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Abstract

Aims
Gastroesophageal reflux disease (GERD) may influence the risk of atrial fibrillation (AF).

We investigated the association between symptoms of GERD and AF in the Trgndelag
Health Study (HUNT).

Methods

The study cohort comprised 34,120 adult men and women initially free of AF with informa-
tion on GERD symptoms. Participants were followed from the baseline clinical examination
(1 October 2006 to 30 June 2008) to March 31, 2018.

Results

During a median follow-up of 8.9 years, 1,221 cases of AF were diagnosed. When looking at
the whole population, participants with much GERD symptoms did not have an increased
risk of AF (HR: 1.01; Cl: 95%, 0.82 to 1.24) while participants with litle GERD symptoms
had a 14% lower risk of AF compared those with no GERD symptoms (HR: 0.86; Cl: 95%,
0.76 to 0.97). Among younger participants (<40 years of age), the risk of AF had a trend
towards increased risk with increasing symptom load of GERD (little GERD symptoms, HR:
3.09; CI: 95%, 0.74 to 12.94 and much GERD symptoms, HR: 5.40; 95% CI: 0.82 to 35.58).
Among older participants (>65 years of age), we saw a slightly reduced risk of AF in partici-
pants with little symptoms (HR: 0.84; CI: 0.72 to 0.97) and no association among those with
much GERD symptoms (HR: 1.06; 95% CI: 0.82 to 1.36).
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Conclusion

We did not find support for a clinically important association between symptoms of GERD
and AF across all age groups but for some younger people, GERD might play a role in the
development of AF. However, our estimates for this age group were very imprecise and
larger studies including younger individuals are warranted.

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia of clinical significance and the
prevalence of AF is estimated to be around 3% among adults [1-3]. Patients with AF have an
increased risk of premature death, which can be partly explained by an increased incidence of
comorbidity such as hypertension, diabetes mellitus, coronary artery disease, heart failure and
stroke [4]. There are multiple risk factors and medical conditions that predispose to the devel-
opment of AF. The mechanisms behind the onset and maintenance of AF are not fully under-
stood, but left atrial remodeling and ectopic triggers, especially in the pulmonary veins are
important contributors. The burden of AF is increasing and identifying modifiable risk factors
is pivotal for prevention [5].

Gastroesophageal reflux disease (GERD), defined by troublesome symptoms of heartburn
or regurgitation [6] is a common medical condition with an estimated prevalence in adults in
Europe of 8.8%-25.9% [7]. Due to the near anatomical location of the esophagus just behind
the left atrium and shared esophageal cardiac neural reflex arches, it has been suggested that
the development of AF could be associated with the occurrence of GERD [8]. Local atrial
inflammation and irritation caused by esophagitis could potentially trigger AF and increased
vagal activity could trigger vagal-mediated AF [9]. Esophageal acid stimulation could reduce
coronary flow by neural esophageal-cardiac reflex causing angina and eventually ischemic
changes in the atrial tissue promoting AF [10]. GERD could be treated with medication
(mainly proton pump inhibitors) or surgical intervention with laparoscopic fundoplication
[11]. If an association is found between GERD and AF, it could give us a novel opportunity for
prevention of AF in selected patients. Previous studies have shown divergent results and had
limited possibilities to adjust for potential confounders [12-16]. We therefore investigated the
association between self-reported GERD symptoms and the risk of AF in a large population
based study with validated AF diagnoses during the follow up and extensive data on potential
confounding factors.

Methods
Study design and population

All residents in Nord-Trendelag County who were 20 years and older were invited to partici-
pate in four consecutive health survey: the HUNT1 Survey (1984-1986), the HUNT2 Survey
(1995-1997), the HUNT3 Survey (2006-2008) and the HUNT4 Survey (2018-2019). The
HUNT Surveys include questionnaires that cover a wide range of health-related information,
including lifestyle factors, and also clinical measurements and analyses of blood and urine
samples [17]. In the present study, we used HUNT3 (participants recruited 1 October 2006 to
30 June 2008) as the baseline. A total of 50 804 residents completed questionnaires and under-
went a baseline clinical examination. After excluding participants with missing information on
GERD (n = 13,407), potential confounders (n = 2,118) and AF diagnosis (n = 1,159) before
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Population HUNT3
N= 50,804

