Holter monitoring. In addition, 
we analyzed: 1) the relative risk (RR) of AF in patients with GERD 
and 2) parameters of left atrial structural remodeling (left atrial 
size) determined by transthoracic echocardiography. Patients 
were successively included by a joint team consisting of a gas-
troenterologist and a cardiologist if they met the inclusion and 
exclusion criteria of the study. 

Inclusion criteria: Patients older than 18 years, without any 
prior gastroenterological evaluation (naïve patients), with 
symptoms suggesting GERD defined as mild symptoms of 
heartburn and/or regurgitation at least twice per week or 
moderate/severe symptoms occurring on more than 1 day 
per week that were perceived as “troublesome” by patients (ac-
cording to the Montreal definition) (2). 

Exclusion criteria: Patients younger than 18 years; patients with 
any type of documented valvular AF or under anticoagulation 
treatment; patients with chronic gastrointestinal diseases such 
as inflammatory bowel disease and celiac disease; patients with 
any valvular disease of more than mild intensity, thyroid disor-
ders, previous myocardial infarction, transient ischemic attack, 
or stroke; patients who refused to be included; patients with a 
pacemaker/defibrillator, inflammatory disorders or under im-
munosuppressive therapy, active neoplasm, dementia, or other 
neurological or psychiatric disabling pathology; and all patients 
on non-steroidal anti-inflammatory drugs (including acetylsali-
cylic acid at a dose of greater than 100 mg/day) at enrollment 
and during the preceding 30 days. Treatment with proton pump 
inhibitors was interrupted 8 weeks before inclusion in the study. 
Antiarrhythmic drugs in patients with AF were not stopped dur-
ing the study (owing to ethical reasons).

The diagnoses of non-valvular AF and GERD were defined ac-
cording to current guidelines (1,2). Therefore, non-valvular AF 
referred to patients without moderate or severe mitral stenosis 
or artificial heart valves (1). GERD was diagnosed by the gastro-

enterologist clinically. The diagnosis of GERD was determined 
on the basis of clinical symptoms (according to the Montreal 
Consensus) (2): mild symptoms of heartburn and/or regurgi-
tation at least twice per week or moderate/severe symptoms 
occurring on more than 1 day per week that were perceived as 
“troublesome” by patients. All patients underwent a gastroen-
terological and, after that, a cardiological assessment. They un-
derwent upper gastrointestinal endoscopy, 24-hour ECG moni-
toring, and echocardiography, even if they were asymptomatic. 

After a detailed medical history, the following clinical parame-
ters were noted: age, sex, the presence of obesity (defined as a 
body mass index [BMI] of higher than 30 kg/m2), dyslipidemia, 
hypertension, diabetes mellitus, heart failure, ischemic heart 
disease, and peripheral arterial disease. 

Upper gastrointestinal endoscopy was performed by only one 
experienced gastroenterologist (Olympus Exera CV-160 en-
doscope) 48–72 hours before or after ECG Holter monitoring. 
The presence of hiatus hernia (as a condition favoring GERD), 
esophagitis, and Barrett’s esophagus was noted. 

Echocardiographic measurements were performed using two-
dimensional transthoracic echocardiography with a Sonoscape 
SSI 8000 ultrasound machine (Providian Medical Equipment 
LLC, OH, USA). Diastolic left ventricular function (by the E/A 
ratio and E/Em ratio) and left atrial size were assessed as mark-
ers of left atrial structural remodeling. All measurements were 
made by an experienced operator only. 

Heart rate variability parameters in the time and frequency do-
mains were recorded by 24-hour ECG Holter monitoring using 
a two-channel tracker (EC-2H 2-Channel, Cardiospy, Labtech 
Holter ECG System, Hungary). Individuals went about their 
normal daily activities. In time-domain analysis the standard 
deviation of normal-to-normal (N-N) intervals (SDNN; ms) was 
determined. In the frequency domain, the frequency spectrum 
was assessed using a fast Fourier transform to determine the 
low-frequency (LF)/high-frequency (HF) ratio as an indicator of 
sympathovagal balance of the autonomic nervous system. All 
intervals of less than 200 ms and greater than 2000 ms were 
rejected as being artifacts. All HRV data were collected and in-
terpreted by an experienced electrophysiologist. 

