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Background: Abnormal sleep duration predicts depression and anxiety. We seek to evaluate the impact of sleep duration before stroke on the occurrence of depression and anxiety at 3 months after acute ischemic stroke (AIS).

Methods: Nationally representative samples from the Third China National Stroke Registry were used to examine cognition and sleep impairment after AIS (CNSR-III-ICONS). Based on baseline sleep duration before onset of stroke as measured by using the Pittsburgh Sleep Quality Index (PSQI), 1,446 patients were divided into four groups: >7, 6–7, 5–6, and <5 h of sleep. Patients were followed up with the General Anxiety Disorder-7 (GAD-7) and Patient Health Questionnaire-9 (PHQ-9) for 3 months. Poststroke anxiety (PSA) was defined as GAD-7 of ≥5 and poststroke depression (PSD) as PHQ-9 of ≥5. The association of sleep duration with PSA and PSD was evaluated using multivariable logistic regression.

Results: The incidences of PSA and PSD were 11.2 and 17.6% at 3 months, respectively. Compared to a sleep duration of >7 h, 5–6 h, and <5 h of sleep were identified as risk factors of PSA [odds ratio (OR), 1.95; 95% confidence interval (CI), 1.24–3.07; P < 0.01 and OR, 3.41; 95% CI, 1.94–6.04; P < 0.01) and PSD (OR, 1.47; 95% CI, 1.00–2.17; P = 0.04 and OR, 3.05; 95% CI, 1.85–5.02; P < 0.01), while 6–7 h of sleep was associated with neither PSA (OR, 1.09; 95% CI, 0.71–1.67; P = 0.68) nor PSD (OR, 0.92; 95% CI, 0.64–1.30; P = 0.64). In interaction analysis, the impact of sleep duration on PSA and PSD was not affected by gender (P = 0.68 and P = 0.29, respectively).

Conclusions: Sleep duration of shorter than 6 h was predictive of anxiety and depression after ischemic stroke.
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INTRODUCTION

Post-stroke depression (PSD) and post-stroke anxiety (PSA) are among the most common complications of acute ischemic stroke (AIS), seen in 31 and 35% of stroke survivors, respectively (1). Individuals with PSD and PSA have poor prognosis with higher risk of mortality (2–4). Due to the lack of effective treatment for PSA or PSD, identification of the predictors for PSA or PSD may lead to discovery of modifiable risk factors, which is of great clinical relevance.

Previous studies have found that short duration of sleep was associated with chronic diseases. Sleep duration of <7 h has been shown to be closely related to the development of stroke, diabetes mellitus, and depression (5). Old and middle-aged people with <5 h (1.69 times) and 5–6 h (1.48 times) of sleep had a higher risk of depression compared to those sleeping for 7–8 h, and those who sleep for >9 h had no significant risk (6).

Up to date, the impact of sleep duration prior to stroke on the occurrence of anxiety and depression after ischemic stroke is still elusive and undefined. Moreover, the duration of sleep can be a potential therapeutic target, despite that most risk factors for PSA or PSD are not modifiable, such as gender, stroke severity, frontal pole lesion, communication disorders, cognitive impairment, chronic pain, and lack of social support (4, 7–10). Therefore, this study aims to investigate the impact of the duration of sleep before stroke on the occurrence of anxiety and depression at 3 months after ischemic stroke.



METHODS


Study Settings and Participants

The Third China National Stroke Registry (CNSR-III) is a national prospective registry on the etiology, imaging, and biomarkers of ischemic stroke and transient ischemic attack (TIA) (http://paper.ncrcnd.ttctrc.com/default/project-detail?id=253). In CNSR-III, the data of 15,166 stroke patients were collected from a total of 201 study sites from August 2015 to March 2018 (11). The present study uses the data of AIS patients derived from the Impairment of Cognition and Sleep after AIS or Transient Ischemic Attack Study in Chinese Patients (ICONS), which is a subgroup study of CNRS-III on cognition and sleep (12). AIS was diagnosed according to the World Health Organization (WHO) diagnostic criteria and confirmed with craniocerebral magnetic resonance imaging (MRI) or computed tomography (CT) during hospitalization.