Excluded: Missing information on
GERD symptoms: 13,407

\ 4

\ 4

Known AF diagnosis before baseline: 1,159

Population meeting inclusion
criteria

N= 36,238 2,118 excluded due to missing information

on Confounders:
103 BMI
607 Alcohol consumption
851 Smoking habits
492 Physical activity
46 Marital status
697 Education in HUNT2 and HUNT3
6 COPD
2 Cardiac Infarction

A4

A4

Final Population with complete

1 Cardiac angina

information
N= 34,120

Fig 1. Final population after excluding participants who did not meet inclusion criteria or with missing information on
confounders. Not mutually exclusive. GERD: Gastroesophageal reflux symptoms; AF: Atrial fibrillation; BMI: Body mass
index; COPD: Chronically Obstructive Pulmonary Disease.

https://doi.org/10.1371/journal.pone.0304624.9001

baseline, it left us with 34,120 individuals for further analysis (Fig 1). Out of these, 24,550 par-
ticipants reported on GERD symptoms at HUNT2 (participants recruited 1 August 1995 to 30
June 1997) as well.

The present study was approved by the Regional Committee for Medical and Health
Research Ethics Midt-Norway (2016/542 and 2015/2313) and all participants signed a written
informed consent before study participation.

Assessment of GERD (exposure)

In both HUNT2 and HUNTS3, information on GERD symptoms was gathered from the partic-
ipants through a self-administered questionnaire. The participants were asked “To what degree
have you had heartburn or acid regurgitation during the previous 12 months?” and were
offered three response alternatives “never”, “a little” and “much”. GERD symptoms in the
HUNT 2 have been validated showing that 95% of participants reporting much reflux symp-
toms experience reflux symptoms at least once a week [18].

Case ascertainment (outcome)

Incident cases of AF were identified through linkage of participants’ Norwegian personal identi-
fication number to AF diagnoses (based on ICD-10 code 148) from the two local hospitals in
Nord-Trendelag County from baseline examination date until March 2018. The outcome of AF
was defined as either a diagnosis of AF or of atrial flutter because of their close interrelationship.
All diagnoses of AF were manually verified by a specialist in cardiology and internal medicine
by extracting clinical information and ECG data from the electronic medical records [19].
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Covariates

Information on the participants’ smoking status (never, former, occasional and current), phys-
ical activity (inactive, active), alcohol use (abstainers, light, moderate and heavy drinkers), edu-
cation (< 9 years, 10-12, > 12 years), marital status (dichotomized as living alone or not) and
medical history of common chronic disease such as angina pectoris, myocardial infarction,
chronic obstructive pulmonary disease (COPD), diabetes mellitus and hypertension was gath-
ered by a self-administrated questionnaire in the HUNT3 Survey. Trained nurses conducted a
clinical examination where height and weight were measured wearing light clothes without
shoes; height was measured to the nearest 1 cm and weight to the nearest 0.5 kg. BMI was cal-
culated as body weight (in kg) divided by the squared value of height (in meters). Systolic and
diastolic blood pressure were measured using an automatic sphygmomanometer based on
oscillometry, and the average of the second and third measurement was used in the analysis.

Statistical analysis

Participants were followed from the baseline clinical examination at HUNT3 to the date of
diagnosis of AF, death, emigration out of the county, or March 31, 2018, whichever came first.
Continuous variables are presented as mean + SD while categorical variables are presented as
numbers (percentage). We categorized the participants into three groups depending on their
self-reported level of GERD symptoms during the last 12 months (“never”, “a little” and
“much”). Hazard ratios (HR) with 95% confidence intervals (CIs) were estimated using Cox
proportional hazards models with age as the underlying time scale. We evaluated the propor-
tional hazards assumption by comparing -In-In survival curves and by performing tests on
Schoenfeld residuals for each covariate and found no violation of these assumptions. In addi-
tion to age at baseline (continuous) and sex, multivariable models were further adjusted for
smoking status, alcohol consumption, physical activity level, marital status, education, angina
pectoris, myocardial infarction, COPD, diabetes mellitus and hypertension.

Additional analyses were stratified by age (age <40, age > 40 and <65 and, age > 65 years).

