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ABSTRACT

Background and Objective. Premature ventricular complex (PVC) burden exhibits one of three circadian types,
classified as fast-type, slow-type, and independent-type PVC. It is unknown whether PVC circadian types have
different heart rate variability (HRV) parameter values. Therefore, this study aimed to evaluate differences in HRV
circadian rhythm among fast-, slow-, and independent-type PVC.

Methods. This cross-sectional observational study consecutively recruited 65 idiopathic PVC subjects (23 fast-,
20 slow-, and 22 independent-type) as well as five control subjects. Each subject underwent a 24-hour Holter
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to examine PVC burden and HRV. HRV analysis
included components that primarily reflect global,
parasympathetic, and sympathetic activities. Repeated
measures analysis of variance was used to compare
differences in HRV circadian rhythm by PVC type.

Results. The average PVC burden was 15.7%, 8.4%, and
13.6% in fast-, slow-, and independent-type idiopathic
PVC subjects, respectively. Global, parasympathetic
nervous system, and sympathetic nervous system HRV
parameters were significantly lower in independent-
type PVC versus fast- and slow-type PVC throughout
the day and night. Furthermore, we unexpectedly found
that tendency towards sympathetic activity dominance
during nighttime was only in independent-type PVC.

Conclusion. The HRV parameters are reduced in patients
with independent-type PVC compared to fast- and slow-
type PVC. Future research is warranted to determine
possible differences in the prognosis between the three
PVC types.

Keywords: premature ventricular complex, circadian rhythm,
autonomic nervous system, heart rate variability
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INTRODUCTION

Idiopathic premature ventricular complex (PVC) is
the most common type of ventricular arrhythmia with a
prevalence of 5-12%.! Of all idiopathic PVC patients, 88%
of patients had a high burden of PVC.? Patients with PVC
burden equals to or more than 5% for 24 hours have increased
risk of lower left ventricular ejection fraction.* Moreover, the
constant PVC burden throughout the day and night even
increases the risk of cardiomyopathy.*

Recent data shows that there are three PVC burden
circadian patterns, classified as fast-type (48% of cases),
slow-type (16% of cases), and independent-type (36% of
cases).” In fast-type, the PVC burden is positively correlated
with heart rate. Fast-type PVC burden increases as the
heart rate increases which leads to high PVC burden during
daytime and low PVC burden during nighttime. Conversely
in slow-type, the PVC burden is negatively correlated with
heart rate. Slow-type PVC burden increases as the heart
rate decreases, hence PVC burden rises overnight to early
morning. In independent-type, the PVC burden stays
consistent throughout day and night irrespectively of increase
or decrease in heart rate.®

The cardiac circadian rhythm is regulated or modulated
by autonomic nervous system (ANS). Heart rate variability
(HRV) is an established non-invasive method for the
assessment of ANS activity” HRV is the change in
the R-R beat-to-beat interval, which is related to the
interaction between the sympathetic nervous system and the
parasympathetic nervous system.”® Several studies have shown
that lower HRV was associated with higher cardiovascular
events and mortality whereas high HRV showed higher
cardiac fitness.”!® Previous studies have found that ANS
activity fluctuates during the 24-h period like a biological
clock, or exhibits a circadian pattern.’? For instance, Ma et
al.”? reported mean HRV are different at different times of
the day, particularly the day-night differences. However, the
literature remains restricted in relation to studies that evaluate
the HRV among PVC circadian types. Therefore, the aim of
this study was to analyze and compare the HRV rhythm
in PVC patients according to circadian types, namely, fast,
slow-, and independent-type PVC. We hypothesized that
there would be different HRV circadian rhythm between
fast, slow-, and independent-type PVC.

METHODS

Study Design and Ethical Aspects

'This was a cross-sectional observational study exploring
the differences of HRV circadian rhythm among three PVC
circadian types. The institutional review board of National
Cardiovascular Center Harapan Kita, Indonesia approved this
study (IRB number: UM.01.05/2.2.2/209/2022). All subjects

provided written informed consent prior to participation.

