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ABSTRACT
Objective To analyse the prevalence and heart rate 
variability (HRV) characteristics of premature ventricular 
contraction (PVC) detected by 24- hour Holter among 
Chinese outpatients with palpitations.
Design A cross- sectional study.
Setting This study was conducted in a tertiary hospital.
Participants A total of 4754 outpatients who received 
24- hour Holter for palpitations.
Main outcome measures Prevalence, HRV time- domain 
and frequency- domain analyses of 24- hour Holter, and 
echocardiographic parameters were assessed. Propensity 
score matching (PSM) was applied to balance baseline 
variables (age, gender) to decrease the bias between 
comparison groups.
Results The prevalence of PVC was 67.7% (3220/4754), 
and was higher in men than women (69.9% vs 66.0%, 
p=0.004); the prevalence of frequent PVCs (PVC 
burden≥5%) was 7.7% (368/4754). Older patients had the 
highest frequency of PVC among all patients. However, 
among 3220 patients with PVC, younger patients’ PVC 
burden was much higher. Matched 1:1 by age and gender, 
the HRV time- domain parameters in patients with PVC 
were all lower than those in patients without PVC (all 
p<0.05); for the HRV frequency- domain parameters, the 
patients with frequent PVCs had a higher low frequency/
high frequency (LF/HF) ratio (5.4 vs 2.8, p<0.001) than 
those with PVC burden less than 5%.
Conclusions The prevalence of PVC and frequent PVCs 
were 67.7% and 7.7%, respectively, detected by 24- 
hour Holter among Chinese outpatients with palpitations. 
Decreased HRV time- domain parameters suggested the 
occurrence of PVC, and increased LF/HF ratio represented 
the imbalance of autonomic nervous system in patients 
with frequent PVCs. Further studies are needed to 
understand the HRV indexes in PVC patients.

INTRODUCTION
Premature ventricular contraction (PVC) is 
the most common type of ventricular arrhyth-
mias. It has been reported that the prevalence 
of PVC is 1%–4% based on the detection 

of 12- lead electrocardiography (ECG) and 
40%–75% based on the 24- hour to 48- hour 
Holter monitoring in the general popula-
tion.1 2 However, most of the data on the char-
acteristics of PVC were obtained from the 
Western population. A recent cross- sectional 
study3 of 517 Japanese men showed that 429 
(83%) men had at least 1 PVC in 1 hour 
detected by 24- hour Holter. Hwang et al4 also 
investigated the clinical characteristics and 
features of frequent idiopathic PVCs in 666 
Korean participants. However, the frequency 
and characteristics of PVCs in the Chinese 
population have not yet been studied in large 
samples.

The autonomic nervous system is important 
in ventricular arrhythmias, including PVC 
and ventricular tachycardia.5 Heart rate vari-
ability (HRV) is a non- invasive marker used 
to estimate the modulation of cardiac auto-
nomic nerves, describing the oscillations 
between consecutive ECG R–R intervals. 
HRV is associated with age, circadian rhythm, 
exercise, respiratory rate, metabolic diseases 
and cardiovascular diseases.6–8 It has been 
shown to be an independent predictor of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is a cross- sectional study with a large sample 
size.

 ⇒ The heart rate variability parameters were used 
to evaluate cardiac autonomic tone, reflecting the 
interplay of sympathetic and parasympathetic ner-
vous systems.

 ⇒ Propensity score matching was applied to balance 
baseline variables (age, gender) to decrease the 
bias.

 ⇒ A single 24- hour Holter recording may not reflect the 
true premature ventricular contraction (PVC) burden 
because of the daily variability in PVC frequency.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7295-655X
http://dx.doi.org/10.1136/bmjopen-2021-059337
http://dx.doi.org/10.1136/bmjopen-2021-059337
http://dx.doi.org/10.1136/bmjopen-2021-059337
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-059337&domain=pdf&date_stamp=2022-08-02


2 Dong Y, et al. BMJ Open 2022;12:e059337. doi:10.1136/bmjopen-2021-059337

Open access 

cardiovascular risk.9 10 Tang et al11 reported using short- 
term HRV indexes to diagnose of cardiovascular auto-
nomic neuropathy with high sensitivity and specificity. 
Jørgensen et al12 and Zhang et al13 all demonstrated the 
important value of HRV in predicting ventricular tachyar-
rhythmias in patients with acute myocardial infarction.

Whereas, the association between HRV and PVC in the 
general population still remains controversial.14 15 Chen 
et al14 reported that the number of PVCs was not signifi-
cantly correlated with HRV parameters in patients with 
mitral valve prolapse. A study conducted by Barutçu et al15 
showed that the number of PVCs was positively correlated 
with the low frequency/high frequency (LF/HF) ratio 
(one of the HRV parameters) in patients with frequent 
PVCs (more than 30 times in 1 hour). Therefore, the rela-
tionship between PVC and HRV in the general popula-
tion needs to be explored in the large sample studies.

This study aimed to investigate the prevalence and clin-
ical characteristics of PVC detected by 24- hour Holter 
monitoring among outpatients with palpitations in a 
single Chinese centre; and to analyse the relationship 
between PVC and HRV in these patients.

METHODS
Study design and participants
This cross- sectional and observational study included 
outpatients who underwent 24- hour Holter for palpita-
tions in the First Affiliated Hospital of Nanjing Medical 
University between 1 January and 31 December in 2015. 
The exclusion criteria were: (1) patients aged<18 years 
old; (2) patients with short Holter recording duration 
(<20 hours); (3) patients with incomplete recorded 
parameters of 24- hour Holter. Only the data of the first 
24- hour Holter was recorded if a patient received the 
24- hour Holter several times.

