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Purpose: The impact of poor sleep quality after stroke, especially persistent poor sleep quality, on poststroke anxiety and depression is
unclear. We seek to investigate the impact of baseline and persistent poor sleep quality on short-term poststroke anxiety and depression.
Patients and Methods: Data were analyzed for 1619 patients with acute ischemic stroke from the Impairment of Cognition and
Sleep after Acute Ischemic Stroke or Transient Ischemic Attack in Chinese Patients study (ICONS). The sleep quality was assessed at
2 weeks and 3 months using the Pittsburgh Sleep Quality Index scale (PSQI). Poor sleep quality was defined as a PSQI score of >5,
and persistent poor sleep quality was defined as a PSQI score of >5 at each time point. Patients were divided into three groups
according to the quality of sleep: good sleep quality, baseline poor sleep quality and persistent poor sleep quality. Patient Health
Questionnaire-9 (PHQ-9), General Anxiety Disorder-7 scale (GAD-7), and Modified Rankin Scale (mRS) at 3 months after stroke
were taken as the study outcomes.
Results: Persistent poor sleep quality was present in 70.2% of patients after stroke. Compared to those with good sleep quality,
patients with baseline poor sleep quality did not show significant differences in disability, anxiety and depression. However, patients
with persistent poor sleep were at increased risk of depression (odds ratio, OR 3.04, 95% confidence interval, CI 1.66–5.57, P < 0.01)
and anxiety (OR 3.20, 95% CI 1.42–7.19, P < 0.01) at 3 months after stroke. Persistent poor sleep quality was not identified as a risk
factor for functional disability at 3 months.
Conclusion: Patients with persistent poor sleep quality are at added risks for depression and anxiety after stroke.
Keywords: sleep quality, depression, anxiety, ischemic stroke

Introduction
Stroke is the first leading cause of death in China, accounting for one third of the world’s stroke mortality.1 Most stroke
survivors sustain disability, sleep disorders and emotional disorders.2,3 Among emotional disorders, post-stroke depres-
sion and anxiety are most common, with a prevalence of 24–31%.4,5 A meta-analysis showed a 1.59-fold increased risk
of mortality in patients with post-stroke depression.6 In addition, post-stroke anxiety negatively affects the functional
outcomes in both acute and chronic phases.7,8

Literature on risk factors for disability, anxiety, and depression after stroke is mixed and inconsistent, including lesion
location, severity, previous history of anxiety and depression, cognitive function, and sleep disorders.9 Although sleep
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disorders are easier to manage and modify, they are associated with worse functional outcome and increased risk of
depression and anxiety after stroke.10–15 They can manifest as subjective poor sleep quality, which may be missed by
common sleep parameters16–18 that help in early detection of sleep problems. Up to date, the majority of multicenter
studies on post-stroke sleep was conducted in western countries,12,19–21 most of which were focused on a certain sleep
disease. There is a paucity of large multicenter series on sleep quality in patients with stroke, while available studies are
limited to the effect of poor sleep quality at one particular time point on the outcomes of stroke, and few examined this
issue over a period of time.

Hypothetically, patients with poor sleep quality after stroke would have worse outcomes. In this study, we seek to
investigate the association of baseline and persistent poor sleep quality after stroke with the functional disability and
emotional outcomes (depression and anxiety) at 3 months in patients from a Chinese national registry.

Materials and Methods
Study Design and Participants
This study uses data derived from the Impairment of Cognition and Sleep after Acute Ischemic Stroke or Transient
Ischemic Attack in Chinese Patients (ICONS) study. ICONS is one of the research subgroups of China National Stroke
Registry-III (CNSR-III),22 which was conducted in 40 hospitals representing populations all across China.23 Briefly,
patients with acute ischemic stroke (AIS) or transient ischemic attack (TIA) within 7 days after onset were consecutively
recruited from August 2015 to March 2018. AIS and TIA were diagnosed based on the WHO diagnostic criteria and
confirmed by cerebral magnetic resonance imaging (MRI) or computerized tomography (CT).

