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Background: Gallstone disease (GD) is associated with a high risk of cardiovascular
disease. However, it is unknown whether GD contributes to atrial fibrillation (AF). We
aimed to investigate the association between GD and AF.

Methods: We performed a population-based cohort study using data from the Taiwan
National Health Insurance Research Database between 2001 and 2011. A GD cohort of
230,076 patients was compared with a control cohort consisting of an equal number of
patients matched for age, sex, cardiovascular and gastrointestinal comorbidities.

Results: In total, 5,992 (49.8/10,000 person-years) patients with GD and 5,804
(44.5/10,000 person-years) controls developed AF. GD increased AF risk with a hazard
ratio (HR) of 1.20 [95% confidence interval (CI), 1.16–1.25]. In patients with GD but
without cholecystectomy, the HR of AF reached 1.57 (95% CI = 1.50–1.63). After
cholecystectomy, the HR of AF significantly decreased to 0.85 (95% CI = 0.81–0.90).
Among the three age groups with GD (<45, 45–64, and ≥65 years), the adjusted HRs
of AF were 1.59 (95% CI = 1.08–2.33), 1.31 (95% CI = 1.18–1.45), and 1.18 (95%
CI = 1.13–1.22), respectively. Compared with patients with a CHA2DS2-VASc score
equal to 0, the HRs of AF risk among total cohort patients and a score equal to 1,
2, 3, and ≥ 4 were 1.28 (95% CI = 1.15–1.43), 2.26 (95% CI = 2.00–2.56), 3.81 (95%
CI = 3.35–4.34), and 5.09 (95% CI = 4.42–5.87), respectively.

Conclusion: This population-based longitudinal follow-up study showed that patients
with GD had an increased AF risk. Moreover, cholecystectomy was related to reduced
AF risk. Cardiovascular checkups may be necessary for patients with GD, especially
those who are young and have other typical risk factors.
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INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia in adults. Although AF prevalence varies among
ethnic populations, its prevalence progressively increases with
advancing age. It occurs in <1% of individuals aged 60–65 years
but in 8% to 10% of individuals aged >80 years (Kannel
and Benjamin, 2009; Rodriguez et al., 2015). AF can lead to
acute or chronic severe outcomes, including embolic stroke,
extracranial systemic thromboembolism, dementia, heart failure
(HF), myocardial infarction, and venous thromboembolism
(Staerk et al., 2017). Patients with AF may experience various
symptoms such as palpitations, shortness of breath, exercise
intolerance, chest pain, fatigue, dizziness, and light-headedness
(Reynolds et al., 2006; Zimetbaum, 2017). However, up to 90% of
AF events may be symptomless, particularly in the elderly (Page
et al., 1994). Therefore, early recognition and diagnosis of AF are
crucial, particularly in people with risk factors (RFs).

Some unmodifiable and modifiable RFs are well established
for AF (Staerk et al., 2017). The unmodifiable RFs include
genetics age gender, and race (Marcus et al., 2010; Rodriguez
et al., 2015). The modifiable RFs include physical inactivity,
smoking, obesity, diabetes mellitus (DM), obstructive sleep
apnea (OSA), and hypertension (Alonso et al., 2013; Schnabel
et al., 2015). However, the mechanisms that cause AF are
unclear. AF may occur in the absence of known structural
or electrophysiological abnormalities (Staerk et al., 2017).
Epidemiological studies have revealed many potential RFs for
AF. In the field of digestive disorders, gastroesophageal reflux
disease (GERD; Huang et al., 2012), inflammatory bowel disease
(IBD; Choi et al., 2019), gastrointestinal cancers (Jakobsen et al.,
2019), and liver disease (Lee et al., 2017; Huang et al., 2018) have
been reported to be associated with significantly increased AF
risk.

