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Study Objectives: Treatable sleep-related conditions are frequent in stroke patients, although their prevalence across stroke types and ideal method for
screening is not clear. The objectives of this study were to evaluate the prevalence of sleep disturbance across different stroke types and identify approaches to the
collection of sleep-related measures in clinical practice.
Methods: We performed an observational cohort study of 2,213 patients with ischemic stroke, intracerebral hemorrhage (ICH), subarachnoid hemorrhage
(SAH), or transient ischemic attack seen in a cerebrovascular clinic February 17, 2015 through July 5, 2017who completed at least one of the following sleep-related
questionnaires: Patient-Reported Outcomes Measurement Information System (PROMIS) sleep disturbance, Insomnia Severity Index (ISI), Sleep Apnea
Probability Scale (SAPS), and sleep duration. Prevalence of abnormal scores were calculated using the following thresholds: PROMIS sleep disturbance ≥ 55,
ISI ≥ 15, SAPS score ≥ 0.50, and sleep duration fewer than 6 or more than 9 hours. Sensitivity, specificity, and positive and negative predictive values of PROMIS
sleep disturbance T-score ≥ 55 to identify patients with moderate-severe insomnia (ISI ≥ 15) were computed.
Results: In the cohort, 28.6%patients (624/2183) hadPROMIS sleep disturbance score≥ 55, 17.6% (142/808) had ISI≥15, and 61.3% (761/1241) had a positive
SAPS screen. The frequency of abnormal sleep scale scores was similar across time periods and stroke types. The sensitivity and specificity of PROMIS
sleep disturbance T-score ≥ 55 to identify patients with ISI ≥ 15 were 0.89 (95% confidence interval 0.83–0.94) and 0.81 (95% confidence interval
0.78–0.84), respectively.
Conclusions: The prevalence of sleep-related symptoms in patients with mild stroke are similar across stroke types and time periods after stroke. Potential
approaches to screening for sleep disturbance in stroke patients are provided.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Treatable sleep-related conditions are frequent in patients with stroke, although their prevalence across stroke
types is not clear. There is general consensus that systematic assessment of sleep disturbance is important in stroke patients, yet the optimal content of
sleep-related questions in in this population is not known.
Study Impact: The prevalence of a positive screen for sleep apnea is lower in patients with intracerebral hemorrhage and subarachnoid hemorrhage
compared to ischemic stroke and transient ischemic attack, but sleep symptoms are otherwise similar across stroke types, suggesting a uniform method for
assessment of sleep disturbance is reasonable. The PROMIS sleep disturbance scale, along with a sleep apnea screen such as the Sleep Apnea Probability
Scale, and a question regarding sleep duration may be a reasonable approach to assessment of sleep disturbance in patients with stroke.

INTRODUCTION

Sleep disturbances are common in patients with stroke. Insomnia
occurs in up to 38% of patients with recent ischemic stroke1 and
is associated with reduced quality of life,2 depression,3 physi-
cal disability, cognitive difficulty, and anxiety.1 Up to 27%
of patients with recent stroke sleep longer than 10 hours per day,4

which has been associated with worse functional outcomes in
stroke patients admitted to acute rehabilitation unit.5 Ob-
structive sleep apnea (OSA) occurs in more than half of patients
with stroke and transient ischemic attack (TIA)6 and is asso-
ciated with worse functional status7,8 and increased mortality
after stroke.9 Less commonly, patients with stroke may have
circadian rhythm disturbances, sleep-related movement disor-
ders, or disruptions in sleep architecture resulting in unrestful

sleep.10 Importantly, effective treatments exist for these sleep
disorders in general.11 Data comparing prevalence of sleep
disturbance across stroke types are sparse and thismay affect the
approach to screening for sleep disorders after stroke.

In addition, the optimal content of sleep-related questions to
assess sleep disturbance in patients with stroke is not clear. Ideally,
the set of sleep-related assessment questions stroke patients are
asked to completewould: (1) provide an overall assessment of sleep
symptoms; (2) allow the screening for common treatable sleep
disorders; and (3) entail minimal patient burden. The objectives of
thisanalysiswere toevaluate thepresenceofsleepdisturbances from
sleep questionnaires collected in a real-world setting of patients
across different stroke types and identify approaches to the collection
of sleep-related patient-reported outcomes measures (PROMs) that
fulfill the aforementioned criteria from a selected set of scales.
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METHODS

Thedata that support thefindings of this study are available from
the corresponding author upon reasonable request.

Study design
We performed a retrospective cohort study of patients with
ischemic stroke, TIA, intracerebral hemorrhage (ICH), or
subarachnoid hemorrhage (SAH) seen in the ambulatory Ce-
rebrovascular Clinic from February 17, 2015 to July 5, 2017.
As described previously,12 cerebrovascular patients routinely
completed PROMs using the Knowledge Program data col-
lection system13 either on electronic tablets at the time of their
ambulatory visit or through the electronic health record patient
portal (MyChart, Epic Systems) before their appointment. Cli-
nicians completed the National Institutes of Health Stroke Scale
(NIHSS) andmodifiedRankin Scale (mRS) during each visit and
recorded the date of the last cerebrovascular event.

