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Abstract
The long-term clinical impact of premature ventricular complexes (PVCs) on mortality and morbidity has not been fully studied. This
study aimed to investigate the association between the burden of PVCs and adverse clinical outcome.
A total of 5778 subjects, who were pacemaker-free and ventricular tachycardia-free at baseline, received 24-hour

electrocardiography monitoring between January 1, 2002 and December 31, 2004. Clinical event data were retrieved from the
Bureau of National Health Insurance of Taiwan. Multivariate Cox hazards regression models and propensity-score matching were
applied to assess the association between PVCs and adverse clinical outcome.
Average follow-up time was 10±1 year. In all, 1403 subjects expired, 1301 subjects were hospitalized in the cardiovascular (CV)

ward, 3384 were hospitalized for any reason, and 631 subjects developed new-onset heart failure (HF). The optimal cut-off PVC
frequency (12 beats per day) was obtained through receiver operator characteristic curves, with a sensitivity of 58.4% and specificity
of 59.8%. Uponmultivariate analysis, a PVC frequency>12 beats per day was an independent predictor for all mortality (hazard ratio
[HR]: 1.429, 95% confidence interval [CI]: 1.284–1.590), CV hospitalization (HR: 1.127, 95% CI: 1.008–1.260), all-cause
hospitalization (HR 1.094, 95% CI: 1.021–1.173), and new-onset HF (HR: 1.411, 95% CI: 1.203–1.655). Subjects with a PVC
frequency>12 beats per day had an increased risk of cardiac death attributable to HF and sudden cardiac death. The incidence rates
for mortality and HF were significantly increased in cases of raised PVC frequency. Propensity-score matching analysis also echoed
the main findings.
Increased PVC burden was associated with a higher incidence of all-cause mortality, CV hospitalization, all-cause hospitalization,

and new-onset HF which was independent of other clinical risk factors.

Abbreviations: ACEI = angiotensin-converting enzyme inhibitors, AF = atrial fibrillation, ARB = angiotensin II receptor blockers,
CCHIA = Collaboration Center of Health Information Application, CV = cardiovascular, ECG = electrocardiography, HF = heart
failure, HR = hazard ratio, PVC = premature ventricular complex, ROC = receiver operator characteristic.
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1. Introduction

A premature ventricular complex (PVC) is an early depolariza-
tion of ventricular myocardium. PVCs are common findings on
electrocardiography (ECG) in the general population and are
associated with structural heart disease and increased risk of
sudden cardiac death.[1,2] The effect of PVC frequency on the
incidence of congestive heart failure (HF) or mortality from
PVCs, in the general population, remains unknown. Reports
have suggested that frequent PVCs increase the risk of sudden
cardiac death, cardiovascular (CV) events, and left ventricular
systolic dysfunction.[3–11] The definition of high frequency PVCs
can vary from 10,000 to 20,000PVCs/day based on the
particular study consulted.[11–13] Because of the pervasiveness
of PVCs in the general population,[2,14] it is important to
understand the association between PVC frequency and clinical
outcome.
The aim of this study was to determine the optimal cut-off of

PVC frequency for predicting mortality. In addition, this
study sought to assess the impact of low frequency PVCs, based
on 24-hour ECG monitoring, on mortality, CV hospitalization,
all-cause hospitalization, and HF during long-term clinical
follow-up.
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2. Methods

2.1. Study design

The Institutional Review Board at Taipei Veterans General
Hospital, Taipei, Taiwan approved this study (VGH-IRB
Number: 2013-08-002AC#1). This retrospective, observational
study was based on the Registry of 24-hour Electrocardiographic
Monitoring at Taipei Veterans General Hospital (REMOTE
database). The study population included consecutive clinic
patients who received 24-hour ECGmonitoring between January
1, 2002 and December 31, 2004.
2.2. Subjects

