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ABSTRACT 

Background: Stroke is the second and third leading cause of 

death and disability worldwide, respectively, with a rapidly rising 

burden in low and middle income countries. Sleep distrubance, 

wheter inadequate sleep duration, poor sleep quality, insomnia, or 

obstructive sleep apnea (OSA), has been extensively studied as a 

potentially modifiable risk factor for stroke. This review 

summarizes current epidemiological and mechanistic evidence on 

the relationship between insufficient sleep and stroke risk.   

Method: A systematic literature search was conducted across 

PubMed/MEDLINE, Science Direct, Frontiers, Nature, PMC, and 

Cochrane Library, using combinations of the terms “sleep 

duration”, “sleep deprivation”, “insomnia”, “obstructive sleep 

apnea”, and “stroke risk”, formalized into Boolean stratergy 

reported in the Method section. Eligible studies comprised meta-

analysis and systematic reviews of prospective cohort studies, and 

randomization studies.  
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Results: Both short (<5-6 h/day) and long (>8-9 h/day) sleep 

duration were consistently associated with increased stroke risk in 

prospective cohort studies, with the lowest risk at approximately 

7-7,5 h/night. Poor sleep quality, insomnia, and OSA were each 

independently associated with increased stroke risk, with OSA 

showing the strongest and most mechanistically consistent effect. 

However, randomization studies have not consistently 

demonstrated a causal relationship between sleep duration and 

stroke risk.  

Conclusion: Available evidence supports inadequate sleep in 

duration and quality as a risk marker, and plausibly a modifiable 

risk factor, for stroke, although definitive causality still requires 

confirmation through intervention and genetic studies. Screening 

for sleep disorders, particulary OSA and chronic insomnia, was 

consider as a part of primary and secondary stroke prevention 

strategies.  

Keywords: sleep duration, sleep deprivation, insomnia, 

obstructive sleep apnea, stroke  
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INTRODUCTION 

Stroke remains one of the most impactful global public health problems. According to the 

Global Burden of Disease (GBD) Study 2021, there were 93.8 milion stroke survivors, 11.9 

milion new stroke events, and 7,3 milion stroke-related deaths worldwide in 2021, making stroke 

the third leading cause of death after ischemic heart disease and COVID-19. This burden is 

unevenly distributed low and middle income countries account for more than 80% of new stroke 

events and more than 87% of stroke deaths worldwide, with rising incidence trends particulary in 

Southeast Asia, East Asia, and Oceania since 2015.1 

A number of risk factors have been identified for stroke, including hypertension, 

hypercholesterolemia, smoking, obesity, dyslipidemia, a prior history of stroke or transient 

ischemic attack, advanced age, diabetes mellitus, and atrial fibrillation. Among the well-

established stroke risk factors, sleep disturbance has increasingly drawn attention as a potentially 

modifiable risk factor that is often overlooked in routine clinical practive. Sleep duration, defined 

as the total amount of time spent sleeping within a 24-hour period, is an important component of 

overall health. the generally recommended healthy sleep duration range is approximately 7-8 

hours per night. Sleep disturbance spans a broad spectrum, from sleep duration that is too short 

or too long, to poor subjective sleep quality, chronic insomnia, and obstructive sleep apnea 

(OSA). which is characterized by recurrent episodes of upper-airway obstruction during sleep.2-4  

Epidemiologically, the relationship between sleep duration and cardiovascular risk, 

including stroke, has been extensively studied through large prospective cohort studies and dose-

respone meta analysis. Numerous clinical studies suggest that both excessively long and short 

sleep durations are associated with an increased risk of stroke. The role of sleep in stroke is 

complex, encompassing direct physiological impacts on the brain and indirect effects mediated 

through other systemic health conditions. 2-4 

This review was undertaken to summarize the current evidence on the relationship 

between inadequate sleep, in duration, quality, insomnia, and OSA an stroke risk, including the 

underlying pathophysiological mechanism.  
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METHODS 

This systematic review was conducted accordance 2020 Preffered Reporting Itrms for 

Systematic Reviews and Meta-Analyses (PRISMA) statement. PRISMA 2020 checklist was 

applied throughout.5 

Study were included based on the following criteria: 

Population (P): adults (>18 years) without a prior history of stroke 

Intervention (I): sleep deprivation and/or poor sleep quality, assessed subjectively or objectively 

Comparison (C): normal/adequate sleep duration or good sleep quality  

Outcomes (O):incidence of stroke.  

