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Abstract: Atrial fibrillation (AF) is associated with the autonomic

nervous system (ANS), and fluctuation of autonomic tone is more

prominent in patients with AF. As autonomic tone affects the heart

rate (HR), and there is an inverse relationship between HR and PR

interval, PR interval variation could be greater in patients with AF than

in those without AF. The purpose of this study was to investigate the

correlation between PR interval variation and new-onset AF in patients

with frequent PACs.

We retrospectively enrolled 207 patients with frequent PACs who

underwent electrocardiographs at least 4 times during the follow-up

period. The PR variation was calculated by subtracting the minimum PR

interval from the maximum PR interval. The outcomes were new

occurrence of AF and all-cause mortality during the follow-up period.

During a median follow-up of 8.3 years, 24 patients (11.6%)

developed new-onset AF. Univariate analysis showed that prolonged

PR interval (PR interval > 200 ms, P¼ 0.021), long PR variation (PR

variation > 36.5 ms, P¼ 0.018), and PR variation (P¼ 0.004) as a

continuous variable were associated with an increased risk of AF. Cox

regression analysis showed that prolonged PR interval (hazard

ratio¼ 3.321, 95% CI 1.064–10.362, P¼ 0.039) and PR variation

(hazard ratio¼ 1.013, 95% CI 1.002–1.024, P¼ 0.022) were indepen-

dent predictors for new-onset AF. However, PR variation and prolonged

PR interval were not associated with all-cause mortality (P¼ 0.465 and

0.774, respectively).

PR interval variation and prolonged PR interval are independent risk

factors for new-onset AF in patients with frequent PACs. However we

were unable to determine a cut-off value of PR interval variation for

new-onset AF.

(Medicine 95(14):e3249)
eung-Jung Park, M n On, MD,
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miR = microRNA, PACs = premature atrial contractions, PRa =

adjusted PR interval, ROC = receiver operating characteristic,

RyR2 = type 2 ryanodine receptor.

INTRODUCTION

A trial fibrillation (AF) is the most common cardiac arrhyth-
mia requiring medical therapy.1 However, AF is often

asymptomatic and is frequently diagnosed for the first time
upon admission for stroke management.2 Indeed, it has been
reported that episodes of silent AF were associated with a
significantly increased risk of silent cerebral infarct and stroke.3

AF is an atrial arrhythmic disease with a multifactorial
pathophysiology.4,5 Several studies have reported that pro-
longed PR interval and frequent premature atrial contractions
(PACs) are associated with AF.6–9 The autonomic nervous
system (ANS) has also been reported to be associated with
AF, and both the sympathetic and parasympathetic nervous
systems have pro-arrhythmic effects and play an important role
in the genesis of AF.10–14 One prospective study reported that
the standard deviation of RR interval before the onset of AF was
significantly greater in patients with AF than in controls.13 This
indicates that autonomic fluctuation was more prominent in
patients with AF. As autonomic tone affects the heart rate (HR),
and there is an inverse relationship between HR and PR inter-
val,15,16 we hypothesized that the greater the changes in PR
interval, the greater the likelihood of AF. The purpose of this
study was to investigate the correlation between PR interval
variation and new occurrence of AF in patients with frequent
PACs.

METHODS

Study Population
We retrospectively enrolled consecutive patients who

underwent 24-hour Holter monitoring between April 1999
and June 2008. Frequent PACs were defined as >100 PACs/
day during 24-hour Holter monitoring. Among the 2713 patients
who underwent 24-hour Holter monitoring, 967 patients with
>100 PACs were identified. To estimate sufficient PR interval
variation, we enrolled patients who had undergone electrocar-
diography (ECG) 4 times or more with an interval of at least 1
month during the follow-up period. The exclusion criteria were
previously documented AF or atrial flutter, structural heart
disease, history of congestive heart failure, high-grade atrio-
ventricular block, pacemaker or implantable cardioverter defi-
brillator, rheumatic heart disease, moderate to severe heart valve
disease, and any mechanical or bioprosthetic heart valve. We
who had taken any antiarrhythmic drug
e who had taken amiodarone within the
24-hour Holter monitoring. This study
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(5.6� 1.5 vs 6.0� 1.7, P¼ 0.389, respectively). The number of
PACs, initial PR interval, maximum PR interval, and minimum
PR interval were also not significantly different between the