The indication for 24-hour Holter monitoring included palpi-
tations, syncope, and clinical follow-up. The International
Classification of Diseases, Ninth Revision codes were used to
code baseline diseases present before enrollment. Variables
(including comorbidities and medications) were collected from
diagnoses of hospital discharge, outpatient department, emer-
gency department visits, and the Collaboration Center of Health
Information Application (CCHIA), Ministry of Health and
Welfare in Taiwan. The diagnoses used for analysis were
recorded twice in the outpatient department records, or at least
once in the discharge summary. Patients with sustained
ventricular tachycardia, permanent pacemaker, or history of
catheter ablation were excluded. The final cohort included 5778
patients for analysis. Baseline disease was confirmed by history
and physical examination, and medical record review. The
methodology was validated in previous publications.[15–17]
2.3. Risk factors/variables

Data were collected based on demographic characteristics (age
and gender) from the medical records. Target comorbidities, such
as diabetes mellitus, hypertension, coronary artery disease, HF,
chronic kidney disease, liver disease, history of myocardial
infarction, and valvular heart disease, were determined using the
International Classification of Diseases, Ninth Revision codes
from the medical charts at the time of examination. All target
comorbidities were confirmed based on verification of the
medical records. Left ventricular ejection fraction data were
collected from the echocardiography report in every documented
HF patient. The New York Heart Association functional
classification and medication data were determined from the
medical and nursing charts. Baseline atrial fibrillation (AF) was
based on baseline 12-lead ECG or on baseline Holter monitoring.
The use of antiarrhythmic drugs (class I or III) and antihyperten-
sive medication (including beta-blockers, calcium channel block-
ers, angiotensin-converting enzyme inhibitors [ACEI]/
angiotensin II receptor blockers [ARB], diuretics, and alpha-
blockers) was determined by medical chart review. All target
comorbidities were validated by physical examination, physician
report, medical record review, and CCHIA.
2.4. Follow-up and event determination

Patients with regular medication received regular follow-up at 1
to 3 month intervals. Patients without regular medication
received follow-up every year or after new events depending
on the clinical course. The follow-up data were retrieved from
Taipei Veterans General Hospital, Taiwan National Health
Insurance Research Database, and the database of the CCHIA
2

which had been previously validated. The primary
endpoint of this study was all-cause mortality. The secondary
endpoints were hospitalization for CV-related conditions,
all-cause hospitalization, new-onset AF, and new-onset
HF. Mortality data were retrieved from the CCHIA and
further confirmed by linking with the National Death
Registry.[19] New-onset HF and new-onset AF were identified
and validated by echocardiographic result and ECG report.
Follow-up was defined from the beginning of the registry to
February 28, 2013.
2.5. PVC assessment

The details of Holter monitoring (Medilog FD4, Oxford
Instruments) were reported in the previous publication.[17] The
sampling rate was 2048Hz. PVC was identified by a simulta-
neous 3-channel 24 hour Holter monitoring and manually edited
by 2 experienced technicians. All the arrhythmic episodes and
unknown strips were reviewed by 2 cardiologists again and
confirmed by 1 cardiac electrophysiologist.
2.6. Statistical analysis

All analyses were performed using SPSS statistical software,
version 20.0. Baseline patient characteristics are reported as
means± standard deviations for continuous variables, and as
percentages for categorical variables. Receiver operator charac-
teristic (ROC) curves and areas under the curves (AUCs) were
analyzed to determine the optimal cut-off point for all-cause of
death (Youden index). The final result of the ROC indicated an
optimal cut-off point of 12 PVCs in a 24-hour ECG monitoring
period (12 PVCs per day) as a predictor for adverse outcome.
Baseline characteristics between the 2 groups (PVC frequency
>12/day and ≦12/day) were compared using Student t test for
continuous variables. The chi-square test with Yates correction
was used to analyze the categorical variables.
Crude event rates from the 10-year Kaplan–Meier survival

curves were compared between the 2 groups using the log-rank
test for a given endpoint.
The relative risk for a given endpoint associated with PVC

