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Abstract

Importance—Mental-stress-induced myocardial ischemia (MSIMI) is an intermediate surrogate
endpoint representing the pathophysiological link between psychosocial risk factors and adverse
outcomes of coronary heart disease (CHD). However, pharmacological interventions aimed at
reducing MSIMI have not been well studied.
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Objective—To examine the effects of 6 weeks of escitalopram treatment vs. placebo on MSIMI
and other psychological stress-related biophysiological and emotional parameters.

Design, Setting, and Participants—The REMIT study is a randomized, double-blind,
placebo-controlled trial of patients with clinically stable CHD and laboratory MSIMI. Enroliment
occurred from 7/24/2007-8/24/2011 at a tertiary medical center.

Interventions—Eligible participants were randomized 1:1 to receive escitalopram (dose began
at 5 mg with titration to 20 mg/day in 3 weeks) or placebo over 6 weeks.

Main Outcome Measure—Occurrence of MSIMI, defined as (1) development or worsening of
regional wall motion abnormality; (2) left ventricular ejection fraction reduction =8%; and/or (3)
horizontal or downsloping ST-segment depression =1mm in >2 leads lasting for >3 consecutive
beats during =1 of 3 mental tasks.

Results—127 participants were randomized to escitalopram (n=64) or placebo (n=63); 112
(96.1%) completed endpoint assessments (n=56 in each arm). At the end of 6 weeks, more patients
taking escitalopram (34.2% [95% Cl, 25.4 to 43.0]) had absence of MSIMI during the 3 mental
stressors compared with patients taking placebo (17.5% [95% CI, 10.4 to 24.5]) based on
unadjusted multiple imputation model for intention-to-treat analysis. A significant difference
favoring escitalopram was observed (OR=2.62 [95% Cl, 1.06 to 6.44]). Rates of exercise-induced
ischemia were slightly lower at 6 weeks in the escitalopram group (45.8% [95% ClI, 36.6 to 55.0])
than in patients receiving placebo (52.5% [95% ClI, 43.3 to 61.7]), compared with baseline
escitalopram (49.2% [95% Cl, 39.9 to 58.5]) vs placebo (56.7% [95% CI, 47.5 to 65.9]), but this
difference was not statistically significant.

Conclusion and relevance—Among patients with stable CHD and baseline MSIMI, 6 weeks
of escitalopram versus placebo resulted in lower prevalence of MSIMI. There was no difference in
exercise-induced ischemia.

Trial Registration—ClinicalTrials.gov Identifier: NCT00574847

INTRODUCTION

A robust body of evidence has identified emotional stress as a potential triggering factor in
coronary heart disease (CHD) and other cardiovascular events.1~4 Recognition of the role
played by acute emotional stressors in triggering episodes of acute coronary syndromes led
to provocation experiments aimed at inducing emotional distress in a controlled setting and
documenting reversible impairment of cardiac function. This ultimately resulted in the
formal concept of mental stress-induced myocardial ischemia (MSIMI). Over the last 3
decades, the association of emotional distress and myocardial ischemic activity in the
laboratory has been well studied.> MSIMI in the laboratory occurs in up to 70% of patients
with clinically stable CHD and is associated with increased risk of death and cardiovascular
events.>

Few studies have examined therapeutics that effectively modify MSIMI,7-9 perhaps due to
the mechanistic complexity underlying this phenomenon, which encompass a wide range of
central and peripheral physiological changes associated with emotions and behaviors.
However, recent evidence suggests that selective serotonin reuptake inhibitors (SSRIs) may
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reduce mental-stress-induced hemodynamic response, metabolic risk factors,10-11 and
platelet activity.12:13 We therefore conducted the Responses of Mental Stress Induced
Myocardial Ischemia to Escitalopram Treatment (REMIT) trial (NCT00574847) to
investigate whether SSRI treatment can improve MSIMI.

The REMIT trial was a randomized, double-blind trial comparing the SSRI escitalopram
versus placebo in participants with clinically stable CHD and MSIMI. The study was
conducted at the Duke University Health System in the United States. The study protocol
was reviewed and approved by the Duke institutional review board, and all participants
provided voluntary written informed consent.

Eligibility and Recruitment

A complete description of the trial methodology has been published.1* Briefly, we screened
all patients with CHD who visited Duke cardiology clinics. Adult patients aged =21 years
with CHD, as documented by angiographic findings of coronary artery stenosis >70%,
history of myocardial infarction, or history of cardiac revascularization were eligible for
participation. Exclusion criteria included significant cognitive impairment, life-threatening
comorbidity (estimated 50% mortality within 1 year), active suicidal ideation, and
psychiatric conditions precluding SSRI use.14 Patients who exhibited MSIMI during
baseline screening were qualified for the trial intervention.

Race and ethnicity of the REMIT participants was obtained via self-report using the
following categories: Hispanic Ethnicity: Yes or No; Race: White, Black, Native American,
Asian or Pacific Islander, Other (Specify).

