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BACKGROUND: Early life trauma has been associated with increased cardiovascular risk, but the arrhythmic implications are 
unclear. We hypothesized that in patients with coronary artery disease, early life trauma predicts increased arrhythmic risk 
during mental stress, measured by elevated microvolt T- wave alternans (TWA), a measure of repolarization heterogeneity and 
sudden cardiac death risk.

METHODS AND RESULTS: In a cohort with stable coronary artery disease (NCT04123197), we examined early life trauma with the 
Early Trauma Inventory Self Report- Short Form. Participants underwent a laboratory- based mental stress speech task with 
Holter monitoring, as well as a structured psychiatric interview. We measured TWA during rest, mental stress, and recovery 
with ambulatory electrocardiographic monitoring. We adjusted for sociodemographic factors, cardiac history, psychiatric 
comorbidity, and hemodynamic stress reactivity with multivariable linear regression models. We examined 320 participants 
with noise-  and arrhythmia- free ECGs. The mean (SD) age was 63.8 (8.7) years, 27% were women, and 27% reported signifi-
cant childhood trauma (Early Trauma Inventory Self Report- Short Form ≥10). High childhood trauma was associated with a 
multivariable- adjusted 17% increase in TWA (P=0.04) during stress, and each unit increase in the Early Trauma Inventory Self 
Report- Short Form total score was associated with a 1.7% higher stress TWA (P=0.02). The largest effect sizes were found 
with the emotional trauma subtype.

CONCLUSIONS: In a cohort with stable coronary artery disease, early life trauma, and in particular emotional trauma, is as-
sociated with increased TWA, a marker of increased arrhythmic risk, during mental stress. This association suggests that 
early trauma exposures may affect long- term sudden cardiac death risk during emotional triggers, although more studies are 
warranted.
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Epidemiologic studies have associated emotional 
stress, including acute anger and chronic de-
pression/anxiety,1 with ventricular arrhythmias.2 

Sudden cardiac death (SCD) rates also spike after emo-
tionally devastating natural disasters.3 The psycholog-
ical and electrophysiological mechanisms underlying 
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the connection between psychological stress and 
ventricular arrhythmias remain incompletely under-
stood. Studies that examine the potential proarrhyth-
mic mechanisms of psychological stress are needed, 
given the high prevalence of acute stressors and psy-
chiatric conditions like depression.4 SCD is also one of 
the most widespread causes of mortality.5

Early childhood trauma associates with increased 
stress reactivity6 and risk of cardiovascular events.7 
Childhood trauma is a prevalent (36% of US popu-
lation)8 risk factor for psychological conditions such 
as depression and cardiovascular disease alike.9 
Coronary artery disease (CAD) is an established SCD 
risk factor. In many cases, SCD is the first manifes-
tation of CAD as well.10 Studies of early trauma and 
SCD specifically are needed to help guide preventive 
therapies.

We sought to determine whether arrhythmia risk in 
the setting of acute emotional stress was influenced 
by early life trauma in a large cohort with stable CAD. 
We evaluated arrhythmia risk using microvolt T- wave 
alternans (TWA), a marker of repolarization heterogene-
ity and SCD risk.11,12 TWA has been found to increase 
during acute mental stress in both patients with heart 
failure and those with CAD, even though the increases 
in heart rate with mental stress are lower than with exer-
cise stress.13 Elevated mental stress TWA is associated 
with an increased risk of future ventricular arrhythmias 

and may provide insight into the risk of an acute arrhyth-
mia during acute psychological stress specifically.14 We 
hypothesized that patients with CAD and a history of 
early life trauma demonstrate increased repolarization 
heterogeneity in response to stress and during the re-
covery phase, which may help elucidate the role of early 
trauma in the risk of stress- induced arrhythmia.

METHODS
The data, analytic methods, and study materials will 
not be made available to other researchers for the 
purpose of reproducing the results or replicating the 
procedure.

Patient Sample
Individuals between the ages of 30 to 80 with clinically 
stable CAD were recruited for the study, "Mental Stress 
Ischemia: Prognosis and Genetic Influences," from the 
Emory University Hospital and affiliated hospitals; this 
study’s methods were previously described in detail.15 
The study was approved by the Emory Institutional 
Review Board, and all participants signed an informed 
consent. Diagnosis of CAD was defined by 1 or more 
of the following: angiographically proven disease in-
cluding at least 1 major vessel, prior myocardial infarc-
tion as documented by typical chest pain and enzyme 
elevation or ECG changes, coronary atherosclerosis 
by angiography, intravascular ultrasound exam, or a 
history of percutaneous coronary intervention or coro-
nary artery bypass surgery. Individuals with unstable 
psychiatric conditions, alcohol/substance abuse, end- 
stage renal disease, human immunodeficiency virus, or 
permanent atrial fibrillation were excluded. The current 
study was performed as an ancillary investigation that 
started ambulatory ECG data collection approximately 
2  years after the parent investigation began. Of 695 
individuals enrolled in the parent study, we collected 
ambulatory ECG data on 380 of them.

