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Polysomnographic correlates of
self-and caregiver-reported sleep
problems in post-stroke patients

Kamalesh Tayade®, Deepti Vibha®*, Rajesh Kumar Singh®,
Awadh Kishor Pandit®, Bhargavi Ramanujam®, Animesh Das®,
Arunmozhimaran Elavarasi®, Ayush Agarwal,

Achal Kumar Srivastava® and Manjari Tripathi

Department of Neurology, All India Institute of Medical Sciences, New Delhi, India

Background: Post-stroke sleep disorders (PSSD) are under-reported and
under-treated, despite their impact on recovery, quality of life, and post-stroke
depression. Although polysomnography (PSG) is the gold standard for diagnosis,
its limited availability leads to underdiagnosis.

Aims: To assess the prevalence of PSSD based on patient- and caregiver-
reported data, and to evaluate their concordance with findings from overnight
PSG in post-stroke patients.

Methods: In this cross-sectional study, adult patients (aged >18 years) with
ischemic or hemorrhagic stroke (1 month to 1 year post-onset) were assessed.
Sleep-related history was obtained from patients and caregivers. Sleep quality
was evaluated using the Pittsburgh Sleep Quality Index (PSQI), risk of obstructive
sleep apnea (OSA) was assessed with the STOP-BANG questionnaire, and
depression and anxiety were evaluated with the Hamilton Depression Rating
Scale (HAM-D) and Hamilton Anxiety Rating Scale (HAM-A), respectively. Stroke
severity and outcomes were evaluated using the modified Rankin Scale (mRS)
and Stroke-Specific Quality of Life Scale (SS-Qol). A subset underwent overnight
PSG using a 14-channel SOMNOmedics system, analyzed per American
Academy of Sleep Medicine (AASM) criteria. The Apnea-Hypopnea Index (AHI)
was used to quantify sleep-disordered breathing.

Results: Out of 103 enrolled patients, 41 (39.8%) underwent PSG. While only
23.3% (n=24) of patients and 11.7% (n=12) of caregivers independently reported
sleep disturbances after stroke, specific questioning increased detection to
62%. PSG revealed obstructive sleep apnea (OSA) in 62% of those denying sleep
issues and in 100% of those self-reporting problems. Periodic limb movement
disorder in sleep (PLMS) was present in 34.5% of asymptomatic individuals.
Higher STOP-BANG scores and longer stroke duration were seen in the PSG
group. Wakefulness after sleep onset (WASO) >120 minutes was more common
in patients with PSQI >5. AHI >5 was present in 65.8%, but not associated with
any demographic, clinical, or questionnaire-based variables.

Conclusion: There is poor correlation between self/caregiver-reported sleep
problems and PSG-confirmed diagnoses in post-stroke patients. Proactive
screening using structured questionnaires and PSG (or alternatives such as
actigraphy) is essential in resource-limited settings to detect and treat sleep
disorders that may impact recovery.
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Introduction

Post-stroke sleep disorders (PSSDs) are under-reported and
under-treated. They have been shown to adversely affect patients’
quality of life and are associated with poor recovery and post-stroke
depression (1). Global estimates suggest that 30 to 70% of stroke
survivors experience at least one form of sleep disorder, depending on
the population, stroke type, and diagnostic approach used (2, 3). A
recent hospital-based study reported a prevalence of over 50% for
PSSDs (4), underscoring its growing public health relevance in low-
and middle-income countries, where both stroke incidence and long-
term disability are on the rise.

The neurobiological basis of PSSDs is multifactorial. Stroke can
disrupt sleep-regulating neural structures involved in the
hypothalamus, thalamus, brainstem, and reticular activating system,
leading to disruptions in circadian rhythm, arousal regulation, and
respiratory control (5, 6).