Gallstone disease (GD; cholelithiasis) is a common digestive
disorder and significantly increases cardiovascular disease
(CVD) risk (Bortnichak et al., 1985; Jiang et al., 2013; Olaiya
et al., 2013; Wei et al., 2014, 2019; Lv et al., 2015; Wirth et al.,
2015; Zheng et al., 2016, 2018; Fan et al., 2017; Upala et al., 2017;
Fairfield et al., 2019). However, no studies on AF risk in patients
with GD have been conducted. Therefore, we investigated the
relationship between GD and later AF development by using
a prospective, nationwide, and case-cohort study design. If
gallbladder removal reduces AF incidence, it would serve as
evidence for GD being a risk factor for AF. Therefore, we
further compared patients with GD who did not undergo
cholecystectomy with those who underwent cholecystectomy.

MATERIALS AND METHODS

Data Source
The Taiwan National Health Insurance program is a universal,
single-payer health insurance program covering 99% of the
residents of Taiwan. The Taiwan government has transferred
medical claims data to the National Health Research Institutes
(NHRI), which has established and managed a database named
the National Health Insurance Research Database (NHIRD). The

NHIRD contains medical claims data, including a registry of
beneficiaries, disease record files, and other medical services.
The NHIRD uses the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) for coding
diseases. The NHRI has released the database (for research use)
and assigned a unique encoded number for accessing the annual
medical history of each insured individual. Moreover, this study
was approved by the Ethics Review Board of China Medical
University (CMUH104-REC2-115).

Study Population
This study investigated the AF risk in patients with GD.
This study had two stages. We established a GD cohort
and a control cohort to observe AF occurrence. The GD
cohort involved aged ≥20 years patients from January 1, 2001,
to December 31, 2009, and assigned the index date as the
first date of newly diagnosed GD (ICD-9-CM 574), which
included gallbladder stones (cholecystolithiasis), intrahepatic
bile duct stones (hepatolithiasis) and extrahepatic bile duct
stones (choledocholithiasis; Lammert et al., 2016). The GD
cohort was further subgrouped in asymptomatic (ICD-9-CM
574.2, 574.5, and 574.9) and symptomatic GD (ICD-9-CM
574.0, 574.1, 574.3, 574.4, 574.6, 574.7, and 574.8). The
patients with symptomatic GD are meant to have specific or
nonspecific symptoms or complications, such as biliary colic,
intolerance to fatty foods, and infections (Lammert et al., 2016).
Furthermore, we categorized GD into two subgroups: with
and without cholecystectomy. An equal number of control
individuals without GD were randomly selected by using
the propensity matching method. The matching criteria were
age, sex, cardiovascular and gastrointestinal comorbidities. The
cardiovascular comorbidities included hypertension (ICD-9-CM
401–405), DM (ICD-9-CM 250), coronary artery disease (CAD,
ICD-9-CM 410–414), chronic kidney disease (CKD, ICD-9-CM
585, 586, 588.8, and 588.9), hyperlipidemia (ICD-9-CM 272),
and HF (ICD-9-CM 428). The gastrointestinal comorbidities
included GURD (ICD-9-CM 533, 530.11, and 530.81), IBD (ICD-
9-CM 555, 556), hepatitis C (ICD-9-CM 070.41, 070.44, 070.51,
070.54, 070.70, 070.71, and V02.62), and nonalcoholic fatty liver
disease (NAFLD, ICD-9-CM 571.8). We assigned the index date
for control individuals as a random month and day but with
the same index year as the matched cases. The GD and control
cohorts excluded individuals without AF diagnosis (ICD-9-CM
427.31) and various kinds of cancer (ICD-9-CM 140–239) before
the index date. Follow-up ceased when an individual withdrew
from the insurance program, an AF event occurred, or the date
reached December 31, 2011 (Figure 1).

