
Responses of Mental Stress Induced Myocardial Ischemia to
Escitalopram Treatment: Background, Design, and Method for
the REMIT Trial

Wei Jiang, MDa,b, Eric J. Velazquez, MDb, Zainab Samad, MDb, Maragatha Kuchibhatla,
PhDc, Carolyn Martsberger, PhDa, Joseph Rogers, MDb, Redford Williams, MDa, Cynthia
Kuhn, PhDd, Thomas L. Ortel, MD, PhDb, Richard C. Becker, MDb, Nicole Pristeraa, Ranga
Krishnan, MDa, and Christopher O’Connor, MD, FACCb for the REMIT Investigators
aDepartment of Psychiatry & Behavioral Sciences, Duke University Medical Center, Durham, NC
bDepartment of Medicine, Duke University Medical Center, Durham, NC
cDuke Center for Aging, Duke University Medical Center, Durham, NC
dDepartment of Pharmacology & Cancer Biology, Duke University, Durham NC

Abstract
Background—Mental stress induced myocardial ischemia (MSIMI) is common in patients with
clinically stable coronary heart disease (CHD) and is associated with poor outcomes. Depression is
a risk factor of MSIMI. The Responses of Mental Stress Induced Myocardial Ischemia to
Escitalopram Treatment (REMIT) trial investigates whether selective serotonin reuptake inhibitor
(SSRI) treatment can improve MSIMI. The rationale and outline of the study are described.

Method—In this single center randomized clinical trial, adult patients with clinically stable CHD
are recruited for baseline mental and exercise stress testing assessed by echocardiography.
Additionally, psychometric questionnaires are administered and blood samples are collected for
platelet activity analysis. Patients who demonstrate MSIMI, defined by new abnormal wall
motion, ejection fraction reduction ≥8%, and/or development of ischemic ST change in
electrocardiogram during mental stress testing, are randomized at a 1:1 ratio to escitalopram or
placebo for 6 weeks. Approximately 120 patients with MSIMI are enrolled in the trial. The stress
testing, platelet activity assessment and psychometric questionnaires are repeated at the end of the
6-week intervention. The hypothesis of the study is that SSRI treatment improves MSIMI via
mood regulation and modification of platelet activity.

Conclusion—The REMIT study examines the effect of SSRI on MSIMI in vulnerable CHD
patients and probes some potential underlying mechanisms.

Introduction
Substantially accumulated evidence demonstrates that transient emotional distress or mental
stress is strongly linked to coronary heart disease (CHD) 1. Over the last couple of decades,
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the association of mental activity and myocardial ischemia has been well studied. Mental
stress induced myocardial ischemia (MSIMI) in the laboratory may occur in up to 70% in
patients with clinically stable CHD2 and is associated with increased death and
cardiovascular (CV) events3–4. Despite this, few studies have examined therapeutics that
effectively modify MSIMI. We therefore are conducting a clinical trial, i.e. the Responses of
Mental Stress Induced Myocardial Ischemia to Escitalopram Treatment (REMIT) trial, to
investigate whether selective serotonin reuptake inhibitor (SSRI) treatment can improve
MSIMI. The methods and rationale of the study are described.

Methods
Overall Trial Design

The REMIT study is a National Heart, Lung, and Blood Institute (NHLBI) sponsored,
prospective, randomized, double-blind, placebo-controlled study that is designed to assess
the efficacy of escitalopram on MSIMI in patients with CHD (Figure 1). The pharmaceutical
company, Forest Laboratories, Inc. provides the study drug and the matched placebo only.
The trial is registered at www.clinicaltrials.gov, registry number: NCT00574847.

This study also examines the effects of escitalopram on platelet activity, depression and
anxiety symptoms, and CV response to stress in relationship to MSIMI. All assessments are
conducted at baseline prior to study medication and at the end of 6-week intervention before
the medication is tapered off (Figure 1).

Trial Population and Recruitment
The study population consists of approximate 120 adult patients (men or women) with
clinically stable CHD and MSIMI. Patients with documented CHD, by angiographic finding
of coronary artery stenosis ≥ 70%, history of myocardial infarction, or status post re-
vascular procedures, such as coronary artery bypass graft surgery, or stenting are recruited
for mental stress testing after consent. Only patients who develop MSIMI qualify for the
trial, regardless of whether they are clinically depressed. The exclusion criteria of the study
are listed in Table 1.