Patients were included in this study if they fulfilled all the following criteria: (1) 18 years of age or older, (2) within 7 days from the onset of ischemic stroke symptoms to enrollment, and (3) completed the baseline and follow-up tests.

Individuals were excluded if they met one of the following criteria: (1) silent cerebral infarction without symptoms or signs; (2) illiterate; (3) prior history of stroke, sleep disorder, depression, anxiety, schizophrenia, or cognitive impairment (as diagnosed by physicians); or (4) could not cooperate because of hearing loss, vision dysfunction, aphasia [National Institutes of Health Stroke Scale (NIHSS) item 9 > 2], and consciousness disturbance (NIHSS item 1a > 1 or 1b > 1).

The study protocol was approved by the ethics committees of participating hospitals, and written consent was obtained from all participants.



Data Collection and Data Management

Sociodemographic information, medical history, and scale measurements were collected from medical records and clinical interviews by trained neurologists.

Social demographic variables include age, gender, marital status (married vs. other), education (below high school vs. high school and above), employment status (employed, retired, unemployed, or unknown), and monthly income (high level, >2,300 RMB vs. low level, ≤ 2,300 RMB).

Lifestyle variables include body mass index (BMI), physical activity conditions including heavy labor, housework, transportation, and leisure exercise (yes or no), current smoking (Do you smoke habitually?) (yes or no), and alcohol use (Do you drink habitually?) (yes or no).

Past medical history include hypertension, hyperlipidemia, diabetes, heart disease, migraine, and family history of stroke (yes vs. no).

The modified Rankin Scale (mRS) was used to measure the functional status. The National Institutes of Health Stroke Scale (NIHSS) was used to assess severity of stroke, including motor disorders (NIHSS item 5a or 5b or 6a or 6b ≥1), sensory disorders (NIHSS item 8 ≥ 1), and language disorders (NIHSS item 9 or 10 ≥ 1). The status of anxiety and depression at baseline and the types of wards/specialties during hospitalization [stroke unit, intensive care unit (ICU) and other wards] were also collected.

The duration of sleep prior to the onset of stroke was assessed during the hospitalization using the question “During the past month, how many hours of actual sleep did you get at night?” in the Pittsburgh Sleep Quality Index (PSQI). In conformance to the scoring principle as described in Component 3 of PSQI, the duration of sleep was categorized into four groups: >7, 6–7, 5–6, and <5 h (13).

Data on PSA and PSD were collected by face-to-face interview at 3 months after stroke. General Anxiety Disorder-7 (GAD-7) was used to assess the severity of anxiety during the past 2 weeks, with a total score of 21 points (whereby 0–4 denotes no anxiety and 5–9, 10–14, and 15–21 represent mild, moderate, and severe anxiety) (14). PSA was defined as a GAD-7 score of ≥5.

Patient Health Questionnaire-9 (PHQ-9) was used to evaluate depression during the past 2 weeks, with a total score of 27 points (in which 0–4 represents no depression, while 5–9, 10–14, 15–19, and 20–27 are taken as mild, moderate, moderately severe, and severe depression) (15). PSD was defined as a PHQ-9 score of ≥5.



Statistical Analysis

Continuous variables were expressed as mean ± standard deviation or median (interquartile range, IQR), and analyzed using the Kruskal–Wallis test or Wilcoxon rank-sum test. Categorical variables were presented as numbers (percentages) and analyzed using chi-square test or Fisher's exact probability test.

