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INTRODUCTION
Sleep disturbance is common in patients with acute cor-

onary syndrome (ACS: acute myocardial infarction or un-
stable angina). Community studies have reported a higher 
prevalence of insomnia in patients with ACS compared to 
those without.1,2 A clinical study reported that moderate or 
severe insomnia was reported by 37% of patients with ACS 
during hospitalization.3 Disturbed sleep has been associated 
with increased morbidity4 and worse quality of life5 in var-
ious physical disease contexts. Furthermore, poor sleep has 
been found to increase the risk for recurrent events in pa-
tients with ACS.6 ACS is the leading cause of disease burden 
worldwide7 and sleep disturbance, which is common and has 
an adverse effect on prognosis and may considerably aggra-
vate disability in ACS.

Despite the clinical importance of sleep disturbance in 
ACS, previous research on this issue has been scarce. From 
studies of correlates of sleep disturbance in ACS, older age, 

Study Objectives: To investigate the correlates of sleep disturbance and to assess escitalopram treatment effects of depression on sleep 
disturbance in patients with acute coronary syndrome (ACS).
Design: A cross-sectional study in patients with ACS within 2 w post-ACS, and a 24-w double-blind controlled trial of escitalopram against 
placebo for patients with ACS who have comorbid depressive disorders.
Setting: A university hospital in South Korea.
Participants: There were 1,152 patients with ACS who were consecutively recruited. Of 446 patients with comorbid depressive disorders, 300 
were randomized to the trial.
Measurements and Results: Sleep disturbance was evaluated by the Leeds Sleep Evaluation Questionnaire. Demographic and clinical 
characteristics were assessed, including cardiovascular risk factors, current cardiac status, and depressive symptoms. Depressive symptoms 
were most strongly and consistently associated with sleep disturbance. In addition, older age, female sex, hypertension, and more severe 
ACS status were associated with certain aspects of sleep disturbance. Escitalopram was significantly superior to placebo for improving sleep 
disturbance over the 24-w treatment period. These effects were substantially explained by improvement in depressive symptoms.
Conclusions: Depression screening is indicated in patients with acute coronary syndrome with sleep disturbance. Successful treatment of 
depression has beneficial effects on sleep outcomes in these patients.
Clinical Trials Information: ClinicalTrial.gov identifier for the 24-w drug trial, NCT00419471.
Keywords: acute coronary syndrome, depression, double-blind study, escitalopram, sleep disorders
Citation: Kim JM, Stewart R, Bae KY, Kang HJ, Kim SW, Shin IS, Hong YJ, Ahn Y, Jeong MH, Yoon JS. Correlates and escitalopram treatment 
effects on sleep disturbance in patients with acute coronary syndrome: K-DEPACS and EsDEPACS. SLEEP 2015;38(7):1105–1111.

SLEEP DISTURBANCE IN PATIENTS WITH ACUTE CORONARY SYNDROME

Correlates and Escitalopram Treatment Effects on Sleep Disturbance in Patients 
with Acute Coronary Syndrome: K-DEPACS and EsDEPACS
Jae-Min Kim, MD, PhD1; Robert Stewart, MD, MRCPsych3; Kyung-Yeol Bae, MD, PhD1; Hee-Ju Kang, MD, MSc1; Sung-Wan Kim, MD, PhD1; 
Il-Seon Shin, MD, PhD1; Young Joon Hong, MD, PhD2; Youngkeun Ahn, MD, PhD2; Myung Ho Jeong, MD, PhD2; Jin-Sang Yoon, MD, PhD1

1Departments of Psychiatry, and 2Department of Cardiology, Chonnam National University Medical School, Gwangju, Republic of Korea; 3King’s 
College London, Institute of Psychiatry, UK

pii: sp-00250-14� http://dx.doi.org/10.5665/sleep.4822

female sex, smoking habits, and concomitant diseases have 
been implicated.3,8–10 A study investigating the association 
between cardiac status and sleep disturbance in ACS found 
that left ventricular ejection fraction (LVEF) was correlated 
with insomnia in univariate analysis but this association lost 
significance in multivariate models.3 With respect to psycho-
logical factors, depression has consistently been found to be 
associated with sleep disturbance in ACS even in multivar-
iate analyses,3,9,11 although this may reflect the fact that sleep 
disturbance is one of the diagnostic criteria for depressive 
episodes.12 Limitations of previous studies have included 
small sample sizes, heterogeneous evaluation time points 
after the cardiac event, and limited measurements.3,8–11

Research into the treatment of sleep disturbance is also 
an important issue in ACS. However, as far as we aware, 
there has been no such study in these patients. Treatment 
of depression is one such intervention, because depression 
is closely associated with sleep problem and a modifiable 
factor. Several randomized controlled studies have reported 
successful depression treatment results with medication 
or cognitive behavioural therapy in patients with ACS13–16; 
however, none to date has investigated sleep disturbance as 
a treatment outcome.

To address these limitations and unanswered questions, 
we analyzed data from a naturalistic and interventional 
study in patients with ACS to investigate correlates of sleep 
disturbance comprehensively in a large sample, and to assess 
the effect of escitalopram treatment of depression on sleep 
disturbance using a placebo-controlled design.

