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Abstract
This cross-sectional study focused on the association between heart rate variability (HRV) and early repolarization pattern (ERP).
It included 1236 patients categorized into three groups: ERP type 1: J-point elevation with notched/slurred QRS; ERP type 2: ST
elevation without dominant J-wave; and non-ERP group. Analyzing time-domain indexes include standard deviation of NN
(normal-to-normal) RR intervals (SDNN), root mean square of successive difference in NN RR intervals (RMSSD), and
proportion of consecutive NN intervals that differ by more than 50 ms (PNN50), there were significant differences between
any two groups (all P < 0.01). All time-domain indexes showed: ERP type 2 > ERP type 1 > non-ERP. Multivariate logistic
regression analysis revealed that SDNN at nighttime and gender were independently associated with the maximummagnitude of
J-point elevation ≧ 0.2 mV. The findings strongly suggested that based on electrocardiogram characteristics, parasympathetic
tone denoted by HRV may be related to different types of ERP.
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Introduction

Early repolarization pattern (ERP) is described as J-point ele-
vation or QRS notching or slurring on the standard 12-lead
electrocardiogram (ECG). It is present in between 2.3 and
13.1% of the overall population in the world. Among them,
athletes and adolescents have a higher incidence of ERP
[1–4]. Previously, early repolarization was considered as a
normal ECG variation. However, recent studies have shown
that early repolarization is associated with arrhythmia deaths
in the general population [1, 2, 5, 6]. A previous study con-
ducted by our group revealed that the risk of arrhythmia
deaths in ERP patients increased (RR 1.7, 95% CI 1.19–
2.42) when adjusted with confounding factors [7]. A recent

study also showed that early repolarization is associated with a
significant increased risk of ventricular arrhythmias and sud-
den cardiac death in patients with structural heart diseases [8].

However, the pathophysiologic basis of ERP is currently not
fully understood. Though research have showed that the J-point
of early repolarization rises significantly during bradycardia
[9–11], the relationship between early repolarization and para-
sympathetic tone remains unclear. The study therefore aimed to
evaluate the possible associations between autonomic influence
and ERP in individuals without structural heart disease.

The most frequently used and non-invasivemethod in eval-
uating autonomic effects is heart rate variability (HRV) anal-
ysis. HRV is an index of the influence of the sympathetic and
parasympathetic systems of the heart [12, 13]. Herein, the role
of autonomic influences related to early repolarization were
evaluated by HRV.

Materials and Methods

Study Population

A cross-sectional study design was employed in this study.
Data collection was performed prospectively. We screened all
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patients (N = 7624) who were referred to the First Affiliated
Hospital of Sun Yat-Sen University for 24-h Holter recording
between January 4, 2018 and February 28, 2019. All the pa-
tients underwent 24-h Holter recording for evaluation of chest
pain, palpitations, dizziness, unexplained syncope, and other
symptoms as well as preoperative risk assessment of non-heart
surgeries. The study population was selected based on the
following criteria: Patients aged between 18 and 60 years with
no structural heart disease and whose recording time of Holter
was more than 22 h and with a sinus rhythm as the dominant
rhythm were included in the study. Patients diagnosed with
hyperthyroidism, hypothyroidism, acute cerebrovascular acci-
dent, limited activity caused by various reasons, system-
ic diseases or Wolff-Parkinson-White syndrome were
excluded from the study. Pregnant patients and those
who had taken drugs affecting autonomic nerves or an-
tiarrhythmic drugs within 1 month before examination,
those with QRS wave width more than 110 ms, and
those with a history of pacemaker implantation were
also excluded. Finally, 1236 patients remained to pro-
ceed with the study. The presence of an existing struc-
tural heart disease was examined using either an elec-
trocardiogram (ECG), or an echocardiography, or a cor-
onary angiography. General clinical data and history of
heart disease, hypertension, diabetes, smoking status,
medication history, and examination results of the pa-
tients were obtained through questionnaires and elec-
tronic medical record system.

Categorization of Early Repolarization

Currently, there is no unified definition of early repolarization.
Based on the American Heart Association criterion set in 2015
[14], early repolarization was categorized into two subtypes:
ERP type 1 and ERP type 2 (Fig. 1). ERP type 1 referred to
early repolarization in modern definition. The elevation of the
J-point of two adjacent lateral or inferior leads ≥ 0.1 mV with
either slurring or notching morphology regardless of the
change of ST segment. ERP type 2 referred to ST seg-
ment elevation ≥ 0.1 mV without a significant J-wave.
ST segment elevation is generally multilead or full lead.
ERP type 2 patients had ST segment elevation of the
leads whose S wave at the end of QRS wave was more
significant than that of the R wave. All patients
underwent 12-lead resting ECG followed by 12-
channel Holter recording. Changes consistent with those
of ERP type 1 and ERP type 2 that appeared in either
or both ECG and Holter recording were regarded as
early repolarization. All the 1236 patients were then
further categorized into three groups: ERP type 1,
ERP type 2, and non-ERP group based on their ECG
characteristics. In the same line, patients who showed
early repolarization were further categorized into two

groups based on the time of the early repolarization.
One group was named “all-day group” because it
showed early repolarization both in the day and at
night. The other group was named “nighttime group”
because it only showed early repolarization when the
heart rate slowed down at night.