Trauma Questionnaire
The Early Trauma Inventory Self Report- Short Form 
(ETISR- SF) is a 27- item questionnaire that evaluates 
childhood trauma in 4 areas: general, physical, emo-
tional, and sexual. Higher scores indicate a higher cu-
mulative number of traumatic life experiences before 
18  years of age.16 It has good validity and reliability, 
with the Cronbach’s alphas for these 4 domains rang-
ing from 0.7 to 0.87,17 and showing good face validity in 
assessing the relationship between a range of cardio-
vascular variables and early trauma. We calculated the 
score by summing the unweighted responses of each 
question.18- 20 We defined high trauma exposure based 
on an ETISR- SF score ≥10 based on the criterion that it 
is 2 SDs above the mean for normal individuals.17

CLINICAL PERSPECTIVE

What Is New?
• Exposure to early life trauma was associated 

with increased repolarization heterogeneity with 
mental stress challenge, measured by T- wave 
alternans, in individuals with stable coronary ar-
tery disease.

• Increased repolarization heterogeneity is asso-
ciated with greater risk of ventricular tachyar-
rhythmias and sudden cardiac death.

What Are the Clinical Implications?
• Providers should consider the implications of 

early traumatic events on arrhythmic risk during 
stress when managing their patients with coro-
nary artery disease.

Nonstandard Abbreviations and Acronyms

ETISR- SF Early Trauma Inventory Self 
Report- Short Form

TWA T- wave alternans
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Medical History
Information regarding previous health conditions was 
obtained through standard medical history forms 
completed by participants and supplemented by chart 
review. Assessment of heart failure included chart re-
view of ejection fraction from recent echocardiogram, 
left ventriculogram, or, if neither were available, gated 
myocardial perfusion imaging.21 Information regard-
ing symptoms of major depressive disorder and post-
traumatic stress disorder were obtained through the 
Structured Clinical Interview for DSM- IV Disorders.22

Mental Stress Procedure
Participants were asked to hold all anti- ischemic 
medications, including beta- blockers, angiotensin- 
converting enzyme inhibitors, calcium channel 
blockers, and nitrates for 24  hours before testing. 
Participants were also asked to fast for 12 hours be-
fore the morning of their test. Upon arrival, participants 
were taken to a quiet room where a blood pressure 
cuff and Holter monitor were applied. Vital signs were 
monitored every 5 minutes while participants rested for 
a total of 30 minutes. Mental stress was induced by a 
standardized public speaking task in which they were 
asked to imagine that a loved one had been mistreated 
by nursing home staff.23,24 They were told to compose 
a speech and that the speech would be recorded on 
video for later analysis. Participants were given 2 min-
utes to prepare a speech and 3 minutes to deliver it 
in front of a small audience wearing white coats, and 
during this time, blood pressure and heart rate were 
recorded at 1- minute intervals with an Omron blood 
pressure monitor (Matsusaka, Japan) approved by 
the Food and Drug Administration. The test was ad-
ministered by personnel unknown to the participant, 
which reduced possible stress attenuation owing to 
the staff’s relationship with the participant.25

Electrocardiographic Assessments
ECG data were recorded using General Electric SEER 
Light Holter monitors, which recorded 2 channels at 
125 samples per second. TWA was analyzed using a 
GE MARS 8.0.2 workstation using proprietary com-
mercial algorithms based on the modified moving av-
erage method.26 The method divides successive ECG 
complexes into even and odd beats and averages the 
even beats together as one complex, and the odd beats 
together in another complex. TWA is then computed 
as the maximum difference in amplitude between the 
odd- beat and even- beat average complexes from the 
J point to the end of the T wave. All TWA was reported 
as the maximum value within any 15- second window 
per 5- minute recording segment.12 We used an update 
factor of 1/32 for TWA measurement. Although the 
algorithm has noise filtering mechanisms to exclude 

areas with >20 µV of noise, as an additional cautionary 
step, we manually reviewed the signals and excluded 
any ECG 15- second windows in which the T- wave was 
not discernible because of visible noise. Clinically high 
TWA was defined as levels ≥47 µV.27 We excluded par-
ticipants with excessive signal artifact and nonsinus ar-
rhythmia in >20% of recorded time.

Statistical Analysis
Baseline analysis was performed comparing those 
with high trauma scores (≥10) to the others. Continuous 
variables were compared using the Student t test, and 
binary variables were compared using the chi- square 
test statistic. The primary outcomes were peak TWA 
during stress and recovery. The change from rest to 
stress and rest to recovery was also evaluated. TWA 
measures were log- transformed to achieve normality. 
Linear regression models using ETI (both as a con-
tinuous and binary predictor) as the primary predictor 
was used to predict TWA during each phase and the 
changes from rest to stress/recovery. We adjusted for 
baseline demographics, medical history, CAD history 
(myocardial infarction, revascularization, and abnormal 
stress test), and beta blockers. Depression, PTSD, 
and antidepressant use were also sequentially evalu-
ated in secondary analyses, as these may be direct 
consequences of early trauma. We also examined 
each subtype of trauma (general, emotional, physical, 
and sexual) in additional secondary analysis, as previ-
ous work has shown that the cardiovascular effects of 
early trauma may differ by type of trauma.28 We also 
evaluated the effects of stress hemodynamic reactivity 
by calculating the peak rate pressure product (heart 
rate ×systolic blood pressure) during mental stress and 
subtracting the baseline rest rate pressure product. In 
order to do this, 4 nested multivariable models were 
constructed to include increasing numbers of covari-
ates, including sociodemographic variables (model 
1), CAD risk factors and history (model 2), heart fail-
ure related variables (model 3), and psychiatric/stress 
hemodynamic variables (model 4). We determined 
significance for each variable in the linear model using 
the Wald test of the beta coefficient. For all linear re-
gression models, we used SAS 9.4 regression diag-
nostic plots to examine linear regression assumptions, 
including linearity, homoscedasticity, and normality.