A commentary on this article appears in this issue on page 1001.
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METHODS

Study Overview and Participants
The study outline is presented in Figure 1 and its overall 

design and rationale have been published.17 To investigate the 
epidemiology of depressive disorders in patients with ACS 
using a naturalistic prospective design, the Korean DEPres-
sion in ACS (K-DEPACS) study was carried out beginning in 
2006. Participants were consecutively recruited from patients 
recently hospitalized with ACS at the Department of Cardi-
ology of Chonnam National University Hospital, Gwangju, 
South Korea. In 2005, this Department was nominated by the 
Korean Circulation Society to serve as the central coordinating 
center for the Korea Acute Myocardial Infarction Registry be-
cause of its large number of patients with ACS.18 Patients were 
treated based on international guidelines for the management 
of ACS19 by the study cardiologists. For the K-DEPACS study, 
participants were screened for depressive symptoms using the 
Beck Depression Inventory (BDI)20 at baseline as inpatients 
within 2 w post-ACS and thereafter as outpatients every 4 w 
up to 12 w if not positive for depression screening (BDI ≤ 10). 
Of these patients, the ones who met the eligibility criteria 
and agreed to participate comprised the sample for baseline 
analyses. For a nested trial of depressive disorder treatment, 
those with depressive symptoms (BDI > 10) on any of these 

occasions received a clinical evaluation by the study psychia-
trists using the Mini-International Neuropsychiatric Interview 
(MINI),21 a structured diagnostic psychiatric interview for the 
Diagnostic and Statistical Manual of Mental Disorders, 4th 
Edition (DSM-IV).12 Of the participants with a diagnosis of 
major or minor depressive disorder according to these criteria, 
those who agreed to participate were randomized to a 24-w, 
double-blind, placebo-controlled trial of escitalopram efficacy 
and safety for treating depressive disorders in ACS: the Esci-
talopram for DEPression in ACS (EsDEPACS) study (Clini-
calTrial.gov registry number: NCT00419471), in which it was 
found that escitalopram was superior to placebo in both pri-
mary depressive and secondary outcomes.22 The first patient 
was enrolled in May 2007 and the last patient completed the 
follow-up evaluation in March 2013. Written informed consent 
was collected for the K-DEPACS and EsDEPACS studies, both 
of which were approved by the Chonnam National University 
Hospital Institutional Review Board.

Eligibility Criteria
For the K-DEPACS study entry, inclusion criteria were as 

follows: (1) aged 18~85 y; (2) confirmed ACS by coronary an-
giography and laboratory tests; (3) ability to complete study 
questionnaires; and (4) ability to understand the study objec-
tives and sign informed consent. Exclusion criteria were: (1) 
occurrence of ACS while hospitalized for another reason; (2) 
ACS developing less than 3 mo after a coronary artery bypass 
graft procedure; (3) uncontrolled hypertension (systolic blood 
pressure (BP) > 180 mmHg or diastolic BP > 100 mmHg); (4) 
resting heart rate < 40/min; (5) severe physical illnesses threat-
ening life or interfering with the recovery from ACS; (6) per-
sistent clinically significant laboratory abnormalities. For the 
EsDEPACS study entry, additional inclusion criteria were as 
follows: (1) BDI > 10; (2) major or minor depressive disorder 
according to DSM-IV criteria. Additional exclusion criteria 
were: (1) concomitant use of class I antiarrhythmic medica-
tions, reserpine, guanethidine, clonidine, methyldopa, lithium, 
anticonvulsants, antipsychotics, or antidepressants; (2) history 
of neuropsychiatric illnesses such as dementia, Parkinson dis-
ease, brain tumor, psychosis, bipolar disorder, alcoholism, or 
other substance dependence; (3) pregnancy; and (4) partici-
pating in other drug trials.

Intervention for the EsDEPACS Participants
The efficacy and safety of flexible doses of escitalopram (5 

mg, 10 mg, 15 mg or 20 mg) were investigated using a random-
ized double-blind, placebo-controlled design. The escitalo-
pram and placebo were provided by H. Lundbeck A/S. Patients 
were randomized on a 1:1 ratio following computer-generated 
randomization codes provided by a statistician independent of 
recruiting clinicians. Examinations were scheduled at baseline, 
and weeks 4, 8, 12, 16, 20, and 24 thereafter, with a 7-day al-
lowable window. The initial escitalopram dose at baseline was 
10 mg/day generally, but 5 mg/day for those aged 65 y or older 
or with hepatic dysfunction. After the second evaluation (week 
4), the medication doses could be changed (from 5 mg/day to 
20 mg/day) and determined by the investigators’ clinical deci-
sion considering response and tolerability. Medications were 
taken once daily by mouth within 30 min after the supper meal. 

Figure 1—Participant recruitment process. ACS, acute coronary 
syndrome; BDI, Beck Depression Inventory; MINI, Mini-International 
Neuropsychiatric Interview; K-DEPACS, Korean DEPression in Acute 
Coronary Syndrome study; EsDEPACS, Escitalopram for DEPression 
in Acute Coronary Syndrome study.
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Adherence was checked by pill counts at every visit, and was 
defined as acceptable if at least 75%. At the end of 24 w of 
double-blind treatment, the study was completed and study 
medication was tapered down. Concomitant medication such 
as any other antidepressant, psychostimulant, antipsychotic, or 
anticholinergic agent was not permitted. However, transient 
use was allowed of analgesics, antipyretics, and cold medicines, 
hypnotics such as zolpidem or triazolam, and benzodiazepines. 
Subjects evaluated at least once after baseline comprised the 
sample for the drug trial analysis here.