Inclusion criteria for ICONS included all of the following conditions:

1. Age ≥18 years;
2. Diagnosis of AIS/TIA;
3. Admission within 7 days after onset of AIS/TIA;
4. Ability to understand, confirm, and sign the informed consent.

Patients with any of the following conditions were excluded from ICONS:

1. Silent cerebral infarction diagnosed by MRI or CT without symptoms and signs;
2. Illiterate patients;
3. History of cognitive impairment, psychosis, or schizophrenia (as documented in medical records);
4. Other conditions that interfere with cognitive or sleep evaluation.

The present study included patients from ICONS who were diagnosed with AIS and had completed Pittsburgh Sleep
Quality Index scale (PSQI) at 2 weeks and 3 months after stroke. After inclusion, those with new episodes of poor sleep
quality at 3 months after stroke were excluded from the final analysis.

The sleep quality was assessed at 2 weeks and 3 months using the Pittsburgh Sleep Quality Index scale (PSQI).
Patients were divided into three groups according to the quality of sleep: good sleep quality, baseline poor sleep quality
and persistent poor sleep quality. Patient Health Questionnaire-9 (PHQ-9), General Anxiety Disorder-7 scale (GAD-7),
and Modified Rankin Scale (mRS) at 3 months after stroke were taken as the study outcomes.

This study was approved by the Ethics Committee of Beijing Tiantan Hospital (#KY2015-001-01) and conducted in
accordance with the Declaration of Helsinki. All patients have signed written informed consent prior to participation in
this study.

Data Collection
Patients were interviewed face-to-face upon admission into the hospital, at 2 weeks and 3 months by trained clinical
research coordinators. Baseline data were collected on admissions, which included demographics (age, gender,
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marital status, education, employment, monthly income, smoking history, and alcohol use), clinical data (medical
history) and scales (mRS; and National Institutes of Health Stroke Scale, NIHSS). Other scales, including the GAD-7,
PHQ-9, and PSQI were collected at 2 weeks. All five scales were measured again at 3 months by trained examiners.

Definition and Classification of Sleep Quality
PSQI was used to evaluate sleep quality.21 The scores of all components are added to obtain a value of 0 to 21, and the
higher the score, the poorer the sleep quality. A PSQI global score of >5 was defined as poor sleep quality, while a PSQI
global score of 5 or lower was defined as good sleep quality.24

According to the total PSQI score at each time point, patients were divided into three groups: good sleep quality,
baseline poor sleep quality and persistent poor sleep quality. Among them, good sleep quality was defined as no poor
sleep quality during follow-up after stroke (PSQI score of ≤5 at 2 weeks and 3 months after stroke), baseline poor sleep
quality was defined as PSQI score of >5 at 2 weeks and PSQI score of ≤5 at 3 months after stroke, persistent poor sleep
quality was defined as PSQI score of >5 at 2 weeks and 3 months after stroke.

Study Outcomes
The mRS score at 3 months after stroke was used to evaluate the functional disability. The degree of functional disability
was assessed at 6 levels ranging from 0 to 5, and an mRS score of >2 was defined as poor functional disability.25

The PHQ-9 was used to measure the severity of depression at 3 months after stroke. PHQ-9 is composed of nine
items, each ranging from 0 (not at all) to 3 (nearly every day), and the total score is from 0 to 27. A PHQ-9 score of ≥5
was defined as depression, while patients with PHQ-9 score of <5 were considered as no depression.26

The severity of anxiety at 3 months after stroke was assessed by GAD-7. It consists of seven items, each of which
ranges from 0 to 3, and the total score ranges from 0 to 21. A GAD-7 score of ≥ 5 was defined as anxiety, while a GAD-7
score of < 5 defined as no anxiety.26

Statistical Analysis
Variables are expressed as mean ± standard deviation, or median (interquartile range), or frequency (percentage). Data
were compared using the Fisher’s exact test or Chi-square test for categorical variables, and Kruskal–Wallis test or
Student’s t-test for continuous variables.

