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Study Objectives: Investigation into sleep and coronary heart disease (CHD) has predominantly been focused on sleep disturbances as a risk factor for 
developing CHD. Objectively measured and self-reported sleep at a patient level has only been sparsely and not systematically reported. Therefore, we set 
out to review the literature for studies using objectively measured and self-reported sleep in patients with CHD. The review focuses on patients with acute 
coronary syndrome (ACS) and stable CHD.
Methods: A systematic review performed in four databases adhering to the PRISMA guidelines applying a qualitative synthesis of evidence.
Results: Following ACS, we found sleep architecture to be significantly disturbed with changes normalizing over a period of up to 6 months. With increasing 
severity of CHD, sleep disturbances were more pronounced; however, the modulating effects of sleep-disordered breathing and ejection fraction on sleep in 
patients with CHD are conflicting. Overall, studies were predominantly cross-sectional in design and of low methodological quality. Polysomnography was the 
predominant outcome assessment tool and validated self-reported assessment tools were limited.
Conclusions: Future investigations in sleep and CHD applying both a longitudinal design and investigating objective and self-reported sleep assessments 
are warranted.
Keywords: actigraphy, acute coronary syndrome, coronary heart disease, insomnia severity index, Pittsburgh Sleep Quality Index, polysomnography
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INTRODUCTION

Sleep is an essential part of the human homeostasis, and sleep 
disturbances are associated with several pathological states.1,2 

In spite of this little research has been performed on the preva-
lence and pattern of sleep disturbances in patients with coro-
nary heart disease (CHD).3 Sleep disturbances are associated 
with recurrence of cardiac events4 and are an independent 
prognostic marker for cardiac prognosis.5

An abundance of research has been performed on the asso-
ciation between length of nighttime sleep and development of 
CHD.6 In a recent meta-analysis,6 nighttime sleep and the risk 
of CHD showed a U-formed relationship, whereby both sleep 
disturbances of too much and too little sleep were associated 
with increased risk of CHD. Seven hours of sleep was shown to 
be the optimal amount of nighttime sleep. For each increased 
hour of sleep, the relative risk (RR) of CHD was increased by 
11%, and for each hour of reduced sleep the RR was increased 
with 7%. However, objective sleep assessment tools were 
lacking in the included studies of this meta-analysis, as most 
studies were based on patient questionnaires.6 Furthermore, a 
recent cohort study of 400,000 Taiwanese adults7 confirmed 
the meta-analysis and showed that sleeping less than 4 hours 
resulted in an increased risk of dying from CHD by 34% and 
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sleeping more than 8 hours resulted in a 35% increase in the 
risk of dying from CHD.

Investigation of sleep disturbances in patients with CHD 
is problematic as these co-occur with both anxiety, depres-
sion, and sleep-disordered breathing (SDB).8–11 With regard to 
sleep disturbances in patients with CHD, it has been shown 
that sleep continuity is an independent risk factor for the de-
velopment of cardiovascular disease.9 Regarding depression, 
the current literature supports the notion that depression is an 
independent risk factor for the development of cardiovascular 
disease (true for sleep continuity but not for sleep duration).9 
The predominance of literature investigating the relationship 
between the sleep disturbances in CHD have been performed 
in relation to SDB.8,10 SDB is a risk factor for the development 
of CHD in male patients; however, the relationship in female 
patients is unclear.8 SDB is treated with continuous positive 
airway pressure (CPAP) machines which have shown to re-
duce hypertension.8 The ability of CPAP in preventing cardio-
vascular events in patients with SDB has only recently been 
investigated in the SAVE and RICCADSA trials.12,13 The RIC-
CADSA trial showed no preventive effect of CPAP on CHD 
events in the intention-to-treat (ITT) analysis.13 Likewise, the 
SAVE trial did not show a preventive effect on cardiovascular 
events in patients with moderate to severe obstructive sleep 
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apnea and establish cardiovascular disease.12 Considering this, 
sleep disturbances in patients with CHD cannot be explained 
by co-occurring disease and sleep disturbances are likely an 
independent prognostic factor for CHD.

Sleep disturbances have independently been associated 
with increased health care cost,14 morbidity,15,16 and mortal-
ity.17 Therefore, insight into prevalence and longitudinal de-
velopment of sleep disturbances in patients with CHD is of 
high importance. In addition, sleep disturbances may already 
be present before an acute coronary event and have the poten-
tial to affect post-event recovery and participation in cardiac 
rehabilitation. Therefore, we aimed to systematically review 
literature reporting on sleep disturbances evaluated objectively 
and by self-report in patients with CHD in clinical samples. 
Secondarily, we wished to describe changes in sleep distur-
bances in relation to an acute cardiac event. Our hypothesis 
was that sleep disturbances in patients with CHD would be 
worse compared to healthy controls. Furthermore, we expected 
CHD events like acute coronary syndrome to result in acute 
disturbances in sleep outcomes, which gradually would return 
to normal levels.

METHODS

The current systematic review followed the preferred re-
porting items for systematic reviews and meta-analysis 
(PRISMA) guidelines.18 The systematic review was registered 
prospectively on PROSPERO with the registration number 
CRD42017056377.19,20

We used the following PICOS (P = population, I = inter-
vention, C = comparator/control, O = outcomes, S = study 
design)18 when we constructed the eligibility criteria and the 
search strategy:

•	 P: human adults, age ≥ 18 years, diagnosed with CHD 
•	 I: coronary heart disease 
•	 C: healthy controls or different CHD diagnosis 
•	 O: sleep assessment with valid sleep assessment tool 
•	 S: all study types

Case definition of CHD was based on the definition by 
Anderson et al.21

Inclusion criteria were as follows; the study should be 
performed in patients with CHD defined as ischaemic heart 
disease (DI20-25, ICD-10); the study should use a validated 
objective and/or self-report tool to assess sleep; comparisons 
with healthy controls were included if data were available; 
sleep outcomes should be reported independently at an indi-
vidual outcome level; and all study designs were applicable. 
Exclusion criteria were as follows; population age < 18 years 
of age; not published in a peer reviewed journal; published 
in another language than English; not original study contain-
ing original data (no protocol articles, conference abstracts, 
or thesis allowed); exclusively reporting data on patients un-
dergoing coronary artery bypass grafting; and ongoing trials. 
Studies investigating associations between sleep disturbances 
and CHD in the general population were not eligible in the 
current review.

The search was conducted on January 31, 2017. The search 
was carried out using MEDLINE, Embase, CINAHL, and 
the Cochrane Library (MEDLINE: 1966 to search date, Em-
base: 1974 to search date, CINAHL: 1981 to search date, Co-
chrane Library: date of inception to search date). The search 
terms and strategy were developed in collaboration with a 
dedicated research librarian and identical search terms were 
implied in the mentioned databases. No limits were set for 
language; therefore, all records were manually screened 
with regard to being published in English. No limits were 
set for the year of publication. No additional attempts to con-
tact study authors were performed as the choice was made 
only to report published data. The reference lists of all in-
cluded studies were manually reviewed to identify additional 
relevant studies. An example of the search terms used in 
MEDLINE was:

(exp Myocardial Ischemia/ OR exp Coronary Artery 
Bypass/ OR exp Percutaneous Coronary Intervention/ 
OR exp Angioplasty/ OR exp Stents/ OR exp 
Atherectomy/ OR (myocard* adj5 isch?mia).tw. OR 
(isch?emi* adj5 heart).tw. OR (coronary adj5 disease*).
tw. OR acute coronary syndrom*.tw. OR CHD.tw. OR 
(myocard* adj5 infarct*).tw. OR (heart adj5 infarct*).
tw. OR angina.tw. OR (coronary adj5 (bypass or 
thrombo* or angioplast* or graft*)).tw. OR (percutaneous 
coronary adj2 (interven* or revascular*)).tw. OR 
angioplast*.tw. OR ((coronary or arterial) adj4 dilat*).
tw. OR endoluminal repair*.tw. OR stent*.tw. OR (pci 
or ptca).tw. OR atherectom*.tw.) AND (exp Sleep/ OR 
exp polysomnography/ OR exp actigraphy/ OR Sleep 
assessment.tw OR Wrist Actigraphy.mp. OR Actometer.
mp. OR Actimeter.mp. OR Actical.mp. OR Actiwatch.
mp. OR Actigraphic recording.mp. OR Sleep diary.mp. 
OR Pittsburgh Sleep Quality Index.tw. OR Insomnia 
Severity Index.tw OR Epworth Sleepiness Scale.tw 
OR Berlin Questionnaire.tw OR Karolinska Sleepiness 
Scale.tw)

All available records were uploaded to the Covidence plat-
form.22 After removal of duplicates two reviewers (MTM and 
CH) independently screened all titles and abstracts for eligi-
bility. Discrepancies were resolved through discussion until a 
consensus decision was reached within the author group. At 
full-text level all studies were evaluated for eligibility and eli-
gible articles went on to data extraction.

Data on participant characteristics, interventions, and 
trial methodology were extracted independently by the 
two reviewers into pre-designed datasheets. In the current 
manuscript “sleep disturbance” was considered a symptom 
of altered sleep or a change in self-reported or objectively 
measured sleep outcomes. “Insomnia” was referenced as a 
disorder based on either an established cutoff (dichotomous 
outcome) or nomenclature used in original publications. 
Sleep outcomes were presented as mean values presented 
in the publications and intergroup comparisons were noted. 
With regard to reported polysomnography outcomes (when 
available) they were total sleep time (TST), sleep efficiency 
(SE), sleep latency (SL), wake after sleep onset (WASO), 
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stage N1 sleep (S1), stage N2 sleep (S2), slow wave sleep 
(SWS)—comprising stage N3 and N4 sleep, and REM sleep. 
Outcomes reported for actigraphy were (when available) TST, 
SE, SL, and WASO. Self-reported sleep outcomes, ie, Pitts-
burgh Sleep Quality Index (PSQI) and Insomnia Severity In-
dex (ISI) were reported as total scores. Our sleep outcomes 
were study level sleep data measured via objective and/or 
validated self-reported sleep assessment tools (Appendix 1). 
Risk of bias assessment was performed using the instrument 
developed by Downs and Black,23 which was developed to as-
sess both randomized and non-randomized trials. Downs and 
Black evaluate study quality on five sub-scales, ie, reporting, 
external validity, internal validity (bias), internal validity 
(confounding), and power which are summarized into a total 
score with a maximum of 28 points. Two reviewers assessed 
the methodological quality independently. Discrepancies 
were resolved through discussion until a consensus decision 
was reached within the author group.

After full text evaluation and data extraction, a post hoc 
choice was made to evaluate participants undergoing coronary 
artery bypass grafting (CABG) separately. This meant that the 
17 studies reporting only on CABG were not included in the 
current review (Figure 1).

RESULTS

A total of 64 articles were eligible for the qualitative synthesis 
of which 26 investigate ACS and 21 investigate stable CHD. 
The screening process is depicted in Figure 1.

Study Characteristics
As evident from Table 1 there is a great amount of heteroge-
neity among the 47 included studies (Table 1). The included 
studies were published from 1969–2016. The entire span of 
CHD diagnosis was present including ST-elevation myocardial 
infarction (STEMI), non-ST-elevation myocardial infarction 
(NSTEMI), unstable angina pectoris (UAP), and angina pec-
toris (AP). The population varied from 4 to 3,017 patients with 
a mean age range from 49.5–68.0 years, although the predomi-
nance of studies had a mean age of approximately 60 years. 
Male participants were more prevalent in the studies; however, 
female participants were more common in recently published 
studies. Three studies were randomized control trials, 10 stud-
ies were longitudinal (repeated measure design), and 34 studies 
were cross-sectional (single outcome assessment).

Six studies assessed sleep outcomes in the coronary care unit 
(CCU), 9 in a hospital setting, 9 in a sleep laboratory, 9 in an 

Figure 1—PRISMA flow diagram.

ACS = acute coronary syndrome, CABG = coronary artery bypass grafting, CHD = coronary heart disease.
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Table 1—Participant characteristics, study design, and intervention details.
First Author Year Diagnosis * n Age in Years, 

Mean (SD)
Sex (M/F),

% Design Setting Study 
Period

Sleep 
Assessment Tool

Al Otair 2011 ACS (1) 46 58.7 (8.6) 85/15 L CCU + ward 4 N Actigraphy
Bhattacharyya 2008 CHD 52 63.9 (8.8) 79/21 CS Ambulatory setting 1 N Actigraphy
Johansson 2014 CHD (2) 47 63.0 (10.5) 66/34 RCT Ambulatory setting 2 x 10 N Actigraphy 
Johansson 2013 CHD (3) 57 64.3 (9.3) 44/56 CS Ambulatory setting 7 N Actigraphy 
Redeker 1998 ACS (1) 33 57 (range: 33–80) 69/31 CS Hospital 1 N Actigraphy
Yngman-uhlin 2011 CHD 22 62 (range: 58–70) 64/36 L Ambulatory setting 7 N Actigraphy

Cross 2010 CHD 59 66.9 (10.2) 62/38 CS Ambulatory setting 7 N / 1 
mo

Actigrapphy + 
PSQI

Saleh 2008 CHD 163 57.7 (10.9) 67/33 CS Hospital 1 mo PSQI
Fredrikssons-
Larssons 2015 ACS 142 63.0 (8.2) 77/23 CS NS 1 mo PSQI

Shaffer 2013 ACS 188 63.2 (11.3) 65/35 CS Ambulatory setting 1 mo PSQI
Silva 2016 ACS (4) 113 59.7 (12.3) 71/29 CS Hospital 1 mo PSQI
Selvi 2011 ACS (5) 219 60.1 (13.5) 66/34 CS Hospital 1 mo PSQI
Wang 2014 CHD 128 61.6 (6.3) 42/58 L CCU 2 x 3 N PSQI
Gatti 2016 CHD (6) 15 59.1 (7.6) NS RCT Sleep laboratory 3 x1 N PSQI + PSG 
Geovanini 2014 CHD (7) 140 59.0 (8.0) 68/32 CS Sleep laboratory 1 N PSQI + PSG 
Andreas 1996 CHD (8) 19 62.8 (3.3) NS CS NS 1 N PSG
Buchner 2014 ACS (4) 27 54.0 (10.0) 78/22 CS Sleep laboratory 1 N PSG
Bahammam 2005 ACS (1) 50 52.1 (2.1) 86/14 L CCU 2 N PSG
Bahammam 2006 ACS (4) 20 51.1 (1.7) 90/10 L Sleep laboratory 2 N PSG
Bonnemeier 2007 ACS (5) 16 55.5 (12) 100/0 CS NS 1 N PSG
Broughton 1978 ACS 12 49.5 (9.8) 91/9 L CCU + ward 9 N PSG
Buchner 2012 ACS (5) 40 56.0 (11.0) 80/20 L NS 2 N PSG
Buchner 2014 ACS (4) 25 55.0 (10.0) 90/10 CS Sleep laboratory 1 N PSG
Cilli 1999 CHD 22 53.6 (15.3) NS CS NS 1 N PSG
Dohno 1979 CHD 42 58.6 66/34 CS Hospital 1 N PSG
El-Soh 2002 CHD 15 61.2 (1.9) 100/0 CS NS 1 N PSG
Garcia-Rio 2012 ACS (4) 192 58.5 (10.5) 86/14 CS CCU 1 N PSG
Glantz 2013 CHD 394 64.1 (8.7) 86/14 CS Hospital 1 N PSG
Hetzenecker 2013 ACS (4) 55 53.5 (10.0) 78/22 CS Sleep laboratory 1 N PSG
Karacan 1969 CHD (9) 10 Range: 41–61 100/0 CS NS 3 N PSG
Karacan 1974 ACS (4) 4 Range: 45–73 100/0 CS CCU / ambulatory 2 N PSG
Maggini 1976 CHD (10) 20 58.3 (range: 49–75) NS CS NS 1–6 N PSG
Mendelson 2016 CHD (2) 34 63.8 (8.0) 88/12 RCT NS 2 x 1 N PSG
Moruzzi 1999 CHD (10) 67 56.0 (77.5) 83/17 CS Hospital 1 N PSG
Nakashima 2013 ACS (5) 288 66.0 (range: 55–76) 76/24 CS NS 1 N PSG
Nakashima 2006 ACS (5) 86 68.0 (12.0) 73/27 CS NS 1 N PSG
Planés 2010 CHD 45 63.4 (11.6) 97/3 CS Ambulatory setting 1 N PSG
Van den 
Broecke 2014 ACS (4) 27 59.0 (19.0) 81/19 CS CCU 1 N PSG