CHA2DS2-VASc [Congestive heart failure, Hypertension,
Age ≥75 years (doubled), Diabetes, prior Stroke or transient
ischemia attack (doubled)—Vascular disease, Age 65–74 years,
and Sex category (female)] was used for predicting AF in patients
with GD. The score was calculated for each patient by assigning
1 point for HF, hypertension, DM, vascular disease (ICD-9-CM
410, 412, 420.20, 420.21, 420.22, 420.23, 420.24, 420.29, 429.79,
440.0, 440.20, 440.21, 440.22, 440.23, 440.24, 440.3, 440.4, 443.81,
443.89, and 443.9), sex category (female), and age (65–74 years)
and 2 points for any history of ischemic stroke or transient
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FIGURE 1 | Flowchart for study population selection.

ischemia attack (ICD-9-CM 433–438) and age ≥75 years (Lip
et al., 2010; Camm et al., 2012; January et al., 2014).

Statistical Analysis
To present the distribution of the study cohorts, we indicate the
number and percentage for all the category variables (including
age group, sex, and comorbidities). To assess the distribution
difference between the two cohorts, we used the standard mean
difference. The incidence destiny of AF for each cohort was
calculated as the number of patients with AF divided by the
total number of patients followed up. The cumulative incidence
curve was measured using the Kaplan–Meier method, and the
curve difference was tested using the log-rank test. To analyze
the difference in AF risk between the GD cohort and the control
cohort, we estimated the hazard ratios (HRs) and 95% confidence
intervals (CIs) by using the crude and adjusted Cox proportional
hazard models. Moreover, we used Cox models to determine
the influence of cholecystectomy and various GD subtypes
on AF risk. Furthermore, we applied a subgroup analysis for
comparing patients with GD with control individuals through
the stratification of variables, including age group, sex, and
comorbidities. Additionally, Cox models were used to estimate
AF risk associated with CHA2DS2-VASc score. SAS 9.4 software
(SAS Institute, Cary, NC, USA) was used to perform the analyses,
and R software (R Foundation for Statistical Computing, Vienna,

Austria) was used to determine the incidence curves. The
significance level was set at p < 0.05 for 2-sided testing.

RESULTS

This study involved two cohorts: a cohort of 230,076 patients
with GD and a control cohort consisting of an equal number of
healthy individuals (Table 1). In the study cohort, the majority
of the participants were ≥65 years old (approximately 43%), and
the proportions of men and women were approximately equal.
Furthermore, the comorbidities, including hypertension, DM,
CAD, CKD, hyperlipidemia, HF, GURD, IBD, hepatitis C, and
NAFLD, were similar between the GD cohort and the control
cohort.

AF occurred in 5,804 and 5,992 participants in the control
and GD cohorts, respectively (Table 2). The AF incidences
were 44.5 and 49.8 per 10,000 person-years in the control and
GD cohorts, respectively. Figure 2 shows that the cumulative
incidence curves of AF were significantly higher in the GD
without cholecystectomy cohort and lower in the GD with
cholecystectomy than in the control cohort (log-rank test,
p < 0.001). After adjusting for age, sex, and comorbidities,
the GD group was significantly associated with increased AF
risk compared with the control group (HR = 1.20, 95%
CI = 1.16–1.25). Moreover, Table 2 shows that relative to the
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TABLE 1 | Demographic characteristics and comorbidities in GD and control groups.

Variable Control cohort N = 230076 (%) Gallstone cohort N = 230076 (%) Standard mean difference§

Age group, years
< 45 50,821 (22.1) 50,634 (22.0) 0.002
45–64 80,433 (35.0) 82,529 (35.9) 0.02
≥65 98,822 (43.0) 96,913 (42.1) 0.017
Mean (SD) 59.9 (17.0) 59.6 (16.8) 0.01
Sex
Female 117,990 (51.3) 116,694 (50.7) 0.01
Male 112,086 (48.7) 11,382 (49.3) 0.01
Cardiovascular comorbidity
Hypertension 46,670 (20.3) 44,124 (19.2) 0.03
DM 29,727 (12.9) 27,762 (12.1) 0.03
CAD 22,315 (9.70) 20,887 (9.08) 0.02
CKD 3,726 (1.62) 3,756 (1.63) 0.001
Hyperlipidemia 11,840 (5.15) 11,222 (4.88) 0.01
HF 6,263 (2.72) 7,036 (3.06) 0.02
Gastrointestinal comorbidity
GURD 13,598 (5.91) 14,536 (6.32) 0.02
IBD 295 (0.17) 411 (0.18) 0.002
Hepatitis C 2,216 (0.96) 2,916 (1.27) 0.03
NAFLD 8,290 (3.60) 8,082 (3.51) 0.005