Twenty-Four-Hour Holter Recording

Twelve-channel recorders were used for all patients. All re-
cordings were performed using the Biomedical Instruments
Co., Ltd. Holter system by a trained cardiologist. Patients with
recording durations less than 22 h, and those with artifacts
exceeding 10% were excluded. Those with non-sinus domi-
nant rhythms such as paroxysmal or persistent atrial flutter/
atrial fibrillation, persistent atrial tachycardia, and non-
transient atrioventricular block of second degree or more were
also excluded.

HRV Analysis

Heart rate variability analysis was done using the Holter sys-
tem. This included time-domain analysis and frequency-
domain analysis. The parameters estimated were as follows:
(1) SDNN—the standard deviation of NN (normal-to-normal)
RR intervals, (2) RMSSD—the root mean square of succes-
sive difference in NN RR intervals; (3) PNN50—the propor-
tion of consecutive NN intervals that differ by more than
50 ms; (4) LF—low frequency; and (5) HF—high frequency.
The LF/HF ratio was then calculated and recorded above in-
dexes in the whole day and daytime/nighttime, respectively.
Daytime was defined as between 07:00 and 23:00 h while
nighttime was between 23:00 and 07:00 h the next day.
These time intervals were based on the living habits of the
local people.

Other Variables

Premature ventricular complexes were carefully checked; the
total number and nighttime number were counted. Non-
sustained ventricular tachycardia was defined as that which
lasted for 30 s or less. None of the patients was found to have
sustained ventricular tachycardia.

Statistical Analysis

All variables were tested for normality first. Continuous
variables with a normal distribution were expressed as
means with standard deviation while those with a
skewed distribution were expressed using their median
and their 25% and 75% quartiles. The Kruskal-Wallis
test was used to compare the clinical characteristics
and heart rate variabilities of patients in the ERP type
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1, ERP type 2, and non-ERP group. Categorical vari-
ables were reported as frequencies and were compared
using the chi-square test or Fisher exact test. In sub-
group analysis, the HRV of all-day group and nighttime
group was compared using the Student’s t test or Mann-
Whitney U test. The effects of covariates on the maxi-
mum magnitude of J-point elevation ≧ 0.2 mV of the
ERP type 1 during Holter recording were analyzed
using multivariate logistic regression. SPSS version 22
software was used in statistical analysis. P values less
than 0.05 (P < 0.05) indicated significant differences be-
tween groups.

Results

Patient Characteristics

This study included 1236 patients aged from 18 to 60 years
old of whom 47% were males. Among the patients, 30.6%
showed ERP type 1, 13.9% showed ERP type 2, and the
remaining 55.5% had no ERP. Table 1 shows the clinical
characteristic of the study population stratified based on their
early repolarization status. As shown, patients with ERP (in-
clude ERP type 1 and ERP type 2) tend to be males. They also
had a lower mean heart rate and minimum heart rate compared
with those in the non-ERP group. ERP type 2 group patients
were younger and had a lower body mass index (BMI) and
higher maximum heart rate compared with those in the ERP
type 1 group. No significant differences were found in the
history of diabetes, proportion of smokers, and value of

premature ventricular complexes both at night and during
the entire day and night. The incidence of non-sustained ven-
tricular tachycardia was higher in patients with early repolar-
ization type 1 compared with those in the non-ERP group.
However, the incidence was very low (3.2%) and the longest
ventricular tachycardia was only made up of three wide mal-
formation QRS waves. The prevalence of hypertension in the
ERP type 2 group was lower than that of the non-ERP group.
This may be attributed to the relatively younger age of patients
in ERP type 2.

Comparison of HRV Between ERP Type 1, ERP Type 2,
and Non-ERP Group

The heart rate variability values between ERP type 1, ERP
type 2, and non-ERP groups were significantly different
(Fig. 2). Time-domain indexes (SDNN, RMSSD, and
PNN50) between any two groups were found to be signifi-
cantly different (P < 0.01). All time-domain indexes showed
the following: ERP type 2 > ERP type 1 > non-ERP. In
frequency-domain analysis, the LF/HF ratio of ERP type 2
patients was significantly lower than that of the non-ERP pa-
tients (P = 0.009). However, there were no significant differ-
ences in the LF/HF ratio between ERP type 1 group and non-
ERP group.