Patient population
Patients were included in this analysis if they were 18 years old
or older, were seen for an outpatient visit in the ClevelandClinic
Cerebrovascular Center, had a diagnosis of ischemic stroke,
TIA, ICH, or SAH, and completed at least one sleep-related
scale between February 17, 2015 and July 5, 2017. Diagnosis of
stroke was identified either from provider documentation of
ischemic stroke, ICH, SAH, or TIA in structured fields of the
encounter note or a visit diagnosis of one of these cerebro-
vascular events as defined by the following9th and 10th editions
of InternationalClassification ofDiseasesClinicalModification
codes: ischemic stroke – 433.x1, 434.x1, 433.10, 434.00, 436,
I63.x; ICH – 431.xx, I61.xx; SAH – 430.xx, I60xx; TIA
–435.xx,G45. For patients completing sleep scales atmore than
one visit, the first scale score was used in the analysis.

Study variables

Patient-reported outcome measures

Several Patient-Reported Outcomes Measurement Information
System (PROMIS) scales, including the sleep disturbance v1.0,
fatigue v1.0, and PROMIS Global Health scales, were ad-
ministered to patients or their proxy if not previously completed
within the past 30 days. PROMIS tools measure patient status
for different domains of health along a continuous scale in
peoplewith awide range of diseases and symptoms,14 including
ischemic stroke and ICH.15–17 Scores are standardized to the
general US adult population on the T-scale with mean of 50 and
standard deviation (SD) of 10. Higher scores indicate more of
the symptombeing assessed.A clinicallymeaningful difference
is considered to be 5 or more points.18–20 The PROMIS sleep
disturbance scale assesses sleep quality and depth, along with
difficulties and satisfaction with sleep. The PROMIS fatigue
scale assesses tiredness that decreases the capacity for physical,
social, and mental activities. Both the sleep disturbance and
fatigue scales were administered using computer adaptive
testing, in which the most informative questions are algorith-
mically selected from an item bank of questions based on the

patient’s prior responses. This improves score precision, while
minimizing respondent burden and ceiling/floor effects. The
PROMIS Global Health scale is composed of 10 global items
that each represent a different domain of health and generates
mental health and physical health summary scores.21,22 The
International Consortium for Health Outcomes Measurement
recommends it as an outcome measure for stroke.23

The Insomnia Severity Index (ISI) and the Sleep Apnea
Probability Scale (SAPS) were administered at the clinic visit if
they have not been previously completed in the past 2 years.
Additionally, patients were asked to indicate number of hours they
slept in a 24-hour period. The ISI is composed of seven items
assessing perceived severity of difficulties initiating sleep, staying
asleep, interference with daily functioning, and degree of distress
caused by the sleep problems.24 Scores ≥ 15 suggest the presence
of moderate-severe insomnia symptoms. The SAPs screening
tool is a seven-item scale developed and validated in the stroke
population,25 which consists of the four patient-reported yes/no
questions derived from the STOP sleep apnea screen26 and the
clinical variables: age, sex, body mass index. The SAPS tool
estimates theprobability that thepatienthasOSAalongacontinuous
scale when defined as an apnea-hypopnea index ≥ 10 on poly-
somnography. It has superior performance compared to the
STOP screen for identification of stroke patients who have
OSA.26 A SAPS score ≥ 0.50 was considered a positive screen
and had a sensitivity of 0.87 (95%confidence interval [CI] 0.80–
0.93) and specificity of 0.63 (95% CI 0.52–0.73).

Thewidely used Patient HealthQuestionnaire-9 (PHQ-9) is a
9-item depression screen used for assessing depression severity
in stroke patients within the Cleveland Clinic.27 The PHQ-9
score was cocalibrated to the PROMIS metric providing
equivalent PROMIS Depression scores.28

Additional questions assessed whether patients had help
completing the PROMs (proxy respondents) and, if so, whether
patients could have completed the PROMs on their own.

Clinician-reported data

The NIHSS is the standard scale for measuring neurological
impairment. It consists of 15 items with scores ranging from 0
to 42, with higher scores indicating greater impairment.29 The
mRS is a one-item measure of global disability with scores
ranging from 0 to 6 with 0 representing no symptoms and 6 rep-
resenting death.30 To optimize the interobserver reliability of
mRS in our practice, all providers underwent standardized
training and have been certified in the completion ofmRS.31 The
date of the last cerebrovascular event, if known, was recorded by
providers in structured fields. For patients with more than one ce-
rebrovascularevent, thedateof the last eventwasused in thisanalysis.

Additional demographic and visit-based information in the
dataset was obtained from the electronic health record, in-
cluding visit date, race, age, marital status, sex, antidepressant
medication use, diagnosis of depression, and ZIP code. Ap-
proximate household income was estimated using the ZIP code
based on 2010 census data.