While the majority of evidence on PSSDs focuses on sleep-
disordered breathing (SDB) and obstructive sleep apnea (OSA) (2),
there is a lack of data on other sleep disorders such as insomnia, restless
legs syndrome (RLS), and periodic limb movements of sleep (PLMS).
PSSDs may co-exist with post-stroke depression (7), which might
contribute to and be associated with sleep disturbances. Many patients
are unaware of their sleep problems, particularly in the presence of poor
awareness, aphasia, or cognitive impairment. Moreover, healthcare
providers may not routinely screen for sleep problems. Limited data are
available comparing self-reported, caregiver-reported, and objective
assessments of sleep disturbances in stroke survivors. Polysomnography

g movement disorder, polysomnography, STOP-BANG

(PSG) is the gold standard for diagnosing sleep disorders and is more
sensitive than a questionnaire or clinical history in detecting conditions
such as OSA or PLMS (8). However, its use in stroke patients is limited
by reduced mobility, cognitive issues, and in-hospital logistical
constraints. In many low-resource settings, PSG is neither feasible nor
available, leading to underdiagnosis and undertreatment of PSSDs.

In this single-center, hospital-based, cross-sectional study,
we aimed to determine the prevalence of PSSDs based on self-reports,
questionnaire responses, and PSG findings. We further aimed to
explore the concordance between subjective reports from patients and
caregivers and objective PSG findings to evaluate the reliability of
clinical assessments in detecting sleep disorders after stroke.

Methods
Study design and participants

This was a single-center, hospital-based, cross-sectional study
conducted between January 2021 and June 2022. It was embedded
within a larger study evaluating the prevalence and determinants of
PSSDs (4) (Figure 1).

In the main study, all consecutive post-stroke patients (between
1 month and 1 year after stroke onset) and their caregivers were
interviewed regarding various sleep problems. The study population
included adult patients (>18 years) with ischemic or hemorrhagic
stroke who were between 1 month and less than 1 year post-event.
Patients who were severely aphasic, dysarthric, tracheostomized, or

n=118
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FIGURE 1
Study flow diagram.
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unable to cooperate with the questionnaires were reassessed after
3 months to determine their eligibility. If still found ineligible, they
were excluded from the study. Written informed consent was obtained
from all patients. Ethical clearance for the study was granted by the
institutional ethics committee (Reference no. IECPG- 557/21.10.2020,
RT-11/25.11.2020).

Assessment tools and data collection

The eligible and consenting patients underwent a detailed history
and clinical examination. The patients and their primary caregivers
initially completed a screening questionnaire with the following items:
1. Did you have sleep problems before the stroke? If yes, have they
changed after the stroke? If no, do you have sleep problems after the
stroke? 2. Have you ever discussed your sleep problems with a doctor?
3. Has your doctor ever enquired about any sleep problems? 4. Have
you ever been evaluated for sleep problems? 5. For the caregiver: Does
your patient have sleep problems? If yes, enumerate. If no, does he/she
experience insomnia, daytime sleepiness, snoring, or pain in the limbs
that disturbs sleep?

Quality of sleep in the patients was evaluated using the Pittsburgh
Sleep Quality Index (PSQI) (9). It contains 19 questions related to the
previous month’s sleeping habits. The PSQI is divided into seven
components: sleep quality, latency, duration, efficiency, sleep
disturbances, use of sleeping medication, and daytime dysfunction.
The total score ranges from 0 to 21, and a score > 5 indicates poor
sleep quality. Screening for obstructive sleep apnea (OSA) was
performed using the STOP-BANG Questionnaire (10). Risk levels
were classified as low (yes to 0-2 questions), intermediate (yes to 3-4
questions), and high (yes to 5-8 questions). This tool was selected as
it is simple to administer and has demonstrated a high diagnostic
accuracy of >0.8 (11). The following assessments were also performed:
(A) the Montreal Cognitive Assessment (MoCA) (12) for cognitive
screening; (B) the Hamilton Anxiety Rating Scale (HAM-A) (13) for
post-stroke anxiety (PSA)(score range: 0-56, with < 17 indicating
mild anxiety, 18-24 mild to moderate anxiety, 25-30 moderate to
severe anxiety, and > 30 severe anxiety); (C) the Hamilton Depression
Rating Scale (HAM-D) (14) for post-stroke depression (score
interpretation: 0-7 normal, 8-13 mild depression, 14-18 moderate
depression, 19-22 severe depression, and > 23 very severe depression);
(D) the modified Rankin Scale (mRS) (15) for motor disability; and
(E) the Stroke Specific Quality of Life (SS-QOL) scale (16). The
SS-QOL questionnaire assesses 12 domains: mobility, energy, upper
extremity function, work and productivity, mood, self-care, social
roles, family roles, vision, language, thinking, and personality. The
total score ranges from 49 to 245, with higher scores indicating better
functioning. The Trial of Org 10,172 in Acute Stroke Treatment
(TOAST) (17) was used for stroke classification.

