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Study Objectives: We evaluated factors associated with the presence of sleep disturbance in patients with stroke and whether sleep disturbance predicted
change in other patient-reported domains of health over time.
Methods: Observational cohort study of 2,190 patients with stroke seen in a cerebrovascular clinic February 17, 2015 to July 5, 2017 who completed patient-
reported outcome measures (PROMs) at ≥ 1 visit, including the Patient Health Questionnaire-9 depression screen, Quality of Life in Neurological Disorders
(NeuroQoL) cognitive function and Patient-Reported Outcomes Information Measurement System (PROMIS) sleep disturbance, fatigue, anxiety, social role
satisfaction, physical function, and pain interference. Separate multivariable models were constructed with PROMIS sleep disturbance as the dependent
variable. Covariates included clinical and demographic variables, the Patient Health Questionnaire-9 depression screen scored on the PROMISmetric, and 1 of the
6 other PROMs. Among the 476 patients with ≥ 2 visits, linear regression models were constructed to determine the association of baseline sleep disturbance with
follow-up PROMs after adjustment for the corresponding baseline PROMIS/NeuroQol scores, depression score, and clinical variables.
Results: Younger age and all PROM scores were associated with sleep disturbance; depression had the greatest association among PROMs (beta estimate
0.53, 95% confidence interval, 0.49, 0.57), physical function had the least (−0.06, 95% confidence interval, −0.11, −0.01). Baseline PROMIS sleep disturbance score
was associated with worse adjusted follow-up scores for depression, fatigue, social role satisfaction, and physical function.
Conclusions: Younger age and all 8 PROMs were associated with sleep disturbance in patients with stroke. The degree of sleep disturbance predicted future
patient-reported outcomes for multiple domains of health. Further study is warranted to determine if interventions shown to improve sleep symptoms will also
improve other outcomes.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep disturbance is frequent after stroke and effective treatments are available. Understanding the factors
associated with sleep disturbance and the role of sleep on outcomes after stroke will help frame the importance of identifying and managing treatable
sleep-related conditions in survivors of stroke.
Study Impact: The degree of sleep disturbance independently predicted future physical function, satisfaction with social roles, depression, and fatigue.
These findings raise the possibility that the interventions that improve sleep disturbancemay have an impact onmultiple aspects of patient-perceived health.

INTRODUCTION

Clinically relevant sleep symptoms occur in over a quarter
of patients after stroke.1 Poststroke sleep disorders includes
sleep-disordered breathing, which occurs in over 50% of
survivors of stroke2; insomnia and hypersomnia, occurring in
20–40% of patients with stroke3,4; restless legs syndrome,5,6

occurring in 10–15% of stroke survivors; as well as circadian
rhythm sleep disturbances and parasomnias. Symptom-based
treatments are available,7 yet sleep disturbance after stroke
is still underappreciated in clinical practice and commonly
ignored.8,9 Given its prevalence and treatability, it is im-
portant to understand the factors associated with sleep dis-
turbance, which may help identify the patients who would
most benefit from assessment of sleep symptoms and im-
prove our understanding the mechanisms of sleep disturbance
after stroke.

Furthermore, role of sleep on outcomes after stroke has
become a pressing issue.7,9,10 Most studies have consisted of
cross-sectional designs and have not include patient-reported
outcomes.11,12 Therefore, the objectives of our study were to (1)
evaluate factors associated with the presence of sleep distur-
bance in stroke patients and (2) determine the role of patient-
reported sleep disturbance in future patient-reported domains of
health in patients with stroke.