TABLE 1. Baseline Characteristics of the Study Population

Variable Total Patients (n¼ 207)

Male 102 (49.3)
Age (year) 64.8� 12.0
Weight (kg) 62.9� 11.0
BMI (kg/m2) 24.0� 3.4
DM – n (%) 43 (20.8)
Hypertension – n (%) 121 (58.5)
Dyslipidemia – n (%) 17 (8.2)
Coronary artery disease – n (%) 35 (16.9)
PAC (beats/day) 2640 (1132–5319)
PR interval (ms) 170 (154–183)
Prolonged PR interval – n (%) 21 (10.1)
Maximum PR interval (ms) 188 (174–208)
Minimum PR interval (ms) 158 (144–172)
PR variation (ms) 29 (20–41)
Adjusted PR interval (ms)

�
168 (155–181)

Adjusted PR variation (ms) 28 (18–39)
Frequency of ECG 5.6� 1.6
Duration of follow-up (years) 8.3 (5.3–10.8)

BMI¼ body mass index, DM¼ diabetes mellitus, ECG¼
electrocardiography, HR¼ heart rate, PAC¼ premature atrial contrac-
tion, PRa¼ adjusted PR interval.
received institutional review board approval, and informed
consent was waived for this retrospective study.

Analysis of ECGs and 24-Hour Holter
Monitoring

We analyzed all 12-lead ECGs that were performed after
baseline 24-hour Holter monitoring. The PR interval was
automatically measured by the ECG system. If the PR interval
was not measured automatically, the PR interval was manually
measured using customized software (Cardio Calipers, version
3.3, Iconico Inc, New York, NY) in lead II. All 24-hour Holter
monitoring data was analyzed to determine the frequency of
PACs and the presence of other arrhythmia, by 2 independent
cardiologists. Patients with insufficient 24-hour Holter monitor-
ing data were excluded.

Definitions of Parameters
The maximum PR interval was defined as the longest PR

interval among ECGs that were performed from the initial
Holter monitoring date to the last follow-up date. The minimum
PR interval was defined as the shortest PR interval among ECGs
that were performed from the initial Holter monitoring date to
the last follow-up date. The PR interval variation was calculated
by subtracting the minimum PR interval from the maximum PR
interval. A prolonged PR interval was defined as one longer than
200 ms based on initial ECG that was examined when initial
Holter monitoring was performed. The PR interval was adjusted
using an age- and rate-adjusted formula that was previously
reported.16 Adjusted PR interval was calculated according to
the age- and rate-adjusted formula: adjusted PR interval
(PRa)¼PR þ 0.26 (HR – 70) for age group <60 years, and
PRa¼ PR þ 0.42 (HR – 70) for age group 60 years or older.

Study Design and End Point
Demographic data, cardiovascular risk factors, medi-

cations, and indication for 24-hour ECG monitoring were
analyzed by medical records review. We divided all patients
into 2 groups according to the best cut-off value of the PR
variation-selected receiver operating characteristic (ROC) curve
analysis between PR variation and new-onset AF. The primary
end point was new occurrence of AF, and the secondary end
point was death from any cause. New occurrence of AF and
death were evaluated from medical records of our hospital. New
occurrence of atrial fibrillation was defined as AF documented
by 12-lead electrocardiogram or Holter monitoring during
follow-up.