Study type (S): prospective or retrospective cohort studies, case control studies, cross sectional 

studies 

Study were exclude if they: (1) Studies on sleep disorders as a primary diagnosis without 

a distinguishable sleep duration or quality exposure; (2) Stroke is not a distinct outcome (3) 

Conference abstract, editorials, latters, commentaries, and narrative reviews without original data 

(4) full text unavailable.  

The targeted search was conducted across PubMed/MEDLINE, Science Direct, Frontiers, 

Nature Portofolio, PMC, and the Cochrane Library. The original search used combinations of the 

free-text terms “sleep duration”, “short sleep”, “long sleep”, “sleep deprivation”, “sleep quality”, 

“insomnia”, obstructive sleep apnea”, and  “stroke risk” or “cerebrovascular disease”. We use the 

following Boolean: “sleep duration” OR “short sleep” OR “long sleep” OR “ sleep deprivation” 

OR “sleep quality” OR “insomnia” OR “obstructive sleep apnea” OR “sleep apnea” AND 

“stroke” OR “cerebrovascular diseasr” OR “cerebrovascular accident” OR “stroke risk”.  

Eligibility study types comprised of prospective cohort studies, large population-based 

cohort studies, and randomization studies evaluating the association between sleep parameters 

and incident stroke or stroke mortality in adult population. This review has undergone screening 

by two independent reviewes, has producted a PRISMA flow diagram.  
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Figure 1. PRISMA diagram 
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RESULTS AND DISCUSSION 

Table 1 summarizes the characteristics of the 15 primary empirical studies underlying this 

review. Systematic reviews, meta-analyses, and purely narrative mechanistic reviews are excluded 

from this table. 

Table 1. Characteristic of Included Studies 

No Author, 

Year 

Study 

Design 

Population/ 

Sample 

Exposure Outcome Key Findings  

1. Qureshi

,et al. 

19976 

Prospective 

cohort 

7.844 adults Habitual 

sleep 

duration 

& 

daytime 

napping 

incident stroke 

and CHD 

Short and 

long sleep 

duration each 

associated 

with 

increased 

stroke risk 

after 

adjusment for 

conventional 

CV risk factor 

2. Leppäv

uori A, 

et al. 

20027 

Clinical 

cohort 

277 patients, 3-

4 months post 

ischemic stroke 

Post-

stroke 

insomnia 

Prevalence of 

insomnia 

complaint/diagno

sis 

56.7% 

reported 

insomnia 

complaint; 

37.5% met 

DSM-IV 

criteria; 

18.1% new 
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onset after 

stroke 

3. Yaggi 

HK, et 

al. 

20058 

Observatio

nal cohort 

1.022 patient OSA 

syndrome 

Stroke or death Combined 

HR for 

stroke/death 

2.24 (95% CI 

1.30-3.86), 

independent 

of 

hypertension  

4. Chen 

JC, et 

al. 

20089 

Prospective 

cohort 

Postmenopausal 

women 

Self 

reported 

sleep 

duration 

Ischemic stroke Both short 

and long 

sleep duration 

associated 

with 

increased 

ischemic 

stroke risk, 

independent 

of CV risk 

factors 

5. Redline 

S, et al. 

2010.10 

Prospective 

cohort 

5.422 adults OSA 

severity 

Incident 

ischemic stroke 

Moderate-

severe OSA 

in men: HR 

2.9 (95% CI 

1.1-7.4); 

graded 
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association 

across AHI 

quartiles 

6.  Ruiter 

Petrov 

ME, et 

al. 