Study Subjects

This study was performed at the outpatient clinic
of the National Cardiovascular Center Harapan Kita,
Pakuhaji Hospital, and Bun Hospital, Indonesia. Samples
were collected consecutively from July 2022 to December
2022. Symptomatic patients with PVC burden equal to or
greater than 5% per day during 24-hour Holter recording
were identified and the circadian rhythm pattern was then
determined as fast-type, slow-type, or independent-type
PVC.If PVC burden was positively correlated with heart rate
(Pearson’s correlation coefficient 20.3 with p <0.05), then the
patient was classified as fast-type PVC. If PVC burden was
negatively correlated with heart rate (Pearson’s correlation
coefficient < -0.3 with p <0.05), then the patient was classified
as slow-type PVC. If there is no relationship between PVC
burden and heart rate (the Pearson’s correlation coefficient
-0.3 to +0.3), then the patient was classified as independent-
type PVC.5

Clinical data of each subject were collected from medical
interviews and questionnaires. For subjects who cannot
be contacted at the first try, we tried again the next week
to contact to minimize selection bias. Demographic and
anthropometric characteristics included age, gender, body
mass index (BMI), previous medical history, and current
medication usage. Patients with any form of structural heart
disease (ejection fraction below 50% or regional wall motion
abnormalities on echocardiographic examination, moderate
to severe heart valve disorders, and congenital heart disease),
multifocal PVCs, atrial fibrillation, pulmonary hypertension,
impaired liver or renal function, electrolyte abnormalities were
excluded from the study. From the sample size calculation for
independent groups, the number of samples required was 18
samples for each group. In addition, five healthy adults who
were matched for age and gender with the three PVC groups,
were enrolled as controls. The number of controls in this study
was five considering that a control group was needed as a
benchmark for research results, but they were not included in
statistical analysis. These controls were recruited from well-
patient visits in the clinic.

Procedure

Twelve-lead electrocardiography (ECG) was performed
to evaluate the evidence of PVC, and 24h Holter monitoring
was performed in all included participants. All participants
adhered to a routine of diurnal activity and nighttime sleep. In
patients who were already prescribed with beta-blockers, we
performed Holter recording after stopping the drug for three
days; and patients who were prescribed anti-arrhythmic drugs
were excluded. Holter arrhythmia analysis was performed
with computer-assisted software (Bold Technologies Leading
Cardiopoint) and then visually rechecked. PVC burden
was calculated and HRV was analyzed at each of three
time points: morning (02:00-09:59), day (10:00-17:59),
and night (18:00-01:59). Holter results with time frames

containing >10% signal loss were excluded from the analysis.
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PVC burden was defined as the percentage of PVC of total
ventricular beats (% of the number of PVC/the number
of total beats). The time- and frequency-domain HRV
parameters were calculated with the software:'*!® standard
deviation of normal R-R intervals (SDNN), standard
deviation of the average normal-to-normal (NN) intervals
calculated over 5-minute intervals (SDANN), root mean
square of successive R-R interval differences (RMSSD),
and percentage of normal R-R intervals that differ by 50 ms
(PNN50), high frequency (HF) power, low frequency (LF)
power, and LE/HF ratio. SDNN and SDANN represent
overall autonomic nervous system activity. RMSSD, PNNS50,
and HF represent parasympathetic nervous system activity.
LF represents sympathetic nervous system activity. LF:HF
ratio represents balance between sympathetic nervous system
and parasympathetic nervous system activity.