Statistics
Continuous variables are expressed as the mean� standard

deviation or median and interquartile range. Categorical vari-
ables are expressed as frequency and percentage. ROC curve
analysis was used to select the cut-off value between PR interval
variation and new occurrence of AF. To evaluate differences
according to new occurrence of AF and all-cause mortality, we
used Student’s unpaired t-test for normally distributed data and
a Mann-Whitney test for skewed data. Categorical variables
were analyzed with a chi-square test or Fisher’s exact test. Cox
regression analysis was used to calculate the hazard ratio and
95% confidence interval of new onset AF and all-cause

Chun et al
mortality. Calculations were performed using SPSS software
(SPSS for Windows, version 20.0, IBM Corp., Armonk, NY).
A P value of< 0.05 was considered to be significant.

2 | www.md-journal.com
RESULTS
Among the 967 patients with>100 PACs/day, 283 patients

were excluded according to the following exclusion criteria:
133 patients had previously documented AF or atrial flutter,
74 patients had structural heart disease, 18 patients had per-
manent pacemakers, and 58 patients were lost to follow-up. Of
these 684 patients, 477 patients who underwent ECG fewer than
4 times were excluded. Ultimately, a total of 207 patients were
analyzed in this study.

Baseline Clinical Characteristics of the Study
Population

Among the total pool of patients, the mean age was
64.8� 12.0 years, and 102 patients (49.3%) were male
(Table 1). The median number of PACs was 2640 beats/day
(interquartile range [IQR]: 1132–5319 beats/day). The median
PR interval was 170 ms (IQR: 154–183 ms), and 21 patients
(10.1%) had prolonged PR interval. The mean PR variation was
34.4� 25.8 ms; median PR variation was 29.0 ms (IQR: 20.0–
41.0 ms). The mean frequency of ECG examination was
5.6� 1.6.

Baseline Clinical Characteristics According to
New-Onset AF

During a median follow-up of 8.3 years, 24 patients
(11.6%) developed new-onset AF. The clinical characteristics
according to new-onset AF are summarized in Table 2 (AF [�],
group A vs AF [þ], group B). Frequency of ECG examination
was not significantly different between group A and group B

Medicine � Volume 95, Number 14, April 2016
�
Age- and rate-adjusted PR interval formula: PRa¼PR þ 0.26

(HR – 70) for age group younger than 60 years and PRa¼PR þ
0.42 (HR – 70) for age group 60 years or older.
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However, as a categorical variable, PRlong was not associated
with new-onset AF in Cox regression analysis (HzR¼ 1.974,
95% CI 0.845–4.612, P¼ 0.116).

TABLE 2. Clinical Characteristics of Patients According to the New Occurrence of Atrial Fibrillation

Variable AF Occurrence

No (n¼ 183) Yes (n¼ 24) P Value

Male 90 (49.2) 12 (50.0) 0.940
Age (year) 64.3� 12.2 68.6� 9.1 0.135
Weight (kg) 62.8� 11.2 63.5� 9.5 0.783
BMI (kg/m2) 24.0� 3.5 24.4� 2.9 0.596
DM – n (%) 39 (21.3) 4 (16.7) 0.790
Hypertension – n (%) 104 (56.8) 17 (70.8) 0.191
Dyslipidemia – n (%) 16 (8.7) 1 (4.2) 0.699
Coronary artery disease – n (%) 33 (18.0) 2 (8.3) 0.383
PAC (beats/day) 2861 (1146–5510) 1743 (1021–3789) 0.131
Top quartile of PAC – n (%) 47 (25.7) 3 (12.5) 0.156
PR interval (ms) 170 (154–181) 171 (135–203) 0.820
Prolonged PR interval – n (%) 15 (8.2) 6 (25.0) 0.021
Maximum PR interval (ms) 188 (174–205) 195 (175–244) 0.056
Minimum PR interval (ms) 157 (148–171) 160 (132–180) 0.969
PR variation (ms) 28 (19–40) 38 (26–62) 0.004
Long PR variation (PRlong) – n (%)