burden was estimated by calculating the hazard ratio (HR) using
a Cox proportional hazards regression model. This model was
run for all parameters that had a P-value<0.05 at baseline (ie,
age, gender, hypertension, coronary artery disease, previous
myocardial infarction, diabetes mellitus, valvular heart disease,
HF, and medication with ACEI/ARB or diuretics). Comparisons
between the 2 groups for cause of death were performed using the
chi-square test for categorical variables. The HRs of PVCs in
different subgroups of patients with individual risk factors are
shown in a forest plot (Fig. 1). Propensity-score matching by
nearest-neighbor matching was also used to control all
confounders.[20,21] A Cox proportional hazards model was
applied to examine the risk of frequent PVCs. To determine
whether inclusion of PVCs in the model improved the predictive
power, discrimination tests were performed with the integrated
discrimination index.[22,23] For the old model, markers for the
outcome (ie, age, gender, hypertension, coronary artery disease,
previous myocardial infarction, diabetes mellitus, HF, valvular
heart disease, and medication with ACEI/ARB or diuretics)
were used.
For the cumulative effect of PVC burden, patients were further

classified into no PVC group and PVC group. The PVC group
was further classified into 4 quartiles according to their PVC



Figure 1. Forest plot for subgroup analysis for all-cause mortality. CAD=
coronary artery disease, CI=confidence interval, DM=diabetes mellitus,
HTN=hypertension, SHD=structural heart disease, VHD=valvular heart
disease.

Table 1

Baseline characteristics of all patients.

PVC�12/day PVC>12/day

Baseline characteristics n=3386 n=2392 P

Age, mean±SDs 59.15±19.42 67.63±15.41 <0.001
Men 1910 (54.0) 1624 (67.9) <0.001
Cirrhosis 18 (0.5) 10 (0.5) 0.755
Old MI 13 (0.4) 20 (0.8) 0.025
Valvular heart disease 63 (1.9) 113 (4.7) <0.001
Atrial fibrillation 238 (7.0) 175 (7.3) 0.676
CV risk factor
Diabetes mellitus 302 (8.9) 291 (12.2) <0.001
Hypertension 1095 (32.3) 988 (41.3) <0.001
Hypercholesterolemia 306 (9.0) 232 (9.7) 0.394
Heart failure 131 (3.9) 193 (8.1) <0.001
LVEF 43.71±13.40 45.49±12.70 0.118
NYHA I 67 (52.8) 68 (54.0) 0.847
NYHA II 28 (22.0) 31 (24.6) 0.631
NYHA III 30 (23.6) 27 (21.4) 0.676
NYHA IV 2 (1.6) 0 (0.0) 0.157

Coronary artery disease 914 (27.0) 802 (33.5) <0.001
CKD 35 (1.0) 30 (1.3) 0.449

Medication 732 (18.6) 572 (24.0) 0.001
Antiarrhythmia

∗
40 (1.0) 32 (1.4) 0.736

Beta blocker 132 (3.8) 82 (3.4) 0.514
DH-CCB 244 (7.2) 202 (8.4) 0.229
NDH-CCB 118 (3.5) 110 (4.6) 0.134
ACEI/ARB 116 (3.4) 126 (5.3) 0.016
Diuretic 166 (4.9) 242 (10.2) <0.001
Alpha blocker 40 (1.2) 44 (1.8) 0.306

Values are number of events (%) unless otherwise indicated. ACEI=ACE inhibitors, ARB= angiotensin
II receptor blockers, CV=cardiovascular, CKD=chronic kidney disease, DH-CCB=dihydropyrimidine
calcium channel blockers, LVEF= left ventricular ejection fraction, MI=myocardial infarction, NDH-
CCB=nondihydropyridine calcium channel blocker, NYHA=New York Heart Association, PVC=
premature ventricular complex, SD= standard deviation.
∗
Class I or Class III antiarrhythmic drug.
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burdens. The 3 cut-off points for the PVC group were 25 quintile,
50 quintile, and 75 quintile. Comparisons among incidence of
mortality, all-caused hospitalization, CV hospitalization, and
new-onset HF were performed.
Figure 2. ROC curve survival analysis by PVC numbers. PVC indicates
premature ventricular complex. PVC=premature ventricular complex,
ROC=receiver operator characteristic.
3. Results

3.1. Baseline characteristics

All 5778 patients were followed up for 10±1 year by outpatient
clinical visits, emergency room visit records, hospitalization
medical records, and the CCHIA. During follow-up, 1403
(24.3%) patients expired, 1301 (22.5%) patients were hospital-
ized in the CVward, 3384 (58.6%) patients were hospitalized for
any reason, and 631 (10.9%) patients were newly diagnosed
with HF.
The optimal cut-off for PVC beats per 24hours for predicting

all-cause mortality was 12 PVCs per day, with a sensitivity of
58.3% and specificity of 59.8% (area under the ROC curve:
59.6%, Fig. 2).
The baseline characteristics of patients with or without

