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ABSTRACT

Background: A number of clinical guidelines recommend that all cardiac rehabilitation patients should be
screened for potential sleep disorders with a validated screening instrument. There is currently no
consensus on what specific tools should be used.
Objective: To identify tools that are practical to use in the clinical environment and have high diagnostic
accuracy.
Methods: We systematically searched online databases to identify patient reported outcome instruments
that have been used in published research studies to assess the likelihood of obstructive sleep apnoea
(OSA) in cardiac patients. In studies that provided diagnostic data, these data were extracted and verified
via an evidence-based diagnostic calculator. Where sufficient numbers of studies were available, a meta-
analysis was conducted to determine pooled estimates of specificity, sensitivity and diagnostic odds
ratios. Selected papers were qualitatively assessed using the Standards for Reporting Diagnostic accuracy
studies (STARD).
Results: Of the 21 instruments identified, six detected likelihood of OSA, two assessed daytime sleepi-
ness, five assessed insomnia and eight examined sleep quality. A meta-analysis of 14 studies that
assessed diagnostic accuracy of moderate OSA, revealed moderate sensitivity for the Berlin Question-
naire, Sens = 0.49 (95% CI 0.45—0.52) and good sensitivity for the Stop-BANG, Sens = 0.93 (95% CI 0.87
—0.96) but poor specificity at standard cut-off criteria.
Conclusion: There are promising practical tools available to screen patients with OSA and other sleep
disorders in cardiac rehabilitation settings, but specificity could be improved. Additional assessment of
sleep quality may enhance prognostic ability with both OSA and insomnia screening.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

developing cardiovascular disease (CVD) [1,2] and have a high
prevalence in cardiac patients [3]. Similarly, it is estimated that

Sleep-related breathing disorders such as obstructive sleep close to 40 percent of all patients living with CVD also have
apnoea (OSA) have been associated with increased risk of insomnia [4,5], a condition which has been associated with

increased comorbidity [6,7], poor diet [8], depression [9], daytime
dysfunction [10] and reduced quality of life [11]. Both conditions
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peutic modifiable risk factor targets in cardiac patients [12]. There
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is also a high prevalence of comorbid insomnia and OSA (COMISA)
with global estimates as high as 42% [13] With both conditions
there is growing evidence that screening and treatment may assist
specific aspects of rehabilitation and recovery in sub-groups of
patients [14,15]. For patients with COMISA, screening for both
conditions is advised since suboptimal treatment pathways may be
considered if only one condition is detected [16]. Despite this
growing evidence base and consensus that screening for these
sleep disorders is beneficial [17], there have been very few diag-
nostic evaluations of relevant instruments specifically for cardiac
patients.

The reference standard for identification of sleep-related
breathing disorders is polysomnography (PSG) [18] and for
insomnia is a structured clinical interview conducted by a trained
clinician consisting of a thorough evaluation of current sleep—wake
behaviour and sleep history, and additional PSG if comorbid sleep
conditions such as OSA is suspected [19,20]. Both diagnostic ap-
proaches are time consuming, expensive and often impractical as a
means of screening patients [21,22]. In the clinical setting such as
cardiac rehabilitation, valid, convenient and effective tools that
assist professionals to identify patients with potential sleep disor-
ders are needed [17]. An ideal screening tool is one that in-
corporates easily-obtained information to accurately predict the
probability of presence or absence of a disease in a patient [23]and
therefore have high diagnostic accuracy. However, at present there
is little consensus on the most appropriate non-objective instru-
ment to use for a given sleep disorder and for a given sub-set of
cardiac patients.

Better screening for cardiology patients is critical to ensure ac-
curate and timely diagnosis and treatment of their sleep disorder in
order to reduce its’ impact on cardiovascular symptoms. The pri-
mary aim of this paper, therefore, is to assess the diagnostic accu-
racy for subjective instruments that identify two major sleep
disorders in patients with CVD: obstructive sleep apnoea and
insomnia. A secondary aim is to identify the most appropriate in-
struments that assess sleep quality with these patients.

2. Methods

The protocol for this analysis is registered in PROSPERO
(CRD42020171062). In line with the COnsensus-based Standards
for the selection of health status Measurement INstruments (COS-
MIN) protocol for systematic reviews of measurement properties,
we defined the following:

1) Constructs of interest, ie, obstructive sleep apnoea, insomnia,
sleep quality

2) Population of interest, ie, cardiac patients (acute coronary syn-
drome (ACS), patients who have undergone major surgical
procedures such as coronary artery bypass graft surgery
(CABGS), atrial fibrillation patients, heart failure patients)

3) Type of measurement instrument, ie, subjective, self-report,
observer ratings

4) Measurement properties, ie, reliability, validity, interpretability,
and clinical utility

2.1. Search strategy

Databases including MEDLINE (PubMed), Embase, Cochrane
Database and PsycINFO (Ovid) were searched by MLG with repli-
cation by A], to identify patient reported outcome instruments that
have been used to assess the likelihood of sleep disorders in cardiac
patients published from 1 January 2010 to 25 August 2020. An
example of a PubMed search strategy is provided in the
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supplementary material (Appendix 1). We also searched for
ongoing, recently completed and unpublished clinical studies,
conference proceedings and reference lists of selected studies. After
screening, a total of 380 papers were assessed for eligibility (Fig. 1)
with 145 included in the qualitative analysis and 19 providing
validation data.

2.2. Data extraction

The main purpose of our review was to find instruments that
were currently used by health professionals to identify sleep dis-
orders in cardiac patients, therefore, extraction data was limited to
the last 10 years. We collected information about study character-
istics and quality using a standardized data collection form. The
following characteristics were included: instrument name, cardiac
diagnosis, sample size, age, proportion of females, country, study
setting, study design, recruitment method and response rate. We
recorded accuracy data for the various instruments according to
specific cut-off scores and diagnostic levels of severity (AHI) in
contingency tables (see Supplemental Table 2).

2.3. Assessment of validation studies

2.3.1. Obstructive sleep apnoea

Where available, data were extracted and verified via an online
evidence-based diagnostic calculator, the NIHR DEC Newcastle tool
for assessing the technical accuracy of a diagnostic test [24]. As
recommended by standard guidelines for conducting reviews of
diagnostic studies [25] the method involved reconstructing a
diagnostic two by two table for true positive, false positive, true
negative and false negative cells. The following indices were
calculated: sensitivity [probability that a test result will be positive
when the disease is present (true positive rate)]; specificity
[probability that a test result will be negative when the disease is
not present (true negative rate)]; positive predictive value (proba-
bility that the disease is present when the test is positive); negative
predictive value (probability that the disease is not present when
the test is negative); positive likelihood ratio [ratio between the
probability of a positive test result given the presence of the disease
and the probability of a positive test result given the absence of the
disease, ie, = True positive rate/False positive rate = Sensitivity/(1-
Specificity)]; negative likelihood ratio (ratio between the proba-
bility of a negative test result given the presence of the disease and
the probability of a negative test result given the absence of the
disease, ie False negative rate/True negative rate (1-
Sensitivity)/Specificity; global accuracy: overall probability that a
patient will be correctly classified). In addition, the Diagnostic Odds
Ratio (DOR) was calculated, a single indicator of test accuracy that
incorporates sensitivity and specificity and is not affected by the
prevalence of the target disease [26].

2.3.2. Insomnia

To be considered for validation in this meta-analysis, any study
must include, in addition to the instrument, some standard diag-
nostic criteria for insomnia. Suitable criteria for reference include
the International Statistical Classification of Diseases and Related
Health Problems [ICD] [27], the Diagnostic and Statistical Manual of
Mental Disorders [DSM] [28], or International Classification of
Sleep Disorders [ICSD] [29].

2.3.3. Quality of included studies

We based our assessment of quality on the Standards for
Reporting Diagnostic accuracy studies (STARD 2015) [30,31] The
STARD checklist consisted of 30 questions that were weighted
equally (yes = 1, no = 0). The total score (out of 30) was calculated
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Fig. 1. Flow diagram of the reviewing process according to PRISMA.

for each study by two raters. Each article was assessed indepen-
dently by two readers using a standard form. Disagreements were
resolved by consensus discussion or arbitration by a third reviewer.

2.3.4. Meta-analysis

Where sufficient data were available, we performed bivariate
meta-analyses using methods described by Reitsma et al. [32] to
obtain pooled estimates of specificity and sensitivity. Our meta-
analysis used a random effects model and summary receiver
operating characteristic (SROC) curves were derived from Meta-
Disc [33] version 1.4 (Hospital Ramony Cajal, Madrid, Spain).
Additional parameters were calculated using the Metandi software
[34] addon for Stata 16.0 (StataCorp, College station, TX, USA). The
parameters from pooled data were calculated and forest plots were
created for the predictive parameters using the DerSimonian and
Laird random effect model [35] Diagnostic Odds Ratios (DOR) and
receiver operating curve (ROC) analysis was presented to assess the
diagnostic ability of each instrument. The criteria for AUC classifi-
cation were 0.90—1 (excellence), 0.80 to 0.90 (good), 0.70 to 0.80
(fair), 0.60 to 0.70 (poor), and 0.50 to 0.60 (failure) [36] The extent
of heterogeneity was assessed using the inconsistency index (I-
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squared) (I? >33%:heterogeneity present) [37] and the Cochrane Q
test (P value < 0.05: heterogeneity present). Additionally, the
Spearman correlation coefficient was calculated to verify whether
heterogeneity could be explained by a threshold effect [25]. A
strong positive correlation between sensitivity and specificity
would suggest threshold effect and the results will present a
“shoulder-arm” point distribution on the SROC curve [33]. Publi-
cation bias was assessed using Deek's funnel plot asymmetry test
(P < 0.05 indicates the presence of publication bias), the preferred
method for meta-analysis of diagnostic accuracy [38]. At least four
studies had to have diagnostic accuracy available in order to
conduct pooled estimates for a given test at specific OSA severity
levels.

3. Results

3.1. Instruments identified

A total of 22 instruments were identified that have been used in
research studies involving cardiac patients (five for detecting
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likelihood of OSA, two for assessment of daytime sleepiness, five for
insomnia and eight for sleep quality (see Table 1).

3.2. Diagnostic accuracy of instruments that predict probability of
OSA

There were 19 studies conducted with cardiac patients that have
examined validity of subjective measures with objective measures
(Table 2). The studies included a total of 3692 patients (15.9% fe-
male) with mean age ranging from 54 to 70 years. OSA prevalence
in these studies varied considerably, from 36% to 87% for mild OSA
and from 10% to 63% for moderate OSA. The 11 studies that were
conducted with the Berlin Questionnaire (BQ) indicated better
sensitivity than specificity. Moderate levels of overall accuracy
were obtained with best results obtained for mild levels of OSA
(AHI >5/hour). Most of the studies demonstrated poor specificity
with between half to three-quarters of each sample being false
positive at the standard cutoff. Validity of the STOP-Bang (9 studies)
was also mixed and depends largely on the severity of OSA and the
cut-off chosen. The standard cutoff >3 tended to perform poorly
with overall accuracy varying between 40 and 50%. Mason et al.
[39] and Nunes et al. [40] using the gold standard PSG for validation
found better specificity and less chance of false positives when the
cut-off value was raised to 5 or 6. With atrial fibrillation patients,
Abumuamar et al. [41] conducted a fine grained validation of the
STOP-Bang assessing every cutoff level from 3 to 6 at mild and
moderate OSA severity levels. As observed in the studies with ACS
patients, the ability to prevent false positives improved with
increased cutoff values, but overall accuracy peaked at a cutoff
value of 5; increasing the cutoff value also reduced sensitivity of the
test. At best the global accuracy of the STOP-Bang at any combi-
nation did not exceed 66% and the ROC was of moderate predictive
value at 0.74. Two studies also compared the diagnostic accuracy of
level 3 portable at home sleep study devices with the gold standard,
PSG [42,43]. In both studies, all subjective measures could not
match the diagnostic accuracy of a level 3 portable device which
obtained between 82 and 89% global accuracy at mild levels of
severity, compared to between 61% and 69% global accuracy for the
BQ and STOP-Bang. Overall, the STOP-Bang in cardiac patients did
not perform as well as the reference group (eg, non-cardiac surgery
patients) [44]. The Epworth Sleepiness Scale (ESS) performed
poorly with all types of patients in all studies with global accuracy
below 50% [45].

Meta-analysis of diagnostic accuracy was conducted for the BQ
and Stop-Bang (cut-off >3) at mild (AHI >5) and moderate OSA
levels (AHI >15). There were insufficient studies available to assess
pooled data for severe OSA (AHI >30), or for other instruments
apart from the BQ and Stop-BANG. Diagnostic accuracy forest plots
and ROC are presented in Fig. 2 (BQ) and 3 (Stop-Bang). The pooled
diagnostic accuracy calculations (Table 3) confirmed only fair
sensitivity for the BQ (0.49) and good sensitivity (0.93) for the Stop-
BANG for predicting probability of patients with moderate OSA.
However, with specificity, the test's ability to correctly reject
healthy patients without OSA, the BQ performed slightly better
(0.66) and the Stop-BANG performed poorly (0.15). Overall global
accuracy as determined by the AUC was marginally better for the
Stop-Bang. A similar pattern of results was observed for mild OSA
levels (AHI >5) with relatively better sensitivity in the Stop-Bang
compared to the BQ and poor to moderate specificity in both in-
struments. At both levels of OSA severity the Stop-Bang exhibited
higher diagnostic odds ratios and AUROC than the BQ indicating
better overall accuracy in prediction.

The 1? calculations indicated that high heterogeneity existed
among eligible studies particularly for the Stop-Bang. To verify
whether this heterogeneity could be explained by a threshold
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effect, the Spearman approach was applied. A value 0f0.100
(p = 0.873) for the BQ and 0.200 (p = 0.800) for the Stop-Bang
indicated the absence of the threshold effect in our meta-
analysis. Hence, heterogeneity should be explained by other fac-
tors such as different clinical or sociodemographic characteristics
and differences in the study design. We conducted a meta-
regression analysis to assess whether covariates such as affected
the relative diagnostic odds ratio (RDOR). There were no significant
effects of all covariates on the RDOR: impact of diagnostic category
(ACS versus patients with Atrial Fibrillation) (coef = 0.47, p = 0.127,
RDOR 1.60 95% CI 0.87—2.97); percentage female in each study
(coef = 0.03, p = 0.164, RDOR = 1.03 95% CI = 0.98—1.07); reference
(PSG or portable monitor) (coef = 0.47,p = 0.127, RDOR = 1.60 95%
CI 0.87—2.97) and quality of study (coef = —0.048, p = 0.135,
RDOR = 0.95 95% CI 0.89; 1.02).

Inter-rater agreement on quality of included studies was sub-
stantial (Kappa = 0.64, 72% agreement, SE = 0.10) Publication bias
as assessed by Deek's funnel plot asymmetry test revealed no bias
for the BQ (p = 0.11) or Stop-Bang (p = 0.85).

3.2.1. Other studies that have assessed probability of OSA in cardiac
patients

A total of 24 studies, including the 19 that provided diagnostic
accuracy details, were identified that assessed OSA in cardiac pa-
tients (Supplemental Table 4).

3.3. Insomnia

A total of 23 studies were identifies that measured insomnia in
studies with cardiac patients. Insomnia has been assessed in car-
diac patients initially in the hospital/coronary care setting but more
recently in cardiac rehabilitation programs and ehealth settings
(Supplemental Table 5). There were no studies identified that
specifically provided diagnostic accuracy information with cardiac
patients. As shown in Supplemental Table 5, one tool, the Insomnia
Severity Index (ISI), was most frequently used in this domain (over
80% of studies assessing insomnia) and has proven suitable for
adaptation in a variety of settings. Importantly, this measure has
been shown to be responsive to change following cognitive based
interventions for insomnia [46—49] and has been widely used in a
variety of settings with patients presenting a wide range of car-
diovascular conditions.

Other instruments that have been used to assess insomnia
symptoms with cardiac patients include the Pittsburgh Sleep
Quality Index, Bergen Insomnia Scale, Dysfunctional Beliefs and
Attitudes about Sleep (DBAS) and Insomnia Symptoms from the
Sleep Habits Questionnaire.

3.4. Sleep quality

Over 90% of studies that assessed sleep quality in cardiac pa-
tients (Supplemental Table 6) used the Pittsburgh Sleep Quality
Index. Sleep quality has been utilised in a variety of settings and has
been associated with factors such as demographics [49—54],
severity of cardiac condition [49,53—56], further adverse cardiac
events [57], medication usage [58], cognitive impairment [59],
anxiety and depression [54,60,61], quality of life [62—64], Type D
personality [65], post-traumatic stress [66], exercise tolerance
[67,68], cardiac rehabilitation attendance [69,70] and has been used
in a variety of interventions as either a primary or secondary
outcome [49,71-75].
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Table 1

Characteristics of identified instruments that have been used in research with cardiac patients.

Sleep Medicine 86 (2021) 135—160

Domain/Tool name Components No.  Range of scores  Standard cutoff Time to complete Mode Recall period
items score
Obstructive Sleep Apnoea
Berlin Snoring 10 0-10 2 or more 5—10 min Self Lifetime
Questionnaire Daytime somnolence categories positive
[109] Hypertension & BMI
STOP [44] 0OSA 4 0—4 1 min Self Lifetime
STOP-BANG OSA 8 0-8 >3 1-3 min 2 items staff/6 Lifetime
[44,104] items self
NoSAS Score [110]  OSA 5 0-17 >8 Staff
Mallampati score OSA 1 1-4 class 3 or 4 2 min Clinician Present
[111]
Sleep Apnea Scale  Sleep disturbances due to sleep apnoea 8 0-60 In sleep clinic 8 min Self Lifetime
of Sleep and sleep apnoea risk factors patients
Disorders 36 for men
Questionnaire 32 for women
[112]
Daytime Sleepiness
Epworth Sleepiness Sleep propensity in daily situations 8 0-24 >10 8 min Self 1—4 weeks
Scale [113]
Stanford Sleepiness current state 1 1-7 No cutoff 1 min Self At current time
Scale [114] of sleepiness
Insomnia
Insomnia Severity  Insomnia 7 028 15—21 = Clinical 5 min Self Last 2 weeks
Index [115] insomnia
Athens Insomnia Insomnia 8 0-24 >6 5 min Self Last month
Scale [88]
Jenkins Sleep Scale Insomnia 4 0-5 2 2 min Self Last month
[116]
Vicious cycles of Insomnia 8 0-32 5—7 min Self
sleeplessness
scale [117]
Bergen Insomnia Insomnia 6 0-42 Scoring 3 or above 3 min Self Last month
Scale [118] on at least one of
the first four items
and scoring 3 or
above on at least
one of the last two
items
Sleep quality
Functional Activity level, vigilance, intimacy and 30 0-100 >18 = normal sleep 10—15 min Self At current time
Outcomes of sexual relationships, general
Sleep productivity, social outcome
Questionnaire
Functional [119] Activity level, vigilance, intimacy and 10 5-20 >18 = normal sleep 2—5 min Self At current time
Outcomes of sexual relationships, general
Sleep productivity, social outcome
Questionnaire
(FOSQ-10) [78]
Pittsburgh Sleep Sleep quality, latency, duration, 19 0-19 >5 “bad sleepers” 10 min Self Previous month
Quality Index habitual sleep efficiency, sleep
[120] disturbances, medications,
daytime dysfunction
Verran and Snyder- Disturbance (sleep fragmentation and 16 0-700 Scores of the three 5—10 min Self 15 Visual Previous night
Halpern Visual  latency), Effectiveness (Alteration in Disturbance. 0 subscales were analogue items, 1
Analogue Sleep  sleep pattern, Dissatisfaction with —600 categorized into item computed by
Scale [121] sleep, Feeling unrested), and Effectiveness, 0 three levels staff
Supplementation (Difficulty in daily —400
functioning, Difficulty initiating sleep) Supplementation
Richards-Campbell Sleep depth, sleep latency, number of 0-100 Scores over 50 2—5 min Self but items read Previous night
Sleep awakenings, efficiency, and sleep indicative of sleep aloud by staff
Questionnaire quality problems recommended, 5
[122] Visual analogue
items
Uppsala Sleep 80
Inventory [123]
Uppsala Sleep Sleep complaints, physical and 26
Inventory- emotional arousals, daytime symptoms,
Chronic Heart sleep need, and sleep disruption
Failure [124]
Jenkins Sleep Scale Sleep latency, frequent awakenings, 4 0-20 Higher scores 2—5 min Self Past month

[116]

trouble remaining asleep, and
subjective feelings of fatigue and
sleepiness

indicative of sleep
problems

Abbreviations: OSA: obstructive sleep apnoea; BMI: body mass index.