Daytime /Nighttime HRV Comparison in All-Day
Group and Nighttime Group

Subgroup of daytime /nighttime HRV comparison in all-day
group and nighttime group was analyzed to further verify the

Fig. 1 Subtype of early repolarization pattern (ERP). a ERP type 1: ERP with notching morphology. b ERP type 1: ERP with slurring morphology. c
ERP type 2
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association between HRV parameters and ERP. In ERP type 2
analysis (Table 2), daytime HRV values of SDNN, RMSSD,
PNN50, and HF indexes were significantly higher in the all-

day group than those of the nighttime group (P < 0.05).
However, there were no significant differences found in
ERP type 1 analysis (Table 3).

Fig. 2 Comparison of heart rate variability (HRV) among ERP type 1, ERP type 2, and non-ERP groups

Table 1 Clinical characteristic of the study population stratified by ERP type

ERP type 1
N = 378

ERP type 2
N = 172

Non-ERP
N = 686

P value P1 P2 P3

Age 44 (32–52) 31 (22–42) 45 (35–53) < 0.001 0.134 < 0.001 < 0.001

Male, n (%) 250 (66.1%) 127 (73.8%) 204 (29.7%) < 0.001 < 0.001 0.29

Height (m) 1.68 (1.6–1.72) 1.7 (1.67–1.73) 1.6 (1.55–1.66) < 0.001 < 0.001 < 0.001 0.098

Weight (kg) 64 (54–71) 58 (55–67) 60 (54–64) 0.012 0.01 1.000 0.305

Body mass index (kg/m2) 23.0 (21.1–24.3) 20.1 (18.5–22.5) 22.8 (21.7–24.7) < 0.001 1.000 < 0.001 < 0.001

History of hypertension, n (%) 42 (11.1%) 10 (5.8%) 82 (11.9%) 0.756 0.019 0.059

History of diabetes n (%) 17 (4.5%) 5 (2.9%) 22 (3.2%) 0.489

Smoking (ever), n (%) 75 (19.8%) 33 (19.1%) 117 (17.1%) 0.497

Mean heart rate 71 (65–77) 68 (65–78) 74 (69–79) < 0.001 < 0.001 0.001 0.87

Maximum heart rate 126 (115–139.5) 135 (122–147) 128 (117.5–138) 0.012 1.000 0.012 0.016

Minimum heart rate 48 (45–54) 46 (43–51) 52 (48–56) < 0.001 < 0.001 < 0.001 0.552

PVC/24 h 1 (0–14.5) 0 (0–35) 1 (0–17.5) 0.409

PVC at night 0 (0–3) 0 (0–3) 0 (0–2) 0.845

Non-sustained VT, n (%) 12 (3.2) 1 (0.6) 2 (0.3) < 0.001 0.489 0.073

Values were expressed as median (25–75% quartile) or n (%). P1: pairwise comparisons of adjusted P value of ERP type 1 and Non-ERP; P2: pairwise
comparisons of adjusted P value of ERP type 2 and Non-ERP; P3: pairwise comparisons of adjusted P value of ERP type 1 and ERP type 2

PVC premature ventricular complexes, VT ventricular tachycardia, ERP early repolarization pattern
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Multivariate Analysis of Nighttime HRV with
Maximum J-Point Elevation Amplitude ≥ 0.2 mV

SDNN, RMSSD, PNN50, and LF/HF ratios at nighttime were
used to build different regression models to study the
effects of covariates on the maximum magnitude of J-
point elevation ≧ 0.2 mV during Holter recording in the
ERP type 1 group. Nighttime parameters of HRV were
chosen because the highest elevation of J-point often
occurred at night. After adjusting for age, BMI, hyper-
tension, diabetes, smoking status, mean heart rate, and
maximum and minimum heart rates, multivariate logistic
regression analysis revealed that higher SDNN at night-
time (odds ratio 1.025, 95% CI 1.009–1.040, P = 0.001)
and male patients (odds ratio 4.172, 95% CI 1.016–
17.125, P = 0.047) were independently associated with
the maximum J-point elevation amplitude ≥ 0.2 mV of
ERP type 1 during Holter recording (Table 4). No anal-
yses were done for ERP type 2 group because of diffi-
culties in locating a clear J-point.

Discussion

Previous epidemiological studies have reported that early re-
polarization occurs mostly in male and young patients.
Herein, patients in the ERP type 2 group were relatively youn-
ger and had lower BMI compared with the ERP type 1
patients.