RESULTS
Baseline Characteristics
Of the 380 participants, we analyzed a subset of 320 
participants who had adequate ECG data. Those 
who had missing data were similar to the study sam-
ple without missing data, with the exception of heart 
failure (12% in the study sample versus 18% in those 
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with missing data) and hypertension (78% in the study 
sample versus 69% in those with missing data). A his-
togram of the total ETISR- SF scores is presented in 
Figure 1.

Nearly 1 in 4 patients (n=85, 26%) had a high 
trauma level (ETI- SF ≥10). Characteristics of those 
who were exposed to high levels versus others are 
shown in Table 1. Participants in the high trauma group 
were more likely to be Black, have a yearly income of 
$20 000, have PTSD or depression, and were more 
likely to take antidepressants. The high trauma group 
also had a higher body mass index and more often 
had a history of heart failure and angioplasty, but other 
clinical factors were similar.

Hemodynamic Reactivity With Mental 
Stress Challenge
The heart rate increased significantly from baseline 
to stress for the entire group, with the mean (SD) dif-
ference from minimum baseline heart rate to peak 
stress heart rate of 17.3 (11.6) beats/min. Systolic and 
diastolic blood pressures also increased, 41.1 (18.5) 
mm  Hg and 23.7 (10.3) mm  Hg, respectively. When 
comparing the early trauma group to the rest, a slightly 
blunted diastolic blood pressure response (21.4 versus 
24.6  mm  Hg, P=0.01) and heart rate response (14.7 
versus 18.2  beats/min, P=0.008) were recorded. No 
differences in resting heart rate or systolic blood pres-
sure reactivity were noted between groups with high 
and low ETI scores.

Repolarization Heterogeneity With Mental 
Stress Challenge (TWA)
The mean value of TWA increased from 11.6 µV at base-
line to 17.1 µV during the mental stress phase (P<0.001), 

and decreased to 15.9  µV during recovery. Clinically 
high (≥47 µV) TWA was observed in 2.6% (n=6) of the 
low trauma group and 3.5% (n=3) of the high trauma 
group (Fisher exact P=0.7). Patients with high trauma 
exposure exhibited 17% (P=0.04) higher TWA during 
stress compared with those with low trauma, as shown 
in Figure 2. Tables 2 and 3 show the association of rest, 
stress, and recovery TWA per 1- point increase in total 
trauma and emotional trauma scores. Each increased 
point of total and emotional trauma score associated 
with a 1.6% and 5.4% increased TWA, respectively, in 
fully adjusted models (P<0.05 for each). These models 
included sociodemographic, medical, hemodynamic, 
and psychological factors. No significant findings were 
noted with the other types of trauma (general, sexual, 
and physical trauma). Examination of TWA reactivity 
(stress minus rest) showed similar results as the stress 
TWA findings. No significant interaction by sex and 
race were noted.

DISCUSSION
In this study of individuals with stable CAD, we found 
that early life stress is an independent predictor of 
repolarization heterogeneity during acute mental 
stress challenge. Emotional trauma had the most 
robust associations for both stress and recovery 
phases, and because it was the only ETI subscale 
that associated with TWA, was the main driver of 
the association between the total score and TWA. 
The association was not explained by other patient 
characteristics, including depression and PTSD, 
which are 2 downstream effects of early trauma that 
are also independent CAD risk factors.29,30 These 
findings suggest that exposure to early life stress is 
an independent contributor to arrhythmic risk dur-
ing emotional arousal in patients with CAD. These 
results may have clinical significance when con-
sidering the risk of future ventricular arrhythmias in 
trauma- exposed patients with CAD.14 Of note, addi-
tion of heart failure with reduced ejection fraction, 
heart failure with preserved ejection fraction, and 
ejection fraction did not appreciably change any of 
the estimates in any of the models. This is likely be-
cause the prevalence of heart failure with reduced 
ejection fraction was low (<10%).

Previous studies have reported early life trauma 
associations with CAD but have not explicitly evalu-
ated its relationship with arrhythmic markers during 
emotional stress challenge.31 The Adverse Childhood 
Experiences study established associations between 
early life trauma and multiple poor outcomes, including 
obesity, substance abuse, depression, chronic lung 
disease, liver disease, and ischemic heart disease.32,33 
Other studies confirmed the link between childhood 
stressors and cardiovascular disease. However, they 

Figure 1. Histogram of ETISR- SF scores in a sample of 
patients with coronary artery disease.
ETISR- SF indicates Early Trauma Inventory Self- Report- Short 
Form.
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emphasized intermediate conditions, like depression, 
which is independently associated with cardiovascu-
lar morbidity and mortality.9,34,35 Our findings highlight 
potential new risk pathways downstream of CAD that 
warrant further consideration and possibly arrhythmia- 
specific therapies.