Multivariate logistic regression was performed to evaluate the impact of the duration of sleep prior to onset of stroke on the occurrence of PSA or PSD, in which sleep duration of >7 h was taken as the reference group. The results were presented with odds ratios (ORs) and their 95% confidence intervals (95% CI). Three models were built to adjust potential covariates (e.g., age, level of education, employment status, smoking, heart disease), which may affect PSD/PSA according to previous studies (16–19). In Model 1, the ORs were adjusted for age and gender. Model 2 were adjusted for social demographic, lifestyle, and medical history variables beside gender and age. In Model 3, functional scales and the ward types or specialties during hospitalization were adjusted in addition to Model 2 adjustments. In addition, propensity score matching was performed to balance the four groups of sleep duration on other variables.

To test the linear trend, we entered zero, one, two and three of each sleep duration as a continuous variable in the model.

Potential interaction was further examined with stratification by gender.

Data were analyzed using SAS V9.4 (SAS Institute, Cary, NC). All tests were two-sided, and a P < 0.05 was considered statistically significant.




RESULTS


Baseline Patient Characteristics

Data of 2,432 patients with AIS were collected in the CNSR-III-ICONS from 40 participating sites. After excluding 549 patients with stroke history, 248 with sleep disorder history, 27 without complete baseline information, and 162 who failed to complete the follow-up at 3 months, a total of 1,446 patients were included in this analysis (Figure 1).
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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; PSQI, Pittsburgh Sleep Quality Index; PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7.


The numbers of patients in the four groups of sleep duration after ischemic stroke were as follows: >7 h, 759 (52.5%); 6–7 h, 390 (27.0%); 5–6 h, 212 (14.7%); and <5 h, 85 (5.9%), respectively.

The four groups differed significantly in age, education level, history of hypertension and migraine, family history of stroke, ward type/specialty, and the status of depression and anxiety at baseline. Patients in the 5–6 h of sleep group were aged 61.9 ± 11.3 years on average and significantly older than the group who slept for >6 h (P < 0.01). Higher educational level was more common in the groups with 6–7 and <5 h of sleep compared to the group with >7 h of sleep (P < 0.01 and P = 0.04). Hypertension and family history of stroke were more common in patients of the <5 h group compared to other groups (all P < 0.05). Patients with 5–6 h of sleep were less likely to have motor disorder than patients sleeping for more than 6 h (P < 0.01 and P = 0.02). More patients admitted in the stroke center and ICU were likely to sleep for 5–6 h rather than >6 h (P < 0.01). Patients with a shorter duration of sleep were more likely to have depression and anxiety at baseline (Table 1, Supplementary Table 1).


Table 1. Baseline patient characteristics stratified by sleep durations.
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Impact of Sleep Duration on PSA at 3 Months

At 3 months after acute ischemic stroke, 162 patients (11.2%) had a GAD-7 score of ≥5. With all potential confounding factors adjusted in Model 3, there was no significant difference between the groups with 6–7 and >7 h of sleep. However, patients who slept for 5–6 h and <5 h were more likely to develop PSA compared to the reference group (OR, 1.95; 95% CI, 1.24–3.07, P < 0.01 and OR, 3.41; 95% CI, 1.94–6.04; P < 0.01; respectively). A significant inverse correlation was observed between the prevalence of PSA and sleep duration (P for trend <0.01) (Table 2). The same trend persisted after adjustment with propensity score matching (Supplementary Table 2).


Table 2. Impact of sleep duration on anxiety at 3 months after stroke.
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In men, the adjusted ORs in Model 3 were 1.30 (95% CI, 0.78–2.14), 2.05 (1.19–3.52), and 4.07 (2.06–8.01) for sleep durations of 6–7 h, 5–6 h, and <5 h, respectively. In women, the respective adjusted ORs were 0.64 (0.27–1.51), 1.33 (0.55–3.22), and 1.52 (0.48–4.78). In interaction analysis, the effect of sleep duration on PSA was not influenced by genders (P for interaction = 0.68) (Table 2).

Patients in other ward types/specialties, such as the intervention and medical departments, were less likely to develop PSA compared to those admitted in the stroke unit or ICU (OR, 0.52; 95% CI, 0.35–0.78, P < 0.01) (Supplementary Table 3).