Varoneckas 2013 CHD 3,017 59.7 (9.9) 77/23 CS Sleep laboratory 1 N PSG
Schiza 2010 ACS (1) 22 58.0 (12.0) 77/23 L Sleep laboratory 3 x 1 N PSG
Schiza 2012 ACS (1) 28 55.8 (13.0) 77/23 L Sleep laboratory 3 x 1 N PSG
Storti 2015 ACS (1) 99 56.2 (9.8) 67/33 CS CCU 1 N PSG
Tsukamoto 2006 ACS 12 59.8 (10.4) 83/17 L Hospital 2 N PSG
Coryell 2013 ACS (1) 102 58.3 (10.6) 58/42 CS Ambulatory setting 1 N ISI + PSG
Costa 2016 ACS 209 64.8 (11.7) 76/24 CS Ambulatory setting 1 N ISI
Orzdemir 2015 CHD 69 57.5 (9.7) 42/58 CS Hospital 2 x 1 N ISI
Pfaff 2009 ACS 57 NS 72/28 CS CCU 1 N ISI

* = numbers in parenthesis following diagnosis indicate: (1) = STEMI + NSTEMI + unstable angina, (2) = coronary arteriography, percutaneous coronary 
intervention + coronary artery bypass graft, (3) = coronary angiogaphy, (4) = STEMI + NSTEMI, (5) = STEMI, (6) = ischemic cardiomyopathy, (7) = refractory 
+ stable angina, (8) = myocardial infarction + coronary artery bypass graft, (9) = angina, (10) = myocardial infarction + unstable angina pectoris + angina. 
ACS = acute coronary syndrome, CCU = coronary care unit, CHD = coronary heart disease, CS = cross-sectional, ISI = Insomnia Severity Index, 
L = longitudinal, N = night, NS = not stated, NSTEMI = non-ST-elevation myocardial infarction, PSG = polysomnography, PSQI = Pittsburgh Sleep Quality 
Index, RCT = randomized controlled trial, SD = standard deviation, STEMI = ST-elevation myocardial infarction.
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ambulatory or home setting, 1 study applied both hospital and 
home measurement, and 12 studies did not state the setting of 
sleep measurement. Sleep was objectively measured by polysom-
nography (PSG) in 30 studies, by actigraphy in 6, both actigraphy 
and the PSQI in 1 study, and PSG and ISI in 1 study. As for self-
reported sleep, 6 studies measured the PSQI and 3 studies the ISI.

Sleep in Relation to Acute Coronary Syndrome
A total of 26 studies investigated sleep in relation to ACS 
(Table 2). Eighteen of these measuring sleep using PSG and 
measurements were performed from immediately after the 
ACS with a follow-up within 6 months.24–41 Thirteen stud-
ies24–28,30,32,34,37–41 measured within the first 3 days, 3 stud-
ies28,29,33 measured 5 days following ACS, 3 studies measured 
2–3 weeks after ACS.35,36,40 Furthermore, 2 studies measured 1 
month following ACS,37,38 1 study measured 8 weeks follow-
ing ACS,31 1 study29 measured 12 weeks following ACS, and 4 
studies25,26,37,38 measured 6 months after ACS (Figure 2).

A total of 8 studies25,26,28,29,37,38,40,42 applied a longitudinal de-
sign. From these studies, it was evident that TST, SE, SWS, and 
REM sleep were reduced immediately following ACS and were 
all significantly increased at 6-month follow-up (Figure 3). On 
the other hand, WASO and SL were increased immediately fol-
lowing ACS and were significantly shorter at 6-month follow-up 
(Figure 3). Measurements performed 1 month following ACS 
had intermediate values between 3 days and 6 months post-
ACS, ie, representing a gradual normalization over time.37,38 The 
reduction in SWS and REM sleep after ACS were associated 
with an increase in stage N1 sleep and stage N2 sleep, however, 
these pathological changes seemed to normalize gradually in the 
following months (Figure 3). The changes and development of 
sleep outcomes was present in patients with and without obstruc-
tive sleep apnea. Patients stratified based on positive or negative 

change in ejection fraction (EF) following ACS showed no sig-
nificant difference between the two groups.29 In contrast, 1 study 
showed no change in TST from 3 days to 2 weeks post-ACS.40

Two studies included healthy controls32,34; these showed a 
significant reduction of SE and SWS, and increased stage N1 
sleep in patients with myocardial infarction (MI) compared 
to healthy controls. Four studies compared patients with and 
without SDB.30,33,35,36 Two of these studies30,33 showed signifi-
cantly reduced REM sleep in the SDB population; however, the 
remaining two studies found no difference between the groups.

Two studies measured actigraphy,42,43 one of which42 showed 
that nighttime sleep periods were more frequent and of short 
duration in the CCU compared to the regular ward. However, 
the remaining sleep outcomes were similar between the CCU 
and ward.

The PSQI was measured in 4 studies.44–47 Immediately fol-
lowing a MI, the mean PSQI was 8.1,47 after 1 month the mean 
PSQI was reduced to 5.2,46 and at 2 months the mean PSQI 
was 6.13.44 The PSQI was significantly lowered (worsened) 
when the MI happened during sleep.45 Three studies used the 
ISI to measure sleep,31,48,49 and after the onset of a MI the mean 
ranged from 9.6 to 11.7.

Sleep in Relation to Coronary Heart Disease
Thirteen studies used PSG to evaluate sleep in their study pop-
ulation (Table 3).50–62 The timing of sleep assessment was very 
heterogeneous, and all of the 13 studies save one59 were cross-
sectional in design. Three studies measured PSG following 
percutaneous coronary intervention (PCI), where TST tended 
to increase as time passed, however, cross-study comparisons 
were challenging due to their heterogeneity.53,56,60 Two studies 
assessed sleep during cardiac rehabilitation,59,62 of which the 
former study was the largest in the current review (> 3,000 

Figure 2—Timing of measurement of polysomnography following acute coronary syndrome.