139



M.R. Le Grande, A.C. Jackson, A. Beauchamp et al. Sleep Medicine 86 (2021) 135—160

Table 2
Validation of tool to assess probability of obstructive sleep apnoea in patients who have cardiac illness.
Study Diagnosis OSA prevalence Validation method Diagnostic  Instrument cutoff ~ Sensitivity Specificity PPV NPV Overall
AHI accuracy
% (95% CI)
Shapira-Daniels Afib 82% mild Type Il portable AHI > 5 SB>3 81 42 87 33 74(67-80)
et al. (2020) [97] 45% moderate monitoring
Mohammadieh Afib 68% mild PSG AHI > 10 Mallampati >3 67 56 60 64 1(53—-69)
et al. (2019) [43] 34% moderate BQ 61 69 67 64 5 (57—73)
15% severe SB>5 44 94 89 63 9 (61-77)
ESS >10 17 81 46 49 49 (40-57)
Type 3 mon 81 83 83 81 2 (75—88)
Calcaianu et al. ACS 68% mild PSG AHI >15 BQ 46 93 95 38 9 (44-72)
(2019) [125]
Kadhim et al. Afib 66% mild PSG AHI > 5 ESS >6 45 62 70 37 48 (43-53)
(2019) [126] ESS >10 16 87 70 35 40 (36—45)
34% moderate AHI >15 ESS >6 49 61 39 70 57 (43-53)
ESS >10 21 87 45 68 65 (60—69)
Mason et al. (2018) CABGS 47% mild Nocturnal oximetry oxygen ODI >5/hr SB >3 95 5 47 50 47 (38-56)
[39] SB>6 32 75 53 56 54 (48-61)
10% moderate desaturation index (ODI) ODI >15/hr SB >3 100 6 48 100 55 (46—64)
SB > 6 75 77 27 97 6 (70—81)
Reuter et al. (2018) CVD 38% mild Type III portable AHI >15 BQ 73 42 43 72 4 (42—65)
[127] monitoring SB >3 97 12 40 88 45(34-56)
Abumuamar et al.  Afib 85% mild Type Il portable monitoring AHI >5 SB>3 89 36 8 5 39 (29—-49)
(2018) [41] SB > 6 16 100 100 0 29 (20—-39)
60% moderate AHI >15 SB >3 100 19 65 100 67 (60-77)
SB>6 14 86 62 40 43 (33-54)
Cho et al. (2017) ACS 37% moderate PSG AHI >15 BQ 58 66 50 73 63(49-76)
[128] SB >3 53 50 37 64 50(36—-64)
Jonasson et al. Afib 85% mild Type III portable AHI > 10 SB>3 68 (59—76)
(2017) [129] 49% moderate monitoring NoSAS 69 (61-77)
Acoustic 51 (41-60)
pharyngometry
Nunes et al. (2015) CABGS 52% moderate PSG AHI >15 BQ 67 26 50 42 7 (31-63)
[40] STOP 100 5 50 33 9 (34-66)
SB >3 90 5 51 33 1(35-67)
SB >4 86 26 56 63 55 (44—66)
SB>5 52 47 50 50 0 (39-61)
SB>6 29 74 55 48 3 (41-64)
SB>7 5 95 50 47 50(39-61)
Szymanski et al. ACS 63% mod moderate Type III portable AHI >15 OSACS score AUC 0.87
(2015) [130] monitoring
Zhao et al. (2015) CABGS 79% mild Portable monitoring AHI > 5 BQ 48 66 84 25 51(43-59)
[131] wristworn
Lee et al. (2016) PCI 45% mild Type III portable AHI >15 BQ 43 72 56 61 59(56—62)
[132] monitoring
Pittman et al. Afib 36% mild Nocturnal oximetry ODI >5/hr SB >3 97 43 49 97 63(52-72)
(2014) [133]
Martinez et al. Angina 44% moderate Type III portable AHI >15 BQ 72 50 53 70 60 (46-73)
(2012) [134] monitoring
Danzi-Soares et al.  CABGS 87% mild PSG AHI > 5 BQ 72 44 90 19 9 (56—79)
(2012) [42] 54% moderate AHI >15 ESS >10 27 89 88 20 34(23-47)
Type 3 mon 92 67 95 55 9 (79—-95)
BQ 74 34 57 52 6 (43—68)
ESS >10 21 71 49 39 4 (33-57)
Type 3 mon 66 78 78 66 1(59-82)
Laportaetal.(2012) CVD 75% mild PSG AHI >5 BQ 81 39 80 41 0 (60—80)
[135] 44% moderate AHI >10 CDSS 99 87 96 95 96 (89—-99)
BQ 85 37 52 76 8 (48—69)
CDSS 98 82 81 98 9 (81-95)
Sert Kuniyoshi et al. MI 73% mild PSG AHI >5 BQ 68 46 77 34 2 (51-71)
(2011) [129] 46% moderate AHI >15 65 36 47 54 9 (39-60)
21% severe AHI >30 71 37 23 83 4 (34—55)
Capodanno et al. Angina 85% mild Type III portable AHI >15 ESS >8 42 66 87 17 6 (40—51)
(2011) [45] monitoring

Abbreviations: OSA severity: mild AHI >5 mod (moderate) AHI >15 severe AHI >30; Afib = atrial fibrillation; CABGS = coronary artery bypass surgery; MI = myocardial
infarction; PCI = percutaneous coronary intervention; CVD = cardiovascular disease; AHI: apnoea-hypopnoea index; ODI = oxygen desaturation index;
PSG = polysomnography; BQ = Berlin Questionnaire; ESS = Epworth Sleepiness Scale; NoSAS = SB = Stop-Bang; CDSS= Clinical Decision-Support System; PPV = positive
predictive value; NPV = negative predictive value; AUC = area under curve.

4. Discussion insomnia and sleep quality. With the absence of published diag-
nostic accuracy tests for insomnia and sleep quality in cardiac pa-

This review examined three major categories of instruments tients, meta-analysis of diagnostic accuracy tests for this population
relevant to screening sleep disorders in cardiac patients: OSA, was only possible for moderate OSA. For OSA screening, a
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Fig. 2. Diagnostic accuracy forest plots and receiver operating characteristics for the Berlin Questionnaire at moderate OSA severity (AHI >15).

comparison of the BQ and the Stop-Bang, revealed acceptable
sensitivity for the BQ and good sensitivity for the Stop-Bang, but
poor specificity for both instruments. An ideal diagnostic test in a
population such as cardiac patients with a high prevalence and
therefore high pre-test probability of disease, should have higher
sensitivity while maintaining high specificity [76]. The high sensi-
tivity of the STOP-Bang instrument, and to a lesser extent, the BQ,
can assist health professionals identify patients with high risk of
moderate-to-severe OSA, but the low specificity, evident in both
instruments, means that there is also a high probability that many
patients will be unnecessarily referred to PSG testing.

An obvious solution to increase the specificity of the Stop-Bang
is to increase the cut-off value from the standard score of >3.
Perhaps the best demonstration of this is the study by Nune et al.
[40] where a cut-off of 3—7 was used for a cohort of CABGS patients.
As the STOP-Bang cut-off was increased, the sensitivity decreased
and specificity increased. Similarly, using cut-off scores of 5 or 6 for
patients with atrial fibrillation, resulted in good specificity but poor
sensitivity [41,43]. Another possible solution is to use a combina-
tion of tests to increase accuracy. An example of this has been
demonstrated in primary care settings [77], where a combination of
ESS (cut-off >8) and Stop-Bang scores improved specificity or
sensitivity, over and above the Stop-Bang alone. Alternatively, it has
been argued that the poor diagnostic accuracy of the ESS shows
that this method is not clinically appropriate and it would be
preferable to add low cost (portable Type III) diagnostic testing to
increase specificity [18]. Further, there is evidence that OSA is a
heterogenous condition with a variety of clinical and pathophysi-
ologic characteristics and the asymptomatic (non-sleepy) pheno-
type is commonly seen among cardiac patients, meaning that ESS
scores will therefore be largely irrelevant in many of these patients.
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Perhaps a combination of brief tools such as the Stop-Bang and a
brief measure of functional outcomes (eg. the FOSQ-10 [78]) and
routinely collected clinical scores (eg, Mallampati score) may
maximise predictive ability while keeping assessment practical.
Research with combinations of tools such as these is still at a pre-
liminary stage [79].

To date, insomnia assessment, has not been validated in cardiac
patients against the gold standard diagnostic interview. The most
frequently used instrument, the ISI, has been well validated in non-
cardiac populations such as those with chronic and primary
insomnia [80,81], primary care outpatients [82], cancer patients
[83], and patients with back pain [84] and is recommended by The
American Academy of Sleep Medicine (AASM) as an important
quality and satisfaction outcome measure [85]. A meta-analysis of
validation studies for the ISI in other patient groups have demon-
strated good pooled sensitivity (0.88: 0.79 to 0.93) and specificity
(0.85:0.68 to 0.94) indicating high diagnostic ability with a high
diagnostic odds ratio [86]. These diagnostic properties, combined
with its practicality (eg, brief and easy to administer and score,
suitable for online administration [87]) establishes it as the domi-
nant instrument in this category. An alternative choice to assess
insomnia is the PSQI However, like the ISI, it has not been specif-
ically validated with cardiac patients despite its widespread use. In
comparison to the ISI, however, the PSQI has lower pooled speci-
ficity [0.75 (0.64—0.84)] [86], and is 12 items longer than the ISI as it
also measures other areas of sleep disturbance. Another respected
instrument is the Athens Insomnia Scale [88] which is brief and
comparable to the ISI in diagnostic accuracy [86,89] but has been
included in very few published research papers.

It should be noted that insomnia assessment may be particularly
important for heart failure patients because of the high prevalence



M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

Sensitivity (95% CI)
————@ Mason 2018 1.00 (0.74-1.00)
——@)| Reuter2018 0.97 (0.84-1.00)
——4@ Nunes 2015 1.00 (0.84-1.00)
i —@ Abumuamar 2018 1.00 (0.94-1.00)
— i 1| Cho2017 053 (0.29-0.76)
P
T
i
[ _
Pooled Sensitivity = 0.93 (0.87 to 0.97)
Chi-square = 37.01; df = 4 (p = 0.0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 89.2 %
Sensitivity
A. Sensitivity
Diagnostic OR (95% CI)
7}7.7 Mason 2018 1.81 (0.10-33.67)
— Reuter 2018 472 (0.55-40.26)
T . 2 Nunes 2015 3.49 (0.13-90.86)
i| —————@—{| Abumuamar 2018 27.38 (1.51-495.39)
- Cho 2017 1.05 (0.34-3.24)
: * Random Effects Model
andom ects Model
q Pooled Diagnostic Odds Ratio = 2.68 (0.84 to 8.55)
Cochran-Q = 5.53; df = 4 (p = 0.2372)

100.0 Inconsistency (I-square) = 27.7 %

Diagnostic Odds Ratio Tau-squared = 0.4932

C. Diagnostic odds ratio

Sleep Medicine 86 (2021) 135—160

Specificity (95% Cl)
e Reuter 2018 042 (0.28-057
+ Sert-K 2011 0.36 (0.23-0.50
e ! Nunes 2015 026 (0.09-051
— Danzi-§ 2012 034 (019-053
° Martinez 2012 050 (0.32-068
e Cho 2017 067 (048-0.82
. Pooled Specificity = 0.43 (0.36 to 0.50)
Chi-square = 12.54; df = 5 (p = 0.0281)
0 02 04 06 08 1 Inconsistency (-square)=60.1%
Specificity
B. Specificity
Sensitivity SROC Curve
4 e
L
/ Symmetric SROC
09 AUC = 0.6591
SE(AUC) = 0.0896
i L s Q" =0.6208
08 e ' SE(Q")=0.0697

07

06

05

0 02 04 06 08 1
1-specificity

D. Summary receiver operating
characteristic (SROC)

Fig. 3. Diagnostic accuracy forest plots and receiver operating characteristics for the Stop-Bang instrument using standard cutoff of >3 and moderate OSA severity (AHI >15).

Table 3
Pooled estimates of predictive values for diagnosing mild and moderate sleep apnoea in patients with acute coronary syndrome and atrial fibrillation.
Instrument No of studies Sensitivity Specificity Positive likelihood Negative likelihood Diagnostic DOR AUROC (SE)
(95% CI) (95% CI) ratio ratio odds ratio Inconsistency
(95% CI) (95% CI) (95% CI) (I-square)
Mild OSA
Berlin Questionnaire 4 0.64 (0.58—0.69) 0.42 (0.34—0.51) 1.16(0.97—1.38)  0.77 (061—0.98) 1.61(1.01-2.56) 0.10 (p = 0.54) 0.58 (0.04)
Stop-BANG >3 4 0.88 (0.83—0.91) 0.29 (0.22—0.37) 1.34(0.85—2.12)  0.34 (0.14-0.82) 4.17 (1.38—12.59) 58.3 (p =0.07) 0.72(0.08)
Moderate OSA
Berlin Questionnaire 8 0.49 (0.45—-0.52) 0.66 (0.63—0.69) 1.27 (1.04-1.55)  0.77 (0.71-0.83) 1.86 (1.42-2.43) 0.10 (p = 0.55) 0.60 (0.02)
Stop-BANG >3 5 0.93 (0.87-0.96) 0.15(0.11—0.20) 1.09 (1.03—1.17)  0.38 (0.10—1.41) 2.68 (0.84-8.55) 13.0 (p = 0.33) 0.66 (0.09)

Abbreviations: OSA = Obstructive sleep apnoea, AUROC = area under receiver operator curve, Cl = confidence interval, SE = standard error.

in these patients [90,91] and the biological mechanisms that may
underlie the associations between insomnia and heart failure [92].
The studies described in this paper indicate a growing evidence
base showing that interventions such as cognitive behaviour ther-
apy have beneficial effects on important outcomes such as
perceived sleep quality, sleep duration anxiety, depression and fa-
tigue [47,48,93].

It is important to assess sleep quality in cardiac patients since
there is evidence that improving the quality of sleep, rather than
simply increasing sleep duration, is important to the quality of
life and recovery [64]. It has also been recognised that conditions
such as OSA can severely affect sleep quality which is associated
with clinical depression [94] and reduced exercise capacity [95],
and it is therefore important to screen for sleep quality in
conjunction with OSA screening. The AASM have recommended
the PSQI as a standard measure of sleep satisfaction or quality
[85]and is the most commonly used measure of sleep quality in
the cardiac patient population. Although the PSQI is mostly used
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as a global score (eg, to assess the relationship of median sleep
quality score with depression [60]) the multidimensional aspects
have been confirmed with cardiac patients, with the individual
dimensions such as sleep efficiency also proving to be useful in
evaluation of quality of sleep [64] With the recognised need for
briefer instruments that have practical utility in clinical settings
[17], relatively new instruments such as the FOSQ-10 [78] (ten
items) have proven to be promising in replicating dimensions
obtained in longer instruments.

Having surveyed the sleep disturbance screening in-
struments in current use with cardiac patients we are in a
position to make some recommendations on what instrument
should be used (see Table 4). Given the high prevalence of OSA
[3], insomnia [4,5] or possibly COMISA [96] in patients living
with CVD, it may be advisable to screen for both OSA and
insomnia rather than focus on a single condition which may
inadvertently lead to inadequate or incorrect diagnosis and
suboptimal treatment [16].
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Table 4
Recommended available screening instrument for given diagnostic categories.

Sleep Disorder ACS/Post-Surgical/Atrial Heart Failure

fibrillation

Obstructive
Sleep Apnoea

Stop-BANG score

2 step method (Chung et al.
[104])

0-2 = confident low risk
3—4 = intermediate risk (step
2)?

>5 = confident high risk
(consider supplementing with
administration of ESS and
FOSQ-10)

Atrial fibrillation — use
objective measure if practical
Use objective measure (PSG or
portable home monitor)

Use PSG or portable
at home monitor

Central Sleep Apnoea Use objective

measure (PSG)

Insomnia Insomnia Severity Index ISI

Sleep Quality Pittsburgh Sleep Quality Index  PSQI
Functional Outcomes of Sleep-  FOSQ-10
10

Daytime Sleepiness Epworth Sleepiness Scale ESS

Abbreviations: ACS: acute coronary syndrome; CSA: central sleep apnoea; ISI:
Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index; FOSQ-10: Functional
Outcomes of Sleep Questionnaire; ESS: Epworth Sleepiness Scale; PSG:
polysomnography.

2 See (Chung et al. [104]) for further instructions.

Given the high prevalence of OSA and low specificity of
screening tools reported here, a conclusion could be reached that
ideally all patients should be directly referred to objective assess-
ment. Indeed, some of the authors in the papers under review here
have concluded the same [41,97] or suggest changes to cut-off
scores to improve specificity and predictive value [39]. A recent
European Respiratory Taskforce on OSA and driving risk concluded
that “questionnaires do not reliably rule in or rule out the presence
of OSA” [98].In practical terms however, it could be argued that any
potential increase in predictive ability offered by objective mea-
sures should be balanced against practical considerations such as
the increased burden on the health care team to collect clinical
variables [99], costs of sleep studies [100] and recognition that
objective sleep measurement may need to be completed on mul-
tiple occasions due to night to night variability of 0SA [101,102]. The
AASM Clinical Practice Guidelines recommend clinical pathways
that include “use of tools or questionnaires that capture clinically
important information that is reviewed by a board-certified sleep
medicine physician prior to testing”p.485 [103]. They further state
that these questionnaires should not be used for final diagnosis.
Similarly, the Australasian Sleep Association state that these tools
may assist clinicians in determining who is likely to have moderate
to severe OSA and who may be suitable to proceed directly to
objective sleep studies [ 18]. We believe this should be the approach
here. The tools are a practical means of assessing pre-test proba-
bility of moderate to severe OSA in settings such as cardiac reha-
bilitation but should certainly not be considered diagnostic
endpoints.

With consideration of the aforementioned caveats for OSA
screening, we recommend the Stop-Bang given its superior
sensitivity and DOR compared to the BQ. It should be noted that
the Stop-Bang has also been recommended for routine preoper-
ative assessment for cardiac patients in a recent review led by
interventional cardiologists [1]. However, given the poor speci-
ficity of the Stop-Bang, however it is advised to apply the author's
current two-step method for assessing risk [104]. With this
method if a patient's Stop-Bang score is 2 or lower, they are
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considered to be at low risk of OSA, and the possibility of those
patients having more severe levels of sleep apnoea can be confi-
dently ruled out. Conversely, when a patient has a STOP-Bang
score of 5—8, we can be highly confident that the patient actu-
ally has moderate to severe OSA. Patients who fall in the middle
with STOP-Bang scores of 3 or 4 can be further classified as having
a higher risk for moderate to severe OSA if one of four further
conditions are present ((1) the combination of a STOP score of >2
plus BMI > 35 kg/m2; (2) a STOP score of >2 plus male gender; (3)
a STOP score of >2 plus neck circumference > 40 cm (16 in); or (4)
a STOP-Bang score of >3 plus serum HCO3- > 28 mmol/L [104].
This two-step algorithm is yet to be validated with cardiac pa-
tients, however, so caution is advised if patients score in this
middle range and it may advisable to undertake objective mea-
surement if practical. Some researchers have suggested that
questionnaire screening with atrial fibrillation patients is inade-
quate given such low specificity and recommend objective
monitoring [41]. Since central sleep apnoea with Cheyne Stokes
respiration (CSA-CSR) is common in patients experiencing heart
failure [105], comprehensive objective measurement which in-
cludes assessment of oscillatory or periodic breathing patterns is
recommended. It should also be noted that many of the newer or
lesser known screening instruments, such as the OSA-50 [106],
have not yet been validated with cardiac patients and may still
prove to have good diagnostic accuracy. Other efforts to develop
and improve tools and screening algorithms for OSA are still un-
derway [79]. Given implications for prognosis and associated
psychosocial outcomes, it is also recommended to accompany OSA
screening with assessment of daytime sleepiness (ESS) and sleep
quality (PSQI or FOSQ-10). Despite the lack of validation studies
for cardiac patients, for insomnia screening, it is our opinion that
the ISI can still be recommended since it has achieved excellent
validation across a wide range of patient groups. The AIS is also a
possibility here with comparable diagnostic ability and clinical
utility to the ISI but does not have the proven track record of the
ISI with cardiac patients. For sleep quality, the PSQI has been the
dominant instrument and is probably preferred if assessment of
insomnia and sleep quality is required without administering the
ISI. For briefer screening the FOSQ-10 is recommended as an
accompaniment to the Stop-Bang when screening for OSA or the
ISI if screening for insomnia.

This meta-analysis has a number of limitations. First, the meta-
analysis of diagnostic accuracy was limited to diagnostic categories
and level of severity where a sufficient number of included studies
and given instruments were available, in this case moderate OSA
(AHI >15) with the BQ and Stop-Bang. It is likely and evident from
published results (see Table 2) that specificity may be improved
when the target condition is mild (OSA AHI >5 [41,107,108] or AHI
>10 [43]). Second, the heterogeneity observed in the meta-analysis
for the Stop-Bang was high. We ruled out the possibility of this
being due to a threshold effect or diagnostic category, but there are
many other clinical (eg, variation in co-morbidities) or study vari-
ables (eg, sample size, age and sex distribution variation) that could
potentially affect these pooled analyses. We used the random ef-
fects method, which is more suitable when heterogeneity exists but
clearly, further validation studies are required to improve the
robustness of these findings. Third, the review of insomnia and
sleep quality instruments is based on diagnostic accuracy obtained
in other patient groups together with qualitative assessment of
their use with cardiac patients. Finally, there is a recency bias
against instruments that have been validated or used in other pa-
tient populations but have yet to be used with cardiac patients or
are currently under development.



M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

5. Conclusion

The currently available, and most frequently used, instruments
(the BQ and Stop-Bang) can identify those cardiac patients most
likely to have moderate OSA, but tend to have poor specificity
which may result in a large number of false positives. Results from
any screening tool are a practical means of assessing pre-test
probability of moderate to severe OSA which should be confirmed
by objective measurement. Although insomnia instruments are yet
to be specifically validated with cardiac patients, the existing evi-
dence from a wide range of other patient populations and wide-
spread use in a variety of settings point to good diagnostic ability
and practical utility with the dominant instrument, the ISI. Both
categories of instrument can be supplemented with measures of
daytime sleepiness and sleep quality in order to obtain a more
comprehensive picture of the impact of the sleep disorders upon
prognosis and rehabilitation prospects.
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Appendix A

Supplemental Table 1
PubMed Search Strategy.