Statistical analysis
Baseline clinical characteristics for patientswith relevant stroke
diagnoses seen in the cerebrovascular clinic during the study
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periodwere summarized using descriptive statistics stratified by
study inclusion and stroke type. Comparisons were made using
two-sample t tests or analysis of variance for continuous var-
iables and chi-square tests for categorical variables. When
necessary, nonparametric alternatives were employed (eg,
Wilcoxon, Kruskal-Wallis, Fisher exact tests). Pairwise com-
parisons between stroke types were made when the omnibus
value of P ≤ .05. Prevalence of abnormal sleep-related scale
scores were determined using the following thresholds:
PROMIS sleep disturbance T-score ≥ 55, ISI ≥ 15, SAPs score ≥
0.50, and sleep duration < 6 hours or > 9 hours. These rates were
calculated for the entire cohort and stratified by time from stroke
event (stroke < 90 days, 90 to 365 days, and > 365 days).

Correlations between sleep-related scales

Pairwise Spearman correlation coefficients were computed for
each sleep scale in the full cohort as well as within each stroke
type.We computed 95%CI for eachSpearman correlation using
the bootstrap bias-corrected and accelerated method. The co-
efficient of determination (R2), which is the square of the
Spearman correlation coefficient, was calculated between the
PROMIS sleep disturbance T-score and the other sleep scale
scores. In this context, the R2 represents the proportion of
variation in the respective sleep scale score rank explained by
the PROMIS sleep disturbance T-score rank. Because the re-
lationship between sleep duration and other sleep-related scales
was not linear, we constructed boxplots of PROMIS sleep
disturbance scores and ISI scores at short (< 6 hours), normal (6
to 9 hours), and long self-reported sleep duration to depict the
association between these constructs.

Receiver operating characteristic analysis

Weperformed a receiver operating characteristic analysiswhere
the outcome was abnormal ISI (≥ 15) and PROMIS Sleep
Disturbance T-scorewas the predictor. The area under the curve
alongwith its 95%CIwas computed using the DeLongmethod.
Sensitivity, specificity, positive (PPV) and negative predictive
values (NPV) for the sensitivity/specificity pair that maximized
Youden index (Sensitivity + Specificity – 1) was computed
along with their respective 95% CIs. We also computed these
accuracy metrics using the hypothesized cutoff of a PROMIS
SleepDisturbance T-score of 55, which represents the clinically
meaningful difference from the general population norm. Be-
cause PPV and NPV depend on prevalence, we computed PPV
and NPV using prevalence values both above and below the
observed prevalence of ISI ≥ 15 in our sample. We also cal-
culated the sensitivity and specificity of using both the PROMIS
sleep disturbance score ≥ 55 and self-reported sleep duration
< 6 hours to predict an ISI ≥ 15. The PPV and NPV of these
combined criteriawere also determined at different hypothetical
prevalence rates.

Allcomputationsweredone inR,version3.4.1.All testswere two-
sided and values of P < .05 were considered statistically sig-
nificant.We adjusted for multiple testing using Holmmethod.32

This study was approved by the Cleveland Clinic In-
stitutional Review Board. Because the dataset consisted of data
collected as part of routine care, requirement for informed
consent was waived.

RESULTS

Patient population
Between February 17, 2015 and July 5, 2017, a total of 4,149
patients 18 years or older with one of ischemic stroke, TIA, ICH, or
SAH visited the Cerebrovascular Center. Of these, 2,213 patients
completed at least one sleep-related scale at one or more visits and
were thus included in the study. Median mRS score of the study
cohort was 1, indicated mild disability. Cohort patients were older,
more likely to be white, married, and lived in wealthier ZIP codes.
They also had more time elapse since their stroke, and had better
NIHSS andmRS scores (Table S1 in the supplemental material).

Baseline descriptive statistics of cohort patients stratified by
cerebrovascular event type are displayed in Table 1. Statisti-
cally significant differences in the four cerebrovascular event
types were observed for age, sex, marital status, time since
stroke, NIHSS score, mRS score, and PROMIS mental and
global health summary scores. Patients with TIA had the best
self-reported mental and physical health and best clinician-
reported disability of all cerebrovascular event types; patients
with ICH had the worst. Patients with SAH were more likely to
be female and had longer time since stroke compared to patients
with other stroke types. Patients with TIA were less likely to
have questionnaires completed by a proxy than the other stroke
types; patients with ICH were more likely to have question-
naires completed by a proxy. Therewas no difference in average
sleep-related scale scores, depression, antidepressant use, or
self-reported fatigue across stroke types.

PROMIS sleep disturbance scale scores were meaningfully
worse than the general population (≥ 55) in 28.6% patients
(624/2183). Moderate-severe insomnia symptoms (ISI ≥ 15)
was present in 17.6% (142/808) and a positive SAPs screen,
defined as ≥ 0.50 probability that the patient has an AHI ≥ 10 on
polysomnography, was present in 61.3% (761/1241). There
were no differences in the prevalence of abnormal sleep-related
PROMs across cerebrovascular event types except for a positive
sleep apnea screen, which occurred less frequently in patients
with ICH and SAH (Table 2). Notably, nearly one-quarter
reported a habitual sleep duration of less than 6 hours.

The prevalence of abnormal sleep-related scores among
patients with a documented date of last event was very similar to
the prevalence of the entire study cohort (data not shown).
Among patients with available last-event date, there were no
differences in prevalence of patients with abnormal sleep-
related PROMs according to time since stroke (Table 3).