Statistical Analysis

Quantitative baseline characteristics data were presented
as mean = SD and compared among fast-, slow-, and
independent-type groups using one-way analysis of variance
(ANOVA). Categorical data were expressed as number and
compared among groups using chi-squared tests. Repeated
measures ANOVA was used to test differences in circadian
rhythm of all HRV parameters between fast-, slow-,
independent-type PVC subjects. Hypertension has previously
been observed as one of prevalent comorbidities in PVC
patients', and since hypertension proportion was not equally
distributed among groups, analysis of covariance (ANCOVA)
including hypertension as covariate was performed. In case
of significant group differences, a Games-Howell post-hoc
test was applied to test between-group differences. Data
from the control subjects as the benchmark references were
included in table and figures, but they were not included in
statistical analysis. We included analyses only to samples with
complete data on heart rate variability. Data analysis was
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performed using statistical package for the social sciences

(SPSS) software version 23.

RESULTS

A total of 147 patients were consecutively evaluated.
Forty-seven patients did not meet the required inclusion
criteria. From the remaining 100 patients, 65 patients agreed
to participate and all of them were finally included in the
present study. A total of 23 fast-type (mean PVC burden
+ SD=15.7% + 7.1), 20 slow-type (8.5% +* 2.4), and 22
independent-type (13.6% + 5.1) PVC subjects were included
in this study. Fast-type PVC subjects were older than
independent- and slow-type PVC subjects, but this difference
was not statistically significant (Table 1). Independent-type
PVC had a significant smaller proportion of hypertension
compared to fast- and slow-type PVC.

Heart rate and PVC burden circadian rhythm are
presented in Figure 1. Heart rate in independent-type PVC
was higher than fast- and slow-type PVC. The gap is clear
between heart rate of independent-type PVC and fast- or
slow-type PVC, especially at night. Even so, the three groups
had similar pattern of heart rate circadian rhythms, which
was higher in the morning and lower at night.

In Figures 2-4, the repeated measures ANOVA showed
that there were significant differences in circadian rhythms
of global HRV, parasympathetic nervous system activity, and
sympathetic nervous system activity between the fast-, slow,
and independent-type PVC (p value, respectively: SDNN
<0.001; SDANN <0.001; RMSSD <0.001; pNN50 <0.001;
HF <0.001; LF 0.011). Hypertension was not statistically
significant as covariate in ANCOVA, hence hypertension had
no account for the results of HRV parameters’ comparisons
among groups. Post-hoc analysis showed that either in the
morning, during the day, or at night, the overall values of

HRV were higher in fast- and slow-type idiopathic PVC
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Figure 1. Circadian rhythm of heart rate and PVC burden.?”
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Table 1. Baseline Characteristics of Idiopathic PVC Patients!”

Characteristic Fast-type (n=23) Slow-type (n=20) Independent-type (n=22) p value Control (n=5)

Age, years (SD) 51(12) 44 (13) 45 (13) 0.2372 40 (6)
Gender

Male 4 6 6 0.594° 2

Female 19 14 16 3
Marital status

Never married 2 2 2 0.988° 1

Married 21 18 20 4
Education

Less than high school 16 17 15 0.392° 2

High school graduate 7 3 7 3
Employment status

Unemployed 14 9 11 2

Employed 9 11 11 0.562° 3
Alcohol consumption

No 21 20 22 0.791° 5

Occasionally 2 - - -
Dyslipidemia

No 14 13 20 0.053° 4

Yes 9 7 2 1
Diabetes

No 23 20 20 0.777° 5

Yes - - 2
Hypertension

No 11 6 18 0.002° 3

Yes 12 14 4 2
CCB use

No 20 17 22 0.501° 5

Use 3 3 -
Beta-blocker use

No 8 10 9 0.599° 3

Yes 15 10 13 2
BMI, kg/m?(SD) 25.6(4.4) 23.4(2.4) 24.9 (3.9) 0.1672 24 (4.1)

SD = standard deviation; CCB = calcium-channel blocker; BMI = body mass index; a = one-way ANOVA test; b = chi-square test

compared to independent-type idiopathic PVC (p value
<0.05). Also, LF/HF ratio circadian rhythm displaying
trend towards higher values during nighttime was only in

independent-type PVC.
DISCUSSION

One major finding of this study is that in patients with
independent-type PVC, the oscillations of HRV have distinct
abnormalities. These abnormalities include attenuation of the
global, parasympathetic, and sympathetic nervous system
HRV parameters throughout day and night. The autonomic
nervous system functions in independent-type PVC are less
preserved than fast- and slow-type PVC. Another finding
is that the tendency towards higher LF/HF ratio at night
in independent-type PVC characterizes those with the
nighttime sympathetic dominance.