Search ((((((((myocardial infarction [MeSH Terms]) OR ((acute[Title/abstract])
AND (coronary[Title/abstract]) AND (syndrome[Title/abstract])) OR
(((myocard*[Title/abstract]) OR (heart[Title/abstract])) AND (infarct*[Title/
abstract])) OR (STEMI|[Title/abstract]) OR (((STelevation[ Title/abstract]) OR
(ST elevation|Title/abstract]) OR (ST-segmentelevation| Title/abstract]) OR
(ST segment-elevation[Title/abstract]) OR (STsegment elevation[Title/
abstract]) OR (ST segment elevation|[Title/abstract])) AND (infarct*[Title/
abstract])) OR (NSTEMI[Title/abstract]) OR (((Non-STelevation][ Title/
abstract]) OR (Non ST elevation|Title/abstract]) OR (Non-ST elevation[Title/
abstract]) OR (Non ST-elevation[Title/abstract]) OR (Non STsegment-
elevation[Title/abstract]) OR (Non ST segment-elevation|Title/abstract]) OR
(Non ST-segment elevation[Title/abstract]) OR (Non ST segment elevation
[Title/abstract]) OR (Non-ST-segment-elevation[Title/abstract]) OR (Non- ST-
segment elevation[Title/abstract]) OR (Non-ST segment elevation[Title/
abstract])) AND (infarct*[Title/abstract])) OR (acute coronary syndrome
[MeSH Terms]) OR (cardiac rehabilitation[MeSH Terms]))) OR
(((percutaneous coronary[MeSH Terms]) OR (stents|MeSH Terms]) OR
(balloon dilatation [MeSH Terms]) OR (Myocardial revascularization [MeSH
Terms]) OR (angioplast* [Title/abstract]) OR ((percutaneous|Title/abstract])
AND (coronary[Title/abstract]) AND (intervention|Title/abstract])) OR
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Supplemental Table 1 (continued)

((percutaneous|Title/abstract]) AND (coronary[Title/abstract]) AND
(revascularization|[Title/abstract])) OR ((percutaneous|Title/abstract]) AND
(coronary[Title/abstract]) AND (revascularisation[Title/abstract])) OR
(revascularization*[Title/abstract]) OR (revascularisation*[Title/abstract]) OR
(reperfusion*[Title/abstract]) OR (stent*[Title/abstract]) OR (balloon*[Title/
abstract]) OR (dilatat*[Title/abstract]) OR (transluminal*[Title/abstract]) OR
((coronary|[Title/abstract]) AND atherectom*[Title/abstract]))))

AND (#1 OR #2)) AND ((instrumentation[sh] OR methods[sh] OR "Validation
Studies"[pt] OR "Comparative Study"[pt] OR "psychometrics"[MeSH] OR
specificity [tiab] OR “receiver operator” [tiab] OR “diagnostic accuracy” [tiab]
OR psychometr*[tiab] OR clinimetr*[tw] OR clinometr*[tw] OR "outcome
assessment (health care)"[MeSH] OR "outcome assessment”[tiab] OR
"outcome measure*"[tw] OR "observer variation"[MeSH] OR "observer
variation"[tiab] OR "Health Status Indicators"[Mesh] OR "reproducibility of
results"[MeSH] OR reproducib*[tiab] OR "discriminant analysis"[MeSH] OR
reliab*[tiab] OR unreliab*[tiab] OR valid*[tiab] OR "coefficient of
variation"[tiab] OR coefficient[tiab] OR homogeneity[tiab] OR homogeneous
[tiab] OR "internal consistency"[tiab] OR (cronbach*[tiab] AND (alpha[tiab]
OR alphas|tiab])) OR (item[tiab] AND (correlation*[tiab] OR selection*[tiab]
OR reduction*[tiab])) OR agreement[tw] OR precision[tw] OR imprecision
[tw] OR "precise values"[tw] OR test-retest[tiab] OR (test[tiab] AND retest
[tiab]) OR (reliab*[tiab] AND (test[tiab] OR retest[tiab])) OR stability[tiab] OR
interrater[tiab] OR inter-rater[tiab] OR intrarater[tiab] OR intra-rater[tiab] OR
intertester|[tiab] OR inter-tester[tiab] OR intratester[tiab] OR intra-tester
[tiab] OR interobserver|[tiab] OR inter-observer[tiab] OR intraobserver|[tiab]
OR intra-observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR
intratechnician[tiab] OR intra-technician[tiab] OR interexaminer|[tiab] OR
inter-examiner{tiab] OR intraexaminer[tiab] OR intra-examiner[tiab] OR
interassay[tiab] OR inter-assay[tiab] OR intraassay[tiab] OR intra-assay[tiab]
OR interindividual[tiab] OR inter-individual[tiab] OR intraindividual[tiab] OR
intra-individual[tiab] OR interparticipant[tiab] OR inter-participant[tiab] OR
intraparticipant[tiab] OR intra-participant[tiab] OR kappa[tiab] OR kappa's
[tiab] OR kappas[tiab] OR repeatab*[tw] OR ((replicab*[tw] OR repeated[tw])
AND (measure[tw] OR measures[tw] OR findings[tw] OR result[tw] OR results
[tw] OR test[tw] OR tests[tw])) OR generaliza*[tiab] OR generalisa*[tiab] OR
concordance[tiab] OR (intraclass[tiab] AND correlation*[tiab]) OR
discriminative[tiab] OR "known group”[tiab] OR "factor analysis"[tiab] OR
"factor analyses"[tiab] OR "factor structure"[tiab] OR "factor structures”[tiab]
OR dimension*[tiab] OR subscale*[tiab] OR (multitrait[tiab] AND scaling[tiab]
AND (analysis[tiab] OR analyses[tiab])) OR "item discriminant”[tiab] OR
"interscale correlation*"[tiab] OR error[tiab] OR errors[tiab] OR "individual
variability"[tiab] OR "interval variability"[tiab] OR "rate variability"[tiab] OR
(variability[tiab] AND (analysis[tiab] OR values|[tiab])) OR (uncertainty[tiab]
AND (measurement[tiab] OR measuring[tiab])) OR "standard error of
measurement"[tiab] OR sensitiv*[tiab] OR responsive*[tiab] OR (limit[tiab]
AND detection[tiab]) OR "minimal detectable concentration"[tiab] OR
interpretab*[tiab] OR ((minimal[tiab] OR minimally[tiab] OR clinical[tiab] OR
clinically[tiab]) AND (important[tiab] OR significant[tiab] OR detectable
[tiab]) AND (change[tiab] OR difference[tiab])) OR (small*[tiab] AND (real
[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR
"meaningful change"[tiab] OR "ceiling effect”[tiab] OR "floor effect"[tiab] OR
"Item response model"[tiab] OR IRT[tiab] OR Rasch[tiab] OR "Differential item
functioning”[tiab] OR DIF[tiab] OR "computer adaptive testing"[tiab] OR
"item bank"[tiab] OR "cross-cultural equivalence"[tiab])))

AND (#3 and #4)) AND (obstructive sleep apnoea (all fields) OR sleep apnea,
obstructive (mesh terms) OR sleep (all fields) and apnea (all fields) and
obstructive (all fields) OR obstructive sleep apnea (all fields) OR obstructive
(all fields) and sleep (all fields) and apnea (all fields) sleep apnoea (all fields)
OR sleep apnea syndromes (mesh terms) OR sleep (all fields) and apnea (all
fields) and syndromes (all fields) OR sleep apnea syndromes (all fields) OR
sleep (all fields) and apnea (all fields) OR sleep apnea (all fields) obstructive
sleep apnoea syndrome (all fields) OR sleep apnea, obstructive (mesh terms)
OR sleep (all fields) and apnea (all fields) and obstructive (all fields) OR
obstructive sleep apnea (all fields) OR obstructive (all fields) OR "Sleep
Initiation and Maintenance Disorders"[Mesh] OR insomnia*[tw] OR Sleep
Apnea Syndromes[mh] OR "sleep apnea”[tiab] OR "sleep disordered
breathing"[tiab] OR obstructive sleep apnea syndrome (all fields) OR
"Sleep"[Mesh] OR Sleep*[tw])) OR “sleep quality” [tiab] OR “STOP-bang”
[tiab] OR “berlin questionnaire” [tiab] OR “Insomnia Severity Index” [tiab] OR
“Pittsburgh Sleep Quality Index” [tiab] OR “Functional Outcomes of Sleep”
[tiab] OR OSA50 [tiab] OR “Insomnia Scale” [tiab] OR “Sleep Scale” [tiab] OR
“sleep questionnaire” [tiab]
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Supplemental Table 2
Characteristics of the included study populations.

Study Measures N Age Gender Cardiac diagnosis  Sleep Disorder/ Setting Country Patient selection  Study design Response rate  Study
Mean (SD, range) yr % domain of interest quality
female rating
Shapira-Daniels STOP- 188 62 +11 35 Afib OSA Two tertiary USA Consecutively prospective cohort 89% 4
et al. (2020) [97] BANG referral hospitals recruited study
where catheter
ablation of AF is
routinely
performed
Mohammadieh STOP- 72 Average age 60.4 years 33 Afib OSA Hospital clinic Australia Randomised prospective Ongoing study 4
et al. (2019) [43] BANG (SD 11.6, range 18+ observational (interim results
ESS diagnostic accuracy presented)
study
Calcaianu et al. BQ 53 59.5+10 22 ACS/PCI OSA Cardiac Intensive ~ France Consecutively prospective cohort 42% 4
(2019) [125] ESS Care Unit recruited study
PSQI
Kadhim et al. ESS 442 60 + 11 31 Afib Sleepiness Consecutively 85% 4
(2019) [126] recruited
Mason et al. (2018) 122 70.3 (0.80) 12 CABGS OSA specialist UK without previous  prospective 80% 4
[39] cardiothoracic diagnosis of OSA,  observational cohort
center undergoing elective
CABG
Reuter et al. (2018) STOP- 89 59x15 39 MI OSA Hypertension clinic Germany recruited from an  prospective cohort 79% 3
[127] BANG AFib at university outpatient study
BQ HF hospital hypertension clinic
Abumuamar et al. STOP- 95 65(12) OSA, 54 (14) non- 25 Afib OSA two major Canada  consecutively prospective cohort 77% 4
(2018) [41] BANG 0SA specialized recruited study
arrhythmia clinics
Jonasson et al. STOP- 160 69.5(9.4) 5 Afib OSA Community Canada  consecutively prospective cohort 86% 3
(2017) [129] BANG cardiology clinic recruited study
NoSAS
Cho et al. (2017) BQ 52 Range 25-82 19 ACS/PCI OSA 5 days after PCI South consecutively prospective Not stated 3
[128] Korea recruited observational
diagnostic accuracy
study
Lee et al. (2016) BQ 1311 582 + 10 15 ACS/PCI OSA Within 7 days of PCI 5 country consecutively prospective, 75% 4
[132] ESS recruited multicenter registry
Nunes et al. (2015) Stop 40 56+7 27 CABGS OSA patients referred  Brazil consecutively Prospective matched  40% 3
[40] STOP- for CABG at tertiary recruited cohort
BANG University Hospital
BQ
Zhao et al. (2015) BQ 160 622 +9 14 Afib OSA scheduled to Singapore consecutively prospective cohort 94% 4
[131] ESS undergo an elective recruited study
CABG within the
next 7 days
Szymanski et al. OSACS 158 57.1+9 32 ACS OSA Cardiology Poland consecutively prospective cohort Not stated 4
(2015) [130] score Intensive Care Unit recruited study
BQ
ESS

(continued on next page)
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Supplemental Table 2 (continued )

Study Measures N Age Gender Cardiac diagnosis  Sleep Disorder/ Setting Country Patient selection Study design Response rate  Study
Mean (SD, range) yr % domain of interest quality
female rating
Pittman et al. STOP- 101 62.2 (8.5) 45 Afib OSA Hospital clinic UK Patients with prospective 44% 3
(2014) [133] BANG paroxysmal AF observational cohort
undergoing
ablation were
approached
Danzi-Soares et al. BQ 70 58 +7 24 CABGS OSA single outpatient  Brazil consecutive cross-sectional 70% 5
(2012) [42] clinic patients with
severe CAD, above
40 years of age
Laporta et al. BQ 91 67.7+118 0 CVD veterans with OSA VA cardiology clinic USA Consecutive cross-sectional 55% 3
(2012) [135] documented recruitment
history of MI, PCI or
CABGS
Martinez et al. BQ 57 54+7 54 Angina OSA Patients Brazil consecutively Secondary analysis of 11% 2
(2012) [134] undergoing recruited cross-sectional study
diagnostic
cineangiography
Sert Kuniyoshi BQ 99 62(13) 19 MI OSA In-hospital us recruitment was cross-sectional Not reported 3
etal. (2011) cardiology service based on
[129] availability of
research personnel
and patients
consenting to
participate
Capodanno et al.  ESS 332 65.5+10.0 28 angiographically OSA/Daytime During hospital Italy consecutively prospective cohort 88% 3
(2011) [45] confirmed CAD Sleepiness stay recruited study
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Diagnostic accuracy data used for pooled analysis.

Sleep Medicine 86 (2021) 135—160

Author-date TP FP FN TN Test AHI Diag Female% Qual Ref
Mason 2018 44 51 2 2 2 5 1 12 22 3
Mason 2018 15 13 32 40 3 5 1 12 22 3
Sert-K 2011 34 49 15 23 1 5 1 19 22 1
Danzi-S 2012 44 5 17 4 1 5 1 24 24 1
Abumuamar 2018 72 9 9 5 2 5 2 25 23 2
Abumuamar 2018 11 2 70 12 3 5 2 25 23 2
Pittman 2013 44 32 1 24 2 5 2 45 14 3
Laporta 2012 55 14 13 9 1 5 1 0 25 1
Mason 2018 12 103 0 7 2 15 1 12 22 1
Mason 2018 9 25 3 85 3 15 1 12 22 1
Reuter 2018 22 29 8 21 1 15 1 39 22 2
Reuter 2018 31 46 1 7 2 15 1 39 22 2
Sert-K 2011 30 34 16 19 1 15 1 19 22 1
Nunes 2015 14 14 7 5 1 15 1 27 23 1
Nunes 2015 21 18 0 1 2 15 1 27 23 1
Nunes 2015 6 5 15 14 3 15 1 27 23 1
Danzi-S 2012 28 21 10 11 1 15 1 24 24 1
Martinez 2012 18 16 7 16 1 15 1 54 21 2
Abumuamar 2018 57 31 0 7 2 15 2 25 23 2
Abumuamar 2018 8 5 49 33 3 15 2 25 23 2
Sert-K 2011 15 49 6 29 1 30 1 19 22 1
Cho 2017 11 11 8 22 1 15 1 15 1
Cho 2017 10 17 9 16 2 15 1 15 1
Laporta 2012 45 24 8 14 1 10 1 0 25 1
Lee 2016 256 199 338 518 1 15 1 15 2
Zhao 2015 60 12 66 22 1 5 1 14 15 2
Calcaianu 2019 18 1 21 13 1 15 1 22 24 1
Shapira-Daniels 2020 126 19 29 14 2 5 2 35 23 2

Abbreviations: TP True positive FP False positive FN False Negative TN True Negative; AHI: apnoea-hypopnoea index; Reference: 1 = Polysomnogaphy, 2 = Portable home

monitoring 3 = other.

Supplemental Table 4
Studies assessing obstructive sleep apnoea in patients with cardiac disease using subjective instruments.
Study Instruments Study design Patients Findings
(First author and year of
publication)
Shapira-Daniels et al. Stop-Bang Prospective cohort 188 consecutive Prevalence of sleep apnoea was high (82%). In a

(2020) [97]

Aung et al. (2020) [136]

Mohammadieh et al.
(2019) [43]

Imes et al. (2019) [137]

Calcaianu et al. (2019)

[125]

Mason et al. (2018) [39]

von Kanel et al. (2018)
[138]

Berlin Questionnaire

Stop-Bang
Berlin Questionnaire
ESS

Berlin Questionnaire
ESS

Berlin Questionnaire

ESS

Stop-Bang

Stop

study

multicenter
prospective cohort
study

Prospective cohort
study

Secondary analysis of

baseline data from a
multi-center,
randomised clinical
trial

Prospective cohort
study

Prospective

observational cohort

study

Prospective cohort
study

patients with AF
without a prior
diagnosis of sleep
apnea

163 patients who had
undergone PCI in the
prior 6—36 months

100 patients with AF

126 stable coronary
artery disease patients

53 ACS patients
referred to PCI followed
up at 2 months after the
ACS

122 CABGS patients

190 myocardial
infarction patients

147

multivariate analysis, the STOP-BANG was not
predictive for sleep apnoea. Symptoms of sleep apnoea
including snoring, daytime fatigue, or witnessed apneic
episodes were

equally present in AF patients with and without a
positive sleep study.

Patients with OSA during REM sleep were more likely to
be categorized as high-risk for OSA based on the Berlin
Questionnaire (42.4% vs 19.4%) than those not
exhibiting OSA during REM sleep.

Increasing the cutoff value of the Stop-Bang to > 5
improved specificity but lowered sensitivity. The BQ
demonstrated moderate sensitivity and specificity in
detecting OSA

Berlin Questionnaire was used as screening for further
home sleep study. Authors found no difference in
endothelial function across OSA severity, as measured
by AHI with this testing.

Higher degree of apnoea was associated with more
severe cardiac impairment, as well as higher hypoxemia
and arousal index. Sleepiness as assessed by the ESS did
not correlate with AHI

The STOP-Bang questionnaire had poor diagnostic
accuracy in detecting sleep apnoea. Many patients had
false-positive results when the generally accepted cut-
off value of 3 or greater was used. However, STOP-bang
scores less than 2 allowed for confident exclusion of
moderate/severe sleep apnoea in patients but only 5% of
patients scored at that level.

A high risk of OSA as determined by STOP scores was
associated with markers of neuroendocrine
dysregulation

(continued on next page)
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Study Instruments Study design Patients Findings
(First author and year of
publication)
Abumuamar et al. Stop-Bang Prospective cohort 95 Atrial fibrillation The STOP-BANG questionnaire was sensitive but had
(2018) [41] study patients low specificity with a high false positive rate. “we
recommend the use of a level Il sleep study regardless of
the results of the screening questionnaire.”
Karimi et al. (2018) Stop-Bang Retrospective 1593 cardiac surgery Patients at high risk for OSA as measured by the STOP-
[139] observational study patients BANG pre-surgery were at increased risk for post-
operative atrial fibrillation
Diken et al. (2018) Stop-Bang Prospective cohort 61 CABGS patients High risk for OSA, as determined by the preoperative
[140] study STOP-BANG, was associated with increased incidences
of postoperative hypoxia and CPAP use, and increased
ICU length of stay
Reuter et al. (2018) Stop-Bang Prospective cohort 85 CVD patients Due to the very high amount of false positive results,

[127]

Cho et al. (2017) [128]

Maia et al. (2017) [141]

Jonasson et al. (2017)
[142]

Li et al. (2017) [143]

Barger et al. (2017)
[144]

Lee et al. (2016) [132]

Marzolini et al. (2016)
[145]

Kua et al. (2016) [146]

Loo et al. (2016) [147]

Nunes et al. (2015) [40]

Khan et al. (2015) [148]

Szymanski et al. (2015)
[130]

Ghazal et al. (2015)
[149]

Costa et al. (2015) [150]

Andrechuk & Ceolim
(2015) [151]

Foldvary-Schaefer et al.
(2015) [152]

Berlin Questionnaire
ESS

Stop-Bang

Berlin Questionnaire
ESS

Berlin Questionnaire

Stop-Bang

NoSAS

ESS

Berlin Questionnaire

Berlin Questionnaire

Berlin Questionnaire

Stop-Bang
ESS

Berlin Questionnaire

Stop-Bang
Berlin Questionnaire
ESS

Stop-Bang
Berlin Questionnaire

Berlin Questionnaire

Berlin Questionnaire
OSACS score
Berlin Questionnaire

Berlin Questionnaire
ESS

Berlin Questionnaire

Epworth Sleepiness
Scale (ESS), Berlin scale,
Sleep Apnea Scale of the
Sleep Disorders
Questionnaire (SA/
SDQ), and Global Sleep
Assessment
Questionnaire (GSAQ)

study

Prospective cohort
study

Longitudinal cohort
study using registry
data

Cross-sectional study

Case—control study

Multinational, double-
blind, placebo-
controlled trial

Prospective,
multicenter registry
study

Prospective cohort
study

Prospective cohort

study

Prospective cohort
study

Prospective cohort
study

Cross-sectional study

Prospective cohort
study
Cross-sectional study

Randomised Controlled
Trial

Cross-sectional study

Prospective cohort
study

52 ACS patients

639 cases of ACS 30
days after the index
event.

160 Atrial fibrillation
patients

115 patients
undergoing PCI
13,026 patients with
diagnosis of ACS <30

1311 PCI patients

211 cardiac
rehabilitation patients
& 84 diabetic

150 CABGS patients

209 cardiac
rehabilitation patients

40 consecutive patients
referred for CABG

200 CAD patients

158 ACS patients

127 patients with
chronic stable angina

500 cardiology
outpatients with one of
5 diagnostic areas
(hypertension,
coronary, arrhythmia,
heart failure, valvular
heart disease)

113 myocardial
infarction patients

107 CABGS patients

148

both the BQ and SB do not allow a reliable
differentiation between people with or without SDB
The BQ has slightly superior predictive value compared
to STOP-BANG

High risk for OSA was as an independent predictor of
non-fatal reinfarction or CHD mortality in post-ACS
individuals in a long-term follow-up (mean 2.6 years)
Performance of the Stop-Bang and NoSaS was modest.
Daytime sleepiness did not differ between severity
levels of OSA

There was a significant association between OSA and
early stent thrombosis.

Patients who reported <6 h sleep per night had a 29%
higher risk of MCE compared with those with longer
sleep. Patients who screened positive for OSA had a 12%
higher risk of MCE than those who did not screen
positive

Only 52% of the patients with PSG confirmed OSA were
classified as high risk by the Berlin questionnaire, and
only 24% had excessive daytime sleepiness

A de novo diagnosis in 10.2% of all patients screened by
questionnaires, and a diagnosis in 13.1% of those who
scored high on the screening questionnaire.

Sleep apnoea as assessed by overnight sleep study
(Watch-PAT) was able to predict acute kidney injury
after CABGS. High risk score on the BQ was not
predictive.

Using the WatchPAT device as the diagnostic reference,
neither the Berlin Questionnaire nor the STOP-BANG
Questionnaire could discriminate the SDB group from
the non-SDB group

Populations of patients with established cardiovascular
disease are in general less sleepy, and questionnaires to
detect OSA are probably less useful. Instruments
showed high sensitivity but low specificity. The BQ
showed very poor specificity.

52% of CAD patients were at high risk for OSA according
to BQ scores. Those at risk for OSA also had significantly
higher Beck Anxiety Inventory scores

34% of patients were at high risk for OSA according to
BQ scores

Prevalence of risk of OSA was 65%. The Gensini score
(degree of angiographic atherosclerosis)was
significantly higher in patients with high OSA
probability

50% of patients with several cardiovascular diseases
receiving regular treatment were at high risk for OSA,
but the majority of them were unaware. Only 53% of the
high risk patients reported high levels of excessive
daytime sleepiness.

60% of patients were identified as being at high risk for
OSA within 3 days of hospital admission.

There were no significant differences in post-operative
outcomes between patients with OSA and without but
this may have been due to small sample size. The
instrument outcomes were not reported in detail.
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Study Instruments Study design Patients Findings

(First author and year of

publication)

Zhao et al. (2015) [131] Berlin Questionnaire Prospective 171 patients listed for BQ high risk was not significantly associated with

Pittman et al. (2013)
[133]

Stop-Bang

Amra et al. (2014) [153] Berlin Questionnaire

van Oosten et al. (2013) modified Berlin
[154] questionnaire.