GD, gallstone disease; DM, diabetes mellitus; CAD, coronary artery disease; CKD, chronic kidney disease; HF, heart failure; GURD, gastroesophageal reflux disease; IBS, inflammatory
bowel; NAFLD, nonalcoholic fatty liver disease §Standard mean difference ≤0.10 indicates a negligible difference between the two cohorts.

control cohort, the patients with GD who did not undergo
cholecystectomy had a 1.57-fold increased AF risk (95%
CI = 1.50–1.63), whereas patients with GD who underwent
cholecystectomy had a 0.85-fold decreased AF risk (95%
CI = 0.81–0.90). Simultaneously, compared with the patients
with GD and without cholecystectomy, the HR of AF for
patients with GD who underwent cholecystectomy was 0.54 (95%
CI = 0.51–0.57). The incidence and HR of AF were calculated
according to various GD subtypes. Compared with the patients
without GD, those with asymptomatic and symptomatic GD had
1.33- and 1.07-fold increased AF risk (95% CI = 1.27–1.39 and
1.02–1.12), respectively.

Figure 3 shows the stratified analysis for patients with GD
and the control cohort. Relative to the control cohort, the
adjusted HRs of AF were 1.59 (95% CI = 1.08–2.33), 1.31 (95%
CI = 1.18–1.45), and 1.18 (95% CI = 1.13–1.22) for patients with
GD in the age groups of < 45, 45–64, and≥65 years, respectively.
The female and male patients with GD had a 1.19- and 1.22-fold
increased AF risk compared with female (95% CI = 1.13–1.25)
and male (95% CI = 1.16–1.29) control individuals, respectively.
Among the noncomorbid patients, those with GD had a
significantly higher AF risk than those in the control cohort (HRs
for hypertension, DM, CAD, CKD, hyperlipidemia, HF, GURD,
IBD, hepatitis C, and NAFLD were 1.25, 1.23, 1.22, 1.21, 1.21,
1.22, 1.25, 1.20, 1.20 and 1.22 respectively).

Table 3 shows the incidence and HRs of AF in three study
cohorts stratified based on CHA2DS2-VASc score. In total
study cohort patients, including GD and non-GD patients, the
incidence rate of AF increased from 9.08 per 10,000 person-years
for patients with a CHA2DS2-VASc score of 0 up to 172.1 per
10,000 person-years for those with a CHA2DS2-VASc score of
at least 4. The HR of AF was 5.09 (95% CI = 4.42–5.84) for
those with a CHA2DS2-VASc score of at least 4 as compared with
those with a CHA2DS2-VASc score of 0. In GD patients with and

without cholecystectomy, the incidence rates and HRs were also
gradually increased as the CHA2DS2-VASc score increased from
0 to at least 4.

DISCUSSION

This study demonstrated that GD was independently associated
with an increased AF risk in a population-based cohort,
suggesting that GD may play a crucial role in determining
AF risk. Furthermore, we found that patients with GD who
underwent cholecystectomy were 0.85- and 0.54-fold less likely to
develop AF compared with individuals without GD and patients
with GD who did not undergo cholecystectomy, respectively.
This result may provide further evidence that GD is one of the
potential RFs for AF. GD is a common disorder that affects
approximately 10%-20% of the global adult population (Lammert
et al., 2016). Simultaneously, GD and AF share several RFs,
including age, physical inactivity, obesity, and DM (Lammert
et al., 2016; Staerk et al., 2017; Ibrahim et al., 2018). Many original
and meta-analysis studies have highlighted the importance of
recognizing GD as a risk factor for CVD and stroke (Bortnichak
et al., 1985; Jiang et al., 2013; Olaiya et al., 2013; Wei et al., 2014,
2019; Lv et al., 2015; Wirth et al., 2015; Zheng et al., 2016, 2018;
Fan et al., 2017; Upala et al., 2017; Fairfield et al., 2019). AF
is known to be a major cause of systemic embolism and stroke
(Staerk et al., 2017), but the association between GD and AF has
remained unclear. This is the first longitudinal follow-up study
to reveal that GD increases AF risk.

