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Background: We aimed to explore the association between sleep duration and sleep disorder variables obtained from the
National Health and Nutrition Examination Survey (NHANES) and stroke.

Material/Methods: This cross-sectional study enrolled 10 442 participants from the United States. The outcome variable was stroke
diagnosed by a doctor. Sleep disorder variables were assessed via self-report questionnaires and included sleep
duration, the time required to fall asleep, frequency of sleep deprivation, frequency of early morning wakeful-
ness, and frequency of middle of the night wakefulness. The odds ratio (OR) and 95% confidence intervals (Cls)
were calculated by multivariate logistic regression models.

Results: Compared with participants with 6 to 7 h of sleep duration, participants with less than 6 h of sleep duration
had an increased risk of stroke of 0.97 times (OR=1.97, 95% Cl: 1.19-3.29). Participants with a sleep disor-
der had 0.71 times (OR=1.71, 95% Cl: 1.04-2.82) the risk of stroke than those without a sleep disorder. Stroke
was significantly associated with sleep deprivation 16 to 30 times a month (OR=1.99, 95% Cl: 1.14-3.46), early
morning wakefulness 16 to 30 times a month (OR=1.97, 95% Cl: 1.20-3.25), and middle of the night wakeful-
ness 16 to 30 times a month (OR=1.81, 95% Cl: 1.05-3.09), compared with no sleep deprivation, early-morn-
ing wakefulness, or middle of the night wakefulness.

Conclusions: Short sleep duration and sleep disorder were associated with an increased risk of stroke, suggesting healthy
sleep behaviors may reduce the risk of stroke. However, further studies are needed to confirm the causality
and underlying mechanism.
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Background

Stroke is a main cause of morbidity, disability, and death world-
wide [1-3]. Due to the aging of the population, the incidence
and prevalence of stroke are expected to rise significantly [1].
Worldwide, 86.5 per 100 000 people die of stroke each year [4].
Most of the survivors have varying degrees of symptoms, includ-
ing dyskinesia, cognitive impairment, dysphagia, and lalopathy
[5,6]. According to the data of the American Heart Association,
the recurrence rate of stroke is estimated to be as high as
17% within 5 years [2]. Prevention and intervention of stroke
in patients is of great importance; therefore, special attention
should be given to the identification of risk factors for stroke.

The current research states that stroke is related to sever-
al risk factors, such as smoking, alcohol consumption, high
blood pressure, cardiovascular disease, dyslipidemia, and di-
abetes [2,7]. Lifestyle changes or medication can be used to
reduce or eliminate the impact of identified risk factors [8].
There is also increasing evidence that sleep duration and sleep
disorders can affect the risk of stroke [9,10]. In addition, sleep-
wake cycles and circadian disorders have been increasingly
recognized as risk factors for stroke [11,12]. Therefore, the di-
agnosis and treatment of sleeping disorders should be consid-
ered as a prevention and intervention of stroke [13]. Although
there have been many advances in determining various stroke-
related risk factors based on sleeping, previous studies have
mostly focused on sleep apnea syndrome and sleep duration,
and other sleep quality-related indicators were rarely report-
ed. Our present research further investigates the relationship
between several sleep disorder variables and stroke.

Therefore, the purpose of this study was to explore the relation-
ship between sleep disorder-related variables obtained from the
National Health and Nutrition Examination Survey (NHANES), in-
cluding sleep duration, the time required to fall asleep, frequen-
cy of sleep deprivation, frequency of early morning wakefulness,
and frequency of middle of the night wakefulness, and stroke.
We also stratified the ages of participants to explore the relation-
ship between these sleep disorder-related variables and stroke
in participants over 65 years old and those under 65 years old.

Material and Methods

Study Design and Population

We used 2-cycle cross-sectional surveys of NHANES conducted in
2005-2006 and 2007-2008 in this study. The NHANES is a major
project of the National Center for Health Statistics (NCHS) in a
large, nationally representative US population. There was a to-
tal of 20 479 participants included in the NHANES from 2005 to
2008. We excluded 9592 participants because it was uncertain
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NHANES 2005-2008
n=20479

Exclude missing stroke data
n=9592

Exclude missing sleep disorder
related variables <
n=445

Eligible participants
n=10442

Figure 1. Flow chart of the eligible participants (Draw.io v. 13.9.9,
JGraph Ltd.).

whether they were patients with stroke. An additional 445 partic-
ipants were excluded because of missing values in one or more
of the sleep disorder-related variables required for the analyses.
Finally, 10 442 participants with available information were in-
cluded in the analyses. The flow chart of the selection process is
shown in Figure 1. The NHANES protocols were approved by the
NCHS Research Ethics Review Board, and written informed con-
sent forms were provided by all participants. More information
can be obtained at https://www.cdc.gov/nchs/nhanes/irba98.htm.