�
55 (30.1) 13 (54.2) 0.018

Adjusted PR variation (ms) 27 (18–38) 34 (23–61) 0.020
Long adjusted PR variation – n (%) 63 (34.4) 14 (58.3) 0.025
Frequency of ECG 5.6� 1.5 6.0� 1.7 0.389
Duration of follow-up (y) 8.1 (5.0–10.6) 9.4 (7.1–11.5) 0.023

itus
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2 groups. However, the proportion of prolonged PR interval was
significantly higher in group B (P¼ 0.021), and PR interval
variation was significantly longer in group B (P¼ 0.004).
Duration of follow-up was significantly longer in group B than
in group A (9.4 years [IQR: 7.1–11.5 years] vs 8.1 years [IQR:
5.0–10.6 years], P¼ 0.023, respectively).

ROC Analysis of PR Interval Variation According
to New-Onset AF

ROC analysis for PR interval variation as a predictor of
new-onset AF revealed an area under the curve of 0.679
(P¼ 0.004, Figure 1). A best PR interval variation cut-off value
of 36.5 resulted in a sensitivity and specificity for new-onset AF
of 54.2% and 69.9%, respectively. Table 3 summarizes the
baseline clinical characteristics of the study population accord-
ing to the cut-off value of PR variation (PR variation� 36.5 ms
[PRshort] vs PR variation > 36.5 ms [PRlong]). Age, gender, and
cardiovascular risk factors were not significantly different
between the PRshort and PRlong groups. The drug history affect-
ing the PR interval also was not significantly different between
the 2 groups. The proportion of prolonged PR interval, maxi-
mum PR interval, and PR variation were greater in the PRlong

group (P¼ 0.044, P< 0.001, and P< 0.001, respectively). The
duration of follow-up did not differ between the PRshort and
PRlong groups (P¼ 0.340).

Risk Factors for AF
Univariate analysis showed that prolonged PR interval

(P¼ 0.021), PR (P¼ 0.018), and PR variation (P¼ 0.004)

AF¼ atrial fibrillation, BMI¼ body mass index, DM¼ diabetes mell�
PRlong was defined as the PR interval variation >36.5 ms.
long

were associated with increased risk of AF. Kaplan–Meier
estimates of new-onset AF-free survival according to PR vari-
ation are presented in Figure 2 (log rank P¼ 0.034). Cox

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
regression analysis showed that prolonged PR interval (hazard
ratio [HzR]¼ 3.321, 95% CI 1.064–10.362, P¼ 0.039) and PR
variation (HzR¼ 1.013, 95% CI 1.002–1.024, P¼ 0.022) were
independent predictors for the new occurrence of AF (Table 4).

, ECG¼ electrocardiography, PAC¼ premature atrial contraction.
FIGURE 1. ROC curve of PR interval to predict new-onset
AF. AF¼ atrial fibrillation, AUC¼ area under the curve, ROC¼
Receiver operating characteristic.
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important pathophysiological mechanisms in AF genesis.4,5

Previous studies have revealed that atrial reverse remodeling
can prevent AF development.17,18 Electrical alterations are

TABLE 3. Baseline Characteristics of the Study Groups

Variable Short PR Variation (PRshort, n¼ 139) Long PR Variation (PRlong, n¼ 68) P Value

Male 70 (50.4) 32 (47.1) 0.655
Age (year) 63.8� 12.5 66.9� 10.7 0.090
Weight (kg) 62.9� 10.9 62.9� 11.1 0.953
BMI (kg/m2) 23.9� 3.3 24.2� 3.7 0.628
DM – n (%) 29 (20.9) 14 (20.6) 0.963
Hypertension – n (%) 79 (56.8) 42 (61.8) 0.499
Dyslipidemia – n (%) 12 (8.6) 5 (7.4) 0.753
Coronary artery disease – n (%) 25 (18.0) 10 (14.7) 0.554
Medication