METHODS

We performed a retrospective cohort study of patients with
ischemic stroke, transient ischemic attack (TIA), intracerebral
hemorrhage (ICH), or subarachnoid hemorrhage (SAH) seen
in the ambulatory Cerebrovascular Clinic from February 17,
2015 to July 5, 2017. As previously described,13 patients with
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cerebrovascular diseases routinely completed patient-reported
outcome measures (PROMs) using the Knowledge Program
data collection system either on electronic tablets at the time of
their ambulatory visit or through the electronic health record
patient portal (MyChart, Epic Systems) before their appoint-
ment. Clinicians completed the National Institutes of Health
Stroke Scale (NIHSS) and modified Rankin Scale (mRS) during
each visit and recorded the date of the last cerebrovascular
event. The NIHSS consists of 15 items and is a standard scale
for measuring for neurologic impairment.14 The mRS is a one-
item scale of global disability commonly used in clinical stroke
trials.15 Inclusion criteria for this cohort study included age > 18
years old, completion of Patient-Reported Outcomes Infor-
mation Measurement System (PROMIS) sleep disturbance
scale at 1 or more ambulatory visits during the study period, and
clinical diagnosis of ischemic stroke, ICH, SAH, or TIA.

Patient-reported outcome measures
The computer adaptive testing versions of the Quality of Life
in Neurological Disorders (NeuroQoL) cognitive function v1.0
scale16 and the following 6 PROMIS v1.0 scales17 were com-
pleted by patients: sleep disturbance, physical function, satis-
faction with social roles, pain interference, fatigue, and anxiety.
These scales have been validated for use in wide range of
diseases and symptoms.16,17 The PROMIS sleep disturbance
scale is comprised of questions regarding perceived sleep
quality and difficulty falling asleep and staying asleep. With
computer adaptive testing, the most informative questions are
selected from an item bank of questions based on the patient’s
prior responses. Scores of PROMIS and NeuroQoL tools are
standardized to the general United States adult population on
the T-scale with mean of 50 and standard deviation of 10.
Higher PROMIS score always represents more of the concept
being measured. For negatively worded concepts: sleep dis-
turbance, pain interference, fatigue, and anxiety, higher scores
indicated worse health status. For positively worded concepts:
physical function, cognitive function, and satisfaction with
social roles, higher scores indicate better health status.

The Patient Health Questionnaire-9 (PHQ-9), the depression
screen used at our institution, was also collected. The PHQ-9
item responses were cross-linked along the PROMIS metric,
providing aPROMISdepression score thatwas equivalent to the
PHQ-9 scores.18 This cross-linkage allowed us to assess the
severity of depressive symptoms along the same standardized
scale as the other PRO measures in this study.

Additional demographic and visit-based information in the
data set was obtained from the electronic health record. Ap-
proximate household income was estimated using the ZIP code
based on 2010 census data.

Statistical analysis
Patient and clinical characteristics at baseline were summarized
using descriptive statistics for patients included and excluded
from the study.

Association of demographic and clinical factors with
PROMIS Sleep Disturbance score (objective 1)
To evaluate the association of demographic and clinical factors
with PROMIS sleep disturbance score, correlations were

calculated between PROMIS sleep disturbance and other
PROM scores using Pearson correlation coefficients. Separate
multivariable linear regression models were then created with
the PROMIS sleep disturbance score as the dependent variable.
Each model included the PHQ-9 depression scale scored on the
PROMIS metric and 1 of the 6 other PROMs collected in this
study: NeuroQoL cognitive function, PROMIS fatigue, satis-
faction with social roles, physical function, and pain interfer-
ence. Depression was included in each model because of its
known correlation with sleep disturbance and the potential
impact of depression on patient’s perceptions of their health in
other domains. Only depression and 1 other PROM were in-
cluded in each model to avoid collinearity issues that would
have arisen from the inclusion of multiple PROMs together.
Additional covariates included: age (years), sex, race (White,
Black, other), marital status (married, single, other), disability
status (mRS categorized as 0–1, 2–3, 4–5), time from stroke
(0–90, 91–365, > 365 days), and estimated median household
income based on ZIP code. Median income was derived based
on 2010United States Census data. Because patient perceptions
at different time points may differ by level of disability, an
interaction term was included between mRS and time from
stroke in each model. These models were replicated in each
stroke subtype (ischemic stroke, TIA, ICH, SAH).