Evaluations for Sleep Disturbance
The Leeds Sleep Evaluation Questionnaire (LSEQ)23 was 

administered to assess the extent of sleep disturbance at base-
line and to evaluate the effect of escitalopram on sleep. The 
LSEQ captures subjective assessment of four factors using 
100 mm line visual analog rating scales: ease of getting to 
sleep (GTS), quality of sleep (QOS), ease of awakening in the 
morning from sleep (AFS), and integrity of behavior following 
wakefulness (BFS). The LSEQ is a sensitive indicator for sub-
jective sleep status change in this. Participants were required 
to rate how they perceived these four factors at the time of 
rating, by placing a vertical mark on the line (0–100 mm) to 
indicate their present self-evaluation. Higher scores indicate 
worse sleep condition. The LSEQ was evaluated at baseline 
as inpatients or outpatients and at every follow-up assessment 
point for the EsDEPACS trial.

Demographic and Clinical Characteristics
Demographic data on age, sex, and educational level were 

obtained. The following cardiovascular risk factors were ascer-
tained at baseline: diagnosed hypertension and diabetes mel-
litus, hypercholesterolemia by fasting serum total cholesterol 
level (> 200 mg/dL), obesity by measured body mass index 
(BMI) (> 25 kg/m2), and reported current smoking status. Se-
verity of ACS was estimated by the Killip classification,24 left 
ventricular ejection fraction (LVEF) was estimated using echo-
cardiography results, and serum cardiac biomarkers troponin I 
and creatine kinase-MB (CK-MB) were measured. Depressive 
symptoms were evaluated by the Montgomery Asberg Depres-
sion Rating Scale (MADRS).25 This scale includes 10 items, 
excluding somatic symptoms of depression, in which higher 
scores indicate severe pathology. We excluded the scores on 
item 4, which evaluates reduced sleep, to avoid overlap with 
the LSEQ. The MADRS was administered at baseline and at 
every follow-up evaluation point for the escitalopram trial.

Statistical Analysis
To investigate the correlates of sleep disturbance, linear re-

gression analyses were carried out for the associations between 
patient characteristics and scores on four factors of LSEQ, 
which scores as continuously distributed dependent variables. 
Variables significantly associated with each LSEQ score in 
unadjusted analyses (P < 0.05) were entered simultaneously 
into multiple regression models respectively to assess indepen-
dence. To compare the 24-w treatment effect of escitalopram 
or placebo on sleep outcomes, subjects evaluated at least once 
after baseline were included in the analysis. Multiple imputa-
tion by chained equations was used for missing data due to 

discontinuation after postbaseline second (week 4) visits by 
treatment group, demographics (age and sex), and baseline 
measures on MADRS and Killip scores. Repeated- measures 
analyses of covariance were used to calculate group by time 
interactions on the four subscale scores of LSEQ, after ad-
justment for corresponding baseline scores and for baseline 
characteristics significantly associated with these (P < 0.05). 
To investigate effects of changes in depressive symptoms on 
the group by time interactions, changes in the MADRS score 
(i.e., score at the last observation minus score at baseline) were 
included further as an additional covariate in the repeated 
measures analyses of covariance. Bonferroni corrections were 
used to maintain an overall type I error rate of 0.05 against the 
multiple comparisons for four LSEQ outcomes: a two-sided 
P = 0.0125 (0.05/4) was used to define statistical significance. 
Statistical analyses were carried out using SPSS 21.0 (IBM) 
and STATA 12.0 (StataCorp) software.

RESULTS

Recruitment
The recruitment process is described in Figure 1. Having 

applied eligibility criteria, 1,152 patients with ACS comprised 
the K-DEPACS baseline sample. The main reason for exclu-
sion for the K-DEPACS study was unsuitable criteria, particu-
larly in severe physical comorbidity and significant laboratory 
anomalies; for the EsDEPACS trial it was concomitant medi-
cations. Of 446 participants with depressive disorders, 300 
were randomized to the EsDEPACS trial. Of these, 83 par-
ticipants (28%) exited from the study after baseline without 
follow-up, and the remaining 217 (108 on escitalopram and 109 
on placebo) formed the sample for the 24-w trial analysis. Of 
the 217 participants, 142 (65%) enrolled as inpatients, and 75 
(35%) as outpatients. The mean time from ACS to the base-
line evaluation point was 29.0 days. Baseline characteristics 
of the remaining two treatment groups are summarized in the 
first and second columns of Table S1 (supplemental material); 
there were no significant differences between the two groups 
in any characteristic (all P > 0.2). The serum CK-MB level was 
significantly higher in patients exiting after baseline evalua-
tion compared to those followed up (P = 0.043), but there were 
no significant differences in any other characteristic including 
scores on LSEQ at baseline between them (P > 0.05), as sum-
marized in Table S1.