In this study experiments were performed in compliance with 
the ethical principles of the University Ethics Committee (ap-
proval number 2005/2014). Informed consent was obtained 
from each patient before inclusion in the study. This study con-
forms to the Declaration of Helsinki. 

Statistical Analysis
Categorical data are presented as frequencies and percentages; 
continuous variables are expressed as the mean±standard devia-
tion. Categorical, ordinal, and numerical variables were compared 
between groups using the χ2, Cochran, and Wilcoxon rank sum 
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tests, Kruskal–Wallis, and Anova test, respectively. All statistical 
tests were two-tailed and performed with Statistical Package for 
the Social Sciences 15.0 software (SPSS, Inc., Chicago, IL, USA). A 
p-value of less than 0.05 was considered as statistically significant.

RESULTS
Between July 2014 and February 2015, 135 patients were pro-
spectively and successively included: 61 patients with GERD 
(study group I) and 74 patients without GERD (control group 
II); 41% versus 46% were male, ages were 61.5±9 versus 58±9 
years, and BMI values were 28.8±4 kg/m2 versus 29±4 kg/m2 (all 
p-values were greater than 0.05). 

Clinical data for both groups are presented in Table 1. No sig-
nificant differences were found in clinical parameters between 
the GERD patients and controls. The frequencies of AF were 
33% and 39% in groups I and II, respectively (p=0.52). Patients 
with GERD had an RR of AF of 1.17 (95% confidence interval [CI] 
0.78–1.75; p=0.34). 

Patients with GERD Versus Those without GERD
Comparative data for the ECG Holter, echocardiography, and 
upper gastrointestinal endoscopy parameters of the two 
groups included in the study are presented in Table 2. 

The mean value of SDNN was statistically significantly lower 
in patients with GERD than in those without GERD: 97.6±13.7 
ms versus 139.9±44.6 ms (p=0.001). In terms of the frequency-
domain parameters of HRV, the mean value of the LF/HF ra-
tio was lower, but statistically non-significant, in patients with 
GERD than in those without GERD, with values of 0.75±0.17 
and 0.76±0.24, respectively (p=0.930). 

The E/A ratio was statistically significantly different in patients 
with GERD versus those without GERD (0.97±0.40 versus 
1.31±0.67; p=0.007). There was no statistically significant differ-
ence in terms of left atrial area (as a marker of left atrial struc-
tural remodeling) in patients with GERD versus those without 
GERD (25±5.4 cm2 versus 25±5 cm2; p=0.781).

We found 32 patients with esophagitis among patients with 
GERD and only 8 patients among those without GERD (odds 
ratio (OR)=9.61, 95% CI 3.74–22.15; RR=2.62, 95% CI 1.86–3.68; 
p=0.0019). Hiatus hernia was not statistically significantly more 
frequent in patients with GERD than in those without GERD (11 
versus 13 patients; OR=1.03, 95% CI 0.43–2.50; RR=1.02, 95% 
CI 0.63–1.65; p=0.999). None of the patients had esophagitis 
more severe than Los Angeles class A. Only one patient was 
diagnosed with Barrett’s esophagus (in the GERD group).

Patients with AF and GERD 
A comparison between the ECG Holter, echocardiography, and 
upper gastrointestinal endoscopy parameters in patients with 
AF+GERD (n=36) and AF-GERD (n=39) versus sinus rhythm 
(SR)+GERD (n=25) and SR-GERD (n=35) is presented in Table 3. 

In patients with AF the mean value of SDNN was statistically sig-
nificantly lower in those with GERD than in those without GERD, 
with values of 114±58 ms and 273±100 ms, respectively; p=0.001.

In terms of frequency-domain parameters of HRV, there were 
no differences in the mean value of the LF/HF ratio between 
the four groups (p=0.749). In the presence of AF, the mean 
value of the LF/HF ratio was higher in those with GERD than in 
those without GERD, with values of 0.71±0.16 and 0.69±0.17, 
respectively; however, the p-value was statistically non-signif-
icant (p=0.862).

