J | of
Bc:tl:c:augiversity of Medical Sciences J BUMS

e-ISSN: 2251-7170  p-ISSN: 1561-4107

The Association between Early Repolarization Pattern and Coronary
Artery Disease Based on Coronary Angiography

E. Chogan (MD)!}*, S. Abrotan (MD)?**, H. Shirafkan (PhD)***, K. Amin (MD)?"*,
M. Hedayati (MD)*

1.Student Research Committee, Babol University of Medical Sciences, Babol, I.R.Iran.
2.Clinical Research Development Unite of Rouhani Hospital, Babol University of Medical Sciences, Babol, I.R.Iran.
3.Social Determinants of Health Research Center, Health Research Institute, Babol University of Medical Sciences, Babol, I.R.Iran.

*Corresponding Author: M. Hedayati (MD)
Address: Clinical Research Development Unite of Rouhani Hospital, Babol University of Medical Sciences, Babol, I.R.lIran.
Tel: +98 (11) 32288990. E-mail: drmohammad.hedayati@yahoo.com

Article Type ABSTRACT

Research Paper Background and Obijective: Coronary artery disease is considered as the most important disease
among cardiovascular diseases. Recently, evidence has emerged suggesting an association between
early repolarization and coronary artery disease. Therefore, the present study was conducted to
investigate the association between electrocardiographic early repolarization pattern and coronary
artery disease based on coronary angiography in patients who underwent angiography at Ayatollah
Rouhani Hospital in Babol, northern Iran.

Methods: This cross-sectional study was conducted on all patients who underwent angiography in
2019 at Rouhani Hospital in Babol. The association between early repolarization and demographic
variables as well as laboratory tests of the patients was evaluated. Subsequently, patients were divided
into high-risk, moderate-risk, and low-risk groups based on the Framingham criteria, and the
association between early repolarization and coronary artery disease was investigated and compared
in each group.

Findings: 1,351 patients were evaluated in this study. Overall, the early repolarization pattern was
observed to be more common in men (190 [23.5%] vs. 102 [18.8%]; p<0.01). According to the
Framingham criteria, 648 patients had low risk, 386 had moderate risk, and 317 had high risk of
coronary artery disease. Among patients with low or moderate risk according to the Framingham
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide (1). Approximately 80% of the
global burden of CVD-related mortality occurs in low- and middle-income countries (2). Nearly 50% of all
deaths in high-income countries and approximately 28% of deaths in low- and middle-income countries are
attributable to cardiovascular disease, which has now become a major cause of death even in those regions
(3). Ischemic heart disease (IHD) is the leading cause of death in developed countries and one of the main
contributors to the disease burden in developing countries (4). The two main manifestations of IHD are
angina pectoris and acute myocardial infarction; 75% of global deaths due to IHD occur in low- and middle-
income countries (5, 6).

Acute myocardial infarction (AMI) is the complete occlusion of a major coronary artery with total
deficiency of oxygen and nutrients, leading to necrosis of the cardiac muscle. AMI is typically diagnosed
by electrocardiographic changes, elevation of serum enzymes such as creatine phosphokinase and troponin
T or |, and angina-like pain (7, 8).

Mortality remains high 30 days after AMI. Even with optimal medical therapy, the rate remains
approximately 33%, with half of all deaths occurring before the patient reaches the hospital (9, 10). Even in
a hospital with a coronary care unit where advanced care options are available, mortality is still 7% (11). In
a hospital where such facilities or treatments are not available, the mortality rate approaches 30% (12).

Identifying individuals at higher or lower risk of cardiovascular events is important to facilitate the
effective use of resources and interventions and to reduce the disease burden at both the individual and
community levels. Each of the known risk factors for cardiovascular disease - including age, gender,
dyslipidemia, hypertension, diabetes mellitus, and smoking - has been appropriately highlighted for risk
prediction (13). The integration of these factors into risk scores (e.g., the Framingham risk score) provides
a quantitative prediction of the future risk of developing coronary artery disease (CAD), which, after
calibration of absolute risks, is generalizable across different populations (14).

Electrocardiographic (ECG) early repolarization (ER) pattern is defined as a slurring or notching
morphology with J-point elevation of >0.1 mV in two contiguous leads and has been considered a marker
of health, as it is more common in athletes, younger individuals, and at slower heart rates (15, 16). Some
recent reports have demonstrated an association between ER and an increased risk of arrhythmic death and
idiopathic ventricular fibrillation (IVF) (17-20).