Mungan et al. (2013) Berlin Questionnaire

[155] ESS

Danzi-Soares et al. Berlin Questionnaire
(2012) [42] ESS

Martinez et al. (2012) Berlin Questionnaire

[134]

Laporta et al. (2012) Berlin Questionnaire
[135] Clinical decision-
support system (CDSS)
Massierer et al. (2012) Berlin Questionnaire

[156]

Correia et al. (2012)
[157]

Capodanno et al. (2011) ESS
[45]

Berlin Questionnaire

Patidar et al. (2011) Modified Berlin
[158] Questionnaire, Quebec
Sleep Questionnaire to
assess sleep-related
quality of life
Sharma & Parker (2011) Berlin Questionnaire

[159]

Sert-Kuniyoshi et al.
(2011b) [108]

Berlin Questionnaire

Sert-Kuniyoshi et al.
(2011a) [129]

Berlin Questionnaire

Jesus et al. (2010) [160] Berlin Questionnaire

observational study

Cross-sectional study

Prospective study

Prospective single-

center

Case control study

Cross-sectional study

Secondary analysis of

cross-sectional study

Cross-sectional study

Case-control study

Prospective cohort
study
Cross-sectional study

Cross-sectional survey
in India

Cross-sectional study

Prospective cohort
study

Cross-sectional study

Prospective cohort
study

elective CABGS

101 patients with
paroxysmal AF
undergoing ablation
61 CABGS elective
candidates

277 patients with
CABGS

73 CABGS patients

70 CABGS patients

57 angina patients

91 male veteran CVD
patients

328 CHD patients

168 ACS patients

376 CAD patients

50 Heart failure
patients

98 cardiac
rehabilitation patients

338 cardiac
rehabilitation patients

99 patients who had an
MI 1-3 months
previously

200 ACS patients

apnoea as assessed by an in hospital overnight sleep
study using a wrist-worn portable device

The STOP-BANG questionnaire has a high sensitivity for
detecting sleep apnoea in AF patients

40% of patients had a high risk for OSA and risk was
associated with BMI, hypertension and dyslipidemia
Risk of OSA was found to be a strong predictor of post-
CABG AF which in turn was found to be associated with
increased length of stay.

There was a higher prevalence of high risk for OSA in the
postoperative atrial fibrillation group than control (58%
vs 34%; p: 0.044)

The BQ was a reasonable tool for screening for OSA
while portable monitoring was acceptable for diagnosis
The association between high risk for OSA in BQ and the
AHI in the portable monitoring, is non-significant, either
as continuous variable, or as binary variable, either
using a cut point of >5/h or of >15/h. After adjusting for
age, gender, and BMI, the high risk for in BQ becomes
significantly associated to AHI>15

Prevalence of OSA was 75% (AHI >5). A handheld
clinical decision-support system (CDSS) tool was
superior to the BQ in diagnostic accuracy

individuals with a BQ positive result for OSA had an OR
(71% higher risk) of displaying significant coronary
lesions. (53% after adjustment for sociodemographics,
smoking & diabetes)

In CAD patients there is a disconnection between self-
reported daily sleepiness and true apnoea episodes
assessed by polysomnography

Proportion with high risk of OSA in the HF patients was
18% which is lower than in Western countries.

(44%) patients were found to have high risk for OSA as
predicted by the Berlin Questionnaire. From the 15
patients who underwent a PSG 13 had a positive study
with an AHI>5

52% patients were at high risk for OSA as determined by
BQ. A significant percentage of patients at high-risk
decline further evaluation. 53% out of 74 who did
complete their PSG evaluation were found to have OSA
with an AHI>5

The BQ performed with modest sensitivity, but the
specificity was poor, suggesting that the BQ is not ideal
in identifying SDB in patients with a recent MI.

47% patients assessed by the BQ were likely to have
OSA. High risk for OSA was associated with a non-
significant higher mortality (4.25% vs 0.94%; p = 0.189),
but a significant higher incidence of composite
cardiovascular events.

Abbreviations: BQ Berlin Questionnaire; ESS Epworth Sleepiness Scale; OSA obstructive sleep apnoea; ACS acute coronary syndrome; CABGS coronary artery bypass graft
surgery; CAD coronary artery disease; HD heart failure; MI myocardial infarction; AF atrial fibrillation; AHI apnoea-hypopnoea index; SDB sleep disordered breathing; PSG
polysomnography; BMI body mass index; MCE major cardiovascular events; ICU intensive care unit; CPAP continuous positive airway pressure REM rapid eye movement

sleep.

149
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Studies assessing insomnia in patients with cardiac disease.
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Study

Instruments

Study design

Patients

Findings

Oh et al. (2020) [161]

Siebmanns et al. (2020)
[162]

Waterman et al. (2020)
[163]

Lin et al. (2020) [164]

Javaheri et al. (2020)
[48]

Zhang et al. (2019)
[165]

Redeker et al. (2019)
[93]

Heenan et al. (2019)
[47]

Harris et al. (2019) [46]

Edwards et al. (2019)
[91]

Munkhaugen et al.
(2018) [166]

von Kanel et al. (2018)
[138]

Rouleau et al. (2017)
[167]

Peersen et al. (2017)
[168]

Da Costa et al. (2017)
[5]

Chimluang et al. (2017)
[169]

Horsley et al. (2016)
[170]

Insomnia Severity Index

Insomnia Severity Index

"insomnia index” created from
"Hamilton Depression Rating
Scale sleep questions

Insomnia Severity Index

Insomnia Severity Index

Athens Insomnia Scale

Insomnia Severity Index,
Pittsburgh Sleep Quality Index,
Dysfunctional Beliefs and
Attitudes about Sleep (DBAS)
and Sleep Disturbance
Questionnaires (SDQ),
Insomnia Severity Index

Insomnia Severity Index,
Pittsburgh Sleep Quality Index

Insomnia Severity Index

Bergen Insomnia Scale

Jenkins Sleep Scale

Insomnia Severity Index,
Pittsburgh Sleep Quality Index

Insomnia (Bergen Insomnia
Scale)

Insomnia Severity Index,
Dysfunctional Beliefs and
Attitudes about Sleep (DBAS)

Insomnia Severity Index,
Dysfunctional Beliefs and
Attitudes about Sleep (DBAS)

Insomnia Severity Index,
Pittsburgh Sleep Quality Index

Cross-sectional survey and
retrospective chart review

Qualitative study

RCT comparing usual care vs
nurse led collaborative care for
depression

18 month longitudinal study

Pragmatic randomized
controlled pilot study

Cross-sectional

RCT CBT-I (n = 30) or attention
control (HF self-management
education, n = 21)

Pre and post study of single
group of patients

RCT evaluating Brief Behavioral
Treatment for Insomnia (BBTI)

Cross-sectional survey

Cross-sectional explorative
study, data from hospital
records

Prospective cohort study

Longitudinal (12 weeks) study
of single cohort of cardiac
rehabilitation participants

Cross-sectional study — part of
NOR-COR study
Cross-sectional study

Predictive correlational study

Cross-sectional study of single
cohort of cardiac rehabilitation

150

193 patients with
cardiovascular disease at a
tertiary referral cardiology
clinic

20 CVD patients

Post CABGS patients that were
depressed (n = 152) versus not
depressed (n = 150)

468 Heart failure patients

34 comorbid CHD and insomnia
patients

184 ACS patients

Stable New York Heart
Association Class II-1II Heart
Failure patients (total n = 51

47 comorbid CVD and insomnia
patients

23 comorbid heart failure and
insomnia patients

117 female cardiac outpatients

1083 patients undergoing a first
or recurrent coronary event or
treatment (ie, AMI, CABGS, or
PCI)

190 myocardial infarction
patients

80 cardiac rehabilitation
participants

99 CHD patients (MI, CABGS &
PCI)

209 recent myocardial
infarction patients

340 heart failure patients

121 cardiac rehabilitation
participants

Clinically significant insomnia (16% of
patients) was significantly associated
with heart disease, prior myocardial
infarction or cerebrovascular accident,
and heart failure. Left ventricular
ejection fraction was significantly
associated with insomnia

Patients with CVD and insomnia
experienced both physical and
cognitive distress from their heart
condition, with high levels of concern
about consequences, but also showed
that behavioral and social disturbances
affected their sleep

At baseline, 63% of participants who
were depressed vs 12% of those who
were not depressed reported insomnia.
Insomnia index change score indicated
beneficial effects of collaborative care.
eHealth literacy had direct and indirect
effects (through insomnia and
psychological distress) on medication
adherence and quality of life.
Web-based CBT-I resulted in clinically
meaningful improvement in insomnia
severity.

Higher AIS scores were observed or
STEMII patients followed by NSTEMI
patients with unstable angina patients
having the lowest score,
Improvements in dysfunctional
cognitions were associated with
improved sleep quality, insomnia
severity, sleep latency and decreased
fatigue, depression, and anxiety, with
sustained effects at six months.

CBT-I group intervention tailored for
cardiac patients improved sleep and
significantly lower levels of anxiety and
depression.

BBTI participants experienced reduced
insomnia and increased sleep quality
and efficiency

Percentage of patients reporting
symptoms of clinical insomnia (50%)
was higher than those reporting anxiety
(42%) or depression (20%)

There was a higher prevalence of
insomnia among CHD patients with
comorbid type 2 diabetes patients
compared with prediabetic patients
Insomnia symptoms, particularly
problems initiating or maintaining
sleep, showed a relation with reduced
sympathetic nervous system activity
Completion of exercise-based CR
among CVD patients was associated
with both improvements in insomnia
symptoms.

High test-retest (6 days) reliability
(0.92) for the Bergen Insomnia scale
Younger age, use of prescribed
medication for sleep, more depressive
symptoms, and greater dysfunctional
beliefs about sleep were associated
with insomnia

Anxiety, depression and DBAS were
associated with insomnia. Age, gender,
sleep disorder breathing, and sleep
hygiene were not significant predictors
of insomnia.

There was an association between
difficulty falling asleep and 1-min heart
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Study

Instruments

Study design

Patients

Findings

Jeon & Redeker (2016)
[171]

Rouleau et al. (2015)
[172]

Redeker et al. (2015)
[49]

Ozdemir et al. (2015)
[173]
Coryell et al. (2013) [4]

Cserep et al. (2010)

Pittsburgh Sleep Quality Index,
Insomnia Symptoms from the
Sleep Habits Questionnaire
Insomnia Severity Index,
Pittsburgh Sleep Quality Index

Insomnia Severity Index,
Pittsburgh Sleep Quality Index

Insomnia Severity Index

Insomnia Severity Index

Athens Insomnia Scale

participants assessed prior to
12-week program

Secondary analysis of data from
a cross-sectional, observational
study

Cross-sectional study of single
cohort of cardiac rehabilitation
participants.

Pilot randomised controlled
trial

Prospective cross-sectional
study

Cross-sectional study
conducted during
hospitalisation

Prospective cohort study

173 stable heart failure patients

57 male cardiac rehabilitation

participants

52 stable heart failure patients

120 patients undergoing
elective coronary angiography
102 ACS patients

197 CABGS patients

rate recovery (HRR), (an index of
parasympathetic tone)

Daytime symptoms mediated the
relationship between sleep disturbance
and functional performance.

CR patients that reported insomnia
symptoms experienced daytime mood
disturbances but benefited from
potential mood-elevating properties of
exercise.

CBT-I was feasible and acceptable and
had a statistically significant effect on
insomnia and fatigue, while controlling
for the effects of comorbidity and age.
There were no significant changes in ISI
score from pre to post angiography.
Insomnia was present in over one-third
of ACS patients during hospitalisation.
Insomnia was not associated with sleep
apnoea. A quarter of patients with
insomnia did not report symptoms of
depression

Sleeping disorders were associated
independently with the occurrence of
long term (3 years after surgery) major
adverse outcomes after adjustment for
covariates

Abbreviations: PSQI Pittsburgh Sleep Quality Index; AIS Athens Insomnia Scale VASS Visual Analogue Sleep Scale; BQ Berlin Questionnaire; ESS Epworth Sleepiness Scale; OSA
obstructive sleep apnoea; ACS acute coronary syndrome; CABGS coronary artery bypass graft surgery; CAD coronary artery disease; HD heart failure; MI myocardial infarction;
AMI acute myocardial infarction; AF atrial fibrillation; AHI apnoea-hypopnoea index; SDB sleep disordered breathing; PSG polysomnography; BMI body mass index; MCE
major cardiovascular events; CCU coronary care unit; ICU intensive care unit; CPAP continuous positive airway pressure REM rapid eye movement sleep; QOL quality of life;

PTSD post-traumatic stress disorder; NSTEMI Non-ST-elevation myocardial infarction; CBT-I Cognitive behavioural therapy for insomnia.

Supplemental Table 6
Studies assessing subjective sleep quality in cardiac patients (2009 to November 2019).

Study

Instruments

Study design

Patients

Findings

Muthukrishnan et al.
(2020) [174]

Wang et al. (2020)
[175]

Bang et al. (2020) [176]
Romero et al. (2020)
[177]

Mabhran et al. (2020)
[178]

Manzoli et al. (2020)
[179]
Kjellsdotter et al.

(2020) [180]

Zhang et al. (2019)
[165]

Tsai et al. (2019) [181]

Tan et al. (2019) [64]

Hojskov et al. (2019)
[72]

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Korea sleep scale
Sleep satisfaction

Pittsburgh Sleep Quality
Index

Richards-Campbell Sleep
Questionnaire

Visual Analogue Sleep Scale

Uppsala Sleep Inventory
Vicious Cycle of
Sleeplessness Scale
Pittsburgh Sleep Quality
Index

Cardiac Symptom Survey
Pittsburgh Sleep Quality

Index

Pittsburgh Sleep Quality
Index

Prospective cohort
study

Prospective
randomized controlled
parallel-group clinical
trial (intervention was
ICU diaries)
Single-blind,
randomised controlled
trial

Prospective
observational cohort
study.

Prospective, parallel-
group, randomised
controlled trial

clinical validation study

Observational case
—control design

Cross-sectional
Prospective cohort

study
Cross-sectional

Randomised controlled
trial

187 CABGS patients,
average 3 months after
surgery

126 cardiac surgery
patients followed up at
1 month and 3 months
post-surgery

42 cardiac surgery
patients

576 patients evaluated
in hospital for ACS

70 cardiac surgery
patients

75 ACS patients

859 stable CAD patients

184 ACS patients

198 CABGS patients

167 CHD patients at
community-based
cardiac rehabilitation
program

326 CABGS patients

151

78% reported poor sleep quality. Preoperative state
anxiety was the strongest predictor of poor sleep
quality

Those who kept an ICU diary experienced improved
sleep quality scores in the 3 months post-ICU compared
to those who did not keep a diary

Patients who had an auricular acupressure intervention
had higher sleep quality scores than control patients

Short sleep duration as assessed by 2 questions from the
PSQI was associated with increased risk of all-cause
readmission within 6 months of discharge

The use of nocturnal eye masks was associated with
improved sleep quality in postoperative cardiac
patients

The VASS was considered easy to administer but the
nurse diagnosticians perceived some difficulty from the
patients in understanding and completing the scale
items

Type D personality was not a predictor for too little
sleep in CAD patients. Resilience to stress is more
related to sleeplessness behavior.

Higher PSQI scores (lower sleep quality) was observed
in STEMI patients compared to NSTEMI and unstable
angina patients

Patients who had had fewer vessels bypassed were
more likely to have a poor sleep problem trajectory
Perceived sleep quality, but not sleep efficiency, was
significantly associated with emotional, physical, and
social quality of life in cardiac patients

There were improvements in sleep quality as a result of
the intervention but these were non-significant

(continued on next page)
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Kurose et al. (2019) [67]

Conley et al. (2019)
[182]

Calcaianu et al. (2019)
[125]

Zhu et al. (2019) [183]

Risom et al. (2018)
[184]

Walter et al. (2018)
[185]

Song & Wu (2018)
[186]

Santos et al. (2018)
[187]

Ghavami et al. (2018)
[188]

Juskiene et al. (2018)
[65]

Casida et al. (2018)
[189]

Caruana et al. (2018)
[190]

Diaz-Alonso et al.
(2018) [191]

Fukuoka et al. (2017)
[192]
Mehra at al (2017) [74]

Navarro-Garcia et al.
(2017) [193]

Sable et al. (2017) [194]

Peric et al. (2017) [63]

Matsuda et al. (2017)
[60]

Karadag et al. (2017)
[73]

Choudhury et al. (2017)
[195]

Byun et al. (2017) [59]

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index, and Sleep Habits
Questionnaire
Pittsburgh Sleep Quality
Index

Single question “During the
past month, how would you
rate your sleep quality
overall?” based on a 4-point
rating scale ranging from
very poor to very good.
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Verran Snyder-Halpern
Visual Analogue Sleep
Scale

Pittsburgh Sleep Quality
Index

Insomnia Severity Index
Richards-Campbell Sleep
Questionnaire (RCSQ)
Sleep in the Intensive Care
Unit Questionnaire (SICQ)
Pittsburgh Sleep Quality
Index, Richards-Campbell
Sleep Questionnaire

Pittsburgh Sleep Quality
Index

Functional Outcomes of
Sleep Questionnaire (FOSQ)
Richards-Campbell Sleep
Questionnaire

Pittsburgh Sleep Quality
Index

Nottingham Health Profile
Questionnaire (Sleep 5
items)

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Cross-sectional multi-
centre

Retrospective analysis
of a cross-sectional
study

Prospective cohort
study

Cross-sectional study

Explorative study using
data from randomised
rehabilitation trial
secondary analysis of a
prospective
observational study
Cross-sectional

Prospective cohort
study
Randomised-controlled
study

Cross-sectional study

Exploratory repeated-
measures

Prospective
observational study
while the patient was in
the ICU and the hospital
ward and at 2 and 6
months after hospital
discharge

RCT in ICU setting

Cross-sectional study
Cross-sectional study

Observational,
descriptive and cross-
sectional study
quasi-experimental
study

Longitudinal cohort (2
year follow-up)

Cross-sectional
Randomised controlled
study

Prospective clinical
study

Cross-sectional

Case-control study

102 elderly patients
with CVD undergoing
phase III cardiac
rehabilitation

173 stable heart failure
patients

53 ACS patients
referred to PCI followed
up at 2 months after the
ACS

4043 ACS patients from
16 hospitals across
China

210 atrial fibrillation
patients

267 stable heart failure
patients

160 heart failure
patients

32 heart failure patients

146 CABGS patients

879 CAD patients
attending cardiac
rehabilitation program

38 cardiac surgery
patients

101 CABGS patients

40 valve cardiac
surgery patients

44 ACS and 117 stable
angina patients

26 stable heart failure
patients

66 cardiac surgery
patients

30 heart failure patients

208 CABGS patients

1071 patients admitted
for CVD at a university
hospital

60 patients in coronary
ICU

156 elective CABGS
patients

105 heart failure
patients

152

Locomotive activity and exercise tolerance was
associated with sleep latency

Pain was associated with subjective sleep quality and
daytime sleep characteristics and the use of sleep
medication but not sleep duration or continuity

At two months after ACS the there was a trend

(p = 0.08) for sleep quality of OSA patients to be worse
than non-OSA patients

There was significant association of greater depression
with physical inactivity and poor sleep quality

85% of all atrial fibrillation patients reported poor sleep
quality at 1 month, and 55% reported poor sleep quality
at 6 months

Cognitive function was not associated with sleep quality
or daytime sleepiness

Vitamin D deficiency was associated with poor sleep
quality. In mediation analysis, the relationship between
vitamin D deficiency and cognitive function was
mediated by sleep quality among older adults with HF
Non-pharmacological interventions improved quality of
sleep but not statistically significant

A self-care intervention based on sleep hygiene was
associated with improved sleep quality scores post-
surgery

Type D and negative affectivity were associated with
worse subjective sleep quality in patients with OSA and
without OSA. The mediational analysis revealed that
type D and NA were indirectly associated with sleep
quality through anxiety and depression symptoms
regardless of presence of OSA

Night-time care routine interactions affected daytime
sleepiness but not night-time sleep effectiveness of
patients

Poor sleep quality at 6 months was associated with
prehospital insomnia. Sleep quality in the ICU, in the
hospital ward, and at home 2 and 6 months after
hospital discharge was poor

Sleep quality in the ICU was measured with the
Richards-Campbell Sleep Questionnaire and usual sleep
quality with the PSQI. A nurse intervention prior to ICU
admission did not increase patients' sleep quality

The PSQI and ESS could not differentiate patients with
SDB from those without

Objective sleepiness was not associated with subjective
sleepiness as measured by FOSQ or ESS

Sources of sleep disturbing factors in the ICU were
discomfort with the different devices, pain,
environmental noise and voices of the professionals
Back massage improved duration and quality of sleep in
HF patients

Sleep was an independent predictor of quality of life
improvement after 2 years post CABGS

43 percent of patients had poor sleep quality which was
associated with depression and anxiety

Lavender essential oil increased quality of sleep and
reduced level of anxiety in patients in ICU

Poor sleep quality assessed 2—3 days before admission
was associated with a higher incidence of adverse
perioperative events

Poor nighttime sleep quality was associated with
cognitive impairment in older patients (>60 years)
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Awotidebe et al. (2017)
[196]

Yilmaz et al. (2016) [56]

Doering et al. (2016)
[197]

Ammouri et al. (2016)
[198]

Masterson Creber et al.
(2016) [199]

Le Grande et al. (2016)
[200]

Lee et al. (2016) [57]

Jeon & Redeker (2016)
[171]

Gatti et al. (2016) [201]

Gostoli et al. (2016) [70]

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Cardiac Symptom Survey

Pittsburgh Sleep Quality
Index

Sleep disturbance

measured Beck Depression

Inventory (v.2) item 16

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality

Index, Insomnia Symptoms

from the Sleep Habits
Questionnaire
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Johansson et al. (2015)
[202]

One item “Was your sleep
restless?” from the Center
for Epidemiological Studies

Fritschi et al. (2015)
[203]

Ranjbaran et al. (2015)
[204]
Yang et al. (2015) [61]

Redeker et al. (2015)
[49]

Dianatkhah et al. (2015)
[205]

Suna et al. (2015) [95]

Nasir et al. (2015) [206]
Fredriksson-Larsson

et al. (2015) [207]
Moon et al. (2015)[208]
Javadi et al. (2015) [52]
Babaii et al. (2015) [71]

Poole et al. (2014) [209]

Szymanski et al. (2014)
[55]

Depression Scale (CES-D)

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality
Index
Insomnia Severity Index,
Pittsburgh Sleep Quality
Index
Groningen Sleep Quality
Score

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Jenkins Sleep Problems
Scale

Pittsburgh Sleep Quality
Index

Case-control study

Secondary analysis
from a randomised
controlled trial
Descriptive, cross-
sectional design

Cross-sectional

Secondary analysis of
longitudinal study

Longitudinal study

Secondary analysis of
data from a cross-
sectional, observational
study

randomised controlled
trial

Longitudinal study

Secondary analysis of
randomised
multicenter trial
(COACH)

Secondary analysis of
data obtained from an
observational study
Randomised clinical
trial

Descriptive
correlational design
Pilot randomised
controlled trial

Randomised double-
blind study

Sub-study of a multisite
randomised controlled
trial

Cross-sectional study
Cross-sectional study

Descriptive, cross-
sectional study
Cross-sectional survey
study

Randomised controlled
trial

prospective
longitudinal design

Cross-sectional study

Cross-sectional study

50 heart failure patients
matched with healthy
controls

52 CABGS patients

53 cardiac surgery
patients

100 post-CABGS
patients

280 heart failure
patients

134 CHD patients (MI &
CABGS)

204 heart failure
patients

173 stable heart failure
patients

15 heart failure patients

108 CVD patients
attending cardiac
rehabilitation & 85
non-attenders

499 Heart failure
patients with
assessment at two time
points (baseline and 12
months)

173 stable Class II-IV HF
patients

100 CABGS patients
87 CABGS patients

52 stable heart failure
patients

145 CABG patients

106 heart failure
patients

40 heart failure patients

142 MI patients (2
months post MI)
68 heart failure patients

240 heart failure
patients

60 cardiac patients in
coronary care unit
230 CABGS patients

177 consecutive
patients, with non-
valvular atrial
fibrillation

153

Patients with heart failure demonstrated lower
functional capacity and poorer sleep quality than
controls

The severity of angina pectoris in the preoperative
period is independently associated with worse sleep
quality after elective CABGS

CBT for depression was associated with improved pain
scores, but not sleep disturbance as assessed by the PSQI

Difficulty sleeping was significantly prevalent among
post-CABG patients who were women and illiterate and
those with no interest to seek information about CABG
experiences.