Outcome Variable

History of stroke was diagnosed by a positive answer to the
question, “Has a doctor or other health professional ever told
you that you had a stroke?” [14,15], which was consistent with
methods used in the published literature [16,17].

Explanatory Variables

The sleep disorder-related variables were self-reported in a
personal interview [18,19]. Sleep duration was assessed by
the question “How much sleep do you usually get at night on
weekdays or workdays?”; sleep duration was categorized as <6
h,6to 7 h, 7 to 8 h, or >8 h per day; the variable of time re-
quired to fall asleep was assessed by the question “How long
does it usually take you to fall asleep at bedtime?”, with par-
ticipants filling in the specific number of hours and minutes.

Whether the participant had a sleep disorder was assessed by
the question “Have you ever been told by a doctor or other
health professional that you have a sleep disorder?”, with re-
sponses given as yes/no. Frequency of sleep deprivation, fre-
quency of early morning wakefulness, and frequency of mid-
dle of the night wakefulness were assessed by the questions
“In the past month, how often did you not get enough sleep?”,
“In the past month, how often did you wake up too early in
the morning and were unable to get back to sleep?”, and “In
the past month, how often did you wake up during the night
and have trouble getting back to sleep?”, respectively. The cat-
egories of answers were never, 1 time a month, 2 to 4 times
a month, 5 to 15 times a month, and 16 to 30 times a month.
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Covariates

Demographic and sociodemographic characteristics were
collected: sex (male, female); age (<65 and =65 years); race
(Mexican American, other Hispanic, non-Hispanic white, non-
Hispanic black, and other race [including multi-racial]); marital
status (married, widowed, divorced, separated, never married,
and living with a partner); education level (less than 9% gradu-
ate, 9-11 grade, high school graduate or equivalent, some col-
lege, and college graduate or above); and family poverty in-
come ratio (PIR, a ratio of family income to poverty threshold).
Health status variables were collected: body mass index (BMI,
calculated by weight and height, kg/m?), waist circumference
(cm), and pulse (30 s pulse multiplied by 2), which were col-
lected by trained health technicians in the Mobile Examination
Center. Self-reported history of chronic diseases, including hy-
pertension, congestive heart failure (CHF), coronary heart dis-
ease (CHD), angina pectoris, heart attack, and diabetes, was
assessed by the question “Has a doctor or other health profes-
sional ever told you that you had ___?” Medication informa-
tion was also collected, including angiotensin-converting en-
zyme inhibitors, beta-blockers, and antidepressants.

Platelet count, serum total cholesterol, and high-density li-
poprotein were laboratory data included in the NHANES. The
blood samples were collected, processed, and stored by the
Mobile Testing Center laboratory, then the samples were trans-
ported to the analytical laboratory for analysis. Total choles-
terol was measured enzymatically in serum using the Roche
Hitachi 717 and 912. The high-density lipoprotein cholesterol
reference method used heparin-manganese to precipitate high-
density lipoprotein cholesterol and the Abell-Kendall method
to measure cholesterol. Platelet counts were evaluated using
automated hematology analyzing devices.

Statistical Analysis

The description of participant characteristics was given as
the relative cases and frequency for categorical variables (n
[weighted%]), the mean, and the corresponding standard er-
ror (SE) for continuous variables of a normal distribution.
According to the categorization and distribution of the vari-
ables and data, the chi-square test or the t test was used to
test the differences. Missing values were processed by multi-
ple imputations. We used a univariate logistic regression mod-
el to screen out potential confounders for stroke. Three logistic
regression models were used to complete multivariate logistic
regression analyses to explore the associations between sleep
disorder-related variables and stroke, and the odds ratio (OR)
and 95% confidence interval (CI) were calculated. Model 1 was
the crude model; Model 2 adjusted for age, sex, BMI, marital
status, family PIR, and education level; Model 3 adjusted for
age, sex, BMI, marital status, race, education level, family PIR,
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waist circumference, hypertension, CHF, CHD, angina pectoris,
heart attack, platelet count, diabetes, beta-blockers, and an-
tidepressants. We also performed a sensitivity analysis, using
sleep disorder-related variables as independent variables and
stroke as the dependent variable, comparing the results of mul-
tivariate logistic regression between the data without impu-
tation and the imputation. Lastly, we stratified age to explore
the association between sleep disorder-related variables and
stroke in people 65 years or older and younger than 65 years
old. P<0.05 was considered statistically different, and all sta-
tistical analysis was completed by using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and Python software version 3.6.8
(Python Software Foundation, DE, USA).