The relatively high prevalence of the ER pattern in the general population (3-5%), compared with the
incidence of IVF (approximately 10 cases per 100,000 persons), means that the ER pattern will almost
always be an incidental ECG finding without clinical consequences (21). However, a primary arrhythmic
disorder such as IVVF due to ER becomes much more likely when it is associated with syncope or resuscitated
sudden cardiac death in the absence of other causes (22).

The ER pattern may be sporadic or hereditary, although first-degree relatives of an individual with an
ER pattern appear to be two to three times more likely to have the ER pattern on ECG (23). While the vast
majority of ER is probably sporadic, hereditary ER appears to be transmitted in an autosomal dominant
manner (24).

The ER pattern is not always visualized on a standard electrocardiogram (ECG) due to its intermittent
nature. In a study by Krishnamurthy et al., among 542 individuals with a baseline ER pattern who underwent
follow-up ECG five years later, ER (>0.1 mV) was not observed in approximately 20% of cases (25). No
systematic evaluation has been conducted regarding the reported prevalence of concealed ER in the general
population, and the clinical significance, if any, of concealed ER remains unclear.
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As noted, ER is an ECG finding and may, in rare cases, be associated with a primary arrhythmic disorder
of idiopathic ventricular fibrillation (IVF) in the absence of structural heart disease. Given the high
prevalence of the ER pattern in the general population and the very low incidence of IVF, the diagnosis of
IVF secondary to malignant ER is a diagnosis of exclusion, made after ruling out other etiologies (26). In
the absence of syncope or sudden cardiac arrest, no further testing is warranted in individuals displaying an
ER pattern (27). Having patients perform the Valsalva maneuver may reveal or accentuate the ER pattern.
While this maneuver aids in identifying the high-risk hereditary ER pattern, this finding has not been
validated, and its utility has not been assessed in large, asymptomatic populations (28). Therefore, the
present study was conducted to investigate the association between early repolarization pattern and coronary
artery disease in patients who underwent angiography at Ayatollah Rouhani Hospital in Babol.

Methods

After approval by the Ethics Committee of Babol University of Medical Sciences (code:
IR.MUBABOL.HRI.REC.1400.182), this cross-sectional study was conducted on all patients who
underwent elective angiography at Ayatollah Rouhani Hospital in Babol in 2019. Patients with a pacemaker,
those who had experienced an acute myocardial infarction (M), those with atrial fibrillation (AF), bundle
branch block (BBB), or Wolff-Parkinson-White (WPW) syndrome on their initial ECG, as well as patients
whose angiography data were not recorded in their medical records or whose initial ECG was not available
in the records, were excluded from the study. The sample size was estimated to be 1500 patients using the
sample size formula (¢=0.05, p=0.2, d=0.02) (29). After applying the exclusion criteria, 1351 patients were
ultimately analyzed.

To record patient data, the necessary information was collected from their medical records, including
ECG findings, angiography reports, age, gender, smoking or alcohol consumption history, history of chronic
diseases such as diabetes mellitus (DM) and hypertension (HTN), blood pressure at admission, body mass
index (BMI), fasting blood glucose (FBG), and lipid profile. Since the data were collected from medical
records, obtaining informed consent was not required. Echocardiographic data available in the
hospitalization records were used to differentiate between prior myocardial infarction or prolonged ischemia
and classic ER with ST-segment elevation. To confirm the presence of an ER pattern on patients' ECGs, the
new 2015 American Heart Association (AHA) criteria were applied, along with the opinion of a cardiologist
who was a faculty member; in equivocal cases, a second specialist's opinion was sought. Patients were
categorized into low, moderate, and high-risk groups based on the Framingham Risk Score (FRS).
According to the Framingham criteria, patients were first stratified by gender (male vs. female). Different
points were assigned based on each of the following variables: age, high-density lipoprotein (HDL)
cholesterol, total cholesterol, systolic blood pressure (SBP), history of hypertension, smoking status, and
history of diabetes mellitus. In the second step, the sum of these points was entered into the 10-year
cardiovascular disease risk assessment table, and the risk level was calculated. Patients with a risk of less
than 10% were classified as the low-risk group, those with a risk of 10-20% as the moderate-risk group, and
those with a risk greater than 20% as the high-risk group (14, 30, 31).