Polysomnography subgroup

A subset of patients was selected for overnight polysomnography
(PSG) based on the availability of laboratory slots and willingness to
participate. PSG was not performed in all patients due to limited
laboratory capacity, the COVID-19 pandemic, and logistical
constraints. This may have introduced selection bias.
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PSG was performed using a 14-channel SOMNOmedics sleep
system (SOMNOmedics GmbH, Germany). PSG data were scored by
a blinded assessor (MT) using the American Academy of Sleep
Medicine (AASM) Manual for the Scoring of Sleep and Associated
Events: Rules, Terminology and Technical Specifications, Version 2.6
(2020). The selection of patients for PSG was based on obtaining
separate informed consent for the procedure.

Sample size and power consideration

This study was exploratory and embedded within a larger cross-
sectional study on PSSDs. Therefore, a formal sample size calculation
was not performed for the PSG subgroup. A post hoc power analysis
was not feasible due to the variability in PSG-detected outcomes and
the limited number of patients who underwent PSG (n = 41). The
findings should be interpreted as hypothesis-generating.

Statistical analysis

Descriptive statistics were presented as proportions/percentages
for categorical variables and as means with standard deviations for
continuous variables. Normalcy of the data was tested using the
Kolmogorov-Smirnov test. The self-reported questionnaires were
compared with the PSG findings. Furthermore, the association
between sleep quality (PSQI) and the PSG findings was analyzed.
Finally, the association between demographic, clinical, and stroke
characteristics and the PSG findings was also examined. For this
comparison, the Apnoea-Hypopnea Index (AHI) was used as the
dependent variable. Fisher’s exact test or chi-squared test was used for
the comparison of proportions (Categorical variables). Continuous
variables were analyzed using the Mann-Whitney U test or Student’s
t-test (Independent group/Unpaired data) and Wilcoxon signed-rank
test or paired t-test (for paired data) based on the normality of the
data. While univariate analyses were performed, a multivariate logistic
regression model was not applied due to the limited sample size and
the risk of model overfitting. Statistical analyses were carried out using
the statistical software STATA version 12.0.

Results

During the study period (January 2021 to June 2022), 118 patients
were screened for eligibility, of whom 15 were excluded (11 due to
aphasia and four who refused participation). A total of 103 patients
were enrolled in the study, of whom 41 (39.8%) underwent PSG. Upon
administering the screening questionnaire regarding awareness of
sleep disorders, only 23.3% (1 = 24) of the patients and 11.7% (n = 12)
of the caregivers independently reported sleep disturbances after
stroke. This increased to 62% after asking specific questions (Table 1).
The reported sleep problems included insomnia (difficulty falling/
staying asleep), loud snoring, excessive daytime sleepiness, limb
discomfort suggestive of RLS, and fragmented night sleep. Among the
41 patients who underwent PSG, OSA was detected in 62.1% (18/29)
of those who denied having sleep problems—highlighting a
significant proportion with subclinical disease—100% (12/12) of
those who self-reported or whose caregivers reported sleep problems
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TABLE 1 Assessment of awareness of sleep disorders and association with PSG findings.

Question Number [n = 103 (%)]

For the patient

1. Did you have sleep problems before the stroke? 16 (15.5)
2. If yes, have the sleep problems changed after stroke (yes)? 16 (15.5)
3. Do you have sleep problems after stroke? 24 (23.3)
4. Have you discussed your sleep problems with a doctor? 0(0)
5. Has your doctor ever enquired about any sleep problems? 0(0)
For the caregiver

1. Does your patient have any sleep problems? 12 (11.7)
2. Patient reported sleep problem but denied by caregiver 6(5.8)
3. Sleep problem denied by patient but reported by caregiver 12 (11.7)
4. Sleep problem reported by both patient and caregiver 10 (9.7)
5. Both patient and caregiver do not report any sleep problem 75 (72.8)
Sleep problems reported by patient/caregiver after asking specifically

1. Overall 62 (60.2)*
2. Insomnia 21(20.4)
3. Snoring 50 (48.5)
4. Excessive daytime sleepiness 3(2.9)
5. Abnormal leg movements in sleep 0(0)