Determine the role of patient-reported sleep
disturbance in future patient-reported health
domains (objective 2)
To determine the role of patient-reported sleep disturbance in
future patient-reported domains of health, separate multivari-
able linear regression models were created. The dependent
variable was the follow-up score for NeuroQoL cognitive
function and each of the following PROMIS domains: physical
function, satisfaction with social roles, depression, anxiety,
fatigue, and pain interference. The independent variable for
eachmodel was the PROMIS sleep disturbance score. To adjust
for baseline status, the score of the baseline domain score was
included (eg, for PROMIS physical function, the baseline
PROMIS physical function score was included as a covari-
ate). The multivariable models were further adjusted for the
following covariates: PHQ-9 score on PROMIS metric, age
(years), sex, race (White, Black, other), marital status (married,
single, other), disability status (mRS 0–1, 2–3, 4–5), time from
stroke (0–90, 91–365, > 365 days), estimated median house-
hold income based on ZIP code, and interval (days) between
PROM scores.

The relationship between baseline sleep disturbance and
follow-up PROMIST-scores based on themultivariablemodels
was displayed graphically for all domains where sleep distur-
bance was a significant predictor.

Sensitivity analysis to evaluate the effect of removing
the sleep item in the PHQ-9 depression screen
The validated PHQ-9 screen includes the question “Trouble
falling or staying asleep, or sleeping too much”. Because in-
clusion of this item in the PHQ-9 score could conceivably
affect the relationship between PROMIS sleep disturbance
and PROMIS tools in multivariable models that included the

Journal of Clinical Sleep Medicine, Vol. 16, No. 11 November 15, 20201864

IL Katzan, NR Thompson, HK Walia, et al. Sleep symptoms predict health status after stroke



PHQ-9, the multivariable models were recomputed after
replacing the PHQ-9 score with a “PHQ-8” score that did not
contain the question regarding sleep.

All computations were done in R, version 3.4.1. All tests
were 2-sided, and P values < 0.05 were considered statistically
significant. We adjusted for multiple testing using Holm’s
method. Missing data were handled with multiple imputation
using the mice package, version 2.30 in R. The study was
approved by the Cleveland Clinic Institutional Review Board.
Requirement for informed consent was waived.

RESULTS

During the study period, 2,190 patients with ischemic stroke,
TIA, ICH, or SAH completed the PROMIS sleep disturbance
scale on at least 1 visit andwere included in the study cohort. The
majority of patients in the study cohort had ischemic stroke
and completed their first PROMs during the study period a
median of 67 days from stroke.MedianmRS of the study cohort
was one indicating mild disability (Table 1). Patient data were
completed by caregiver proxies in 23.6%offirst visits in the cohort,
ranging from 8.6% in patients with mRS = 0 (no symptoms) to
82.2% inpatientswithmRS=4–5 (severe disability).Compared
to patients who did not complete PROMIS sleep disturbance
at their visit and were therefore excluded, cohort patients
were more likely to be white, married, lived in wealthier zip
codes, and had higher diastolic blood pressure, and more
time elapse since their stroke. They were also less likely to
have one of several comorbid conditions and had better
NIHSS and modified Rankin scale scores (Table S1 in the
supplemental material).

There were 476 patients in the study cohort who completed
PROMs on 2 or more visits. These patients were more likely to
be white, had less time elapse since their stroke, and had worse
mRS scores than cohort patients who had a single completion
of PROMs during the study period (Table S2).