Overall Design

REMIT tested the hypothesis that the SSRI escitalopram would reduce MSIMI to a greater
extent than placebo in patients with clinically stable CHD and MSIMI at enrollment.
Participants underwent mental and exercise stress testing during baseline screening.
Participants who demonstrated MSIMI were randomly allocated in a 1:1 ratio, divided in
blocks of 10, in double-blind fashion to escitalopram or matching placebo for 6 weeks.
Randomization was conducted by Duke University Investigation Drug Service Pharmacy.
All randomization information was secured and accessible only to authorized individuals
working within the Investigational Drug Service. The initial dose of study drug was 5 mg/
day, increasing to 10 mg/day in 1 week and to 20 mg/day at week 3 and for the remainder of
the study period. If participants were unable to tolerate higher doses, the dose could be
decreased to 5 mg/day. Mental and exercise stress testing were repeated at the end of the 6-
week intervention. Adherence to study drug was assessed via weekly inquiries and pill
counts upon return of medication bottles. Study medication was tapered following endpoint
assessments. Participants who preferred to continue on study medication were provided a
prescription for 1 month’s supply of escitalopram and required to follow up with their
primary cardiologist or primary care physician.
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Stress-Induced Myocardial Ischemia

All stress tests were conducted at the Duke Cardiac Diagnostic Unit in the morning
following 24-48 hours withholding of beta-blockers.14 Three mental stress tasks—mental
arithmetic, mirror trace, and public speaking with anger recall—delivered in the same
sequence throughout the study were used to assess MSIMI; each test was followed by a 6-
minute rest.

After mental stress testing, participants underwent a treadmill exercise test using the
standard Bruce protocol. Exercise testing was terminated according to American College of
Sports Medicine guidelines. Testing was repeated at the 6-week endpoint visit; an alternative
mental arithmetic task was used to prevent habituation. Echocardiography and
electrocardiography (ECG) were used to assess ischemia. Left ventricular ejection fraction
(LVEF) was calculated from a 3-5 beat loop. Wall motion assessments were determined
from systole from 1 cardiac cycle at a frame rate of 30-40 frames/second using the 16-
segment model recommended by the American Society of Echocardiography. These
assessments were blinded to randomization and stress tests.

To minimize variation and temporal drift and to enhance reliability, all echo images of
participants who completed both baseline and endpoint stress testing were batch read by 2
experienced cardiologists (E.V. and Z.S.) after completing the 6-week endpoint
assessments.1> Blood pressure, heart rate, and standard 12-lead ECG were measured
simultaneously during acquisition of echo images. MSIMI was defined by presence of =1
ischemic markers: compared to rest measurements, (1) any development or worsening of
wall mation; (2) reduction of LVEF =8%; and/or (3) deviation of ST-segment in =2 leads
lasting for =3 consecutive beats, occurring during =1 of the 3 mental stress tasks. Exercise-
induced myocardial ischemia (ESIMI) was defined as development of the above during
exercise testing. Continuing presence or absence of any of 3 ischemic markers was
evaluated at the 6-week endpoint visit for both MSIMI and ESIMI.

Other Study Outcomes

Other study outcomes included biophysiological and psychological measurements obtained
at baseline and repeated at 6 weeks. Biophysiological measures included resting platelet
serotonin receptor transporter number (5HTT), measures of serotonin uptake into platelets
(binding affinity [Kd]), and platelet serotonin density of SHT uptake sites (Vmax). Measures
of resting and mental-stress-induced LVEF and hemodynamic responses including systolic
blood pressure (SBP) and diastolic blood pressure (DBP), heart rate, rate-pressure product,
exercise capacity (measured via duration of treadmill exercise test, peak heart rate,
attainment of target heart rate), ESIMI, occurrence of chest pain, chest discomfort, shortness
of breath, and other physical discomfort during stress testing were obtained. Psychological
measures included symptoms of depression via Beck Depression Inventory scale,16 state and
trait anxiety via Spielberger State-Trait Anxiety Scales,’ hostility via Ho scale,!® and social
stress via perceived stress scale.1® Two clusters of emotional response to mental and
exercise stress testing were obtained via a visual scale of 0-100: (1) positive emotions
including calm and being in control, and (2) negative emotions including frustration,
tension, and sadness.14
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Statistical Analysis

RESULTS

Bivariate analyses by treatment assignment were conducted on demographic and clinical
variables. Resting LVEF20 and sex?! have epidemiological and clinical relevance to the
primary outcome and were included in the adjusted model. The primary outcome of
presence of MSIMI at 6 weeks and its association with treatment assignment was examined
under intention-to-treat (ITT) principle using logistic regression. We used multiple
imputation techniques?2 to compensate for potential bias introduced by missing endpoint
data. The imputed model to predict the outcome consisted of age, baseline resting EF, sex,
and the treatment variable. For our primary outcome, unadjusted and adjusted imputed
logistic regression models provided odds ratios and 95% confidence intervals (Cls) for the
association of the study intervention with MSIMI. The Hosmer-Lemeshow statistic was
reported as an index of goodness of fit for this model.