Early trauma may increase arrhythmia risk through 
several potential mechanisms. Trauma that occurs 
early in life while the brain is still developing can leave 
epigenetic marks that can persist into adulthood.36 
These changes may lead to adverse physiologic effects 
through efferent pathways from the brain.37 Heim et al 

Table 1. Baseline Characteristics of Patients With Coronary Artery Disease With High and Low Early Trauma Exposure

Baseline characteristics Low trauma (n=235) High trauma (n=85) P Value

Socioeconomic

Age, mean y±SD 64.0±8.8 62.1±8.3 0.10

Female sex, % (n) 27 (63) 27 (23) 0.96

Black, % (n) 26 (61) 39 (33) 0.03

Education, mean y±SD 15.3±3.8 14.8±2.8 0.23

Employed, % (n) 36 (84) 31 (26) 0.39

Income <$20 000, % (n) 10 (24) 29 (25) <0.0001

Behavioral

Current smoker, % (n) 11 (27) 14 (12) 0.53

Past smoker, % (n) 50 (117) 53 (45) 0.62

Psychological

Depression, % (n) 20 (46) 44 (36) <0.0001

Posttraumatic stress disorder, % (n) 4 (10) 12 (10) 0.01

Antidepressant use, % (n) 22 (52) 34 (29) 0.03

Medical

Body mass index, mean±SD 29.3±5.0 30.5±5.7 0.05

History of hypertension, % (n) 76 (179) 82 (70) 0.24

History of hyperlipidemia, % (n) 82 (193) 85 (72) 0.59

History of diabetes, % (n) 32 (75) 38 (32) 0.34

History of heart failure with reduced 
ejection fraction, % (n)

5 (12) 8 (7) 0.30

History of heart failure with preserved 
ejection fraction, % (n)

3 (6) 14 (12) <0.001

History of abnormal stress test, % (n) 9 (20) 14 (12) 0.14

History of myocardial infarction, % (n) 30 (71) 33 (28) 0.64

History of percutaneous transluminal 
coronary angioplasty, % (n)

57 (133) 40 (34) 0.009

History of coronary artery bypass graft, 
% (n)

34 (80) 33 (28) 0.85

Beta blocker use, % (n) 73 (171) 78 (66) 0.41

Hemodynamic

Left ventricular ejection fraction, mean 
%±SD

59.6±10.8 58.6±11.9 0.29

Min systolic BP at rest, mean±SD 128.9±16.7 127.8±19.7 0.65

Min diastolic BP at rest, mean±SD 73.1±9.9 74.7±9.9 0.20

Min HR at rest, mean±SD 60.5±10.9 61.6±11.0 0.45

Max systolic BP during stress, mean±SD 170.7±23.3 168.1±26.6 0.41

Max diastolic BP during stress, mean±SD 97.7±13.5 96.0±13.4 0.34

Max HR during stress, mean±SD 78.7±16.5 76.3±14.4 0.23

Systolic BP at 5 min recovery, mean±SD 142.1±19.1 140.8±22.8 0.63

Diastolic BP at 5 min recovery, mean±SD 80.2±11.4 81.5±10.7 0.36

HR at 5 min recovery, mean±SD 64.8±12.2 65.0±10.6 0.93

BP indicates blood pressure; and HR, heart rate.
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found that a history of child abuse predicted a height-
ened autonomic response to stress in women, as seen 
by a 6- fold increase in corticotropin.6 This suggests 
that early trauma exposure may have an exacerbat-
ing stress reactivity, although the electrophysiological 
implications are not clear. Autonomic mechanisms are 
known to be an important driving force in TWA and 
SCD. Although adjustment for the heart rate × blood 
pressure product in model 4, which indicate autonomic 
activation, did not significantly mediate the findings,38 
other mediating autonomic mechanisms may be pos-
sible. For example, pathways involving the stellate gan-
glion (local cardiac sympathetic activity) have been 
previously described to influence TWA and SCD risk.39 
Inflammation is also associated with childhood trauma 
and therefore a potential mediator as well, given its as-
sociations with SCD.18,40

This study is subject to some limitations. Because 
the sample included only established patients with 
CAD, the findings cannot be generalized to patients 

without CAD. Nonetheless, CAD is one of the most 
important risk factors for SCD, and therefore this is 
an important group to study.10 Early trauma scores 
could be affected by recall bias; nonetheless, such 
misclassification would likely bias the results towards 
the null, suggesting that the true association is likely 
stronger. The levels of TWA were lower than previously 
published in studies that validated a cutoff of 47  µV 
or increased sudden cardiac death risk; however, in 
those studies the individuals were higher risk, as they 
had recent myocardial infarction and left ventricular 
systolic dysfunction.27

Conclusions
In conclusion, we found that early life trauma is as-
sociated with increased TWA during mental stress 
and recovery in our cohort of patients with CAD. This 
relationship was strongest for emotional trauma and 
was not mediated by depression or PTSD. Our results 
suggest that early trauma may increase vulnerability to 

Figure 2. T- wave alternans with rest, stress, and recovery in patients with coronary artery 
disease with high and low early trauma exposure.
*P<0.05 for the difference between high trauma (solid line) and low trauma (dashed line) groups.
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Table 2. Association of Repolarization Heterogeneity With Total Early Trauma Exposure as a Continuous Score During 
Rest, Stress, and Recovery Phases

Rest Stress Recovery

B* P Value B* P Value B* P Value

Unadjusted 0.5% 0.46 1.5% 0.02 1.3% 0.048

Model 1 0.1% 0.84 1.4% 0.04 1.3% 0.06

Model 2 0.0% 0.97 1.6% 0.02 1.4% 0.05

Model 3 −0.1% 0.92 1.7% 0.02 1.3% 0.08

Model 4 −0.2% 0.81 1.6% 0.04 1.4% 0.07

*B coefficient expresses the % increase in T- wave alternans per unit higher trauma score.
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arrhythmia and possibly SCD triggered by emotional 
stress.14 Owing to the high prevalence of early trauma 
in people with CAD and the high frequency of fatal ar-
rhythmias in this group, these findings suggest that 
further investigation is warranted into the potential of 
using early life trauma for risk stratification purposes, 
as well as the potential benefits of interventions such 
as positive psychotherapy.41

ARTICLE INFORMATION
Received September 18, 2021; accepted November 18, 2021.