The timing of polysomnography assessment in relation to acute coronary syndrome.
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Table 2—Sleep outcomes in studies of acute coronary syndrome.
Outcomes Measures Outcomes

First Author Design Assessment 
Tool

Timing After 
ACS Absolute Values Tendency and 

Comparisons

Al Otair L Actigraphy 3 d / 4 d 
TIB:	 CCU: 6.7 h	 Ward: 7.5 h
TST:	 CCU: 5.6 h	 Ward: 6.2 h
SE:	 CCU: 84.6%	 Ward: 83.1%

CCU vs. Ward:
No significant difference

Redeker CS Actigraphy 1 d TIB 549 min, TST 425 min, SE 77.3%, NOA 14 No
Buchner CS PSG 3 d TST:	 SDB: 338 min	 Non SDB: 306 min No significant difference

Bahammam L PSG 3 d + 6 mo TST:	 3 d: 252.8 min	 6 mo: 339.9 min
SE:	 3 d: 60.2%	 6 mo: 80.9%

Significant 3 d to 6 mo:
TST ↑ SE ↑

Bahammam L PSG 3 d + 6 mo
TST:	 3 d: 272.6 min	 6 mo: 342.4 min
SE:	 3 d: 61%	 6 mo: 80%
SL:	 3 d: 24.9 min	 6 mo: 19.4 min
REML:	 3 d: 134.8 min	 6 mo: 78.2 min

Significant 3 d to 6 mo:
TST ↑ SE ↑ REM ↑

wake time ↓ REML ↓

Bonnemeier CS PSG 3 d 

TST:	 MI: 389 min	 HC: 386 min
SE:	 MI: 89%	 HC: 90%
S1:	 MI: 88 min	 HC: 106 min
S2:	 MI: 109 min	 HC: 139 min
S3+4:	 MI: 94 min	 HC: 95 min
REM:	 MI: 86 min	 HC: 80 min

MI vs. HC:
No significant difference

Broughton L PSG 5–9 d 

TST:	 CCU: 424 min	 Ward: 412 min
SE:	 CCU: 78%	 Ward: 91%
S1:	 CCU: 7%	 Ward: 4%
S2:	 CCU: 37%	 Ward: 51%
S3+4:	 CCU: 26%	 Ward: 2%
REML:	 CCU: 142 min	 Ward: 87 min

CCU to Ward:
TST → S3+4 →

S1 ↓ REML ↓
S2 ↑ REM ↑ SE ↑

Buchner L PSG 5 d + 12 wk 
	 EF ↑:	 EF→:
SE:	 5 d: 76%, 12 wk: 74%	 5 d: 70%, 12 wk: 70%
S3+4:	 5 d: 16%, 12 wk: 14%	 5 d :17%, 12 wk: 16%
REM:	 5 d: 17%, 12 wk: 15%	 5 d: 16%, 12 wk: 14%

No significant difference:
EF ↑ vs. EF
5d vs. 12w

Buchner CS PSG 3 d 
SE:	 SDB: 72%	 Non-SDB: 70%
S3+4:	 SDB: 14%	 Non-SDB: 17%
REM:	 SDB: 14%	 Non-SDB: 18%

SDB vs. Non-SDB:
Sign ↓ REM in SDB

Garcia-Rio CS PSG 3 d 

SE:	 MI: 79.7%	 HC: 84.3%
S1:	 MI: 16.9%	 HC: 10.0%
S2:	 MI: 59.0%	 HC: 62.5%
S3+4:	 MI: 7.4%	 HC: 48.7%
REM:	 MI: 16.8%	 HC: 18.7%

MI vs. HC: 
↑ SL + WASO + S1 and 

↓ SE + S3+4

Hetzenecker CS PSG 5 d 
TST:	 SDB: 333 min	 Non-SDB: 315 min
SE:	 SDB: 71%	 Non-SDB: 74%
S3+4:	 SDB: 16%	 Non-SDB: 19%
REM:	 SDB: 14%	 Non-SDB: 18%

SBD significant ↓ REM

Karacan CS PSG 3 d 

TST:	 MI: 305 min	 AP: 376 min	 HC: 383 min
SE:	 MI: 63.6%	 AP: 82.6%	 HC: 89.1%
S1:	 MI: 16.7%	 AP: 9.6%	 HC: 7.6%
S2:	 MI: 46.0%	 AP: 52.6%	 HC: 59.1%
S3+4:	 MI: 0.0%	 AP: 4.6%	 HC: 5.8%
REM:	 MI: 6.7%	 AP: 20.2%	 HC: 21.5%
WAKE:	 MI: 30.5%	 AP: 12.9%	 HC: 6.0%

MI vs. HC:
↓ SE ↓ REM ↓ S3+4

↑ WAKE ↑ S1

AP vs. HC:
No significant difference

Nakashima CS PSG 14–21 d TST:	 OSA: 369 min	 Non-OSA: 356 min No
Nakashima CS PSG 14–21 d TST:	 OSA: 341 min	 Non-OSA: 352 min No

ACS = acute coronary syndrome, AMI+sleep = acute myocardial infarction during sleep, AMI-sleep = acute myocardial infarction not during sleep, AP = angina 
pectoris, CCU = coronary care unit, CS = cross-sectional, EF = ejection fraction, HC = healthy controls, ISI = Insomnia Severity Index, L = longitudinal, 
MI = myocardial infarction, OSA = obstructive sleep apnea, PSG = polysomnography, PSQI = Pittsburgh Sleep Quality Index, REM = rapid eye movement, 
REML = rapid eye movement sleep latency, S1 = stage N1 sleep, S2 = stage N2 sleep, S3 = stage N3 sleep, S4 = stage N4 sleep, SDB = sleep-disordered 
breathing, SE = sleep efficiency, SL = sleep latency, SWS = slow wave sleep, TIB = time in bed, TST = total sleep time, WASO = wake after sleep onset. 

Table 2 continues on the following page
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patients included).62 In this study, the TST was 330 minutes and 
the SE 85.6%. Furthermore, the population was stratified ac-
cording to the New York Heart Association (NYHA) classifi-
cation. With increasing NYHA class the SE, SWS, and REM 
sleep were reduced and WASO and stage N1 sleep were sig-
nificantly increased. During cardiac rehabilitation an additional 
4-week exercise program was not shown to have a significant 
effect on sleep.59 In contrast, Zolpidem (a hypnotic) resulted in 
a significantly increased TST and SWS in another randomized 
controlled crossover trial.54

Two studies compared patients with stable CAD with 
healthy controls and showed a significantly reduced SE in 
stable patients with CAD.51,57 Stable angina was compared to 
refractory angina and showed that patients with refractory an-
gina had significantly reduced TST, SE and SWS.55 Another 
study compared MI, UAP and AP where patients with MI had 
increased number of awakenings (NOA).60

Five studies measured actigraphy in patients with CHD63–67 
and all save one64 had cross-sectional design. The longitudinal 
study tested a nurse led self-care program; however, no group 

differences were present at follow-up 3–4 months after base-
line.64 Two studies compared patients with CAD and healthy 
controls, where significant differences were found in females 
who had reduced TST and SE.63,65

Five studies used the PSQI.54,55,67–69 One study tested a re-
laxation program which showed no effect on sleep.69 Overall 
almost 70% of a CAD population had poor sleep (PSQI > 5) 
and additionally patients with comorbid depression and anxi-
ety had significantly worse sleep.68 The ISI measured before 
and after coronary angiography did not show any changes in 
sleep in relation to the procedure.70

Risk of Bias Assessment
There was vast heterogeneity in study quality across studies 
and in sleep measurements used in relation to ACS or in a CHD 
population (Table 4). The mean total score was 16 and 14.8 in 
the ACS and CHD population, respectively.