To investigate the association between ER pattern and coronary artery disease, patients were divided into
two groups based on the presence or absence of ER pattern on their initial ECG. In each group, the
percentage frequency of stenosis >50% reported on angiography for each major epicardial coronary artery
was calculated. The overall percentage of patients with >50% obstruction in major coronary arteries, with
and without ER, was determined for each low-risk, moderate-risk, and high-risk subgroup according to the
Framingham criteria.

Journal of Babol University of Medical Sciences, 2026; 28: e11



4 The Association between Early Repolarization Pattern and Coronary Artery Disease .../ E. Chogan, et al

Data were analyzed using SPSS software (version 26) and T-test, Mann-Whitney U test, Chi-squared
test, and Fisher's exact test. A p-value<0.05 was considered statistically significant.

Results

After applying the exclusion criteria, 1351 patients remained and were analyzed from an initial cohort
of 1500 patients who underwent angiography. Of these, 292 patients (21.6%) exhibited an early
repolarization (ER) pattern.

Of the total 1351 patients, 809 (59.9%) were male and 542 (40.1%) were female. Among these, 190
males (23.5%) and 102 females (18.8%) exhibited an ER pattern (p < 0.01). The mean age of the participants
was 63.1+11.5 years. The mean age of patients with an ER pattern was 63.0+12.4 years, while those without
an ER pattern had a mean age of 63.1+11.3 years. A total of 903 patients (66.9%) had hypertension. Among
these, 713 (67.3%) were without an ER pattern, and 190 (65.1%) exhibited an ER pattern (Table 1).

The mean heart rate is all patients was 71+14 bpm. This value was 69.4+14.2 bpm in patients with an
ER pattern and 71.5+£13.9 bpm in patients without an ER pattern. No statistically significant difference was
observed between the two groups (Table 2).

Table 1. The association between the presence of ER pattern and medical history risk factors
Early Repolarization Pattern

Study Group Total Number Yes No p-value
Number(%) Number(%o)

All patients 1351 292(21.6) 1059(78.4) -
Hypertension 903 190(21.0) 713(79.0) 0.23
Hyperlipidemia 968 148(15.2) 820(84.8) <0.01"
Diabetes Mellitus 440 86(19.5) 354(80.5) 0.27

Smoking 230 54(23.4) 176(76.6) 0.04"

*Statistically significant (p<0.05)

Table 2. The association between ER pattern and CAD in Framingham risk groups

CAD
Risk Group Total number  (>50% Stenosis) (<50% Stenosis) p-value
Number(%o) Number(%0o)
Low
Without ER pattern 498 295(59.3) 203(40.7) <001"
With ER pattern 150 50(33.3) 100(66.7) '
Moderate
Without ER pattern 282 145(51.4) 137(48.6) 0.02"
With ER pattern 104 36(34.6) 68(65.4) '
High
Without ER pattern 279 100(35.8) 12759(%654 82)) 0.78
With ER pattern 38 13(34.2) ' '
Total
Without ER pattern 1059 540(51.0) 519(49.0) 0.02"
With ER pattern 292 99(33.9) 193(66.1) '
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In the assessment of patients' blood pressure at admission, the mean systolic blood pressure for all
patients was 137.4+24.8 mmHg, and the mean diastolic blood pressure was 79.6+15.2 mmHg. Patients with
an ER pattern had a mean systolic blood pressure of 135.0+19.9 mmHg and a mean diastolic blood pressure
of 77.7+£12.2 mmHg. Patients without an ER pattern had a mean systolic blood pressure of 138.0+25.9
mmHg and a mean diastolic blood pressure of 80.1+15.9 mmHg. It was observed that patients with an ER
pattern had significantly lower systolic and diastolic blood pressures compared to those without an ER
pattern, and this difference was statistically significant (p<0.01).

The mean total cholesterol level among all patients was 187.9+51.3 mg/dL. This value was 190.6+£52.4
mg/dL for patients without an ER pattern, but 178.2+46.0 mg/dL for patients with an ER pattern (p<0.01).
The mean low-density lipoprotein (LDL) level among all patients was 118.1+40.5 mg/dL. This value was
120.3+40.8 mg/dL in patients without an ER pattern and 110.1+38.2 mg/dL in patients with an ER pattern
(p=0.01). The mean high-density lipoprotein (HDL) level among all patients was 40.8+10.2 mg/dL. This
value was 40.8+10.2 mg/dL for patients without an ER pattern and 40.8+10.1 mg/dL for patients with an
ER pattern. The mean triglyceride level among all patients was 161.2+152.2 mg/dL. This value was
164.7+£159.3 mg/dL for patients without an ER pattern, but 148.3£121.6 mg/dL for patients with an ER
pattern (p<0.01).