For the primary outcome, per-protocol analysis was also conducted on participants who
completed both baseline and endpoint assessments. Secondary outcomes were classified into
biophysiological and psychological outcomes. A general linear model was used for
continuous variables and logistic regression for dichotomized outcomes; these models were
controlled for sex and baseline corresponding values. To enhance reliability of mental stress
assessments under various domains and reduce the number of statistical tests, we averaged
the 3 mental stress measurements. Analysis was also conducted on participants who
completed both baseline and endpoint assessments (per-protocol sample) for secondary
outcomes. Because the results of the ITT and the per-protocol sample were similar, we
chose to present the results of the ITT analyses. All tests performed were two-sided.

Primary results were examined at a significance level of .05. For secondary outcomes, alpha
was fixed at .05, and Bonferroni adjustment was used for the number of variables in each
domain. This resulted in a critical P value of .05/9=.006 for the analysis of the
biophysiological outcomes and a critical P value of .1/7=.007 for the analysis of the
psychological outcomes. All analyses were performed in SAS version 9.3.

The study was designed to have at least 80% power to detect between-group differences on
MSIMI improvement or no MSIMI at the end of the 6-week treatment period. For a sample
of 60 participants in each of treatment arm, we estimated to observe 30% improvement in
MSIMI in the placebo group and over 60% MISMI improvement in the escitalopram group.
With these estimates and a 2-sided alpha=.05, the study had >80% power with up to 10
dropouts. Because we experienced more dropouts than anticipated, with the approval of the
study Data and Safety and Monitoring Board and the Duke IRB we increased total
enrollment from 120 to 127 to ensure that at least 110 participants completed both baseline
and 6-week assessments.

Participant Characteristics and Baseline Assessments

A total of 127 participants with clinically stable CHD and MSIMI at baseline screening were
randomized to the trial intervention; 112 (56 in each group) completed endpoint
assessments. Study participant disposition is shown in Figure 1. Demographic and clinical
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characteristics and baseline cardiovascular and emotional measures by treatment group are
summarized in Tables 1 and 2, respectively. Participants allocated to escitalopram were
significantly older than those assigned to placebo (66.5 vs. 61.4 years, P=.01). Participants
allocated to placebo were more likely to be female and had higher rates of resting abnormal
wall motion and lower LVEF, although differences between groups were not statistically
significant. The majority of participants were taking aspirin, statins, and beta-blockers;
approximately 45% were taking other antiplatelet agents; and nearly 80% were taking ACE
inhibitors or angiotensin-receptor blockers (Table 1). No differences in medication use by
treatment group were noted.

Study Drug Treatment and Discontinuation

Fifteen participants withdrew during the intervention: 8 in the escitalopram arm and 7 in the
placebo arm (Figure 1). Seven (46.7%) withdrew prior to receiving study medication; 6
(40.0%) withdrew during Week 1; 2 (13.3%) dropped out after Week 3. Of these 2 late drop-
outs, 1 was due to the primary cardiologist’s request for a cardiac catheterization; the other
due to death at Week 5. Most study participants took the maximum dose of the study drug
(87.1% [escitalopram]; 93.4% [placebo]) (Table 3). Adherence to study medication was
defined as taking at least 75% of study medication and was assessed by pill counts at study
visits. Overall, 107 of 112 study participants completing endpoint assessment were
considered adherent to study medication (54/56 [96%] in the escitalopram group and 53/56
[95%] in the placebo group).

Primary Outcomes

Among all participants (N=127), 64 (50.4%) were randomized to escitalopram and 63
(49.6%) to placebo. A total of 112 (96.1%; N=56 for both arms) completed endpoint
assessments (Figure 1). Although all 127 participants had either new wall motion
abnormalities, decrease in LVEF =8, or both during =1 of 3 mental stress tests during
baseline assessment, 5 of the 112 participants who completed follow-up were reassessed by
reviewers (E.V. and Z.S.) as having no MSIMI at baseline (Table 4). No patients had any
mental-stress-induced ischemic ST-segment changes, either at baseline or at 6-week
assessments. Of 5 participants whose baseline MSIMI was reclassified as “no MSIMI,” 4
had no MSIMI at 6 weeks; 1 participant assigned to escitalopram developed MSIMI. Intra-
rater and inter-rater variability of wall motion analysis as assessed by the kappa statistic
ranged from 0.80-0.87, consistent with previous results.14

At the end of 6 weeks, more patients taking escitalopram (34.2% [95% Cl, 25.4 to 43.0])
had absence of MSIMI during the 3 mental stressors compared with patients taking placebo
(17.5% [95% CI, 10.4 to 24.5]), based on the unadjusted multiple imputation model for ITT
analysis. This analysis showed that the escitalopram group had a significantly higher rate of
no MSIMI compared with the placebo group (OR=2.62; 95% ClI, 1.06 to 6.44; P=.04). The
association between escitalopram and MSIMI improvement was no longer statistically
significant following adjustment for sex and baseline resting LVEF (OR=2.53; 95% CI, 0.97
10 6.56, Pygjusted=-06). For the adjusted model, the Hosmer-Lemeshow statistic was 0.56,
indicating a good fit. The C-index, a measure of predictability, was 0.72. Analysis of the
per-protocol population yielded similar results (OR=2.68; 95% Cl, 1.09 to 6.61; P=.03).
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Again, the strength of the association between escitalopram use and MSIMI improvement
compared with placebo was reduced after adjusting for sex and baseline resting LVEF
(OR=2.57; 95% Cl, 0.99-6.66; Pqgjysted=-05).