All statistical analyses were conducted using Stata 16 for Windows (StataCorp LP, College
Station, TX).

Results

The characteristics of the study population is presented in Table 1. Participants with “much”
and “little” symptoms of GERD were older, more often men, had higher BMI, were more often
current or former smokers and had more comorbidities such as hypertension, ischemic heart
disease, diabetes mellitus and COPD compared to individuals with “never” reflux symptoms.
A table comparing the characteristics of in- and excluded participants is presented in the sup-
plementary material. Excluded participants had slightly less cardiovascular diseases and lower
prevalence of tertiary education (S1 Table). During a median follow-up of 8.9 years (304,181
person-years), 1,221 cases of AF were diagnosed.

In our main analyses we saw those patients reporting little symptoms of GERD had a multi-
variable HR of 0.86 (95% CI: 0.76 to 0.97) while patients reporting much had a HR of 1.01
(95% CI: 0.82 to 1.24) compared to patients who never had any GERD symptoms, indicating a
U-shaped association (Table 2). Dichotomization of GERD symptoms into just two groups
resulted in a HR of 1.08 (95% CI: 0.88 to 1.32) for “Much” GERD symptoms compared to
“Never or a little”. In a sensitivity analyzes where we excluded all participants who reported
cardiac angina, infarction, or COPD symptoms, we observed no relevant changes of the esti-
mates. Additional adjustment for lipids and CRP resulted in no appreciable changes in the esti-
mates (data not shown).
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Table 1. Characteristics of the study population (n = 34,120).

Degree of reported symptoms on Gastroesophageal reflux
Never A little Much
n =19,387 n=12,314 n=2,419

Female, n (%) 11,363 | 58.6 6,421 | 52.1 1,321 | 54.6
Age at Baseline, years (SD) 51.4|15.0 54.6 | 14.4 54.6 | 14.1
BMI (kg/mz) (SD) 26.4 | 4.2 28.0 | 4.4 28.9 | 4.5
Hypertension, n (%) 6,611 | 34.1 5,527 | 44.9 1,104 | 45.6
Diabetes mellitus, n (%) 747 | 3.9 656 | 5.3 118 1 4.9
C-reactive protein (mg/l) (SD) 2.314.85 2.95 | 6.00 3.37|7.03
High-density lipoprotein (mmol/1) (SD) 1.39 ] 0.36 1.31]0.34 1.29 | 0.34
Total cholesterol (mmol/l) (SD) 5.46 | 1.10 5.59 | 1.09 5.67 | 1.17
COPD, n (%) 435|2.2 527 | 4.3 127 | 5.3
Angina pectoris, n (%) 444 | 2.3 503 | 4.1 137 | 5.7
Myocardial infarction, n (%) 426 2.2 434 |35 8334
Alcohol consumption

Abstainers, n (%) 3,743 | 19.3 2,404 | 19.5 524 | 21.7

Light drinkers, n (%) 11,821 | 61.0 7,455 | 60.5 1,417 | 58.6

Moderate drinkers, n (%) 3,548 | 18.3 2,293 | 18.6 429 | 17.7

Heavy drinkers, n (%) 275 1.4 162 | 1.3 491 2.0
Smoking status

Never, n (%) 9,132 | 47.1 4,746 | 38.5 818 | 33.8

Former, n (%) 5,932 | 30.6 4,524 | 36.7 973 | 40.2

Occasionally, n (%) 1,300 | 6.7 896 | 7.3 176 | 7.3

Current, n (%) 3,023 | 15.6 2,148 | 17.4 452 | 18.7
Physical inactivity

Inactive, n (%) 3,539 | 18.3 2,733 22.2 647 | 26.8

Active, n (%) 15,848 | 81.8 9,581 | 77.8 1,772 | 73.3
Education

Lower secondary, n (%) 3,667 | 18.9 3,073 | 25.0 674 | 27.9

Upper secondary, n (%) 9,477 | 48.9 6,198 | 50.3 1,255 | 51.9

Tertiary, n (%) 6,243 | 32.2 3,043 | 24.7 490 | 20.3
Marital Status

Single, n (%) 4,482 | 23.1 2,397 | 19.5 441 | 18.2

Married, Cohabitant, n (%) 11,806 | 60.9 7,710 | 62.6 1,503 | 62.1

Widow, Divorced, Separated, n (%) 3,099 | 16.0 2,207 | 17.9 475 | 19.6

Values are presented as mean + standard deviation or number (percentages). BMI body mass index. COPD chronic obstructive lung diseases. n = number.