201411 

Prospective 

cohort 

US biracial 

cohort 

Self 

reportef 

sleep 

duration 

Incident stroke 

symptoms 

Association 

nuanced by 

body mass 

and race, 

highlighting 

population-

specific 

heterogeneity 

7. Wu 

MP, et 

al. 

201412 

Nationwide 

cohort 

Insomnia vs non 

insomnia 

patient 

Insomnia 

subtype 

Incident stroke Insomnia 

associated 

with 

increased 

stroke risk, 

most 

pronounced in 

younger 

adults and 

persistent 

insomnia 

8. Song 

Q, et al. 

201613 

Prospective 

cohort 

Occupational 

cohort 

sleep 

duration 

Ischemic and 

hemorrhagic 

stroke 

Long sleep 

duration 

associated 

with 

increased risk 
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of both 

ischemic and 

hemorrhagic 

stroke 

9. Kawac

hi T, et 

al. 

2016.14 

Prospective 

cohort 

27.896 adults Sleep 

duration 

Stroke mortality  Sleep >9h: 

HR 1.51 

(1.16-1.97) 

total stroke 

mortality; 

short sleep 

linked to 

reduced 

hemorrhagic 

stroke 

mortality in 

men 

10. Jiang J, 

et al. 

201715 

Experiment

al  

Middle aged 

Sprague dawley 

rats 

5-day 

REM 

sleep 

deprivatio

n 

Clood pressure 

and endothelial 

function 

REM sleep 

deprivation 

increased 

blood 

pressure and 

reduced 

NO/cGMP 

via the eNOS 

pathway; 

reversed by 

L-argine 
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supplementati

on 

11. Ji A, et 

al. 

202016 

Prospective 

cohort 

41.786 adults Sleep 

duration 

(h/day), 

sleep 

quality 

(PSQI) 

Incident stroke Sleep <6h: 

RR 1.63 (95% 

CI 1.23-2.11); 

short sleep + 

poor quality 

interaction: 

OR 6.75% 

(95% CI 2.45-

14.12) 

12. Zhou 

L, et al.  

202017 

Prospective 

cohort 

31.750 adults Sleep 

duration, 

midday 

napping, 

sleep 

quality 

Incident stroke Long sleep ≥9 

h: HR 1.23 

(95% CI 

1.07–1.41) for 

total stroke; 

poor sleep 

quality: 29% 

– 56% higher 

risk across 

stroke 

subtypes. 

Short sleep 

(<6 h) was 

NOT 

significantly 

associated 
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with total 

stroke risk in 

this cohort. 

13. Titova 

OE, et 

al. 

202018 

Prospective 

cohort 

79.881 Sleep 

duration 

Incident stroke Long sleep: 

HR 1.12 

(1.03-1.22) 

total stroke; 

short sleep: 

HR 1.21 (1.03 

– 1.41) 

intracerebral 

hemorrhage; 

MR did not 

support 

causality  

14. Zhao 

B, et al. 

202119 

Prospective 

vohort  

4.204 adults Objectivel

y 

measured 

sleep (in 

home 

PSG, 

WASO, 

sleep 

efficiency

, duration) 

Ischemic stroke Highest 

WASO 

quartile: HR 

3.77 (95% CI 

1.81 – 7.88) 

vs lowest; 

poor sleep 

efficiency and 

short sleep 

also 

associated 

with higher 
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incidence 

15. Hoepel 

SJW, et 

al. 

202420 

Prospective 

cohort 

1.718 adults Actigraph

y-

estimated 

sleep and 

24-h 

activity 

rhythm 

Incident stroke No clear 

association 

for sleep 

duration 

itself; 

fragmented 

rest-activity 

thytm: HR 

1.28 per SD 

95% CI 1.07-

1.53) for 

stroke 

Short Sleep Duration and Stroke Risk  

Several independent prospective cohort studies have examined the association between short 

sleep duration and stroke risk using primary. In one of the earliest such studies, Qureshi et al, using 

10-year follow up data from 7.844 adults in the NHANES I Epidemiologic Follow-up study, found 

that habitual short sleep duration was associated with increased stroke risk after adjustment for 

conventional cardiovascular risk factors. The risk for stroke was increased in persons who reported 

sleeping greater than 8 hours at night compared with persons who slept between 6 and 8 hours. 