24-HOUR HOLTER MONITORING
All participants underwent a 24- hour Holter ECG moni-
toring by using a validated three- channel device (Seer 
Light Dynamic ECG record system, GE Healthcare, USA). 
The parameters recorded by 24- hour Holter consisted of 
PVC, average heart rate and HRV indexes. The PVC was 
defined as an early ventricular depolarisation of ectopic 
excitatory foci of the ventricular muscles with a wide QRS 
complex (figure 1). The PVC burden was defined as the 
percentage of PVCs relative to the total QRS complexes 
on a 24- hour Holter. In the existing study, the frequent 
PVCs were considered to be >5% of PVC burden, which 
has been reported as the least resulting in cardiomyop-
athy.16 17

HRV analysis
The HRV data, including time- domain and frequency- 
domain parameters, were automatically calculated by the 
MARS software (GE Medical). The first step before HRV 
analysis was to determine and extract the consecutive 

ECG R–R interval time series. When processing the R–R 
interval time series for HRV analysis, it is necessary to 
consider aspects related to signal quality, the excerpt to 
be used and the presence of ectopic beats, arrhythmias 
and noise.18 If non- stationary signals are identified, the 
trend should be validated and removed from the beat- to- 
beat data using filters or specific algorithms.18 The HRV 
parameters were used to evaluate cardiac autonomic 
tone, reflecting the interplay of sympathetic and parasym-
pathetic (vagal) nervous systems.

HRV time-domain analysis
The parameters of HRV time- domain analysis19 20 included 
the SD of all NN intervals (SDNN), SD of average of NN 
intervals in all 5 min segments (SDANN), the square root 
of the mean of the sum of the squares of differences 
between adjacent NN intervals (rMSSD), and percent of 
NN50 in the total number NN interval (PNN50). NN50 
was defined as the NN interval longer than 50 ms. The 
SDNN and SDANN, indexes of sympathetic activation, 
were negatively correlated with sympathetic activity, while 
the rMSSD and PNN50, indexes of parasympathetic acti-
vation, were positively correlated with parasympathetic 
activity.

HRV frequency-domain analysis
The HRV frequency- domain analysis19 20 contained the 
following parameters: power in the LF ranging from 0.04 
to 0.15 Hz, power in the HF ranging from 0.15 to 0.4 Hz 
and the LF/HF ratio. The HF component was used as an 
index of vagal activity, while the LF component repre-
sented a mixture of both vagal and sympathetic activity. 
The high LF/HF ratio represented the autonomic 
nervous system imbalance.

Transthoracic echocardiography
Transthoracic echocardiography (TTE) (Vivid E9, GE 
Healthcare, Chicago, USA) was performed to detect 
structural heart disease (SHD) according to the recom-
mendations of the American Society of Echocardiography 
Committee.21 The parameters included left ventricular 
end- diastolic diameter and left ventricular ejection frac-
tion (LVEF). The LVEF was measured using the Simp-
son’s method. A baseline LVEF<50% was considered to 
have LV systolic dysfunction.21 22

Statistical analysis
All statistical analyses were performed using IBM SPSS soft-
ware (V.25.0). Continuous variables with a normal distri-
bution were presented as mean±SD and were compared 
using the two- sample t- test. Non- normally distributed 
continuous variables were presented as median with 
IQR and were compared using the Mann- Whitney U 
test. Categorical variables were presented as frequency 
(percentage) and were analysed using the χ2 test or Fish-
er’s exact test. Propensity score matching (PSM) was used 
to select controls to minimise potential confounding 
bias. The propensity scores were constructed using the 
following variables: age and gender. We conducted a 
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nearest- neighbour matching algorithm without replace-
ment, using a calliper width of 0.02. Spearman’s correla-
tion analysis was performed to show the correlation 
between HRV parameters and clinical characteristics 
among patients with PVC. A two- tailed p value of <0.05 
was considered statistically significant.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

RESULTS
Prevalence and distribution of PVC in 4754 patients
A total of 4754 patients with palpitations were included. 
Mean age was 57.4±16.0 years old, and 44.4% of patients 
were male. The prevalence of PVC detected by 24- hour 
Holter monitoring among 4754 patients with palpitations 
is shown in figure 2. A total of 3220 (67.7%) patients 
had at least one PVC, with 2852 (60.0%) having PVC 
burden<5% and 368 (7.7%) having PVC burden≥5%.

Figures 3 and 4 depict the prevalence of PVC and 
frequent PVCs in 4754 patients regarding their gender 

and age group, respectively. The PVC prevalence was 
67.7% higher in men than in women (69.9% vs 66.0%, 
p=0.004). It generally increased with age, ranging from 

Figure 1 Example of premature ventricular contraction (PVC). The arrows show the morphology of PVC.

Figure 2 The prevalence of PVC detected by 24- hour 
Holter monitoring in 4754 patients with palpitations. A total 
of 3220 (67.7%) patients had at least 1 PVC, with 2852 
(60.0%) having PVC burden<5% and 368 (7.7%) having PVC 
burden≥5%. PVC, premature ventricular contraction.
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54.0% (30–39 age group) to 84.6% (≥80 age group). 
Interestingly, PVC prevalence was higher in men than 
in women in the >60 years of age group, while it was 
comparable in men and women in the <60 years of age 
group. The prevalence of frequent PVCs was 7.7%, with 
no significant difference between men and women (7.6% 
vs 7.8%, p=0.779).