https://doi.org/10.1371/journal.pone.0304624.t001

In the age stratified analyses, among younger participants (<40 years of age), the risk of AF
had a trend towards increased risk with increasing symptom load of GERD (little GERD symp-
toms, HR: 3.09; CI: 95%, 0.74 to 12.94 and much GERD symptoms, HR: 5.40; 95% CI: 0.82 to
35.58). However, due to few events at younger age, the estimates were imprecise with wide Cis.
Among older participants (>65 years of age), we saw a similar U-shaped association as in our
main analyses: a slightly reduced risk of AF in participants with little symptoms (HR: 0.84; CL:
0.72 to 0.97) and no association among those with much GERD symptoms (HR: 1.06; 95% CI:
0.82 to 1.36) (Table 3).

To investigate if long-lasting sustained GERD symptoms influence the risk AF, we catego-
rized the population into four groups: Never GERD (No GERD symptoms in HUNT2 and
HUNT3)(Reference), Newly Developed GERD (much or little symptoms of GERD in HUNT
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Table 2. Gastroesophageal reflux disease symptoms and risk for atrial fibrillation.

GERD Symptoms n = 34,120 Events Person years HR* 95% CI HR* 95% CI HR* 95% CI
1,221 304,181

Never 19,387 645 173,360 1 (Ref) 1 (Ref) 1 (Ref)

A little 12,314 470 109,338 0.93 0.82-1.04 0.88 0.78-0.99 0.86 0.76-0.97

Much 2,419 106 21,482 1.12 0.91-1.38 1.02 0.83-1.26 1.01 0.82-1.24

Never or a little 31,701 1,115 282,699 1 (Ref) 1 (Ref) 1 (Ref)

Much 2,419 106 21,482 1.16 0.95-1.41 1.08 0.89-1.32 1.08 0.88-1.32

N = number

HR = Hazard Ratio

CI = Confidence interval

*Model 1: Adjusted for age at baseline (continuous) and sex.

Model 2: Adjusted as Model 1 and additional for body mass index (continuous), smoking status (never, former, current), alcohol consumption (abstain, light drinkers,
moderate drinkers, heavy drinkers), physical activity (inactive, active), education (lower secondary education, upper secondary education, tertiary education) and
marital status (unmarried, married/cohabitant, widowed/divorced/separated).

#Model 3: Adjusted as Model 2 and additional blood pressure (dichotomized hypertension: systolic blood pressure>140mmHg or diastolic blood pressure >90 mmHg

or use of blood pressure lowering medication), diabetes mellitus (patient indicated to have diabetes mellitus or non-fasting glucose >11.1 mmol/l), chronic obstructive
pulmonary disease.

https://doi.org/10.1371/journal.pone.0304624.t1002

3 but no symptoms in HUNT2), Sustained GERD (much or little symptoms of GERD in both
HUNT2 and HUNT 3), Regressed GERD (much or little symptoms of GERD in HUNT?2 but
no symptoms in HUNT 3). Sustained GERD (HR: 0.90; 95% CI: 0.77 to 1.04) or newly devel-
oped GERD (HR: 0.94; 95% CI: 0.79 to 1.11) was not associated with an increased risk for AF.
In participants with regression of GERD symptoms, we saw a weak association with a HR of
1.26 (95% CI: 1.01 to 1.56) in the age and sex-adjusted model, which decreased after further
adjustment for potential confounders (HR: 1.14; CI: 0.92 to 1.42) (Table 4).

Discussion

In this large population-based cohort study with validated data on AF diagnosis and robust
data on potential confounders, we were able to find a complex association between GERD
symptoms and AF. Our main analyses showed a U-shaped association between the risk of AF
and the degree of GERD symptoms. In our age stratified analyses, we saw the same U-shaped

Table 3. Gastroesophageal reflux disease symptoms and risk for atrial fibrillation stratified for 3 age groups.