In control subjects, global HRV during the day was
higher than in the morning. In addition, the parasympathetic
nervous system activity at night was higher than in the
morning and daytime. This is consistent with previous studies

which stated that the time-domain HRV (RMSSD and
pNN50) and HF power increased during sleep.'® After that,
they decreased with the lowest point in the morning. Like
many other biomarkers, autonomic nervous system activity
physiologically fluctuates in a diurnal variation pattern with
peak levels of vagal activity at night. Conversely, a blunted
pattern of circadian variation, especially in the absence of
increased nocturnal vagal activity is associated with an
increased risk of cardiovascular events such as myocardial
ischemia, myocardial infarction, malignant arrhythmias, and
sudden cardiac death in the morning as well as a hyperglycemic
state and elevated pro-inflammatory cytokines.!

In fast-and slow-type PVC, the mean SDNN and
SDANN were higher than the control group in the morning,
day, and night. These SDNN and SDANN variations
indicate the flexibility of the autonomic nervous system as an
adaptation to day-night variations in PVC burden. Increased
SDNN and SDANN were also found in atrial fibrillation
patients.” Kim et al."”” suggested that high global HRV in
atrial fibrillation might reflect disproportionate fluctuation in
the autonomic nervous system. In fast- and slow-type PVC,
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both parasympathetic and sympathetic nervous system tone
are higher at night than in the morning and during the day.
However, the autonomic nervous system activity in fast- and
slow-type PVC was kept at balance as shown by dominance
of the parasympathetic nervous system at night compared
to the sympathetic nervous system, because there was a
decrease in the LF/HF ratio at night compared to morning
and daytime.

Subjects of independent-type PVC in this study
showed a trend of higher resting heart rate compared
to fast- and slow-type PVC, which indicated the high
sympathetic drive.?*?' Patients with PVC were known
to have higher sympathetic nervous activity than normal
people.”? However, spectral analysis showed the reduced
LF component which characterizes decreased sympathetic
tone variability in the heart. One possible reason for
the low cardiovascular variability of this component of
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LF could be due to downregulation of B-adrenoceptors.
Prolonged stimulation of f-adrenoceptor signals can induce
B-adrenoceptor downregulation. Sympathetic adrenergic
activation, mediated via B-adrenoceptor signaling, enhances
cardiac contraction and relaxation. This response is initially
beneficial in helping to increase cardiac output and
maintain circulation. However, long-term B-adrenoceptor
overstimulation eventually leads to a loss of responsiveness
to sympathetic signaling (B-adrenoceptor desensitization)
and a decrease in the density (number) of B-adrenoceptors
in the cell membrane (downregulation), resulting in reduced
B-adrenoceptor signaling. B-adrenoceptor desensitization
occurs via B-adrenoceptor self-phosphorylation by protein
kinase A and G-protein coupled receptor kinases (GRKs).?*
GRKs activity has been found to increase under conditions
of prolonged B-adrenoceptor activation. In addition, GRK
activation can lead to internalization of P-adrenoceptors

SDNN (ms) Fast-type Slow-type Independent-typeab p value
Morning 99 (20) 97 (22) 59 (13)
Day 136 (22) 136(32) 78(19) < 0.001
Night 118 (20) 144 (25) 89 (22)

a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05);
b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05)

a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05);
b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05)

(A) Circadian rhythm of SDNN

Control

84 (5) 40
115 (7) 20
104 (26) 0

(B) Circadian rhythm of SDANN
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2
g 80
SDANN (ms) Fast-type Slow-type Independent-typeab p value Control @ 60
Morning 80(16) 84 (16) 49 (12) 66 (8) 40
Day 120 (24) 131(28) 71(17) < 0.001 100 (7) 20
Night 94 (22) 116(25) 78(18) 78 (6) 0

Morning Day Night
—Fast-type PVC-Slow-type PVC=Independent-type PVC=Control

Morning Day Night
—Fast-type PVC ~Slow-type PVC =Independent-type PVC =Control

Figure 2. Circadian rhythm of global HRV in idiopathic PVC.