Mental Stress/Exercise Testing and Assessment of Stress Induced Myocardial Ischemia
Mental Stress and Exercise Testing—The stress testing is conducted at the Duke
Cardiac Diagnostic Unit. Beta-blockers are withheld for 24–48 hours depending on the half
life of these medications prior to the stress testing. Following a 20-minute rest period,
participants are asked to complete a series of 3 mental stress tasks, i.e. 1) Mental arithmetic,
2) Public speaking with anger recall, and 3) Mirror trace. The use of multiple stressors
allows for better identification of patients with MSIMI, as compared to the use of a single
task. A rest period of 6 minutes follows every stress test. After the mental stress testing,
patients undergo a treadmill exercise test using the standard Bruce protocol. The exercise
testing is terminated according to the guidelines of the American College of Sports
Medicine. The same testing is repeated at the 6-week endpoint visit, with one variation; an
alternate mental arithmetic task is used to prevent habituation.

Myocardial Ischemia Assessment—Echocardiography5 and electrocardiography
(ECG) are used to assess for an ischemic activity. Digital acquisition of echo imaging is
obtained during the last 3 minutes of baseline resting period, during each mental stress test,
and at the peak of exercise testing for 3 minutes. Images (parasternal long-axis and short-
axis views and apical 4-chamber and 2-chamber views) are acquired with a 3 MHz
transducer in the harmonic imaging mode with a Phillips iE33 system (Bothell, WA, USA).
Doppler Tissue Imaging is used to measure the mitral annular movement and pulsed-
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Doppler imaging is used to measure transmitral flow. Left ventricular ejection fraction
(LVEF) is calculated from a 3–5 beat loop and wall motion assessments are determined
from 30–40 frames of systole from one cardiac cycle. Blood pressure, heart rate, and
standard 12-lead ECG are measured simultaneously during the acquisition of the echo
images.

REMIT Definition of Stress Induced Myocardial Ischemia
MSIMI is defined by the following: compared to rest, 1) any development or a worsening of
wall motion; 2) reduction of LVEF ≥8%4 and/or; 3) deviation (depression or elevation) of
ST-segment of ECG in 2 or more leads lasting for ≥3 consecutive beats, occurring during
least one of the 3 mental stress tasks. If any of the above occurs during exercise testing,
compared to rest, it is exercise induced myocardial ischemia.

Left ventricular wall motion is assessed using the American Society of Echocardiography
recommended 16-segment model. Each segment is graded and scored based on either
normal (normal or hyperdynamic, score = 0) or abnormal (hypokinetic, akinetic, or
dyskinetic; scores = 1, 2, or 3, respectively) wall motion. Wall motion score index (WMSI),
the sum of wall motion scores divided by the total number of segments scored, is calculated
at rest, during each mental stress task and during the exercise test. This scoring system has
been validated by other investigators with coefficients of correlation for intra-observer and
inter-observer variability of 0.81 and 0.84, respectively5.

LVEF is calculated by measuring the images of the two apical windows (parasternal long
axis, apical 4-chamber, and apical 2 chamber) via the biplane Simpson’s method6.

Randomization and Management of Study Drug
Patients who develop MSIMI during the laboratory testing are randomized to escitalopram
or placebo at a 1:1 ratio for a 6-week period. The dose of the study medication begins at
5mg is titrated up to 10mg in one week, and then up to 20mg in two weeks. For patients who
are not able to tolerate the titration, the dose may be reduced to the lowest dose of 5mg. If a
patient is unable to tolerate the lowest dose, his or her participation in the study intervention
is discontinued. For patients who have difficulty tolerating the study drug, and the side
effects are not severe or life threatening, a brief medication taper and retry within one week
may be conducted. Participants are assessed weekly via phone/and or clinic visit. Study
medication compliance and pill counts are assessed as well. Following the end of 6-week
intervention assessment, participants are instructed to taper the study medication to 10mg for
the first week and 5 mg for the second week before terminating the medication completely.