Correlations among sleep scales
Pairwise Spearman correlations between the various sleep
PROMs are displayed in Table 4. Both in the full cohort and
within each stroke type, the strongest Spearman correlation was
between PROMIS Sleep Disturbance and ISI scores, ranging
from 0.80 to 0.90. The direction of association between sleep
scales was generally the same across stroke types, but the
magnitude varied (Table 4). The coefficient of determination
(R2), which indicates the amount of variation in the respective
score rankings that can be explained by the PROMIS sleep
disturbance score, was 0.4% for SAPs score and 74% for ISI
score for all patients in the study cohort.
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The mean PROMIS sleep disturbance score of patients
reporting average sleep duration per night of < 6 hours was
59.5 (SD 8.4), which is meaningfully worse than the general

US population. In contrast, mean PROMIS sleep disturbance
T-scores of patients reporting 6 to 9 hours and > 9 hours was
similar or better than general population; 46.9 (SD 8.8) and 45.9

Table 1—Characteristics of study cohort and stratified by stroke type (ischemic stroke, transient ischemic attack, intracerebral
hemorrhage, subarachnoid hemorrhage).

All
(n = 2,213)

Ischemic Stroke
(n = 1,412)

Transient Ischemic
Attack
(n = 384)

Intracerebral
Hemorrhage
(n = 212)

Subarachnoid
Hemorrhage
(n = 205)

Omnibus P Comp*

Age, years 60.7 ± 14.7 60.6 ± 14.9 64.6 ± 13.6 57.7 ± 16.5 57.6 ± 12.4 < .001 a,b,c,d,e

Female 1,093 (49.4) 633 (44.8) 210 (54.7) 117 (55.2) 133 (64.9) < .001 a,b,c

Race

White 1,755 (79.3) 1,107 (78.4) 323 (84.1) 166 (78.3) 159 (77.6) .152

Black 338 (15.3) 223 (15.8) 46 (12.0) 32 (15.1) 37 (18.0)

Other 36 (1.6) 20 (1.4) 8 (2.1) 4 (1.9) 4 (2.0)

Missing 84 (3.8) 62 (4.4) 7 (1.8) 10 (4.7) 5 (2.4)

Marital status

Married 1,358 (61.4) 856 (60.6) 258 (67.2) 123 (58.0) 121 (59.0) .008 a,d,e

Single 433 (19.6) 282 (20.0) 52 (13.5) 52 (24.5) 47 (22.9)

Divorced 176 (8.0) 109 (7.7) 33 (8.6) 15 (7.1) 19 (9.3)

Widowed 166 (7.5) 110 (7.8) 35 (9.1) 10 (4.7) 11 (5.4)

Missing 80 (3.6) 55 (3.9) 6 (1.6) 12 (5.7) 7 (3.4)

Median income by ZIP code (× $1,000) 52.6 ± 17.8 52.8 ± 18.2 53.5 ± 18.2 51.3 ± 15.8 50.9 ± 16.8 .265

BMI, kg/m2 28 [24, 32] 28 [24, 32] 28 [25, 33] 26 [23, 32] 27 [24, 31] .051

Depression 346 (15.6) 213 (15.1) 63 (16.4) 37 (17.5) 33 (16.1) .786

Active antidepressant prescription 541 (24.4) 331 (23.4) 106 (27.6) 48 (22.6) 56 (27.3) .247

Days since stroke 98 [38, 459] 95 [38, 376] 75 [24, 327.5] 95 [46, 469.5] 392 [87, 1061.5] < .001 a,c,d,e,f

NIHSS score 0 [0, 1] 0 [0, 1] 0 [0, 0] 0 [0, 2] 0 [0, 0] < .001 a,c,d,e,f

0 1,263 (57.1) 747 (52.9) 288 (75.0) 100 (47.2) 128 (62.4) < .001 a,c,d,e,f

1–5 509 (23.0) 393 (27.8) 31 (8.1) 64 (30.2) 21 (10.2)

> 5 68 (3.1) 53 (3.8) 0 (0.0) 10 (4.7) 5 (2.4)

Missing 373 (16.9) 219 (15.5) 65 (16.9) 38 (17.9) 51 (24.9)

Modified Rankin Scale score 1 [0, 2] 1 [0, 2] 0 [0, 1] 2 [1, 2] 1 [0, 2] < .001 a,b,d,e,f

Patient-reported outcome measures

PROMIS fatigue score 53.2 ± 10.5 53.4 ± 10.4 52.3 ± 10.7 54.1 ± 10.5 53.3 ± 11.0 .195

PHQ-9 on PROMIS metric 49.8 ± 10.8 49.9 ± 10.9 48.6 ± 10.2 51.1 ± 10.8 50.3 ± 10.7 .057

PROMIS-GH physical health score 44.6 ± 9.5 44.5 ± 9.5 45.9 ± 9.5 42.8 ± 9.4 44.9 ± 9.8 .042 d

PROMIS-GH mental health score 46.3 ± 9.3 46.2 ± 9.2 48.0 ± 9.1 44.5 ± 9.5 46.0 ± 9.8 .007 d

Sleep-related patient-reported
outcome measures

PROMIS sleep disturbance score 49.8 ± 10.4 49.5 ± 10.5 50.6 ± 10.1 49.9 ± 10.1 50.8 ± 11.1 .121