Logistic regression was used to evaluate the impact of baseline and persistent poor sleep quality on anxiety,
depression and function disability at 3 months after stroke, respectively. Wald test was used to evaluate the fitness of
logistic regression models. Patients with good sleep quality were taken as the control group.

Based on the literature and clinical relevance,2,19,27–30 the following covariates were considered in the regression models:
age, gender, education (high school and above or not), marital status (married or not), employment status (retired,
unemployed, employed), monthly income (≥ vs < RMB 2300), Body Mass Index (normal <24, overweight 24–27.9, obesity
≥28 kg/m2), smoking (current smoker or no), alcohol use (current drinker or no), hypertension, diabetes, hyperlipidemia,
history of stroke, classification of stroke (artery atherosclerosis, cardiac embolism, small vessel occlusion, others), infarction
location (thalamus, brain stem, cerebellum, occipital lobe, temporal lobe, corpus callosum), medication (antiplatelet agents,
anticoagulant, lipid-lowering agents), anxiety at 2 weeks (GAD-7), depression at 2 weeks (PHQ-9), functional disability
(mRS) and NIHSS score on admission. The above covariables are redefined on the basis of the raw data.

In the models, age, gender, marital status, education, employment status, hypertension, diabetes, tobacco and alcohol
use, history of stroke, NIHSS score on admission and further plus anxiety, and depression at 2 weeks were adjusted to
offset the impact of potential confounding factors.

To evaluate potential interactions, patients with persistent poor sleep quality were stratified by gender and age (with
the cut-off set at 60 years according to literature).31 Logistic regression was used to compare the effect on outcomes in
patients of different ages with persistent poor sleep quality, and in the male and female subgroups. The stratified factor
was not adjusted as confounding variable in logistic regression analysis of the corresponding subgroups.

A two-sided P value of <0.05 was considered to be statistically significant. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute, Cary, NC).
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Results
Baseline Characteristics
Among the 1756 patients included from the ICONS, 137 patients with new episode of poor sleep quality at 3 months
after stroke were excluded, and 1619 were included in the final analysis, including 264 (16.3%) with good sleep, 218
(13.4%) with baseline poor sleep quality and 1137 (70.2%) with persistent poor sleep (Figure 1). At 3 months, 17 patients
were lost to follow-up because of failure to complete the PHQ-9 (n = 6), GAD-7 (n = 2), and mRS (n = 9) scales.

Mean age was 60.8 ± 10.7 years, and 446 were female (27.5%). At 2 weeks after stroke, depression occurred in 421
patients (26.1%) and anxiety in 280 patients (17.3%), and 1355 patients (83.6%) reported poor sleep quality (PSQI score
>5). At 3 months, depression was diagnosed in 342 patients (21.2%), anxiety in 216 patients (13.3%), poor sleep quality
in 1137 patients (70.2%), and 126 patients (7.8%) were functionally disabled (Figure 2).

Compared to those with good sleep quality, patients with baseline poor sleep quality and persistent poor sleep quality
were more likely to have attended high school or above (25.7% vs 40.8% vs 30.1%, P < 0.01), be retired (17.8% vs
26.6% vs 29.2%, P < 0.01), and suffer from anxiety (4.6% vs 10.5% vs 21.4%, P < 0.01) and depression (5.0% vs 12.8%
vs 33.1%, P < 0.01) at 2 weeks (Table 1).

Impact of Poor Sleep Quality on Prognosis of Stroke
Multivariate analysis revealed no statistically significant association of baseline poor sleep quality with depression,
anxiety and functional disability at 3 months after stroke, compared to patients with good sleep quality (Table 2).

In unadjusted analysis, persistent poor sleep quality was predictive of depression (odds ratio, OR 6.94, 95%
confidence interval, CI 3.99–12.08, P < 0.01), anxiety (OR 6.63, 95% CI 3.23–13.64, P < 0.01) and functional disability
(OR 2.10, 95% CI 1.14–3.89, P = 0.01). After adjustment for age, gender, marital status, education, employment status,
hypertension, diabetes, tobacco and alcohol use, history of stroke, NIHSS score on admission, and anxiety and depression
at 2 weeks, persistent poor sleep quality was identified as a risk factor for depression (OR 3.04, 95% CI 1.66–5.57, P <
0.01) and anxiety (OR 3.20, 95% CI 1.42–7.19, P < 0.01) at 3 months after stroke; while no significant association was
found between persistent poor sleep quality and functional disability (Table 2).