There was a clear tendency towards increased study quality 
in more recent publications (Figure 4), and all studies pub-
lished before 1980 had a total score below 10. The tendency 

Outcomes Measures Outcomes

First Author Design Assessment 
Tool

Timing After 
ACS Absolute Values Tendency and 

Comparisons

Schiza L PSG 3 d , 1 m + 
6 m 

TST:	 3 d: 232 min	 1 mo: 297 min	 6 mo: 331 min
SE:	 3 d: 59.8%	 1 mo: 74.5%	 6 mo: 82.6%
SL:	 3 d: 56 min	 1 mo: 36 min	 6 mo: 22 min
WASO:	 3 d: 99 min	 1 mo: 50 min	 6 mo: 29 min
S3+4:	 3 d: 5.4%	 1 mo: 10.3%	 6 mo: 12.8%
REM:	 3 d: 3.1%	 1 mo: 10.9%	 6 mo: 13.1%

3 d to 6 mo:
TST ↑ SE ↑ SWS ↑ REM ↑

WASO ↓ SL ↓

Schiza L PSG 3 d, 1 mo + 
6 mo 

TST:	 3 d: 233 min	 1 mo: 302 min	 6 mo: 341 min
SE:	 3 d: 62.3%	 1 mo: 75.9%	 6 mo: 83.8%
WASO:	 3 d: 130 min	 1 mo: 77 min	 6 mo: 17 min
S3+4:	 3 d: 5.5%	 1 mo: 10.7%	 6 mo: 13.7%
REM:	 3 d: 2.4%	 1 mo: 11.0%	 6 mo: 13.6%

3 d to 6 mo:
TST ↑ SE ↑ SWS ↑ REM ↑

WASO ↓

Storti CS PSG 3 d TST 265 min, SE 61.9%, SL 22.3 min, S1 17.5%, S2 51%, 
S3+4 21%, REM 9.7% No

Tsukamoto L PSG 3 d + 14 d TST:	 3 d: 365.7 min	 14 d: 392 min 3 d to 14 d:
S1 ↓ REM ↑ TST →

Van den Broecke CS PSG 3 d TST 386 min, SE 61%, SL 142 min, S1 7%, S2 47%, 
S3+4 34%, REM 9% No

Coryell CS PSG + ISI ISI: 2–5 d
PSG: 8 wk

ISI:	 mean 11.7, 37% moderate/severe insomnia
PSG:	 TST 337 min, SE 71.2%, WASO 96 min,
	 S1 12%, S2 52%, S3+4 13%, REM 22%

Insomnia in hospital → 
WASO ↑ weeks after 

discharge

Costa CS ISI 5 wk ISI:	 35.9% insomnia (ISI ≥ 10) + 
	 9.0% mild insomnia (ISI ≥ 8) No

Pfaff CS ISI 2 d ISI:	 smoker: 9.62	 non-smokers: 10.18 No
Fredrikssons-Larssons CS PSQI 2 mo PSQI 6.13 No

Selvi CS PSQI 5 d PSQI:	 AMI+sleep: 6.86	 AMI-sleep: 6.00 Significantly worse PSQI 
when AMI during sleep

Shaffer CS PSQI 1 mo PSQI:	 total: 5.2	 poor sleep: 9.3	 good sleep: 2.5 No
Silva CS PSQI 3 d PSQI 8.1 No

ACS = acute coronary syndrome, AMI+sleep = acute myocardial infarction during sleep, AMI-sleep = acute myocardial infarction not during sleep, AP = angina 
pectoris, CCU = coronary care unit, CS = cross-sectional, EF = ejection fraction, HC = healthy controls, ISI = Insomnia Severity Index, L = longitudinal, 
MI = myocardial infarction, OSA = obstructive sleep apnea, PSG = polysomnography, PSQI = Pittsburgh Sleep Quality Index, REM = rapid eye movement, 
REML = rapid eye movement sleep latency, S1 = stage N1 sleep, S2 = stage N2 sleep, S3 = stage N3 sleep, S4 = stage N4 sleep, SDB = sleep-disordered 
breathing, SE = sleep efficiency, SL = sleep latency, SWS = slow wave sleep, TIB = time in bed, TST = total sleep time, WASO = wake after sleep onset. 

Table 2 (continued )—Sleep outcomes in studies of acute coronary syndrome.
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of increased study quality in recent literature seemed to be 
regardless of whether the study was performed in an ACS or 
CHD population (Figure 4).

DISCUSSION

The current review describes objectively measured and self-
reported sleep in patients with CHD, both during an acute pre-
sentation (ACS) and a stable chronic phase. PSG was the most 
common sleep assessment tool followed by actigraphy and 
PSQI, whereas, the ISI was only sparsely used. Multiple sleep 
outcomes, sleep assessment points, and comparisons were ap-
plied which makes a concise reporting very challenging.

Immediately after ACS, patients tended to have reduced 
TST, SE, SWS, and REM sleep and increased WASO and SL. 
These changes gradually regressed towards what could be 
considered normal sleep outcomes over a period of 6 months 
after the ACS. Measurements of the aforementioned outcomes 
at 1 month are intermediate values between post-ACS and 6 
months supporting a general normalization trend. Whether 
this normalization of sleep represent pre-ACS values is un-
known, since no pre-event recording has been performed. 
In the available literature of the ACS population, SDB or 
changes in EF did not seem to affect the development de-
scribed above. Compared to healthy controls the ACS popula-
tion showed significantly different sleep patterns. Within the 
ACS population presence of SDB showed conflicting results 

Figure 3—Development of polysomnography sleep outcomes following acute coronary syndrome.

(A) Total sleep time (B) sleep efficiency, (C) wake after sleep onset, (D) sleep latency, (E) slow wave sleep, (F) REM sleep, and (G) sleep architecture after 
ACS. ACS = acute coronary syndrome, REM = rapid eye movement, S1 = stage N1 sleep, S2 = stage N2 sleep, S3 = stage N3 sleep, S4 = stage N4 sleep, 
SWS = slow wave sleep.
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Table 3—Sleep outcomes in studies of coronary heart disease.
Outcome Measures Outcomes 

First Author Design Assessment 
Tool Timing Absolute Values Tendency and 

Comparisons

Bhattacharyya CS Actigraphy Elective CA  SE:	 CAD+: 78.9%	 CAD-: 79.1%
SL:	 CAD+: 12 min	 CAD-: 20 min 

CAD+ vs. CAD-:
No significant difference

Johansson RCT Actigraphy
 2 x 10 d 

(baseline + 
follow-up)

	 Baseline:	 Follow-up:
TST:	 I: 6.0 h, SOC: 6.0 h  →	 I: 6.0 h, SOC: 6.0 h
SE:	 I: 71%,  SOC: 73%  →	 I: 74%,  SOC: 72%  

I vs. SOC:
No group difference

Johansson CS Actigraphy 1 x 7 d prior 
to CA  

	 Men:	 Women:
TST:	 CAD: 6.1 h, HC: 6.1 h	 CAD: 5.2 h, HC: 6.3 h
SE:	 CAD: 73%,  HC: 75%	 CAD: 64%,  HC: 72%
NOA:	 CAD: 22.6,  HC: 22.1	 CAD: 20.9,  HC: 20.3    

Women CAD vs. HC:
↓ TST + SE ↑ NOA

Men CAD vs. HC: 
No difference

Yngman-uhlin L Actigraphy AP
TST:	 AP: 6.5 h	 HC: 6.4 h
SE:	 AP: 78%	 HC: 83%
SL:	 AP: 24 min	 HC: 13 min
WASO:	 AP: 64 min	 HC: 58 min

No

Cross CS Actigraphy + 
PSQI

1 wk
timing 

unknown

TST:	 CAD: 418 min	 ICD: 414 min
SE:	 CAD: 69.8%	 ICD: 82.2%
SL:	 CAD: 35.8 min	 ICD: 25.3 min
WASO:	 CAD: 67.4 min	 ICD: 45.8 min
PSQI:	 CAD: 7.32	 ICD: 8.06

CAD vs. ICD:
Significant ↓ SE

Saleh CS PSQI Admission for 
CAD

69.9% PSQI > 5 (poor sleep)
PSQI:	 Anxiety+: 9.6	 Anxiety-: 7.2
PSQI:	 Depression+: 9.4	 Depression-: 7.4 

Anxiety + Depression 
significantly worse 

sleep than no anxiety or 
depression groups

Wang L PSQI Stable CHD 

 	 Pre PSQI:	 Post PSQI:
Morning:	 9.97	 8.41
Night:	 10.28	 7.09
Morning/night:	10.19	 6.78
SOC:	 10.06	 8.69 

No group or time difference

Gatti RCT PSQI + PSG Baseline, 
1 wk, 2 wk

TST:	 BL: 324 min	 P: 330 min	 Zol: 383 min 
SE:	 BL: 71.9%	 P: 74.9%	 Zol: 82.8%  
S3:	 BL: 20.4%	 P: 22.4%	 Zol: 27.1% 
WASO:	 BL: 97 min	 P: 91 min	 Zol: 62 min
PSQI:	 BL: 9.13

↑ TST and S3 during 
Zolpidem treatment.

