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and adverse cardiovascular outcomes remains unclear. Inconsistencies have stemmed from
the different methods used to measure the J wave. We examined the association between
the J wave, detected by an automated method, and adverse cardiovascular outcomes in
14,592 (mean age [ 54 – 5.8 years; 56% women; 26% black) participants from the
Atherosclerosis Risk In Communities (ARIC) study. The J wave was detected at baseline
(1987 to 1989) and during follow-up study visits (1990 to 1992, 1993 to 1995, and 1996 to
1998) using a fully automated method. Sudden cardiac death, coronary heart disease death,
and cardiovascular mortality were ascertained from hospital discharge records, death
certificates, and autopsy data through December 31, 2010. A total of 278 participants
(1.9%) had evidence of a J wave. Over a median follow-up of 22 years, 4,376 of the par-
ticipants (30%) died. In a multivariable Cox regression analysis adjusted for demographics,
cardiovascular risk factors, and potential confounders, the J wave was not associated with
an increased risk of sudden cardiac death (hazard ratio [HR] 0.74, 95% CI 0.36 to 1.50),
coronary heart disease death (HR 0.72, 95% CI 0.40 to 1.32), or cardiovascular mortality
(HR 1.16, 95% CI 0.87 to 1.56). An interaction was detected for cardiovascular mortality by
gender with men (HR 1.54, 95% CI 1.09 to 2.19) having a stronger association than women
(HR 0.74, 95% CI 0.43 to 1.25; P-interaction [ 0.030). In conclusion, our findings suggest
that the J wave is a benign entity that is not associated with an increased risk for sudden
cardiac arrest in middle-aged adults in the United States. � 2016 Elsevier Inc. All rights
reserved. (Am J Cardiol 2016;118:811e815)
Early repolarization on the 12-lead electrocardiogram
(ECG) has been traditionally considered a benign entity.1e4

However, recent reports have implicated early repolarization
as a marker for adverse cardiovascular outcomes.5e8
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Inherent in the definition of early repolarization are slurs
and notches at the terminal portion of the QRS complex,
which are collectively known as the “J wave.” Hence, the
prognostic significance of the J wave has become of great
interest to clinical researchers. Although some reports have
shown that the J wave is a benign finding,2,9,10 others have
shown the opposite.11e14 Inconsistencies stem from
different methods to measure the J wave, which have con-
sisted of manual and partially automated techniques.
Recently, a fully automated technique for J wave detection
has been developed.15 The application of an entirely auto-
mated method to detect this component of early repolari-
zation eliminates bias and enables researchers to compare
the prognostic significance of this pattern. The purpose of
this analysis was to examine the association between the J
wave, detected by an automated method, and adverse car-
diovascular outcomes in the Atherosclerosis Risk In Com-
munities (ARIC) study.
Methods

ARIC prospectively enrolled 15,792 community-
dwelling men and women between 45 and 64 years of
age. Four field centers across the United States (Washington
County, Maryland; Forsyth County, North Carolina; Jack-
son, Mississippi; suburban Minneapolis, Minnesota)
www.ajconline.org
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recruited participants between 1987 and 1989. Participants
returned for 4 follow-up examinations (1990 to 1992, 1993
to 1995, 1996 to 1998, and 2011 to 2013) and continue to be
followed via annual telephone calls. End points are ascer-
tained from hospital discharges that include any cardiovas-
cular diagnoses from hospitals in the study communities.
The study was approved by the institutional review boards
at all participating universities, and all participants provided
written informed consent at enrollment.

The following analysis aimed to examine the association
of the J wave detected on the routine ECG with adverse
cardiovascular outcomes. All participants with good quality
ECG data and follow-up data were included. Participants
were excluded if they had evidence of major ventricular
conduction abnormalities (e.g., complete left or right bundle
branch blocks), pacemakers, WolfeParkinsoneWhite Syn-
drome or QRS duration �120 ms, or if they reported a race
other than black or white.

Digital 12-lead ECGs were obtained at baseline and at
follow-up examinations using MAC PC ECG machines
(Marquette Electronics, Milwaukee, Wisconsin). All ECGs
were inspected for technical errors and adequate quality at
the Epidemiology Coordinating and Research Center at the
University of Alberta (Edmonton, Alberta, Canada) during
the initial phases of the study and at the Epidemiological
Cardiology Research Center at the Wake Forest School of
Medicine (Winston-Salem, North Carolina) during later
phases.