Figure 5 shows the mean PVC burden in 3220 PVC 
patients of different ages. The PVC burden decreased as 
age increased, except for three very elderly patients with 
higher PVC burden (patient 1, woman, 89 years old, PVC 
burden 30.2%; patient 2, man, 88 years old, PVC burden 
12.8%; patient 2, woman, 88 years old, PVC burden 
16.6%).

Comparison of HRV parameters between patients with and 
without PVC
Table 1 compares of HRV parameters between patients 
with and without PVC before and after PSM based on 
age and gender. A total of 3220 (67.7%) patients had 
more than 1 PVC, while 1534 (32.3%) patients had no 
PVC during the 24- hour Holter. Totally, 3220 patients 
with PVC were older than those without PVC (59.6±15.6 
vs 53.0±15.8, p<0.001), with a higher proportion of men 
(45.9% vs 41.5%, p=0.004). In addition, HRV time- 
domain and frequency- domain parameters in patients 
with PVC were significantly lower than those in patients 
without PVC (all p<0.05).

Figure 3 The prevalence of PVC detected by 24- hour Holter monitoring in 4754 patients of different gender and age groups. 
The PVC prevalence was 67.7% in men than in women (69.9% vs 66.0%, p=0.004). It generally increased with age, ranging 
from 54.0% (30–39 age group) to 84.6% (≥80 age group). PVC, premature ventricular contraction.

Figure 4 The frequency of frequent PVCs (PVC burden≥5%) based on 24- hour Holter monitoring in 4754 patients of different 
gender and age groups. The frequency of frequent PVCs (PVC burden≥5%) was 7.7%, with no significant difference between 
men and women (7.6% vs 7.8%, p=0.779). PVC, premature ventricular contraction.
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Figure 5 The mean PVC burden based on 24- hour Holter monitoring in 3220 patients with PVC. The PVC burden decreased 
as age increased, except for three very elderly patients with higher PVC burden. PVC, premature ventricular contraction.

Table 1 Comparison of HRV parameters between patients with and without PVC before and after 1:1 PSM based on age and 
gender

Before PSM

P value

After PSM

P value
PVC≥1
N=3220

No PVC
N=1534

PVC≥1
N=1533

No PVC
N=1533

Age (years) 59.6±15.6 53.0±15.8 <0.001* 53.1±15.4 53.0±15.8 0.84

Male (%) 1477 (45.9) 636 (41.5) 0.004* 690 (45.0) 635 (41.4) 0.05

Average heart rate (bpm) 71.6±10.5 72.1±10.1 0.11 72.4±10.6 72.1±10.1 0.34

HRV time- domain 
parameters

  SDNN (ms) 124.1±57.8 133.2±46.6 <0.001* 128.4±52.6 133.2±46.7 0.007*

  SDANN (ms) 110.3±50.0 119.9±43.0 <0.001* 114.6±48.9 119.9±43.0 0.001*

  rMSSD (ms) 28.4±16.2 31.1±14.9 <0.001* 29.5±15.5 31.1±14.9 0.003*

  pNN50 (%) 5.6 (1.7,13.0) 7.1 (2.9,14.2) <0.001* 6.4 (2.3,14.0) 7.1 (2.9,14.2) 0.01*

HRV frequency- domain 
parameters

  LF (nu) 45.6 (10.2,249.8) 59.0 (12.8,289.1) <0.001* 45.6 (11.7,287.8) 59.0 (12.9,289.4) 0.05

  HF (nu) 21.5 (0.6,113.6) 28.2 (0.9,138.1) <0.001* 21.5 (0.7,124.3) 28.2 (0.9,138.3) 0.007*

  LF/HF 2.8 (1.6,12.0) 2.9 (1.7,13.7) <0.001* 3.1 (1.8,12.3) 2.9 (1.7,13.7) 0.64

TTE parameters

  LVDd (mm) 47.7±5.0 46.7±4.2 <0.001* 48.0±5.2 46.7±4.2 <0.001*

  LVEF (%) 64.1±5.8 65.3±3.8 <0.001* 64.0±6.2 65.3±3.8 <0.001*

  LVEF<50% (%) 67 (3.3) 5 (0.6) <0.001* 41 (4.3) 5 (0.6) <0.001*

Values are expressed as either mean±SD, median (IQR) or number (percentage).
*P<0.05.
HF, high frequency; HRV, heart rate variability; LF, low frequency; LVDd, left ventricular end- diastolic diameter; LVEF, left ventricular ejection 
fraction; NN50, the NN interval longer than 50 ms; PNN50, percent of NN50 in the total number NN interval; PSM, propensity score matching; 
PVC, premature ventricular contraction; rMSSD, the square root of the mean of the sum of the squares of differences between adjacent NN 
intervals; SDANN, SD of average of NN intervals in all 5 min segments; SDNN, SD of all NN intervals; TEE, transthoracic echocardiography.
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After PSM, there were 1533 patients in each group. 
There were no significant gender and age distribution 
differences between the two groups. The HRV time- 
domain parameters in patients with PVC were lower than 
those in patients without PVC (all p<0.05). There were no 
significant differences in the frequency- domain parame-
ters except HF. Compared with patients without PVC, HF 
was significantly decreased in patients with PVC (21.5 vs 
28.2, p=0.007). We observed a significantly higher propor-
tion of LVEF<50% in patients with PVC than in patients 
without PVC, either before or after PSM.