According to the Framingham criteria, of the 1351 patients studied, the largest group consisted of 648
patients classified as low risk for coronary artery disease. Moreover, 386 patients were classified as
moderate risk and 317 patients as high risk. On assessment of patients' angiography reports, >50% coronary
artery stenosis was reported in 712 patients (52.7%). Of these, 193 patients (27.1%) exhibited an ER pattern,
while 519 patients (72.9%) did not. On more detailed analysis using the Framingham criteria, the results
were as follows: of the 648 low-risk patients, 303 had >50% stenosis, of whom 100 exhibited an ER pattern
and 203 did not. Among patients classified as low risk according to the Framingham criteria, those who
exhibited an ER pattern on ECG were significantly more likely to have >50% coronary artery stenosis. This
difference was statistically significant (p<0.01).

Of the 386 patients with moderate risk, 205 had >50% coronary artery stenosis. Of these, 68 exhibited
an ER pattern and 137 did not. It was observed that among moderate-risk patients according to the
Framingham criteria, those with an ER pattern were significantly more likely to have >50% coronary artery
stenosis. This difference was statistically significant (p<0.02). Among the 317 high-risk patients, 204 had
>50% stenosis, of whom 25 exhibited an ER pattern and 179 did not (Table 2). Of the total 712 patients
with >50% stenosis, 293 (41.2%) had single-vessel disease (SVD), 213 (29.9%) had two-vessel disease
(2vD), and 206 (28.9%) had three-vessel disease (3VD). Regarding the association between ER pattern and
the extent of coronary artery involvement, among patients with SVD, 74 exhibited an ER pattern and 219
did not; this difference was not statistically significant. Among patients with 2VD, 64 exhibited an ER
pattern and 149 did not; this difference was statistically significant (p<0.02). Among patients with 3V D, 55
exhibited an ER pattern and 151 did not (p=0.04). Patients with an ER pattern were more likely to have
multivessel involvement (2VD or 3VD) (Table 3).

Table 3. The association between ER pattern and the number of vessels with >50% stenosis

Total ER pattern
Group Number Yes No p-value
Number(%)  Number(%o)
SVD (Single-Vessel Disease) 293 74(25.2) 219(74.8) 0.58
2VD (Two-Vessel Disease) 213 64(30.0) 149(70.0) 0.02
3VD (Three-Vessel Disease) 206 55(26.7) 151(73.3) 0.04
Total 712 193(27.1) 519(72.9) -
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ER pattern was significantly associated with stenosis of the right coronary artery, left anterior descending
artery, and left circumflex coronary artery. Coronary artery stenosis in patients with an ER pattern was
observed in association with ER pattern localized to the inferior leads or the lateral leads, and this association
was statistically significant (p < 0.05). However, no significant association was observed in individuals with
an ER pattern present in both the inferior and lateral leads simultaneously (Table 4).

Table 4. The association between the leads with ER pattern and coronary artery with >50% stenosis
Right Coronary Left Anterior Left Circumflex

Artery (RCA)  Descending (LAD) (LCX)
N p-value N p-value N p-value
Without ER pattern 291 - 449 - 231 -
Any ER pattern 111 <0.01 170 <0.01 89 0.03
ER pattern in inferior leads 64 0.03 98 0.02 54 0.02
ER pattern in lateral leads 32 0.04 47 0.04 27 0.03
ER pattern in both inferior 15 0.13 o5 0.09 8 0.34

and lateral leads

Discussion

In the present study, of 1351 patients who underwent angiography, 292 exhibited an ER pattern on their
ECG. A significantly increased risk of obstructive CAD was observed in individuals with ER pattern
compared to those without ER pattern, even after adjustment for several risk factors. Among low-risk and
moderate-risk patients, the presence of ER pattern, in addition to traditional risk factors, predicted a higher
rate of obstructive CAD. Furthermore, ER pattern was associated with a higher risk of multivessel
involvement. In this study, 190 males (23.5%) and 102 females (18.8%) exhibited an ER pattern. Overall,
the ER pattern was more common in males. A large cohort study demonstrated that Black race and male sex
are factors influencing the prevalence of ER (32). The association of ER pattern with male sex across studies
may suggest a hormonal effect, although the reason for this higher prevalence in males has not been clearly
identified (33). The role of male sex hormones in the manifestation of the ER pattern may be similar to that
observed in Brugada syndrome; however, anabolic-androgenic steroids shorten the QT interval, making it
difficult to explain this phenomenon (34). Consistent with the findings of previous studies, ER pattern was
associated with several other characteristics, including smoking and blood pressure (35, 36). Moreover, TC,
LDL-C, and TG levels were lower in individuals with ER pattern compared to those without this
abnormality. However, mean resting heart rate and age did not differ between individuals with and without
ER pattern. Previous studies have reported that the prevalence of ER pattern in the general population varies
between 2% and 31%, depending on the definition of ER (29, 37). In our study, 21.6% of patients
undergoing coronary angiography exhibited notching or slurring of the terminal QRS complex.

