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Objective: Sleep disorders are associated with the prevalence of stroke. However, there is 
limited evidence regarding the association between objectively measured sleep characteris-
tics and ischemic stroke.
Methods: Ischemic stroke was assessed during the mean follow-up period of 11 years in the 
Sleep Heart Health Study. Sleep parameters such as wake after sleep onset (WASO) and 
sleep efficiency (SE) were objectively measured based on in-home polysomnography 
records. Multivariable Cox regression analysis was utilized to examine the relationship 
between objective sleep characteristics and ischemic stroke incidence.
Results: This study involved 4204 participants (1978 males and 2226 females, 63.8±11.1 
years). The incidence of ischemic stroke increased in individuals with long WASO, poor SE, 
and short sleep duration. Multivariable Cox regression analysis showed that WASO within 
the fourth quartile (hazard ratio [HR] 3.771, 95% confidence interval [CI] 1.805–7.877, 
P<0.001), third quartile (HR 3.009, 95% CI 1.433–6.317, P=0.004), and second quartile (HR 
3.108, 95% CI 1.470–6.568, P=0.003) had a higher incidence of ischemic stroke than WASO 
within the first quartile. Poor SE (<80.0%) was also found to be a predictor for ischemic 
stroke (HR 2.220, 95% CI 1.244–3.960, P=0.007). Additionally, a short sleep duration (<6 h) 
was associated with an increased risk of ischemic stroke (HR 1.725, 95% CI 1.026–2.899, 
P=0.040).
Conclusion: Our results revealed a relationship between WASO, SE, and sleep duration and 
ischemic stroke. Therefore, these sleep characteristics may be adequate predictors for the 
incidence of ischemic stroke.
Keywords: sleep characteristics, ischemic stroke, polysomnography, Sleep Heart Health 
Study

Introduction
Stroke is one of the most common causes of severe disability and death in the 
world.1 The stroke burden is expected to rise from approximately 38 million 
disability-adjusted life-years globally in 1990 to 61 million disability-adjusted life- 
years in 2020.2 Ischemic stroke is the most prevalent type of stroke, accounting for 
nearly 88% of all types.3 There are many common risk factors for ischemic stroke, 
including aging, smoking, tobacco use, and high blood pressure.4–6 Moreover, 
studies have revealed that sleep habits such as daytime napping and caloric intake 
before bedtime increase the risk of ischemic stroke and the prevalence of its risk 
factors.7–10
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A growing number of studies investigated the role of 
objective sleep characteristics on cardiovascular disease 
and its risk factors based on polysomnography (PSG) 
and actigraphy.11–13 Objective sleep characteristics such 
as sleep efficiency (SE), arousal index (ArI), the sleep 
fragmentation index, the percentage of rapid eye move-
ment (REM sleep %), and the percentage of slow-wave 
sleep (SWS %) were found to be associated with cardio-
vascular disease and related risk factors, including hyper-
tension, diabetes mellitus, and metabolic syndrome.13–17 

Von Kanel et al also showed that long wake after sleep 
onset (WASO) was associated with an increased risk of 
coronary artery disease.18 However, there is limited evi-
dence regarding the association between objectively mea-
sured sleep characteristics and ischemic stroke based on 
PSG records.

In this study, we aimed to explore the role of objective 
sleep characteristics, including SE, WASO, sleep architec-
ture (REM sleep % and SWS%), sleep fragmentation (SFI 
and ArI), sleep latency, and sleep duration, on the inci-
dence of ischemic stroke based on a large community- 
based population from the database of the Sleep Heart 
Health Study (SHHS).

Materials and Methods
Study Population
The SHHS is a community-based multicenter prospective 
cohort study that investigated the incidence of cardiovascu-
lar disease and the consequences of sleep-disordered breath-
ing (ClinicalTrials.gov Identifier: NCT00005275). The 
design and quality control procedures have been previously 
reported.19 The study population was selected from multi-
center prospective cohort studies, including the 
Framingham Offspring and Omni Study, the Strong Heart 
Study, the Cardiovascular Health Study, the Atherosclerosis 
Risk in Communities Study, and the cohort studies of 
respiratory diseases in Tucson. All the participants provided 
written informed consent, and the study was approved by 
the Institutional Review Board of each participating institu-
tion, including Boston University, Case Western Reserve 
University, Johns Hopkins University, Missouri Breaks 
Research Inc., New York University Medical Center, 
University of Arizona, University of California at Davis, 
University of Minnesota-Clinical and Translational Science 
Institute, and the University of Washington. We had access 
to the SHHS database through a signed agreement with 
Brigham and Women’s Hospital.