Correlates of Sleep Disturbance
In the 1,152 K-DEPACS participants, the mean (standard 

deviation, SD) age was 58.6 (11.3) y, most were men (71.4%), 
the mean (SD) duration of education was 9.8 (4.7) y, the mean 
(SD) MADRS score was 6.5 (6.9). With respect to cardiovas-
cular risk factors, hypertension was present in 556 participants 
(48.3%), diabetes in 235 (20.4%), hypercholesterolemia in 572 
(49.7%), obesity in 490 (42.5%), and current smoking in 416 
(36.1%). With respect to cardiac status, Killip class was > 1 in 
206 (17.9%), mean (SD) LVEF was 59.7 (11.4%) and mean (SD) 
troponin I and CK-MB levels were 8.7 (14.8) and 18.4 (37.6) mg/
dL, respectively. Mean (SD) scores on four factors of LSEQ and 
unadjusted associations between the baseline characteristics 
are summarized in Table 1. The GTS factor was significantly 
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associated with older age, female sex, lower education, higher 
depression scores, hypertension, diabetes, non-smoking status, 
and more severe ACS; the QOS factor with older age, female 
sex, lower education, higher depression scores, hypertension, 
and nonsmoking status; the AFS factor with older age, female 
sex, lower education, higher depression scores, hypercholes-
terolemia, and nonsmoking status; and the BFW factor with 
female sex, lower education, higher depression scores, and non-
smoking status. Adjusted associations between simultaneously 
entered baseline characteristics and LSEQ scores are summa-
rized in Table 2. Higher depression scores were most signifi-
cantly and consistently associated with all four LSEQ factors, 
and associations with education, diabetes, hypercholesterol-
emia, and smoking status were no longer apparent in the ad-
justed analyses. The GTS factor was independently associated 
with older age, female sex, higher depression scores, hyperten-
sion, and more severe ACS status; the QOS factor with older 
age and higher depression scores; the AFS factor with female 

sex and higher depression scores; and the BFW factor with 
female sex, and higher depression scores. Similar unadjusted 
analyses were carried out in the EsDEPACS sample (N = 271), 
the results of which are summarized in Table S2 (supplemental 
material). The strengths of the associations were weaker in this 
group in that the GTS factor was associated with lower educa-
tion and higher depression scores; the QOS factor with higher 
depression scores; the AFS factor with hypercholesterolemia; 
and the BFW factor with higher depression scores.

Comparison of Escitalopram and Placebo on LSEQ scores
Scores on the four LSEQ factors in the 24-w double-blind 

trial of escitalopram against placebo are displayed and com-
pared between intervention groups in Figure 2. With respect 
to treatment characteristics, the mean (SD) doses at the last 
visit were 7.6 (3.7) mg for the escitalopram group and 8.5 (3.9) 
mg for the placebo group, and the mean (SD) treatment dura-
tions were 138.3 (22.4) and 138.0 (22.9) days, respectively. In 

Table 1—Unadjusted associations between patient characteristics and scores on the four factors of the Leeds Sleep Evaluation Questionnaire (LSEQ) 
(N = 1,152). 

Getting to Sleep Quality of Sleep Awakening from Sleep
Behavior following 

Wakefulness
LSEQ data, mean (SD) scores 59.1 (16.1) 61.0 (15.5) 56.2 (12.9) 64.5 (15.4)
Age, 1-y increase +0.26 (+0.18, +0.34) c +0.18 (+0.10, +0.25) c +0.07 (+0.01, +0.14) a +0.06 (−0.01, +0.15)
Sex, men vs. women +7.29 (+5.28, +9.31) c +6.10 (+4.14, +8.06) c +5.60 (+3.98, +7.23) c +5.68 (+3.74, +7.62) c

Education, 1-y decrease +0.61 (+0.41, +0.81) c +0.46 (+0.27, +0.65) c +0.28 (+0.12, +0.44) b +0.34 (+0.15, +0.53) c

MADRS, 1 score increase +0.85 (+0.73, +0.98) c +0.85 (+0.73, +0.97) c +0.60 (+0.50, +0.70) c +0.86 (+0.74, +0.98) c

Hypertension, no vs. have +2.03 (+0.18, +3.89) a +2.02 (+0.23, +3.82) a +0.70 (−0.79, +2.20) +1.55 (−0.23, +3.33)
Diabetes mellitus, no vs. have +2.31 (+0.01, +4.62) a +0.40 (−1.83, +2.63) +0.59 (−1.26, +2.45) +2.13 (−0.07, +4.34)
Hypercholesterolemia, no vs. have +1.00 (−0.86, +2.86) +0.51 (−1.29, +2.31) +1.69 (+0.20, +3.19) a +0.98 (−0.80, +2.76)
Obesity, no vs. have −0.92 (−2.80, +0.96) −0.46 (−2.28, +1.36) +0.48 (−1.03, +2.00) −0.77 (−1.57, +1.03)
Current smoking, no vs. have −4.78 (−6.69, −2.86) c −4.12 (−5.97, −2.26) c −2.53 (−4.09, −0.98)b −2.19 (−4.03, −0.34) a

Killip class, ≤ 1 vs. > 1 +2.95 (+0.53, +4.37) a +2.17 (−0.17, +4.52) +1.03 (−0.93, +2.98) +1.87 (−0.45, +4.18)
LVEF, 1 % increase −0.05 (−0.13, +0.04) +0.03 (−0.05, +0.11) +0.02 (−0.05, +0.09) +0.01 (−0.07, +0.09)
Troponin I, 1 mg/dL increase −0.05 (−0.11, +0.01) −0.03 (−0.09, +0.04) −0.04 (−0.09, +0.01) −0.05 (−0.11, +0.01)
CK-MB, 1 mg/dL increase +0.01 (−0.02, +0.03) −0.01 (−0.03, +0.02) −0.01 (−0.03, +0.01) −0.01 (−0.04, +0.01)

Data are B values (95% confidence interval) for LSEQ scores as continuously distributed dependent variables. aP < 0.05; bP < 0.01; cP < 0.001. CK-MB, 
creatine kinase MB; LVEF, left ventricular ejection fraction; MADRS, Montgomery Asberg Depression Rating Scale; SD, standard deviation. 