Long-term Follow Up
All patients, irrespective of 6-week study treatment completion, are contacted yearly for
long-term follow-up, CV outcome status, and medication use, until the last participant
enrolled completes his or her 3-year follow up. At the end of the 6-week trial intervention,
participants who request to continue on the study medication are provided a 30-day
escitalopram prescription and are advised to follow-up with their primary care physician or
cardiologist for further use of the medication.

Primary Endpoints
The primary study endpoint is the improvement, worsening, or no change in MSIMI at the
end of 6 weeks of treatment compared to the baseline assessment between the two groups.

For the evaluation of the primary study endpoint, a side by side comparison of the
echocardiographic images obtained at the baseline and at the 6-week endpoint to determine
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wall motion changes is first conducted by two experienced echocardiologists separately who
are blinded to the treatment assignment and the order of mental stress tasks. In the event of
disagreement of wall motion read, a consensual review/scoring is conducted by the two
echocardiologists.

Difference of LVEF is compared between baseline and 6-week echocardiogram images.
Definition of MSIMI Changes. Compared to MSIMI at baseline, reduction of total WMSI or
frequency of LVEF reduction ≥ 8%, and/or disappearance of ischemic ST-segment
deviation during mental stress tasks, compared to baseline, is considered an improvement of
MSIMI; Increase in total WMSI or frequency of LVEF reduction ≥ 8%, and/or newly
emerged ischemic ST-segment deviation during mental stress tasks is considered as
worsening of MSIMI. In the event that there are no changes in WMSI total score, LVEF or
ECG after the end of the 6-week intervention, it is considered as no change in MSIMI.

Other Study Endpoints
LVEF Changes—Change of actual LVEF between baseline and end of 6-week
intervention is a secondary endpoint.

Platelet Activity Assessment—Blood samples are collected both at baseline and at the
end of 6-week intervention. The first blood draw occurs prior to stress testing, after a 10
minute quiet and undisturbed resting period following catheter insertion to allow hormone
levels to return to normal after venipuncture. Blood samples are also collected immediately
after the third mental task. Blood is drawn into tube heparin and glutathione for
anticoagulation and preservation of catecholamine and transferred immediately to the
platelet assessment laboratory at room temperature. All tests are performed in mornings to
eliminate circadian influence on stress responses and platelet aggregability.

Platelet aggregation—Platelet-rich plasma (PRP) is separated in the lab via
centrifugation for 10 minutes at 160g. PRP is then adjusted to 250,000 platelets/µL with
autologous platelet-poor plasma for use in a BIO-DATA 4-channel platelet aggregometer.
One hundred percent aggregation is the optical density obtained with platelet-poor plasma.
Aggregation triggered by epinephrine (1, 2, 5 and 10µM), serotonin (0.3–30 µM), collagen
(1, 2, 5 and 10 µg/ml) and ADP (0.1, 0.5, 1 µM) as well as each agonist combined with
serotonin (10 µg/ml) is evaluated.

Platelet Serotonin Uptake—Platelet serotonin uptake is conducted as described by
Slotkin et al.7. Aliquots of platelet are diluted in modified Krebs-Henseleit buffer (calcium
free containing 2mM EDTA and pargyline, 100uM) and indicated with 3H serotonin [1,2-
3H(N)] with or without imipramine. Samples are incubated for 10 min at 37°C with a range
of serotonin concentrations (5nM-1uM) and Bmax and Km determined by nonlinear
regression algorithm for sigmoid curves with Prism 3.0 (Graphpad, San Diego CA). Platelet
is trapped on Whatman GF/C filters (Cardiff, UK) and 251 Q5 washed by vacuum filtration
with ice-cold phosphate-buffered 252 saline and counted by liquid scintillation spectrum
with a 253 non–toluene-based fluor.