 Group I Group II Odds ratio Relative risk 
Parameter n (%) n (%) (95% CI) (95% CI)

Male gender  25 (41.0)  28 (37.8)  1.14 (0.57-2.28)  1.07 (0.74-1.56) 

Age≥60 years  38 (62.3)  34 (45.9)  1.94 (0.97-3.88)  1.45 (0.98-2.14) 

Obesity  24 (39.3)  33 (44.6)  0.81 (0.38-1.70)  1.13 (0.77-1.65) 

Dyslipidemia  43 (70.5)  58 (78.4)  0.66 (0.28-1.54)  1.24 (0.84-1.84) 

Hypertension  43 (70.5)  58 (78.4)  0.66 (0.28-1.54)  1.24 (0.84-1.84) 

Diabetes  
mellitus  11 (18.0)  11 (14.9)  1.26 (0.46-3.44)  0.89 (0.56-1.41) 

Heart failure  17 (27.9)  18 (24.3)  1.20 (0.53-2.79)  0.91 (0.60-1.36) 

Ischemic heart  
disease  19 (31.1)  15 (20.3)  1.78 (0.76-4.20)  0.74 (0.51-1.09) 

Peripheral arterial  
disease  2 (3.3)  1 (1.4)  2.44 (0.17-69.8)  0.68 (0.30-1.54) 

Atrial fibrillation  20 (32.8) 29 (39.2)  0.76 (0.35-1.63)  1.17 (0.78-1.75)

All p values were greater than 0.05 (Student's t-test)

Table 1. Clinical parameters and RR in patients with GERD (group I, n=61) 
versus those without GERD (group II, n=74)

 GROUP I GROUP II p value 
Parameter (n=61) (n=74) (Student's t-test)

ECG Holter

SDNN+ (ms) 97.6±13.7 139.9±44.6 0.001

LF/HF ratio++ 0.75±0.17 0.76±0.24 0.930

Echocardiography

E/A ratio§ 0.97±0.40 1.31±0.67 0.007

E/Em ratio§§ 8.1±2.3 7.8±2.9 0.592

Left atrial area (cm2) 25±5.4 25±5 0.781

Upper Gastrointestinal Endoscopy

Esophagitis (%) 52.5 10.8 0.001

Hiatus hernia (%) 18.0 17.6 0.999
§E/A ratio: ratio of E-wave velocity to A-wave velocity; §§E/Em ratio: ratio of E-wave 
velocity to Em velocity; ++LF/HF ratio: low-frequency/high-frequency ratio; +SDNN: 
standard deviation of normal-to-normal (N-N) intervals.

Table 2. Comparative data for ECG, echocardiography, and upper 
gastrointestinal endoscopy parameters in patients with GERD (group I) 
versus those without GERD (group II)
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The parameters of left ventricular diastolic dysfunction such as 
the E/A ratio, E/Em ratio, and left atrial area were statistically 
significantly different in the four groups of patients. There was 
a statistically significant difference in terms of left atrial area (as 
a marker of left atrial structural remodeling) in patients with 
AF+GERD versus those with AF-GERD, with values of 25.8±5.1 
cm2 versus 27.3±5.1 cm2 (p=0.04).

Esophagitis was diagnosed in 16 patients with AF+GERD and 
2 patients with AF-GERD (RR=8.53, 95% CI 2.14–34.0; p=0.001). 
Esophagitis was statistically significantly more frequent in pa-
tients with GERD irrespective of the presence of AF or SR. Hia-
tus hernia was not more frequent in patients with GERD than 
in those without GERD independently of the presence of AF 
or SR. Hiatus hernia was confirmed in 23.3% of patients with 
AF+GERD and 9.4% of patients with AF-GERD (RR=2.49, 95% CI 
0.71–8.75; p=0.251).