PVCs>12/day are presented in Table 1. Patients with PVCs>
12/day were generally older, male, with a higher incidence
of diabetes mellitus, hypertension, HF, coronary artery
disease, valvular heart disease, history of myocardial
infarction, and were prescribed more medications (ie,
ACEI/ARB or diuretics) compared with the group with
PVCs�12/day.
3
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Table 2

Ten-year event rates in patients with and without PVC more than 12 beats per day.

Outcomes PVC�12/day n=3386 PVC>12/day n=2392 Crude HR (95% CI) P Adjusted HR (95% CI) Adjusted P

All-cause death 637 (18.8) 776 (32.0) 1.868 (1.680–2.077) <0.001 1.429 (1.284–1.590)
∗

<0.001
All-cause hospitalization 1845 (54.5) 1539 (64.3) 1.315 (1.229–1.407) <0.001 1.094 (1.021–1.173)

∗
0.011

CV-cause hospitalization 661 (19.5) 640 (26.8) 1.426 (1.279–1.590) <0.001 1.127 (1.008–1.260)
∗

0.036
Subgroup of no HF n=3255 n=2199
New-onset HF 284 (8.7) 347 (12.8) 1.877 (1.6042.195) <0.001 1.411 (1.203–1.655)† <0.001

Values are number of events (%) unless otherwise indicated. ACEI=ACE inhibitors, ARB= angiotensin II receptor blockers, CI= confidence interval, CV= cardiovascular, HF=heart failure, HR=hazard ratio,
PVC=premature ventricular complex.
∗
HRs was adjusted for patient age, sex, hypertension, coronary artery disease, diabetes mellitus, previous myocardial infarction, valvular heart disease, heart failure, and medication with ACEI/ARB or diuretics.

† HRs was adjusted for patient age, sex, hypertension, coronary artery disease, diabetes mellitus, previous myocardial infarction, valvular heart disease, and medication with ACEI/ARB or diuretics.
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3.2. PVCs and long-term outcomes

Patients with PVCs>12/day had higher rates of all-cause
mortality, all-cause hospitalization, CV hospitalization, and
new-onset HF compared to patients with PVCs�12/day
(Table 2). After multivariate adjustment for baseline risk factors,
the clinical event rates remained higher in patients with PVCs>
12/day, with an estimatedHR (95% confidence interval) of 1.429
(1.284–1.590) for all deaths, 1.127 (1.008–1.260) for CV
hospitalization, 1.094 (1.021–1.173) for all-cause hospitaliza-
tion, and 1.411 (1.203–1.655) for new-onset HF.
Figure 3 shows the Kaplan–Meier survival curve, CV

hospitalization-free survival curve, and HF-free survival curve
in patients with or without PVCs>12/day. The patients with
PVCs>12/day had a higher incidence of adverse events.
A propensity score matched analysis was performed to control

for all confounders by nearest neighbor method. Table 3 shows
propensity-matched sample and baseline characteristics. A Cox
proportional hazards model was applied to examine the risk of
PVCs>12/day in the matched group (Table 4). The HR (95%
confidence interval) of PVCs>12/day group was 1.322 (1.125-
1.553) for all-cause death, 1.092 (0.99-1.205) for all-cause
Table 3

Baseline characteristics of all patients (propensity core matched).