Physiological Outcomes

Biophysiological findings are summarized in Table 5. At 6 weeks, participants receiving
escitalopram showed significant reduction in SHTT (139.7 [95% CI, 126.1 to 153.35] vs
160.4 [95% ClI, 147.0 to 173.7]) and elevation in Kdgg (4202.4 [95% ClI, 3328.6 to 5076.2]
vs 210.1 [95% CI, 0.0 to —1083.9]) and Vyax (404.8 [95% CI, 304.2 to 505.4] vs 182.2
[95% CI, 81.6 to 282.8]) compared with participants receiving placebo (P<.01 for all
comparisons). Resting LVEF (57.4 [95% Cl, 55.5 to 59.3] vs 54.8 [95% Cl, 52.9 to 56.7])
and LVEF response to mental stress (—2.0 [95% ClI, —3.2 to —0.7]) increased in the
escitalopram group compared with the placebo group, but differences were not statistically
significant (P >.10). Hemodynamic responses to mental stress were all lower in the
escitalopram group; differences in heart rate and rate-pressure product between groups were
significant. Weight and BMI were also reduced in the escitalopram group compared with
placebo, but the reduction was not significant. Participants receiving escitalopram did not
exhibit greater alteration in the rate of ESIMI in either unadjusted (OR=1.31; 95% ClI, 0.64
to 2.68; P=.46) or adjusted (OR=1.24; 95% CI, 0.60 to 2.58; Pygjusted=-56) analyses relative
to those receiving placebo. Also, exercise capacity was not significantly altered at week 6 in
participants receiving escitalopram versus those receiving placebo. Five participants
reported physical symptoms during mental stress testing at baseline (3 escitalopram; 2
placebo); only 1 reported chest discomfort and 4 reported “other physical symptoms.” Five
participants reported physical symptoms upon testing at 6 weeks (4 escitalopram, 1
placebo); 1 participant assigned to escitalopram reported “other physical symptom”; the
others reported shortness of breath.

Psychological Outcomes

Scores of symptoms of depression, trait anxiety, and perceived stress improved at 6 weeks in
both intervention groups, but no differences between groups were observed (Table 5). State
anxiety scores improved at week 6 in the escitalopram group and worsened in the placebo
group (=2.02 [95% CI, —3.7 to —0.33] vs 0.54 [95% CI, —1.16 to 2.24]; P=.03), but this
association became non-significant upon adjusting for sex and baseline state anxiety (Table
5). Hostility scores remained similar over the 6-week trial across both groups. During
endpoint mental stress testing, participants in escitalopram group felt significantly more in
control and calmer than those in placebo group. Negative emotional responses to mental
stress were less intense in the escitalopram group than in the placebo group but the group
difference was not significant. Participants in the escitalopram group also showed less
reduction in positive affect during mental stress; the difference remained significant after
adjusting for sex and baseline score (=22.6 [95% CI, -27.4 to —=17.9], vs. —29.41 [95% ClI,
-34.2 to —24.6]; P<.05).
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Tolerability and Safety

A significantly higher proportion of participants in the escitalopram group reported side
effects compared with participants in the placebo group (46 [71.9%] vs. 28 [44.4%], P=.
002) (Table 3). Side effects were relatively mild. Two participants withdrew because of side
effects considered probably due to escitalopram (Figure 1).

DISCUSSION

The REMIT randomized, double-blind, controlled trial demonstrated that participants with
stable CHD receiving escitalopram had an odds of 2.62 of not experiencing MSIMI at week
6, compared with those receiving placebo. Six weeks of escitalopram treatment reduced the
number of platelet serotonin receptor transporters and altered the transporter binding affinity
density of SHT uptake sites, compared with the placebo group. Further, the 6-week
escitalopram intervention was associated with greater improvements in hemodynamic
responses to mental stress and certain measures of psychological functioning, including state
anxiety and positive affect, during mental stress. Escitalopram had no effect on exercise-
induced ischemia.

MSIMI in patients with clinically stable CHD has been abundantly documented.#23
Consistent findings demonstrate that MSIMI, as documented by new wall motion
abnormality, LVEF reduction =5 or 28%, and/or ischemic ECG changes, is common in
patients with clinically stable CHD.> MSIMI is not well associated with conventional
cardiovascular risks,>23 but does predict future adverse cardiovascular prognosis®6-24 and
may offer superior prognostic ability compared with ESIMI.8 However, despite the
significance of MSIMI, there has been relatively little investigation of pharmacotherapeutic
interventions for this condition. Two previous studies tested the effects of 4 weeks of
metoprolol” on mental-stress-induced wall motion abnormality in 19 participants and 4
weeks of nifedipine GITS vs. atenolol® on mental-stress-induced LVEF reduction in 15
patients using a cross-control design. Rates of MSIMI prior to study intervention were 74%
and 33% in these studies, respectively; due to their small sample sizes, neither study proved
definitive.”:8 With a relatively large sample size, the present study demonstrates that
escitalopram use is associated with a reduction in MSIMI of about 2.62 times compared with
placebo. The improvement of MSIMI was seen in both mental-stress induced wall motion
abnormality and LVEF decrease of =8 (Table 5).