Figure 1 Flowchart of patient enrollment. CNSR-III-ICONS, China National Stroke Registry-III-the impairment of cognition and sleep after acute ischemic stroke or
transient ischemic attack in Chinese patient study.
Abbreviations: AIS, Acute Ischemic Stroke; PSQI, Pittsburgh Sleep Quality Index.
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Subgroup Analysis
Compared to good sleep quality, the association between persistent poor sleep quality and depression at 3 months was
significantly affected by gender (P for interaction = 0.01), which revealed that persistent poor sleep quality with male
gender (P < 0.01) had a higher risk of depression at 3 months. However, age and gender did not interact with the
association between persistent poor sleep quality and functional disability and anxiety at 3 months (Table 3).

Relationship of Sleep Quality to Severity of Depression and Anxiety
Among 1355 patients with poor sleep quality, 1038 (64.1%) were categorized as mild, 271 (16.7%) as moderate and 46
(2.8%) as severe, respectively. After adjustment for age, gender, marital status, education, employment status, hyperten-
sion, diabetes, tobacco and alcohol use, history of stroke, NIHSS score on admission, and anxiety and depression at 2

264
482

1355

2 weeks 3 months 

A

good sleep quality  poor sleep quality

1137
1187 1271

421 342

2 weeks 3 months

B

non-depression depression

1335 1401

280 216

2 weeks 3 months

C

non-anxiety anxiety

1223
1484

396
126

2 weeks 3 months

D

good function functional disability

Figure 2 Frequency of symptoms assessed at 2 weeks and 3 months after stroke. (A) Frequency of good sleep quality and poor sleep quality assessed at 2 weeks and 3
months after stroke, respectively. (B) Frequency of depression at 2 weeks and 3 months after stroke, respectively. (C) Frequency of anxiety at 2 weeks and 3 months after
stroke respectively. (D) Frequency of good function and functional disability at 2 weeks and 3 months after stroke, respectively.
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weeks, the degree of baseline poor sleep quality was significantly correlated to the severity of depression (mild, OR 2.16,
CI 1.21–3.85, P < 0.01; moderate, OR 3.18, CI 1.70 5.96, P < 0.01; severe, OR 2.79, CI 1.19–6.53, P < 0.01) and anxiety
(mild, OR 2.38, CI 1.11–5.11, P < 0.01; moderate, OR 2.92, CI 1.28–6.63, P < 0.01; severe, OR 2.85, CI 0.99–8.17, P =
0.05) at 3 months after stroke (Table 4).

Table 1 Baseline Characteristics

Variables Sleep Quality P value

Good
(n=264)

Baseline Poor (n=218) Persistent Poor (n=1137)

Age, year 59.2 ± 10.1 58.8 ± 12.0 61.6 ± 10.5 <0.01
Female 63 (23.8) 55 (25.2) 328 (28.8) 0.18

Education <0.01

High school and above 68 (25.7) 89 (40.8) 343 (30.1)
Married 250 (94.7) 204 (93.5) 1084 (95.3) 0.53

Employment status <0.01

Retired 47 (17.8) 58 (26.6) 333 (29.2)
Unemployed 22 (8.3) 21 (9.6) 106 (9.3)

Employed 195 (73.8) 139 (63.7) 698 (61.3)

Average monthly income 0.59
≥2300 RMB 82 (31.0) 76 (34.8) 388 (34.1)

BMI 0.07

Normal 83 (31.4) 82 (37.6) 425 (37.3)
Overweight 146 (55.3) 105 (48.1) 521 (45.8)

Obesity 35 (13.2) 31 (14.2) 191 (16.8)

Currently smoking 99 (37.5) 72 (33.0) 409 (35.9) 0.58
Currently drinking 44 (16.6) 35 (16.0) 195 (17.1) 0.91