In the study, both asymptomatic and symptomatic GD
without gallbladder removal exhibited a high AF risk. In fact,
80% of the patients with GD were asymptomatic, but these
patients exhibited approximately a 1%-3% annual and 7%-
26% lifetime risk of developing complications related to biliary
colic or gallstones (Friedman et al., 1989; Friedman, 1993;
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TABLE 2 | Incidence and HRs of AF in GD and control groups.

GD treatment N Event PYs Rate HRs

Model 1 Model 2

Without GD 230,076 5,804 130,5065 44.5 ref
With GD 230,076 5,992 120,3452 49.8 1.20 (1.16, 1.25)∗∗∗

GD without cholecystectomy 97,408 3,814 440,837 86.5 1.57 (1.50, 1.63)∗∗∗ ref
GD with cholecystectomy 132,668 2,178 762,615 28.6 0.85 (0.81, 0.90)∗∗∗ 0.54 (0.51, 0.57)∗∗∗

Asymptomatic GD 107,561 3,396 518,529 65.5 1.33 (1.27, 1.39)∗∗∗

Symptomatic GD 122,515 2,596 684,898 37.9 1.07 (1.02, 1.12)∗∗

Model 1 and model 2 adjusted for age, sex, cardiovascular, and gastrointestinal comorbidities. AF, atrial fibrillation; PYs, person-years; Rate, incidence rate, per 10,000 person-years;
HRs, hazard ratios; ref, reference. ∗∗p < 0.01, ∗∗∗p < 0.0001.

FIGURE 2 | The adjusted cumulative incidence curves of atrial fibrillation between patients with or without gallstone disease.

Ibrahim et al., 2018). Conventionally, expectant management
is the standard treatment for asymptomatic GD, except for
patients with chronic hemolytic anemia or who are Native
Americans (Ibrahim et al., 2018). Our previous findings
have suggested that patients with GD have a high risk of
stroke, but cholecystectomy reduces the risk of ischemic
and hemorrhagic stroke among both asymptomatic and
symptomatic patients (Wei et al., 2014, 2019). Therefore,
patients with GD should receive frequent cardiovascular
checkups. In addition, GD and AF must be studied in
further detail.

In the stratified analysis based on age (45, 45–64, and
≥65 years), GD exhibited an obvious association with AF.
This suggests that attention should be paid to preventing
embolic stroke, particularly in young GD patients. Although
epidemiological data have shown a high prevalence of GD
and low prevalence of AF in women (Lammert et al., 2016;
Staerk et al., 2017), both female and male patients with GD
had an obvious risk of AF in the study. The GD groups had
a significantly higher AF risk than the control groups without
comorbidities. Thus, GD might be a newfound risk factor
for AF.
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FIGURE 3 | Incidence and hazard ratios of atrial fibrillation stratified by age, sex, and comorbidities in the patients of gallstone disease. DM, diabetes mellitus; CAD,
coronary artery disease; CKD, chronic kidney disease; HF, heart failure; GURD, gastroesophageal reflux disease; IBS, inflammatory bowel; NAFLD, nonalcoholic fatty
liver disease.