Inclusion and Exclusion Criteria
We obtained data on 5804 participants from SHHS data-
sets. We included individuals with complete PSG records. 
Participants were excluded in the present study if they (1) 
had a history of stroke, (2) had no follow-up data, and (3) 
reported that their sleep during the nighttime was affected 
by PSG and was significantly different than usual (based 
on responses to questions such as “Compared to your 
usual night’s sleep, how well did you sleep last night?” 
collected in the morning survey questionnaires) (Figure 1). 
Finally, a total of 4204 participants were included in the 
present study.

Sleep Characteristics
All participants in the current investigation underwent 
overnight electroencephalography-based PSG (P-Series; 
Compumedics, Abbotsville, Australia) in their homes by 
trained and certified technicians. Details regarding the 
specific technical aspects of the PSG measurement are 
shown in the Supplement Methods. WASO is defined as 
the total amount of arousal time between the beginning of 
sleep and the ultimate wake time. In the present study, 

Figure 1 Inclusion and exclusion criteria for the study population. This figure 
depicts the inclusion of patients into the current investigation as a flowchart. The 
arrows that branch off represent patients that did not meet the criteria and were 
excluded.
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WASO was also categorized into a first quartile (<30.0 
min), second quartile (30.0 min–48.5 min), third quartile 
(49.0 min–80 min), and fourth quartile (>80 min). SE, 
defined as the ratio of time spent asleep to the total time 
in bed multiplied by 100, was divided into a first quartile 
(<80%), second quartile (80–84.9%), third quartile (85– 
89.9%), and fourth quartile (≥90%). Sleep duration in the 
present study was defined as the total time in bed, calcu-
lated as the time between lights off and lights on (rounded 
to the nearest minute). In addition, sleep duration was also 
split into three groups, including short sleep duration (<6 
h per night), normal sleep duration (6–8 h per night), and 
long sleep duration (>8 h per night). Sleep latency was 
determined as the time from lights off to sleeping. ArI was 
calculated as the ratio of number of arousals to the total 
sleep time. REM sleep % was defined as the percentage of 
REM sleep captured by PSG. Slow-wave sleep was pre-
sented as the third stage of non-REM sleep. The sleep 
fragmentation index is determined by dividing the total 
number of awakenings and sleep stage shifts by the total 
sleep time multiplied by 100. Apnea is defined as 
a complete or almost complete cessation of airflow, lasting 
at least 10 seconds, and is usually associated with desa-
turation or an arousal. Hypopnea is a reduction in airflow 
(<70% of a “baseline” level), associated with desaturation 
or arousal. The apnea-hypopnea index (AHI) was calcu-
lated as all apnea and hypopnea episodes per hour of sleep 
accompanied by at least a 4% drop in oxygen saturation. 
Sleep disorder breathing is a condition characterized by 
repeated episodes of hypopnea and apnea, defined as AHI 
≥5 events/h in the present study.

Outcomes
The incidence of ischemic stroke was evaluated according 
to the patient cohorts based on exhaustive protocols.19 

Ischemic stroke was defined as the first occurrence 
between the baseline PSG and the end of follow-up. The 
medical records were extracted when potential ischemic 
stroke was identified. Ischemic stroke was further investi-
gated and confirmed by symptoms, physical findings, the 
presence of a non-carotid embolic source, the results of 
computed tomography and magnetic resonance imaging 
examinations, cerebral angiograms and lumbar punctures, 
and pathology reports.

Covariates
The participants’ age, gender, body mass index (BMI), 
race, smoking status, history of diabetes mellitus and 

hypertension, benzodiazepine use, alcohol use, and PSG 
data were obtained from the baseline examination of the 
SHHS.