Based on electrocardiogram characteristics, parasympa-
thetic tone denoted by HRV may be related to different types
of ERP. Herein, the order of parasympathetic tension was
ERP type 2, ERP type 1, and non-ERP group, respectively.
In ERP type 2 group analysis, daytime HRVwas higher in all-
day group than in the nighttime group. This aspect strength-
ened the power of connection between parasympathetic tone
and ERP. An increase in parasympathetic tone may be in-
volved in the pathophysiological mechanism of early
repolarization.

Currently, the pathophysiological basis of early repolariza-
tion is not entirely understood. Experimental studies by
Antzelevitch C et al. (1991, 2011) and Badri M et al. (2015)

Table 3 Daytime/nighttime HRV comparison of ERP type 1 subjects in all-day group and nighttime group

Daytime HRV P value Nighttime HRV P value

All-day group
n = 186

Nighttime group
n = 192

All-day group
n = 186

Nighttime group
n = 192

SDNN (ms) 111.5 (94.2–132.7) 105 (90.5–123) 0.105 126 (98.2–160) 128 (93–160.5) 0.906

RMSSD (ms) 26 (20–39) 24 (19–31) 0.101 39.5 (28–59) 37 (28–52) 0.607

PNN50 (%) 6 (2–15) 4 (2–9) 0.128 16 (7–38.7) 14 (6.5–27.5) 0.603

LF 541 (264.7–762.7) 432 (248.5–624.5) 0.039 723 (347.5–1096.2) 602 (291.5–992.5) 0.308

HF 156.5 (83–336.7) 136 (82.5–217) 0.24 339.5 (137.5–865) 302 (202.5–608) 1.000

LF/HF ratio 2.9 (2.0–4.7) 3.1 (2.1–3.8) 0.778 1.5 (1–3.1) 1.7 (1.0–2.7) 0.536

HRV heart rate variability, SDNN the standard deviation of NN (normal-to-normal) RR intervals, RMSSD the root mean square of successive difference
in NN RR intervals, PNN50 the proportion of consecutive NN intervals that differ by more than 50 ms, LF low frequency, HF high frequency

Table 2 Daytime/nighttime HRV comparison of ERP type 2 subjects in all-day group and nighttime group

Daytime HRV P value Nighttime HRV P value

All-day group
n = 140

Nighttime group
n = 32

All-day group
n = 140

Nighttime group
n = 32

SDNN (ms) 123 (115.5–146) 91 (77.5–109.5) 0.001 150.5 ± 40.3 121.8 ± 42.2 0.061

RMSSD (ms) 33 (26–44) 19 (16.5–31.5) 0.004 54.9 ± 22.1 44.2 ± 20.2 0.094

PNN50 (%) 11 (5.5–20.5) 2 (1.0–10.5) 0.004 29.8 ± 16.9 20.9 ± 17.2 0.158

LF 795.6 ± 367.4 515.1 ± 336.4 0.041 929.1 ± 480.6 763.2 ± 569.1 0.368

HF 293 (135–447) 126 (67–221) 0.003 749 (354.5–1138) 356 (308–703) 0.113

LF/HF ratio 2.7 (1.8–3.8) 3.9 (2.5–6.9) 0.032 1.08 (0.8–1.5) 1.7 (1.1–2.1) 0.081

HRV heart rate variability, SDNN the standard deviation of NN (normal-to-normal) RR intervals, RMSSD the root mean square of successive difference
in NN RR intervals, PNN50 the proportion of consecutive NN intervals that differ by more than 50 ms, LF low frequency, HF high frequency
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showed that J-wave was formed by transmural voltage differ-
ence of 1 and 2 phases in action potential mediated by Ito
current [15–17]. Though research has shown that the J-point
of early repolarization rises significantly during bradycardia,
the relationship between early repolarization and parasympa-
thetic tone remains unclear. Shinohara T et al. (2017) pointed
out that exaggerated reactivity of parasympathetic nerve was
involved in ventricular fibrillation in J-wave syndrome though
the number of cases included was small [18]. We speculate
that the parasympathetic nerve could exhibit early repolariza-
tion by increasing the repolarization current of 1 and 2 phases
of action potential or slowing inactivation of Ito current.
However, this hypothesis needs to be further confirmed or
disapproved.

Limitations and Future Directions

Although this study shows that increased parasympathetic tone is
related toearly repolarization, autonomicnerve tension is indirect-
ly reflectedbyheart rate variability.Cognizant to this, the relation-
ship between parasympathetic tone, repolarization currents, and
early repolarizationneeds tobe studied further.Herein, early repo-
larization patterns of individual cases were found to fluctuate be-
tween type 1 and type 2. Given that patients in the ERP type 2
group were relatively younger, whether they will change to ERP
type 1with increasing age needs further follow-up studies.

Conclusion

Based on electrocardiogram characteristics, parasympathetic
tone denoted by HRV may be related to different types of
ERP.
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