ER was traditionally considered a benign ECG finding. While the ER pattern is associated with certain
adverse effects, it does not significantly influence mortality when compared to other coronary risk factors.
A case-control study involving 90 patients demonstrated an association between the presence of an ER
pattern and the severity of atherosclerosis (35). Conversely, a large meta-analysis that reported an increased
risk of cardiovascular events in relation to ER morphology failed to confirm an association between J-point
elevation and sudden cardiac death (SCD) or mortality due to coronary heart disease (CHD) (38).
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Lee et al. showed that ER may be associated with cardiovascular events and that CAD patients with ER
may experience more cardiac complications compared to CAD patients without ER (36). Other studies have
demonstrated a relationship between ER and the risk of cardiac death (39). The presence of ER morphology
is strongly associated with the development of IVF, particularly in patients with coronary artery disease, as
well as with the occurrence of arrhythmias following myocardial infarction (MI) (40).

The majority of studies reporting an association between ER and adverse cardiovascular outcomes are
case-control studies. In contrast, negative findings have largely come from longitudinal registry-based
studies (41, 42). Differences in study populations and demographic characteristics are additional factors
contributing to these conflicting results. Moreover, variability in the diagnostic criteria used to define ER
and J-waves on the electrocardiogram creates substantial discrepancies across study findings.

This study is among the few to report an association between ER pattern and coronary artery stenosis as
diagnosed by coronary angiography. In real-world clinical settings, low- and moderate-risk patients with
CAD may be more prone to misdiagnosis than their high-risk counterparts. The findings of the present study
suggest that when an ER pattern is detected on a patient's ECG, clinicians should exercise greater vigilance
and consider further evaluation for obstructive coronary artery disease. Moreover, patients with multivessel
CAD have a higher likelihood of acute myocardial infarction and sudden cardiac death (SCD) than those
with single-vessel CAD, underscoring the importance of early identification in this subgroup. Consequently,
our study may offer a potentially valuable clinical implication for stratifying low- or moderate-risk patients
to determine which individuals would benefit from coronary angiography.

The fundamental mechanisms involved in the association between ER pattern and obstructive CAD
remain unclear. Myocardial ischemia may reduce inward currents (primarily INa and ICa), which enhances
outward potassium currents mediated by Ito, IK-ATP, and IK-Ach channels, particularly in the epicardium.
This leads to a disproportionate augmentation of repolarization current in the epicardial myocardium,
resulting in transmural differences during the early phases (phases 1 and 2) of the cardiac action potential.
These differences may be responsible for the J-wave on the electrocardiogram. Another possible
interpretation for this association is that an elevated J-point on the ECG may represent a peri-infarction
block, which typically indicates underlying CAD. This hypothesis was supported by the augmentation of
the J-wave with rapid pacing in a patient with vasospastic angina (43).

Given that ER pattern may increase the risk of sudden cardiac death and that CAD is associated with ER
pattern, it is plausible that ER pattern lies on the causal pathway between obstructive CAD and SCD in
some patients. The results of this study underscore the necessity of screening programs and the
implementation of preventive care measures in the setting of ER morphology.

This study demonstrated a higher prevalence of ER in males, with a statistically significant association
between gender and ER. As the underlying mechanism for this association remains unknown, further
investigations are warranted to determine the prognostic significance of this relationship. Both abnormal
coronary angiography findings and the severity of atherosclerosis were significantly greater in patients with
ER compared to those without ER, and a statistically significant association was observed between ER
prevalence and atherosclerotic burden. Given the paucity of similar studies examining the relationship
between ER and the severity of atherosclerosis, large-scale prospective studies are needed to investigate
patients with established atherosclerosis and to assess long-term outcomes and related events. Should this
association be confirmed, the presence of ER could serve as an indication for diagnostic angiography
independent of other risk factors. Timely diagnosis, improved management of atherosclerosis, and
prevention of complications such as arrhythmias and cardiomyopathy represent key future objectives.
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It is worth noting that the hospitalization period for the patients in this study extended from March 2019
to March 2020. Considering that the COVID-19 pandemic began in Iran and reached the city of Babol
(where the study was conducted) in March 2020, this effectively means that COVID-19 was eliminated as
a confounding factor in our study. While the potential ECG manifestations of COVID-19 have been reported
in several studies, the long-term and delayed manifestations of the disease remain incompletely elucidated
and are currently limited to a few case reports (44, 45). In fact, there have been published reports of early
repolarization syndrome and subsequent ventricular fibrillation occurring as late as several months after
recovery in these patients (45).