Beta blocker – n (%) 24 (17.3) 12 (17.6) 0.946
Calcium channel blocker – n (%) 31 (22.3) 15 (22.1) 0.968
ACE inhibitor – n (%) 10 (7.2) 5 (7.4) 1.000
ARB – n (%) 22 (15.8) 12 (17.6) 0.740
Diuretics – n (%) 7 (5.0) 2 (2.9) 0.721
Statin – n (%) 18 (12.9) 6 (8.8) 0.384
Digitalis – n (%) 0 (0.0) 0 (0.0) –

PR interval (ms) 169 (155–180) 171 (150–186) 0.929
Prolonged PR interval – n (%) 10 (7.2) 11 (16.2) 0.044
PR variation (ms) 22 (16–29) 52 (41–63) <0.001
Maximum PR interval (ms) 184 (170–192) 210 (189–233) <0.001
Minimum PR interval (ms) 158 (148–172) 157 (132–173) 0.113
PAC (beats/day) 2224 (1070–5043) 3043 (1296–7406) 0.028
Frequency of ECG 5.4� 1.5 6.0� 1.7 0.037
Duration of follow-up (y) 7.6 (5.0–10.8) 8.7 (6.3–10.7) 0.340

ept

TABLE 4. Multivariate Analysis of the New Occurrence of
Atrial Fibrillation

Chun et al Medicine � Volume 95, Number 14, April 2016
Risk Factors of All-Cause Mortality
During the follow-up period, the overall mortality rate was

12.6% (26/207). Table 5 presents the clinical characteristics of
patients with or without mortality. Patients who developed
mortality were significantly older (73.4� 8.4 vs 63.6� 11.9,
P< 0.001). Male gender was numerically but not significantly
higher in patients with mortality (65.4 vs 47.0%, P¼ 0.079).
Prolonged PR interval, PR variation, PRlong, top quartile of
PAC, and new onset AF were not significantly different
between patients with and those without mortality. Cox

ACE¼ angiotensin converting enzyme, ARB¼ angiotensin rec
ECG¼ electrocardiography, PAC¼ premature atrial contraction.
regression analysis showed that age (HzR¼ 1.111, 95% CI
1.058–1.167, P< 0.001) was an independent predictor for
all-cause mortality (Table 6).

FIGURE 2. Kaplan–Meier estimate of new-onset AF-free survival
in patients with frequent PACs. AF¼ atrial fibrillation, PACs¼
premature atrial contractions.

4 | www.md-journal.com
DISCUSSION
Atrial electrical and structural remodeling are the most

or blocker, BMI¼ body mass index, DM¼ diabetes mellitus,
Variable HR (95% CI) P Value

Model 1
Male gender 1.095 (0.437–2.743) 0.847
Age 1.044 (0.996–1.095) 0.073
DM 0.726 (0.235–2.246) 0.579
Hypertension 1.189 (0.452–3.127) 0.726
Prolonged PR interval 3.321 (1.064–10.362) 0.039
PR variation 1.013 (1.002–1.024) 0.022
Top quartile of PAC 0.369 (0.099–1.379) 0.138

Model 2
Male gender 0.916 (0.379–2.216) 0.846
Age 1.034 (0.988–1.083) 0.145
DM 0.643 (0.213–1.942) 0.433
Hypertension 1.446 (0.550–3.802) 0.455
Prolonged PR interval 3.310 (1.115–9.821) 0.031
Adjusted PR variation 1.022 (1.002–1.043) 0.032
Top quartile of PAC 0.416 (0.123–1.410) 0.159

CI¼ confidence interval, DM¼ diabetes mellitus, HR¼ hazard ratio,
PAC¼ premature atrial contraction.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 5. Clinical Characteristics of Patients With or Without Mortality