Baseline characteristics PVC�12/day n=1330

Age, mean±SDs 64.81±16.82
Men 830 (62.4)
Cirrhosis 9 (0.7)
Old MI 6 (0.5)
Valvular heart disease 35 (2.6)
Atrial fibrillation 92 (6.9)
CV risk factor
Diabetes mellitus 140 (10.5)
Hypertension 505 (38.0)
Hypercholesterolemia 306 (9.0)
Heart failure 73 (5.5)
Coronary artery disease 383 (28.8)
CKD 14 (1.1)

Medication 276 (20.8)
Antiarrhythmia

∗
16 (1.2)

Beta blocker 46 (3.4)
DH-CCB 106 (8.0)
NDH-CCB 52 (3.9)
ACEI/ARB 50 (3.8)
Diuretic 86 (6.5)
Alpha blocker 16 (1.2)

Values are number of events (%) unless otherwise indicated. ACEI=ACE inhibitors, ARB= angiotensin II
calcium channel blockers, MI=myocardial infarction, NDH-CCB=nondihydropyridine calcium channel b
∗
Class I or Class III antiarrhythmic drug.
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hospitalization, 1.239 (1.059-1.448) for CV hospitalization, and
1.385 (1.105-1.736) for new-onset HF.
The 5778 patients were divided into no-PVC group and PVC

group. The PVC group was further divided to quartiles,
according to their PVC frequencies. Cut-off points for the 1st,
2nd, and 3rd quartiles were 3, 26, and 324 PVCs per day,
respectively. Subgroup comparisons for incidence of mortality
and new-onset HF are shown in Fig. 4. The incidence rates for
mortality and HF were significantly increased with increased
PVC frequency.

3.3. Discrimination

Markers were used for the outcome (ie, age, gender, hyperten-
sion, coronary artery disease, previous myocardial infarction,
diabetes mellitus, valvular heart disease, HF, and medication
with ACEI/ARB or diuretics) in our study as the old model. When
PVC was added to other variables for estimates of risk, the
integrated discrimination index was 0.0025 (P=0.0043) for
mortality, 0.0019 (P=0.0026) for CV hospitalization, and
0.0038 (P=0.00045) for new-onset HF.
PVC>12/day n=1330 P

64.85±16.76 0.947
822 (61.8) 0.780
6 (0.5) 0.437
8 (0.6) 0.790
33 (2.5) 0.902
90 (6.8) 0.939

149 (11.2) 0.575
484 (36.4) 0.400
232 (9.7) 0.394
77 (5.8) 0.737
393 (29.5) 0.670
19 (1.4) 0.381
278 (21.0) 0.949
14 (1.0) 0.796
48 (3.6) 0.883
110 (8.2) 0.844
66 (5.0) 0.357
62 (4.6) 0.418
82 (6.2) 0.825
16 (1.2) 1.000

receptor blockers, CV=cardiovascular, CKD=chronic kidney disease, DH-CCB=dihydropyrimidine
locker, PVC=premature ventricular complex, SD= standard deviation.



Figure 3. Kaplan–Meier curve of survival in patients with PVCs. Panel A shows Kaplan–Meier curve of survival in patients with PVC ≦12 beats per day or PVC>12
beats per day. Panel B shows Kaplan–Meier curve of CV hospitalization-free survival in patients with PVC ≦12 beats per day or PVC >12 beats per day. Panel C
shows Kaplan–Meier curve of occurrence of new-onset HF-free survival in patients with PVC ≦12 beats per day or PVC >12 beats per day. CV=cardiovascular,
HF=heart failure, PVC=premature ventricular complex.
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3.4. Cause of mortality analysis

Regarding analysis of all mortality, PVCs>12/day was associat-
ed with death due to infection and CV events (Fig. 5). When CV
events were further divided into myocardial infarction, HF, and
sudden cardiac death, PVC>12/day was associated with HF and
sudden cardiac death.
Table 4

Ten-year event rates in patients with and without PVC more than 12

Outcomes PVC�12/day n=1330 PVC>

All death 256 (19.3)
All-cause admission 288 (58.6)
CV-cause admission 575 (21.7)
Subgroup without HF n=1257
New-onset HF 131 (10.4)

Values are number of events (%) unless otherwise indicated. CI= confidence interval, CV= cardiovascu

5

4. Discussion

This study demonstrated that patients with a PVC frequency>12
per day were at increased risk for mortality, CV hospitalization,
and development of HFwhich was independent of gender, age, or
structural heart disease. Based on an analysis of all-cause
mortality, a PVC frequency >12 per day was associated with
beats per day (propensity matched).