Affiliations
Department of Epidemiology, Rollins School of Public Health (A.J.S., Y.V.S., 
T.T.L., O.L., Y.J.K., M.H., B.D.P., V.V.); and Division of Cardiology, Department 
of Medicine (A.J.S., M.H., A.A., A.A.Q., V.V.), Emory University, Atlanta, GA;  ; 
Atlanta Veterans Affairs Healthcare System, Decatur, GA (A.J.S.); School 
of Medicine, Emory University, Atlanta, GA (V.W.); Division of Cardiology, 
Department of Medicine, Yale University School of Medicine, New Haven, 
CT (R.L.); Department of Psychiatry and Behavioral Sciences, School of 
Medicine, Emory University, Atlanta, GA (J.D.B., M.W.); Department of 
Psychiatry and Department of Radiology, Emory University, School of 
Medicine, Emory University, Atlanta, GA (J.D.B.); Department of Biostatistics, 
Rollins School of Public Health, Emory University, Atlanta, GA (M.K., L.W.); 
Department of Medicine, Mazankowski Alberta Heart Institute, University of 
Alberta, Edmonton, Alberta, Canada (P.R.); and Department of Epidemiology, 
University of Florida, Gainesville, FL (D.S.).

Acknowledgments
We acknowledge the MIPS staff for their tireless work in recruiting pa-
tients, conducting the study, and assembling the data set. We would also 
like to acknowledge the Emory Discovery program for its support in pro-
viding Ms. Weeks with her protected time. We would like to thank several 
affiliated institutions, including the Atlanta Veterans Affairs Medical Center, 
Emory Program in Cardiovascular Outcomes Research and Epidemiology 
(EPICORE), the Emory Clinical Cardiovascular Institute (ECCRI), and Atlanta 
Clinical and Translational Science Institute (ACTSI).

Sources of Funding
This work was supported by the National Institutes of Health (K23HL 127251, 
R03 HL146879, K24HL077506, K24MH076955, KL2TR000455, R01 
HL68630, R01 AG026255, R01 HL109413, P01 HL101398, and T32HL130025); 
and by the National Center for Advancing Translational Sciences of the 
National Institutes of Health under Award Number UL1TR000454.

Disclosures
None.

REFERENCES
 1. Peacock J, Whang W. Psychological distress and arrhythmia: risk pre-

diction and potential modifiers. Prog Cardiovasc Dis. 2013;55:582– 589. 
doi: 10.1016/j.pcad.2013.03.001

 2. Zipes DP. Heart- brain interactions in cardiac arrhythmias: role of the au-
tonomic nervous system. Cleve Clin J Med. 2008;75(suppl 2):S94– S96. 
doi: 10.3949/ccjm.75.Suppl_2.S94

 3. Leor J, Poole WK, Kloner RA. Sudden cardiac death triggered by an 
earthquake. N Engl J Med. 1996;334:413– 419. doi: 10.1056/NEJM1 
99602 15334 0701

 4. Kessler RC, Avenevoli S, Costello EJ, Georgiades K, Green JG, Gruber 
MJ, He J- P, Koretz D, McLaughlin KA, Petukhova M. Prevalence, per-
sistence, and sociodemographic correlates of DSM- IV disorders in the 
national comorbidity survey replication adolescent supplement. Arch Gen 
Psychiatry. 2012;69:372– 380. doi: 10.1001/archg enpsy chiat ry.2011.160

 5. Goldberger JJ, Basu A, Boineau R, Buxton AE, Cain ME, Canty JM, 
Chen P- S, Chugh SS, Costantini O, Exner DV, et al. Risk stratification for 
sudden cardiac death: a plan for the future. Circulation. 2014;129:516– 
526. doi: 10.1161/CIRCU LATIO NAHA.113.007149

 6. Heim C, Newport DJ, Heit S, Graham YP, Wilcox M, Bonsall R, Miller 
AH, Nemeroff CB. Pituitary- adrenal and autonomic responses to 
stress in women after sexual and physical abuse in childhood. JAMA. 
2000;284:592– 597. doi: 10.1001/jama.284.5.592

 7. Chida Y, Steptoe A. Greater cardiovascular responses to laboratory 
mental stress are associated with poor subsequent cardiovascular 
risk status: a meta- analysis of prospective evidence. Hypertension. 
2010;55:1026– 1032. doi: 10.1161/HYPER TENSI ONAHA.109.146621

 8. Briere J, Elliott DM. Prevalence and psychological sequelae of self- 
reported childhood physical and sexual abuse in a general population 
sample of men and women. Child Abuse Negl. 2003;27:1205– 1222. doi: 
10.1016/j.chiabu.2003.09.008