Randomized trials examining cardiovascular benefits of SSRI therapy have yielded mixed
results. For instance, both SADHART studies showed no benefit for sertaline vs. placebo for
several cardiovascular measurements?® and composite scores.26 However, a secondary
analysis of the ENRICHD trial found that depressed post-MI patients who received SSRI
during the trial had lower rates of mortality than depressed patients not taking an SSR1.27

Several studies have examined the effects of SSRIs on metabolic risk factors of
cardiovascular diseases. A number of investigators have reported that fluoxetine improved
insulin sensitivity and glucose tolerance in small samples of patients with type 2
diabetes.28-33 Kamarck and colleagues studied the effects of citalopram on metabolic
measurements and hostility in 159 healthy individuals who had high levels of hostility at
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baseline. The authors reported that 2 months of citalopram 40 mg/day favorably changed
metabolic risk factors, including BMI, waist circumference, glucose, HDL cholesterol,
triglycerides, insulin sensitivity, and resting DBP (all P<.05 vs. placebo).3* Citalopram also
resulted in greater reduction of hostile affect that was a mediator in the improvement of
DBP.11.34 A study of 4 weeks of paroxetine therapy in 8 healthy subjects resulted in a 10%—
15% reduction in SBP and DBP responses to mental stress relative to measures obtained
while participants were receiving placebo.1°

Except for weight and BMI, our study did not assess metabolic risk factors. Otherwise, our
findings accord with those of Kamarck and Golding et al. The observed lack of significant
reductions in weight and BMI and lack of improvement in hostile affect may reflect the
shorter duration of the study and the severity of disease among participants. Nonetheless,
our findings support the hypothesis that short-term SSRI use improves biomarkers
associated with adverse cardiovascular prognosis.

Psychosocial functioning (e.g., depression, anxiety, and hostility) was not a study selection
criterion. We deliberately did not specify the potential psychological effects of escitalopram
to participants during consent and intervention, as the study primarily aimed at assessing
effects on MSIMI. Similar to Kamarck et al.,34 we did not find that escitalopram had a
favorable effect on reducing depressive symptoms. Although state anxiety improved some
among participants receiving escitalopram, especially with regard to emotional reactions to
mental stress testing, trait anxiety remained unchanged. This might be due to the short-term
intervention and/or reflect a study population without clinically significant depression and
anxiety. However, participants receiving escitalopram reported feeling calmer and more in
control during the Week 6 mental stress protocol relative to those receiving placebo. This
finding is notable because positive expectations and attitudes have been shown to be
associated with lower rates of mortality in CHD patients.3®

Myocardial ischemia reflects an imbalance in a complex process involving both increases in
the determinants of myocardial oxygen demand and decrease of coronary blood supply.36
Hemodynamic responses to mental stress differ fundamentally from exercise-induced stress,
as mental stress causes little increase in heart rate and a lower-grade increase in SBP relative
to physical stress.23 The underlying pathological process of MSIMI is poorly understood.
Current models posit that MSIMI is due to constriction of small or micro-coronary arteries
in the context of endothelial dysfunction or atherosclerosis, resulting from dysregulation of
the CNS and HPA-axis system in response to emotional stress. Our study shows that
escitalopram can significantly reduce MSIMI that cannot be modified by conventional anti-
ischemic agents and suggests that enhancing central synaptic availability of serotonin may
be an important step in CHD management.

Another potential mechanistic explanation is that SSRIs reduce platelet aggregation.37
Reduction of platelet aggregation through inhibition of the 5HT receptor by the receptor
agonist, even when initiated after onset of recurrent thrombosis, significantly improved
coronary patency in a canine model.38 Escitalopram was seen to significantly alter platelet
serotonin receptor transport volume and affinity in our study. Further evaluation of
associations of such alterations with changes in platelet aggregation and MSIMI will provide
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additional mechanistic insight. Whether MSIMI improvement results from changes in
cardiovascular reaction to mental stress and/or psychological modification deserves further
exploration.

A number of limitations to our study should be noted. Pre-stratification of baseline
demographic and clinical characteristics for equal randomization was not applied because of
the relatively small sample size. In addition, based on the multiple imputation ITT analysis,
rates of MSIMI in the treatment group (65.8%) and the placebo group (82.5%) were higher
than the original estimate; i.e., MSIMI rates of 40% and 70% in treatment and placebo
groups, respectively. The study’s power was thus lower than expected.14 In addition,
although dropout of participants was balanced between arms, the number of dropouts could
potentially have had an effect on our findings.

The present study did not address whether reductions in MSIMI reduction at 6 weeks
reached the ceiling effect and was not designed to test SSRI effects on major adverse
cardiovascular events. In addition, we delivered the 3 mental tasks in the same sequence
throughout the study for comparative consistency; thus, individual task potency could not be
evaluated. Further, it is possible that an effect on MSIMI caused by 1 task might have been
carried forward to affect a subsequent task, although we believe the 6-minute rest period
would allow the cardiovascular system to recover from the stress. However, because the
primary outcome assessed whether or not a participant had MISMI with the any of the 3
mental tasks, study findings were not adversely affected by such an arrangement. Finally,
REMIT was conducted at a single, large, tertiary-care academic medical center; as such,
study findings may not be generalizable to different patient populations and/or care
environments.