Platelet Transporter Binding—Platelet serotonin transporter binding is quantitated with
3H paroxetine binding as described by Nemeroff8 and modified by Slotkin and colleagues7.
The platelet-rich pellet is lysed by suspension into 5mmol Tris buffer (pH 7.5) containing
5mM EDTA, pH 7.5, sedimented at 39,000 X G suspended in 70mM Tris (pH 7.5),
resedimented, and finally resuspended in the assay buffer (50mmol Tris [pH 7.5] containing
120 mmol NaCl and 5mmol KCl). Binding of 3H-paroxetine to platelet membranes is
accomplished by incubating aliquots of platelet membranes in seven different concentrations
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of 3H-paroxetine (25, 50, 100, 250, 500, 1,000pM) in triplicate using 100ug of platelet
protein/tube in a final volume of 250ul assay buffer. Tubes are incubated on ice for 60
minutes after which 5ml of ice-cold buffer are added and labeled membranes harvested by
vacuum filtration on Whatman GF/C glass fiber papers, pre-soaked in 0.05%
polyethyleneimine. Filters are washed three times with 5ml of ice-cold buffer, and filter
papers counted by liquid scintillation spectrometry using a non-toluene based fluor (Safety
Solve). Binding as analyzed by nonlinear regression algorithm for sigmoid curves with
Prism 3.0 (Graphpad, San Diego CA) is used to determine the Kd and Bmax of binding.
Non-specific binding was determined as the binding in the presence of 0.22 mM serotonin.

Other Measurements
Cardiovascular (CV) Reactivity—The difference of blood pressure and heart rate
obtained between rest and during stress are used as the CV reactivity.

Beck Depression Inventory (BDI)—The 21-item BDI was developed to assess the
presence and severity of symptoms of depression in CHD population and prognostic
associations.

Center for Epidemiologic Studies Depression Scale (CES-D)—The CES-D is a
20-item, self-administered questionnaire to assess the presence and severity of depressive
symptoms. It is used to validate the previous findings that depression is associated with
increased likelihood of MSIMI9 and to further explore the association of MSIMI and severe
depression.

State-Trait Anxiety Inventory (STAI)—The STAI is one of the most commonly used
self-administered scales for anxiety assessment in medically ill patients.

Cook-Medley Hostility Scale (Ho scale)—The Ho scale10 has been used to evaluate
potential health consequences of hostility11 and is correlated with anger proneness,
cynicism, and mistrust of others12. The adverse association of depression and MSIMI may
be mediated by hostility.

Perceived Stress Scale (PSS)—The PSS is the most widely used psychological
instrument to measure the degree to which situations in one’s life are appraised as stressful
during the last month. Items were designed to determine how unpredictable, uncontrollable,
and overloaded respondents find their lives.

General Well Being Scale (GWBS)—The GWBS is commonly used in health research
and contains 6 subscales (depressed mood, anxiety, general health, vitality, emotional self
control, and a sense of positive well-being). These items have been demonstrated to be
highly stable over time. This scale has been validated by several studies in the general
population as well as among CHD patients to particularly measure vitality and positive
emotions13.

Statistical Analysis
Sample Size Consideration—The primary outcome is to compare a trichotomized
variable, i.e., the rates of the improvement vs. worsening vs. no change of MSIMI at the end
of 6-week treatment from baseline assessment between the escitalopram and the placebo
groups. Based on an estimate of a 30% reduction in MSIMI in the placebo group and over
60% reduction in the group randomized to escitalopram, with alpha = 0.05, the targeted
enrollment of 120 participants who all have MSIMI at baseline will provide a power of over
80%, with up to 10 drop-outs, for the estimated between group differences (2-sided
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statistical test). The total enrollment will increase if drop-out is greater than 10 to guarantee
110 participants who complete both baseline and 6-week assessments.

Analysis of Primary Endpoint—The initial analysis aims at the treatment effects on the
primary endpoint: MSIMI change following 6-week intervention between two groups
compared to baseline. The primary analysis of the study is conducted on the intent-to-treat
(ITT) involving all randomized patients, with per-protocol analyses planned for the “treated”
cases (who complete the 6-week intervention and 6-week assessment). The chi-square test is
primarily used to compare the difference in the proportion of presence or absence of MSIMI
improvement (binary outcome), followed by a multinomial logistic regression model with
worsening outcome as the reference group. One caveat is that the main analysis may require
the use of Mantel-Haenszel chi-square tests or multinomial logistic regression models
instead of chi-square tests in the event that the randomization procedures failed to balance
the two treatment groups with regard to baseline characteristics, such as age, sex, and
baseline LVEF. All significance of the test will be assessed at level 0.05.