The findings of this study underscore that screening programs and the implementation of preventive care
measures are essential in the presence of early repolarization, even among patients deemed low risk based
on conventional risk factors. Timely diagnosis, improved management of atherosclerosis, and prevention of
complications including arrhythmia and cardiomyopathy become achievable when both the risk factors
examined in this study and the presence of an ER pattern are taken into account. Moreover, the results of
this study may serve as a foundation for resource allocation and for the design of future prospective studies
with larger sample sizes aimed at investigating the outcomes associated with the early repolarization pattern,
with particular emphasis on its coronary sequelae.

Several limitations of the present study should be acknowledged. First, we selected patients who had
undergone coronary angiography for various indications, including chest pain, preoperative assessment, or
malignant ventricular arrhythmias. This may have introduced selection bias, as some patients with
obstructive CAD may remain asymptomatic. Furthermore, several important confounders potentially
associated with obstructive CAD—such as dietary habits, physical activity levels, and socioeconomic
status—were not evaluated. The study population predominantly consisted of middle-aged and elderly
patients referred for coronary angiography; consequently, we cannot comment on the implications of ER
pattern for younger individuals. Additionally, the retrospective nature of the study precludes determination
of the temporal relationship between ER pattern and CAD. That is, we cannot establish whether ER pattern
precedes the development of CAD or, conversely, whether CAD induces ER pattern through myocardial
ischemia. Nonetheless, it remains feasible to assess the association between these two entities. Finally, the
epidemiological design of this study does not permit causal inference regarding the association between ER
pattern and CAD or their underlying pathogenesis.

Given the retrospective nature of the present study, which precludes the ability to assess outcomes
associated with ER pattern, we recommend that prospective studies be designed and implemented to
investigate ER pattern outcomes, with a particular focus on its coronary sequelae. In future investigations,
all participants should be assessed for lifestyle factors, family history, and other potential confounders.
Additionally, the incidence and progression of coronary artery disease should be evaluated at both baseline
and study completion, preferably utilizing less invasive modalities such as computed tomography
angiography (CTA).

Acknowledgment

The authors hereby extend their gratitude to the Vice-Chancellor for Research and Technology of the
university for their cooperation and invaluable assistance in the execution of this study.

Journal of Babol University of Medical Sciences, 2026; 28: e11



The Association between Early Repolarization Pattern and Coronary Artery Disease .../ E. Chogan, et al 9

References

1.Bhatnagar P, Wickramasinghe K, Williams J, Rayner M, Townsend N. The epidemiology of cardiovascular disease
in the UK 2014. Heart. 2015;101(15):1182-9.

2.Kromhout D. Epidemiology of cardiovascular diseases in Europe. Public Health Nutr. 2001;4(2B):441-57.
3.Andersson C, Vasan RS. Epidemiology of cardiovascular disease in young individuals. Nat Rev Cardiol.
2018;15(4):230-40.

4.Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Al Suwaidi SKBM, AlKatheeri R, et al. Global Epidemiology of
Ischemic Heart Disease: Results from the Global Burden of Disease Study. Cureus. 2020;12(7):e9349.

5.Nowbar AN, Gitto M, Howard JP, Francis DP, Al-Lamee R. Mortality From Ischemic Heart Disease. Circ
Cardiovasc Qual Outcomes. 2019;12(6):e005375.

6.Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub J. Trends in Mortality From Ischemic
Heart Disease and Cerebrovascular Disease in Europe: 1980 to 2009. Circulation. 2016;133(20):1916-26.

7.Foreman RD, Garrett KM, Blair RW. Mechanisms of cardiac pain. Compr Physiol. 2015;5(2):929-60.

8.Kawai C. Pathogenesis of acute myocardial infarction. Novel regulatory systems of bioactive substances in the vessel
wall. Circulation. 1994;90(2):1033-43.