Table 2—Multivariate associations with scores on four factors of Leeds Sleep Evaluation Questionnaire (LSEQ) (N = 1,152).

Getting to Sleep Quality of Sleep Awakening from Sleep
Behavior following 

Wakefulness
Age, older +0.18 (+0.09, +0.27) c +0.10 (+0.02, +0.19) a +0.02 (−0.06, +0.09) –
Sex, men vs. women +2.82 (+0.63, +5.01) a +1.94 (−0.19, +4.07) +3.51 (+1.65, +5.38) c +2.86 (+0.73, +4.99) b

Education, higher −0.10 (−0.31, +0.12) −0.07 (−0.28, +0.14) −0.01 (−0.19, +0.18) −0.07 (−0.26, +0.13)
MADRS, higher +0.84 (+0.74, +0.95) c +0.86 (+0.75, +0.96) c +0.53 (+0.44, +0.62) c +0.80 (+0.70, +0.91) c

Hypertension, no vs. have +1.86 (+0.10, +3.62) a +1.25 (−0.45, +2.95) – –
Diabetes mellitus, no vs. have +0.60 (−1.51, +2.70) – – –
Hypercholesterolemia, no vs. have – – +1.26 (−0.15, +2.68) –
Current smoking, no vs. have −0.77 (−2.78, +1.25) −1.04 (−2.99, +0.91) −0.12 (−1.81, +1.58) +0.54 (−1.31, +2.38)
Killip class, ≤ 1 vs. > 1 +2.60 (+0.43, +4.78) a – – –

Data are B values (95% confidence interval) for LSEQ scores as continuously distributed dependent variables. aP < 0.05; bP < 0.01; cP < 0.001. 
MADRS = Montgomery Asberg Depression Rating Scale. 
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addition, there were no significant differences in any aspects 
related to study drug treatments on doses and duration, con-
comitant medications, and discontinuation between the escita-
lopram and placebo groups (Table S3, supplemental material). 
There were significant group by time interactions on three 
LSEQ factor scores (GTS, QOS, and BFW) after adjustment 
for corresponding trial baseline scores and characteristics sig-
nificantly associated with corresponding LSEQ factor scores 
at baseline (P < 0.0125, applying a Bonferroni correction for 
four outcomes). The escitalopram group therefore showed sig-
nificantly more improvement in three LSEQ factors compared 
to placebo group in the 24-w treatment period. The mean (SD) 
changes in MADRS scores were −8.9 (8.8) for the escitalo-
pram group and −4.8 (7.4) for the placebo group, a statistically 
significant difference (P < 0.001). After further inclusion of 
MADRS score changes from baseline to week 24 as a co-
variate in the analyses, the strength of interaction terms for all 
four LSEQ factor scores were substantially weakened and lost 
significance when a Bonferroni correction was applied. Hyp-
notics or benzodiazepines were taken by three and five patients 
in the escitalopram group and the placebo group, respectively, 
during the treatment period. When the same analyses were re-
peated after excluding these participants, the results were not 
changed substantially (data not shown).

DISCUSSION
Principal findings of this study in patients with recent ACS 

were that all aspects of sleep disturbance evaluated by LSEQ 
were strongly associated with depressive symptoms in the acute 
phase of ACS, and that certain aspects of sleep disturbance 
were associated with older age, female sex, hypertension, and 
more severe ACS status. The 24-w escitalopram intervention 
was significantly more effective for improving sleep distur-
bance compared with placebo, and these effects were substan-
tially explained by changes in depressive symptoms.

It is noteworthy that most previous studies on correlates of 
sleep disturbance have focused on long-term outcomes from 4 
mo to 7 y following the index ACS episode.8–11 Patients in the 
current study were ACS survivors who were assessed within 2 
w of the index episode during hospitalization. We expected that 
physical measures such as ACS severity or medical comorbidity 
would be the primary factors associated with sleep disturbance 
in these patients, but instead found stronger and more consistent 
associations with depressive symptoms, even during the acute 
phase. This finding was thus consistent with those of previous 
studies evaluating sleep disturbance at the chronic phase of 
ACS.9,11 These findings suggest that depressive symptoms should 
be evaluated preferentially in patients with ACS who complain 
about or report sleep disturbance regardless of the disease phase.