ISI score 6 [2, 13] 6 [2, 13] 7 [3, 13.5] 5 [2.75, 9.25] 7.5 [3, 12.75] .084

SAPS 0.62 [0.32, 0.83] 0.64 [0.35, 0.84] 0.69 [0.39, 0.85] 0.55 [0.205, 0.825] 0.47 [0.23, 0.69] < .001 c,d,e

Sleep time per night 6.8 ± 1.6 6.8 ± 1.6 6.6 ± 1.5 6.9 ± 1.7 6.6 ± 1.9 .099

Proxy completed questionnaires

Yes 525 (23.7) 354 (25.1) 50 (13.0) 74 (34.9) 47 (22.9) < 0.001 a,b,d,e,f

No 1,500 (67.8) 928 (65.7) 311 (81.0) 117 (55.2) 144 (70.2)

Missing 188 (8.5) 130 (9.2) 23 (6.0) 21 (9.9) 14 (6.8)

Data presented as n (%), mean ± standard deviation, or median [interquartile range]. *Significantly different pairwise comparisons of variables across stroke
types based on Holm-adjusted P≤.05: a = ischemic stroke versus transient ischemic attack; b = ischemic stroke versus intracerebral hemorrhage; c = ischemic
stroke versus subarachnoid hemorrhage; d = transient ischemic attack versus intracerebral hemorrhage; e = transient ischemic attack versus subarachnoid
hemorrhage; f = intracerebral hemorrhage versus subarachnoid hemorrhage. A SAPS score ≥ 0.50 indicates 50% or higher probability of having an apnea-
hypopnea index ≥ 10 events per hour on polysomnography. BMI = bodymass index, ISI = Insomnia Severity Index, NIHSS =National Institutes of Health Stroke
Scale, PHQ-9 = Patient Health Questionnaire-9, PROMIS = Patient-Reported Outcomes Measurement Information System, PROMIS-GH = Patient-Reported
Outcomes Measurement Information System Global Health, SAPS = Sleep Apnea Probability Scale.
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(SD 10.1), respectively (Figure 1). As expected, mean ISI score
wasworse in patientswith self-reported sleep duration <6 hours
compared to longer sleep durations (Figure 2). Only 5 patients
reporting > 9 hours sleep per night had elevated ISI scores ≥ 15.

Receiver operating characteristic analysis
Of the 2,190 patients who completed the PROMIS Sleep
Disturbance scale, 800 also completed the ISI. Of the 800 who
completed both, 140 (17.5%) had an ISI score ≥ 15. The area

Table 2—Prevalence of various sleep symptoms by cerebrovascular event type.

All Patients Ischemic Stroke Transient Ischemic
Attack

Intracerebral
Hemorrhage

Subarachnoid
Hemorrhage P

PROMIS sleep disturbance score ≥ 55 28.6% (624/2183) 27.4% (382/1,393) 31.9% (121/379) 27.8% (58/209) 31.2% (63/202) .291

ISI score ≥ 15 17.6% (142/808) 17.2% (88/513) 19.5% (38/195) 10.0% (6/60) 25.0% (10/40) .216

SAPS ≥ 0.5 61.3% (761/1241) 63.8% (496/777) 67.3% (140/208) 52.8% (65/123) 45.1% (60/133) < .001*

Sleep duration < 6 hours 24.3% (429/1768) 23.7% (267/1,128) 25.6% (79/308) 20.4% (34/167) 29.7% (49/165) .206

Sleep duration > 9 hours 4.5% (79/1768) 5.0% (56/1,128) 2.3% (7/308) 4.8% (8/167) 4.8% (8/165) .238

PROMIS fatigue T-score ≥ 55 43.3% (948/2190) 43.8% (613/1,398) 40.2% (153/381) 45.9% (96/209) 42.6% (86/202) .505

PHQ-9 on PROMIS depression metric ≥ 55 31.0% (634/2048) 31.4% (412/1,311) 26.8% (93/347) 32.3% (65/201) 33.9% (64/189) .276

SAP score ≥ 0.50 indicates 50% or higher probability of having apnea-hypopnea index ≥ 10 on polysomnography. *After correction for multiple testing using
Holm method, the following pairs of stroke types had significantly different percentages of patients with SAPS ≥ 0.5: ischemic stroke versus subarachnoid
hemorrhage; transient ischemic attack vs. intracerebral hemorrhage; transient ischemic attack vs. subarachnoid hemorrhage. ISI = Insomnia Severity Index,
PHQ-9 = Patient Health Questionnaire-9, PROMIS = Patient-Reported Outcomes Measurement Information System, SAPS = Sleep Apnea Probability Scale.

Table 3—Prevalence of various sleep symptoms by time since the cerebrovascular event.