Any sleep problem? Number Polysomnographic findings
Patients Caregiver (n =41) PLMS Disrupted sleep Prolonged
latency

N =17 N =14 (34%) N =15 (36.6%)
(41.5%)

Yes No 2 2 (100%) 1(50%) 2 (100%) 1 (50%)

No Yes 6 5 (83.3%) 3 (50%) 2(33.3%) 2(33.3%)

Yes Yes 3 2 (67.7%) 3 (100%) 1(33.3%) 1(33.3%)

No No 29 18 (62%) 10 (34.5%) 9 (31%) 11 (37.9%)

“Some patients/caregivers reported more than one sleep problem.

Shows the number and percentage of post-stroke patients (1 = 103) and caregivers reporting sleep problems before and after structured questioning, and cross-tabulation with PSG findings in
the PSG subgroup (n = 41). OSA, obstructive sleep apnea; PLMS, periodic limb movement in sleep. Statistical notes: percentages based on total cohort (n = 103) or PSG subgroup (n = 41) as

indicated. Some respondents reported multiple problems.

(Table 1). In addition, PLMS was present in 34.5% (10/29) of the
patients who did not report any sleep disturbance, suggesting a high
rate of undetected PLMS. It was present in 50-100% of the patients
where sleep disturbances were reported by the patients and/or
caregivers. The demographic characteristics of the patients who
underwent PSG and the remaining study population were similar,
except that the PSG group had higher STOP-BANG scores and a
longer duration since stroke (see Supplementary Table S1). The PSG
features were also similar between the patients with a PSQI score of
>5 (73.4%) and those with normal PSQI scores. Only wakefulness
after sleep onset (WASO) of >120 min was significantly more
common in the group with a PSQI score >5 (Supplementary Table S2).
An AHI > 5 was found in 65.8% of the patients. When the clinical and
stroke characteristics, as well as other questionnaire scores, were
compared between the patients with normal and high AHI (>5), no
significant differences were observed (Supplementary Table S3).

Frontiers in Neurology

There were no missing values in the primary outcome data (PSG,
questionnaires).

Discussion

Post-stroke sleep disturbance affects patients’ quality of life. This
study found that even among patients with self- or caregiver-reported
sleep disturbances, PSG detected a higher prevalence of various sleep
disturbances. There was a disparity between the prevalence of sleep
problems reported by the patients and caregivers and those confirmed
through the questionnaires. This disparity further widened when sleep
disorders were confirmed by PSG. Another interesting finding was
that, when specifically examining the AHI, there was no association
between AHI>5 and any specific clinical, stroke-related, or
questionnaire-based findings. Several population- and hospital-based
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studies have shown that poor sleep quality is associated with worse
cognitive function (18), reduced quality of life (18), depression, and
impaired motor recovery (19). Our findings of low spontaneous
reporting but significantly higher detection through structured
questioning align with previous observations that sleep disorders are
frequently underreported after stroke due to factors such as cognitive
impairment, aphasia, low patient awareness of sleep symptoms, and
the lack of routine screening during follow-up care (20).

OSA is the most extensively studied post-stroke sleep disorder.
Population-based and hospital-based studies report that 50-60% of
stroke survivors have sleep-disordered breathing (SDB), with a
substantial proportion having moderate-to-severe OSA (2, 4). In our
PSG subgroup, 65.8% of the patients had an Apnoea-Hypopnea Index
(AHI) > 5, consistent with prior reports. Stroke can both unmask
pre-existing OSA and induce or exacerbate it via mechanisms such as
impaired upper airway muscle tone, altered ventilatory control
(especially in brainstem lesions), and changes in sleep architecture and
body position following the stroke, such as increased time spent
sleeping in the supine position (21). Untreated OSA after stroke is
associated with an increased risk of recurrent events, poorer functional
recovery, cognitive impairment, and mood disturbances (22). Our
finding that many patients who denied sleep complaints were
nonetheless diagnosed with OSA on PSG underscores the silent
nature of SDB and highlights the importance of routine screening.