Although CHA2DS2-VASc score was originally developed for
stroke risk prediction in patients with AF (Lip et al., 2010; Camm
et al., 2012; January et al., 2014), transportability of the score
across different populations has been investigated. One research
showed the CHA2DS2-VASc score is useful in predicting poor
12-month outcomes following myocardial infarction in diabetic
patients without AF (Hudzik et al., 2016). Moreover, some
studies have demonstrated the score achieves high performance
for predicting new-onset AF in middle-aged adults and patients
with cancer (Saliba et al., 2016; Hu and Lin, 2017; Hu et al., 2019).
To our knowledge, the current investigation is the first to assess
the predictive role of CHA2DS2-VASc score for the incidence
and HR of AF. Because many of the individual RFs included in
the score are also RFs for AF, AF risk increased with increasing
CHA2DS2-VASc score among total patients and GD patients
with and without cholecystectomy.

AF is defined as a supraventricular tachyarrhythmia with
uncoordinated atrial activation and consequently ineffective

atrial contraction (January et al., 2014). Many established and
potential RFs for AF induce structural and histopathologic
changes in the atrium, which are characterized directly
or indirectly by fibrosis, inflammation, and cellular and
molecular changes (Staerk et al., 2017). Although the actual
pathophysiology through which GD leads to AF remains
undetermined, certain observational evidence might offer
possible explanations. GD can lead to inflammation that is
characterized by bile retention or microbiota in the gallbladder
(Lammert et al., 2016). The inflammation can cause oxidative
damage in the atrium, which may be followed by AF.
Inflammatory biomarkers, such as C-reactive protein and
interleukin-6, increase in AF (January et al., 2014; Gutierrez
and Van Wagoner, 2015; Harada et al., 2015). Therefore,
cholecystectomy is assumed to reduce AF risk through the
elimination of the inflammatory mechanism.

Some of the hepatobiliary and gastrointestinal diseases
were independently associated with an increased AF risk.
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TABLE 3 | Incidence and HRs of AF in study cohort patients stratified by CHA2DS2-VASc score.

CHA2DS2-VASc N Event PYs Rate HR (95% CI)

Total study cohort patients
0 106,900 579 637,602 9.08 ref
1 163,602 1,533 986,007 15.6 1.28 (1.15, 1.43)∗∗∗

2 73,853 2,670 393,492 67.9 2.26 (2.00, 2.56)∗∗∗

3 51,643 2,774 245,102 113.2 3.81(3.35, 4.34)∗∗∗

≥4 64,154 4,240 246,313 172.1 5.09 (4.42, 5.87)∗∗∗

GD without cholecystectomy
0 87,484 386 533,446 7.24 ref
1 139,938 1,106 857,101 12.9 1.35 (1.19, 1.54)∗∗∗

2 56,059 1,908 314,054 60.8 2.46 (2.12, 2.85)∗∗∗

3 36,708 1,867 186,091 100.3 4.09 (3.49, 4.81)∗∗∗

≥4 42,555 2,715 176,987 153.4 5.53 (4.64, 6.59)∗∗∗

GD with cholecystectomy
0 19,416 193 104,156 18.5 ref
1 23,664 427 128,906 33.1 1.14 (0.94, 1.39)
2 17,794 762 79,438 95.9 1.69 (1.36, 2.08)∗∗∗

3 14,935 907 59,011 153.7 2.63 (2.11, 3.29)∗∗∗

≥4 21,599 1,525 69,326 220.0 3.17 (2.49, 4.03)∗∗∗

HRs, hazard ratios; AF, atrial fibrillation; GD, gallstone disease; PYs, person-years; Rate, incidence rate, per 10,000 person-years; HRs, hazard ratios; ref, reference. ∗∗∗p < 0.0001.

FIGURE 4 | Mechanisms of AF. HF, heart failure; CAD, coronary artery disease; ANS, Autonomic nervous system; RFs, risk factors; DM, diabetes mellitus; OSA,
obstructive sleep apnea; GD, gallstone disease; GURD, gastroesophageal reflux disease; IBD, inflammatory bowel disease.