Comparison of HRV parameters between patients with PVC 
burden≥5% and <5%
Table 2 shows the clinical characteristics of patients 
with PVC burden≥5% and <5% before and after PSM. 
Among 3220 (67.7%) PVC patients, 368 (7.7%) had PVC 
burden≥5% and 2852 (60.0%) had PVC burden<5%. 
Patients with PVC burden≥5% were younger than those 
with PVC burden<5% (53.8±17.2 vs 60.3±15.3, p<0.001). 
The average heart rate was significantly higher in patients 
with PVC burden≥5% compared with those with PVC 
burden<5% (72.8±9.3 vs 71.4±10.6, p=0.02). The HRV 
time- domain parameters were significantly lower in 

patients with PVC burden≥5% (all p<0.05). For the HRV 
frequency- domain parameters, the LF and HF were 
comparable between the two groups, while the LF/HF 
in patients with a PVC burden of ≥5% was significantly 
higher than those with a PVC burden<5% (5.4 vs 2.6, 
p<0.001).

After PSM based on age and gender, no significant 
difference was observed in the average heart rate between 
the two groups. There were also no significant differences 
between the two groups in the HRV time- domain param-
eters, including SDNN, SDANN, rMSSD and pNN50, 
between the two groups. For the HRV frequency- domain 
parameters, the patients with PVC burden≥5% had lower 
LF (23.8 vs 66.7, p=0.01), lower HF (9.4 vs 26.4, p=0.04), 
but higher LF/HF ratio (5.4 vs 2.8, p<0.001) than those 
with PVC burden<5%. The proportions of LVEF<50% 
were both comparable between the two groups before 
and after PSM. Only 14 (5.2%) patients had LV systolic 
dysfunction (LVEF<50%) among patients with frequent 
PVCs

Table 3 demonstrates the correlation analyses between 
HRV parameters and clinical characteristics in patients 
with PVC. Each HRV time- domain and frequency- domain 

Table 2 Comparison of HRV parameters between patients with PVC burden≥5% and <5% before and after 1:1 PSM based on 
age and gender

Before PSM

P value

After PSM

P value
PVC burden≥5%
N=368

PVC burden<5%
N=2852

PVC burden≥5%
N=368

PVC burden<5%
N=368

Age (years) 53.8±17.2 60.3±15.3 <0.001* 53.8±17.2 54.9±17.0 0.40

Male (%) 161 (43.8) 1316 (46.1) 0.39 161 (43.8) 175 (47.6) 0.30

Average heart rate (bpm) 72.8±9.3 71.4±10.6 0.02* 72.8±9.3 72.3±10.5 0.50

HRV time- domain 
parameters

  SDNN (ms) 134.1±60.4 122.8±57.3 <0.001* 134.1±60.4 130.1±51.2 0.33

  SDANN (ms) 114.5±41.9 109.7±50.9 0.08 114.5±41.9 116.6±47.6 0.53

  rMSSD (ms) 32.3±15.6 28.0±16.2 <0.001* 32.3±15.6 30.1±16.1 0.06

  pNN50 (%) 7.5 (3.2,16.4) 5.3 (1.5,12.5) <0.001* 7.5 (3.2,16.4) 6.3 (2.0,14.0) 0.05

HRV frequency- domain 
parameters

  LF (nu) 23.8 (8.2,267.0) 45.6 (10.5,249.8) 0.24 23.8 (8.2,267.0) 66.7 (13.3,274.5) 0.01*

  HF (nu) 9.4 (0.7,89.9) 21.5 (0.6,116.0) 0.35 9.4 (0.7,89.9) 26.4 (0.8,127.3) 0.04*

  LF/HF 5.4 (2.1,11.3) 2.6 (1.5,12.1) <0.001* 5.4 (2.1,11.3) 2.8 (1.7,11.9) <0.001*

TTE parameters

  LVDd (mm) 48.2±5.4 47.7±4.9 0.09 48.2±5.4 47.3±4.5 0.04*

  LVEF (%) 63.4±6.8 64.2±5.6 0.03* 63.4±6.8 64.4±5.3 0.06

  LVEF<50% (%) 14 (5.2) 56 (3.2) 0.11 14 (5.2) 6 (2.7) 0.17

Values are expressed as either mean±SD, median (IQR) or number (percentage).
*P<0.05.
HF, high frequency; HRV, heart rate variability; LF, low frequency; LVDd, left ventricular end- diastolic diameter; LVEF, left ventricular ejection 
fraction; NN50, the NN interval longer than 50 ms; PNN50, percent of NN50 in the total number NN interval; PSM, propensity score matching; 
PVC, premature ventricular contraction; rMSSD, the square root of the mean of the sum of the squares of differences between adjacent NN 
intervals; SDANN, SD of average of NN intervals in all 5 min segments; SDNN, SD of all NN intervals; TEE, transthoracic echocardiography.
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parameter were weakly correlated with age (all r<0.3, 
p<0.001). The LF/HF ratio was weakly correlated with the 
PVC burden (r=0.073, p<0.001).

DISCUSSION
To the best of our knowledge, no data to date are avail-
able about the prevalence and clinical characteristics 
of PVC in a large number of Chinese patients. Previous 
studies on PVC were mostly limited by the small sample 
sizes of patients referred for PVC ablation. The main 
findings of the present study are: (1) the prevalence of 
PVC in our population was 67.7% and was higher in men; 
the prevalence of frequent PVCs was 7.7%; (2) the HRV 
time- domain parameters in PVC patients were signifi-
cantly decreased compared with patients without PVC; 
(3) patients with frequent PVCs had higher LF/HF ratio, 
suggesting the autonomic nervous system imbalance; 
(4) among patients with frequent PVCs, only 14 (5.2%) 
patients had LV systolic dysfunction, reflecting that the 
LV systolic functions in these patients were mostly in a 
compensatory state.