Statistical Analysis
Analysis of variance (ANOVA) was performed to com-
pare differences between continuous variables, while the 
chi-square test was used for categorical variables. 
Continuous variables were expressed as mean ± stan-
dard deviation, and categorical variables were identified 
as percentages. Unadjusted Kaplan-Meier plots were 
used to evaluate the association of WASO, SE, and 
sleep duration with ischemic stroke. Univariable and 
multivariable Cox regression analyses were performed 
to estimate the association between each individual’s 
sleep characteristics and the incidence of ischemic 
stroke. Covariates, including age, gender, smoking sta-
tus, race, BMI, prevalent hypertension and diabetes 
mellitus, apnea-hypopnea index, benzodiazepine use, 
alcohol use, and sleep duration, were included in the 
final Cox regression model. The hazard ratio (HR) and 
95% confidence intervals (CI) were utilized to examine 
the relationship between objectively measured sleep 
characteristics and the incidence of ischemic stroke. 
The analysis of interaction terms was also constructed 
between objective sleep characteristics and other covari-
ates on the incidence of ischemic stroke. All statistical 
analyses were performed using Statistical Package for 
Social Sciences (SPSS) statistics software (v. 24.0, 
SPSS Inc., Chicago, IL), and P < 0.05 was considered 
statistically significant.

Results
Participant Characteristics
In the present study, 4204 participants (1978 males and 
2226 females, 63.8±11.1 years) were enrolled. During 
the mean follow-up period of 10.7±3.0 years, 129 cases 
of ischemic stroke were observed. Participants with long 
WASO were older and more likely to be male. 
Participants within the fourth quartile of WASO had 
the highest proportion of smokers, diabetes mellitus, 
and hypertension compared to the third, second, and 
first quartiles. In addition, long WASO was associated 
with a high level of AHI (Table 1). Supplement Table 1 
also provides the sleep characteristics in participants 
with (n=129) or without ischemic stroke (n=4075). 
Individuals with ischemic stroke were prone to short 
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sleep durations, long WASO, poor SE, and high levels 
of AHI. Baseline characteristics data classified by sleep 
efficiency and sleep duration are provided in 
Supplement Tables 2 and 3.

Ischemic Stroke and WASO, SE, and Sleep 
Duration
There were significant differences in the distribution of 
incident ischemic stroke in the fourth WASO quartile 

Table 1 Descriptive Characteristics by WASO Quartile (Quartile I: <30.0min; Quartile II: 30.0min–48.5min; Quartile III:49.0min- 
80.0min; Quartile IV: >80.0min)

Characteristics Total 
(n=4204)

WASO (Min)

First Quartile 
(n=1048)

Second Quartile 
(n=1063)

Third Quartile 
(n=1047)

Fourth Quartile 
(n=1046)

P value

Age, year 63.8±11.1 59.2±11.0 61.7±10.6 65.5±10.3 68.7±10.2 <0.001

Gender, n (%) <0.001
Male 1978 (47.1) 405 (38.6) 470 (44.2) 537 (51.3) 566 (54.1) –

Female 2226 (52.9) 643 (61.4) 593 (55.8) 510 (48.7) 480 (45.9) –

Body mass index, kg/m2 28.2±5.0 28.2±5.2 28.0±4.9 28.4±4.8 28.4±5.0 0.122

Race, n (%) 0.076
White 3668 (87.3) 907 (86.5) 919 (86.5) 938 (89.6) 904 (86.4) –

Other 536 (12.7) 141 (13.5) 144 (13.5) 109 (10.4) 142 (13.6) –

Smoking status, n (%) 0.044

Smoker 2260 (53.8) 546 (52.1) 549 (51.7) 568 (54.3) 597 (57.2) –

Never smoker 1938 (46.2) 502 (47.9) 512 (48.3) 478 (45.7) 446 (42.8) –

Alcohol use, n (%) 0.170

At least 1 drink per day 1708 (43.3) 419 (42.9) 457 (45.9) 399 (41.0) 433 (43.3) –
None 2238 (56.7) 557 (57.1) 538 (54.1) 575 (59.0) 568 (56.7) –

Benzodiazepine use, n (%) 246 (5.9) 48 (4.6) 65 (6.1) 59 (5.6) 74 (7.1) 0.105

Diabetes mellitus, n (%) 295 (7.0) 55 (5.2) 53 (5.0) 93 (8.9) 94 (9.0) <0.001

Hypertension, n (%) 1681 (40.0) 309 (29.5) 382 (35.9) 447 (42.7) 543 (51.9) <0.001