All Patients With Date
of Last Event < 90 days 90–365 days > 365 days P

PROMIS sleep disturbance score ≥ 55 27.7% (440/1,589) 25.9% (197/761) 29.6% (114/385) 29.1% (129/443) .302

ISI score ≥ 15 16.4% (84/512) 14.1% (43/305) 22.6% (28/124) 15.7% (13/83) .097

SAPS ≥ 0.5 62.8% (579/922) 63.3% (278/439) 62.3% (142/228) 62.4% (159/255) .951

Sleep duration < 6 hours 23.6% (295/1,251) 23.4% (139/595) 27.0% (81/300) 21.1% (75/356) .201

Sleep duration > 9 hours 4.5% (56/1,251) 3.9% (23/595) 5.7% (17/300) 4.5% (16/356) .469

PROMIS fatigue T-score ≥ 55 42.2% (673/1,595) 41.7% (318/762) 42.4% (165/389) 42.8% (190/444) .933

PHQ-9 on PROMIS depression metric ≥ 55 30.8% (458/1,486) 29.1% (204/700) 32.1% (118/368) 32.5% (136/418) .413

Includes patients with documented date of last event. SAP score ≥ 0.50 indicates 50% or higher probability of having AHI score ≥ 10 on polysomnography. ISI =
Insomnia Sleep Index, PHQ-9 = Patient Health Questionnaire-9, PROMIS = Patient-Reported Outcomes Measurement Information System, SAPS = Sleep
Apnea Probability Scale.

Table 4—Pairwise Spearman correlations between various sleep patient-reported outcomes for entire cohort and within different
stroke type groups.

ISI SAPS

All patients
(n = 2,190)

PROMIS Sleep 0.86 (0.84, 0.88) 0.02 (−0.04, 0.08)

ISI 0.04 (−0.05, 0.13)

Ischemic stroke
(n = 1,396)

PROMIS Sleep 0.85 (0.82, 0.88) 0.01 (−0.05, 0.09)

ISI 0.04 (−0.07, 0.15)

Transient ischemic attack
(n = 380)

PROMIS Sleep 0.90 (0.86, 0.92) −0.04 (−0.17, 0.09)

ISI 0.03 (−0.16, 0.21)

Intracerebral hemorrhage
(n = 210)

PROMIS Sleep 0.87 (0.72, 0.93) 0.15 (−0.02, 0.31)

ISI 0.12 (−0.23, 0.44)

Subarachnoid hemorrhage
(n = 204)

PROMIS Sleep 0.80 (0.59, 0.91) 0.09 (−0.10, 0.27)

ISI −0.02 (−0.43, 0.36)

The 95% confidence intervals were computed using the bootstrap bias-corrected and acceleratedmethod. SAP score≥ 0.50 indicates 50%or higher probability
of having AHI score≥ 10 on polysomnography. There was a high correlation betweenPROMIS Sleep and ISI scores and low correlations between SAPS scores
and both PROMIS Sleep and ISI scores. ISI = Insomnia Sleep Index, PHQ-9 = Patient Health Questionnaire-9, PROMIS = Patient-Reported Outcomes
Measurement Information System, SAPS = Sleep Apnea Probability Scale.
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under the curve (95%CI) for PROMIS Sleep Disturbance score
predicting ISI ≥ 15 was 0.928 (0.906–0.951).

Assuming sensitivity and specificity carry equal weight, the
cutoff score for PROMIS Sleep Disturbance for Youden index
was 54.75. The corresponding sensitivity, specificity, PPV, and
NPV (95% CI) were 0.90 (0.85–0.95), 0.81 (0.78–0.84), 0.50
(0.46–0.55), and 0.97 (0.96–0.99), respectively.

Using the hypothesized cutoff PROMIS sleep disturbance score
of 55, which is considered to represent a clinically meaningful
difference from the general population norm, the corresponding
values were quite similar; the sensitivity, specificity, PPV, and
NPV (95% CI) were 0.89 (0.83–0.94), 0.81 (0.78–0.84), 0.50
(0.46–0.55), and 0.97 (0.96–0.98), respectively.

Because PPV and NPV are prevalence dependent, we ex-
amined how these values changed when we allowed the
prevalence of ISI ≥ 15 to change from the observed value of
17.5% in our sample. We computed these values for prevalence
of 5%, 10%, 30% and 50% (Table 5). For instance, using the
PROMIS sleep disturbance cutoff score of 55 and assuming a
prevalence of 5%, the PPV andNPV (95%CI) were 0.20 (0.17–
0.23) and 0.99 (0.99–1.00), respectively. When prevalence was
changed to 30%, analogous values were 0.67 (0.63–0.71) and
0.94 (0.91–0.96), respectively.

We also calculated the accuracy of two criteria combined—
PROMIS sleep disturbance score ≥ 55 and self-reported sleep
duration < 6 hours—to identify patients with ISI ≥ 15. The

sensitivity (0.69 [0.61–0.77]) was lower than with PROMIS
sleep disturbance ≥ 55 alone, but there was a higher specificity
(0.92 [0.90–0.94]). Corresponding values for NPV and PPV at
different prevalence rates are shown in Table 5.

DISCUSSION

Sleep-related symptoms occurred frequently in patients with
mild stroke. Clinically relevant sleep disturbance was pres-
ent in more than one-fourth of patients. Moderate-severe
insomnia symptoms was reported in 17.6% of patients,
similar to the 12.6% rate reported in a prior study of patients
who had acute ischemic stroke for whom the same definition
was used.33 Over half of patients had a positive screening
for OSA. These prevalence rates are consistent with what
has been described in the literature and support the use of
a systematic process to identify these disorders in patients
with stroke.34,35

The prevalence of abnormal sleep-related scales was not
appreciably different according to time from onset of last
stroke event and was similar across cerebrovascular event
typeswith one exception: patientswith ICH and SAHwere less
likely to have positive SAPS screening. A lower rate of sleep
apnea in patients with ICH compared to patients with ischemic
stroke has been previously reported36 and thesefindingsmaybe

Figure 1—Severity of sleep disturbance according to sleep duration.