Hypertension 159 (60.2) 124 (56.8) 737 (64.8) 0.05

Diabetes 54 (20.4) 48 (22.0) 273 (24.0) 0.42
Hyperlipidemia 24 (9.0) 22 (10.0) 104 (9.1) 0.90

Stroke 63 (23.8) 35 (16.0) 236 (20.7) 0.10

Classification of stroke 0.63
Artery atherosclerosis 62 (23.4) 47 (21.5) 273 (24.0)

Cardiac embolism 62 (23.4) 47 (21.5) 273 (24.0)
Cardiac embolism 17 (6.4) 8 (3.6) 59 (5.1)

Small vessel occlusion 66 (25.0) 69 (31.6) 313 (27.5)

Others 119 (45.0) 94(43.1) 492 (43.2)
Location of infarction

Thalamus 6 (2.2) 2 (0.9) 29 (2.5) 0.33

Brain stem 16 (6.0) 10 (4.5) 50 (4.4) 0.51
Cerebellum 7 (2.6) 7 (3.2) 43 (3.7) 0.64

Occipital lobe 9 (3.4) 7 (3.2) 33 (2.9) 0.89

Temporal lobe 9 (3.4) 6 (2.7) 19 (1.6) 0.15
Corpus callosum 11 (0.3) 1 (0.4) 8 (0.7) 0.78

Medication

Antiplatelet agents 258 (97.7) 210 (97.6) 1114 (98.5) 0.53
Anticoagulant 14 (5.3) 8 (3.7) 86 (7.6) 0.06

Lipid-lowering agents 260 (98.4) 209 (97.2) 1101 (97.3) 0.53

Anxiety at 2 weeks 12 (4.6) 37 (10.5) 243 (21.4) <0.01
Depression at 2 weeks 13 (5.0) 45 (12.8) 374 (33.1) <0.01

Functional disability 55 (20.8) 52 (23.8) 289 (25.4) 0.28

NIHSS 2 (1-4) 3 (1-5) 3 (1-5) 0.07

Note: Values are expressed as n (%) or mean ± standard deviation, or median (range).
Abbreviations: BMI, Body Mass Index; NIHSS, National Institutes of Health Stroke Scale.
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Table 2 Impact of Poor Sleep Quality on Outcomes at 3 Months After Stroke

Outcomes Odds Ratio (95% Confidence Interval) and
P value

Baseline Poor Sleep
Quality

Persistent Poor Sleep
Quality

Depression (PHQ-9)*

Unadjusted 0.85 (0.37–1.96)

P = 0.71

6.94 (3.99–12.08)

P < 0.01
Adjusted 0.42 (0.17–1.07)

P = 0.07

3.04 (1.66–5.57)

P < 0.01

Anxiety (GAD-7)¶

Unadjusted 1.86 (0.74–4.65)

P = 0.18

6.63 (3.23–13.64)

P < 0.01

Adjusted 0.97 (0.34–2.77)
P = 0.96

3.20 (1.42–7.19)
P < 0.01

Functional disability (mRS)#

Unadjusted 1.12 (0.48–2.60)
P = 0.78

2.10 (1.14–3.89)
P = 0.01

Adjusted 0.97 (0.40–2.34)

P = 0.95

1.39 (0.71–2.68)

P = 0.32

Notes: Reference: good sleep quality. Adjusted for age, gender, marriage status, education, employ-
ment status, hypertension, diabetes, smoking history, drinking history, history of stroke, NIHSS score
on admission, and further plus anxiety at 2 weeks, depression at 2 weeks. *Wald χ2 = 83.38
(unadjusted), and 278.11 (adjusted), all P < 0.01; ¶Wald χ2 = 41.39 (unadjusted), and 236.23 (adjusted),
all P < 0.01; # Wald χ2 = 8.47 (unadjusted), and 121.25 (adjusted), all P < 0.01.
Abbreviations: PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7 scale;
mRS, Modified Rankin Scale.