Association of demographic and clinical factors with
PROMIS Sleep Disturbance score (objective 1)
Correlations between PROMIS sleep disturbance was highest
for depression (r = .57; 95% CI 0.50, 0.63) and lowest for
PROMIS physical function (r = −.23; 95% CI −0.32, −0.15)
(Table 2). Table S3 displays the results of the separate mul-
tivariate models examining the factors associated with PROMIS
Sleep Disturbance score for the full cohort. The interaction
between mRS and time since stroke was not statistically sig-
nificant, so it was excluded from further analyses. In all models,
older age and mRS score 4–5 was associated with less sleep
disturbance compared to mRS score 0–1. More depression
(PHQ-9 on the PROMIS metric) was consistently associated
with more sleep disturbance. Finally, for each model, worse
scores on the corresponding PROMIS scale were associated
with worse sleep disturbance. Depression had the greatest as-
sociation with sleep disturbance, with beta estimates ranging
from 0.37 to 0.53 depending on what other PROM was in-
cluded as a covariate in the model. PROMIS physical func-
tion had the least association with PROMIS sleep disturbance

with beta estimate −0.06 (95% CI −0.11 to −0.01) after ad-
justment for depressive symptoms and other clinical and
demographic variables.

These models were performed separately for ischemic stroke,
TIA, ICH, and SAH subgroups (data not shown). Depression,
pain interference, and fatigue were associated with sleep dis-
turbance in all stroke types. Cognitive function and anxiety
was associated with sleep disturbance in all stroke types ex-
cept SAH. Satisfaction with social roles was associated with
sleep disturbance in all stroke subtypes except ICH. Physical
function was associated with sleep disturbance in the TIA
subgroup only. Younger age was associated with worse sleep
disturbance in ischemic stroke and TIA patients. Among pa-
tients with ICH, men had more sleep disturbance than women
after adjustment for depressive symptoms and other clinical
and demographic variables.

Determine the role of patient-reported sleep
disturbance in future patient-reported health
domains (objective 2)
In multivariable models, worse baseline PROMIS sleep disturbance
score was associated with worse follow-up scores for depression,
fatigue, social role satisfaction, and physical function after adjust-
ment for each scale’s baseline score, the baseline depression
score, and additional clinical variables (Table 3, Figure 1).

Sensitivity analysis to evaluate the effect of removing
the sleep item in the PHQ-9 depression screen
The relationships between clinical variables, PROMIS scale
score, and PROMIS sleep disturbance as outlined in Table 3
were similar after repeating the analyses removing the sleep
item from the PHQ depression screen (data not shown). The
estimates for baseline PROMIS sleep disturbance score in
the prediction of future PROMIS scores were also quite similar
(Table S4). The association between baseline PROMIS sleep
disturbance and follow-up PROMIS anxiety score reached
significance: the beta estimate of PROMIS sleep disturbance in
model that includes PHQ-9 score was 0.10 (95%CI, 0.01–0.18,
P = .064), beta estimate in model that includes PHQ-8 (sleep
item removed) was 0.11 (95% CI, 0.03–0.19, P = .016).

DISCUSSION

In this large study of sleep disturbance in patients with stroke,
all measured patient-reported domains of health—depression,
anxiety, fatigue, pain interference, physical function, cognitive
function, and satisfaction with social roles—were associ-
ated with sleep disturbance symptoms. Importantly, the degree
of sleep disturbance independently predicted future physical
function, satisfaction with social roles, depression, and fatigue.

Depressive symptoms, which were measured by the PHQ-9
scale cocalibrated to the PROMIS metric, had the strongest
association of all patient-reported domains of health assessed in
this study. This is not surprising given the known association
between depression and sleep disturbance. Indeed, sleep dis-
turbance is a criterion in theDiagnostic andStatisticalManual of
Mental Disorders, Fifth Edition, manual for diagnosis of major
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Table 1—Characteristics of the study cohort, stratified by stroke type.