Prevalence of PVC detected by 24-hour Holter
In this large population- based study, which included 4754 
patients, we found that 3220 (67.7%) had at least one 
PVC during 24- hour Holter monitoring. The prevalence 
of PVC in our study is consistent with that of the preva-
lence of PVC in another study that included 2048 young 
and healthy adults from Liechtenstein’s group (68.7%).23 
However, it was reported that the PVC prevalence was 6% 
using 2 min ECG recordings in the Atherosclerosis Risk 
in Communities study.24 The detection rate of PVCs using 
24- hour Holter monitoring is significantly higher than 
that using 12- lead ECG and 2 min ECG recordings. There-
fore, the ACC and AHA expert consensus recommends 

the Holter analysis for patients with palpitations and dizzi-
ness as class Ⅰ indications for further evaluation.25

Relationship between PVC and gender
Our data showed that men had a higher prevalence of 
PVC than women. Currently, there is still no conclu-
sion about whether the prevalence of PVC is higher in 
men or women. A study26 conducted in Japan, which 
included 5685 subjects, showed no significant difference 
in the prevalence of PVC between the genders. However, 
Sirichand et al27 demonstrated that the incidence of symp-
tomatic idiopathic PVC was greater in women. Therefore, 
the differences among these studies may be attributed to 
different study populations.

PVC and HRV time-domain parameters
HRV, a non- invasive marker used to estimate the cardiac 
autonomic function, describes the oscillations between 
consecutive ECG R–R intervals. High levels of HRV 
parameters are generally signs of efficient autonomic 
mechanisms in a healthy individual, while reduced 
HRV parameters often show an autonomic nervous 
system malfunction.18 Various studies have shown that 
reduced HRV is associated with increased cardiovascular 
morbidity and mortality.10 Low values of HRV parameters 
are a strong predictor of a low probability of survival in 
patients with heart failure, prior myocardial infarction 
or bypass surgeries.28 In our study, between age- matched 
and gender- matched cohorts with or without PVC, HRV 
time- domain parameters were reduced in PVC patients 
as compared with those without PVC. We speculate that 
low values of HRV time- domain parameters could be a 
predictor of PVC occurrence, and individuals prone to 
have PVC could be easily screened by HRV time- domain 
parameters. Among four parameters of HRV time- 
domain analysis, it has been recognised that the SDNN 
and SDANN were negatively correlated with sympa-
thetic activity, and the rMSSD and PNN50 were positively 
correlated with vagal activity. In the present study, patients 
with PVC had lower SDNN, SDANN, rMSSD and PNN50 
than patients without PVC, illustrating that sympathetic 
activity was enhanced and vagal activity was reduced in 
PVC patients. This is the way beta- blockers treat PVC—
by inhibiting sympathetic nerves. But beta- blockers may 
not have a therapeutic effect on various PVCs. Hamon 
et al29 reported that only patients displaying a positive 
correlation between the heart rate and hourly PVC count 
(a fast- HR- dependent PVC profile) benefited from beta- 
blockers. However, Yu et al30 reported that the number of 
night- time PVCs (a slow- HR- dependent PVC profile) was 
an independent predictor of decreased SDNN (β=−0.446, 
p=0.030) and increased LF/HF ratio (β=0.027, p=0.038), 
indicating the enhanced cardiac sympathetic activity as 
well. The result was contrary to the previous well accepted 
view that night- time PVCs coincides with vagal activity 
excitation. The relationship of the night- time PVCs and 
autonomic nerve system remains controversial and needs 
to be further explored. The analysis of Holter PVC diurnal 

Table 3 Correlation analyses between HRV parameters 
and clinical characteristics in patients with PVC (N=3220)

Age (years) PVC burden (%)

r P value r P value

SDNN (ms) −0.232 <0.001* 0.002 0.897

SDANN (ms) −0.222 <0.001* −0.022 0.208

rMSSD (ms) −0.185 <0.001* 0.047 0.008*

pNN50 (%) −0.209 <0.001* 0.041 0.019*

LF (nu) −0.174 <0.001* −0.061 0.001*

HF (nu) −0.138 <0.001* −0.062 <0.001*

LF/HF −0.153 <0.001* 0.073 <0.001*

*P<0.05.
HF, high frequency; HRV, heart rate variability; LF, low frequency; 
NN50, the NN interval longer than 50 ms; PNN50, percent of 
NN50 in the total number NN interval; PVC, premature ventricular 
contraction; rMSSD, the square root of the mean of the sum of the 
squares of differences between adjacent NN intervals; SDANN, SD 
of average of NN intervals in all 5 min segments; SDNN, SD of all 
NN intervals.
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variability may provide incremental value to guide clinical 
PVC management.

PVC and HRV frequency-domain parameters
Frequency- domain parameters include LF, HF and the 
LF/HF ratio. It is widely recognised that HF denotes 
parasympathetic activity and the LF/HF ratio represents 
the autonomic nervous system balance. In the present 
study, we observed a lower HF but higher LF/HF ratio 
in patients with frequent PVCs, indicating the decreased 
excitability of the parasympathetic nerves and the 
imbalance of the sympathetic- parasympathetic nervous 
system.31 32 However, the interpretation of the LF compo-
nent is still controversial as some studies defined it as a 
marker of sympathetic modulation, while others reported 
it as a marker showing the comprehensive influence of 
sympathetic and vagal nervous systems.30 In our study, 
the LF was lower in patients with frequent PVCs than in 
those with a PVC burden of <5%. However, Askin et al32 
reported that the LF in the group with frequent PVCs 
(>10 PVCs/hour) was significantly increased as compared 
with the group with occasional PVCs (5–10 PVCs/hour). 
The true meaning of LF in patients with PVC needs to be 
further investigated.