AHI, events/h 9.9±13.0 7.8±11.2 8.9±12.2 10.3±12.5 12.5±15.4 <0.001

Sleep duration, h 7.3±0.9 7.0±1.0 7.2±0.9 7.4±0.9 7.7±0.8 <0.001

SE, % 83.4±10.0 91.6±5.5 88.0±4.5 82.7±4.9 71.1±9.5 <0.001

REM, % 19.7±6.8 21.3±6.6 20.3±6.3 19.3±6.7 17.8±7.1 <0.001

SWS, % 17.5±11.9 19.9±12.1 18.3±11.4 15.9±11.5 16.0±12.2 <0.001

SL, min 12.8±19.5 14.0±21.5 12.4±18.6 12.7±18.5 12.2±19.2 0.177

Total ArI, events/h 19.0±10.4 15.4±8.6 18.0±8.8 20.1±10.0 22.7±12.3 <0.001

ArI-REM, events/h 15.2±10.8 13.7±10.0 15.0±10.6 15.3±10.2 16.7±12.3 <0.001

ArI-NREM, events/h 19.9±11.3 15.8±9.3 18.7±9.5 21.2±11.2 24.0±13.3 <0.001

SFI, events/h 8.9±3.4 7.4±2.6 8.5±2.8 9.0±3.0 10.5±4.2 <0.001

Follow-up time, year 10.7±3.0 11.2±2.7 11.0±2.8 10.7±2.9 10.0±3.4 <0.001

Notes: Results are presented as mean ± standard deviation or n (%). The P values represent the difference among four groups. 
Abbreviations: AHI, apnea hypopnea index; ArI, arousal index; NREM, non-rapid eye movement; REM, rapid eye movement; SFI, sleep fragmentation index; SL, sleep 
latency; SWS, slow wave sleep; WASO, wake after sleep onset.
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(P<0.001). Unadjusted Kaplan-Meier analysis showed an 
increased incidence of ischemic stroke among participants 
who had long WASO (Figure 2A). After adjusting for age, 
gender, smoking status, race, BMI, hypertension, diabetes 
mellitus, AHI, benzodiazepine use, alcohol use, and sleep 
duration, WASO (per min) (HR 1.004, 95% CI 1.000– 
1.008, P=0.028) was found to be a predictor for the 

incidence of ischemic stroke (Table 2). HRs for WASO 
(continuous) associated with ischemic stroke were rela-
tively small. We further explored the role of WASO clas-
sified by quartiles on the incidence of ischemic stroke. The 
results showed that the WASO of the fourth quartile (HR 
3.771, 95% CI 1.805–7.877, P=0.001), third quartile (HR 
3.009, 95% CI 1.433–6.317, P=0.004), and second quartile 

Figure 2 Kaplan-Meier plots of cumulative risk for ischemic stroke stratified by WASO quartiles ((A); quartile I <30.0 min; quartile II: 30.0 min-48.5 min; quartile III: 49.0 
min-80.0 min; quartile IV: >80.0 min) and SE ((B); quartile I <80%, quartile II: 80%-84.9%, quartile III: 85%-89.9%, and quartile IV: ≥90%).

Table 2 HRs and 95% CIs for Sleep Characteristics Associated with Ischemic Stroke

Univariable Models Multivariable Adjusted† Multivariable Adjusted‡

Sleep Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P

WASO 1.008 (1.005–1.011) <0.001 1.003 (1.000–1.007) 0.049 1.004 (1.000–1.008) 0.028

SE 0.964 (0.951–0.977) <0.001 0.980 (0.966–0.995) 0.011 0.981 (0.966–0.996) 0.012

REM, % 0.971 (0.947–0.995) 0.017 0.993 (0.969–1.019) 0.598 0.994 (0.970–1.020) 0.665

SWS, % 0.993 (0.978–1.008) 0.361 0.992 (0.977–1.008) 0.346 0.992 (0.976–1.007) 0.300

SL 1.003 (0.994–1.011) 0.551 1.002 (0.993–1.011) 0.639 1.002 (0.993–1.010) 0.693

SFI 1.036 (0.987–1.087) 0.149 1.007 (0.959–1.057) 0.780 1.006 (0.958–1.056) 0.815

Total ArI 1.002 (0.985–1.019) 0.798 0.992 (0.972–1.013) 0.462 0.992 (0.972–1.013) 0.450