In summary, we have demonstrated that 6-week pharmacologic enhancement of serotonergic
function superimposed on the best evidence-based CHD management appears to
significantly improve MSIMI occurrence. These results support and extend previous
findings suggesting that that modifying central and peripheral serotonergic function could
improve CHD symptoms and may have implications for understanding the pathways by
which negative emotions affect cardiovascular prognosis.
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25,527 patients underwent initial
screening

2694 patients screened for clinical
eligibility

400 clinically eligible patients consented

335 participants undergo baseline mental
stress testing

132 participants with MSIMI

127 randomized 1:1

Page 13

22,833 patients were not able to proceed
19,756 excluded
15,471 had no ischemic heart disease
> 1,627 had afib/arrhythmia
1,032 had psychiatric disorder
1,016 had ejection fraction <30%
3,000 ineligible for “Other” reason

> 2294 not consented*

= 65 not able to proceedf

27 unable to complete mental stress
testing
» 21 poor echo images
6 safety concerns
176 no MSIMI

5 not randomized
> 2 withdrawn by physician
3 declined participation

63 randomized to
placebol

v

64 randomized to
escitaloprami

v

8 withdrew during study
2 declined participation
2 study drug effect
1 withdrawn by physician

7 withdrew during study
2 declined participation

5 other reason 1 death

| 2other
v v

56 completed study

\4 \4
63 included in intent-to-

Figure 1.
Study flow for REMIT Trial.

56 completed study

64 included in intent-to-
treat analysis treat analysis

*Reasons given for patients not consented to REMIT (n=2294): Lack of interest (n=529);
living too far away (n=75); lack of approval of primary clinical provider or study PI because
of medical comorbidities (n=457); other (wrong contact information, coumadin) (n=127);
awaiting phone screening (n=239); currently taking antidepressants that could not be
discontinued (n=91); would contact later due to recent procedures or patient preference
(n=127); awaiting approval of primary clinical providers (n=322); attempted but failed to
contact (left message and/or no answer, etc.) (n=327).
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tReasons for patients who provided consent but did not proceed with baseline assessments:
taking antidepressant that could not be discontinued (n=5); safety concern of primary
cardiologists (n=2); Beck Depression Inventory score <4 (initial exclusion criteria that was
eliminated rapidly via IRB approval) (n=11); dropped out due to medical conditions (n=7);
family-related issues (n=8); changed mind about the study medication or job changes
(n=11); and no reason provided (n=21).

$Two patients randomized to escitalopram declined to take study medication; 5 patients
randomized to placebo did not take study medication.
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Table 1

Baseline Demographic and Clinical Characteristics

Variable Escitalopram (n =64) Placebo(n=63) Total (N =127)
Mean (SD) age, y& 66.5 (9.3) 61.4 (11.5) 64.0 (10.7)
Race, white, n (%) 53 (82.8) 47 (74.6) 100 (78.7)
Female sex, n (%) 11 (17.2) 15 (23.8) 26 (20.5)
Living alone, n (%) 14 (21.9) 13 (20.6) 27 (21.3)
Unmarried, n (%) 18 (28.1) 22 (34.9) 40 (31.5)

Smoking, n (%)

Current 13 (20.3) 8 (12.7) 21 (16.5)
Past 27 (42.2) 35 (55.6) 62 (48.8)
Never 24 (37.5) 20 (31.8) 44 (34.6)

Medications at baseline, n/N (%)

ASAP 60/63 (95.2) 61 (96.8) 121/126 (96.0)
Other antiplatelet agent 28/63 (44.4) 29 (46.0) 57/126 (45.2)
ACEI 40/63 (63.5) 39 (61.9) 79/126 (62.7)
ARB 11/63 (17.5) 10 (15.9) 21/126 (16.7)
Beta-blocker 55/63 (87.3) 54 (85.7) 109/126 (86.5)
Calcium channel blocker 14/63 (22.2) 11 (17.5) 25/126 (19.8)
Statin 62/63 (98.4) 57/62 (91.9) 119/125 (95.2)
Other lipid lowering agent 17/63 (27.0) 9/61 (14.8) 26/124 (21.0)

Chest pain, n (%)
At rest 5(7.8) 3(4.8) 8(6.3)

On exertion 9 (14.1) 7(11.1) 16 (12.6)

No. diseased coronary arteries, n/N (%)°

1 22/63 (34.9) 26/63 (41.3) 48/126 (38.1)
2 9/63 (14.3) 12/63 (19.0) 21/126 (16.7)
3 19/63 (30.2) 17/63 (27.0) 36/63 (28.6)
4 13/63 (20.6) 8/63 (12.7) 21/63 (16.7)

Medical history
Myocardial infarction, n/N (%)