Daytime somnolence was also associated with stroke incidence. Persons who reported both greater 

than 8 hours of sleep and daytime comnolence were at the greatest risk for stroke.6  

In a Chinese population, an 8-year prospective cohort study by Ji et al, involving 41.786 

adults found a 1.63 fold higher stroke risk (95% CI 1.23-2.11) among individuals sleeping less than 

6 hours per day compared with those sleeping 6-8 hours per day.16 

Using objectively measures sleep via in home polysomnograpy in a study from Zhao et al. 

This study found that short sleep duration, together with poor sleep efficiency and prolonged wake 
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after sleep onsert, was associated with a higher incidence of ischemic stroke over a mean 11-year 

follow up in 4.204 participants.19  

Zhou et al found that short sleep (<6 hours/night) was not significantly associated with total 

stroke risk in that particular population, while a study using actigraphy in the population-based 

Rotterdam study likewise found no clear association between objectively measured sleep duration 

and stroke risk, although a more fragmented 24 hour rest activity rhythm was independently 

associated with higher stroke risk (HR 1.28 per SD increase, 95% CI 1.07 – 1.52).17  

Long Sleep Duration and the U/J Shaped Relationship  

Long sleep duration has also been independently associated with stroke risk in several 

primary cohort studies. Song et al found that long sleep duration was associated with increased risk 

of both ischemic and hemorrhagic stroke. Kawachi et al dounf that sleep duration >9 hours was 

associated with reduced hemorrhagic stroke mortality in men, underscoring possible mechanistic 

differences between stroke subtypes.13,14  

Chen et al found that both short and long self-reported sleep duration were associated with 

increased risk of ischemic stroke among post menopausal women, independent of conventional 

cardiovascular risk factors.9  

Sleep Quality and Stroke Risk  

 Beyond duration, subjective, and objective sleep quality also appear to play an independent 

in stroke risk. Ji et al in their cohort study, using the Pittsburgh Sleep Quality Index (PSQI), found 

an additive interaction effect between poor sleep quality and non-ideal sleep duration. Stroke risk 

was up to 6.75 fold higher (95% CI 2.45-14.12) in individuals with the combination of poor sleep 

quality and short sleep duration compared with individuals with good-quality sleep and normal 

duration.16  

 Objective measures point in a similar direction. Zhao et al, found that poor sleep efficiency 

and prolonged wake after sleep onsert on polysomnography were independently associated with 

inciden ischemic stroke, with the highest quartile of wake after sleep onset showing nearly a four 

fold increase in risk (HR 3.77, 95% CI 1.81-7.88) relative to the lowest quartile. Hoepel et al, 

similarly found that although actigraphy estimated sleep duration itself was not clearly associated 
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with stroke risk, a more fragmented and less stable 24 hour activity rhytm was independently 

associated with higher stroke and ischemic stroke risk.19  

 These finding suggest that clinical assessment of sleep-related stroke risk should not focus 

on hours slept, but should also account for sleep continuity and quality, wheter assessed 

subhectively or objectively.  

Insomnia and Stroke Risk  

Chronic insomnia has been studied as a stroke risk factor in large administrative and clinical 

cohorts. Wu et al followed a nationally representative sample of insomnia and non-insomnia 

patients and found that insomnia was associated with an increased subsequent risk of stroke, an 

association that was especially pronounce among younger adults and among those with persistent, 

rather than remitting insomnia.12  

The relationship between insomnia and stroke also appears to be bidirectional. In a clinical 

cohort of 277 patients evaluated 3-4 months after ischemic stroke, Leppävuori et al. found that 

56.7% reported an insomnia complaint and 37.5% met DSM-IV criteria for insomnia; in 38.6% of 

cases the complaint had been present before the stroke, while in 18.1% it emerged as a new 

consequence of the stroke itself. This primary clinical study indicates that sleep disturbance in 

stroke should be viewed as a mutually reinforcing, bidirectional relationship rather than a one way 

risk factor alone.7 

Obstructive Sleep Apnea (OSA) and Stroke Risk 

 Among all sleep disorders, OSA has the strongest and most consistent eviddence of 

association with stroke risk from primary cohort data. The classsic observational cohort by Yaggi et 

al, showed that OSA syndrome was independently associated with the composite outcome of stroke 

or death from any cause after adjustment for other risk facctors including hypertension, in a cohort 

of 1.022 patients who underwent polysomnography.8  

 This finding was substantially reinforced by Redline et al, followed 5.422 participant 

without a history of stroke for a median of 8.7 years and observed 193 incident ischemic strokes. 