SDNN = standard deviation of normal R-R intervals; SDANN = standard deviation of the averages of NN intervals in all 5-minute segments.
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(A) Circadian rhythm of RMSSD
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a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05); Morning Day nght

b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05) —Fast-type PVC-Slow-type PVC=Independent-type PVC=Control

(B) Circadian rhythm of pNN50
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Morning  8.06 (1.5)  7.49 (1.36) 4.5(1.2) 8.38 (1.35)
5
Day 12.03 (2.4) 10.41(2.2) 4.7(1.9) <0.001 12.48 (2.91)
Night 17.69 (2.07) 17.96 (2.6) 4.7 (1.4) 20.53 (3.87) 0 _ '
a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05); Mommg Day nght

b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05) —Fast-type PVC-Slow-type PVC=Independent-type PVC—Control

(C) Circadian rhythm of HF
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Day 0.27 (0.04) 0.26 (0.10)  0.14 (0.07) <0.001 0.24 (0.06) 005
Night 0.33(0.09) 0.34 (0.12) 0.14 (0.07) 0.26 (0.08) 0 . _
a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05); Mornlng Day nght
b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05) —Fast-type PVC-Slow-type PVC=Independent-type PVC—Control

Figure 3. Circadian rhythm of parasympathetic activity in idiopathic PVC.

RMSSD = root mean square of successive R-R interval differences; pNN50 = percentage of normal R-R intervals that differ by 50 ms;
HF = high frequency.
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(A) Circadian rhythm of LF
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Night 0.33(0.05) 0.36 (0.19) 0.16 (0.09) 0.34 (0.05) 0

a= significantly different from fast-type (Games-Howell post-hoc test, p<0.05);
b= significantly different from slow-type (Games-Howell post-hoc test, p<0.05)

(B) Circadian rhythm of LF/HF ratio
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Figure 4. Circadian rhythm of sympathetic activity and sympathovagal balance in idiopathic PVC.

LF = low frequency; HF = high frequency.

(especially Bl-adrenoceptors), pl-adrenoceptors shift from
the sarcolemma membrane to the cytosolic compartment,
contributing to the downregulation of B-adrenoceptors.

In independent-type PVC with its consistency of
PVC burden throughout day and night, all physiological
mechanisms reached maximum capacity to maintain
homeostasis, the autonomic nervous system was unable
to keep reserves on its variability. The ability to maintain a
high level of variability is a marker of cardiovascular health.
Previous studies have shown that lower HRV is associated
with a 32—-45% increased risk of a first cardiovascular event in
patients without known cardiovascular disease.* The phasic
characteristics of global, sympathetic, and parasympathetic
drive are clearly evident in control, fast- and slow-type PVC
subjects, but not in patients with independent-type PVC.

This study has limitations in its cross-sectional design.
Because this study is observational in nature, there may be
residual confounders. We only investigated patients from
Jakarta and Tangerang, and generalizing our study findings

to represent an entire country should be done with caution.
Future studies should invite more centers to participate and
a follow-up to evaluate possibility of differences in prognosis.

CONCLUSION

'The global, parasympathetic, and sympathetic parameters
of HRV are reduced in patients with independent-type PVC
compared to fast- and slow-type PVC. In fast- and slow-
type PVC, there were slight increases of HRV indicating
increased ANS activity as adaptation to the stress imposed
by the PVC burden.
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