12/day n=1330 Crude HR (95% CI) P

308 (23.1) 1.322 (1.125–1.553) 0.001
346 (61.4) 1.092 (0.990–1.205) 0.078
591 (26.0) 1.239 (1.059–1.239) 0.007
n=1253
177 (14.1) 1.385 (1.105–1.736) 0.005

lar, HF=heart failure, HR=hazard ratio, PVC=premature ventricular complex.
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Figure 4. Kaplan–Meier curve of quartile comparison. Panel A shows Kaplan–Meier curve of quartile comparison for all mortality. Panel B demonstrates
Kaplan–Meier curve of quartile comparison for CV hospitalization. Panel C shows Kaplan–Meier curve of quartile comparison for occurrence of new-onset HF. CV=
cardiovascular, HF=heart failure, PVC=premature ventricular complex.
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death due to infection and CV events, including HF and sudden
cardiac death. The incidence rates for mortality and HF were
significantly increased in patients with high PVC burden.
4.1. High PVC burden is associated with poor clinical
outcome

After adjusting for various potential confounding factors and
propensity score matching, we found that a PVC frequency >12
per day was associated with increased incidence of all-cause
mortality, CV hospitalization, and new-onset HF.
In a previous study,[3] the risks of cardiac death were

significantly increased in subjects (with or without baseline
coronary heart disease) with a PVC frequency >720 per day
6

(presence of PVCs on 2-minute rhythm strip) during a 6.3-year
follow-up. Another 16.4-year follow-up analysis of subjects from
the general population, without a history of stroke or coronary
heart disease, found that the presence of PVCs>720/day (presence
of PVC on 2-minute rhythm strip) correlated with sudden cardiac
death.[4] Abdalla et al[24] characterized PVCs (ie, 2 or more
uniform PVCs every 2 minutes) and their complexity (multiform,
pairs, runs, R-on-T) and reported that frequent or complex PVCs
placed the patient at a significantly increased risk of sudden cardiac
death during a 6.5-year follow-up study in healthy men.
Findings from both observational studies performed on the

general population and meta-analyses have indicated that
frequent PVCs were associated with a substantial increase in
the risk for CV events and poor prognosis and such results are



[25,26]

Figure 5. Cause of all-cause death.
∗
P<0.05. HF=heart failure, MI=

myocardial infarction, PVC=premature ventricular complex, SCD=sudden
cardiac death.
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compatible with our findings. However, one of the
limitations of these studies was the use of the 2-minute ECG
“rhythm strip,” the 12-second ECG, the 30-second ECG, and the
1-hour ECG which may not have been long enough to identify
patients with low frequency PVCs. Our study was based on 24-
hour Holter monitoring which can detect low frequency PVCs.
To the best of our knowledge, our study is the first to demonstrate
that low frequency PVCs based on Holter monitoring are
significantly associated with all-cause mortality and CV
hospitalization independent of gender, age, and structural
heart disease.
Early prevention and treatment of the diseases underlying low

frequency PVCs may alter the poor prognosis. Continuous
monitoring also plays an important role in follow-up, especially
in cases of HF or arrhythmia after specific treatment or
intervention.[27] Further studies investigating the effect of
ventricular arrhythmia burden (with or without medication)
using continuous monitoring is warranted.
4.2. Increased PVC burden contributes to HF

After adjusting for various potential confounding factors and
propensity score matching, we found that a PVC frequency >12/
day was associated with an increased incidence of new-onset HF.
In the quartile subgroup comparison, the incidence of HF
increased with PVC frequency to a greater extent than previously
reported.
Niwano et al[11] demonstrated progressive worsening of left

ventricular function in patients with PVCs >1000/day over a
follow-up period of 4 to 8 years. In addition, a significant
association between frequent PVCs and left ventricular dysfunc-
tion has been shown to exist in patients without structural heart
disease.[12] Reversal of left ventricular dysfunction was docu-
mented after ablation of PVCs.[28–35] PVC-induced cardiomyop-
athy was originally thought to be a type of tachycardia-induced
cardiomyopathy. We hypothesize that a low frequency of PVCs
will cause a vicious cycle that enhances the progressive
development of PVCs, called “PVC begets PVC”, which may
increase the frequency of PVCs and result in left ventricular
dysfunction. Regular follow-up with Holter monitoring in a PVC
patient without structural heart disease is warranted for early
treatment and prevention.
Calcium released from the sarcoplasmic reticulum is crucial for

excitation–contraction coupling. Previous data have demonstrat-
ed that an abnormality in RyR2, which is a calcium release
channel on cardiac sarcoplasmic reticulum, causes mitochondrial
calcium overload, oxidative stress, and worsening of HF or
cardiac arrhythmia.[36,37]
7