Geovanini CS PSQI + PSG Ambulatory 
setting

TST:	 Refractory: 270 min	 Stable: 356 min
SE:	 Refractory: 64.0%	 Stable: 79.0%
S1:	 Refractory: 20.0%	 Stable: 8.0%
S2:	 Refractory: 60.0%	 Stable: 64.0%
S3+4:	 Refractory: 3.5%	 Stable: 6.2%
REM:	 Refractory: 15.5%	 Stable: 17.5%
PSQI:	 Refractory: 10	 Stable: 8

Refractory vs. Stable 
angina: 

↑ S1 ↑ PSQI
↓ TST ↓ SE ↓ S3+4

Andreas CS PSG NS Wake 11.5%, S1 16.0%, S2 51.5%, S3+4 11.1%, 
REM 21.4% No

Cilli CS PSG Stable phase 
CAD

TST:	 CAD: 314 min	 HC: 366 min
SE:	 CAD: 65.0%	 HC: 74.0%
Wake:	 CAD: 34.3%	 HC: 24.9%
NREM:	 CAD: 59.5%	 HC: 67.7%
REM:	 CAD: 5.9%	 HC: 7.2%

CAD vs. HC:
Significant ↓ TST and SE ↓

ACS = acute coronary syndrome, AP = angina pectoris, BL = baseline, C = control/comparison, CA = coronary angiography, CABG = coronary artery 
bypass grafting, CAD = coronary atherosclerotic disease, CHD = coronary heart disease, CS = cross-sectional, HC = healthy control, I = intervention, 
ISI = Insomnia Severity Index, L = longitudinal, NOA = number of awakenings, NREM = non rapid eye movement sleep, NS = not stated, NYHA = New York 
Heart Association, Open = open ward, OSA = obstructive sleep apnea, P = placebo, Private = private ward, PSG = polysomnography, PSQI = Pittsburgh 
Sleep Quality Index, RCT = randomized controlled trial, REM = rapid eye movement, S1 = stage N1 sleep, S2 = stage N2 sleep, S3 = stage N3 sleep, 
S4 = stage N4 sleep, SE = sleep efficiency, SL = sleep latency, SOC = standard of care, SWS = slow wave sleep, TST = total sleep time, UAP = unstable 
angina pectoris, Wake = wake time during the night, WASO = wake after sleep onset, Zol = Zolpidem.

Table 3 continues on the following page
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in term of sleep alterations being present and not. Actigraphy 
measurements were few, however, showed more NOA in the 
CCU compared with the regular ward. Self-reported sleep 
outcomes did to a large extent reflect the findings of those 
showed by objectively measured sleep following ACS.

The patients with CHD were measured much more sporadi-
cally both as the studies predominantly were cross-sectional 
and information regarding time from diagnosis and sever-
ity of the disease were sparse. The study by Varoneckas et 
al.62 included more than 3,000 patients during their cardiac 

Outcome Measures Outcomes 

First Author Design Assessment 
Tool Timing Absolute Values Tendency and 

Comparisons

Dohno CS PSG
During 

admission 
CHD

TST:	 Open: 504 min	 Private: 484 min
Wake:	 Open: 30.6%	 Private: 30.1%
S1:	 Open: 16.7%	 Private: 16.2%
S2:	 Open: 23.7%	 Private: 20.5%
S3+4:	 Open: 14.4%	 Private: 15.1%
REM:	 Open: 14.7%	 Private: 18.0%

Open vs. Private ward:
No significant difference

El-Soh CS PSG Up to 3 mo 
post CA

TST:	 OSA: 6.8 h	 Non-OSA: 7.4 h
SE:	 OSA: 75.0%	 Non-OSA: 80.0%
S1+2:	 OSA: 69.9%	 Non-OSA: 73.4%
S3+4:	 OSA: 11.7%	 Non-OSA: 6.2%
REM:	 OSA: 18.4%	 Non-OSA: 20.4%

OSA vs. Non-OSA:
S3+4 significant ↑

Glantz CS PSG 6 mo post 
PCI or CABG TST 380.6 min No

Karacan CS PSG Ambulatory 
setting

Wake:	 Angina: 40 min 	 HC: 21 min
S1:	 Angina: 44 min 	 HC: 39 min
S2:	 Angina: 214 min 	 HC: 228 min
S3+4:	 Angina: 17 min 	 HC: 43 min
REM:	 Angina: 83 min 	 HC: 95 min

Angina vs. HC:
↓ SE ↓ S3+4

↑ SL

Maggini CS PSG NS TST 280 min, SL 22 min, NOA 3.8, S1 17.1%, S2 52.3%, 
S3+4 16.4, REM 14.2 No

Mendelson RCT PSG Cardiac 
rehabilitation

	 Baseline	 Follow-up
TST:	 I: 282 m, SOC: 326 m →	I: 284 m, SOC: 337 m
SE:	 I: 73%, SOC: 82.0% →	 I: 72%, SOC: 81.0%
S1:	 I: 17%, SOC: 11.0% →	 I: 10%, SOC: 8.0% 
S2	 I: 60%, SOC: 65.0% →	 I: 58%, SOC: 63.0%
S3+4:	 I: 10%, SOC: 7.0% →	 I: 9%, SOC: 11.6%
REM:	 I: 14%, SOC: 15.0% →	 I: 17%, SOC: 170% 

No group differences

Moruzzi CS PSG 1–10 d post 
admission

TST:	 MI: 329 min	 UAP: 310 min	 AP: 328 min
SE: 	 MI: 83.6% 	 UAP: 75.2% 	 AP: 80.9%
NOA: 	 MI: 5 /h 	 UAP: 5 /h 	 AP: 3 /h
S1+2: 	 MI: 71.2% 	 UAP: 72.0% 	 AP: 67.0%
S3+4: 	 MI: 12.4% 	 UAP: 12.1% 	 AP: 14.2%
REM: 	 MI: 16.0% 	 UAP: 6.1 h 	 AP: 5.2 h 

MI + UAP vs. AP:
↑ NOA

Planés CS PSG Post CA TST 346 min No

Varoneckas CS PSG
Cardiac 

rehabilitation 
for CHD

	 Overall:	 NYHA I:	 NYHA II:	 NYHA III:
TST (min):	 330 	 333 	 331 	 322
SE (%):	 85.6 	 87.0 	 85.3 	 83.5
SL (min):	 17.1 	 15.8 	 17.7 	 18.5
WASO (%):	 14.0	 12.5 	 14.3 	 16.1
S1 (%):	 6.6 	 6.7 	 6.0 	 7.4
S2 (%):	 52.6 	 52.5 	 52.9 	 52.5
S3+4 (%):	 10.3 	 11.0 	 10.5 	 8.8
REM (%):	 12.8 	 13.7 	 12.8 	 11.4