Figure 2—Adjusted mean scores on the four factors of Leeds Sleep Evaluation Questionnaire (LSEQ) in the 24-w double-blind treatment of escitalopram 
and placebo (N = 217). Statistical coefficients were driven from repeated -measures analysis of covariance to calculate group by time interactions on 
the four domain scores of LSEQ. (A) Statistics adjusted for baseline GTS scores, age, sex, education, hypertension, and smoking status: F = 9.447, 
P = 0.003, and further adjusted for changes in MADRS scores: F = 3.783, P = 0.054. (B) Statistics adjusted for baseline QOS scores, age, sex, education, 
hypertension, diabetes, smoking status, and Killip class: F = 12.87, P < 0.001, and further adjusted for changes in MADRS scores: F = 4.236, P = 0.039. (C) 
Statistics adjusted for baseline AFS scores, age, sex, education, hypercholesterolemia, and smoking status: F = 3.156, P = 0.072, and further adjusted for 
changes in MADRS scores: F = 1.821, P = 0.171. (D) Statistics adjusted for baseline BFW scores, sex, education, and smoking status: F = 6.945, P = 0.009, 
and further adjusted for changes in MADRS scores: F = 2.139, P = 0.141. MADRS, Montgomery Asberg Depression Rating Scale.



SLEEP, Vol. 38, No. 7, 2015 1110 Sleep Disturbance in Acute Coronary Syndrome—Kim et al.

Older age and female sex were associated with certain but 
not all aspects of sleep disturbance. These findings were con-
sistent with those from previous studies not only in patients 
with ACS3,8–10 but in other physical disorders1,4 and in general 
populations.26 Age and sex could be considered as universal 
risk factors for sleep disturbance in people with and without 
physical diseases. A previous study in ACS found no significant 
association between hypertension and insomnia,3 although, 
insomnia has been found to be associated with hypertension 
in cross-sectional and prospective analyses of community 
samples,27,28 and in our study hypertension was independently 
associated with the GTS factor of the LSEQ. However, sleep 
disturbance was not ascertained before the index ACS episode 
and thus the causal relationship underlying the association 
with hypertension cannot be inferred. We also found an inde-
pendent association between more severe ACS status, evalu-
ated by the Killip classification, and the GTS factor of LSEQ, 
which we believe is novel in this field. This association might 
reflect higher levels of physical discomfort and psychological 
distress contributing to sleep disturbance.29

Because depression is consistently associated with sleep dis-
turbance, it was thought to be worthwhile to evaluate whether 
treatment of depression has beneficial effects on sleep in ACS. 
As stated earlier, no study has reported this outcome despite 
several randomized controlled trials of depression treatment in 
ACS.13–16 We found a significantly superior effect of escitalo-
pram over placebo on all aspects of sleep disturbance in a 24-w, 
double-blind trial irrespective of hypnotics or benzodiazepines 
use. This was in keeping with a recent meta-analysis of 22 ran-
domized controlled trials in major depressive disorder, which 
concluded a beneficial effect of escitalopram in the treatment 
of sleep problems.30 Several mechanisms may underlie this 
finding. First, the beneficial effects on sleep outcomes are likely 
to have been mediated at least in part by the depression treat-
ment effect. Depressive symptoms measured by the MADRS 
were significantly more improved in those receiving escitalo-
pram than in those receiving placebo and treatment effects on 
sleep were substantially explained by this in adjusted analyses, 
although the beneficial effect on quality of sleep remained 
independent. Second, escitalopram may have an indirect ef-
fect on improving sleep quality. A trial with healthy, nonde-
pressed perimenopausal and postmenopausal women with hot 
flushes found that escitalopram reduced insomnia symptoms 
compared with placebo, and improved subjective sleep quality 
along with improvement in hot flushes over 8 w of follow-up.31 
Thus, escitalopram might be associated with better sleep by 
decreasing somatic discomfort. Third, escitalopram may have 
direct effects on sleep architecture. An animal study reported 
that escitalopram had the ability to suppress rapid eye move-
ment sleep (REMS) rebound despite a high REMS pressure 
caused by REMS deprivation; this suggests a connection be-
tween serotonergic and melatonin systems, which are relevant 
in sleep regulation.32 Our findings could also be interpreted on 
the other way in that the beneficial effects of escitalopram on 
sleep resulted in improved depression, since sleep disturbance 
was closely and reciprocally related to depression.4

Our study had several strengths. The cross-sectional obser-
vational element involved the largest sample size to date. Par-
ticipants were recruited consecutively from all eligible patients 

with recent ACS and were evaluated within 2 weeks after ACS 
at the hospital setting, which reduced the risk of error arising 
from heterogeneous examination times. As well as being the 
first treatment evaluation of sleep outcomes in ACS, the in-
tervention was a robustly designed randomized placebo-con-
trolled trial. The LSEQ has been well validated for monitoring 
subjectively perceived changes in sleep during psychopharma-
cological investigations involving a variety of psychoactive 
agents23 and is frequently used for measuring sleep outcomes 
in antidepressant trials.33 All the other measurements of psy-
chiatric and cardiovascular status were also well validated, and 
a range of covariates were considered in the analyses.