PVC burden and LV systolic function
Several studies have demonstrated that a high burden of 
PVCs is associated with the development of LV systolic 
dysfunction and heart failure.33 34 Presently, no clear cut- 
off points delineate the PVC burden at which LV systolic 
dysfunction may develop. In the present study, patients 
with PVC had a higher proportion of LV systolic dysfunc-
tion compared with those without PVC, while patients 
with frequent PVC had a comparable proportion of LV 
systolic dysfunction than those with PVC burden<5%. The 
major reasons may be as follows: first, several studies have 
demonstrated an association between frequent PVCs and 
LV systolic dysfunction.33 34 Whereas, those patients were 
mostly hospitalised for radiofrequency catheter ablation 
due to LV systolic dysfunction. In the present study, the 
cardiac functions of patients are mostly in a compensa-
tory state because only a few patients (5.2%) developed 
LV systolic dysfunction (LVEF<50%). Therefore, we could 
not conclude the relationship between PVC burden and 
LV function in patients with preserved LVEF. Second, in 
patients with frequent PVCs, LV systolic dysfunction was 
also related to longer PVC coupling interval, greater PVC 
QRS width, presence of NSVT, and multiform PVC in 
addition to greater PVC burden.35 36 These parameters 
were not included in the present study. Thirdly, as we did 
not exclude the patients with SHD in our population, a 
low PVC burden may contribute to LV systolic dysfunc-
tion in the patients with SHD.

Clinical implications
The clinical implications of our study are as follows: first, 
this cross- sectional study investigated the epidemiological 
data of PVCs detected by 24- hour Holter among Chinese 

outpatients with palpitations. It is feasible to detect 
PVC with 24- hour Holter in patients with palpitations. 
Patients with frequent PVCs should be treated with antiar-
rhythmic drugs or interventional therapy. Before starting 
treatment, it is necessary to perform echocardiography 
or cardiac MRI to detect SHD. Second, our study not 
only analysed the epidemiological data of PVC but also 
investigated the HRV characteristics of PVC. Decreased 
HRV time- domain parameters suggested the occurrence 
of PVC, and increased LF/HF ratio (HRV frequency- 
domain index) presented the imbalance of the auto-
nomic nervous system in patients with frequent PVCs. 
Therefore, the PVC could be preliminarily estimated 
using HRV parameters in a simpler, non- invasive way.

Limitations
The limitations of our study should be acknowledged. 
First, this was a single- centre, cross- sectional and obser-
vational study with inherent limitations. The prevalence 
and characteristics may not be applicable to other ethnic-
ities. Further, larger, multicenter and prospective studies 
are warranted to confirm our results. Second, a single 
24- hour Holter recording may not reflect the true PVC 
burden. A longer duration than the common 24- hour 
monitoring period should be performed because of day- 
to- day variability in PVC frequency.37 Third, the TTE 
was conducted to exclude SHDs. It may be necessary to 
perform MRI when there is a possibility of irreversible 
SHD. In addition, it is well known that HRV also relates 
to circadian rhythms, exercise, respiratory rate, meta-
bolic diseases and cardiovascular diseases; however, these 
factors were not considered when the HRV indexes were 
compared between patients with and without PVC.

CONCLUSION
The prevalence of PVC and frequent PVCs detected by 
24- hour Holter in Chinese outpatients with palpitations 
were 67.7% and 7.7%, respectively. Decreased HRV time- 
domain parameters suggested the occurrence of PVC, 
and increased LF/HF ratio represented the imbalance of 
the autonomic nervous system in patients with frequent 
PVCs. Further studies are needed to understand the HRV 
indexes in PVC patients.

Acknowledgements We thank all the participating physicians and patients.

Contributors All authors approved the final version to be submitted for publication. 
XL contributed to the conception of the study. YD, WZ and YM were responsible for 
the data acquisition. YD wrote the manuscript. JL and PY contributed significantly 
to the data analyses. FZ, BY and KC checked the manuscript with constructive 
discussions. XL is responsible for all the study work as the guarantor.

Funding This work was supported by grants from the National 'Twelfth Five Year' 
Plan for Science and Technology Support (grant no. 2011BAI11B13), the National 
Natural Science Foundation of China (grant no. 81400253), the Health Commission 
of Shanghai Pudong District (PW 2019D- 1), and the Top- level Clinical Discipline 
Project of Shanghai Pudong District (PWYgf2021- 01). The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation of the 
manuscript.

Competing interests None declared.



9Dong Y, et al. BMJ Open 2022;12:e059337. doi:10.1136/bmjopen-2021-059337

Open access

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants. The study had been 
approved by the Ethics Committee of the First Hospital of Nanjing Medical University 
(approval no. 2011SR- 014). Participants gave informed consent to participate in the 
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Xiaorong Li http://orcid.org/0000-0002-7295-655X

REFERENCES
 1 Ng GA. Treating patients with ventricular ectopic beats. Heart 

2006;92:1707–12.
 2 Ahn M- S, Min- Soo A. Current concepts of premature ventricular 

contractions. J Lifestyle Med 2013;3:26–33.
 3 Hirose H, Ishikawa S, Gotoh T, et al. Cardiac mortality of premature 

ventricular complexes in healthy people in Japan. J Cardiol 
2010;56:23–6.