Moderate to severe OSA was associated with a nearly three fold increase in stroke risk among 

men.10  
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 These two independent cohort provide convergent primary study evidence for OSA as an 

independent stroke risk factor.  

Pathophysiological Mechanism 

Several pathophysiological pathways have been proposed to explain the relationship 

between inadequate sleep and increased stroke risk. Sleep deprivation is known to induce 

endothelial dysfunction through reduced nitric oxide (NO) bioavailability via impairment of the 

eNOS/NO/cGMP pathway, as demonstrated experimentally in a middle-aged rat model of REM 

sleep deprivation. This endothelial impairment reduces NO-dependent vasodilation and vascular 

compliance.21  

Beyond the endothelial pathway, sleep deprivation has also been linked to hypeprtensive 

heart disease in a nationwide population-based cohort study, alongside increases in systemic 

inflammatory markers, excessive sympathetic activation with impaired baroreflex sensitivity, 

vasomotor imbalance, oxidative stress, metabolic disturbance, and dysregulation of vascular 

circadian clock genes.21  

In OSA specifically, recurrent intermittent hypoxia during sleep triggers sympathetic 

nervous system activation, increased vascular resistance, systemic inflammation, and elevated 

catecholamine, agiotensin II. and endothelin-1 levels, which collectively contribute to hypertension, 

cardiovascular disease, and increased stroke risk. Repeated intrathoracic pressure swings and 

arousal events during apneic episodes further aggravate this autonomic and hemodynamic 

dysregulation. 21  

CONCLUSION 

The evidence reviewed here supports a consistent, U/J-shaped association between sleep 

duration and stroke risk, with both short (<6 h/day) and long (>8-9 h/day) sleep consistently linked 

to higher stroke incidence and mortality across multiple large prospective cohorts, and the lowest 

risk observed around 7-7.5 hours per night. Poor sleep quality and continuity, whether assessed 

subjectively via instruments such as the PSQI or objectively through polysomnography and 
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actigraphy, independently add to this risk, and appear to interact additively with non-ideal sleep 

duration. Chronic insomnia is likewise associated with increased stroke risk, particularly among 

younger adults and those with persistent symptoms, while also emerging as a common post-stroke 

sequela, indicating a bidirectional rather than strictly unidirectional relationship. Among all sleep 

disturbances examined, obstructive sleep apnea shows the strongest and most mechanistically 

coherent association with stroke, independent of hypertension and other conventional 

cardiovascular risk factors. 

Mechanistically, these associations are plausibly explained by endothelial dysfunction via 

impaired eNOS/NO/cGMP signaling, heightened sympathetic activation with reduced baroreflex 

sensitivity, systemic inflammation, oxidative stress, and disruption of vascular circadian regulation, 

with intermittent hypoxia in OSA further amplifying these pathways through recurrent autonomic 

and hemodynamic stress. 

Despite this convergent epidemiological and mechanistic evidence, inadequate sleep should 

currently be regarded as a robust risk marker and a plausible, potentially modifiable risk factor, 

rather than a firmly established causal determinant. Further intervention studies and genetically 

informed analyses are needed to clarify causality and to determine whether correcting sleep 

duration, quality, or treating OSA and chronic insomnia can meaningfully reduce stroke incidence. 

In the meantime, given the consistency and strength of the observational evidence, routine 

screening for sleep disturbances, particularly OSA and chronic insomnia, warrants consideration as 

part of primary and secondary stroke prevention strategies. 
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