DISCUSSION
Cardiovascular involvement in GERD has been little studied in 
the literature. One of the main pathophysiological mechanisms 
in paroxysmal AF is the presence of a trigger (7). The develop-
ment of AF requires a trigger and an anatomic or functional 
substrate capable of both the initiation and perpetuation of AF. 
Haissaguerre et al. (8) have observed that AF is often triggered 
by an ectopic beat arising from the pulmonary veins. This ob-
servation induced the electrophysiologist community to refo-
cus its attention on the posterior wall of the left atrium with 
the pulmonary veins and on the autonomic innervation of that 
region. Gastroesophageal reflux could be a trigger for AF via 
sympathovagal imbalance (9). 

Another cornerstone in the pathophysiology of AF is the pres-
ence of a substrate or a substantially modified atrial myocar-
dium owing to structural, electrical, and mechanical remodel-
ing of the left atrium. The appearance of a trigger could alter 
the substrate. However, left atrial remodeling, which is a cor-
nerstone of AF, may be a final common phenotype of mul-
tiple disease pathways caused by diverse pathophysiological 
mechanisms. Presently, it will be important to identify certain 
mechanistic subtypes of AF and not to consider AF as a single 
disease (10). This idea is increasingly frequently encountered 
when discussing AF as an inhomogeneous disease (10). 

In this study, there were no differences between risk factors for 
AF (hypertension, ischemic heart disease, and diabetes melli-
tus) in patients with GERD versus those without GERD. In ad-
dition, there was no statistical difference in the percentage of 
patients with AF in the GERD group in comparison with the 
group without GERD. Thus, AF was not significantly more fre-
quent in patients with GERD. To date, only one study, which 
was published by Bunch et al. (11) in 2008 based on a self-re-
porting questionnaire and included more than 5,000 patients, 
concluded that GERD did not involve a higher risk of AF after 
the exclusion of other risk factors. Our study is the second to 
show that AF is not significantly more frequent in patients with 
GERD. In comparison with the study by Bunch et al. (11), we as-
sessed autonomic balance via parameters of HRV and left atrial 
structural remodeling in these patients. 

Although diastolic dysfunction was more frequent in the GERD 
group, left atrial area, as a marker of chronic diastolic dysfunc-
tion, was not greater in this study group. When left atrial re-
modeling was analyzed in the four subgroups of patients, left 
atrial area was statistically significantly larger in patients with 
AF than in those with SR, irrespective of the presence of GERD. 
Thus, left atrial remodeling seems to be related to AF but not 
to GERD. Therefore, it is difficult to suspect left atrial remodel-
ing as a possible substrate for AF in patients with GERD, in spite 
of the speculation that a dilated and palpitating left atrium 
may induce compression or irritation in the neighboring lower 
esophagus.

In the literature, when discussing HRV time-domain methods 
are more frequently used in comparison to frequency-domain 
methods when short-term recordings are investigated. SDNN 
is the most representative parameter of HRV in the time do-
main. A value of SDNN of less than 50 ms is considered indica-
tive of high risk; a value of between 50 and 100 ms indicates 
moderate risk, whereas a value of over 100 ms is considered 
normal (6). A low value of SDNN indicates low HRV. A reduction 
in HRV has been reported in several cardiovascular and non-
cardiovascular diseases (6). A decrease in HRV has received in-
creasing attention as a prognostic indicator of risk associated 
with a variety of chronic diseases, behavioral disorders, mortal-
ity, and aging (6). In our study, a lower value of SDNN suggests 
lower HRV in patients with GERD and implicitly, an increased 

 AF+GERD AF–GERD SR+GERD SR–GERD p value 
Parameter n=36 n=39 n=25 n=35 Anova test

ECG Holter

SDNN+ (ms) 114±58 273±100 88±53 146±33 0.001

LF/HF ratio++ 0.71±0.16 0.69±0.17 0.76±0.24 0.72±0.17 0.749

Echocardiography

E/A ratio§ 1.02±0.49 1.65±0.87 0.94±0.34 1.10±0.42 0.001

E/Em ratio§§ 8.7±2.3 8.5±3.9 7.3±2.1 7.2±1.3 0.046

Left atrial  
area (cm2) 25.8±5.1 27.3±5.1 23.9±5.8 22.9±3.4 0.002

Upper Gastrointestinal Endoscopy

Esophagitis (%) 50.0 7.7 56.0 14.3 0.001*

Hiatus hernia (%) 19.4 15.4 16.0 20.0 0.942*

*Kruskal–Wallis Test. AF+GERD: patients with AF and GERD; AF-GERD: patients with AF without 
GERD; SR+GERD: patients with SR with GERD; SR-GERD: patients with SR without GERD.