 4 Hwang JK, Park S- J, On YK, et al. Clinical characteristics and 
features of frequent idiopathic ventricular premature complexes in 
the Korean population. Korean Circ J 2015;45:391–7.

 5 Inagaki M, Kawada T, Lie M, et al. Intravascular parasympathetic 
cardiac nerve stimulation prevents ventricular arrhythmias during 
acute myocardial ischemia. Conf Proc IEEE Eng Med Biol Soc 
2005;2005:7076–9.

 6 Umetani K, Singer DH, McCraty R, et al. Twenty- Four hour time 
domain heart rate variability and heart rate: relations to age and 
gender over nine decades. J Am Coll Cardiol 1998;31:593–601.

 7 van Amelsvoort LG, Schouten EG, Maan AC, et al. Changes in 
frequency of premature complexes and heart rate variability related 
to shift work. Occup Environ Med 2001;58:678–81.

 8 Vinik AI, Freeman R, Erbas T. Diabetic autonomic neuropathy. Semin 
Neurol 2003;23:1553–79.

 9 Moheimani RS, Bhetraratana M, Yin F, et al. Increased cardiac 
sympathetic activity and oxidative stress in habitual electronic 
cigarette users: implications for cardiovascular risk. JAMA Cardiol 
2017;2:278–84.

 10 Patel VN, Pierce BR, Bodapati RK, et al. Association of Holter- 
Derived heart rate variability parameters with the development of 
congestive heart failure in the cardiovascular health study. JACC 
Heart Fail 2017;5:423–31.

 11 Tang Z- H, Wang L, Zeng F, et al. Bayesian estimation of 
cardiovascular autonomic neuropathy diagnostic test based on 
short- term heart rate variability without a gold standard. BMJ Open 
2014;4:e005096.

 12 Jørgensen RM, Levitan J, Halevi Z, et al. Heart rate variability 
density analysis (Dyx) for identification of appropriate implantable 
cardioverter defibrillator recipients among elderly patients with 
acute myocardial infarction and left ventricular systolic dysfunction. 
Europace 2015;17:1848–54.

 13 Zhang Y, Wang J, Xu Y. Value of heart rate variability on dynamic 
electrocardiogram in predicting ventricular fibrillation in elderly acute 
myocardial infarction patients. Ann Palliat Med 2020;9:3488–94.

 14 Chen HY. Relationship of heart rate turbulence, heart rate variability 
and the number of ventricular premature beats in patients with 
mitral valve prolapse and non- significant regurgitation. Int J Cardiol 
2009;135:269–71.

 15 Barutçu A, Temiz A, Bekler A, et al. Arrhythmia risk assessment 
using heart rate variability parameters in patients with frequent 

ventricular ectopic beats without structural heart disease. Pacing Clin 
Electrophysiol 2014;37:1448–54.

 16 Yarlagadda RK, Iwai S, Stein KM, et al. Reversal of cardiomyopathy 
in patients with repetitive monomorphic ventricular ectopy originating 
from the right ventricular outflow tract. Circulation 2005;112:1092–7.

 17 Shanmugam N, Chua TP, Ward D. 'Frequent' ventricular bigeminy-
-a reversible cause of dilated cardiomyopathy. How frequent is 
'frequent'? Eur J Heart Fail 2006;8:869–73.

 18 Catai AM, Pastre CM, Godoy MFde, et al. Heart rate variability: are 
you using it properly? standardisation checklist of procedures. Braz J 
Phys Ther 2020;24:91–102.

 19 Malik M, Bigger JT, Camm AJ, et al. Heart rate variability: standards 
of measurement, physiological interpretation, and clinical use. Eur 
Heart J 1996;17:354–81.

 20 Berntson GG, Bigger JT, Eckberg DL, et al. Heart rate variability: 
origins, methods, and interpretive caveats. Psychophysiology 
1997;34:623–48.

 21 Lang RM, Badano LP, Mor- Avi V, et al. Recommendations for cardiac 
chamber quantification by echocardiography in adults: an update 
from the American Society of echocardiography and the European 
association of cardiovascular imaging. J Am Soc Echocardiogr 
2015;28:1–39.

 22 Barberato SH, Romano MMD, Beck ALdeS, et al. Position Statement 
on Indications of Echocardiography in Adults - 2019. Arq Bras 
Cardiol 2019;113:135–81.

 23 von Rotz M, Aeschbacher S, Bossard M, et al. Risk factors for 
premature ventricular contractions in young and healthy adults. Heart 
2017;103:702–7.

 24 Simpson RJ, Cascio WE, Schreiner PJ, et al. Prevalence of 
premature ventricular contractions in a population of African 
American and white men and women: the Atherosclerosis risk in 
communities (ARIC) study. Am Heart J 2002;143:535–40.

 25 Steinberg JS, Varma N, Cygankiewicz I. ISHNE- HRS expert 
consensus statement on ambulatory ECG and external cardiac 
monitoring/telemetry. Heart Rhythm 2017;2017:e55–96.

 26 Haruta D, Akahoshi M, Hida A, et al. Prognostic significance of 
premature ventricular contractions without obvious heart diseases 
determined by standard 12- lead electrocardiography considering 
their morphology. Ann Noninvasive Electrocardiol 2016;21:142–51.

 27 Sirichand S, Killu AM, Padmanabhan D, et al. Incidence of idiopathic 
ventricular arrhythmias: a population- based study. Circ Arrhythm 
Electrophysiol 2017;10.