Age <40 Age > 40 and <65 Age > 65
n Events HR 95% CI n Events HR 95% CI n Events HR 95% CI
(7,089) (11) (19,761) (390) (7,270) (820)
Never 4,673 3 1 (Ref) 10,975 205 1 (Ref) 3,739 437 1 (Ref)
A little 2,035 6 3.09 0.74-12.94 7,296 152 0.87 0.70-1.07 2,983 312 0.84 0.72-0.97
Much 381 2 5.40 0.82-35.58 1,490 33 0.88 0.61-1.28 548 71 1.06 0.82-1.36

n = number; HR = Hazard Ratio; CI = Confidence interval

Adjusted for age at baseline (continuous), sex, body mass index (continuous), smoking status (never, former, current), alcohol consumption (abstain, light drinkers,
moderate drinkers, heavy drinkers), physical activity (inactive, active), education (lower secondary education, upper secondary education, tertiary education), marital
status (unmarried, married/cohabitant, widowed/divorced/separated), blood pressure (dichotomized hypertension: systolic blood pressure>140mmHg or diastolic

blood pressure >90 mmHg or use of blood pressure lowering medication), diabetes mellitus (patient indicated to have diabetes mellitus or non-fasting glucose >11.1
mmol/l) and chronic obstructive pulmonary disease. (Model 3).

P-value for age-GERD interaction < 0.001.

https://doi.org/10.1371/journal.pone.0304624.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0304624 May 31, 2024 6/10


https://doi.org/10.1371/journal.pone.0304624.t002
https://doi.org/10.1371/journal.pone.0304624.t003
https://doi.org/10.1371/journal.pone.0304624

PLOS ONE GERD symptoms and risk of AF in a population-based cohort study (the HUNT study)

Table 4. Long lasting gastroesophageal reflux disease symptoms from HUNT2 to HUNT3 and risk for atrial fibrillation.

Long Lasting GERD Symptoms n Events |Personyears |HR* |95% CI HR* |95% CI HR* |95% CI
Reference. Never GERD symptoms HUNT2 and HUNT3 11,811 | 449 105,456 1 (Ref) 1 (Ref) 1 (Ref)
Group 1. Newly Developed GERD symptoms HUNT3 5,117 208 45,432 1.00 0.84-1.17 | 0.95 0.81-1.12 | 0.94 0.79-1.11
Group 2. Sustained GERD symptoms HUNT2 and HUNT3 5,769 286 50,830 1.00 0.86-1.16 091 0.78-1.05 0.90 0.77-1.04
Group 3. Regressed GERD symptoms HUNT2 1,853 99 16,196 1.26 1.01-1.56 | 1.16 |0.93-1.45 |1.14 |0.92-1.42

N = number, HR = Hazard Ratio, CI = Confidence interval

Long Lasting GERD symptoms definition: Reference: Never GERD symptoms in HUNT2 and HUNT3, Group 1: Newly Developed GERD symptoms: Never GERD
symptoms in HUNT2 but HUNTS3 (little or much), Group 2: Sustained GERD symptoms: HUNT2 and HUNT?3 (little or much), Group 3: Regressed GERD symptom:s:
HUNT?2 (little or much) but never in HUNT3.

*Model 1: Adjusted for age at baseline (continuous) and sex.

tModel 2: Adjusted as Model 1 and additional for body mass index (continuous), smoking status (never, former, current), alcohol consumption (abstain, light drinkers,
moderate drinkers, heavy drinkers), physical activity (inactive, active), education (lower secondary education, upper secondary education, tertiary education) and
marital status (unmarried, married/cohabitant, widowed/divorced/separated).

#Model 3: Adjusted as Model 2 and additional blood pressure (dichotomized hypertension: systolic blood pressure>140mmHg or diastolic blood pressure >90 mmHg
or use of blood pressure lowering medication), diabetes mellitus (patient indicated to have diabetes mellitus or non-fasting glucose >11.1 mmol/l), chronic obstructive
pulmonary disease.

https://doi.org/10.1371/journal.pone.0304624.t1004

association among older individuals. Among younger individuals, we saw a trend towards
increasing risk of AF with increasing symptom load of GERD. However, since AF was rare
among young participants, the estimates obtained in these analyses were imprecise.