All Patients Ischemic
Stroke

Transient
Ischemic Attack

Intracerebral
Hemorrhage

Subarachnoid
Hemorrhage

P
Value

n 2,190 1,396 380 210 204

Age, mean (SD) 60.7 (14.8) 60.5 (14.9) 64.6 (13.6) 57.7 (16.5) 57.5 (12.4) < .001

Female 1,083 (49.5%) 627 (44.9%) 208 (54.7%) 116 (55.2%) 132 (64.7%) < .001

Race

White 1,737 (79.3%) 1,095 (78.4%) 320 (84.2%) 164 (78.1%) 158 (77.5%) .440

Black 336 (15.3%) 221 (15.8%) 46 (12.1%) 32 (15.2%) 37 (18.1%)

Other 34 (1.6%) 19 (1.4%) 7 (1.8%) 4 (1.9%) 4 (2.0%)

Missing 83 (3.8%) 61 (4.4%) 7 (1.8%) 10 (4.8%) 5 (2.5%)

Marital Status

Married 1,346 (61.5%) 849 (60.8%) 255 (67.1%) 122 (58.1%) 120 (58.8%) .021

Nonmarried 764 (34.9%) 492 (35.3%) 119 (31.3%) 76 (36.2%) 77 (37.8%)

Missing 80 (3.7%) 55 (3.9%) 6 (1.6%) 12 (5.7%) 7 (3.4%)

Median income by ZIP code
(× $1,000), mean (SD)

52.7 (17.9) 52.9 (18.2) 53.6 (18.2) 51.5 (15.8) 50.9 (16.8) .271

BMI (kg/m2), median (IQR) 28 (24, 32) 28 (24, 32) 28 (25, 33) 26 (23, 32) 27 (24, 31) .042

Cancer 459 (21.0%) 270 (19.3%) 122 (32.1%) 35 (16.7%) 32 (15.7%) < .001

Chronic renal failure 145 (6.6%) 96 (6.9%) 26 (6.8%) 10 (4.8%) 13 (6.4%) .712

Diabetes 500 (22.8%) 341 (24.4%) 102 (26.8%) 31 (14.8%) 26 (12.7%) < .001

Depression 318 (14.5%) 192 (13.8%) 59 (15.5%) 34 (16.2%) 33 (16.2%) .595

Coronary artery disease 320 (14.6%) 213 (15.3%) 72 (18.9%) 22 (10.5%) 13 (6.4%) < .001

Hypertension 1,030 (47.0%) 637 (45.6%) 203 (53.4%) 101 (48.1%) 89 (43.6%) .039

Active antidepressant(s)
prescription

529 (24.2%) 320 (22.9%) 105 (27.6%) 48 (22.9%) 56 (27.5%) .167

Days since stroke, median (IQR) 67 (32, 388.5) 64 (32, 319) 56 (21, 278) 69 (39, 423) 360 (51, 1060) < .001

NIHSS score, median (IQR) 0 (0, 1) 0 (0, 1) 0 (0, 0) 0 (0, 2) 0 (0, 0) < .001

Modified Rankin Scale Score

0 617 (28.2%) 329 (23.6%) 208 (54.7%) 32 (15.2%) 48 (23.5%) < .001

1 695 (31.7%) 477 (34.2%) 94 (24.7%) 62 (29.5%) 62 (30.4%)

2 410 (18.7%) 296 (21.2%) 29 (7.6%) 52 (24.8%) 33 (16.2%)

3 201 (9.2%) 143 (10.2%) 9 (2.4%) 34 (16.2%) 15 (7.4%)

4 70 (3.2%) 50 (3.6%) 1 (0.3%) 14 (6.7%) 5 (2.5%)

5 11 (0.5%) 6 (0.4%) 0 (0.0%) 4 (1.9%) 1 (0.5%)

Missing 186 (8.5%) 95 (6.8%) 39 (10.3%) 12 (5.7%) 40 (19.6%)

PROMIS Sleep Disturbance Score,
mean (SD)

49.9 (10.4) 49.4 (10.5) 51.0 (10.0) 49.9 (9.9) 51.3 (11.3) .025

PHQ-9 on PROMIS metric,
mean (SD)

49.9 (10.7) 50.0 (10.9) 49.0 (10.2) 51.1 (10.8) 50.3 (10.7) .190

PROMIS Physical Function* Score,
mean (SD)