ArI-REM 0.986 (0.968–1.004) 0.128 0.986 (0.967–1.005) 0.149 0.987 (0.968–1.005) 0.162

ArI-NREM 1.005 (0.990–1.020) 0.539 0.995 (0.978–1.014) 0.623 0.995 (0.977–1.013) 0.607

Sleep duration

<6h 1.943 (1.173–3.220) 0.010 1.725 (1.026–2.899) 0.040

>8h 1.326 (0.893–1.970) 0.162 1.223 (0.816–1.833) 0.330

6h–8h 1(Ref) 1(Ref)

Notes: †Each individual sleep characteristics was adjusted by age, gender, smoking status, race, body mass index, prevalent hypertension and diabetes mellitus, apnea- 
hypopnea index, benzodiazepine use, alcohol use. ‡Adjusted by †plus sleep duration. 
Abbreviations: ArI, arousal index; 95% CI, 95% confidence interval; HR, hazard ratio; NREM, non-rapid eye movement; REM, rapid eye movement; SFI, sleep fragmentation 
index; SL, sleep latency; SWS, slow wave sleep.
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(HR 3.108, 95% CI 1.470–6.568, P=0.003) increased the 
risk of ischemic stroke incidence compared with that of 
the first quartile (Table 3).

Moreover, the occurrence of ischemic stroke increased in 
individuals with poor SE according to the unadjusted 
Kaplan-Meier analysis (Figure 2B). Multivariable Cox 
regression analysis showed that SE (per 1% increase) (HR 
0.981, 95% CI 0.966–0.996, P=0.012) was associated with 
a reduced risk of ischemic stroke (Table 2). Moreover, 
compared with SE≥90%, poor SE (<80.0%) increased the 
risk of ischemic stroke (HR 2.220, 95% CI 1.244–3.960, 
P=0.007) (Table 3). Furthermore, a short sleep duration (<6 
h) was also a risk factor for the incidence of ischemic stroke 
(HR 1.725, 95% CI 1.026–1.833, P=0.040).

Ischemic Stroke and Other Sleep 
Characteristics
We also investigated the association between ischemic 
stroke and REM sleep %, SWS %, sleep latency, sleep 
fragmentation index, and ArI. However, no significant 
difference was found in the multivariable Cox regression 
analysis (Table 2). An analysis of the association between 
AHI and ischemic stroke was also performed. AHI levels 
of 5.0–14.9 events/hour are associated with a higher risk 
of ischemic stroke compared with controls (AHI <5 
events/hour) (Supplement Table 4). No significant associa-
tion of AHI levels ≥30.0 events/hour and 15.0–29.9 
events/hour with ischemic stroke was found.

Interaction Analysis
We further investigated the possible interaction effects 
between sleep characteristics and sleep disorder breathing 

(<15 events/hour vs ≥15 events/hour) on the incidence of 
ischemic stroke. No significant interaction was found 
(Supplement Table 5). We also investigated the association 
of sleep characteristics with the incidence of ischemic stroke 
stratified by gender. The results showed that WASO, SE, and 
short sleep duration were associated with the female but male 
sex. However, no significant interaction was found in these 
analyses (Supplement Table 6).

Discussion
Increasing evidence shows that sleep disorders are closely 
related to stroke.7,8 In the present study, we investigated 
the association between ischemic stroke and objectively 
measured sleep characteristics based on PSG in a middle- 
age- and older community-based population. Our findings 
demonstrated that long WASO, poor SE, and short sleep 
duration were associated with an increased risk of 
ischemic stroke in middle aged and older adults.