JAMA. Author manuscript; available in PMC 2015 March 30.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Jiang et al. Page 16
Variable Escitalopram (n=64) Placebo(n=63) Total (N =127)
Yes 30 (46.9) 30 (47.6) 60 (47.2)
No 34 (53.1) 32(50.8) 66 (52.0)
Uncertain 0 (0) 1(1.6) 1(0.8)
Prior CABG, n (%) 31 (48.4) 31 (49.2) 62 (48.8)
Prior PTCA/stenting, n (%) 37 (57.8) 39 (61.9) 76 (59.8)
History of DM, n (%) 21 (32.8) 14 (22.2) 92 (72.4)
Hypertension, n (%) 50 (78.1) 48 (76.2) 98 (77.2)
Hyperlipidemia, n (%) 62 (96.9) 57 (90.5) 119 (93.7)
Heart failure, n (%) 2(3.1) 5(7.9) 7 (5.5)
NYHA class, n/N (%)
I 60 (93.8) 57/62 (91.9) 117/126 (92.9)
I 3(4.7) 4/62 (6.4) 71126 (5.6)
I 1(1.6) 1/62 (1.6) 2/126 (1.6)
History of depression, n (%) 11 (17.2) 10 (15.9) 21 (16.5)

p=.01

Significant coronary stenosis =70% or status post revascularization in the 4 epicardial coronary arteries (left main, left anterior descending, left
circumflex, and right coronary) documented prior to enroliment.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; DM,
diabetes mellitus; NYHA, New York Heart Association; PTCA, percutaneous coronary angiography; SSRI, selective serotonin reuptake inhibitor
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Baseline Cardiovascular and Emotional Measurements

Table 2

Page 17

Variable? Escitalopram (n=64) Placebo(n=63) Total (N =127)
Resting WMA, n (%) 32 (50.0) 34 (54.0) 66 (52.0)
Resting ejection fraction n= 60 n=58 n=118
56.3 (10.4) 53.6 (13.2) 55.0 (11.9)
Ejection fraction, mean of 3 change scores n= 59 n= 58 n= 117
-2.1(5.2) -2.6 (5.0) -2.3(5.1)
Resting SBP, mm HG n= 62 n= 56 n=118
125.9 (18.5) 127.5 (16.4) 126.6 (17.5)
SBP, mean of 3 change scores, mm HG n=62 n=56 n=118
25.9 (12.2) 26.8 (13.1) 26.3 (12.6)
Resting DBP, mm HG n= 62 n= 56 n=118
71.3 (12.4) 73.2(9.9) 72.2 (11.3)
DBP, mean of 3 change scores, mm HG n= 62 n=56 n=118
14.3 (8.7) 15.0 (8.6) 14.6 (8.7)
Resting heart rate, BPM n=61 n=56 n=117
86.5 (16.3) 84.2 (14.1) 85.3(15.2)
Heart rate, mean of 3 change scores, BPM n=61 n=56 n=118
9.3(8.0) 9.5(7.8) 9.4 (7.9)
Weight, kg n= 60 n= 62 n=122
190.6 (36.0) 185.7 (31.1) 188.1 (33.5)
BMI n= 60 n=62 n=122
28.3 (4.8) 27.9 (3.4) 28.1(4.2)
RPP, mean of 3 change scores n=61 n= 56 n=118
3257.2 (1963.7) 3358.6 (1998.0)  3305.8 (1972.3)
VMAX, p/107 platelets/5 min n=50 n= 50 n= 100
211.3(103.3) 274.9 (238.1) 243.1(185.4)
KD100, nM (SD) n=50 n= 50 n= 100
330.9 (115.4) 401.0 (220.7) 365.9 (178.7)
5HTT, fm/mg protein n=48 n= 50 n= 98
165.0 (60.1) 156.9 (56.5) 160.9 (58.1)
Beck Depression Inventoryb 9.4(7.0) 8.5(6.3) 9.0(6.7)
Perceived stress scale® n= 62 n= 126
23.1(7.1) 23.2(7.8) 23.1(7.4)
Hostilit d n=62 n=126
y 9.7 (5.0) 10.4 (4.6) 10.1 (4.8)
Hostile affect® n= 62 n= 126
1.6 (1.4) 1.7 (1.3) 1.6 (1.4)
Trait anxietyf 34.7 (0.9) 34.1(0.9) 34.4(10.7)
State anxietyd 30.9 (10.8) 28.0 (9.0) 29.4 (10.0)
Resting negative affect! n= 62 n=126
gneg 304 (17.1) 34.2 (17.6) 32.2(17.4)
Negative affect, mean of 3 change scores (SD) n= 62 n=126
25.4 (17.8) 26.0 (20.5) 25.7 (19.1)
Resting positive affect! n= 62 n= 126
ap 63.9 (20.0) 54.9 (19.14) 59.5 (20.0)
Positive affect, mean of 3 change scores n=62 n=126
-26.8 (23.5) -28.6 (22.8) -27.7(23.1)
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Variable? Escitalopram (n =64) Placebo(n=63) Total (N =127)
ESIMI, n/N (%) 29/59 (49.2) 34/60 (56.7) 63/119 (52.9)
Exercise capacity n=59 n= 60 n=119
Peak heart rate, BPM 137.0 (21.0) 144.1 (18.9) 140.6 (20.2)
Met target heart rate, n (%) n=59 n= 60 n=119
46 (78.0) 51 (85.0) 97 (81.5)
Duration, min n=59 n=60 n=119
6.3(2.5) 6.8(3.1) 6.6 (2.8)