 9. Dong M, Giles WH, Felitti VJ, Dube SR, Williams JE, Chapman DP, Anda 
RF. Insights into causal pathways for ischemic heart disease: adverse 
childhood experiences study. Circulation. 2004;110:1761– 1766. doi: 
10.1161/01.CIR.00001 43074.54995.7F

 10. Zipes DP, Wellens HJ. Sudden cardiac death. Circulation. 1998;98:2334– 
2351. doi: 10.1161/01.CIR.98.21.2334

 11. Merchant FM, Ikeda T, Pedretti RF, Salerno- Uriarte JA, Chow T, Chan 
PS, Bartone C, Hohnloser SH, Cohen RJ, Armoundas AA. Clinical utility 
of microvolt T- wave alternans testing in identifying patients at high or 
low risk of sudden cardiac death. Heart Rhythm. 2012;9:1256– 1264.
e1252. doi: 10.1016/j.hrthm.2012.03.014

 12. Verrier RL, Klingenheben T, Malik M, El- Sherif N, Exner DV, Hohnloser 
SH, Ikeda T, Martínez JP, Narayan SM, Nieminen T, et al. Microvolt T- 
wave alternansphysiological basis, methods of measurement, and clin-
ical utility— consensus guideline by International Society for Holter and 
Noninvasive Electrocardiology. J Am Coll Cardiol. 2011;58:1309– 1324. 
doi: 10.1016/j.jacc.2011.06.029

 13. Kop WJ, Krantz DS, Nearing BD, Gottdiener JS, Quigley JF, O’Callahan 
M, DelNegro AA, Friehling TD, Karasik P, Suchday S, et al. Effects 

Table 3. Association of Repolarization Heterogeneity With Emotional Early Trauma Exposure as a Continuous Score 
During Rest, Stress, and Recovery Phases

Rest Stress Recovery

B* P Value B* P Value B* P Value

Unadjusted 0.3% 0.89 4.1% 0.03 3.6% 0.07

Model 1 0.1% 0.98 4.6% 0.02 4.4% 0.03

Model 2 0.0% 1.00 5.2% 0.01 5.1% 0.01

Model 3 −0.2% 0.94 5.3% 0.01 5.0% 0.02

Model 4 −0.4% 0.86 5.4% 0.02 5.6% 0.01

Model 1: adjusted for sociodemographic factors— age, sex, Black race, education, employment, and income. Model 2: adjusted for Model 1 variables 
+ smoking history, body mass index, hypertension, hyperlipidemia, diabetes, coronary artery disease history (myocardial infarction, revascularization, and 
abnormal stress test), other vascular disease history (peripheral vascular disease, cerebral vascular disease, abdominal aortic aneurysm), chronic obstructive 
pulmonary disease, chronic renal disease, and beta blocker use. Model 3: adjusted for Model 2 variables + heart failure with preserved ejection fraction, heart 
failure with reduced ejection fraction, and ejection fraction. Model 4: adjusted for Model 3 variables + depression, posttraumatic stress disorder, hemodynamic 
stress reactivity, and antidepressant use.

*B coefficient expresses the % increase in T- wave alternans per unit higher trauma score.

https://doi.org/10.1016/j.pcad.2013.03.001
https://doi.org/10.3949/ccjm.75.Suppl_2.S94
https://doi.org/10.1056/NEJM199602153340701
https://doi.org/10.1056/NEJM199602153340701
https://doi.org/10.1001/archgenpsychiatry.2011.160
https://doi.org/10.1161/CIRCULATIONAHA.113.007149
https://doi.org/10.1001/jama.284.5.592
https://doi.org/10.1161/HYPERTENSIONAHA.109.146621
https://doi.org/10.1016/j.chiabu.2003.09.008
https://doi.org/10.1161/01.CIR.0000143074.54995.7F
https://doi.org/10.1161/01.CIR.98.21.2334
https://doi.org/10.1016/j.hrthm.2012.03.014
https://doi.org/10.1016/j.jacc.2011.06.029


J Am Heart Assoc. 2022;10:e021582. DOI: 10.1161/JAHA.121.021582 8

Shah et al Early Trauma T- Wave Alternans

of acute mental stress and exercise on T- wave alternans in patients 
with implantable cardioverter defibrillators and controls. Circulation. 
2004;109:1864– 1869. doi: 10.1161/01.CIR.00001 24726.72615.60

 14. Lampert R, Shusterman V, Burg M, McPherson C, Batsford W, Goldberg 
A, Soufer R. Anger- induced T- wave alternans predicts future ventricular 
arrhythmias in patients with implantable cardioverter- defibrillators. J Am 
Coll Cardiol. 2009;53:774– 778. doi: 10.1016/j.jacc.2008.10.053

 15. Hammadah M, Al Mheid I, Wilmot K, Ramadan R, Shah AJ, Sun Y, 
Pearce B, Garcia EV, Kutner M, Bremner JD, et al. The mental stress 
ischemia prognosis study (MIPS): objectives, study design, and preva-
lence of inducible ischemia. Psychosom Med. 2017;79:311– 317.