These findings concur with a recent register-based population study that investigated
whether objectively determined esophagitis or Barrett’s esophagus increases the risk of AF
[12]. The investigators found an increased risk of AF among patients younger than 60 years of
age who had a HR of 1.55 (95% CI, 1.27 to 1.88) within the first year of diagnosis but the excess
risk decreased afterward (HR: 1.14; 95% CI, 1.06 to 1.22). Older patients (age >60 years) did
not show an increased risk of AF.

A recent meta-analysis summarized prior research on GERD and AF risk not including the
study discussed above. The analyses were based on three cohort and one case-control study
(total participants: n = 228 305, participants with GERD: n = 80 171) and did not find support
for GERD increasing the risk of AF. The summary RR was 1.06 (95% CI, 0.86 to 1.31) [20].
The three cohort studies included in this meta-analysis showed divergent results. Jeffrey S.
Kunz and colleagues showed a weak association between GERD and AF after adjusting for sev-
eral confounders (RR: 1.08; 95% CI, 1.02 to 1.13) [14] and Chin-Chou Huang and associates
were able to reproduce these findings with a HR of 1.31 (95% CI, 1.06 to1.61) [13]. They fur-
ther saw that patients with GERD symptoms who received proton pump inhibitory (PPI) ther-
apy had the highest risk of AF. This could suggest that patients with the worst symptoms
taking PPI therapy also had the highest risk of AF. The third cohort study by Bunch et al.
found instead an inverse relationship between the presence of GERD and AF (HR: 0.81; 95%
CI, 0.68 to 0.96) after adjusting for other risk factors [15]. In their study, diagnosis of esophagi-
tis seemed to increase the risk for AF (HR: 1.94; 95% CI, 1.35 to 2.78), but after adjusting for
age, gender, hypertension, and heart failure the authors reported that the hazard ratio was no
longer statistically significant without specifying the point estimate. In an unadjusted survival
analysis, they also found a U-shaped association of GERD symptoms and the risk of AF with
the highest risk in patients reporting frequent daily symptoms and patients reporting no symp-

toms. The lowest risk was seen in patients reporting some or weekly GERD symptoms. None
of these studies made any age stratified analyses.
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A possible explanation for divergent results in studies investigating the association between
GERD and AF could be that GERD may have a bigger impact on the risk of AF among youn-
ger persons who have a low underlying risk for AF and where vagal nerve stimulation have
been found to have a stronger impact on induction of AF [21]. In older individuals, where
established risk factors for AF like overweight, hypertension, and age are predominant, and
important for AF development it might be difficult to show any eventual additive influence of
GERD on the risk of AF.

The observed small risk reduction of AF in older individuals with little GERD symptoms
might reflect that treatment of GERD may lead to reduced risk of AF in those individuals. The
risk reduction was not observed in older individuals with more severe GERD symptoms.

Study strengths and limitations

Compared to previous register-based studies, we were able to adjust for several important con-
founding factors such as BMI, alcohol consumption and physical activity. Our study popula-
tion was stable and homogeneous. The diagnosis of AF was carefully verified and validated by
extracting clinical information and ECG data from the electronic medical records which mini-
mized the risk for misclassification and ensured an almost complete follow-up.

The main limitation of the study is the possibility of exposure misclassification. In our
study, GERD was evaluated only based on self-reported symptoms. No gastroscopic examina-
tion or pH monitoring was used to assess the presence of esophagitis, reflux or gastric ulcer.
Furthermore, we did not have any information on medications such as non-steroidal anti-
inflammatory drugs or hormone therapy that could potentially influence the risk. If patients
with “much” GERD were treated with anti-reflux medication such as proton pump inhibitors,
it could decrease reflux and inflammation and thus possibly prevent AF. There is also a possi-
bility that patients reporting GERD symptoms were seeking medical attention more often and
by that increasing their chance of getting an AF diagnosis. We cannot rule out that our results
were affected by uncontrolled or residual confounding. For example, we did not have informa-
tion on different types of food or stress.

Conclusion

In conclusion, our study did not find support for a strong, clinically important association
between symptoms of GERD and AF across all age groups but for some younger people,
GERD might play a role in the development of AF. However, our estimates for this age group
were very imprecise and larger studies including younger individuals are warranted.
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