Values are given as mean (SD) unless otherwise noted.

aNone of these variables were statistically different between the escitalopram and the placebo groups.

bBeck Depression Inventory: score range, 0-63 (higher score=greater severity of depressive symptoms)
CPerceived stress scale: score range, 10-50 (higher score=greater levels of perceived stress)

dHostility: score range, 0-27 (higher score= greater levels of hostility)

eHostile Affect: score range, 0-5 (higher score=greater levels of hostile affect)

fTrait anxiety: score range, 20-80 (higher score=greater levels of trait anxiety)

gState anxiety: score range, 20-80 (higher score=greater levels of state anxiety)

hNegattive affect measured by visual analogue scale (0-100; higher score=greater levels of state negative affect)

Positive affect measured by visual analogue scale (0-100; higher score=greater levels of state positive affect)

Abbreviations: BMI, body mass index (weight in kg/height in cm); BPM, beats per minute; DBP, diastolic blood pressure; EF, ejection fraction;
ESIMI, exercise-stress-induced myocardial ischemia; KD, platelet serotonin binding affinity; MSIMI, mental-stress-induced myocardial ischemia;
MSs, mental stressors, RPP, rate-pressure product; SBP, systolic blood pressure; WMA, wall motion abnormality; 5SHTT, platelet serotonin
receptor transporter number
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Table 3

Dropout Reasons, Dosage at Last Visit, and Side Effects

Variable Escitalopram (N =64) Placebo (n=63) P value?
Patient drop-outs, n (%) 8 (12.5) 7(11.1) .81
Patient withdrew 2(3.1) 2(3.2)
Side effects 2(3.1) 0 (0)
Physician withdrawal 1(1.6) 0(0)
Death 1(1.6) 0(0)
Lost to follow-up 0(0.0) 0(0.0)
Other reasons? 2(31) 5(7.9)
Dosage at last visit, n (%) .15
5mg 2(3.2) 3(4.9)
10 mg 6(9.7) 2(1.6)
15 mg 0(0) 0(0)
20 mg 54 (87.1) 57 (93.4)
Any side effect, n (%) 46 (71.9) 28 (44.4) .002

Patients with reported side effects, n (%)

Burning sensation 1(1.6) 0 (0)
CNS symptom 17 (26.6) 13 (20.6)
Constipation 18(28.1) 11 (17.5)
Cramping in legs 347 2(3.2)
Fatigue 19 (29.7) 9(14.3)
Irregular heartbeat 0(0) 2(3.2)
Sexual dysfunction 10 (15.6) 4 (6.4)
Sinusitis 1(1.6) 0(0.0)

a . .
Calculated using Fisher exact test

b . . . .
For placebo group: brain tumor, husbands’ health, knee surgery, irregular heartbeat, & percutaneous coronary intervention; For SSRI group:
found taking escitalopram at randomization, and cluster of symptoms that indicated significant dehydration.

Abbreviations: CNS, central nervous system (symptoms included dizziness, drowsiness, and headache); SSRI, selective serotonin reuptake
inhibitor
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Table 4

MSIMI Defined by Wall Motion Abnormality and/or LVEF at Baseline and Endpoint?

Variable Escitalopram Placebo OR (95% CI) P value

Baseline, n (%)

Overall MSIMIP 63 (98.4) 63 (100) >.99€
WMA only 37 (57.8) 42 (66.7)
LVEF = -8 only 9(14.1) 9(14.3)
Both 17 (26.6) 12 (19.1)

Endpoint, n (%)d

Overall MSIMI 37/56 (66.1) 47/56 (83.9) 2.68 (1.09 to 6.61) 03e
Adjusted per -protocol - - 2.57 (0.99 to 6.66) 05€
WMA only 22/56 (39.3) 32/56 (57.1)

95% CI:30.2t048.3  95% CI: 47.9t0 66.3

LVEF = -8 only 3/56 (5.36) 4/56 (7.1)
95%Cl: 121095  95% Cl: 2.3t0 11.9

Both 12/56 (21.43) 11/56 (19.6)
950 Cl: 13.8t029.0  95% Cl: 12.3t0 27.0

Imputed primary endpoint, %
No Msimif 34.2% 17.5%

95% Cl: 31.6t036.8 95% Cl: 15.4t019.6  2.62 (1.06-6.44) 0.04d

aNo mental-stress-induced ischemic ST-segment changes were observed, either at baseline or at 6-week assessments.
bOne participant was found to have no mental-stress-induced myocardial ischemia after randomization.

CP value presented here is from the Fisher exact test.

dResults presented here included only the completers.

eP value presented here is from logistic regression.

fResponse rates were calculated from 10 imputed datasets: n = 219/640 for escitalopram and n = 110/630 for placebo groups respectively.

Abbreviations: LVEF, left ventricular ejection fraction; MSIMI, mental-stress-induced myocardial ischemia; WMA, wall motion abnormality
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