Death

Variable No (n¼ 181) Yes (n¼ 26) P Value

Male 85 (47.0) 17 (65.4) 0.079
Age (y) 63.6� 11.9 73.4� 8.4 <0.001
Weight (kg) 62.9� 10.7 63.0� 13.1 0.969
BMI (kg/m2) 24.0� 3.3 23.8� 4.0 0.650
DM – n (%) 36 (19.9) 7 (26.9) 0.408
Hypertension – n (%) 103 (56.9) 18 (69.2) 0.233
Dyslipidemia – n (%) 14 (7.7) 3 (11.5) 0.454
Coronary artery disease – n (%) 30 (16.6) 5 (19.2) 0.780
PAC (beats/day) 2461 (1098–5324) 3198 (1433–6119) 0.299
Top quartile of PAC – n (%) 44 (24.3) 6 (23.1) 0.891
PR interval (mm) 169 (154–181) 173 (154–188) 0.323
Prolonged PR interval – n (%) 16 (8.8) 5 (19.2) 0.154
PR variation (ms) 30 (20–41) 27 (23–39) 0.977
Long PR variation (PRlong) – n (%)

�
61 (33.7) 7 (26.9) 0.491

New onset AF 20 (11.0) 4 (15.4) 0.514

itus
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related to abnormalities in ionic channel currents and intra-
cellular Ca2þ handling.19,20 Intracellular Ca2þ handling in AF
patients is related to increased sarcoplasmic Ca2þ leakage via
the type 2 ryanodine receptor (RyR2), which is a specific
molecular target of oxidative stress that is fundamental in the
development of AF.21–23 microRNA (miR)-mediated post-tran-
scriptional regulation of RyR2 is a potential mechanism of
paroxysmal AF pathogenesis, and miRs activation and expres-
sion patterns are correlated with cardiac electrical and fibrotic
remodeling.24–28 For these reasons, miRs have been used as AF
biomarkers in patients treated with catheter ablation.27–29

The ANS plays an important role in initiation and main-
tenance of atrial fibrillation including atrial electrical remodel-
ing.10,11,30,31 Yang et al31 showed that increased vagal activity
promotes rapid atrial pacing-induced atrial effective refractory
periods shortening, which could be blocked by the combination
of atropine and a vasoactive intestinal polypeptide antagonist.
Most studies that have evaluated the presence of autonomic
variation preceding AF used the time and frequency domain

AF¼ atrial fibrillation, BMI¼ body mass index, DM¼ diabetes mell�
PRlong was defined as the PR interval variation >36.5 ms.
parameters of heart rate variability (HRV).11,13,32,33 HRV is a
method that quantitatively measures the balance between sym-
pathetic and parasympathetic activation.34,35 These studies

TABLE 6. Multivariate Analysis of All-Cause Mortality

Variable HR (95% CI) P Value

Male gender 2.378 (0.976–5.792) 0.056
Age 1.111 (1.058–1.167) <0.001
DM 1.273 (0.502–3.227) 0.611
Hypertension 0.878 (0.351–2.196) 0.781
Prolonged PR interval 0.843 (0.263–2.700) 0.774
PR variation 0.993 (0.974–1.012) 0.465
Top quartile of PAC 1.426 (0.425–4.787) 0.566

CI¼ confidence interval, DM¼ diabetes mellitus, PAC¼ premature
atrial contraction.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
revealed that both a linear decrease in mean RR interval and
a linear increase in the low/high frequency ratio followed by a
sharp decrease immediately before AF were observed before the
onset of AF.32,33 This suggests a primary increase in sympath-
etic activity followed by a significant shift toward vagal
predominance before the onset of AF.

PR interval is also highly affected by the ANS.36–40

Sympathetic nerve activation results in a decrease of PR inter-
val, whereas parasympathetic nerve activation results in an
increase of PR interval. Pirola and Potter37 reported that the
increase in PR interval in response to vagal stimulation is well
correlated with vagal stimulation frequency and can be regarded
as linear. Therefore, PR interval could vary between instances
of performing ECG, according to ANS activation.