Results

Characteristics of the Study Population

A total of 10 442 participants were included for analysis, in-
cluding 48.04% men and 51.96% women, with an average age
of 46.28 years. There were 402 participants with stroke and
10 040 without stroke. The characteristics of the study popu-
lation are shown in Table 1. In the 7.31% of participants with
sleep disorders, and the average time required to fall asleep
was 21.40 min. Most participants never had early morning
wakefulness (43.77%) and middle of the night wakefulness
(35.62%) in the past month, and the frequency of sleep depri-
vation was mostly 2 to 4 times (28.97%) per month.

Differences Between Participants with Stroke and without
Stroke

Comparing the differences between participants with and
without stroke, the results showed that the 2 groups were
significantly different in sex (P=0.019), age (P<0.001), BMI
(P=0.003), race (P=0.003), marital status (P<0.001), educa-
tion level (P<0.001), family PIR (P<0.001), waist circumfer-
ence (P<0.001), hypertension (P<0.001), CHF (P<0.001), CHD
(P<0.001), angina pectoris (P<0.001), heart attack (P<0.001),
platelet count (P=0.026), diabetes (P<0.001), beta-blockers
(P<0.001), antidepressants (P<0.001), sleep duration (P<0.001),
sleep disorder (P<0.001), the time required to fall asleep
(P<0.001), frequency of sleep deprivation (P<0.001), frequen-
cy of early-morning wakefulness (P<0.001), and frequency of
middle of the night wakefulness (P<0.001). These factors were
stroke confounders (Table 1).

Association Between Sleep Disorder-Related Variables and
Stroke

The association between sleep disorder-related variables and
stroke using logistic regression models is shown in Table 2.
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Table 1. Screening for confounders associated with stroke.

Total [n=10,442 With stroke Without stroke

Variables (weighted %)] (n=402) (n=10,040) Statistics
Gender, n (%) x*=5.46 0.019
"""" Male 5042 (4804) 190 (4064) 4852 (4825)
"""" Female 5400 (5196) 212 (593¢) 5188 (5175
Age,mean(SE) 4628 (042) 6490 (117) 4574 (040)  t=1636 - 0001
BMImean(SE) 2850 (0.14) 2973 (037) 2847 (0.14)  t=323 0003
CRacen () . p-1623 0003
"""" Mexican American 1966 (821) 36 (358 1930 ©3%
"""" Other Hispanic 793 (419) 18 @12 775 (428
"""" Non-Hispanicwhite 4997 (7056) 231 (7496) 4766 (7044
"""" Non-Hispanicblack 2,267 (1144) 107 (1457) 2,060 (113%)
"""" Other race (including multi-raciala) 419 (5.59) 10 (476) 409 (561)
| Marital status,n (%) . yp.13870 <0001
"""" Mared 5573 (57.23) 195 (4991) 5378 (5745
"""" Widowed 929 (592) 106 (2327) 823 (541)
"""" Divored 1070 (994 51 (1245 1019 ©8)
"""" Separated 346 (243) 10 @19 33 (243
"""" Nevermaried 1737 (1677) 28 (705 1709 (705)
"""" Living with partner 787 (7271) 12 (513) 775 (279)
Educationleveln (%) . pu3919 . 0001
"""" less than 9" grade 1339 (645) 83 (1436) 125 (622
"""" o-1l"grade 1736 (1236) 77 (1478) 1659 (12290
"""" High school grade/GED or equivalent ~ 2,521 (25.09) 105 (29.50) 2416 (497)
"""" Somecollege 2819 (3022) 89 (2521 2730 (037
"""" College graduate orabove 2,027 (2588) 48 (1615 1979 (616)
Family PR, mean SE) 306 (005 235 (011) 308 (005  t=9.09 - 0001
| Waist circumference, mean (SE) 9764 (040) 10367 (091) 9747 (041)  t=681 | 0001
Hypertension,n (%) . oy <0001
CYes 3432 (2924) 305 (73.13) 3127 (795
"""" N 7010 (7076 97 (2687) 6913 (7205
CCHEN®® . p-59002 <0001
CYes 38 (219) 70 1580) 28 (179
"""" N 10104 (97.81) 332 (8420) 9772 (9821)
CCHDN ) . po13s6 <0001
e 05 31) 67 (1826) 338 (260
"""" N 10037 (9689) 335 (81.74) 9702 (9739
Anginapectoris,n (%)  yp.12860 <0001
e 286 (218 so (1136 23 a9
"""" No 1015 (97.82) 352 (8864) 9804 (9809)
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Table 1 continued. Screening for confounders associated with stroke.