Table 3 Association of Persistent Poor Sleep Quality with Outcomes at 3 Months

Subgroup Persistent Poor Sleep Quality

n (%) Odds Ratio (95% Confidence
Interval)

P value P for
Interaction

Depression (PHQ-9)
Age ≥ 60y 196 (21.7) 2.30 (1.02–5.16) <0.05 0.43

Age < 60y 145 (20.7) 4.10 (1.61–10.42) <0.01

Male 231 (20.0) 10.06 (4.65–21.76) <0.01 0.01
Female 110 (24.7) 5.29 (2.30–12.19) <0.01

Anxiety (GAD-7)
Age ≥ 60y 126 (17.5) 2.68 (0.96–7.47) 0.06 0.55

Age < 60y 87 (12.4) 4.27 (1.08–16.88) <0.05

Male 141 (12.1) 4.12 (1.41–12.05) <0.01 0.32
Female 72 (16.2) 2.36 (0.64–8.68) 0.19

Functional disability

(mRS)
Age ≥ 60y 84 (9.3) 1.75 (0.74–4.10) 0.19 0.45

Age < 60y 41 (5.8) 0.85 (0.29–2.47) 0.77

Male 78 (6.7) 1.65 (0.69–3.99) 0.25 0.40
Female 47 (10.6) 1.06 (0.37–3.06) 0.90

Notes: Reference: good sleep quality. P for interaction: analyses of patients with persistent poor sleep quality were stratified by
age and gender. Adjusted for age, gender, marriage status, education, employment status, hypertension, diabetes, smoking history,
drinking history, history of stroke, NIHSS score on admission, and further plus anxiety at 2 weeks, and depression at 2 weeks.
Abbreviations: PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7 scale; mRS, Modified Rankin Scale.
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Discussion
To the best of our knowledge, this study may represent the first multi-center, large sample, prospective study investigat-
ing the association of poor sleep quality after stroke with emotional and functional outcomes. Many previous studies
were cross-sectional and focused on the prognosis of functional rehabilitation, which cannot elucidate causal relationship,
ignoring the psychological prognosis. In contrast, more confounders were adjusted in the present study, which makes the
findings more robust.

In this multicenter prospective registry study, we found that the incidence of poor sleep quality in stroke survivors
decreased gradually over time but remained at a high level, which was 70% at 3 months and higher compared to previous
studies (31.8–64.0%).14,27,32 This may be ascribed to the different definitions of poor sleep quality (eg sleep-related items
in the Hamilton Depression Scale), variance in severity and types of stroke (eg TIA versus ischemic stroke), and
markedly different follow-up durations.9,10 In consistence with the previous studies,13 we found that sleep quality tended
to slightly improve over time within 3 months after stroke. Potential reasons included that disturbed sleep architecture in
the acute phase of stroke returned to normal gradually,33,34 and, possibly, the use of sleep medication.35

An important finding in our study was that patients with persistent poor sleep quality after stroke were more likely to
suffer from depression and anxiety. Sleep and stroke and mood interact with each other. Sleep disorders and anxiety and
depression are not only considered as risk factors for stroke but also predict recurrence and mortality.2,36,37 Stroke
patients are more likely to sustain sleep disorders, depression and anxiety.4,38,39 In addition, insomnia has been proven to
increase the risk factor of depression and anxiety after stroke.19 In patients with poor sleep quality after a stroke, damage
to the central nervous system leads to changes in brain activity and sleep structure.28,34 There may be biological
responses to poor sleep quality, such as increased cortisol, hypothalamic–pituitary–adrenal (HPA) axis dysregulation,
and increased inflammatory cytokines.40,41 These mechanisms may partly explain the correlation between poor sleep
quality and depression and anxiety. Besides biological factors, psychosocial factors may be at play,42,43 such as
personality traits, marriage, living alone, social activities, and so on. From a bio-psycho-social perspective, persistent
poor sleep quality, while increasing the risk of depression and anxiety after stroke, together with psychosocial factors,
will ultimately affect the functional prognosis and quality of life in patients with stroke. Therefore, the results of this
study strongly highlight that stroke patients with persistent poor sleep quality should be given prioritized attention, and, if
necessary, early intervention.