The thick bar represents themedian Patient-ReportedOutcomesMeasurement Information System (PROMIS) sleep disturbance T-score within each category
of sleep duration. The ends of the boxes represent the first and third quartiles. The vertical lines represent values that are 1.5 times the interquartile range from
each quartile or the min/max if inside 1.5 interquartile range. The small circles represent outliers (more than 1.5 times the interquartile range from a quartile).
T-score = 50 represents themean score of the general population. Higher PROMIS T-scores indicate greater symptoms. T-score≥ 55 is consideredmeaningful
worse than the general population.
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due to differences in rates of preexisting OSA compared with
ischemic stroke or TIA. Overall, however, findings from this
study suggest that a uniform method of screening for sleep-
related conditions is reasonable.

Although we did not specifically evaluate for the presence of
excessive daytime sleepiness, our data suggest that it is probably
less common than insomnia or sleep apnea. Most patients who
reported a degree of sleep disturbance worse than the general

population had ISI score consistent with the presence of con-
siderable insomnia symptoms. This is consistent with previous
reports that patients with stroke have less daytime sleepiness
than peoplewithout stroke, even among the subgroupwith sleep
apnea.37 In addition, relatively few patients in our cohort slept
more than 9 hours per day and the severity of sleep disturbance
in these patients was only slightly greater than in patients who
reported sleeping 6 to 9 hours per night. Long sleep duration in

Figure 2—Severity of insomnia symptoms according to sleep duration.

The thick bar represents the median Insomnia Severity Index score within each category of sleep duration. The ends of the boxes represent the first and third
quartiles. The vertical lines represent values that are 1.5 times the interquartile range from each quartile or the min/max if inside 1.5 interquartile range. The
small circles represent outliers (more than 1.5 times the interquartile range from a quartile). Higher scores indicate greater symptoms. Scores ≥ 15 indicates
moderate – severe insomnia symptoms.

Table 5—Accuracy of abnormal PROMIS sleep disturbance score with or without inclusion of short sleep duration to identify
patients with moderate-severe insomnia symptoms.

PROMIS Sleep Disturbance T-score ≥ 55 PROMIS Sleep Disturbance T-score ≥ 55
and Sleep Duration < 6 hours

Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)

ISI Scores ≥ 15 0.89 (0.83, 0.94) 0.81 (0.78, 0.84) 0.69 (0.62, 0.77) 0.92 (0.90, 0.94)

Prevalence of ISI Scores ≥ 15 PPV (95% CI) NPV (95% CI) PPV (95% CI) NPV (95% CI)

5.0% 0.20 (0.17, 0.23) 0.99 (0.99, 1.00) 0.31 (0.25, 0.37) 0.98 (0.98, 0.99)

10.0% 0.35 (0.31, 0.39) 0.98 (0.98, 0.99) 0.49 (0.42, 0.56) 0.96 (0.95, 0.97)

17.5%* 0.50 (0.46, 0.55) 0.97 (0.96, 0.98) 0.63 (0.57, 0.70) 0.94 (0.92, 0.95)

30.0% 0.67 (0.63, 0.71) 0.94 (0.91, 0.96) 0.79 (0.73, 0.83) 0.87 (0.84, 0.90)

50.0% 0.83 (0.80, 0.85) 0.88 (0.82, 0.92) 0.89 (0.87, 0.92) 0.75 (0.70, 0.79)

*Prevalence observed in the study cohort. PROMIS Sleep score≥ 55 had a 0.89 sensitivity for identifying patients withmoderate-severe insomnia symptoms as
defined by ISI score ≥ 15. The combination of PROMIS Sleep score ≥ 55 and sleep duration < 6 hours had lower sensitivity but higher specificity for identifying
patients with moderate-severe insomnia symptoms as defined by ISI score ≥ 15. CI = confidence interval, ISI = Insomnia Severity Index, NPV = negative
predictive value, PPV = positive predictive value, PROMIS = Patient-Reported Outcomes Measurement Information System.
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stroke patients may reflect an increased sleep requirement
during the recovery process, poststroke fatigue or motor im-
pairment, or comorbid conditions including depression.

Our analyses inform the selection of the patient-reported
sleep-related questions for use in clinical care. The PROMIS
sleep disturbance scale provides an overall assessment of sleep
symptoms and can also be used to screen for patients with
clinically relevant insomnia symptoms. A PROMIS sleep
disturbance score ≥ 55 has a sensitivity of 89% and a specificity
of 81% for the presence ofmoderate-severe insomnia symptoms
(ISI ≥ 15). With a 17% prevalence of ISI scores ≥ 15 as seen in
our study, a PROMIS sleep disturbance score ≥ 55 would have
failed to identify someone with moderate-severe insomnia
symptoms in only 3% of patients (1 −NPV × 100). An elevated
PROMIS sleep disturbance score could prompt a clinical ex-
change with the patient to determine whether he or she has
insomnia. This approach would reduce patient questionnaire
burden with minimal loss in the ability to detect moderate-
severe insomnia. Alternatively, an algorithmic approach to
the collection of sleep data could be implemented that en-
tails completion of the ISI only if the sleep disturbance score
is ≥ 55. This would improve specificity in the identification of
moderate-severe insomnia using patient questionnaires with an
increase in patient burden in only a subgroup of patients. The
presence of abnormal PROMIS sleep but ISI <15 should prompt
exploration of other disorders such as hypersomnia, sleep-
related movement disorders, or circadian rhythm disorders.