Impact of Sleep Duration on PSD at 3 Months

At 3 months after stroke, 254 patients (17.6%) had a PHQ-9 score of ≥5. For all participants, those with 5–6 and <5 h of sleep had a higher risk of PSD compared to those who slept for >7 h in Model 3 (OR, 1.47; 95% CI, 1.00–2.17; P = 0.04; and OR, 3.05; 95% CI, 1.85–5.02; P < 0.01, respectively). However, no difference was found between the groups with 6–7 and >7 h of sleep (OR, 0.92; 95% CI, 0.64–1.30; P = 0.64). A significant inverse correlation was also observed between prevalence of PSD and sleep duration (P for trend <0.01) (Table 3), which persisted after adjustment with propensity score matching (Supplementary Table 4).


Table 3. Impact of sleep duration on depression at 3 months after stroke.
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The adjusted ORs in Model 3 were 1.08 (95% CI, 0.72–1.63), 1.35 (0.85–2.15), and 3.11 (1.71–5.66) for sleep durations of 6–7 h, 5–6 h, <5 h for male patients, respectively, while the corresponding adjusted ORs for female patients were 0.65 (95% CI, 0.30–1.40), 1.68 (95% CI, 0.78–3.59), and 2.96 (95% CI, 1.09–7.97). Again, interaction analysis showed no effect of gender on the association between sleep duration and PSD (P for interaction = 0.29) (Table 3).

Patients with high NIHSS score (OR, 1.05; 95% CI, 1.01–1.10; P = 0.01) or admitted in the stroke unit (other wards vs. stroke unit; OR, 0.55; 95% CI, 0.39–0.78; P < 0.01) were at added risk for PSD (Supplementary Table 5).




DISCUSSION

In this study, the incidences of PSA and PSD in this study were 11.2 and 17.6% at 3 months after ischemic stroke, respectively. Patients with sleep duration of <6 h were more prone to PSA and PSD compared to those sleeping for >7 h, which did not differ between men and women. To the best of our knowledge, this analysis may represent the first multicentered prospective study that evaluates the impact of sleep duration on anxiety and depression after ischemic stroke. The large number of patients from 40 centers is representative of the demographic features of the Chinese population. Of note, the information was collected by face-to-face interview at baseline and 3 months after ischemic stroke, which guarantees the accuracy of data in this study.

The prevalence of PSA and PSD in our study was lower compared to other reports on the Chinese population, which were 15.1 and 21.1% at 3 months after ischemic stroke (20, 21). This inconsistency may be ascribed to the different test scales of anxiety and depressive symptoms, time frame, and study criteria. In this study, we excluded patients with history of stroke and sleep disorder who are at higher risks for PSA and PSD. This may be another reason for the lower prevalence of PSA and PSD in this series.

The literature has shown that self-reported short sleep duration was significantly correlated with PSA (22), sleep loss, and experimental sleep deprivation are linked to increased negative emotions (such as depression, madness, and nervousness) (23), and treatment of insomnia helps relieve the symptoms of anxiety (24). In line with previous studies, we also found that short sleep duration (<6 h) significantly increased the risk of PSA at 3 months compared with sleep duration of >7 h.

The underlying mechanisms for the association between short sleep duration and PSA are yet fully understood. Short sleep duration may affect emotional regulation by disturbing the functions of prefrontal cortex, anterior cingulate cortex, amygdala, and striatum. It can also disrupt the reward system in the brain, increase the cortisol level, unbalance the hypothalamus pituitary adrenal axis, and aggravate inflammatory reaction by raising the level of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP). All these changes are secondary to sleep loss and will worsen the degree of anxiety (25). Another mechanism is that sleep deprivation reduced the availability of dopamine D2/D3 receptor in the striatum, since dopamine is a monoamine neurotransmitter playing an important role in the reward system and pleasure experience (26).