PSG and wrist actigraphy are important ways to mea-
sure objective sleep characteristics.18,20,21 Sleep para-
meters such as WASO and SE could be obtained from 
PSG records. WASO is an important sleep parameter 
measured by the periods of wakefulness after defined 
sleep onset.22 Von Kanel et al demonstrated that WASO 
was a predictor for morning fasting plasma levels of von 
Willebrand Factor antigen and soluble tissue factor anti-
gen, which are closely related to the risk of coronary 
artery disease.18 SE refers to the percentage of total time 
in bed actually spent in sleep, which could reflect the 
general estimation of the overall quality of sleep.22 

Studies showed that SE was associated with risk factors 
of ischemic stroke, including BMI, hypertension, and 

Table 3 HRs and 95% CIs for Quartiles of WASO and SE Associated with Ischemic Stroke

Univariable Models Multivariable Adjusted† Multivariable Adjusted‡

All Subjects HR (95% CI) P HR (95% CI) P HR (95% CI) P

WASO

Fourth quartile (>80 min) 4.996 (2.600–9.597) <0.001 3.298 (1.608–6.768) 0.001 3.771 (1.805–7.877) <0.001

Third quartile (49.0min–80min) 3.299 (1.675–6.496) 0.001 2.749 (1.317–5.738) 0.007 3.009 (1.433–6.317) 0.004

Second quartile (30.0min–48.5min) 3.005 (1.519–5.945) 0.002 2.933 (1.392–6.183) 0.005 3.108 (1.470–6.568) 0.003

First quartile (<30.0 min) 1(Ref) 1(Ref) 1(Ref)

Sleep efficiency

First quartile (<80.0%) 3.726 (2.174–6.386) <0.001 2.210 (1.241–3.936) 0.007 2.220 (1.244–3.960) 0.007

Second quartile (80.0–84.9%) 2.467 (1.332–4.569) 0.004 1.859 (0.970–3.564) 0.062 1.829 (0.952–3.514) 0.070

Third quartile (85.0–89.9%) 1.866 (1.017–3.423) 0.044 1.443 (0.762–2.732) 0.261 1.457 (0.769–2.760) 0.248

Fourth quartile (≥90%) 1(Ref) 1(Ref) 1(Ref)

Notes: †Adjusted by age, gender, smoking status, race, body mass index, prevalent hypertension and diabetes mellitus, apnea-hypopnea index, benzodiazepine use, alcohol 
use. ‡Adjusted by †plus sleep duration. 
Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio; WASO, wake after sleep onset.
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insulin sensitivity in adults.15 These studies suggested 
that WASO and SE are closely related to ischemic stroke 
risk factors. However, little is known about the role of 
WASO and SE in the occurrence of ischemic stroke. In 
our analysis of SHHS data, individuals with long WASO 
and poor SE had an increased risk of ischemic stroke 
incidence. To provide more useful information about the 
role of WASO and SE on the incidence of ischemic 
stroke, we classified WASO and SE by quartiles. Our 
findings showed that WASO > 80 min and SE < 80% 
significantly contributes to the incidence of ischemic 
stroke. Our findings indicate that WASO and SE based 
on PSG records may be predictors for the incidence of 
ischemic stroke.

Many studies have shown that sleep duration is closely 
related to quality of life and physical health. Sleep dura-
tion may be influenced by age, race, work status, education 
level, lifestyles, and environmental and medical 
conditions.23,24 Sleep duration usually obtained from 
sleep questionnaires could also be measured by PSG and 
actigraphy. Studies showed that under- and over-reporting 
of sleep is common in middle-age and older population 
when compared with objectively measured sleep 
duration.25–28 Subjective reports of habitual sleep are cor-
related with objective measured sleep, but the true associa-
tion between self-reported sleep duration and human 
health may be different.29,30 Many studies have explored 
the relationship between self-reported sleep duration and 
stroke. A systematic review showed that a self-reported 
sleep duration >9 h or even >10 h significantly increased 
the risk of ischemic stroke.31 Leng et al also demonstrated 
that a self-reported sleep duration >8 h per night is related 
to a higher risk of stroke.32 A case-control study also 
showed that a self-reported sleep duration of >8 h per 
night was associated with a high risk of ischemic stroke 
in Chinese populations.33 However, no significant associa-
tion was found between a long sleep duration (defined as 
>8 h per night) and ischemic stroke in our analysis. It may 
be caused by different definitions of long sleep duration or 
different study populations. In addition, Eguchi et al found 
that a self-reported sleep duration <7.5 h was indepen-
dently associated with the risk of ischemic stroke.34 

Furthermore, a self-reported sleep duration <6 h was also 
associated with ischemic stroke in postmenopausal 
women.35 In this study, we also found that a short sleep 
duration (defined as <6 h per night) significantly increased 
the risk of ischemic stroke.