9.Smolina K, Wright FL, Rayner M, Goldacre MJ. Determinants of the decline in mortality from acute myocardial
infarction in England between 2002 and 2010: linked national database study. BMJ. 2012;344:d8059.

10.Sheth T, Nair C, Muller J, Yusuf S. Increased winter mortality from acute myocardial infarction and stroke: the
effect of age. J Am Coll Cardiol. 1999;33(7):1916-9.

11.Thiele H, Akin I, Sandri M, Fuernau G, de Waha S, Meyer-Saraei R, et al. PCI Strategies in Patients with Acute
Myocardial Infarction and Cardiogenic Shock. N Engl J Med. 2017;377(25):2419-32.

12.Tomasevi¢ M, Stojkovi¢ S, Ostoji¢ M. Fibrinolytic therapy in acute myocardial infarction. Nauéni ¢asopis urgentne
medicine-Halo 94. 2010;16(1):31-7.

13.Kurian M. Risk Factors of Cardio Vascular Diseases. J Pharm Sci Res. 2014;6(7):266.

14.0'Donnell CJ, Elosua R. Factores de riesgo cardiovascular. Perspectivas derivadas del Framingham Heart Study
[Cardiovascular risk factors. Insights from Framingham Heart Study]. Rev Esp Cardiol. 2008;61(3):299-310. [Spanish]
15.Junttila MJ, Sager SJ, Tikkanen JT, Anttonen O, Huikuri HV, Myerburg RJ. Clinical significance of variants of J-
points and J-waves: early repolarization patterns and risk. Eur Heart J. 2012;33(21):2639-43.

16.Aagaard P, Baranowski B, Aziz P, Phelan D. Early Repolarization in Athletes: A Review. Circ Arrhythm
Electrophysiol. 2016;9(3):e003577.

17.Macfarlane PW, Antzelevitch C, Haissaguerre M, Huikuri HV, Potse M, Rosso R, et al. The Early Repolarization
Pattern: A Consensus Paper. J Am Coll Cardiol. 2015;66(4):470-7.

18.Nam GB, Kim YH, Antzelevitch C. Augmentation of J waves and electrical storms in patients with early
repolarization. N Engl J Med. 2008;358(19):2078-9.

19.Haissaguerre M, Sacher F, Nogami A, Komiya N, Bernard A, Probst V, et al. Characteristics of recurrent ventricular
fibrillation associated with inferolateral early repolarization role of drug therapy. J Am Coll Cardiol. 2009;53(7):612-
9.

20.Nademanee K, Haissaguerre M, Hocini M, Nogami A, Cheniti G, Duchateau J, et al. Mapping and Ablation of
Ventricular Fibrillation Associated With Early Repolarization Syndrome. Circulation. 2019;140(18):1477-90.
21.Benito B, Guasch E, Rivard L, Nattel S. Clinical and mechanistic issues in early repolarization of normal variants
and lethal arrhythmia syndromes. J Am Coll Cardiol. 2010;56(15):1177-86.

Journal of Babol University of Medical Sciences, 2026; 28: e11



10 The Association between Early Repolarization Pattern and Coronary Artery Disease .../ E. Chogan, et al

22.Pérez-Riera AR, Abreu LC, Yanowitz F, Barros RB, Femenia F, McIntyre WF, et al. "Benign" early repolarization
versus malignant early abnormalities: clinical-electrocardiographic distinction and genetic basis. Cardiol J.
2012;19(4):337-46.

23.Liu X, Shen 'Y, Xie J, Bao H, Cao Q, Wan R, et al. A mutation in the CACNALC gene leads to early repolarization
syndrome with incomplete penetrance: A Chinese family study. PLoS One. 2017;12(5):e0177532.

24.Chen M, Wang W, Huang DJ, Xu YN. A familial case of malignant early repolarization. Int J Cardiol.
2011;152(1):e12-3.

25.Krishnamurthy VT, Venkatesh ST. Deceptions of Early Repolarisation Syndrome. IOSR J Dent Med Sci (IOSR-
JDMS). 2016;15(7):125-7.

26.Kambara H, Phillips J. Long-term evaluation of early repolarization syndrome (normal variant RS-T segment
elevation). Am J Cardiol. 1976;38(2):157-61.

27.0beyesekere MN, Klein GJ, Nattel S, Leong-Sit P, Gula LJ, Skanes AC, et al. A clinical approach to early
repolarization. Circulation. 2013;127(15):1620-9.