 28 Vanderlei LCM, Pastre CM, Hoshi RA, et al. Basic notions of heart 
rate variability and its clinical applicability. Rev Bras Cir Cardiovasc 
2009;24:205–17.

 29 Hamon D, Swid MA, Rajendran PS, et al. Premature ventricular 
contraction diurnal profiles predict distinct clinical characteristics 
and beta- blocker responses. J Cardiovasc Electrophysiol 
2019;30:836–43.

 30 Yu Q, Wang J, Dai M, et al. Night- Time premature ventricular 
complex positively correlates with cardiac sympathetic activity in 
patients undergoing radiofrequency catheter ablation. Heart Lung 
Circ 2020;29:1152–63.

 31 He W, Lu Z, Bao M, et al. Autonomic involvement in idiopathic 
premature ventricular contractions. Clin Res Cardiol 
2013;102:361–70.

 32 Askin L, Cetin M, Turkmen S. Ambulatory blood pressure results 
and heart rate variability in patients with premature ventricular 
contractions. Clin Exp Hypertens 2018;40:251–6.

 33 Ban J- E, Park H- C, Park J- S, et al. Electrocardiographic and 
electrophysiological characteristics of premature ventricular 
complexes associated with left ventricular dysfunction in patients 
without structural heart disease. Europace 2013;15:735–41.

 34 Attanasio P, Jungmann J, Huemer M, et al. Catheter ablation of 
premature ventricular contractions in elderly patients: feasibility and 
success. Aging Clin Exp Res 2016;28:527–31.

 35 Dabbagh GS, Bogun F. Predictors and therapy of cardiomyopathy 
caused by frequent ventricular ectopy. Curr Cardiol Rep 2017;19:80.

 36 Penela D, Fernández- Armenta J, Aguinaga L, et al. Clinical 
recognition of pure premature ventricular complex- induced 
cardiomyopathy at presentation. Heart Rhythm 2017;14:1864–70.

 37 Mullis AH, Ayoub K, Shah J, et al. Fluctuations in premature 
ventricular contraction burden can affect medical assessment and 
management. Heart Rhythm 2019;16:1570–4.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7295-655X
http://dx.doi.org/10.1136/hrt.2005.067843
http://www.ncbi.nlm.nih.gov/pubmed/26064834
http://dx.doi.org/10.1016/j.jjcc.2010.01.005
http://dx.doi.org/10.4070/kcj.2015.45.5.391
http://dx.doi.org/10.1109/IEMBS.2005.1616136
http://dx.doi.org/10.1016/S0735-1097(97)00554-8
http://dx.doi.org/10.1136/oem.58.10.678
http://dx.doi.org/10.2337/diacare.26.5.1553
http://dx.doi.org/10.2337/diacare.26.5.1553
http://dx.doi.org/10.1001/jamacardio.2016.5303
http://dx.doi.org/10.1016/j.jchf.2016.12.015
http://dx.doi.org/10.1016/j.jchf.2016.12.015
http://dx.doi.org/10.1136/bmjopen-2014-005096
http://dx.doi.org/10.1093/europace/euu394
http://dx.doi.org/10.21037/apm-20-1362
http://dx.doi.org/10.1016/j.ijcard.2008.03.060
http://dx.doi.org/10.1111/pace.12446
http://dx.doi.org/10.1111/pace.12446
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.546432
http://dx.doi.org/10.1016/j.ejheart.2006.02.011
http://dx.doi.org/10.1016/j.bjpt.2019.02.006
http://dx.doi.org/10.1016/j.bjpt.2019.02.006
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a014868
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a014868
http://dx.doi.org/10.1111/j.1469-8986.1997.tb02140.x
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.5935/abc.20190129
http://dx.doi.org/10.5935/abc.20190129
http://dx.doi.org/10.1136/heartjnl-2016-309632
http://dx.doi.org/10.1067/mhj.2002.120298
http://dx.doi.org/10.1111/anec.12275
http://dx.doi.org/10.1161/CIRCEP.116.004662
http://dx.doi.org/10.1161/CIRCEP.116.004662
http://dx.doi.org/10.1590/s0102-76382009000200018
http://dx.doi.org/10.1111/jce.13944
http://dx.doi.org/10.1016/j.hlc.2019.11.009
http://dx.doi.org/10.1016/j.hlc.2019.11.009
http://dx.doi.org/10.1007/s00392-013-0545-6
http://dx.doi.org/10.1080/10641963.2017.1356846
http://dx.doi.org/10.1093/europace/eus371
http://dx.doi.org/10.1007/s40520-015-0444-y
http://dx.doi.org/10.1007/s11886-017-0887-1
http://dx.doi.org/10.1016/j.hrthm.2017.07.025
http://dx.doi.org/10.1016/j.hrthm.2019.04.033

	Prevalence and heart rate variability characteristics of premature ventricular contractions detected by 24-­hour Holter among outpatients with palpitations in China: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study design and participants

	24-hour Holter monitoring
	HRV analysis
	HRV time-domain analysis
	HRV frequency-domain analysis
	Transthoracic echocardiography
	Statistical analysis
	Patient and public involvement

	Results
	Prevalence and distribution of PVC in 4754 patients
	Comparison of HRV parameters between patients with and without PVC
	Comparison of HRV parameters between patients with PVC burden≥5% and <5%

	Discussion
	Prevalence of PVC detected by 24-hour Holter
	Relationship between PVC and gender
	PVC and HRV time-domain parameters
	PVC and HRV frequency-domain parameters
	PVC burden and LV systolic function
	Clinical implications
	Limitations

	Conclusion
	References