41.5 (10.5) 41.3 (10.6) 43.5 (9.3) 39.2 (11.2) 41.6 (11.2) < .001

PROMIS Fatigue Score, mean (SD) 53.4 (10.5) 53.5 (10.5) 52.5 (10.6) 54.3 (10.0) 53.5 (11.2) .266

PROMIS Anxiety Score, mean (SD) 52.9 (10.1) 52.6 (10.0) 52.8 (9.6) 53.9 (10.4) 53.8 (10.7) .264

PROMIS Pain Interference Score,
mean (SD)

52.7 (10.7) 52.4 (10.8) 52.9 (10.2) 52.8 (10.6) 54.4 (10.7) .128

PROMIS Social Roles* Score,
mean (SD)

44.9 (11.2) 44.6 (11.2) 46.8 (11.0) 43.0 (10.7) 45.4 (11.7) .001

NeuroQoL Cognitive Function*
Score, mean (SD)

46.5 (10.3) 46.5 (10.2) 48.3 (9.2) 44.0 (10.7) 45.7 (12.1) .009

*Higher scores indicate better functioning. BMI = body mass index, IQR = interquartile range; mRS = modified Rankin Scale; NeuroQoL = Quality of Life in
Neurological Disorders; PHQ-9 =Patient Health Questionnaire 9 depression screen; PROMIS =Patient-ReportedOutcomeMeasurement Information System;
SD = standard deviation.
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depression.19 The association between sleep disturbance in
stroke and pain interference, fatigue, and anxiety found in our
study have also been previously described.3,20–22 The adjust-
ment for depression in multivariable models in our study
provides additional supportive evidence for the independent
relationship of sleep disturbance to these domains of health.
Although data on the relationship between sleep disturbance
and self-reported cognitive function in patients with stroke are
sparse, there is strong evidence of a relationship between sleep
deprivation and cognitive performance on formal testing in the
general population.23 In addition, patients with stroke and poor
sleep quality have worse performance on objective measures
of cognition compared with controls without stroke with poor
sleep quality.24 Similarly, data on the association of sleep
disturbance and patient-reported physical function in pa-
tients with stroke are limited, but there are substantial data on
the association between clinician-reported functional status
and sleep disturbance in patients with stroke.25 It is notable,
therefore, that patients with greater clinician-reported disability
in our cohort (defined as mRS 4–5) had less sleep disturbance.
A likely explanation for this finding is the higher proportion of
proxy completions of patient-reported scales in patients with

mRS 3–5; caregiver proxies may not fully appreciate patients’
sleep symptoms.26

Other than mRS score, younger age was the only other
clinical or demographic factor independently associated with
sleep disturbance after adjustment for patient-reported scales.
Other studies have report an association with increased age and
insomnia in patients poststroke27,28. The discrepancies may be
due lack of adjustment for depression in these other studies or
differences in the specific construct measured (sleep distur-
bance vs insomnia). Prior reports have suggested that sleep
disturbance may be more profoundly felt by stroke survivors
who are poor or are part of a minority group.10 Our analysis did
not confirm this relationship, although this hypothesis may
merit more focused study.

An important finding in our study was that the degree of
sleep disturbance predicted future physical function, satisfac-
tion with social roles, depression, and fatigue in patients with
stroke. Sleep disturbance often co-occurs with other symp-
toms such as depression13 and pain, and the relationships be-
tween sleep disturbance and many of these domains are most
likely bidirectional.29 Pain, for instance, can lead to reduced
sleep quality, which in turn could exacerbate the perception of

Table 2—Pearson correlations between baseline PROMIS Sleep Disturbance and other baseline PROMIS/NeuroQoL scores.

PROMIS/NeuroQoL Scores r (95% CI)

PHQ-9 on PROMIS metric .57 (0.50, 0.63)

PROMIS physical function −.23 (−0.32, −0.15)

PROMIS fatigue .50 (0.43, 0.57)

PROMIS anxiety .51 (0.44, 0.58)

PROMIS pain Interference .51 (0.44, 0.57)

PROMIS social role satisfaction −.37 (−0.44, −0.28)

NeuroQoL cognitive function −.41 (−0.52, −0.29)

n = 2,190 patients. NeuroQoL = Quality of Life in Neurological Disorders; PHQ-9 = Patient Health Questionnaire 9 depression screen; PROMIS = Patient-
Reported Outcome Measurement Information System.