The association between subjective sleep quality and prognosis of stroke disability has been controversial in previous
studies.14,44 The functional disability of stroke patients is not only affected by sleep quality but also by mood, stroke

Table 4 Relationship of Baseline Poor Sleep Quality to Severity of Anxiety and Depression at 3
Months

Baseline Sleep Quality Severity of Depression (PHQ-9) * Severity of Anxiety (GAD-7) ¶

OR (95% CI) P value OR (95% CI) P value

Mild (n = 1038)
Unadjusted 3.67 (2.09–6.42) < 0.01 3.91 (1.88–8.11) < 0.01

Adjusted 2.16 (1.21–3.85) < 0.01 2.38 (1.11–5.11) 0.02

Moderate (n = 271)
Unadjusted 14.13 (7.87–25.38) < 0.01 11.85 (5.59–25.13) < 0.01

Adjusted 3.18 (1.70–5.97) < 0.01 2.92 (1.28–6.63) 0.01

Severe (n = 46)
Unadjusted 32.50 (15.28–69.13) < 0.01 27.96 (11.43–68.39) < 0.01

Adjusted 2.79 (1.19–6.53) 0.01 2.85 (0.99–8.17) 0.05

Notes: Reference: good sleep quality. Baseline poor sleep quality (Mild: 5 < PSQI ≤10; Moderate: 10 < PSQI ≤15; Severe: 15 < PSQI
≤21). Adjusted for age, gender, marriage status, education, employment status, hypertension, diabetes, smoking history, drinking
history, history of stroke, NIHSS score on admission, and further plus anxiety at 2 weeks, and depression at 2 weeks. *Wald χ2 = 166.72
(unadjusted), and 401.88 (adjusted), all P < 0.01; ¶Wald χ2 = 98.32 (unadjusted), and 335.85 (adjusted), all P < 0.01.
Abbreviations: PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7 scale.
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severity and psychosocial factors. In this study, 75.5% of patients sustained mild stroke, which may be reason why we
did not find a direct relationship of persistent poor sleep quality to functional disability.

Although depression is more common in women generally,45 the relationship between different types of sleep
problems and the risk of depression may differ between men and women. While Morita and associates reported that
women with delayed sleep-wake time and men with difficulty falling asleep and daytime sleepiness are more likely to
suffer from depression,46 the present study found a higher risk of depression in men than women in stroke patients with
persistent poor sleep quality. This finding may be ascribed to the relatively low proportion of women in this study
(27.5%) and the fact that ischemic stroke is more common in men.47

Upon further analysis of the relationship between the degree of baseline poor sleep quality and the severity of anxiety
and depression at 3 months, we have found the worse sleep quality, the higher the risk of severe anxiety and depression.
Previous studies have confirmed insomnia to be a risk factor for anxiety and depression after stroke,19 and the shorter
sleep duration, the higher the risk of anxiety and depression.48,49 The severity of depression and anxiety was associated
with functional impairment, lower quality of life and mortality after stroke.4,8 Therefore, sleep quality is crucial to the
mood status, functional prognosis and survival of patients with stroke, and, in particular, more attention should be paid to
those with poorer sleep quality in clinical practice.

Study Limitations
First, this study excluded patients who had not completed the scale evaluation, which may lead to an underestimation of
the association between poorer sleep quality and worse stroke outcomes. Second, more objective measurements, such as
polysomnograms or activity charts, were not used to assess the sleep quality, given the difficulty in performing
polysomnography monitoring in all centers. Finally, due to the lack of uniformity in the definition of poor sleep quality
after stroke, the results of this study may not be directly generalizable and should be interpreted with extra caution.

Conclusions
This study shows that poor sleep quality is common in stroke survivors, and persistent poor sleep quality is associated
with a significantly increased risk for poststroke anxiety and depression. The results of this study suggest the importance
of sleep quality screening after stroke and imply that early diagnosis and treatment of poor sleep quality may help
improve the emotional outcomes in patients with stroke.
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