Changes in PVC frequency have been found in HF patients
under treatment, which might correlate with changes in the
perfusion state of the patient.[38] Thus, further prospective trials
with routine follow-up using Holter Monitoring may be
warranted.
4.3. PVC burden and cardiac death

Based on our results, patients with frequent PVCs have a greater
risk of cardiac death attributed to HF and sudden cardiac death.
High PVC burden has been shown to predispose to left
ventricular dysfunction in previous studies.[11,12,28,29,35] Our
study disclosed that a low frequency of PVCs also predisposes to
cardiac dysfunction. Patients with decreased left ventricular
function had a greater PVC burden than patients with normal left
ventricular function.[10,35] A low frequency of PVCs might beget
more PVC burden. Unexpected sudden cardiac death during
episodes of clinical worsening of HF accounts for approximately
one-third of deaths inHF patients.[39] The increase in incidence of
HF may contribute to sudden cardiac death, based on our study.
4.4. Ventricular arrhythmia mechanism

Cardiac arrhythmia is related to systemic oxidative stress, which
is associated with reactive oxygen species. The homeostasis of
cellular metabolism and ion channel was important in cardiac
cells. Reactive oxygen species are responsible for the regulation of
homeostasis in the excitable cardiac cell. Previous publication
suggested that cardiac arrhythmia is associated with cellular
reactive oxygen species through the effect on alteration in ion
channel, mitochondrial function, and gap junction.[40] Further-
more, Santulli et al[41] using knocking of single amino acid
missense mutations, provided strong genetic evidence supporting
a central role for mutant leaky RyR2 in the pathogenesis of
cardiac arrhythmias. In addition, recent studies showed the
microRNAs might play important roles in the adaptive process of
the failing heart and affect the treatment response of cardiac
arrhythmia via electrical membrane signaling and ion channel
activation.[42–44] A previous study also reported that metabolic
syndrome was associated with poor outcome after PVC
ablation.[45] This result emphasizes the role of metabolic,
inflammatory, and redox processes, and ionic channel conduc-
tion properties on cardiac arrhythmia. The above findings also
provide physicians with important information regarding clinical
evaluation of patients with PVCs. Further studies investigating
the role of metabolic, inflammatory, and redox processes, and
ionic channel function in generating cardiac arrhythmias are
warranted.
5. Limitations

Our study had several limitations. Our results may have been
related to the baseline conditions of the patients rather than to an
effect of PVC burden. Regarding baseline characteristics, the
patient group with PVC frequency >12/day was older,
predominantly male, and had a higher incidence of hypertension,
diabetes mellitus, coronary artery disease, valvular heart disease,
and previous myocardial infarction compared with the group
with a PVC frequency ≦12/day. In addition, there were more
deaths related to infection in the group with PVC frequency>12/
day. Although we used Cox regression hazard model and
propensity-matched adjustment for extensive risk to decrease the
effect of the potential confounders, selection bias may still have
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existed. In addition, the sensitivity and specificity were low in our
study population. Our study could not determine whether
treating or preventing PVCs would reduce adverse events.
Furthermore, our study population was not representative of the
general population. The study population had a higher CV risk
and was referred for cardiac symptoms in the initial setting.
Holter monitoring indication may stratify PVC frequency or
study outcomes. Additionally, the PVC burden may be higher in
the setting of subclinical heart disease. Frequent PVCs might be a
marker of an underdiagnosed physical condition that can lead to
ventricular dysfunction. Electrolyte disorder associated with the
side effects of several antihypertensive agents was not evaluated
in this study. Further prospective studies may be necessary before
applying these results to a clinical setting.

6. Conclusions

Elevated PVC burden was associated with a higher risk of
mortality, CV hospitalization, and new-onset HF, independent of
the clinical risk factors, in this ten years follow-up study.
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