The main finding of our study is that the greater the PR
interval variation, the greater the risk of AF, in patients with
frequent PACs. Even though multivariate analysis including the
PR variation expressed as a categorical variable did not find any
correlation between long PR variation and new-onset AF, PR
variation as a continuous variable was an independent risk
factor for new-onset AF. This could be interpreted to indicate
that as a greater autonomic variation is noted, the risk of AF
increases. In other words, abnormalities in the ANS accentuate
PR interval variation and increase the risk of AF. In our study,
prolonged PR interval was also associated with new-onset AF.
This result is consistent with previous studies.8,9,41 In fact, our
study population is not a general population. All patients had
>100 PACs/day. Two prospective studies reported that frequent
PACs is an independent risk factor of new-onset AF.7,42 How-
ever, the daily PAC burden was not associated with new-onset
AF in our study. In 2 previous studies, frequent PACs were
defined as >100 and >720 PACs/day (fourth quartile), respect-
ively.7,42 The median value of PACs in our study was
2640 PACs/day. This is higher than in the previous studies,
indicating that our study population might be susceptible to AF.

, PAC¼ premature atrial contraction.
This susceptibility of our study population to AF might be a
cause of the difference in the result about the association
between PAC burden and AF development between our and

www.md-journal.com | 5



previous studies. Regarding all-cause mortality, there was no
association between it and PR variation in patients with frequent
PACs. There have been several studies reporting an association
between the ANS and ventricular arrhythmia causing sudden
cardiac death.43,44 Increased sympathetic or reduced vagal
activity plays an important role in ventricular arrhythmia. Priori
et al45 showed that sympathetic nerve stimulation, especially
left stellate ganglion stimulation, caused delayed afterdepolar-
izations, suggesting triggered activity as the mechanism of
ventricular arrhythmogenesis. Both sympathetic and vagal acti-
vation were necessary to increase PR interval variation. This
discrepancy might be one of the potential causes for the lack of
relationship seen between PR interval variation and all-
cause mortality.

This study has several limitations. First, this study was a
retrospective observational study. Therefore, we cannot fully
control for confounding factors such as frequency of ECG and
daily PAC burden, even though there was no statistically
significant difference between patients with and those without
new-onset AF. We also could not control for the intervals
between ECGs performed during follow-up periods. Second,
drug history potentially affecting PR interval was not evaluated
at each time that an ECG was performed, although it was not
significantly different at the date of initial 24-hour Holter
monitoring. For example, although there was no statistically
significant difference between the study groups, we could not
completely capture patient history of drugs that might affect PR
interval, such as beta blockers and calcium channel blockers.
Third, although we define the threshold number for frequent
PACs base on the previous study, it was arbitrary. Fourth, a
24-hour Holter monitor was used to determine PAC burden. A
longer duration of monitoring might be preferable because of
day-to-day variability in PAC frequency, especially in the
presence of a frequent PAC burden of >100 PACs/day. When-
ever feasible, ambulatory monitoring for at least 48 hours is
preferable. Fifth, the duration of follow-up was 5 to 11 years in
this study. As PR interval increased with age, the PR interval
should be adjusted by age. Although we adjusted the PR interval
according to HR and age, the adjustment of PR interval might be
insufficient because patients were divided into only 2 groups on
the basis of age. Sixth, our study patients had >100 PACs/day.
Among a total of 2713 patients who underwent 24-hour Holter
monitoring during the enrollment period, only 967 patients
(35.6%) had >100 PACs/day. This indicates that our study
patients are not a general population. Therefore, our findings
should be interpreted with caution. Finally, patients that devel-
oped AF had an average of an additional 1.3 years of follow-up.
Although there is the possibility that this extra follow-up time
allowed for the diagnosis of AF, this longer duration of follow-
up might be caused by treatment of AF.

In conclusion, our findings indicate that the greater the PR
interval variation, the greater the risk of AF in patients with
frequent PACs. However, PR interval variation was not associ-
ated with all-cause mortality in these patients. Further large-

Chun et al
scale, randomized prospective studies are needed to verify our

results and to determine the cut-off value of PR interval
variation.
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