The J wave was detected at baseline (1987 to 1989) and
during the first 3 study visits (1990 to 1992, 1993 to 1995,
and 1996 to 1998) as a time-dependent variable. J waves
were defined as notches or slurs in the descending slope of
the terminal portion of the QRS complex and were detected
using a fully automated method described by Wang et al.15

Other electrocardiographic variables used in this analysis
were heart rate, left ventricular hypertrophy, and J-point
elevation. Left ventricular hypertrophy was defined by
Cornell’s voltage criteria.16 J-point elevation was defined as
a J-point amplitude of �0.1 mV (1 mm) in any lead.8

The primary outcome of this analysis was physician-
adjudicated sudden cardiac death (SCD). In ARIC, fatal
coronary heart disease (CHD) events that occurred before
December 31, 2010 were reviewed. Death certificates,
informant interviews, physician questionnaires, coroner re-
ports, and hospital discharge summaries were reviewed to
classify fatal CHD events as definite SCD, possible SCD, or
non-SCD. SCD was defined as a sudden pulseless condition
of cardiac origin in a previously stable individual. Details of
potential cases were reviewed by physician adjudicators
separately. Disagreement between reviewers was resolved
by discussion. Cases of definite SCD were used in the
present study. Secondary outcomes included CHD death
and cardiovascular mortality.17 Cardiovascular mortality
included the composite of fatal CHD, heart failure, and
stroke events. Events occurring between the baseline ex-
amination and December 31, 2010 were included in this
analysis.

Age, gender, and race were self-reported. Tobacco use
was defined as current or former cigarette smoking. Diabetes
was defined as a fasting glucose level �126 mg/dl (or
nonfasting glucose �200 mg/dl), a self-reported physician
diagnosis of diabetes, or the use of diabetes medications.
Systolic blood pressure was obtained from each participant
using sphygmomanometers to measure 3 readings in the
upright position after 5 minutes of rest. The average of the
last 2 blood pressure measurements was used. Antihyper-
tensive medication use was self-reported. Body mass index
was defined as the weight in kilograms divided by the
square of the height in meters. Low-density lipoprotein
cholesterol levels were calculated indirectly using choles-
terol values assayed from baseline serum samples. Prevalent
CHD was defined by self-reported history of physician-
diagnosed myocardial infarction, coronary artery bypass
surgery, coronary angioplasty, or electrocardiographic evi-
dence of myocardial infarction.

Baseline characteristics for study participants were
stratified by the presence of the J wave. Categorical vari-
ables were reported as frequency and percentage, whereas
continuous variables were recorded as mean � SD. Follow-
up was defined as the time between the baseline visit until
the outcome of interest, death, loss to follow-up, or end of
follow-up (December 31, 2010). For J wave cases identified
during subsequent study visits, follow-up time began at the
time of J wave ascertainment. Cox regression was used to
compute hazard ratios (HRs) and 95% CIs for the associa-
tion between the J wave and each outcome. Multivariable
models were constructed as follows: model 1 adjusted for
age, gender, and race; model 2 adjusted for model 1 cova-
riates plus smoking, diabetes, systolic blood pressure, body
mass index, low-density lipoprotein cholesterol, antihyper-
tensive medications, left ventricular hypertrophy, CHD, and
heart rate. Subgroup analyses by race, gender, and J-point
elevation were performed, and tests for interaction were
examined using model 2. Statistical significance for all
comparisons, including interactions, was defined as p
<0.05. SAS, version 9.4 (SAS Inc, Cary, North Carolina)
was used for all analyses.

Results

A total of 14,592 (mean age ¼ 54 � 5.8 years; 56%
women; 26% black) participants were included. There were
278 participants (1.9%) who had evidence of a J wave. Of
these, 126 (45%) were detected on follow-up study visits.
Baseline characteristics are listed in Table 1.

Over a median follow-up of 22 years, 4,376 participants
(30%) died. Of these, 503 (11%) were attributed to SCD,
778 (18%) were CHD deaths, and 2,303 (53%) were due to
cardiovascular disease. In a multivariable Cox regression
model adjusted for demographics, cardiovascular risk fac-
tors, and potential confounders, the J wave was not asso-
ciated with an increased risk of SCD, CHD death, or
cardiovascular mortality (Table 2). An interaction was
detected for cardiovascular mortality by gender, with men
have a stronger association than women (Table 3). In-
teractions were not detected by race or J-point elevation
(Table 3).