IBD including ulcerative colitis and Crohn’s disease, that are
significantly associated with AF incidence (HR = 1.36, 95%
CI = 1.20–1.55), could be caused by an inflammatory mechanism
(Choi et al., 2019). The incidence and risk of new-onset AF
significantly increased, especially in lung and gastrointestinal
cancers, possibly due to systemic inflammation (Jakobsen
et al., 2019). Liver diseases, including hepatitis C, nonalcoholic
steatohepatitis, alcohol-related liver disease, and primary liver
cancer, increased the prevalence and incidence of new-onset
AF, as they share the underlying link of autonomic dysfunction
and inflammation (Huang et al., 2018). Liver cirrhosis increased

the risk of AF (HR = 1.46; 95% CI = 1.18–1.80), likely due
to cirrhotic cardiomyopathy, vasoactive intestinal peptide, and
galectin-3 (Lippi et al., 2015; Xi et al., 2015; Lee et al., 2017;
Huang et al., 2018). GERD increased AF risk (HR = 1.31, 95%
CI = 1.06–1.61), possibly because of vagal nerve overstimulation,
inflammation, autoimmune response, or acid stimulation of the
lower esophagus (Huang et al., 2012). Accumulating evidence
suggests autonomic dysfunction may contribute to the GD by
impairing motility in the gallbladder and sphincter of Oddi
(Chawla et al., 2001; Villanacci et al., 2016). Besides inflammatory
mechanisms, autonomic dysfunction, which has been observed
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in patients with GD, may be responsible for the association
between GD and an increased risk of AF (Kanoupakis et al.,
2000). Figure 4 lists the plausible mechanisms of nonvalvular
AF and associating RFs (Iwasaki et al., 2011; Staerk et al.,
2017).

Gallstones are classified into cholesterol gallstones (90%) and
pigment stones (10%). The mechanism of cholesterol gallstones
is caused by disturbance of biliary cholesterol homeostasis.
The pathophysiology of pigment gallstones results from hepatic
hypersecretion of bilirubin, bile stasis, or bacterial infection
(Lammert et al., 2016). The biochemical or inflammatory process
caused by abnormal metabolism of cholesterol or bilirubin might
induce left atrium remodeling and then induced AF development
(Camm et al., 2012). The cholecystectomy might eliminate
partially reversible factors of AF progression.

One of the advantages of this study is its use of nationwide
population-based data which are highly representative of the
general population. However, certain limitations of our study
must be considered. First, limited to usage specifications of
the NHIRD, the research period of enrollment was from
2001–2009 and the end of follow-up date was up to the end of
December 31, 2011. If the research has longer collection and
follow-up, the validity should be higher. Second, we did not
consider whether patients had undergone open or laparoscopic
cholecystectomy. The AF outcome with different procedures
warrants further evaluation. Third, the detailed GD subtypes
could not be used due to clinical coding habits. Fourth, AF
subtypes (paroxysmal, persistent, long-standing persistent, or
permanent) could not be classified because of the lack of specific
ICD-9-CM codes. Fifth, evidence derived from a retrospective
cohort study is generally lower in statistical quality than that
derived from randomized trials due to potential bias related
to adjustments for confounding variables. Sixth, the patient
data recorded in the NHIRD are anonymous, and therefore,
detailed personal information regarding smoking and sleep
habits, body mass index, physical inactivity, lifestyle, or family
history could not be obtained, although these are RFs for AF.
Changes in lifestyle and body weight may affect the results.
Simultaneously, relevant clinical variables, such as symptoms,
signs, imaging results, pathology findings, and serum laboratory
data, were unavailable in the NHIRD. However, records related
to AF, GD, and cholecystectomy diagnoses were highly reliable.
Further prospective observational and interventional studies are
necessary to support the findings.

This large data-based longitudinal follow-up and
retrospective study revealed an association between GD
(both asymptomatic and symptomatic) and increased AF risk.
Cholecystectomy is related to reduce AF risk. Our findings
suggest that gastroenterologists and gastrointestinal surgeons
must pay close attention to patients with GD in light of the risk
of AF, particularly in patients with conventional stroke RFs.
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