A previous study found that REM sleep % >25% was 
correlated with angina pectoris.16 Sleep fragmentation 
index and SWS % were also demonstrated to be closely 
related to hypertension.15,17 Additionally, total ArI, ArI- 
REM, and ArI-NREM were significantly associated with 
a high coronary artery calcification burden.36 The effects 
of REM sleep %, SWS %, sleep fragmentation index, total 
ArI, ArI-REM, ArI-NREM, and sleep latency on the inci-
dence of ischemic stroke were also explored in this study. 
However, no significant relationship between these sleep 
characteristics and ischemic stroke was found in these 
analyses.

Sleep disorder breathing seriously affects the body’s 
homeostasis and circadian rhythm, which can then cause 
various cardiovascular and cerebrovascular diseases.37 

Redline et al showed that there was a significant associa-
tion between sleep disorder breathing and ischemic stroke 
in middle-age and older men based on SHHS datasets.38 In 
the present study, participants with a high level of AHI had 
a higher incidence of ischemic stroke than did the controls. 
However, the associations were attenuated after multivari-
able adjustment. It may be due to the relatively small 
sample size of high level of AHI, especially in AHI levels 
≥30.0 events/hour and 15.0–29.9 events/hour. The partici-
pants with sleep disorder breathing may have micro- 
arousals during the night, which could affect SE and 
WASO. We therefore adjusted for AHI in our multivari-
able Cox regression analysis to explore the association 
between sleep characteristics and ischemic stroke. We 
also performed the subgroup analysis stratified by AHI 
(<15 events/hour vs ≥15 events/hour). No significant inter-
action was found between SE/WASO and AHI.

The potential mechanisms between objective sleep 
characteristics and ischemic stroke remain unclear. Poor 
sleep was correlated with cardiovascular risk factors such 
as hypertension, obesity, and type 2 diabetes.39 Individuals 
with poor SE and longer WASO were also more likely to 
have poor sleep quality, which could easily activate the 
sympathetic nervous system and lead to increased heart 
rate and blood pressure at nighttime.40 A recent study also 
found that mice with sleep fragmentation produce more 
Ly-6C monocytes, causing larger atherosclerotic lesions 
and the production of less hypocretin.41

Because SHHS data is based on a community popula-
tion, our results are suitable for the general population. 
However, this study had a few limitations. Participants 
consisted of middle-age and older adults (63.8±11.1 
years), and most were Caucasian (87.3%). We observed 
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that individuals with long WASO, low SE, and short sleep 
duration were more likely to be older. Therefore, our 
results should not be extended to all ethnic groups or 
young populations. Additionally, the participants whose 
sleep was obviously affected by in-home PSG were 
excluded from this study. However, we must note that 
the PSG effect on sleep, such as first night effect for 
PSG and sleep duration, cannot be avoided. Furthermore, 
single night PSG monitoring may not fully reflect sleep 
parameters. Multiple in-home PSGs over a long-period of 
time may provide additional details and decrease measure-
ment error. Additionally, records regarding non-apnea 
sleep disorders such as restless legs’ syndrome, hypersom-
nia, clinical insomnia, and REM behavior disorders were 
not included in SHHS datasets at baseline. Therefore we 
were unable to enroll this information in our analysis.

Conclusion
The current study found that longer WASO, poor SE, and 
short sleep duration were associated with the incidence of 
ischemic stroke. This significant difference still exists after 
the adjustment for potential risk factors. Sleep hygiene 
education, which could help people decrease sleep disrup-
tion, improve SE, and obtain suitable sleep duration, may 
be a helpful way to prevent the incidence of ischemic 
stroke.

Highlights
1. The relationship between objective sleep characteris-

tics and the incidence ischemic stroke was 
investigated.

2. Increased WASO, low SE, and short sleep duration 
were associated with the incidence of ischemic stroke.

3. Objective sleep characteristics may be used as predic-
tors to prevent the incidence of ischemic stroke.
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