Although sleep quality was poor, exercise may help to
promote behavioral alertness and reduce daytime
sleepiness in adults with heart failure

Sleep disturbance at 4 months post-event was
associated with reduced treatment adherence and self-
efficacy, and higher anxiety and depression scores at 12
months

63% of patients reported poor sleep quality. This was
associated with poor cardiac event-free survival
Daytime symptoms mediated the relationship between
sleep disturbance and functional performance.

Poor sleep quality as indicated by the PSQI was reported

Cardiac rehabilitation was associated with maintenance
of physical activity, improvement of behavioural
aspects related to food consumption, stress
management, and sleep quality

1 year after discharge from hospital, one-third of the
patients still reported a sleep problem. Continued sleep
problem was associated with rehospitalisations.

HF patients with diabetes had longer sleep latency and
spent a greater percentage of time awake after sleep
onset than the HF patients who did not have diabetes
An 8-week educational intervention resulted in
improved sleep quality compared to controls

Poorer sleep quality correlated with older age, poorer
heart function, anxiety and depression

CBT-I was feasible and acceptable and had a statistically
significant effect on insomnia and fatigue, while
controlling for the effects of comorbidity and age.
Receiving 3 mg of melatonin instead of 10 mg of
Oxazepam daily, from 3 days before surgery. was
associated with improved sleep quality

Improved sleep quality correlated with improved
exercise capacity and reduced depressive symptoms,
but not with changes in body mass index or resting
heart rate

There was a significant relationship between sleep
quality and depression

Sleep quality was associated with fatigue, but the
association was not statistically significant

Sleep quality was not associated with cognitive
function.

Age, sex, educational level, smoking, and obesity were
the most significant factors affecting sleep quality
Using an eye mask significantly improved the sleep
quality in the CCU

Greater sleep complaints in the month before surgery
were associated with poorer physical HRQoL, greater
physical symptoms and greater sensory pain in the 2
months after CABGS

Poor sleep quality was present in almost half of all
patients. Those with poor sleep quality were more often
females, were older, and had higher systolic blood
pressure. PSQI scores were related to degree of severity
of AF symptoms (EHRA score).

(continued on next page)
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Banack et al. (2014) Pittsburgh Sleep Quality 259 Cardiac Disturbed sleep was strongly associated with
[210] Index rehabilitation depressive symptoms and decreased health-related
participants quality of life

Johansson et al. (2014)
[211]

Geovanini et al. (2014)
[212]

Wang et al. (2014) [75]

Moradi et al. (2014)
[53]

Shaffer et al. (2013) [66]

Riegal et al. (2013)
[213]
Chen et al. (2013) [214]

Assari et al. (2013) [50]

Alosco et al. (2013)
[215]

Ryu et al. (2012) [216]

Riegel et al. (2012) [58]

Norraetal. (2012) [217]

Fink et al. (2012) [218]

Selvi et al. (2011) [219]

Johansson et al. (2011)
[220]

Liu et al. (2011) [221]

Gau et al. (2011) [51]

Duarte Freitas et al.
(2011) [69]

Cross et al. (2010) [222]

Wang et al. (2010) [54]

Johansson et al. (2010)
[223]

Redeker et al. (2010)
[224]

Uppsala Sleep Inventory

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

modified Verran and
Synder-Halpern (VSH)
sleeping scale
Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Uppsala Sleep Inventory

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index

Pittsburgh Sleep Quality
Index
Pittsburgh Sleep Quality
Index

Uppsala Sleep Inventory

Pittsburgh Sleep Quality
Index

randomised pretest-
posttest control design

Cross-sectional two-
group study

Experimental pretest
and repeated posttest
design

Cross-sectional study

Coss-sectional study

Cross-sectional study
Cross-sectional and
correlational study

Cross sectional study

Cross sectional study

Experimental study

Cross sectional study

Cross sectional study

Cross sectional study

Cross sectional study

Prospective matched
cohort

Cross-sectional
correlational design

two-group, cross-
sectional study

Observational cohort
study

Two-group, cross-
sectional study
predictive correlational
design

cross sectional cohort

study

Cross-sectional,
observational study

47 cardiac surgery
patients

70 patients with
refractory angina & 70
patients with stable
CAD

128 patients with
coronary heart disease

200 heart failure
patients

188 Acute Coronary
Syndrome patients

280 systolic or diastolic
heart failure patients
133 heart failure
patients

717 CAD patients

53 heart failure patients

58 patients prior to PCI

266 heart failure
patients

94 cardiac patients with
CvD

59 heart failure patients

219 MI patients in CCU

880 CAD patients

88 stable heart failure
patients

126 heart failure
patients

101 patients attending
4 week cardiac
rehabilitation program
30 CAD & 30 ICD
patients

101 heart failure
patients

36 heart failure patients
matched with
community sample

170 stable chronic
heart failure patients

154

A nurse-led individualised education programme to
promote self-care of sleep was associated with
improved sleep quality at follow-up compared to a
control group

Patients with refractory angina reported worse quality
of sleep then stable CAD patients.

Relaxation training at night was better than morning
with shorter sleep latency, fewer awakenings, higher
sleep quality, and use of significantly fewer sleep
medications

79% of patients reported poor sleep quality. Age, gender,
educational level, number of hospitalizations, diuretic
use, and left ventricular ejection fraction affected PSQI
scores

ACS-induced PTSD symptoms may be associated with
poor sleep, which may explain why PTSD confers
increased cardiovascular risk after ACS

Only 16% of patients reported daytime dysfunction due
to poor sleep quality.

One quarter of participants reported subjective
excessive daytime sleepiness, suggesting that
recognition of this symptom should be incorporated
into HF management

Among female but not male patients with CAD, low
education and income were associated with poor sleep
quality.

75% of patients reported impaired sleep. Decreased
cerebral perfusion and greater white matter
hyperintensities were associated with poor sleep
quality

Earphone-delivered sleep-inducing music significantly
increased the quantity and quality of sleep compared to
the use of ear plugs in the CCU

Factors associated with sleep dysfunction in HF include
medications with sleepiness as a side-effect, depression,
poorer health perceptions, and better sleep hygiene.
Significant correlation between increased depressive
symptoms and poor subjective sleep quality and
daytime dysfunction

Patients with HF had significantly greater fatigue and
depressive symptoms and poorer sleep quality
compared to healthy control subjects

Those who had AMI when asleep had poorer subjective
sleep quality than those who had their AMI when awake
Patients with CAD had close to 2 h shorter sleep
duration, lower sleep efficiency, and severely non-
rested insomnia compared with the general population
Poor quality sleep independently predicted physical
and psychological domains of QOL, whereas daytime
sleepiness independently predicted the environmental
QoL

The prevalence of insomnia was 44% for the elderly
group and 31% for the younger group. The major
determinants of poor night sleep quality in the elderly
group were dyspnea and long sleep latency,

There were significant improvements in sleep quality
following the cardiac rehabilitation program.

CAD patients reported poorer sleep quality than ICD
patients

81% of participants reported poor sleep quality. Factors
related to sleep quality were gender, perceived health,
depressive mood, and the number of comorbidities.
HF patients had more difficulty maintaining sleep than
age/gender matched community elderly participants.
Sleep disordered breathing had no association to any of
the insomnia symptoms

Severe SDB was associated with poor physical function
but not with daytime symptoms or self-reported sleep,
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Redeker et al. (2010)
[10]

Czarnecka et al. (2010)
[225]

Zimmerman et al.
(2010) [226]

Pittsburgh Sleep Quality
Index

Cross-sectional,
observational study

Pittsburgh Sleep Quality
Index

Observational cohort
study

Cardiac Symptom Survey Secondary analysis of
randomised controlled

trial
Chen et al. (2010) [227]  Pittsburgh Sleep Quality Cross-sectional,
Index descriptive

correlational design

173 stable chronic
heart failure patients

27 heart failure patients

226 CABHS patients

125 heart failure
patients

despite poorer objective sleep quality in patients with
SDB

Over half of HF patients reported insomnia symptom
and these were associated with daytime symptoms and
decrements in functional performance

Cardiac Resynchronization Therapy decreased central
sleep apnoea and improved quality of sleep and
daytime sleepiness

There were three patient clusters of symptom burden
with one cluster characterized by high sleep
disturbance

Subjective sleep quality was a significant predictor of
quality of life

Abbreviations: PSQI Pittsburgh Sleep Quality Index; VASS Visual Analogue Sleep Scale; BQ Berlin Questionnaire; ESS Epworth Sleepiness Scale; OSA obstructive sleep apnoea;
ACS acute coronary syndrome; CABGS coronary artery bypass graft surgery; CAD coronary artery disease; HD heart failure; MI myocardial infarction; AMI acute myocardial
infarction; AF atrial fibrillation; AHI apnoea-hypopnoea index; SDB sleep disordered breathing; PSG polysomnography; BMI body mass index; MCE major cardiovascular
events; CCU coronary care unit; ICU intensive care unit; CPAP continuous positive airway pressure REM rapid eye movement sleep; QOL quality of life; PTSD post-traumatic
stress disorder.

References

(1]

[2

[3

[4

[5

[6

(7]

[8

[9

[10]

(11]

[12]

[13]

[14]

[15]

Tietjens JR, Claman D, Kezirian EJ, et al. Obstructive sleep apnea in cardio-
vascular disease: a review of the literature and proposed multidisciplinary
clinical management strategy. ] Am Heart Assoc 2019;8:e010440. https://
doi.org/10.1161/JAHA.118.010440. 2018/12/29.

Yacoub M, Youssef I, Salifu MO, et al. Cardiovascular disease risk in
obstructive sleep apnea: an update. J Sleep Disord Ther 2017;7. https://
doi.org/10.4172/2167-0277.1000283. 2017/01/01.

Le Grande MR, Beauchamp A, Driscoll A, et al. Prevalence of obstructive sleep
apnoea in acute coronary syndrome patients: systematic review and meta-
analysis. BMC Cardiovasc Disord 2020;20:147. https://doi.org/10.1186/
s12872-020-01430-3.

Coryell VT, Ziegelstein RC, Hirt K, et al. Clinical correlates of insomnia in
patients with acute coronary syndrome. Int Heart ] 2013;54:258—65. 2013/
10/08.

Da Costa D, Allman AA, Libman E, et al. Prevalence and determinants of
insomnia after a myocardial infarction. Psychosomatics 2017;58:132—40.
https://doi.org/10.1016/j.psym.2016.11.002. 2017/01/21.

Appleton SL, Gill TK, Lang (], et al. Prevalence and comorbidity of sleep
conditions in Australian adults: 2016 Sleep Health Foundation national
survey. Sleep Health 2018;4:13-9. https://doi.org/10.1016/
j.sleh.2017.10.006. 2018/01/16.

Wang YM, Song M, Wang R, et al. Insomnia and multimorbidity in the
community elderly in China. ] Clin Sleep Med 2017;13:591—7. https://
doi.org/10.5664/jcsm.6550. 2017/02/19.

Zuraikat FM, Makarem N, Liao M, et al. Measures of poor sleep quality are
associated with higher energy intake and poor diet quality in a diverse
sample of women from the go red for women strategically focused research
network. J Am Heart Assoc 2020;9:e014587. https://doi.org/10.1161/
JAHA.119.014587. 2020/02/18.

Riemann D, Krone LB, Wulff K, et al. Sleep, insomnia, and depression. Neu-
ropsychopharmacology 2020;45:74—89. https://doi.org/10.1038/s41386-
019-0411-y. 2019/05/10.

Redeker NS, Jeon S, Muench U, et al. Insomnia symptoms and daytime
function in stable heart failure. Sleep 2010;33:1210—6. https://doi.org/
10.1093/sleep/33.9.1210. 2010/09/23.

Katz DA, McHorney CA. The relationship between insomnia and health-
related quality of life in patients with chronic illness. ] Fam Pract 2002;51:
229-35. 2002/04/30.

Spiesshoefer J, Linz D, Skobel E, et al. Sleep - the yet underappreciated player
in cardiovascular diseases: a clinical review from the German cardiac society
working group on sleep disordered breathing. Eur ] Prev Cardiol 2019.
https://doi.org/10.1177/2047487319879526. 2047487319879526. 2019/10/
30.

Zhang Y, Ren R, Lei F, et al. Worldwide and regional prevalence rates of co-
occurrence of insomnia and insomnia symptoms with obstructive sleep
apnea: a systematic review and meta-analysis. Sleep Med Rev 2019;45:
1-17. https://doi.org/10.1016/j.smrv.2019.01.004. 2019/03/08.

Zheng D, Xu Y, You S, et al. Effects of continuous positive airway pressure on
depression and anxiety symptoms in patients with obstructive sleep apnoea:
results from the sleep apnoea cardiovascular Endpoint randomised trial and
meta-analysis. EClinicalMedicine 2019;11:89—96. https://doi.org/10.1016/
j.eclinm.2019.05.012. 2019/07/18.

Maeder MT, Schoch OD, Rickli H. A clinical approach to obstructive sleep
apnea as a risk factor for cardiovascular disease. Vasc Health Risk Manag
2016;12:85—103. https://doi.org/10.2147/VHRM.S74703. 2016/04/07.

155

[16]

(17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

Ong JC, Crawford MR, Wallace DM. Sleep apnea and insomnia: emerging
evidence for effective clinical management. Chest 2020. https://doi.org/
10.1016/j.chest.2020.12.002. 2020/12/15.

Le Grande MR, Neubeck L, Murphy BM, et al. Screening for obstructive sleep
apnoea in cardiac rehabilitation: a position statement from the Australian
centre for heart health and the Australian cardiovascular health and reha-
bilitation association. Eur ] Prev Cardiol 2016;23:1466—75. https://doi.org/
10.1177/2047487316652975. 2016/06/09.

Douglas JA, Chai-Coetzer CL, McEvoy D, et al. Guidelines for sleep studies in
adults - a position statement of the Australasian Sleep Association. Sleep
Med 2017;36(Suppl 1):S2—22. https://doi.org/10.1016/j.sleep.2017.03.019.
2017/06/27.

Riemann D, Baglioni C, Bassetti C, et al. European guideline for the diagnosis
and treatment of insomnia. ] Sleep Res 2017;26:675—700. https://doi.org/
10.1111/jsr.12594. 2017/09/07.

Lack L, Sweetman A. Diagnosis and treatment of insomnia comorbid with
obstructive sleep apnea. Sleep Med Clin 2016;11:379—88. https://doi.org/
10.1016/j.jsmc.2016.05.006. 2016/08/21.

Edinger |D. Classifying insomnia in a clinically useful way. ] Clin Psychiatr
2004;65(Suppl 8):36—43. 2004/05/22.

Medical Advisory S. Polysomnography in patients with obstructive sleep
apnea: an evidence-based analysis. Ont Health Technol Assess Ser 2006;6:
1-38. 2006/01/01.

Maxim LD, Niebo R, Utell MJ. Screening tests: a review with examples. Inhal
Toxicol 2014;26:811—28. https://doi.org/10.3109/08958378.2014.955932.
2014/09/29.

Fanshawe TR, Power M, Graziadio S, et al. Interactive visualisation for
interpreting diagnostic test accuracy study results. BM] Evid Based Med
2018;23:13—6. https://doi.org/10.1136/ebmed-2017-110862. 2018/01/26.
Deville WL, Buntinx F, Bouter LM, et al. Conducting systematic reviews of
diagnostic studies: didactic guidelines. BMC Med Res Methodol 2002;2:9.
https://doi.org/10.1186/1471-2288-2-9. 2002/07/05.

Glas AS, Lijmer ]G, Prins MH, et al. The diagnostic odds ratio: a single indi-
cator of test performance. ] Clin Epidemiol 2003;56:1129—35. https://
doi.org/10.1016/s0895-4356(03)00177-x. 2003/11/15.

World Health Organization. International classification of diseases for mor-
tality and morbidity statistics (11th Revision). 2018. Retrieved from, https://
icd.who.int/browse11/l-m/en.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Arlington, VA: Author; 2013.

Ito E, Inoue Y. The international classification of sleep disorders, third edi-
tion. American Academy of sleep medicine. Includes bibliographies and in-
dex. Nihon Rinsho 2015;73:916—23. 2015/06/13.

Cohen JF, Korevaar DA, Altman DG, et al. STARD 2015 guidelines for
reporting diagnostic accuracy studies: explanation and elaboration. BM]
Open 2016;6:e012799. https://doi.org/10.1136/bmjopen-2016-012799.
2017/02/01.

Bossuyt PM, Cohen JF, Gatsonis CA, et al. STARD 2015: updated reporting
guidelines for all diagnostic accuracy studies. Ann Transl Med 2016;4:85.
https://doi.org/10.3978/j.issn.2305-5839.2016.02.06. 2016/03/24.

Reitsma JB, Glas AS, Rutjes AW, et al. Bivariate analysis of sensitivity and
specificity produces informative summary measures in diagnostic reviews.
J Clin  Epidemiol  2005;58:982—90.  https://doi.org/10.1016/j.jcli-
nepi.2005.02.022. 2005/09/20.

Zamora ], Abraira V, Muriel A, et al. Meta-DiSc: a software for meta-analysis
of test accuracy data. BMC Med Res Methodol 2006;6:31. https://doi.org/
10.1186/1471-2288-6-31. 2006/07/14.


https://doi.org/10.1161/JAHA.118.010440
https://doi.org/10.1161/JAHA.118.010440
https://doi.org/10.4172/2167-0277.1000283
https://doi.org/10.4172/2167-0277.1000283
https://doi.org/10.1186/s12872-020-01430-3
https://doi.org/10.1186/s12872-020-01430-3
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref4
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref4
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref4
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref4
https://doi.org/10.1016/j.psym.2016.11.002
https://doi.org/10.1016/j.sleh.2017.10.006
https://doi.org/10.1016/j.sleh.2017.10.006
https://doi.org/10.5664/jcsm.6550
https://doi.org/10.5664/jcsm.6550
https://doi.org/10.1161/JAHA.119.014587
https://doi.org/10.1161/JAHA.119.014587
https://doi.org/10.1038/s41386-019-0411-y
https://doi.org/10.1038/s41386-019-0411-y
https://doi.org/10.1093/sleep/33.9.1210
https://doi.org/10.1093/sleep/33.9.1210
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref11
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref11
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref11
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref11
https://doi.org/10.1177/2047487319879526
https://doi.org/10.1016/j.smrv.2019.01.004
https://doi.org/10.1016/j.eclinm.2019.05.012
https://doi.org/10.1016/j.eclinm.2019.05.012
https://doi.org/10.2147/VHRM.S74703
https://doi.org/10.1016/j.chest.2020.12.002
https://doi.org/10.1016/j.chest.2020.12.002
https://doi.org/10.1177/2047487316652975
https://doi.org/10.1177/2047487316652975
https://doi.org/10.1016/j.sleep.2017.03.019
https://doi.org/10.1111/jsr.12594
https://doi.org/10.1111/jsr.12594
https://doi.org/10.1016/j.jsmc.2016.05.006
https://doi.org/10.1016/j.jsmc.2016.05.006
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref21
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref21
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref21
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref22
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref22
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref22
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref22
https://doi.org/10.3109/08958378.2014.955932
https://doi.org/10.1136/ebmed-2017-110862
https://doi.org/10.1186/1471-2288-2-9
https://doi.org/10.1016/s0895-4356(03)00177-x
https://doi.org/10.1016/s0895-4356(03)00177-x
https://icd.who.int/browse11/l-m/en
https://icd.who.int/browse11/l-m/en
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref28
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref28
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref29
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref29
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref29
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref29
https://doi.org/10.1136/bmjopen-2016-012799
https://doi.org/10.3978/j.issn.2305-5839.2016.02.06
https://doi.org/10.1016/j.jclinepi.2005.02.022
https://doi.org/10.1016/j.jclinepi.2005.02.022
https://doi.org/10.1186/1471-2288-6-31
https://doi.org/10.1186/1471-2288-6-31

M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

[34]

[35]

(36]

(37]

[38]

[39]

[40]

[41]

[42]

[43]

[44

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Harbord RM, Whiting P. Metandi: meta-analysis of diagnostic accuracy using
hierarchical logistic regression. STATA ] 2009;9:211-29. https://doi.org/
10.1177/1536867X0900900203.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Contr Clin Trials
1986;7:177—88. https://doi.org/10.1016/0197-2456(86)90046-2. 1986/09/
01.

Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and
other sample size effects in systematic reviews of diagnostic test accuracy
was assessed. ] Clin Epidemiol 2005;58:882—93. https://doi.org/10.1016/
jjclinepi.2005.01.016. 2005/08/09.

Higgins JPT, Thompson SG, Deeks ]JJ, et al. Measuring inconsistency in meta-
analyses. BM] (Clinical research ed) 2003;327:557—60. https://doi.org/
10.1136/bmj.327.7414.557.

van Enst WA, Ochodo E, Scholten RJ, et al. Investigation of publication bias in
meta-analyses of diagnostic test accuracy: a meta-epidemiological study.
BMC Med Res Methodol 2014;14:70. https://doi.org/10.1186/1471-2288-14-
70.2014/06/03.

Mason M, Hernandez-Sanchez ], Vuylsteke A, et al. Usefulness of the STOP-
bang questionnaire in a cardiac surgical population. ] Cardiothorac Vasc
Anesth 2018;32:2694—9. https://doi.org/10.1053/j.jvca.2018.04.049. 2018/
06/24.

Nunes FS, Danzi-Soares NJ, Genta PR, et al. Critical evaluation of screening
questionnaires for obstructive sleep apnea in patients undergoing coronary
artery bypass grafting and abdominal surgery. Sleep Breath 2015;19:
115—22. https://doi.org/10.1007/s11325-014-0971-3. 2014/03/29.
Abumuamar AM, Dorian P, Newman D, et al. The STOP-BANG questionnaire
shows an insufficient specificity for detecting obstructive sleep apnea in
patients with atrial fibrillation. ] Sleep Res 2018;27:e12702. https://doi.org/
10.1111/jsr.12702. 2018/04/24.

Danzi-Soares NJ, Genta PR, Nerbass FB, et al. Obstructive sleep apnea is
common among patients referred for coronary artery bypass grafting and
can be diagnosed by portable monitoring. Coron Artery Dis 2012;23:31-8.
https://doi.org/10.1097/MCA.0b013e32834df5d0. 2011/11/24.
Mohammadieh A, Sutherland K, Kanagaratnam L, et al. Sleep apnoea
screening for patients with atrial fibrillation: results of the SAFARI study.
] Sleep Res 2019;28:e95_12913. https://doi.org/10.1111/jsr.95_12913.
Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen
patients for obstructive sleep apnea. Anesthesiology 2008;108:812—21.
https://doi.org/10.1097/ALN.0b013e31816d83e4. 2008/04/24.

Capodanno D, Cumbo M, Marchese A, et al. Daytime sleepiness does not
predict sleep apnoea in patients with coronary artery disease. Int ]
Cardiol 2011;151:248-50. https://doi.org/10.1016/j.ijjcard.2011.06.076.
2011/07/06.

Harris KM, Schiele SE, Emery CF. Pilot randomized trial of brief behavioral
treatment for insomnia in patients with heart failure. Heart Lung 2019;48:
373-80. https://doi.org/10.1016/j.hrtlng.2019.06.003. 2019/07/01.

Heenan A, Pipe A, Lemay K, et al. Cognitive-Behavioral therapy for insomnia
tailored to patients with cardiovascular disease: a pre-post study. Behav
Sleep Med 2019;1—14. https://doi.org/10.1080/15402002.2019.1594815.
2019/04/23.

Javaheri S, Reid M, Drerup M, et al. Reducing coronary heart disease risk
through treatment of insomnia using web-based cognitive behavioral ther-
apy for insomnia: a methodological approach. Behav Sleep Med 2020;18:
334—44. https://doi.org/10.1080/15402002.2019.1584896.

Redeker NS, Jeon S, Andrews L, et al. Feasibility and efficacy of a self-
management intervention for insomnia in stable heart failure. ] Clin Sleep
Med 2015;11:1109—19. https://doi.org/10.5664/jcsm.5082. 2015/05/17.
Assari S, Moghani Lankarani M, Kazemi Saleh D, et al. Gender modifies the
effects of education and income on sleep quality of the patients with coro-
nary artery disease. Int Cardiovasc Res ] 2013;7:141—6. 2014/04/24.

Gau FY, Chen XP, Wu HY, et al. Sleep-related predictors of quality of life in
the elderly versus younger heart failure patients: a questionnaire survey. Int
J Nurs Stud 2011;48:419—28. https://doi.org/10.1016/j.ijnurstu.2010.07.011.
2010/08/11.

Javadi N, Darvishpour A, Mehrdad N, et al. Survey of sleep status and its
related factors among hospitalized patients with heart failure. ] Tehran Heart
Cent 2015;10:9—17. 2015/07/15.

Moradi M, Mehrdad N, Nikpour S, et al. Sleep quality and associated factors
among patients with chronic heart failure in Iran. Med ] Islam Repub Iran
2014;28:149. 2015/02/20.

Wang TJ, Lee SC, Tsay SL, et al. Factors influencing heart failure patients’
sleep quality. ] Adv Nurs 2010;66:1730—40. https://doi.org/10.1111/j.1365-
2648.2010.05342.x. 2010/06/19.

Szymanski FM, Filipiak K], Karpinski G, et al. Occurrence of poor sleep quality
in atrial fibrillation patients according to the EHRA score. Acta Cardiol
2014;69:291—6. https://doi.org/10.2143/ac.69.3.3027832. 2014/07/18.
Yilmaz S, Aksoy E, Dogan T, et al. Angina severity predicts worse sleep
quality after coronary artery bypass grafting. Perfusion 2016;31:471—6.
https://doi.org/10.1177/0267659115627690. 2016/01/27.

Lee KS, Lennie TA, Heo S, et al. Prognostic importance of sleep quality in
patients with heart failure. Am ] Crit Care 2016;25:516—25. https://doi.org/
10.4037/ajcc2016219. 2016/11/03.

Riegel B, Glaser D, Richards K, et al. Modifiable factors associated with sleep
dysfunction in adults with heart failure. Eur J Cardiovasc Nurs 2012;11:
402-9. https://doi.org/10.1016/j.ejcnurse.2011.02.001. 2011/03/01.

156

[59]

[60]

[61]

[62]

(63]

(64]

[65]

[66]

[67]

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

(771

(78]

[79]

(80]

(81]

Sleep Medicine 86 (2021) 135—160

Byun E, Kim ], Riegel B. Associations of subjective sleep quality and daytime
sleepiness with cognitive impairment in adults and elders with heart failure.
Behav Sleep Med 2017;15:302—-17. https://doi.org/10.1080/
15402002.2015.1133418. 2016/04/27.

Matsuda R, Kohno T, Kohsaka S, et al. The prevalence of poor sleep quality
and its association with depression and anxiety scores in patients admitted
for cardiovascular disease: a cross-sectional designed study. Int J Cardiol
2017;228:977—-82. https://doi.org/10.1016/j.ijcard.2016.11.091. 2016/12/
05.

Yang PL, Huang GS, Tsai CS, et al. Sleep quality and emotional correlates in
Taiwanese coronary artery bypass graft patients 1 Week and 1 Month after
hospital discharge: a repeated descriptive correlational study. PloS One
2015;10:e0136431. https://doi.org/10.1371/journal.pone.0136431. 2015/08/
21.

Chen HM, Clark AP, Tsai LM, et al. Self-reported health-related quality of life
and sleep disturbances in Taiwanese people with heart failure. ] Cardiovasc
Nurs 2010;25:503—13.

Peric V, Stolic R, Jovanovic A, et al. Predictors of quality of life improvement
after 2 Years of coronary artery bypass surgery. Ann Thorac Cardiovasc Surg
2017;23:233—8. https://doi.org/10.5761/atcs.0a.16-00293. 2017/08/05.

Tan JJL, Tay HY, Lim CKS, et al. Measurement structure of the Pittsburgh sleep
quality index and its association with health functioning in patients with
coronary heart disease. ] Clin Psychol Med Settings 2019. https://doi.org/
10.1007/s10880-019-09652-0. 2019/09/04.

Juskiene A, Podlipskyte A, Bunevicius A, et al. Type D personality and sleep
quality in coronary artery disease patients with and without obstructive
sleep apnea: mediating effects of anxiety and depression. Int ] Behav Med
2018;25:171-82. https://doi.org/10.1007/s12529-017-9708-6. 2018/01/13.
Shaffer JA, Kronish IM, Burg M, et al. Association of acute coronary
syndrome-induced posttraumatic stress disorder symptoms with self-
reported sleep. Ann Behav Med 2013;46:349—57. https://doi.org/10.1007/
s12160-013-9512-8. 2013/05/31.

Kurose S, Miyauchi T, Yamashita R, et al. Association of locomotive activity
with sleep latency and cognitive function of elderly patients with cardio-
vascular disease in the maintenance phase of cardiac rehabilitation. ] Cardiol
2019;73:530-5. https://doi.org/10.1016/j.jjcc.2018.12.015. 2019/01/07.
Suna JM, Mudge A, Stewart [, et al. The effect of a supervised exercise training
programme on sleep quality in recently discharged heart failure patients. Eur
] Cardiovasc Nurs 2014. https://doi.org/10.1177/1474515114522563.
Duarte Freitas P, Haida A, Bousquet M, et al. Short-term impact of a 4-week
intensive cardiac rehabilitation program on quality of life and anxiety-
depression. Ann Phys Rehabil Med 2011;54:132—43. https://doi.org/
10.1016/j.rehab.2011.02.001. 2011/03/15.

Gostoli S, Roncuzzi R, Urbinati S, et al. Unhealthy behaviour modification,
psychological distress, and 1-year survival in cardiac rehabilitation. Br ]
Health Psychol 2016;21:894—-916. https://doi.org/10.1111/bjhp.12204.
2016/06/19.

Babaii A, Adib-Hajbaghery M, Hajibagheri A. Effect of using eye mask on
sleep quality in cardiac patients: a randomized controlled trial. Nurs
Midwifery Stud 2015;4:e28332. https://doi.org/10.17795/nmsjournal28332.
2016/02/03.

Hojskov IE, Moons P, Egerod I, et al. Early physical and psycho-educational
rehabilitation in patients with coronary artery bypass grafting: a random-
ized controlled trial. J Rehabil Med 2019;51:136—43. https://doi.org/
10.2340/16501977-2499. 2018/11/30.

Karadag E, Samancioglu S, Ozden D, et al. Effects of aromatherapy on sleep
quality and anxiety of patients. Nurs Crit Care 2017;22:105—12. https://
doi.org/10.1111/nicc.12198. 2015/07/28.

Mehra R, Wang L, Andrews N, et al. Dissociation of objective and subjective
daytime sleepiness and biomarkers of systemic inflammation in sleep-
disordered breathing and systolic heart failure. J Clin Sleep Med 2017;13:
1411-22. Research Support, N.L.H., Extramural.

Wang LN, Tao H, Zhao Y, et al. Optimal timing for initiation of biofeedback-
assisted relaxation training in hospitalized coronary heart disease patients
with sleep disturbances. ] Cardiovasc Nurs 2014;29:367—76. https://doi.org/
10.1097/JCN.0b013e318297c41b. 2013/06/21.

Ross SD, Sheinhait IA, Harrison K]J, et al. Systematic review and meta-analysis
of the literature regarding the diagnosis of sleep apnea. Sleep 2000;23:
519-32. 2000/06/30.

Senaratna CV, Perret JL, Lowe A, et al. Detecting sleep apnoea syndrome in
primary care with screening questionnaires and the Epworth sleepiness
scale. Med ] Aust 2019;211:65—70. https://doi.org/10.5694/mja2.50145.
2019/05/03.

Chasens ER, Ratcliffe S], Weaver TE. Development of the FOSQ-10: a short
version of the functional outcomes of sleep questionnaire. Sleep 2009;32:
915-9. https://doi.org/10.1093/sleep/32.7.915. 2009/07/31.

Dameer AM, Jackson ML. A new screening tool for obstructive sleep apnoea
tailored to a cardiac population. ] Sleep Res 2019;28:e93_12913. https://
doi.org/10.1111/jsr.93_12913.

Morin CM, Belleville G, Belanger L, et al. The Insomnia Severity Index: psy-
chometric indicators to detect insomnia cases and evaluate treatment
response. Sleep 2011;34:601—-8. https://doi.org/10.1093/sleep/34.5.601.
2011/05/03.

Severson CA, Tsai WH, Ronksley PE, et al. Identification of insomnia in a sleep
center population using electronic health data sources and the insomnia


https://doi.org/10.1177/1536867X0900900203
https://doi.org/10.1177/1536867X0900900203
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1016/j.jclinepi.2005.01.016
https://doi.org/10.1016/j.jclinepi.2005.01.016
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1186/1471-2288-14-70
https://doi.org/10.1186/1471-2288-14-70
https://doi.org/10.1053/j.jvca.2018.04.049
https://doi.org/10.1007/s11325-014-0971-3
https://doi.org/10.1111/jsr.12702
https://doi.org/10.1111/jsr.12702
https://doi.org/10.1097/MCA.0b013e32834df5d0
https://doi.org/10.1111/jsr.95_12913
https://doi.org/10.1097/ALN.0b013e31816d83e4
https://doi.org/10.1016/j.ijcard.2011.06.076
https://doi.org/10.1016/j.hrtlng.2019.06.003
https://doi.org/10.1080/15402002.2019.1594815
https://doi.org/10.1080/15402002.2019.1584896
https://doi.org/10.5664/jcsm.5082
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref50
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref50
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref50
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref50
https://doi.org/10.1016/j.ijnurstu.2010.07.011
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref52
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref52
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref52
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref52
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref53
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref53
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref53
https://doi.org/10.1111/j.1365-2648.2010.05342.x
https://doi.org/10.1111/j.1365-2648.2010.05342.x
https://doi.org/10.2143/ac.69.3.3027832
https://doi.org/10.1177/0267659115627690
https://doi.org/10.4037/ajcc2016219
https://doi.org/10.4037/ajcc2016219
https://doi.org/10.1016/j.ejcnurse.2011.02.001
https://doi.org/10.1080/15402002.2015.1133418
https://doi.org/10.1080/15402002.2015.1133418
https://doi.org/10.1016/j.ijcard.2016.11.091
https://doi.org/10.1371/journal.pone.0136431
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref62
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref62
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref62
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref62
https://doi.org/10.5761/atcs.oa.16-00293
https://doi.org/10.1007/s10880-019-09652-0
https://doi.org/10.1007/s10880-019-09652-0
https://doi.org/10.1007/s12529-017-9708-6
https://doi.org/10.1007/s12160-013-9512-8
https://doi.org/10.1007/s12160-013-9512-8
https://doi.org/10.1016/j.jjcc.2018.12.015
https://doi.org/10.1177/1474515114522563
https://doi.org/10.1016/j.rehab.2011.02.001
https://doi.org/10.1016/j.rehab.2011.02.001
https://doi.org/10.1111/bjhp.12204
https://doi.org/10.17795/nmsjournal28332
https://doi.org/10.2340/16501977-2499
https://doi.org/10.2340/16501977-2499
https://doi.org/10.1111/nicc.12198
https://doi.org/10.1111/nicc.12198
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref74
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref74
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref74
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref74
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref74
https://doi.org/10.1097/JCN.0b013e318297c41b
https://doi.org/10.1097/JCN.0b013e318297c41b
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref76
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref76
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref76
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref76
https://doi.org/10.5694/mja2.50145
https://doi.org/10.1093/sleep/32.7.915
https://doi.org/10.1111/jsr.93_12913
https://doi.org/10.1111/jsr.93_12913
https://doi.org/10.1093/sleep/34.5.601

M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

(82]

(83]

[84]

(85]

[86]

[87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

severity index. ]J Clin Sleep Med 2013;9:655—60. https://doi.org/10.5664/
jesm.2830. 2013/07/16.

Gagnon C, Belanger L, Ivers H, et al. Validation of the insomnia severity index
in primary care. ] Am Board Fam Med 2013;26:701—10. https://doi.org/
10.3122/jabfm.2013.06.130064. 2013/11/10.

Savard MH, Savard ], Simard S, et al. Empirical validation of the insomnia
severity index in cancer patients. Psycho Oncol 2005;14:429—41. https://
doi.org/10.1002/pon.860. 2004/09/18.

Alsaadi SM, McAuley JH, Hush JM, et al. Detecting insomnia in patients with
low back pain: accuracy of four self-report sleep measures. BMC Muscoskel
Disord 2013;14:196. https://doi.org/10.1186/1471-2474-14-196. 2013/06/
29.

Edinger D, Buysse DJ, Deriy L, et al. Quality measures for the care of patients
with insomnia. ] Clin Sleep Med 2015;11:311—-34. https://doi.org/10.5664/
jesm.4552. 2015/02/24.

Chiu H-Y, Chang L-Y, Hsieh Y-J, et al. A meta-analysis of diagnostic accuracy
of three screening tools for insomnia. ] Psychosom Res 2016;87:85—92.
https://doi.org/10.1016/j.jpsychores.2016.06.010.

Thorndike FP, Ritterband LM, Saylor DK, et al. Validation of the insomnia
severity index as a web-based measure. Behav Sleep Med 2011;9:216—23.
https://doi.org/10.1080/15402002.2011.606766. 2011/10/19.

Soldatos CR, Dikeos DG, Paparrigopoulos T]. Athens Insomnia Scale: vali-
dation of an instrument based on ICD-10 criteria. J Psychosom Res
2000;48:555—60. https://doi.org/10.1016/s0022-3999(00)00095-7. 2000/
10/18.

Lin CY, Cheng ASK, Nejati B, et al. A thorough psychometric comparison
between Athens Insomnia Scale and Insomnia Severity Index among patients
with advanced cancer. ] Sleep Res 2020;29:e12891. https://doi.org/10.1111/
jsr.12891. 2019/07/23.

Benjamin EJ, Blaha M], Chiuve SE, et al. Heart disease and stroke statistics-
2017 update: a report from the American heart association. Circulation
2017;135:e146—603. https://doi.org/10.1161/CIR.0000000000000485. 2017/
01/27.

Edwards KS, Hekler AC, Baum ], et al. Psychological distress among female
cardiac patients presenting to a Women's Heart Health Clinic. Am ] Cardiol
2019;123:2026—30. https://doi.org/10.1016/j.amjcard.2019.03.029. 2019/
04/23.

Kanno Y, Yoshihisa A, Watanabe S, et al. Prognostic significance of insomnia
in heart failure. Circ ] 2016;80:1571—7. https://doi.org/10.1253/circj.CJ-16-
0205. 2016/05/20.

Redeker NS, Jeon S, Andrews L, et al. Effects of cognitive behavioral therapy
for insomnia on sleep-related cognitions among patients with stable heart
failure. Behav Sleep Med 2019;17:342—54. https://doi.org/10.1080/
15402002.2017.1357120. 2017/07/27.

Jackson ML, Tolson ], Bartlett D, et al. Clinical depression in untreated
obstructive sleep apnea: examining predictors and a meta-analysis of
prevalence rates. Sleep Med 2019;62:22—8. https://doi.org/10.1016/
j.sleep.2019.03.011. 2019/09/17.

Suna JM, Mudge A, Stewart I, et al. The effect of a supervised exercise training
programme on sleep quality in recently discharged heart failure patients. Eur
] Cardiovasc Nurs 2015;14:198-205. https://doi.org/10.1177/
1474515114522563. 2014/02/05.

Cho YW, Kim KT, Moon HJ, et al. Comorbid insomnia with obstructive sleep
apnea: clinical characteristics and risk factors. ] Clin Sleep Med 2018;14:
409—17. https://doi.org/10.5664/jcsm.6988. 2018/02/21.

Shapira-Daniels A, Mohanty S, Contreras-Valdes FM, et al. Prevalence of
undiagnosed sleep apnea in patients with atrial fibrillation and its impact on
therapy. JACC (J Am Coll Cardiol): Clin Electrophysiol 2020:1198. https://
doi.org/10.1016/j.jacep.2020.05.030.

Bonsignore MR, Randerath W, Schiza S, et al. European respiratory society
statement on sleep apnoea, sleepiness and driving risk. Eur Respir ] 2020.
https://doi.org/10.1183/13993003.01272-2020. 2020/10/04.

Gamaldo C, Buenaver L, Chernyshev O, et al. Evaluation of clinical tools to
screen and assess for obstructive sleep apnea. ] Clin Sleep Med 2018;14:
1239—44. https://doi.org/10.5664/jcsm.7232. 2018/07/12.

Bravata DM, Lightner N, Yaggi HK, et al. Economic assessment of 4
approaches to the diagnosis and initial treatment of sleep apnea. Respir
Care 2018;63:50—61. https://doi.org/10.4187/respcare.05355. 2017/10/
27.

Linz D, Brooks AG, Elliott AD, et al. Nightly variation in sleep apnea severity
as atrial fibrillation risk. ] Am Coll Cardiol 2018;72:2406—7. https://doi.org/
10.1016/j.jacc.2018.08.2159. 2018/11/06.

Stoberl AS, Schwarz EI, Haile SR, et al. Night-to-night variability of
obstructive sleep apnea. ] Sleep Res 2017;26:782—8. https://doi.org/10.1111/
jsr.12558. 2017/05/27.

Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical practice guideline for
diagnostic testing for adult obstructive sleep apnea: an American Academy
of sleep medicine clinical practice guideline. J Clin Sleep Med 2017;13:
479—-504. https://doi.org/10.5664/jcsm.6506. 2017/02/07.

Chung F, Abdullah HR, Liao P. STOP-bang questionnaire: a practical approach
to screen for obstructive sleep apnea. Chest 2016;149:631—-8. https://
doi.org/10.1378/chest.15-0903. 2015/09/18.

Naughton MT. Epidemiology of central sleep apnoea in heart failure. Int ]
Cardiol 2016;206(Suppl):S4—7. https://doi.org/10.1016/j.ijjcard.2016.02.125.
2016/03/08.

157

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

Sleep Medicine 86 (2021) 135—160

Chai-Coetzer CL, Antic NA, Rowland LS, et al. A simplified model of screening
questionnaire and home monitoring for obstructive sleep apnoea in primary
care. Thorax 2011;66:213—9. https://doi.org/10.1136/thx.2010.152801.
2011/01/22.

Danzi-Soares NJ, Genta PR, Nerbass FB, et al. Obstructive sleep apnea is
common among patients referred for coronary artery bypass grafting and
can be diagnosed by portable monitoring. Coron Artery Dis 2012;23:31-8.
Research Support, Non-U.S. Gov't.