Analysis of Mediators—Once the main analysis is completed, supplemental analyses
will be used to further examine the influence of other explanatory variables or mediators on
the outcome. We will evaluate 1) the associations or extent to which the measures, such as
platelet activity, depression, anxiety, and hostility, etc., mediate the occurrence of MSIMI;
2) the alteration of these variables by the trial intervention; 3) the role that the changes in
these variables mediate the change of MSIMI; and 4) the mediator and treatment indicator
simultaneously as predictors of the long term outcome of interest.

Treatment Effect on Long-term Clinical Outcomes—The Cox proportional hazards
model is used to evaluate the effect of treatment on the composite endpoint of death or first
cardiac-related hospitalization. Patients who have not experienced an event by the end of the
follow-up period will be coded as censored at the time of last contact.

Discussion
The REMIT trial is the first clinical trial to examine the effects of an SSRI on MSIMI in
patients with clinically stable CHD. The rationale for use of an SSRI to reduce MSIMI
include 1) depressive symptoms are associated with MSIMI, 2) negative emotions are
associated with daily ischemic activity, 3) stress management but not conventional anti-
angina medications improves MSIMI, and 4) while mental stress enhances platelet activity,
SSRI reduces platelet activity.

Mental Stress Testing and MSIMI in CHD Patients
Investigators have demonstrated consistently that mental stress elicits myocardial ischemia
in patients with documented CHD3–4, 14–16. Approximately 20% to 70% CHD patients
exhibit ischemia during mental stress testing2. This wide variation in the prevalence of
ischemia is attributed to the measurement technique used to detect ischemia, the number and
type of mental stress tasks, whether patients received anti-ischemic medication prior to
testing, and when the study was conducted. A patient who develops MSIMI does not
necessarily demonstrate exercise-induced ischemia, and vice versa3.

Unique Features and Clinical Significance of MSIMI
In contrast to exercise-induced ischemia, MSIMI occurs at lower heart rates, higher diastolic
blood pressure, and much lower double products; the result of systolic pressure multiplied
by heart rate. MSIMI is silent most of the time and rarely results in ischemic ECG
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changes 16. Systemic vascular resistance increases significantly during mental stress17, but
declines during exercise testing.

MSIMI has been found to consistently predict increased adverse cardiac events3–4, 18–19. In
a sample of 126 CHD patients with a positive exercise test, we found MSIMI was associated
with increased cardiac events during a 5-year follow-up (odds ratio [OR] 2.8; 95%
confidence interval [CI] 1.0–7.7; p<0.05), independent of conventional risks3. However,
exercise-induced ischemia did not predict for adverse cardiac events (OR, 1.5; 95% CI, 0.6–
3.9; p=.39) in this study. Sheps et al. demonstrated that mental stress-induced ischemia was
associated with an almost 3-fold increase in mortality in CHD patients4.

Underlying Mechanisms of MSIMI
Mental stressors provoke constriction of coronaries that have a stenotic lesion or endothelial
injury. Yeung et al.20 assessed the change of coronary blood flow during mental stress
testing and endothelium-dependent vasodilatation by means of intra-coronary Doppler in a
group of CHD patients. Responses of the coronary arteries varied from 38% constriction to
29% dilation, with coronary blood flow ranging from a decrease of 48% to an increase of
42% under mental stress compared to baseline 20. Compared to individuals without CHD,
the coronary microcirculation of CHD patients did not dilate during mental stress testing21

Activation of certain regions of the brain and neuro-hormones released during emotional
arousals are thought to be the mediators of this pathological process22–23. Accelerated
platelet aggregation triggered by mental stress is a key element in the underlying
pathological process, especially in individuals who are under chronic stress24–28.
Heightened platelet activation in acute coronary syndrome (ACS) has been well supported in
literature and is the reason that Aspirin and other anti-platelet activity agents are used in
patients with acute coronary syndrome and other forms of CHD. While depression is
evidently a significant risk factor for CHD development and for poor prognosis of CHD29,
occurrence of MSIMI and myocardial ischemic activity during daily life are found to be
related to negative emotions30. Patients with greater depressive symptoms had higher
likelihood of developing MSIMI but not exercise-induced ischemia9. In addition, depression
has been associated with heightened platelet activity25.