 16. Bremner JD, Vermetten E, Mazure CM. Development and preliminary 
psychometric properties of an instrument for the measurement of child-
hood trauma: the Early Trauma Inventory. Depress Anxiety. 2000;12:1– 
12. doi: 10.1002/1520- 6394(2000)12:1<1:AID- DA1>3.0.CO;2- W

 17. Bremner JD, Bolus R, Mayer EA. Psychometric properties of the Early 
Trauma Inventory- self report. J Nerv Ment Dis. 2007;195:211– 218. doi: 
10.1097/01.nmd.00002 43824.84651.6c

 18. Rooks C, Veledar E, Goldberg J, Bremner JD, Vaccarino V. Early trauma 
and inflammation: role of familial factors in a study of twins. Psychosom 
Med. 2012;74:146– 152. doi: 10.1097/PSY.0b013 e3182 40a7d8

 19. Rooks C, Veledar E, Goldberg J, Votaw J, Shah A, Bremner JD, 
Vaccarino V. Long- term consequences of early trauma on coronary 
heart disease: role of familial factors. J Trauma Stress. 2015;28:456– 
459. doi: 10.1002/jts.22044

 20. Zhao J, Bremner JD, Goldberg J, Quyyumi AA, Vaccarino V. Monoamine 
oxidase A genotype, childhood trauma, and subclinical atheroscle-
rosis: a twin study. Psychosom Med. 2013;75:471– 477. doi: 10.1097/
PSY.0b013 e3182 92922a

 21. Demir H, Tan YZ, Kozdag G, Isgoren S, Anik Y, Ural D, Demirci A, 
Berk F. Comparison of gated spect, echocardiography and cardiac 
magnetic resonance imaging for the assessment of left ventricular 
ejection fraction and volumes. Ann Saudi Med. 2007;27:415– 420. doi: 
10.5144/0256- 4947.2007.415

 22. First M, Spitzer RL, Williams JBW, Gibbon M. Structured clinical inter-
view for DSMM IV- patient edition (SCID- P). American Psychiatric Press; 
1995.

 23. Sheps DS, McMahon RP, Becker L, Carney RM, Freedland KE, Cohen 
JD, Sheffield D, Goldberg AD, Ketterer MW, Pepine CJ, et al. Mental 
stress– induced ischemia and all- cause mortality in patients with coro-
nary artery disease: results from the Psychophysiological Investigations 
of Myocardial Ischemia Study. Circulation. 2002;105:1780– 1784. doi: 
10.1161/01.CIR.00000 14491.90666.06

 24. Ramadan R, Sheps D, Esteves F, Zafari AM, Bremner JD, Vaccarino 
V, Quyyumi AA. Myocardial ischemia during mental stress: role of 
coronary artery disease burden and vasomotion. J Am Heart Assoc. 
2013;2:e000321. doi: 10.1161/JAHA.113.000321

 25. Vaccarino V, Shah AJ, Rooks C, Ibeanu I, Nye JA, Pimple P, Salerno 
A, D’Marco L, Karohl C, Bremner JD, et al. Sex differences in men-
tal stress- induced myocardial ischemia in young survivors of an acute 
myocardial infarction. Psychosom Med. 2014;76:171– 180. doi: 10.1097/
PSY.00000 00000 000045

 26. Verrier RL, Nearing BD, La Rovere MT, Pinna GD, Mittleman MA, Bigger 
JT Jr, Schwartz PJ. Ambulatory electrocardiogram- based tracking of 
T wave alternans in postmyocardial infarction patients to assess risk 
of cardiac arrest or arrhythmic death. J Cardiovasc Electrophysiol. 
2003;14:705– 711. doi: 10.1046/j.1540- 8167.2003.03118.x

 27. Stein PK, Sanghavi D, Domitrovich PP, Mackey RA, Deedwania P. 
Ambulatory ECG- based T- wave alternans predicts sudden cardiac 
death in high- risk post- MI patients with left ventricular dysfunction in 

the EPHESUS study. J Cardiovasc Electrophysiol. 2008;19:1037– 1042. 
doi: 10.1111/j.1540- 8167.2008.01225.x

 28. Islam SJ, Hwan Kim J, Joseph E, Topel M, Baltrus P, Liu C, Ko Y- A, 
Almuwaqqat Z, Mujahid MS, Sims M, et al. Association between early 
trauma and ideal cardiovascular health among black Americans. Circ 
Cardiovasc Qual Outcomes. 2021;14:e007904. doi: 10.1161/CIRCO 
UTCOM ES.121.007904

 29. Vaccarino V, Goldberg J, Rooks C, Shah AJ, Veledar E, Faber TL, Votaw 
JR, Forsberg CW, Bremner JD. Posttraumatic stress disorder and in-
cidence of coronary heart disease: a twin study. J Am Coll Cardiol. 
2013;62:970– 978. doi: 10.1016/j.jacc.2013.04.085

 30. Shah AJ, Veledar E, Hong Y, Bremner JD, Vaccarino V. Depression and 
history of attempted suicide as risk factors for heart disease mortal-
ity in young individuals. Arch Gen Psychiatry. 2011;68:1135– 1142. doi: 
10.1001/archg enpsy chiat ry.2011.125

 31. Su S, Jimenez MP, Roberts CTF, Loucks EB. The role of adverse child-
hood experiences in cardiovascular disease risk: a review with empha-
sis on plausible mechanisms. Curr Cardiol Rep. 2015;17:88– 88. doi: 
10.1007/s1188 6- 015- 0645- 1