Sert-Kuniyoshi FH, Squires RW, Korenfeld YK, et al. Screening for obstructive
sleep apnea in early outpatient cardiac rehabilitation: feasibility and results.
Sleep Med 2011;12:924—7. https://doi.org/10.1016/j.sleep.2010.11.014.
Chung F, Yegneswaran B, Liao P, et al. Validation of the Berlin questionnaire
and American Society of Anesthesiologists checklist as screening tools for
obstructive sleep apnea in surgical patients. Anesthesiology 2008;108:
822-30. https://doi.org/10.1097/ALN.0b013e31816d91b5. 2008/04/24.
Marti-Soler H, Hirotsu C, Marques-Vidal P, et al. The NoSAS score for
screening of sleep-disordered breathing: a derivation and validation study.
Lancet Respir Med 2016;4:742—8. https://doi.org/10.1016/S2213-2600(16)
30075-3. 2016/06/21.

Mallampati SR, Gatt SP, Gugino LD, et al. A clinical sign to predict difficult
tracheal intubation: a prospective study. Can Anaesth Soc J 1985;32:429—34.
https://doi.org/10.1007/BF03011357. 1985/07/01.

Douglass AB, Bornstein R, Nino-Murcia G, et al. The sleep disorders ques-
tionnaire. I: creation and multivariate structure of SDQ. Sleep 1994;17:
160—7. https://doi.org/10.1093/sleep/17.2.160. 1994/03/01.

Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep 1991;14:540—5. https://doi.org/10.1093/sleep/
14.6.540. 1991/12/01.

MacLean AW, Fekken GC, Saskin P, et al. Psychometric evaluation of the
stanford sleepiness scale. ] Sleep Res 1992;1:35—9. https://doi.org/10.1111/
j.1365-2869.1992.tb00006.x. 1992/03/01.

Bastien CH, Vallieres A, Morin CM. Validation of the Insomnia Severity Index
as an outcome measure for insomnia research. Sleep Med 2001;2:297—-307.
https://doi.org/10.1016/s1389-9457(00)00065-4. 2001/07/05.

Jenkins CD, Stanton BA, Niemcryk SJ, et al. A scale for the estimation of sleep
problems in clinical research. J Clin Epidemiol 1988;41:313—21. https://
doi.org/10.1016/0895-4356(88)90138-2. 1988/01/01.

Broman JE, Lundh L-G. Vicious cycles of sleeplessness: a new scale for
insomnia. Sleep 2003;26:A298.

Pallesen S, Bjorvatn B, Nordhus IH, et al. A new scale for measuring
insomnia: the Bergen Insomnia Scale. Percept Mot Skills 2008;107:691—706.
https://doi.org/10.2466/pms.107.3.691-706. 2009/02/25.

Weaver TE, Laizner AM, Evans LK, et al. An instrument to measure functional
status outcomes for disorders of excessive sleepiness. Sleep 1997;20:
835—43. 1998/01/07.

Buysse DJ, Reynolds 3rd CF, Monk TH, et al. The Pittsburgh Sleep Quality
Index: a new instrument for psychiatric practice and research. Psychiatr Res
1989;28:193—213. https://doi.org/10.1016/0165-1781(89)90047-4. 1989/
05/01.

Snyder-Halpern R, Verran JA. Instrumentation to describe subjective sleep
characteristics in healthy subjects. Res Nurs Health 1987;10:155—63. https://
doi.org/10.1002/nur.4770100307.

Richards KC, O'Sullivan PS, Phillips RL. Measurement of sleep in critically ill
patients. ] Nurs Meas 2000;8:131—44. 2001/03/03.

Mallon L, Hetta J. A survey of sleep habits and sleeping difficulties in an
elderly Swedish population. Ups ] Med Sci 1997;102:185—97. https://
doi.org/10.3109/03009739709178940. 1997/01/01.

Brostrom A, Stromberg A, Dahlstrom U, et al. Sleep difficulties, daytime
sleepiness, and health-related quality of life in patients with chronic heart
failure. ] Cardiovasc Nurs 2004;19:234—42. https://doi.org/10.1097/
00005082-200407000-00003. 2004/08/26.

Calcaianu G, Bresson D, Calcaianu M, et al. The importance of apneic events
in obstructive sleep apnea associated with acute coronary syndrome. Sleep
Disord 2019;2019:6039147. https://doi.org/10.1155/2019/6039147. 2019/
02/26.

Kadhim K, Middeldorp ME, Elliott AD, et al. Self-reported daytime sleepiness
and sleep-disordered breathing in patients with atrial fibrillation: SNOozE-
AF. Can ] Cardiol 2019;35:1457—64. https://doi.org/10.1016/
j.cjca.2019.07.627. 2019/10/13.

Reuter H, Herkenrath S, Treml M, et al. Sleep-disordered breathing in pa-
tients with cardiovascular diseases cannot be detected by ESS, STOP-BANG,
and Berlin questionnaires. Clin Res Cardiol 2018;107:1071—8. https://
doi.org/10.1007/s00392-018-1282-7. 2018/05/31.

Cho YW, Moon H-J, Do SY, et al. The prevalence and predictive factors of
obstructive sleep apnoea in the early phase of acute coronary syndrome. ER]
Open Res 2017;3. https://doi.org/10.1183/23120541.sleepandbreathing-
2017.P63.

Tiringer I, Simon A, Herrfurth D, et al. [Occurrence of anxiety and depression
disorders after acute cardiac events during hospital rehabilitation. Applica-
tion of the Hospital Anxiety and Depression Scale as a screening instrument].
Psychiatr Hung 2008;23:430—43. 2009/02/17.

Szymanski FM, Filipiak KJ, Platek AE, et al. OSACS score-a new simple tool for
identifying high risk for Obstructive Sleep Apnea Syndrome based on clinical
parameters. Anatol ] Cardiol 2015;15:50—5 [Evaluation Studies Research
Support, Non-U.S. Gov't].


https://doi.org/10.5664/jcsm.2830
https://doi.org/10.5664/jcsm.2830
https://doi.org/10.3122/jabfm.2013.06.130064
https://doi.org/10.3122/jabfm.2013.06.130064
https://doi.org/10.1002/pon.860
https://doi.org/10.1002/pon.860
https://doi.org/10.1186/1471-2474-14-196
https://doi.org/10.5664/jcsm.4552
https://doi.org/10.5664/jcsm.4552
https://doi.org/10.1016/j.jpsychores.2016.06.010
https://doi.org/10.1080/15402002.2011.606766
https://doi.org/10.1016/s0022-3999(00)00095-7
https://doi.org/10.1111/jsr.12891
https://doi.org/10.1111/jsr.12891
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.1016/j.amjcard.2019.03.029
https://doi.org/10.1253/circj.CJ-16-0205
https://doi.org/10.1253/circj.CJ-16-0205
https://doi.org/10.1080/15402002.2017.1357120
https://doi.org/10.1080/15402002.2017.1357120
https://doi.org/10.1016/j.sleep.2019.03.011
https://doi.org/10.1016/j.sleep.2019.03.011
https://doi.org/10.1177/1474515114522563
https://doi.org/10.1177/1474515114522563
https://doi.org/10.5664/jcsm.6988
https://doi.org/10.1016/j.jacep.2020.05.030
https://doi.org/10.1016/j.jacep.2020.05.030
https://doi.org/10.1183/13993003.01272-2020
https://doi.org/10.5664/jcsm.7232
https://doi.org/10.4187/respcare.05355
https://doi.org/10.1016/j.jacc.2018.08.2159
https://doi.org/10.1016/j.jacc.2018.08.2159
https://doi.org/10.1111/jsr.12558
https://doi.org/10.1111/jsr.12558
https://doi.org/10.5664/jcsm.6506
https://doi.org/10.1378/chest.15-0903
https://doi.org/10.1378/chest.15-0903
https://doi.org/10.1016/j.ijcard.2016.02.125
https://doi.org/10.1136/thx.2010.152801
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref107
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref107
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref107
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref107
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref107
https://doi.org/10.1016/j.sleep.2010.11.014
https://doi.org/10.1097/ALN.0b013e31816d91b5
https://doi.org/10.1016/S2213-2600(16)30075-3
https://doi.org/10.1016/S2213-2600(16)30075-3
https://doi.org/10.1007/BF03011357
https://doi.org/10.1093/sleep/17.2.160
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1111/j.1365-2869.1992.tb00006.x
https://doi.org/10.1111/j.1365-2869.1992.tb00006.x
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1016/0895-4356(88)90138-2
https://doi.org/10.1016/0895-4356(88)90138-2
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref117
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref117
https://doi.org/10.2466/pms.107.3.691-706
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref119
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref119
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref119
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref119
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1002/nur.4770100307
https://doi.org/10.1002/nur.4770100307
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref122
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref122
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref122
https://doi.org/10.3109/03009739709178940
https://doi.org/10.3109/03009739709178940
https://doi.org/10.1097/00005082-200407000-00003
https://doi.org/10.1097/00005082-200407000-00003
https://doi.org/10.1155/2019/6039147
https://doi.org/10.1016/j.cjca.2019.07.627
https://doi.org/10.1016/j.cjca.2019.07.627
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1007/s00392-018-1282-7
https://doi.org/10.1183/23120541.sleepandbreathing-2017.P63
https://doi.org/10.1183/23120541.sleepandbreathing-2017.P63
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref129
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref129
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref129
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref129
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref129
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref130
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref130
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref130
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref130
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref130

M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

Zhao LP, Kofidis T, Lim TW, et al. Sleep apnea is associated with new-onset
atrial fibrillation after coronary artery bypass grafting. ] Crit Care 2015;30:
1418. https://doi.org/10.1016/j.jcrc.2015.07.002. e1411-1415. 2015/08/04.
Lee CH, Sethi R, Li R, et al. Obstructive sleep apnea and cardiovascular events
after percutaneous coronary intervention. Circulation 2016;133:2008—17.
https://doi.org/10.1161/circulationaha.115.019392. 2016/05/15.

Pittman M, Mason M, Packer D, et al. Validation of the STOP-BANG ques-
tionnaire as a screening tool for sleep apnoea in patients undergoing abla-
tion for paroxysmal atrial fibrillation. Eur Respir ] 2013;42:P2031.
Martinez D, da Silva RP, Klein C, et al. High risk for sleep apnea in the Berlin
questionnaire and coronary artery disease. Sleep Breath 2012;16:89—94
[Research Support, Non-U.S. Gov't].

Laporta R, Anandam A, El-Solh AA. Screening for obstructive sleep apnea in
veterans with ischemic heart disease using a computer-based clinical
decision-support system. Clin Res Cardiol 2012;101:737—44.

Aung AT, Kristanto W, Tan M], et al. Obstructive sleep apnea during rapid eye
movement sleep in patients after percutaneous coronary intervention: a
multicenter study. Sleep Breath 2020. https://doi.org/10.1007/s11325-020-
02057-6. 2020/04/10.

Imes CC, Baniak LM, Choi ], et al. Correlates of endothelial function in older
adults with untreated obstructive sleep apnea and cardiovascular disease.
] Cardiovasc Nurs 2019;34:E1-7. https://doi.org/10.1097/
JCN.0000000000000536. 2018/10/12.

von Kanel R, Princip M, Schmid JP, et al. Association of sleep problems with
neuroendocrine hormones and coagulation factors in patients with acute
myocardial infarction. BMC Cardiovasc Disord 2018;18:213. https://doi.org/
10.1186/s12872-018-0947-5. 2018/11/23.

Karimi N, Kelava M, Kothari P, et al. Patients at high risk for obstructive sleep
apnea are at increased risk for atrial fibrillation after cardiac surgery: a
cohort analysis. Anesth Analg 2018;126:2025—31. https://doi.org/10.1213/
ane.0000000000002852. 2018/03/14.

Diken O E, Diken A, Yalginkaya A, et al. Predictive value of STOP-BANG on
OSAS-related complications following coronary artery bypass grafting.
Respir Care 2018;63:1264—70. https://doi.org/10.4187/respcare.05854.
2018/06/28.

Maia FC, Goulart AC, Drager LF, et al. Impact of high risk for obstructive sleep
apnea on survival after acute coronary syndrome: insights from the ERICO
registry. Arq Bras Cardiol 2017;108:31—7. https://doi.org/10.5935/
abc.20160195. 2017/02/02.

Jonasson D, Irvine S, Starkey S, et al. Screening for obstructive sleep APNEA
(OSA) in atrial fibrillation (AF): what's the best test? Can J Cardiol 2017;33:
$195. https://doi.org/10.1016/j.cjca.2017.07.382.

Li Y, Yang S, Chen S, et al. Patients with symptoms and characteristics
consistent with obstructive sleep apnea are at a higher risk for acute and
subacute stent thrombosis after percutaneous coronary stent implantation: a
single-center case-control study. BMC Cardiovasc Disord 2017;17:226.
https://doi.org/10.1186/s12872-017-0658-3. 2017/08/20.

Barger LK, Rajaratnam SMW, Cannon CP, et al. Short sleep duration,
obstructive sleep apnea, shiftwork, and the risk of adverse cardiovascular
events in patients after an acute coronary syndrome. J] Am Heart Assoc
2017;6. https://doi.org/10.1161/JAHA.117.006959. 2017/10/12.

Marzolini S, Sarin M, Reitav ], et al. Utility of screening for obstructive sleep
apnea in cardiac rehabilitation. ] Cardiopulm Rehabil Prev 2016;36:413—20.
https://doi.org/10.1097/HCR.0000000000000186. 2016/10/26.

Kua ], Zhao LP, Kofidis T, et al. Sleep apnoea is a risk factor for acute kidney
injury after coronary artery bypass grafting. Eur ] Cardio Thorac Surg
2016;49:1188—94. https://doi.org/10.1093/ejcts/ezv382. 2015/11/20.

Loo G, Chua AP, Tay HY, et al. Sleep-disordered breathing in cardiac reha-
bilitation: prevalence, predictors, and influence on the six-minute walk test.
Heart Lung Circ 2016;25:584—91. https://doi.org/10.1016/j.hlc.2015.12.005.
2016/01/27.

Khan MS, Bawany FI, Khan A, et al. Risk assessment for obstructive sleep
apnea and anxiety in a Pakistani population with coronary artery disease.
Sleep Breath 2015;19:291—6. https://doi.org/10.1007/s11325-014-1018-5.
2014/06/14.

Ghazal A, Roghani F, Sadeghi M, et al. Obstructive sleep apnea, diagnosed by
the Berlin questionnaire and association with coronary artery disease
severity. ARYA Atheroscler 2015;11:275—80. 2015/12/31.

Costa LE, Uchoa CH, Harmon RR, et al. Potential underdiagnosis of obstruc-
tive sleep apnoea in the cardiology outpatient setting. Heart 2015;101:
1288-92. Randomized Controlled Trial Research Support, Non-U.S. Gov't.
Andrechuk CR, Ceolim MF. High risk for obstructive sleep apnea in patients
with acute myocardial infarction. Rev Latino-Am Enferm 2015;23:797—805.
Observational Study.

Foldvary-Schaefer N, Kaw R, Collop N, et al. Prevalence of undetected sleep
apnea in patients undergoing cardiovascular surgery and impact on post-
operative outcomes. ] Clin Sleep Med 2015;11:1083—9. https://doi.org/
10.5664/jcsm.5076. 2015/06/23.

Amra B, Niknam N, Sadeghi MM, et al. Obstructive sleep apnea and post-
operative complications in patients undergoing coronary artery bypass graft
surgery: a need for preventive strategies. Int ] Prev Med 2014;5:1446—51.
2014/12/30.

van Oosten EM, Hamilton A, Petsikas D, et al. Effect of preoperative
obstructive sleep apnea on the frequency of atrial fibrillation after coronary

158

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

Sleep Medicine 86 (2021) 135—160

artery bypass grafting. Am ] Cardiol 2013.
j.amjcard.2013.11.047.

Mungan U, Ozeke O, Mavioglu L, et al. The role of the preoperative screening
of sleep apnoea by Berlin Questionnaire and Epworth Sleepiness Scale for
postoperative atrial fibrillation. Heart Lung Circ 2013;22:38—42. https://
doi.org/10.1016/j.hlc.2012.08.003. 2012/09/04.

Massierer D, Martinez D, Fuchs SC, et al. Obstructive sleep apnea, detected by
the Berlin Questionnaire: an associated risk factor for coronary artery dis-
ease. Cad Sadde Publica 2012;28:1530—8. https://doi.org/10.1590/s0102-
311x2012000800011. 2012/08/16.

Correia LC, Souza AC, Garcia G, et al. Obstructive sleep apnea affects hospital
outcomes of patients with non-ST-elevation acute coronary syndromes.
Sleep 2012;35:1241—-1245A.

Patidar AB, Andrews GR, Seth S. Prevalence of obstructive sleep apnea,
associated risk factors, and quality of life among Indian congestive heart
failure patients: a cross-sectional survey. ] Cardiovasc Nurs 2011;26:452—9.
https://doi.org/10.1097/JCN.0b013e31820a048e. 2011/03/05.

Sharma S, Parker AT. Prevalence of obstructive sleep apnea in a patient
population undergoing cardiac rehabilitation. J Cardiopulm Rehabil Prev
2011;31:188-92. https://doi.org/10.1097/HCR.0b013e318203339b. 2011/
01/18.

Jesus EV, Dias-Filho EB. Mota Bde M, et al. Suspicion of obstructive sleep
apnea by Berlin Questionnaire predicts events in patients with acute coro-
nary syndrome. Arq Bras Cardiol 2010;95:313—20. https://doi.org/10.1590/
s0066-782x2010005000103. 2010/08/03.

Oh MS, Bliwise DL, Smith AL, et al. Obstructive sleep apnea, sleep symptoms,
and their association with cardiovascular disease. Laryngoscope 2020;130:
1595—602. https://doi.org/10.1002/lary.28293. 2019/09/19.

Siebmanns S, Johansson L, Sandberg ], et al. Experiences and management of
incidents that influence sleep in patients with cardiovascular disease and
insomnia. ] Cardiovasc Nurs 2020;35:364—74. https://doi.org/10.1097/
JCN.0000000000000626. 2020/01/07.

Waterman LA, Belnap BH, Gebara MA, et al. Bypassing the blues: insomnia in
the depressed post-CABG population. Ann Clin Psychiatr 2020;32:17—26.
2019/11/02.

Lin CY, Ganji M, Griffiths MD, et al. Mediated effects of insomnia, psycho-
logical distress and medication adherence in the association of eHealth lit-
eracy and cardiac events among Iranian older patients with heart failure: a
longitudinal study. Eur J Cardiovasc Nurs 2020;19:155—64. https://doi.org/
10.1177/1474515119873648. 2019/09/14.

Zhang ZQ, Ding JW, Wang XA, et al. Abnormal circadian rhythms are asso-
ciated with plaque instability in acute coronary syndrome patients. Int ] Clin
Exp Pathol 2019;12:3761—71. 2020/01/15.

Munkhaugen ], Hjelmesaeth ], Otterstad JE, et al. Managing patients with
prediabetes and type 2 diabetes after coronary events: individual tailoring
needed - a cross-sectional study. BMC Cardiovasc Disord 2018;18:160.
Multicenter Study Research Support, Non-U.S. Gov't.

Rouleau CR, Toivonen K, Aggarwal S, et al. The association between insomnia
symptoms and cardiovascular risk factors in patients who complete outpa-
tient cardiac rehabilitation. Sleep Med 2017;32:201—7. https://doi.org/
10.1016/j.sleep.2017.01.005. 2017/04/04.

Peersen K, Munkhaugen J, Gullestad L, et al. Reproducibility of an extensive
self-report questionnaire used in secondary coronary prevention. Scand ]
Publ Health 2017;45:269—76.

Chimluang J, Aungsuroch Y, Jitpanya C. Descriptors of insomnia among pa-
tients with heart failure. ] Med Assoc Thai 2017;100:403—9. 2017/04/01.
Horsley K], Rouleau CR, Garland SN, et al. Insomnia symptoms and heart rate
recovery among patients in cardiac rehabilitation. ] Behav Med 2016;39:
642—51. https://doi.org/10.1007/s10865-016-9725-y. 2016/03/06.

Jeon S, Redeker NS. Sleep disturbance, daytime symptoms, and functional
performance in patients with stable heart failure: a mediation analysis. Nurs
Res 2016;65:259—67. https://doi.org/10.1097/NNR.0000000000000169.
2016/07/01.

Rouleau CR, Horsley K], Morse E, et al. The association between insomnia
symptoms and mood changes during exercise among patients enrolled in
cardiac rehabilitation. ] Cardiopulm Rehabil Prev 2015;35:409—16. https://
doi.org/10.1097/HCR.0000000000000138. 2015/09/18.

Ozdemir PG, Selvi Y, Boysan M, et al. Relationships between coronary
angiography, mood, anxiety and insomnia. Psychiatr Res 2015;228:355—62.
https://doi.org/10.1016/j.psychres.2015.05.084. 2015/07/15.

Muthukrishnan A, Muralidharan TR, Subash J, et al. Association of poor sleep
quality with risk factors after coronary artery bypass graft surgery-A pro-
spective cohort study. ] Vasc Nurs 2020;38:83—92. https://doi.org/10.1016/
j.jvn.2020.02.001. 2020/06/15.

Wang S, Xin HN, Chung Lim Vico C, et al. Effect of an ICU diary on psychiatric
disorders, quality of life, and sleep quality among adult cardiac surgical ICU
survivors: a randomized controlled trial. Crit Care 2020;24:81. https://
doi.org/10.1186/s13054-020-2797-7. 2020/03/08.

Bang YY, Park H. Effects of auricular acupressure on the quality of sleep and
anxiety in patients undergoing cardiac surgery: a single-blind, randomized
controlled trial. Appl Nurs Res 2020;53:151269. https://doi.org/10.1016/
j.apnr.2020.151269. 152020/05/27.