28.Rollin A, Maury P, Bongard V, Sacher F, Delay M, Duparc A, et al. Prevalence, prognosis, and identification of
the malignant form of early repolarization pattern in a population-based study. Am J Cardiol. 2012;110(9):1302-8.
29.Ahmed H, Czosek RJ, Spar DS, Knilans TK, Anderson JB. Early Repolarization in Normal Adolescents is
Common. Pediatr Cardiol. 2017;38(4):864-72.

30.Mahmood SS, Levy D, Vasan RS, Wang TJ. The Framingham Heart Study and the epidemiology of cardiovascular
disease: a historical perspective. Lancet. 2014;383(9921):999-1008.

31.Tzoulaki I, Liberopoulos G, loannidis JP. Assessment of claims of improved prediction beyond the Framingham
risk score. JAMA. 2009;302(21):2345-52.

32.Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs Jr DR, et al. CARDIA: study design,
recruitment, and some characteristics of the examined subjects. J Clin Epidemiol. 1988;41(11):1105-16.

33.Holkeri A, Eranti A, Haukilahti MAE, Kerola T, Kentt& TV, Tikkanen JT, et al. Impact of age and sex on the long-
term prognosis associated with early repolarization in the general population. Heart Rhythm. 2020;17(4):621-8.
34.Stolt A, Karila T, Viitasalo M, Mantysaari M, Kujala UM, Karjalainen J. QT interval and QT dispersion in
endurance athletes and in power athletes using large doses of anabolic steroids. Am J Cardiol. 1999;84(3):364-6.
35.Hemmati R, Mohsenzadeh Y, Salaminia S, Sayehmiri F. Early repolarization and the severity of coronary artery
disease: A case-control study. Caspian J Intern Med. 2021;12(4):526-32.

36.Lee HY, Mun HS, Wi J, Uhm JS, Shim J, Kim JY, et al. Early repolarization and myocardial scar predict poorest
prognosis in patients with coronary artery disease. Yonsei Med J. 2014;55(4):928-36.

37.Suh B, Park S, Shin DW, Ahn H, Cho S, Lee SP, et al. Early repolarization is associated with significant coronary
artery stenosis in asymptomatic adults. Atherosclerosis. 2016;245:50-3.

38.Wang G, Zhao N, Zhong S, Wang H. Association of early repolarization pattern and ventricular fibrillation in
patients with vasospastic angina: A systematic review and meta-analysis. Clin Cardiol. 2022;45(5):461-73.
39.Miyazaki S, Shah AJ, Haissaguerre M. Early repolarization syndrome — a new electrical disorder associated with
sudden cardiac death. Circ J. 2010;74(10):2039-44.

40.Aizawa Y, Chinushi M, Hasegawa K, Naiki N, Horie M, Kaneko Y, et al. Electrical storm in idiopathic ventricular
fibrillation is associated with early repolarization. Journal of the American College of Cardiology. 2013;62(11):1015-
9.

41.Uberoi A, Jain NA, Perez M, Weinkopff A, Ashley E, Hadley D, et al. Early repolarization in an ambulatory clinical
population. Circulation. 2011;124(20):2208-14.

Journal of Babol University of Medical Sciences, 2026; 28: e11



The Association between Early Repolarization Pattern and Coronary Artery Disease .../ E. Chogan, et al 11

42.Quattrini FM, Pelliccia A, Assorgi R, DiPaolo FM, Squeo MR, Culasso F, et al. Benign clinical significance of J-
wave pattern (early repolarization) in highly trained athletes. Heart Rhythm. 2014;11(11):1974-82.

43.Shaw RM, Rudy Y. Electrophysiologic effects of acute myocardial ischemia: a theoretical study of altered cell
excitability and action potential duration. Cardiovascular research. 1997;35(2):256-72.

44.Predabon B, Souza AZM, Bertoldi GHS, Sales RL, Luciano KS, de March Ronsoni R. The electrocardiogram in
the differential diagnosis of cardiologic conditions related to the covid-19 pandemic. Journal of Cardiac Arrhythmias.
2020;33(3):133-41.

45.Carrillo Fernandez C, Leal Cavazos J, Zaldivar Zurita H, Pamplona Avila E, Navarro Lopez V, Garcia Arreola E.
J Wave Syndrome/Early Repolarization Associated to COVID-19 as a Late Manifestation. Am J Clin Cardiol.
2021;2(1):1011.

Journal of Babol University of Medical Sciences, 2026; 28: e11


http://www.tcpdf.org