Currently available data are mixed on the association between sleep duration and depression. Previous studies have shown that in those aged 18–30 or >45 years, only short sleep duration (<6 h) posed a significantly high risk for depression, while long sleep duration (>9 h) did not (6, 27). Short sleep duration during weekdays was also found to increase the risk for depression in late adolescents (28). However, a U-shaped association between sleep duration and depression was found, in which both <5 and >9 h of sleep increased the risk of depression (29). In stroke patients, sleeping for <6 h were more likely to suffer depression than those sleeping for 7–8 h, while those with >8 h of sleep were not (30). This study also identified short sleep duration (<6 h) as a risk factor for PSD at 3 months. These conflicting results probably resulted from the difference in age and comorbidity among these studies. The mechanisms are complex. Possible mechanism may include chronic sleep restriction causing depression by disturbing the 5-hydroxytryptamine (5-HT) pathway and hypothalamic–pituitary–adrenal (HPA) axis (31) and sleep disruption leading to poor functional recovery, which increases the risk of depression (32).

It remains unclear if a gender difference exists in the association between sleep duration and anxiety or depression. In patients undergoing percutaneous transluminal coronary angioplasty, female patients had more difficulty initiating sleep and worse health-related quality of life, including anxiety and depression (33). Another study in elderly participants found that short sleep duration was associated with depression only in male patients, but no gender difference existed in the association of sleep duration and anxiety (34). Up to date, no prospective study is available on gender difference in the association between sleep duration and PSA or PSD, while ischemic stroke showed a higher incidence in male patients (35). Although this study found that a short duration of sleep was associated with increased risk for PSA in men, interaction analysis, on the contrary, showed that the impact of gender on the association between sleep duration and PSA was not significant. These inconsistent results may be ascribed to the relatively low proportion of female patients (27%) in this study, which also limits the power of statistical analysis. Some other confounding factors may exist that offset the risk of PSA in female patients and mask the interaction of gender with the impact of sleep duration on PSA, such as sleep biology and social pressure (36). Further studies are warranted in a large patient population of AIS with higher percentage of female patients to elucidate the interaction of gender with the impact of sleep duration.


Limitations

This study has several limitations. First, the duration of sleep was calculated by the average sleep time during the past month prior to onset of stroke, which may not completely represent the sleep duration in acute phase of stroke, although sleep duration does not change easily. Second, the sleep duration was self-reported by patients rather than measured by polysomnography, which was neither feasible nor available in this multicenter study. Self-reported sleep duration is inaccurate with many inherent biases, especially to a study on anxiety and depression. Lastly, the duration of sleep in PSQI was taken as a categorical variable rather than a continuous one, which precludes the possibility of assessing the association between sleep duration and post-stroke anxiety or depression in a more accurate and quantitative manner.




CONCLUSIONS

This study shows that short sleep duration (<6 h) was a predictor for anxiety and depression at 3 months after ischemic stroke. These results highlight the importance of the sleep duration in patients with ischemic stroke and argue for the need of monitoring patient sleep and ensuring adequate sleep duration (>6 h) to avoid or minimize the occurrence of post-stroke anxiety and depression.
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Meale gender 568(74.8) 275 (70.5) 155 (73.1) 58(68.2) 032
Age, year 50.6% 11.1 50.4= 10.8 619+ 113 61097 002
Body mass index, kg/m2 249+£3.1 262+32 26.1+£32 263£3.1 0.72
Married 719(94.7) 367 (94.1) 206(97.2) 80(94.1) 0.40
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Employment status 0.13

Employed 472 (62.2) 237 (60.9) 117 (85.2) 49(57.7)
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“Allvalues are expressed as number (percentage) except age, body mass index, mRS, NIHSS at baseline, depression, and anxiety at baseline.
mRS, Modified Ranking Scale; NIHSS, National Institutes of Health Stroke Scale; ICU, Intensive Care Unit; Other, wards/specialties exclusive of the stroke unit and ICU.
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