Romero EK, Abdalla M, Thanataveerat A, et al. Short sleep duration after
hospital evaluation for acute coronary syndrome is associated with increased

https://doi.org/10.1016/


https://doi.org/10.1016/j.jcrc.2015.07.002
https://doi.org/10.1161/circulationaha.115.019392
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref133
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref133
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref133
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref134
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref134
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref134
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref134
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref135
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref135
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref135
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref135
https://doi.org/10.1007/s11325-020-02057-6
https://doi.org/10.1007/s11325-020-02057-6
https://doi.org/10.1097/JCN.0000000000000536
https://doi.org/10.1097/JCN.0000000000000536
https://doi.org/10.1186/s12872-018-0947-5
https://doi.org/10.1186/s12872-018-0947-5
https://doi.org/10.1213/ane.0000000000002852
https://doi.org/10.1213/ane.0000000000002852
https://doi.org/10.4187/respcare.05854
https://doi.org/10.5935/abc.20160195
https://doi.org/10.5935/abc.20160195
https://doi.org/10.1016/j.cjca.2017.07.382
https://doi.org/10.1186/s12872-017-0658-3
https://doi.org/10.1161/JAHA.117.006959
https://doi.org/10.1097/HCR.0000000000000186
https://doi.org/10.1093/ejcts/ezv382
https://doi.org/10.1016/j.hlc.2015.12.005
https://doi.org/10.1007/s11325-014-1018-5
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref149
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref149
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref149
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref149
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref150
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref150
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref150
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref150
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref151
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref151
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref151
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref151
https://doi.org/10.5664/jcsm.5076
https://doi.org/10.5664/jcsm.5076
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref153
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref153
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref153
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref153
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref153
https://doi.org/10.1016/j.amjcard.2013.11.047
https://doi.org/10.1016/j.amjcard.2013.11.047
https://doi.org/10.1016/j.hlc.2012.08.003
https://doi.org/10.1016/j.hlc.2012.08.003
https://doi.org/10.1590/s0102-311x2012000800011
https://doi.org/10.1590/s0102-311x2012000800011
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref157
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref157
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref157
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref157
https://doi.org/10.1097/JCN.0b013e31820a048e
https://doi.org/10.1097/HCR.0b013e318203339b
https://doi.org/10.1590/s0066-782x2010005000103
https://doi.org/10.1590/s0066-782x2010005000103
https://doi.org/10.1002/lary.28293
https://doi.org/10.1097/JCN.0000000000000626
https://doi.org/10.1097/JCN.0000000000000626
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref163
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref163
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref163
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref163
https://doi.org/10.1177/1474515119873648
https://doi.org/10.1177/1474515119873648
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref165
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref165
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref165
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref165
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref166
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref166
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref166
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref166
https://doi.org/10.1016/j.sleep.2017.01.005
https://doi.org/10.1016/j.sleep.2017.01.005
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref168
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref168
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref168
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref168
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref169
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref169
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref169
https://doi.org/10.1007/s10865-016-9725-y
https://doi.org/10.1097/NNR.0000000000000169
https://doi.org/10.1097/HCR.0000000000000138
https://doi.org/10.1097/HCR.0000000000000138
https://doi.org/10.1016/j.psychres.2015.05.084
https://doi.org/10.1016/j.jvn.2020.02.001
https://doi.org/10.1016/j.jvn.2020.02.001
https://doi.org/10.1186/s13054-020-2797-7
https://doi.org/10.1186/s13054-020-2797-7
https://doi.org/10.1016/j.apnr.2020.151269
https://doi.org/10.1016/j.apnr.2020.151269

M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

risk of 6-month readmission. Psychosom Med 2020;82:57—63. https://
doi.org/10.1097/PSY.0000000000000730. 2019/10/22.

Mahran GS, Leach M], Abbas MS, et al. Effect of eye masks on pain and sleep
quality in patients undergoing cardiac surgery: a randomized controlled
trial. Crit Care Nurse 2020;40:27—35. https://doi.org/10.4037/ccn2020709.
2020/02/02.

Prado Biani Manzoli J, Dibbern Lopes Correia M, Lacerda Botelho M, et al.
Diagnostic accuracy of the disturbed sleep pattern in patients with acute
coronary syndrome. Int J Nurs Knowl 2020;31:101—-8. https://doi.org/
10.1111/2047-3095.12252. 2019/07/20.

Kjellsdotter A, Edell-Gustafsson U, Yngman-Uhlin P. Associations between
sleep and personality factors among patients living with coronary artery
disease. Cardiovasc Nurs 2020. https://doi.org/10.1097/
JCN.0000000000000691. 2020/05/14.

Tsai MF, Tsay SL, Moser D, et al. Examining symptom trajectories that predict
worse outcomes in post-CABG patients. Eur ] Cardiovasc Nurs 2019;18:
204—14. https://doi.org/10.1177/1474515118809906. 2018/11/01.

Conley S, Feder SL, Jeon S, et al. Daytime and nighttime sleep characteristics
and pain among adults with stable heart failure. ] Cardiovasc Nurs 2019;34:
390-8. https://doi.org/10.1097/JCN.0000000000000593. 2019/08/01.

Zhu Y, Yu X, Wu Y, et al. Association of depression and unhealthy lifestyle
behaviors in Chinese patients with acute coronary syndromes. ] Cardiopulm
Rehabil Prev 2019;39:E1-5. https://doi.org/10.1097/
HCR.0000000000000384. 2019/01/29.

Risom SS, Fevejle Cromhout P, Overgaard D, et al. Effect of rehabilitation on
sleep quality after ablation for atrial fibrillation: data from a randomized
trial. ] Cardiovasc Nurs 2018;33:261-8. https://doi.org/10.1097/
JCN.0000000000000476. 2017/12/23.

Walter FA, Ede D, Hawkins MAW, et al. Sleep quality and daytime sleepiness
are not associated with cognition in heart failure. ] Psychosom Res 2018;113:
100—6. https://doi.org/10.1016/j.jpsychores.2018.08.003. 2018/09/08.

Song EK, Wu JR. Associations of vitamin D intake and sleep quality with
cognitive dysfunction in older adults with heart failure. ] Cardiovasc Nurs
2018;33:392-9. https://doi.org/10.1097/JCN.0000000000000469. 2018/03/31.
Santos MAD, Conceicao APD, Ferretti-Rebustini REL, et al. Non-pharmaco-
logical interventions for sleep and quality of life: a randomized pilot study.
Rev Lat Am Enfermagem 2018;26:e3079. https://doi.org/10.1590/1518-
8345.2598.3079. 2018/11/22.

Ghavami H, Safarzadeh F, Asl RGA. Effect of self-care interventions on sleep
quality in post-coronary artery bypass grafting patients: a single-center,
randomized-controlled study. Turk Gogus Kalp Damar Cerrahisi Derg
2018;26:550—6. https://doi.org/10.5606/tgkdc.dergisi.2018.16789. 2018/09/
16.

Casida JM, Davis JE, Zalewski A, et al. Night-time care routine interaction and
sleep disruption in adult cardiac surgery. J Clin Nurs 2018;27:e1377—84.
https://doi.org/10.1111/jocn.14262. 2018/01/11.

Caruana N, McKinley S, Elliott R, et al. Sleep quality during and after
cardiothoracic intensive care and psychological health during recovery.
] Cardiovasc Nurs 2018;33:E40-9. https://doi.org/10.1097/
JCN.0000000000000499. 2018/05/18.

Diaz-Alonso ], Smith-Plaza AM, Suarez-Mier B, et al. Impact of a nurse
intervention to improve sleep quality in intensive care units: results from a
randomized controlled trial. Dimens Crit Care Nurs 2018;37:310—7. https://
doi.org/10.1097/DCC.0000000000000319. 2018/10/03.

Fukuoka R, Kohno T, Kohsaka S, et al. Nocturnal intermittent hypoxia and
short sleep duration are independently associated with elevated C-reactive
protein levels in patients with coronary artery disease. Sleep Med 2017;29:
29—34. https://doi.org/10.1016/j.sleep.2016.09.012. 2017/02/06.
Navarro-Garcia M, de Carlos Alegre V, Martinez-Oroz A, et al. Quality of sleep
in patients undergoing cardiac surgery during the postoperative period in
intensive care. Enfermeria Intensiva 2017;28:114—24. https://doi.org/
10.1016/j.enfi.2016.10.005. 2017/01/14.

Sable A, Sivabalan T, Shetti AN. Effectiveness of back massage on sleep
pattern among patients with congestive cardiac failure. Iran ] Nurs
Midwifery Res 2017;22:359—62. https://doi.org/10.4103/ijnmr.J]NMR_142_
16.2017/10/17.

Choudhury M, Gupta A, Hote MP, et al. Does sleep quality affects the im-
mediate clinical outcome in patients undergoing coronary artery bypass
grafting: a clinico-biochemical correlation. Ann Card Anaesth 2017;20:
193-9. https://doi.org/10.4103/aca.ACA_30_17. 2017/04/11.

Awotidebe TO, Adeyeye VO, Adedoyin RA, et al. Assessment of functional
capacity and sleep quality of patients with chronic heart failure. Hong Kong
Physiother ] 2017;36:17—24. https://doi.org/10.1016/j.hkpj.2016.10.001.
2016/11/22.

Doering LV, McGuire A, Eastwood JA, et al. Cognitive behavioral therapy for
depression improves pain and perceived control in cardiac surgery patients.
Eur ] Cardiovasc Nurs 2016;15:417—24. https://doi.org/10.1177/
1474515115592292. 2015/06/28.

Ammouri AA, Al-Daakak ZM, Isac C, et al. Symptoms experienced by Jorda-
nian men and women after coronary artery bypass graft surgery. Dimens Crit
Care Nurs 2016;35:125-32. https://doi.org/10.1097/
dcc.0000000000000175. 2016/04/05.

Masterson Creber R, Pak VM, Varrasse M, et al. Determinants of behavioral
alertness in adults with heart failure. ] Clin Sleep Med 2016;12:589—-96.
https://doi.org/10.5664/jcsm.5698. 2015/12/31.

159

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

[223]

Sleep Medicine 86 (2021) 135—160

Le Grande MR, Jackson AC, Murphy BM, et al. Relationship between sleep
disturbance, depression and anxiety in the 12 months following a cardiac
event. Psychol Health Med 2016;21:52—9. https://doi.org/10.1080/
13548506.2015.1040032. 2015/05/12.

Gatti RC, Burke PR, Otuyama Lj, et al. Effects of Zolpidem CR on sleep and
nocturnal ventilation in patients with heart failure. Sleep 2016;39:1501-5.
https://doi.org/10.5665/sleep.6006. 2016/05/12.

Johansson P, Brostrom A, Sanderman R, et al. The course of sleep problems in
patients with heart failure and associations to rehospitalizations.
] Cardiovasc Nurs 2015;30:403-10. https://doi.org/10.1097/
JCN.0000000000000176. 2014/07/01.

Fritschi C, Redeker NS. Contributions of comorbid diabetes to sleep charac-
teristics, daytime symptoms, and physical function among patients with
stable heart failure. ] Cardiovasc Nurs 2015;30:411-9. https://doi.org/
10.1097/JCN.0000000000000183. 2014/08/01.

Ranjbaran S, Dehdari T, Sadeghniiat-Haghighi K, et al. Poor sleep quality in
patients after coronary artery bypass graft surgery: an intervention study
using the PRECEDE-PROCEED model. J Tehran Heart Cent 2015;10:1-8.
2015/07/15.

Dianatkhah M, Ghaeli P, Hajhossein Talasaz A, et al. Evaluating the potential
effect of melatonin on the post-cardiac surgery sleep disorder. ] Tehran Heart
Cent 2015;10:122—8. 2015/12/24.

Nasir U, Shahid H, Shabbir MO. Sleep quality and depression in hospitalized
congestive heart failure patients. ] Pakistan Med Assoc 2015;65:264—9.
2015/05/03.

Fredriksson-Larsson U, Alsen P, Karlson BW, et al. Fatigue two months after
myocardial infarction and its relationships with other concurrent symptoms,
sleep quality and coping strategies. ] Clin Nurs 2015;24:2192—200. https://
doi.org/10.1111/jocn.12876. 2015/05/20.

Moon C, Phelan CH, Lauver DR, et al. Is sleep quality related to cognition in
individuals with heart failure? Heart Lung 2015;44:212—8. https://doi.org/
10.1016/j.hrtlng.2015.02.005. 2015/03/23.

Poole L, Kidd T, Leigh E, et al. Preoperative sleep complaints are associated
with poor physical recovery in the months following cardiac surgery. Ann
Behav Med 2014;47:347—57. https://doi.org/10.1007/s12160-013-9557-8.
2013/11/26.

Banack HR, Holly CD, Lowensteyn I, et al. The association between sleep
disturbance, depressive symptoms, and health-related quality of life
among cardiac rehabilitation participants. J Cardiopulm Rehabil Prev
2014;34:188—94. https://doi.org/10.1097/HCR.0000000000000054. 2014/
04/01.

Johansson A, Adamson A, Ejdeback J, et al. Evaluation of an individualised
programme to promote self-care in sleep-activity in patients with coronary
artery disease - a randomised intervention study. J Clin Nurs 2014;23:
2822—34. https://doi.org/10.1111/jocn.12546. 2014/02/01.

Geovanini GR, Gowdak LHW, Pereira AC, et al. OSA and depression are
common and independently associated with refractory angina in patients
with coronary artery disease. Chest 2014;146:73—80. https://doi.org/
10.1378/chest.13-2885. 2014/05/09.

Riegel B, Hanlon AL, Zhang X, et al. What is the best measure of daytime
sleepiness in adults with heart failure? ] Am Assoc Nurse Practit 2013;25:
272-9. https://doi.org/10.1111/j.1745-7599.2012.00784.x.

Chen HM, Clark AP, Tsai LM, et al. Excessive daytime sleepiness in Taiwanese
people with heart failure. ] Nurs Res 2013;21:39—48. https://doi.org/
10.1097/jnr.0b013e3182828f2f. 2013/02/15.

Alosco ML, Brickman AM, Spitznagel MB, et al. Reduced cerebral blood flow
and white matter hyperintensities predict poor sleep in heart failure. Behav
Brain Funct 2013;9:42. https://doi.org/10.1186/1744-9081-9-42. 2013/11/01.
Ryu M]J, Park JS, Park H. Effect of sleep-inducing music on sleep in persons
with percutaneous transluminal coronary angiography in the cardiac care
unit. ] Clin Nurs 2012;21:728-35. https://doi.org/10.1111/j.1365-
2702.2011.03876.x. 2011/11/16.

Norra C, Kummer ], Boecker M, et al. Poor sleep quality is associated with
depressive symptoms in patients with heart disease. Int ] Behav Med
2012;19:526—34. https://doi.org/10.1007/s12529-011-9205-2. 2011/11/30.
Fink AM, Gonzalez RC, Lisowski T, et al. Fatigue, inflammation, and projected
mortality in heart failure. J Card Fail 2012;18:711—6. https://doi.org/
10.1016/j.cardfail.2012.07.003. 2012/09/04.

Selvi Y, Aydin A, Gumrukcuoglu HA, et al. Dream anxiety is an emotional
trigger for acute myocardial infarction. Psychosomatics 2011;52:544—-9.
https://doi.org/10.1016/j.psym.2011.04.002. 2011/11/08.

Johansson A, Svanborg E, Swahn E, et al. Sleep, arousal and health-related
quality of life in men and women with coronary artery disease. ] Clin Nurs
2011;20:2787—801. https://doi.org/10.1111/j.1365-2702.2011.03787 x.
2011/07/26.

Liu JC, Hung HL, Shyu YK, et al. The impact of sleep quality and daytime
sleepiness on global quality of life in community-dwelling patients with
heart failure. ] Cardiovasc Nurs 2011;26:99—105. https://doi.org/10.1097/
JCN.Ob013e3181ed7d12. 2010/11/16.

Cross NJ, McCrae CS, Smith KM, et al. Comparison of actigraphic and sub-
jective measures of sleep in implantable cardioverter defibrillator and cor-
onary artery disease patients. Clin Cardiol 2010;33:753—9. https://doi.org/
10.1002/clc.20827. 2010/12/25.

Johansson P, Arestedt K, Alehagen U, et al. Sleep disordered breathing,
insomnia, and health related quality of life - a comparison between age and


https://doi.org/10.1097/PSY.0000000000000730
https://doi.org/10.1097/PSY.0000000000000730
https://doi.org/10.4037/ccn2020709
https://doi.org/10.1111/2047-3095.12252
https://doi.org/10.1111/2047-3095.12252
https://doi.org/10.1097/JCN.0000000000000691
https://doi.org/10.1097/JCN.0000000000000691
https://doi.org/10.1177/1474515118809906
https://doi.org/10.1097/JCN.0000000000000593
https://doi.org/10.1097/HCR.0000000000000384
https://doi.org/10.1097/HCR.0000000000000384
https://doi.org/10.1097/JCN.0000000000000476
https://doi.org/10.1097/JCN.0000000000000476
https://doi.org/10.1016/j.jpsychores.2018.08.003
https://doi.org/10.1097/JCN.0000000000000469
https://doi.org/10.1590/1518-8345.2598.3079
https://doi.org/10.1590/1518-8345.2598.3079
https://doi.org/10.5606/tgkdc.dergisi.2018.16789
https://doi.org/10.1111/jocn.14262
https://doi.org/10.1097/JCN.0000000000000499
https://doi.org/10.1097/JCN.0000000000000499
https://doi.org/10.1097/DCC.0000000000000319
https://doi.org/10.1097/DCC.0000000000000319
https://doi.org/10.1016/j.sleep.2016.09.012
https://doi.org/10.1016/j.enfi.2016.10.005
https://doi.org/10.1016/j.enfi.2016.10.005
https://doi.org/10.4103/ijnmr.IJNMR_142_16
https://doi.org/10.4103/ijnmr.IJNMR_142_16
https://doi.org/10.4103/aca.ACA_30_17
https://doi.org/10.1016/j.hkpj.2016.10.001
https://doi.org/10.1177/1474515115592292
https://doi.org/10.1177/1474515115592292
https://doi.org/10.1097/dcc.0000000000000175
https://doi.org/10.1097/dcc.0000000000000175
https://doi.org/10.5664/jcsm.5698
https://doi.org/10.1080/13548506.2015.1040032
https://doi.org/10.1080/13548506.2015.1040032
https://doi.org/10.5665/sleep.6006
https://doi.org/10.1097/JCN.0000000000000176
https://doi.org/10.1097/JCN.0000000000000176
https://doi.org/10.1097/JCN.0000000000000183
https://doi.org/10.1097/JCN.0000000000000183
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref204
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref204
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref204
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref204
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref204
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref205
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref205
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref205
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref205
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref206
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref206
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref206
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref206
https://doi.org/10.1111/jocn.12876
https://doi.org/10.1111/jocn.12876
https://doi.org/10.1016/j.hrtlng.2015.02.005
https://doi.org/10.1016/j.hrtlng.2015.02.005
https://doi.org/10.1007/s12160-013-9557-8
https://doi.org/10.1097/HCR.0000000000000054
https://doi.org/10.1111/jocn.12546
https://doi.org/10.1378/chest.13-2885
https://doi.org/10.1378/chest.13-2885
https://doi.org/10.1111/j.1745-7599.2012.00784.x
https://doi.org/10.1097/jnr.0b013e3182828f2f
https://doi.org/10.1097/jnr.0b013e3182828f2f
https://doi.org/10.1186/1744-9081-9-42
https://doi.org/10.1111/j.1365-2702.2011.03876.x
https://doi.org/10.1111/j.1365-2702.2011.03876.x
https://doi.org/10.1007/s12529-011-9205-2
https://doi.org/10.1016/j.cardfail.2012.07.003
https://doi.org/10.1016/j.cardfail.2012.07.003
https://doi.org/10.1016/j.psym.2011.04.002
https://doi.org/10.1111/j.1365-2702.2011.03787.x
https://doi.org/10.1097/JCN.0b013e3181ed7d12
https://doi.org/10.1097/JCN.0b013e3181ed7d12
https://doi.org/10.1002/clc.20827
https://doi.org/10.1002/clc.20827

M.R. Le Grande, A.C. Jackson, A. Beauchamp et al.

[224]

[225]

gender matched elderly with heart failure or without cardiovascular disease.
Eur ] Cardiovasc Nurs 2010;9:108—17. https://doi.org/10.1016/j.ejc-
nurse.2009.11.005. 2010/01/09.

Redeker NS, Muench U, Zucker M]J, et al. Sleep disordered breathing, daytime
symptoms, and functional performance in stable heart failure. Sleep
2010;33:551—-60. https://doi.org/10.1093/sleep/33.4.551. 2010/04/17.
Czarnecka D, Kusiak A, Wilinski J, et al. Effects of cardiac resynchronization
therapy on sleep apnea, quality of sleep and daytime sleepiness in patients
with chronic heart failure. Przegl Lek 2010;67:1249—52. 2010/01/01.

160

Sleep Medicine 86 (2021) 135—160

[226] Zimmerman L, Barnason S, Young L, et al. Symptom profiles of coronary
artery bypass surgery patients at risk for poor functioning outcomes.
] Cardiovasc Nurs 2010;25:292-300. https://doi.org/10.1097/
JCN.0b013e3181cfba00. 2010/05/26.

[227] Chen HM, Clark AP, Tsai LM, et al. Self-reported health-related quality of life
and sleep disturbances in Taiwanese people with heart failure. ] Cardiovasc
Nurs 2010;25:503—13. https://doi.org/10.1097/JCN.0b013e3181e15c37.
2010/10/13.


https://doi.org/10.1016/j.ejcnurse.2009.11.005
https://doi.org/10.1016/j.ejcnurse.2009.11.005
https://doi.org/10.1093/sleep/33.4.551
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref225
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref225
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref225
http://refhub.elsevier.com/S1389-9457(21)00119-2/sref225
https://doi.org/10.1097/JCN.0b013e3181cfba00
https://doi.org/10.1097/JCN.0b013e3181cfba00
https://doi.org/10.1097/JCN.0b013e3181e15c37

	Diagnostic accuracy and suitability of instruments that screen for obstructive sleep apnoea, insomnia and sleep quality in  ...
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Data extraction
	2.3. Assessment of validation studies
	2.3.1. Obstructive sleep apnoea
	2.3.2. Insomnia
	2.3.3. Quality of included studies
	2.3.4. Meta-analysis


	3. Results
	3.1. Instruments identified
	3.2. Diagnostic accuracy of instruments that predict probability of OSA
	3.2.1. Other studies that have assessed probability of OSA in cardiac patients

	3.3. Insomnia
	3.4. Sleep quality

	4. Discussion
	5. Conclusion
	Author contributions
	Funding
	Conflict of interest
	Appendix A
	References