NYHA I to III sign:
SE ↓ S3+4 ↓ REM↓

WASO ↑ S1 ↑
TST → SL → S2 →

Orzdemir CS ISI 1 d pre / 3 d 
post CA

Pre ISI:	 CAD: 5.28	 HC: 6.8
Post ISI:	 CAD: 5.87	 HC: 6.75 No

ACS = acute coronary syndrome, AP = angina pectoris, BL = baseline, C = control/comparison, CA = coronary angiography, CABG = coronary artery 
bypass grafting, CAD = coronary atherosclerotic disease, CHD = coronary heart disease, CS = cross-sectional, HC = healthy control, I = intervention, 
ISI = Insomnia Severity Index, L = longitudinal, NOA = number of awakenings, NREM = non rapid eye movement sleep, NS = not stated, NYHA = New York 
Heart Association, Open = open ward, OSA = obstructive sleep apnea, P = placebo, Private = private ward, PSG = polysomnography, PSQI = Pittsburgh 
Sleep Quality Index, RCT = randomized controlled trial, REM = rapid eye movement, S1 = stage N1 sleep, S2 = stage N2 sleep, S3 = stage N3 sleep, 
S4 = stage N4 sleep, SE = sleep efficiency, SL = sleep latency, SOC = standard of care, SWS = slow wave sleep, TST = total sleep time, UAP = unstable 
angina pectoris, Wake = wake time during the night, WASO = wake after sleep onset, Zol = Zolpidem.

Table 3 (continued )—Sleep outcomes in studies of coronary heart disease.
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for insomnia, and one study in the current review54 showed 
increased TST and SWS in patients treated with zolpidem. A 
drawback of hypnotic treatment in general is the potential for 
abuse and dependence coupled with a modest effect.82 Before 
disease-specific trials aimed at investigating which treatment 
of insomnia should be undertaken, prospective cohort studies 
assessing depression, anxiety, and sleep—simultaneously and 
repeatedly—should be conducted. These studies would serve 
as the ideal basis of possible intervention trials.

A large part of the literature included in the current review 
includes PSG recordings performed in patients with CHD as 
an investigation of SBD. Some of these PSG recording are 
single-night recordings to diagnose SBD which might not 
reflect the everyday sleep pattern of the patient. The intense 
focus on SBD is in large part due to the known relationship 
between SDB and cardiovascular disease,10 where sleep apnea 
has been shown to be associated with increased risk of both 
MI and ischemic stroke.83 The Wisconsin sleep cohort study84 
showed that with an increase of apnea-hypopnea index (AHI) 
the risk of incident coronary heart disease or heart failure were 
also increased. Treatment of SDB is primarily performed us-
ing CPAP; however, in a large epidemiological study, CPAP 
was not shown to reduce risk of MI.83 The prospective trials 
(SAVE and RICCADSA trials12,13) showed no preventive ef-
fects on cardiovascular events due to CPAP treatment. SBD is 
an important comorbid condition in relation to CHD; however, 
sleep disturbances are not solely related to the SBD in patients 
with CHD. Future studies investigating sleep in relation to 
CHD with sleep as the primary outcome should be undertaken.

Only 13 out of 47 studies applied a repeated measure de-
sign and only 9 out of 47 studies included healthy controls. As 
sleep inherently changes over time—especially in relation to 
acute illness—not applying a repeated measure design should 
be considered a limitation of the current literature. A further 

Figure 4—Risk of bias assessment.

Risk of bias assessment development through time (top) and divided 
by ACS or CHD status (bottom). ACS = acute coronary syndrome, 
CHD = coronary heart disease.

rehabilitation where absolute values of TST 330 minutes and 
SE 85.6% could be regarded as normative data for the CHD 
population. It was shown that increasing NYHA classification 
resulted in reduced SE, SWS and REM. Similar comparisons 
between healthy controls, stable, refractory, unstable angina, 
NSTEMI and STEMI showed disturbed sleep with increased 
disease severity. Taken together it seems that with increasing 
CHD severity (disease itself or NYHA classification) sleep is 
more severely disturbed.

Disturbances in the SWS and REM sleep have shown to be 
associated with reduced restitution and recovery.2 The acute 
changes in sleep in relation to an ACS will affect the recovery 
and convalescence after acute MI. The explicit causes of these 
sleep disturbances are unclear since they may be present to 
some extent before an ACS and partly caused by the treatment 
of ACS. Another very important factor is the influence of envi-
ronmental factors in the hospital (eg, light exposure, noise and 
medical/nursing procedures) during the nighttime, which can-
not be underestimated. Such environmental factors are most 
intense during the initial acute phase and early discharge to 
home setting should be encouraged, as is the case with current 
treatment. To what extent these changes effect the recovery is 
unclear on the basis of the current literature. If one were to 
compare the sleep changes following ACS with major non-
cardiac surgery,71 a similar reduction is seen in SWS and REM 
sleep; however, 4–5 days after surgery a rebound of REM sleep 
and SWS follow. A similar investigation into the development 
of sleep after ACS would be interesting and even though the 
recent reduced length of stay after primary percutaneous coro-
nary intervention72 make such a study difficult, measurement 
with ambulatory PSG would make it feasible.

ACS is in its nature an acute event which makes measure-
ments of habitual sleep before an ACS very difficult. It is dif-
ficult to make inferences about the normalization of sleep 
following ACS due to no pre-event measurement. The build-up 
of an atherosclerotic plaque occurs over years and the sudden 
rupture of the plaque then constitutes the ACS. Patients with 
ACS are seldom free of atherosclerotic burden in their coro-
nary arteries and therefore surely have CHD before the event, 
however without symptoms or other clinical manifestation.

The previous unsystematic investigation into sleep distur-
bances and/or insomnia in patients with CHD seems odd as 
insomnia is known to co-occur with depression and anxiety.11 
Both depression and anxiety have gained ample research at-
tention,11 however, a systematic sleep assessment has not been 
a part of the research design yet in cardiology. Insomnia is 
an independent risk factor of major depressive episodes,73,74 
it increases the risk of relapse of depression,73 and perpetu-
ates depression.75 Furthermore, literature within the current 
review reported worse self-reported sleep being associated 
with more prevalent depressive symptoms and antidepressant 
usage.46,48 The relationship between insomnia and depression 
is bidirectional,76 and treatment of insomnia in spite of co-
morbid conditions (eg, depression) should be undertaken.77,78 
Treatment of comorbid insomnia and depressive symptoms 
have shown a faster remission from depression.79,80 Both non-
pharmacological (eg, cognitive behavioral therapy81) and phar-
macological (eg, hypnotics) treatment options are possible 
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Table 4—Risk of bias assessment.