Discussion

In this analysis from ARIC, the presence of the J wave
pattern, a key component of early repolarization, was not
associated with an increased risk for SCD or CHD death. A

http://www.ajconline.org


Table 2
Risk of adverse cardiovascular events (n ¼ 14,592)

Model Sudden Cardiac Death
HR (95%CI)

CHD Death
HR (95%CI)

Cardiovascular
Mortality

HR (95%CI)

Model 1* 0.59 (0.29, 1.19) 0.56 (0.31, 1.01) 0.93 (0.70, 1.24)
Model 2† 0.74 (0.36, 1.50) 0.72 (0.40, 1.32) 1.16 (0.87, 1.56)

CHD ¼ coronary heart disease; CI ¼ confidence interval; HR ¼ hazard
ratio.
* Adjusted for age, gender, and race.
† Adjusted for model 1 covariates plus smoking, diabetes, systolic blood

pressure, body mass index, low-density lipoprotein cholesterol, antihyper-
tensive medications, left ventricular hypertrophy, coronary heart disease,
and heart rate.

Table 1
Baseline characteristics (n ¼ 14,592)

Characteristics J wave P-value*

Yes
(n¼278)

No
(n¼14,314)

Age, mean � SD (years) 54 � 5.9 54 � 5.8 0.67
Men 132 (47%) 6,312 (44%) 0.26
Black 212 (76%) 3,601 (25%) <0.0001
Smoker 169 (61%) 8,329 (58%) 0.38
Diabetes mellitus 29 (10%) 1,592 (11%) 0.72
LDL cholesterol,

mean � SD (mg/dl)
138 � 42 137 � 39 0.83

Body mass index,
mean � SD (kg/m2)

28 � 4.9 28 � 5.4 0.72

Systolic blood pressure,
mean � SD (mm Hg)

126 � 20 121 � 19 <0.0001

Heart rate, mean � SD (bpm) 62 � 10 67 � 10 <0.0001
Antihypertensive medications 96 (35%) 4,224 (30%) 0.069
Coronary heart disease 10 (3.6%) 627 (4.4%) 0.53
Left ventricular hypertrophy 1 (0.4%) 290 (2.0%) 0.049
J-point elevation 117 (42%) 1,669 (12%) <0.0001

Bpm ¼ beats per minute; LDL ¼ low-density lipoprotein; SD ¼ standard
deviation.
* Statistical significance for categorical data was tested using the chi-

square procedure, and continuous data were tested using the Student t test.
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significant association was observed between the J wave and
cardiovascular mortality in men but not women. Overall, our
findings suggest that the J wave is a benign entity that is not
associated with an increased risk for sudden cardiac arrest in
middle-aged, white and black adults in the United States.
However, the J wave possibly has prognostic significance
for men regarding cardiovascular mortality.

The association between early repolarization and adverse
cardiovascular outcomes remains controversial. A case-
control study of 206 subjects who were resuscitated after
cardiac arrest due to idiopathic ventricular fibrillation and
412 matched controls showed that early repolarization
(QRSeST junction elevation �0.1 mV) was more frequent
in case subjects than controls.5 Another case-control study
of 45 patients with idiopathic ventricular fibrillation showed
that J-point elevation (defined as any or �0.1 mV elevation)
was more prevalent in cases than controls.7 A follow-up
study of 10,864 middle-aged subjects from the Social In-
surance Institution’s Coronary Heart Disease Study in
Finland also has shown that J-point elevation (�0.1 mV) is
associated with an increased risk of cardiac death (relative
risk ¼ 1.28, 95% CI 1.04 to 1.59), and the risk of death
markedly increases with elevation �0.2 mV (relative
risk ¼ 2.98, 95% CI ¼ 1.85 to 4.92).6 In addition, data from
ARIC have shown that J-point elevation �0.1 mV is asso-
ciated with an increased risk of SCD in whites (HR 2.03,
95% CI 1.28 to 3.21) and in women (HR 2.54, 95% CI 1.34,
4.82).8 However, an analysis of 2,234 ECGs from a sample
of adults in Oakland, California found that early repolari-
zation (J-point elevation �0.1 mV) was not associated with
an increased risk for cardiovascular mortality.1 Similarly,
patients from the Veterans Affairs Palo Alto Health Care
System2,3 and the Coronary Artery Risk Development in
Young Adults Study have failed to show an association
between J-point elevation and adverse cardiac outcomes.4
Reports also are conflicting regarding the prognostic
significance of the J wave. A case-control study of 21 ath-
letes with SCD showed that the J wave and/or QRS slurring
without ST elevation in the inferior and lateral leads were
more frequently recorded in cases than controls (28.6% vs
7.9%, p ¼ 0.007).11 A comparison of the ECGs between
those with idiopathic ventricular fibrillation and controls
demonstrated that QRS notching was significantly more
prevalent among cases than among controls.12 A case-
control study also found that the J wave was more com-
mon in patients with a history of idiopathic ventricular
fibrillation (odds ratio 4.0, 95% CI 2.0 to 7.9).13 In addition,
the highest risk for all-cause and cardiovascular mortalities
was observed with early repolarization with terminal QRS
“notching” in subjects from the third French Monitoring
Trends and Determinants in Cardiovascular Disease Proj-
ect.14 In contrast, reports from the Veterans Affairs Palo
Alto Health Care System2,9 and a study of Italian Olympic
athletes have failed to show that the J wave is a malignant
electrocardiographic finding.10