§E/A ratio: ratio of E-wave velocity to A-wave velocity; §§E/Em ratio: ratio of E-wave velocity to 
Em velocity; ++LF/HF ratio: low-frequency/high-frequency ratio; +SDNN: standard deviation of 
normal-to-normal (N-N) intervals.

Table 3. Comparative data for ECG, echocardiography, and upper 
gastrointestinal endoscopy parameters in patients with AF versus SR 
depending on the diagnosis of GERD
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risk of arrhythmias. In addition, the mean value of SDNN rep-
resents a moderate risk of arrhythmia in patients with GERD; in 
those without GERD, the mean value of SDNN implies no risk 
of arrhythmia.

The LF/HF ratio is a marker of imbalance between the sympa-
thetic and parasympathetic systems. An increase in this ratio 
reflects dominance of the sympathetic system, whereas a de-
crease indicates dominance of the parasympathetic system. In 
this study, the lower value of the LF/HF ratio in patients with 
GERD than in those without GERD signifies dominance of the 
parasympathetic nervous system, although this was statisti-
cally non-significant. However, by analysis of the subgroups, in 
patients with AF we observed a higher mean value of the LF/
HF ratio in patients with GERD; this could signify a decrease 
in parasympathetic activity, which was probably due to other 
mechanisms such as heart failure, although this was statisti-
cally non-significant. 

Esophagitis was more frequent in patients with GERD, as was 
expected. It seems that the pattern of autonomic function dif-
fers depending on the presence of erosive esophagitis (12). The 
LF/HF ratio appears to be significantly lower in patients with 
non-erosive GERD compared with those with erosive GERD 
(13). However, in comparison with patients with non-erosive 
GERD, autonomic tone in patients with endoscopically con-
firmed esophagitis (even without symptoms) is lower. Prob-
ably, the structural state of the esophagus is important in the 
status of autonomic function (not symptomatology) (14). 

Obesity is associated with both AF and GERD. Body fat seems 
to be associated with HRV (15). In this study obesity in terms of 
BMI was not different between the study and control groups. 
However, the RR of GERD induced by obesity was 1.13 (95% CI 
0.77–1.65).

To date, we know that autonomic neuropathy in GERD patients 
may have a mixed character (16). Dobrek et al. (17) showed one 
year previously that an impairment in parasympathetic activ-
ity was associated with the pathogenesis of GERD; in addition, 
it was also the primary factor contributing to the pathophysi-
ological mechanism of GERD, owing to modulation of the 
activity of the vagus nerve, which plays an important role in 
maintaining the physiological function of the lower esopha-
geal sphincter (18). 

This is the second study to show that AF is not significantly 
more frequent in patients with GERD. According to the data 
from our study, sympathovagal balance seems to be disrupted 
in patients with GERD; in this group of patient’s dominance of 
the parasympathetic system could be involved. The same con-
clusion, which was reached for a smaller number of patients, 
was recently published (19). However, neither the presence of 
AF nor left atrial structural remodeling was assessed in these 
patients.

Study Limitations
It is difficult to interpret the parameters of HRV without tak-
ing into account all cardiovascular comorbidities and other 
daily factors. However, in our study there were no differences 
regarding cardiovascular diseases between patients with GERD 
and those without GERD. Antiarrhythmic drugs can reduce 
HRV; antiarrhythmic treatment was not interrupted because of 
ethical reasons. The assessment of HRV before and after treat-
ment with proton pump inhibitors, not only in the absence of 
this treatment, could bring new information, because therapy 
with proton pump inhibitors may have proarrhythmic or an-
tiarrhythmic effects (20,21). A larger study population will be 
necessary.

Sympathovagal balance seems to be disrupted in patients with 
GERD, with dominance of the parasympathetic system and an 
increased risk of arrhythmias, although AF was not significantly 
more frequent in these patients.
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