Table 3—Effect of baseline PROMIS sleep disturbance score on follow-up PROMIS and NeuroQoL domain scores in
multivariable models.

Dependent Variable Estimate of PROMIS Sleep Disturbance (95%
Confidence Interval) Holm-Adjusted P Value

PHQ-9 on PROMIS Metric (n = 428) 0.21 (0.13, 0.29) < .001

PROMIS Physical Function (n = 468)* −0.14 (−0.20, -0.07) < .001

PROMIS Fatigue (n = 459) 0.16 (0.08, 0.23) < .001

PROMIS Anxiety (n = 455) 0.10 (0.01, 0.18) .064

PROMIS Pain Interference (n = 438) 0.06 (−0.02, 0.14) .275

PROMIS Satisfaction with Social Roles (n = 431)* −0.14 (−0.23, −0.05) .010

NeuroQol Cognitive Function (n = 332)* −0.05 (−0.15, 0.06) .352

In each model, the dependent variable is the follow-up PROMIS/NeuroQol domain score, and the independent variable is the baseline PROMIS sleep
disturbance score. Covariate includes corresponding baseline PROMIS/NeuroQoL score and the variables: baseline PHQ-9 onPROMISMetric, age, sex, race,
marital status, median income by ZIP code, baseline modified Rankin Scale score, time since stroke, and interval between PROM measurements. *Higher
scores indicate better functioning. NeuroQoL =Quality of Life in Neurological Disorders; PHQ-9 =Patient HealthQuestionnaire 9 depression screen; PROMIS =
Patient-Reported Outcome Measurement Information System. Statistically significant beta coefficients appear in bold font (P < .05).
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pain.30,31 Overall, the findings that sleep disturbance is associ-
ated with worse patient-reported scores for multiple domains
of health after adjustment for depressive symptoms and other
clinical factors suggests that sleep symptoms impact future patient-
reported health after stroke. For every 5 points in PROMIS sleep
disturbance scale, scores on other domains worsen by 1–2 points.
Although these score differences are modest, the uniform
association between sleep symptom severity and all future
domain scores suggests a meaningful difference exists.

There are limited data on the effect of sleep symptoms on
outcomes after stroke. Sleep-disordered breathing in patients
with stroke has been associated with worse outcomes,32 al-
though sleep symptoms are often not apparent in patients with
stroke who have sleep-disordered breathing,33,34 and PROMIS
sleep disturbance does not detect patients with stroke with high
probability of sleep apnea.1 A recently completed prospective
study of 368 patients with stroke found that patients with insomnia
had greater disability and lower likelihood of return to work at
12months.12However, insomniawas not associatedwith anxiety
or depression after adjustment for baseline anxiety and depression
scores.12 A study of 208 patients with stroke demonstrated that,
among patients with moderate to severe stroke, self-reported
sleep disturbance was associated with worse performance on
Berg Balance Test at 3 months after adjustment for baseline
Berg Balance score, depression, and demographic variables.35

Another study of 214 patients with stroke in acute rehabilitation
evaluated the relationship between insomnia and the individual
items of the Short Form 8 (SF-8) 1 month after stroke after
adjustment for NIHSS, stroke subtype, depression, and hyp-
notics use.28 The authors found significant associations between
insomnia and physical and mental health summary scores. The
small sample size and study design precluded the ability to
adjust for baseline patient-reported health. These authors and

others7,9 suggested that further study is needed to examine the
effect of sleep disturbance on outcomes after stroke.