Therapeutic Modalities Treating MSIMI
Despite the clinical significance of MSIMI, investigation of therapeutic modalities to
improve MSIMI is limited. There have been only two pharmacological studies that have
explored the effects of beta-blockers and calcium channel blockers on MSIMI31–32.
However, both studies failed to demonstrate the effectiveness of these interventions in
MSIMI treatment. In a study31 with 19 CHD patients who received metoprolol or placebo in
a cross-over design for 4 weeks, the beta-blocker was found to effectively reduce exercise-
induced wall motion abnormalities but not mental stress induced wall motion abnormalities.
Andrews et al.32 tested the effects of nifedipine gastrointestinal therapeutic system (GITS)
or atenolol on MSIMI in 15 CHD patients, also using a cross-over design with a placebo
control. These two medications did not change the LVEF response to mental stress tests
compared to placebo (p=0.94). In a further examination among 5 subjects who had greater
LVEF reduction to mental stress during placebo, the authors reported both nifedipine GITS
and atenolol prevented the mental stress induced wall motion abnormalities. The biggest
limitation of these studies is the small sample size which might have led to type II errors for
some of the findings.

Effects of psycho-behavioral intervention on MSIMI have been examined by two studies,
conducted by the same laboratory33–34. In studying approximately 250 patients with
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clinically stable CHD, the investigators demonstrated both exercise and stress management
significantly lowered the intensity of LVEF reduction and wall motion abnormalities
induced by mental stress testing34. The authors also found that stress management was
associated with a significantly lower risk of adverse cardiac outcome compared with the
patients in the control group (relative risk = 0.26; p=.04), which was independent of
conventional CV risks35. These findings suggest that improving negative emotions may be
the key therapeutic approach to improve MSIMI.

SSRI and Platelet Activities
Several studies have indicated that SSRIs reduce elevated platelet activities, which may or
may not occur in treatment with other kinds of antidepressants8, 36–38. Alvarez et al. studied
the effects of therapy with fluoxetine and clomipramine for 12 weeks. They found both
drugs had no difference in effect on the platelet inositol phosphate but the platelet activity
was normalized among patients who responded to the antidepressant treatment36. In a study
of depressed patients with CHD, reduced platelet activity occurred in patients treated with
paroxetine for 6 weeks but not in patients treated with nortriptyline. Other studies showed,
compared to placebo, treatment with sertraline37 and paroxetine8 resulted in decrease of
platelet activity in patients who were depressed but had no CHD. Platelet activity in patients
who participated in the Sertraline against Depression and Heart Disease (SADHART) trial
was evaluated and treatment with sertraline was associated with substantially less release of
platelet/endothelial biomarkers compared to placebo39.

Conclusion
Compelling evidence supports the need to seek effective intervention for MSIMI. The
REMIT study hypothesizes that SSRI treatment improves MSIMI via mood regulation and
improvement of platelet activity. This study is unique in that it evaluates the effects of SSRI
on MSIMI and simultaneously examines certain mechanisms and/or mediators of MSIMI.

The study began patient recruitment in July 2007 and is scheduled to conclude enrollment in
fall of 2011.
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Figure 1.
Study Design

Jiang et al. Page 12

Am Heart J. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jiang et al. Page 13

Table 1

REMIT Inclusion/Exclusion Criteria

Inclusion Criteria

1 Age 21 or greater

2 Clinically stable CHD

Exclusion Criteria

1 Recent myocardial infarction, coronary artery bypass graft surgery, or other revascularization procedures (≤ 3 months)

2 LVEF < 30% measured by echocardiography, radionuclide ventriculography, or cardiac catheterization

3 Life threatening arrhythmia or arrhythmia interrupting the interpretation of ischemia

4 Unable to withdraw from anti-anginal medications during ischemic assessment phase

5 Pregnancy

6 Current or previous history of bipolar disorder, cyclothymia, schizophrenia, schizoaffective or schizophreniform disorder, or other
psychotic disorders

7 Active suicidal ideation

8 Current substance abuse or history of substance abuse in the previous 6 months

9 Significant cardiac, pulmonary, metabolic, renal, hepatic disease, or malignancy, interfering with subject’s participation in this
study

10 Seizure (history and/or present) with/without treatment

11 Currently taking antidepressants that cannot be discontinued
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