Our findings from a large, biracial cohort study do not
support an association of the J wave with an increased risk
for SCD or acute CHD death. Most studies which support
that early repolarization and the J wave are associated with
adverse cardiovascular outcomes are from case-control
studies of participants with idiopathic ventricular
fibrillation.5e7,11e13 In contrast, negative studies are pre-
dominately from longitudinal registries.1e4,9,10 The different
study designs used is a possible explanation for the incon-
sistent results. In addition, the techniques to identify each
electrocardiographic entity and the definitions of early
repolarization and J wave varied greatly between studies.
Potentially, our findings provide clarity regarding the
prognostic significance of the J wave, as we relied on an
entirely automated technique with visual confirmation by
trained electrocardiographers.15 Finally, our study popula-
tion included participants with cardiovascular disease risk
factors and CHD. Most studies have linked early repolari-
zation to idiopathic ventricular fibrillation rather than SCD
due to underlying CHD. Therefore, it is possible that the
population examined was quite different than subjects with
idiopathic events, as ARIC participants would be more
likely to develop SCD due to underlying atherosclerosis.
Our findings do support an association between the J-wave
pattern and cardiovascular mortality in men. Although the



Table 3
Subgroup analyses (n ¼ 14,592)

Outcome HR (95%CI)* P-Interaction

Sudden Cardiac Death
Race

White 0.62 (0.09, 4.44) 0.83
Black 0.73 (0.34, 1.57)

Sex
Male 1.21 (0.59, 2.48) -
Female -

J-Point Elevation
No 0.40 (0.10, 1.61) 0.35
Yes 1.07 (0.45, 2.50)

CHD Death
Race

White 0.80 (0.20, 3.21) 0.89
Black 0.69 (0.35, 1.34)

Sex
Male 1.06 (0.56, 2.00) 0.090
Female 0.17 (0.02, 1.24)

J-Point Elevation
No 0.75 (0.31, 1.83) 0.76
Yes 0.73 (0.32, 1.69)

Cardiovascular Mortality
Race

White 1.24 (0.66, 2.31) 0.85
Black 1.10 (0.79, 1.53)

Sex
Male 1.54 (1.09, 2.19) 0.030
Female 0.74 (0.43, 1.25)

J-Point Elevation
No 1.12 (0.74, 1.69) 0.85
Yes 1.21 (0.80, 1.84)

CHD ¼ coronary heart disease; CI ¼ confidence interval; HR ¼ hazard
ratio.
* Adjusted for age, gender, race, smoking, diabetes, systolic blood

pressure, body mass index, low-density lipoprotein cholesterol, antihyper-
tensive medications, left ventricular hypertrophy, coronary heart disease,
and heart rate.
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reason for this finding is unclear, further research is needed
to determine the prognostic significance of this association.
Nonetheless, our findings support that the J wave is not
associated with an increased risk for SCD or acute CHD
death in the general population, and further research is
needed due to these inconsistent reports.

Given that most studies showing a positive association
between early repolarization and SCD have come from case-
control studies of survivors of idiopathic ventricular fibril-
lation, it is possible that early repolarization merits further
investigation in the appropriate setting. For example, sub-
jects who have early repolarization with concerning clinical
histories (e.g., syncope or a family history of SCD) possibly
will benefit from further cardiac work-up. However, the data
presented in this analysis and others with null findings do
not support an association between features of early repo-
larization in which the J wave is a key component and SCD.
This suggests that widespread screening and implementing
preventive therapies in subjects who have these patterns
without high-risk features is unwarranted.

The present study should be interpreted in the context of
several limitations. Although we ascertained deaths by
review of hospital discharge records and autopsy reports, it
is possible that events were misclassified. Several baseline
covariates were self-reported and potentially subjected our
analysis to recall bias. Furthermore, we included several
covariates in our multivariable models that likely influenced
the outcomes of interest, but we acknowledge that residual
confounding remains a possibility.
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