Our study findings have potentially important clinical im-
plications. Effective treatments are available to improve sleep
symptoms,7 which include medications,36,37 sleep hygiene,38

cognitive behavioral therapy,39 and acupuncture40 dependingon
the sleep disorder.2 Findings from this study raise the possibility
that the treatment of sleep symptoms, in addition to interven-
tions targeted at other symptoms stroke patientsmay experience
such as depression or pain, could provide an incremental benefit
for these symptoms in patients with stroke. Proof of concept has
been demonstrated in patients with pain syndromes whose
perception of pain improved with restorative sleep.41 Improved
sleep has also been shown to improve functional status in pa-
tients with fibromyalgia,42 and treatment of sleep apnea with
positive airway pressure has been associated with improved
neurological outcomes after stroke in some studies.43 Further
study is warranted to determine if interventions shown to im-
prove sleep symptoms will improve outcomes in other domains
of health in patients with stroke.2,7,44 In addition, given the
bidirectional relationships between sleep symptoms and emo-
tional domains of health, it is conceivable that early psycho-
logical intervention could reduce the likelihood of sustained
sleep difficulties in the chronic phase of stroke as suggested by
Sterr and colleagues.45 Because our study was confined to
patients with stroke, the findings and implications are limited to
this population, although it is conceivable that the relationships
between sleep symptoms and future self-reported outcomes and
the potential for intervention are similar in other populations.

This study has several limitations. Because stroke patients with
sleep apnea often do not experience the same degree of sleepiness
as nonstroke patients46 and PROMIS sleep disturbance scale has
minimal correlationwith probability of having sleep-disordered

Figure 1—Relationship between baseline sleep disturbance and follow-up patient-reported outcomes.

Follow-up PROMIS T-score based on the multivariable models usingmedian values for continuous covariates, reference categories for categorical covariates,
and values one standard deviation worse than average of the general population for baseline PROMIS scores. *Higher scores indicate worse outcomes;
†higher scores indicate better outcomes. PROMIS = Patient-Reported Outcomes Information Measurement System.
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breathing,1 our study did not meaningfully evaluate the effect
of this highly prevalent sleep disorder on outcomes. This may
have resulted in residual confounding. In addition, the PHQ-9
depression screen includes a question on sleep disturbance, so
inclusion of the PHQ-9 in multivariable models could have
reduced the effect of sleep disturbance on outcomes. However,
multivariable models repeated after removing the sleep item
from the PHQ depression screen demonstrated similar estimates
of PROMIS sleep disturbance on follow-up PROMIS scales.
Our study cohort consisted of patients with mild stroke seen in
an ambulatory clinic at a single institution who completed
PROMs at least once during the study period. This likely in-
troduced a selection bias. However, as suggested by our study
results, proxy completions,more common in patients with severe
stroke, may not be an accurate reflection of sleep disturbance in
patients with significant disability. Additional evaluation of
patients in additional populations should be done to confirm our
findings. Finally, we did not assess for the presence of sleep
disturbance before the stroke events and so were unable to de-
termine if patients’ sleep disturbance was pre-existing or new
onset after stroke.

CONCLUSIONS

Sleep disturbance contributes to reduced future health-related
quality of life and emotional health. Identification of patients
with sleep disturbance can help identify patients who are at
increased risk for worse outcomes after adjustment for baseline
health status. Interventions that improve sleep disturbance may
have an impact on multiple aspects of patient-perceived health.

ABBREVIATIONS

ICH, intracerebral hemorrhage
mRS, modified Rankin Scale; clinician-reported measure of

global disability
NeuroQoL, Quality of Life in Neurological Disorders; a suite of

patient-reported outcome measures
NIHSS, National Institutes of Health Stroke Scale; a clinician-

reported measure of severity of neurological impairment
after stroke

PHQ-8, Patient Health Questionnaire-9 depression screen with
sleep item removed

PHQ-9, Patient Health Questionnaire-9 depression screen
PROMs, patient-reported outcome measures
PROMIS, Patient-Reported Outcomes Information

Measurement System; a set of patient-reported
outcome measures

SAH, subarachnoid hemorrhage
TIA, transient ischemic attack
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