An important limitation of the study was that data on sleep 
disturbance were obtained by subjective reports only, and fu-
ture studies using objective sleep measurements such as poly-
somnography are worth considering. Recruitment was carried 
out at a single site, which may limit the study’s generalizability 
but add strength in terms of consistency in the evaluation and 
treatment of patients. In the EsDEPACS trial, 28% of the ran-
domized subjects exited the study shortly after baseline evalu-
ation. Because these patients were not evaluated further, the 
reasons for attrition remain uncertain. Because serum CK-MB 
levels of those who exited the study were significantly higher 
compared to those followed up, it can be assumed that more 
severe ACS pathology might be associated with the attrition. 
However, there were no significant differences in any other 
baseline variables, including sleep measures between them. 
Because the sleep disturbance was one of the secondary out-
comes of the EsDEPACS trial, it would need replication of our 
findings in a future trial with sleep problems as the primary 
outcome. Anxiety symptoms were not evaluated in this study, 
in which the favorable effects of escitalopram on sleep could be 
explained by benefits to anxiety.34 Finally, sleep apnea is very 
common in patients with ACS and can contribute significantly 
to sleep disturbance,35 but unfortunately was not evaluated.

In conclusion, we found that depression was a strong, inde-
pendent correlate of sleep disturbance even in the acute phase 
of ACS, and that successful treatment of depression with es-
citalopram had significant beneficial effects for improving 
sleep disturbance in those patients. These results underscore 
the importance of depression screening and treatment in pa-
tients with ACS suffering from sleep disturbance even during 
the acute phase. Also, evaluation of sleep disturbance could 
be recommended in patients with ACS for decreasing disease 
burden. Escitalopram can be recommended for this purpose, 
although its relative efficacy was not evaluated in comparison 
with other antidepressants. Considering future research, repli-
cation of our findings in larger multicenter settings would in-
crease generalizability. Longer term and treatment effects of 
sleep disturbance on the course and prognosis of ACS are also 
yet to be determined. A randomized trial comparing antide-
pressants and hypnotics might be helpful to compare efficacy 
and tolerability.
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SUPPLEMENTAL MATERIAL

PSYCHIATRIC ASSESSMENT FOR THE K-DEPACS AND 
ESDEPACS STUDY

Measurements of depressive symptoms included the 17-
item Hamilton Depression Rating Scale (HAMD),1 the Mont-
gomery–Asberg Depression Rating Scale (MADRS),2 the 
Beck Depression Inventory (BDI),3 and the Clinical Global Im-
pression Scale-severity (CGI-s).4 We used four scales because 
they differed from one another in several ways: the HAMD 
is the observer-rated scale most widely used in research on 
depression related to acute coronary syndrome (ACS)5; the 
MADRS (another observer-rated scale) does not include items 
for evaluating the somatic symptoms of depression, which may 
be difficult to differentiate from the physical consequences 
of ACS; the BDI is a self-report measure; and the CGI-s as-
sesses global symptomatology and can be used quickly in a 
busy clinical setting. Scales used to assess other psychiatric 
symptoms included the Social and Occupational Functioning 
Assessment Scale (SOFAS),6 the World Health Organization 
Disability Assessment Schedule-12 (WHODAS-12),7 and the 
World Health Organization Quality of Life Scale-abbreviated 
form (WHOQOL-BREF).8 We included these measures given 
recent recommendations that depression outcome research in-
volve multifaceted evaluation (i.e., more than only the HAMD) 
to address psychological well-being and functioning.9 All as-
sessment scales have been formally translated and standard-
ized in Korean.10–16
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Table S1—Comparison of baseline characteristics between the EsDEPACS participants who were followed up and those who exited after the baseline 
evaluation.

Followed-up after Baseline Evaluation (N = 217) Exited after Baseline 
Evaluation

(N = 83)
Escitalopram

(N = 108)
Placebo
(N = 109)

Total
(N = 217)

Demographic Characteristics
Age, mean (SD) y 60.1 (10.9) 58.5 (10.6) 59.3 (10.8) 61.9 (10.9)
Sex, N (%) men 67 (62.0) 63 (57.8) 130 (59.9) 50 (60.2)
Education, mean (SD) y 9.4 (4.2) 9.4 (4.1) 9.4 (4.2) 9.0 (4.2)

Depression Characteristics
MADRS, mean (SD) score 17.9 (6.9) 17.0 (5.5) 17.5 (6.3) 17.9 (6.1)

Cardiac Risk Factors, N (%)
Hypertension 63 (58.3) 65 (59.6) 128 (59.0) 56 (67.4)
Diabetes mellitus 34 (31.5) 33 (30.3) 67 (30.9) 19 (22.9)
Hypercholesterolemia 51 (47.2) 50 (45.9) 101 (46.5) 43 (51.8)
Obesity 41 (38.0) 54 (50.0) 95 (43.8) 29 (34.9)
Current smoker 36 (33.3) 28 (25.7) 64 (29.5) 20 (24.1)

Current Cardiac Status
Killip class > 1, N (%) 15 (13.9) 22 (20.2) 37 (17.1) 22 (26.5)
LVEF, mean (SD) % 60.1 (10.9) 62.4 (9.9) 61.3 (10.5) 60.8 (11.4)
Troponin I, mean (SD) 9.5 (8.4) 9.5 (7.5) 9.5 (7.9) 10.1 (9.0)
Creatine kinase-MB, mean (SD) 14.8 (14.2) 14.8 (19.9) 14.8 (17.3) 21.8 (29.1)*