 32. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards 
V, Koss MP, Marks JS. Relationship of childhood abuse and house-
hold dysfunction to many of the leading causes of death in adults. 
The adverse childhood experiences (ACE) study. Am J Prev Med. 
1998;14:245– 258. doi: 10.1016/S0749 - 3797(98)00017 - 8

 33. Anda RF, Felitti VJ, Bremner JD, Walker JD, Whitfield C, Perry BD, Dube 
SR, Giles WH. The enduring effects of abuse and related adverse ex-
periences in childhood. A convergence of evidence from neurobiology 
and epidemiology. Eur Arch Psychiatry Clin Neurosci. 2006;256:174– 
186. doi: 10.1007/s0040 6- 005- 0624- 4

 34. Carney RM, Blumenthal JA, Stein PK, Watkins L, Catellier D, Berkman 
LF, Czajkowski SM, O’Connor C, Stone PH, Freedland KE. Depression, 
heart rate variability, and acute myocardial infarction. Circulation. 
2001;104:2024– 2028. doi: 10.1161/hc4201.097834

 35. Hughes JW, Stoney CM. Depressed mood is related to high- frequency 
heart rate variability during stressors. Psychosom Med. 2000;62:796– 
803. doi: 10.1097/00006 842- 20001 1000- 00009

 36. Mehta D, Klengel T, Conneely KN, Smith AK, Altmann A, Pace TW, Rex- 
Haffner M, Loeschner A, Gonik M, Mercer KB, et al. Childhood mal-
treatment is associated with distinct genomic and epigenetic profiles in 
posttraumatic stress disorder. Proc Natl Acad Sci USA. 2013;110:8302– 
8307. doi: 10.1073/pnas.12177 50110

 37. Thayer JF, Lane RD. Claude Bernard and the heart- brain connection: 
further elaboration of a model of neurovisceral integration. Neurosci 
Biobehav Rev. 2009;33:81– 88. doi: 10.1016/j.neubi orev.2008.08.004

 38. Bootsma M, Swenne CA, Bolhuis HHV, Chang PC, Cats VM, Bruschke 
AV. Heart rate and heart rate variability as indexes of sympathovagal 
balance. Am J Physiol Heart Circ Physiol. 1994;266:H1565– H1571. doi: 
10.1152/ajphe art.1994.266.4.H1565

 39. Verrier RL, Kumar K, Nearing BD. Basis for sudden cardiac death pre-
diction by T- wave alternans from an integrative physiology perspective. 
Heart Rhythm. 2009;6:416– 422. doi: 10.1016/j.hrthm.2008.11.019

 40. Hussein AA, Gottdiener JS, Bartz TM, Sotoodehnia N, DeFilippi C, See 
V, Deo R, Siscovick D, Stein PK, Lloyd- Jones D. Inflammation and sud-
den cardiac death in a community- based population of older adults: the 
Cardiovascular Health Study. Heart Rhythm. 2013;10:1425– 1432. doi: 
10.1016/j.hrthm.2013.07.004

 41. Serber ER, Christon LM, Fava JL, Verrier RL, Nearing BD, Buxton AE, Gold 
MR, Rodrigue JR, Frisch MB. Positive psychotherapy improves cardiac elec-
trical stability and mood in ICD patients: PAM- ICD trial results. Psychosom 
Med. 2021;83:300– 301. doi: 10.1097/PSY.00000 00000 000919

https://doi.org/10.1161/01.CIR.0000124726.72615.60
https://doi.org/10.1016/j.jacc.2008.10.053
https://doi.org/10.1002/1520-6394(2000)12:1%3C1:AID-DA1%3E3.0.CO;2-W
https://doi.org/10.1097/01.nmd.0000243824.84651.6c
https://doi.org/10.1097/PSY.0b013e318240a7d8
https://doi.org/10.1002/jts.22044
https://doi.org/10.1097/PSY.0b013e318292922a
https://doi.org/10.1097/PSY.0b013e318292922a
https://doi.org/10.5144/0256-4947.2007.415
https://doi.org/10.1161/01.CIR.0000014491.90666.06
https://doi.org/10.1161/JAHA.113.000321
https://doi.org/10.1097/PSY.0000000000000045
https://doi.org/10.1097/PSY.0000000000000045
https://doi.org/10.1046/j.1540-8167.2003.03118.x
https://doi.org/10.1111/j.1540-8167.2008.01225.x
https://doi.org/10.1161/CIRCOUTCOMES.121.007904
https://doi.org/10.1161/CIRCOUTCOMES.121.007904
https://doi.org/10.1016/j.jacc.2013.04.085
https://doi.org/10.1001/archgenpsychiatry.2011.125
https://doi.org/10.1007/s11886-015-0645-1
https://doi.org/10.1016/S0749-3797(98)00017-8
https://doi.org/10.1007/s00406-005-0624-4
https://doi.org/10.1161/hc4201.097834
https://doi.org/10.1097/00006842-200011000-00009
https://doi.org/10.1073/pnas.1217750110
https://doi.org/10.1016/j.neubiorev.2008.08.004
https://doi.org/10.1152/ajpheart.1994.266.4.H1565
https://doi.org/10.1016/j.hrthm.2008.11.019
https://doi.org/10.1016/j.hrthm.2013.07.004
https://doi.org/10.1097/PSY.0000000000000919