Meta-analyses estimate a pooled prevalence of post-stroke
insomnia at approximately 38% (95% CI 30.1-46.5%) among stroke
survivors—significantly higher compared to the general population
(23). Insomnia after stroke may result from lesion-related disruption
of sleep-regulatory networks (e.g., thalamus, hypothalamus), as well
as neuroinflammation, pain, anxiety, depression, and hospital
environment factors in the acute phase (5, 6). In our cohort, structured
questioning revealed insomnia symptoms (difficulty initiating/
maintaining sleep) in a subset of patients; however, formal PSG
criteria for insomnia (e.g., sleep latency, fragmentation) may be missed
without objective recording.

The prevalence of PLMS post-stroke has been reported to range
between 27 and 48% in the subacute and chronic phases, with some
studies showing even higher rates in the acute phase (e.g., up to 76%
in acute stroke cohorts) (24-26). Mechanisms underlying PLMS after
stroke may include white matter and basal ganglia lesions disrupting
spinal and supraspinal pathways, altered dopaminergic
neurotransmission, and coexisting SDB (20). RLS can also emerge or
worsen post-stroke, particularly with lesions in regions such as the
caudate, thalamus, or brainstem (27). In our study, we observed PLMS
even among the patients who denied sleep complaints, suggesting
under-recognition. Given emerging evidence that PLMS and
co-existing SDB may negatively influence recovery and quality of life,
early detection is important.

Therefore, the under-detection of sleep disorders may be a
significant contributor to poor quality of life in post-stroke patients.
Some sleep disorders such as PLMS are reported even less. There is a
research gap regarding the relationship between PLMS and stroke (2).
While OSA is the most frequently studied PSSDs, with specific
treatment guidelines (2), insomnia and PLMS also need to
be adequately diagnosed and treated. Early identification and
treatment of PSSDs can favorably influence neurorehabilitation,
cognitive recovery, mood, and reduce recurrent stroke risk. Therefore,
it is crucial to integrate sleep screening into standard stroke
follow-up protocols.
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Full in-lab PSG is often impractical post-stroke due to mobility,
cognitive, and logistic constraints. Portable/home-based PSG or
polygraphy may offer feasible alternatives but require validation in this
population. Meanwhile, actigraphy provides a low-cost method to
monitor sleep patterns, although it cannot diagnose OSA/PLMS. A
tiered approach—screening with questionnaires and actigraphy,
followed by targeted PSG—can be pragmatic in resource-limited
settings. It is crucial to educate caregivers to help them recognize sleep
disorder signs (e.g., apnea, restless movements), maintain sleep diaries
or use actigraphy, and support adherence to treatments (e.g., CPAP,
sleep hygiene). Empowering them raises awareness of the importance
of sleep in recovery and prompts timely evaluation and intervention.

Our study has several limitations. PSG could not be performed in all
patients, which may have introduced selection bias, as patients with sleep
problems might have been more likely to consent. The sample size was
also small, especially for comparisons within the subgroup of patients
who underwent PSG. In addition, there was no follow-up. Therefore,
we cannot determine whether treatment of the diagnosed sleep problems
had any benefit. The PSG findings should be interpreted with caution
due to the potential first-night effect, which may lead to overdiagnosis of
insomnia. Studies using home-based actigraphy in post-stroke patients
have detected both overestimation and underestimation of self-reported
sleep duration (28). The strengths of the study include the novelty of its
findings, highlighting that proactive assessment of PSSDs should
be conducted using questionnaires and, preferably, PSG. Another
strength is the inclusion of family caregivers in the assessment, which
improved the yield by approximately 10%.

In conclusion, the study highlights the under-reported and under-
diagnosed burden of PSSDs. In an ideal setting, most post-stroke
patients with clinical suspicion of PSSDs should undergo
PSG. However, given limited resources and the challenges of
in-hospital PSG, it is advisable to integrate structured sleep screening
tools (e.g., STOP-BANG Questionnaire, PSQI, RLS criteria) along
with caregiver input into routine stroke follow-up. Initial assessments
can be conducted using questionnaires and actigraphy, with targeted
PSG reserved for high-risk cases. Educating caregivers to recognize
sleep symptoms may also help in early intervention. Advocacy for
policies and resources to improve access to sleep diagnostics in
resource-limited settings is essential to enhance recovery and reduce
stroke recurrence. There is already evidence demonstrating that
treatment of sleep-disordered breathing (SDB) reduces stroke
recurrence (29, 30). Further efforts to detect and treat other sleep
disorders are needed to improve stroke outcomes.
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