First Author
Reporting 
(max 11)

External Validity 
(max 3)

Internal Validity 
Bias (max 7)

Internal Validity 
Confounding (max 6)

Power 
(max 1)

Total 
(max 28)

Acute Coronary Syndrome
Al Otair 10 2 4 1 0 17
Buchner 9 3 5 3 0 20
Bahammam 7 2 6 2 0 17
Bahammam 7 0 6 3 0 16
Bonnemeier 7 1 6 2 0 16
Broughton 5 0 2 0 0 7
Buchner 8 3 5 3 0 19
Buchner 9 3 5 2 0 19
Coryell 8 3 4 2 0 17
Costa 7 1 4 2 0 14
Fredrikssons-Larssons 7 3 4 1 0 15
Garcia-Rio 9 2 5 4 0 20
Hetzenecker 9 3 5 4 0 21
Karacan 5 0 1 0 0 5
Nakashima 8 3 5 3 0 19
Nakashima 8 1 5 3 0 17
Pfaff 8 1 4 2 0 15
Redeker 6 1 4 1 0 12
Schiza 7 1 5 2 0 15
Schiza 7 1 6 2 0 16
Selvi 8 1 5 2 0 16
Schaffer 8 3 4 2 0 17
Silva 8 3 5 2 0 18
Storti 8 3 6 1 0 18
Tsukamoto 6 1 4 2 0 13
Van den Broecke 8 2 6 2 0 16

Mean 7.6 1.8 4.7 2.0 0.0 16

Coronary Heart Disease
Andreas 5 0 5 1 0 12
Bhattacharyya 8 1 6 2 0 17
Cilli 7 2 4 2 0 15
Cross 9 0 5 1 0 16
Dohno 4 0 3 1 0 8
El-Soh 8 3 4 0 0 15
Gatti 10 1 5 3 0 20
Geovanini 9 1 4 0 0 14
Glantz 8 2 4 2 0 16
Johansson 10 1 5 4 0 22
Johansson 8 1 5 1 0 15
Karacan 4 0 3 0 0 7
Maggini 3 0 0 0 0 3
Mendelson 9 3 6 4 1 23
Moruzzi 8 0 6 0 0 14
Orzdemir 8 1 5 2 0 16
Planés 5 1 6 2 0 14
Saleh 8 1 5 2 0 16
Varoneckas 7 2 5 3 1 18
Wang 8 2 2 2 0 15
Yngman-uhlin 8 1 5 0 0 14

Mean 7.3 1.1 4.4 1.5 0.1 14.8

Risk of bias assessed for each study, divided into acute coronary syndrome and coronary heart disease studies.23
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limitation of the literature is the minority of studies includ-
ing healthy controls, making quantifying differences between 
patients with CHD and healthy controls difficult. The predomi-
nance of literature has instead split a CHD population based on 
a clinical variable, eg, presence of SDB (+/-). Patients admitted 
to an elective coronary angiography based on suspected CHD 
would be a relevant case for both longitudinal repeated out-
come assessment (with pre-procedure assessment) and com-
parison of cases with and without CHD based on procedure 
results. Based on such a sample it would be possible to assess 
the difference between patients with CHD and controls and the 
impact of a coronary angiography/PCI on sleep.

Inter-study comparisons are also made difficult due the het-
erogeneity in the patient populations (eligibility criteria in each 
study) and the variety found in timing the sleep assessment. 
With regard to the tools used, PSG is predominant, especially 
in the ACS setting, and there has been limited use of actig-
raphy in the period following ACS. Actigraphy compared to 
PSG is more cost-efficient, more accessible, and measurement 
for extended periods of time are feasible.85 This methodology 
could have clear advantages in measuring sleep in patients 
with CHD in a repeated measure setup. Applying an objective 
sleep assessment (eg, actigraphy) should be used in conjunc-
tion with a self-reported sleep assessment tool (eg, ISI)86 to 
fully describe the different dimensions of sleep. Sleep assess-
ment in relation to stable CHD is in urgent need of longitudi-
nal studies (repeated measure) measuring sleep in the different 
stages of CHD.

Strengths and Limitations
This review has the methodological strength that the review 
was prospectively registered on PROSPERO and stringently 
adhered to the PRISMA guidelines. An established case-
definition of patients with CHD was applied and several elec-
tronic databases were searched as not to limit the literature. 
We used a standardized tool to assess the study quality which 
could evaluate both randomized and non-randomized trials.

The current review, however, also had some limitations. 
Opting not to include ongoing or unpublished literature could 
introduce reporting bias, which we cannot control in the current 
review. Including unpublished literature could potentially skew 
the results, as this literature would not have peer-reviewed. We 
chose not to contact authors for additional data. This effort may 
have provided additional details about the included studies but 
is unlikely to have brought additional studies into the review. 
After full-text evaluation, we made the choice not to include 
the studies reporting solely on patients undergoing CABG. 
Sleep patterns in heart surgery were recently reviewed by 
Liao et al.87 covering literature until 2010, although, the search 
strategy and databases were different than the current review. 
Furthermore, it is well established that undergoing a surgical 
procedure severely affects sleep patterns71,88 due to the surgical 
trauma, anaesthesia and admission. This has also been shown 
in relation to cardiac surgery where sleep disturbances may be 
present up to 6 months following cardiac surgery.89 Consider-
ing this we chose to only focus on patients with established 
CHD not undergoing surgery in the current manuscript. The 
CABG population could have served as a relevant reference 

population as they represent a population with severe disease 
(three vessel or main-stem occlusion), however, which sleep 
disturbances would be related to the surgical procedure and the 
effect of CHD would not be apparent. We chose to include only 
validated self-reported sleep assessment tools (Appendix 1). 
The excluded sleep assessment tools were primarily not prop-
erly validated, not developed to measure sleep separately, or 
only a sub-scale of a larger test battery. 

CONCLUSIONS

Patients with CHD experience sleep disturbances (both in ar-
chitecture and amount of sleep), which seem to be most aggra-
vated in relation to an acute coronary event. The disturbances 
seem to normalize in the months following ACS; however, 
the exact trajectory of sleep disturbances is not known due 
to the limited usage of repeated measure design. In patients 
with more severe ischemic disease, sleep disturbances seem 
to be more prevalent. Future observational studies using re-
peated measure sleep assessment and thorough comorbidity 
assessment are warranted. Such studies should also investigate 
the clinical impact of disturbed sleep on mortality, recurrence, 
and quality of life, before potential intervention trials are tested 
in a disease specific setting.

ABBRE VI ATIONS

ACS, acute coronary syndrome
AHI, apnea-hypopnea index
AP, angina pectoris
CHD, coronary heart disease
CPAP, continuous positive airway pressure
CABG, coronary artery bypass grafting
CCU, coronary care unit
EF, ejection fraction
ISI, Insomnia Severity Index
ITT, Intention to treat
IHD, ischemic heart disease
MI, myocardial infarction
NOA, number of awakenings
NYHA, New York Heart Association
PCI, percutaneous coronary intervention
PSQI, Pittsburgh Sleep Quality Index
PSG, polysomnography
PRISMA, preferred reporting items for systematic reviews 

and meta-analysis
REM, rapid eye movement
RR, relative risk
SDB, sleep-disordered breathing
SE, sleep efficiency
SL, sleep latency
S1, stage N1 sleep
S2, stage N2 sleep
S3, stage N3 sleep 
S4, stage N4 sleep
SWS, slow wave sleep
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TST, total sleep time
UA, unstable angina
WASO, wake after sleep onset
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Appendix 1—Sleep evaluation tools.

Objective Sleep Assessment Tools
•	 Polysomnography
•	 Actigraphy 

Self-Reported Sleep Assessment Tools
Valid
•	 Pittsburgh Sleep Quality Index (PSQI)
•	 Insomnia Severity Index (ISI)

Invalid
•	 Uppsala Sleep Inventory (validation data never published in peer review)
•	 Epworth Sleepiness Scale (ESS) (only evaluates sleepiness during daytime) 
•	 Verran and Snyder-Halpern Sleep Scale (VSH) (summation of VAS scales and not properly validated)
•	 Groningen Sleep Quality Score (no validation article available or referenced) 
•	 Berlin Questionnaire (developed to evaluate SBD and not sleep)
•	 Richard Sleep Questionnaire (not properly validated) 
•	 STOP-Bang Questionnaire (developed to evaluate SBD and not sleep)
•	 SF-36 (not developed to measure sleep specifically and not validated) 
•	 Karolinska Sleepiness Scale (not properly validated)

 