Sleep duration had modest correlations with PROMIS sleep
and ISI and is insufficient alone as a screen for clinically relevant
sleep disturbance. However, collection of self-reported sleep
duration may aid in the interpretation of an elevated PROMIS
sleep score and help distinguish insomnia from other sleep-
related conditions. In our patient cohort, the combined use of
PROMIS sleep disturbance and sleep duration increased the
specificity for the identification of moderate-severe insomnia
symptoms but with a loss of sensitivity. Clinical practices may
choose to use information from both sleep duration and
PROMIS sleep disturbance to identify patients with insomnia if
they wish to optimize specificity while streamlining the pa-
tient data collection process. Apart from its utility in the as-
sessment of sleep patterns and sleep-related conditions, sleep
duration—like insomnia38 andOSA39—can help predict the risk
of future stroke.40 An analysis of more than 150 publications
including more than 15 million participants found strong as-
sociations between short sleep duration and stroke-related
health outcomes including hypertension, diabetes, cardiovascu-
lar disease, coronary artery disease, obesity, and mortality, with
measurable but less robust relationships with stroke.41 Proposed
biological and behavioral mechanistic underpinnings for the
relationship between short sleep duration and stroke include
increased sympathetic nervous system activity producing in-
creased blood pressure and heart rate, proinflammatory markers,
and mental distress.42

Not surprisingly, SAPS score had minimal correlation with
symptoms of sleep disturbance. Patients with stroke do not
experience the same degree of symptoms typically seen in
others with sleep apnea and the performance of symptom-based
screening tools to identify stroke patients at high risk for sleep

apnea on polysomnography is poor.43 Tools that combine
clinical information with patient symptoms, such as the SAPS
tool25 or the new SLEEP Inventory44 improve the ability to
predict sleep apnea compared to symptoms alone.

This study has several limitations, which should be con-
sidered when interpreting its findings. Formal clinical assess-
ment of sleep disturbance by sleep specialist and sleep studies
were not performed and the accuracy of ISI or PROMIS sleep
disturbance was not formally assessed. Scales for several
specific sleep-related disorders, such as daytime sleepiness or
sleep-related movement disorders were not collected. In ad-
dition, there are other scales that measure the same con-
structs measured in our study, such as the Pittsburgh Sleep
Quality Index,45 which assesses overall sleep quality similar
to the PROMIS sleep disturbance, or the Brief Insomnia
Questionnaire,46 which like the ISI, assesses insomnia symp-
toms. Thus,we cannotmake conclusions about the usefulness of
other scales in comparison with, or in addition to, the sleep
scales analyzed in our study. Finally, our cohort study consisted
of a convenience sample of patients from a single tertiary care
center with overall mild disability (median mRS score = 1). The
proportion of proxy completions of questionnaires differed
across stroke types. All of these factors may all have introduced
selection bias.Althoughdepression and antidepressant usewere
similar between patients in the study cohort and those whowere
excluded because they did not complete sleep-related questions,
there were differences in several other characteristics. The gener-
alizability of our findings to other stroke populations, especially
those patients who have hadmore severe stroke is unclear. It should
be noted, however, thatmanyof themanagement strategies found to
be effective for sleep disorders have been studied primarily in pa-
tients with nonsevere functional status.47

In summary, our analysis of sleep symptoms in an ambu-
latory cerebrovascular clinic confirm a high prevalence in pa-
tients with mild stroke. The prevalence of a positive screen for
sleep apnea is lower in patients with ICH and SAH compared to
ischemic stroke and TIA, but sleep symptoms are otherwise
similar across stroke types. There is no appreciable difference
according to time from stroke. A uniform method of screening
for sleep-related conditions, therefore, is reasonable. We pro-
vide potential approaches to screening for sleep disturbance in
patients with stroke that reduce the patient burden while pro-
viding information to guide next steps in the evaluation of these
treatable conditions in stroke. This information will be valu-
able to other organizations implementing patient-reported data
collection related to sleep disturbance in patients with stroke.

ABBREVIATIONS

CI, confidence interval
ICH, intracerebral hemorrhage
ISI, Insomnia Severity Index
mRS, modified Rankin Scale
NPV, negative predictive value
NIHSS, National Institutes of Health Stroke Scale
OSA, obstructive sleep apnea
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PHQ-9, Patient Health Questionnaire-9
PPV, positive predictive value
PROMIS, Patient-Reported Outcomes Measurement

Information System
PROMs, patient-reported outcome measures
R2, coefficient of determination
SAH, subarachnoid hemorrhage
SAPS, sleep apnea probability scale
SD, standard deviation
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