
INTRODUCTION

Emotion is an evolutionarily designed system that has pro-
found effects on the operation of nearly all systems in the

human body. Consistent with this premise, Lane (1) argued
that emotion and emotion regulation are the cornerstone of
psychosomatic medicine. Yet, many important questions re-
main about how emotion contributes to disease and death. For
example, sudden cardiac death is the leading cause of death in
the western world, responsible for at least 300,000 individuals
per year in the United States alone (2), and is therefore a
leading problem in contemporary cardiology (3). This is the



healthy physicians revealed that, in the context of heart rate
increases associated with emergency phone calls while on call,
QT interval was prolonged relative to the expected shortening
associated with heart rate change (16). Another study (17) of
healthy volunteers showed that performance of stressful men-
tal arithmetic was associated with prolongation of QT interval
corrected for heart rate. A third study (18) in patients with
eating disorders revealed a positive correlation between QT
interval corrected for heart rate and self-reported depression.

Previous studies (14,19) of emotional triggers of cardiac
events have typically relied on recalled emotions. The biases
inherent in retrospections about emotions and behavior are
well established (e.g., retrospective reinterpretation, selection
of events to describe, difficulties summarizing across diverse
events, motivated forgetting) (20). “Event-sampling” tech-
niques, such as ecological momentary assessments (EMA)
(21), are a recent innovation that overcome many of these
limitations. While in their natural social-ecological context,
subjects are asked to rate the intensity of emotions experi-
enced at a particular moment. By virtue of contemporaneity,
the EMA procedure provides less biased emotion self-reports
than has been typical in previous research relating emotions to
the propensity for life-threatening arrhythmias. Moreover, un-
like emotion ratings made shortly after a cardiac event (19),
subjects have no knowledge of their momentary QT interval;
thus, the latter cannot influence their ratings.

In a study involving 161 subjects with LQTS, we assessed
the influence of emotions on the QT interval during usual
daily activities. We hypothesized that alterations in emotional
states during the day would have a definable influence on
ventricular repolarization.

METHODS
Overview
Due to the rarity of LQTS and the small number of patients in any one

location, home visits were made to LQTS patients throughout the United
States. On each of 3 days, a Holter recorder was attached to the patient for
a 12-hour recording. Patients engaged in their usual daily activities and
were paged (on vibration mode) ten times per day at random times.
Patients responded to the page by answering 59 questions, using a Palm
personal digital assistant (PDA) pertaining to the 5 minutes preceding the
page, including current activities (2 items), location (1 item), exertion
intensity (1 item), social circumstances (24 items), and 22 emotion terms,
and nine somatic symptoms rated on a 7-point intensity scale. Seventy-
nine (1.7%) of the 3,967 pages occurred as subjects were exercising. The
intensity of exertion varied evenly across a 7-point exertion intensity
scale. These data indicate that exertion had a negligible influence on our
results. The current study focused on the emotion ratings. Clocks in the
pager, Holter, and PDA were synchronized.

Patients
Patients were recruited from the International Long QT Syndrome Reg-

istry located in Rochester, New York. Inclusion criteria limited enrollment to
men and women ranging in age between 16 years and 50 years and who were
genotype positive for LQT1 or LQT2, accounting for 90% of LQTS patients
with genotypes (7). Exclusion criteria included diminished cognitive capacity
interfering with informed consent or completion of the research procedures or
lack of English fluency (needed for valid completion of self-report measures).
Patients were not preselected for prior history of cardiac events, QTc duration,
� blocker or implanted cardioverter defibrillator (ICD) treatment.

The study received approval from the appropriate Institutional Review
Board/ethics committees, and all patients provided their informed consent.
Data were collected between January 2003 and July 2006.

EMA
Participants were paged ten times per day for 3 days, using a modified

random schedule. All signals were scheduled during a 12-hour window and
during usual waking hours, typically between 8 AM and 10 PM (only one
subject had pages after midnight [25% for that subject]). Signals were con-
strained so that no two signals could occur within 60 minutes of each other.
Participants were instructed to turn on their PDA as soon as possible after the
page, to begin responding immediately, and to complete the 59-item protocol
without interruption.

Based on previous demonstrations of the influence of intense emotions on
ventricular arrhythmias and sudden death (5,22), we were particularly inter-



These adjectives were presented randomly with respect to the four affect
scales but in the same order for all subjects in all trials. For each affect term,
participants rated the extent to which they had experienced that emotion
during the 5 minutes preceding the page, using a 0 (“not at all”) to 6
(“extreme“) scale (Fig. 2; note caption for anchoring terms). To maximize
variance among the emotion variables and to maximize sensitivity to high
intensity ratings, each of the four composite EMA variables was created by
taking the maximum value among the individual items on that subscale for
that particular page.

Compliance statistics for EMA ratings were computed by comparing the
scheduled time of the page to the internal PDA record of when recording
began. Subjects responded to 93.0% of the pages sent. Of these, 62.5%,



linear models are equivalent to multiway analysis of variance models, with no
assumption of linearity for any given emotion.

We separately modeled each Holter outcome as a function of all measured
emotions, using multivariable conditional linear models (CLM) (33). Thus,
the Holter outcome variables (e.g., Fridericia QTc) corresponding to the
emotion ratings (e.g., 2–4 versus 0–1) were compared. CLM conditions away
the main effects of all participant-level time-independent variables (genotype,
age, age2, genotype � sex, etc.) via the implicitly unconstrained participant-
level intercepts, and thus controls for clustering by participant more com-
pletely than a mixed model with a random intercept. Inference was based on
a robust sandwich estimator for the covariance matrix, using residuals from a
more flexible mean function allowing separate coefficients for all seven levels
of each emotion, plus their interactions with genotype, as recommended with
generalized estimating equations (34). Interactions with EMA variables were
tested using robust 6 df F tests for interactions with all six EMA parameters
of our main effects model. Within-subject common correlations between
Holter measures were computed after conditioning away participant-specific
intercepts using Verbeke’s orthonormal contrast matrix, and p values were
based on robust t tests for the univariate CLM. Analyses were performed
using Splus 7.0.0.

RESULTS
Clinical Characteristics of Studied Patients

There were 161 (73% female) patients with a mean age of
35 years. The genotype distribution was 102 LQT1 (IKs), 58
LQT2 (IKr), and 1 LQT5 (the latter IKs mutation was grouped
with LQT1 patients). As Table 1 indicates, 101 patients were
taking � blockers and 60 were not, half had prior arrhythmo-
genic cardiac events, and 11% had ICDs.

EMA Analyses

A total of 3,967 pages, averaging 25 per patient, met
inclusion criteria based on the presence and technical ade-
quacy of both EMA and ECG data. The distribution of EMA

ratings across the seven intensity levels of each of the four
EMA variables is depicted in Figure 2. The modal rating for
the two negative affect variables (Low Arousal Negative Af-



while holding the subject and his/her other EMA variables
constant, QTc changes on average by �.

Table 2 shows that the results were essentially the same,
with slightly attenuated effect sizes, when additional variance
due to heart rate was removed from QTc by further adjusting
for log (heart rate) (



increases. These findings seem paradoxical based on predic-



2–5 ms changes) (13) and certain drugs (e.g., moxifloxacin
causing a 4–7-ms increase in QT interval) (47). Their clinical
significance is further supported when it is considered that
sudden cardiac death is a multifactorial phenomenon (48).
Many factors play a small role in affecting QTc, and when
they coincide and act together, they provide our best current
explanation as to why a cardiac event occurs at a given time
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