LESQ, mean (SD)
Getting to sleep 68.4 (14.3) 69.9 (11.8) 68.7 (13.0) 70.4 (14.5)
Quality of sleep 69.8 (13.2) 69.9 (11.2) 69.9 (12.2) 72.2 (11.3)
Awakening from sleep 72.1 (12.9) 72.1 (11.2) 72.1 (12.0) 72.9 (12.3)
Behavior following wakefulness 73.4 (12.0) 73.5 (9.8) 73.4 (10.9) 75.1 (11.0)

No significant differences were found between the escitalopram and placebo groups; and no significant differences were found between those followed up 
and exited after baseline evaluation except for the serum CK-MB level (P = 0.043)* using t tests or χ2 tests as appropriate. ACS, acute coronary syndrome; 
DSM-IV, Diagnostic and Statistical Manual 4th edition; EsDEPACS, Escitalopram for DEPression in Acute Coronary Syndrome study; LSEQ, Leeds Sleep 
Evaluation Questionnaire; LVEF, left ventricular ejection fraction; MADRS, Montgomery Asberg Depression Rating Scale; SD, standard deviation.

Table S2—Unadjusted associations between EsDEPACS patient characteristics and scores on the four factors of the Leeds Sleep Evaluation 
Questionnaire (LSEQ) (N = 217). 

Getting to Sleep Quality of Sleep Awakening from Sleep
Behavior Following 

Wakefulness
LSEQ data, mean (SD) scores 68.7 (13.0) 69.9 (12.2) 72.1 (12.0) 73.4 (10.9)
Age, 1-y increase +0.09 (−0.07, +0.25) −0.08 (−0.24, +0.07) −0.07 (−0.22, +0.08) −0.12 (−0.26, +0.01)
Sex, men vs. women +3.10 (−0.45, +6.65) +0.19 (−3.16, +3.54) +1.27 (−2.03, +4.56) +1.78 (−1.21, +4.76)
Education, 1-y decrease +0.47 (+0.05, +0.89) a +0.11 (−0.29, +0.50) +0.28 (−0.11, +0.68) +0.22 (−0.14, +0.58)
MADRS, 1 score increase +0.32 (+0.02, +0.63) a +0.32 (+0.03, +0.60) a +0.26 (−0.02, +0.54) +0.27 (+0.01, +0.52) a

Hypertension, no vs. have +0.29 (−3.27, +3.84) +0.47 (−2.86, +3.80) +1.00 (−2.28, +4.28) +0.61 (−2.37, +3.59)
Diabetes mellitus, no vs. have +0.94 (−2.84, +4.72) +1.78 (−1.76, +5.31) +2.40 (−1.08, +5.88) +0.73 (−2.45, +3.90)
Hypercholesterolemia, no vs. have +1.30 (−2.21, +4.80) +2.16 (−1.11, +5.43) +3.26 (+0.05, +6.47) a +2.16 (−0.76, +5.09)
Obesity, no vs. have +1.31 (−2.21, +4.83) +1.83 (−1.46, +5.13) +1.93 (−1.31, +5.18) +1.28 (−1.67, +4.23)
Current smoking, no vs. have −3.46 (−7.23, −1.69) −1.75 (−5.31, +1.82) −1.54 (−5.06, +1.98) −1.06 (−4.26, +2.14)
Killip class, ≤ 1 vs. > 1 +2.43 (−2.21, +7.07) +0.95 (−3.40, +5.31) +1.12 (−3.17, +5.40) +1.70 (−2.19, +5.60)
LVEF, 1 % increase −0.02 (−0.19, +0.15) +0.10 (−0.06, +0.25) +0.11 (−0.05, +0.27) +0.11 (−0.03, +0.25)
Troponin I, 1 mg/dL increase −0.06 (−0.28, +0.16) −0.07 (−0.28, +0.13) −0.05 (−0.25, +0.16) −0.13 (−0.31, +0.06)
CK-MB, 1 mg/dL increase +0.01 (−0.09, +0.11) −0.01 (−0.10, +0.09) −0.08 (−0.19, +0.02) −0.07 (−0.16, +0.01)

Data are B values (95% confidence interval) for LSEQ scores as continuously distributed dependent variables. aP < 0.05. CK-MB, creatine kinase-MB; 
EsDEPACS, Escitalopram for DEPression in Acute Coronary Syndrome study; LVEF, left ventricular ejection fraction; MADRS, Montgomery Asberg 
Depression Rating Scale; SD, standard deviation.
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Table S3—Intervention dosages and cardiovascular medications. 

Escitalopram (N = 108) Placebo (N = 109)
Dosage of Intervention at Final EsDEPACS Visit

5 mg 62 (57.4) 50 (45.9)
10 mg 40 (37.0) 47 (43.1)
15 mg 1 (0.9) 7 (6.4)
20 mg 5 (4.6) 5 (4.6)

Cardiovascular Medications Received during the Treatment Period
Calcium channel blockers 38 (35.2) 48 (45.0)
Nitrates 87 (80.6) 89 (81.7)
Beta blockers 77 (71.3) 80 (73.4)
Angiotensin converting enzyme inhibitors 36 (33.3) 43 (39.4)
Angiotensin 2 receptor blocker 58 (53.7) 58 (53.2)
Statins 88 (81.5) 84 (77.1)
Aspirin 99 (91.7) 98 (89.9)
Antiplatelets 83 (76.9) 79 (72.5)
Diuretics 25 (23.1) 21 (19.3)

Data are N (%). No significant differences were found between the two groups using χ2 tests.