Total [n=10,442 With stroke Without stroke

Variables Statistics

(weighted %)] (n=402) (n=10,040)
Heart attack, n (%) x’=415.86 <0.001

Time required to fall asleep, min,

Ticen (B2 21.40 (0.34) 26.08 (1.32) 21.26 (0.34) t=3.66 <0.001
* Frequency of sleep deprivation,n (%)  y=220 0001
"""" Never 3440 (2615) 147 (32.88) 3,293 (259%
"""" Onetimeamonth 1821 (1893) 57 (1406) 1764 (1908
"""" 2-4timesamonth 2692 (2897) 96 (2676) 259 (2903
"""" 5-15tmesamonth 1463 (1592) 36 (9.50) 1427 (16100
"""" 16-30 timesamonth 1026 (1004) 66 (1680) 960 (9.84)

ol
"""" Never 4770 (43.77) 158 (3691) 4612 (4397)
"""" Onetimeamonth 1865 (1973) 57 (1541) 1808 (1985
"""" 2-4timesamonth 2002 (1982) 79 (19.80) 1923 (198
"""" 5-15tmesamonth 1091 (1057) 48 (1278) 1043 (1051)
"""" 16-30 timesamonth 714 (611) 60 (1509 654 (585
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Table 1 continued. Screening for confounders associated with stroke.

Total [n=10,442

Variables (weighted %)]

With stroke
(n=402)

Without stroke

(n=10,040) Statistics

Frequency of midnight wakefulness,
n (%)

16-30 times a month 803

x’=28.13 <0.001

91 (21.79) 2,298 (23.74)
58 (16.02) 1,210 (13.00)
61 (15.55) 742 (7.04)

S.E - standard error; BMI — body mass index; GED — general equivalent diploma; PIR — poverty income ratio; CHF — congestive heart
failure; CHD — coronary heart disease; TC — serum total cholesterol; HDL — high-density lipoprotein; ACEi — angiotensin-converting

enzyme inhibitors.

Sleep duration of less than 6 h increased the risk of stroke by
0.95 times (OR=1.95, 95% Cl: 1.19-3.19), compared with 6 to
7 h of sleep duration after adjusting for age, sex, BMI, mari-
tal status, race, education level, family PIR, waist circumfer-
ence, hypertension, CHF, CHD, angina pectoris, heart attack,
platelet count, diabetes, beta-blockers, and antidepressants.
Time required to fall asleep was also a statistically signifi-
cant risk of stroke (OR=1.01, 95% Cl: 1.01-1.01) in Model 3.
Participants with a sleep disorder had an increased risk of
stroke of 0.66 times (OR=1.66, 95% Cl: 1.03-2.69) compared
with those without a sleep disorder. Participants who had 16
to 30 times of sleep deprivation, early morning wakefulness,
and middle of the night wakefulness a month were 0.90 times
(OR=1.90, 95% Cl: 1.06-3.40), 1.07 times (OR=2.07, 95% Cl:
1.24-3.46), and 0.78 times (OR=1.78, 95% Cl: 1.01-3.18), re-
spectively, more likely to have a stroke than participants who
had never had these symptoms. In sensitivity analyses, the as-
sociation between sleep disorder-related variables and stroke
was conducted through a logistic regression model using un-
imputed data. The results showed that the association was
still strong (Table 3).

Association Between Sleep Disorder-Related Variables and
Stroke by Age Stratification

In participants younger than 65 years old, those with sleep du-
ration less than 6 h (OR=3.54, 95% Cl: 1.68-7.46), sleep disorder
(OR=2.53,95% Cl: 1.24-5.19), 16 to 30 times a month of sleep
deprivation (OR=2.01, 95% Cl: 1.07-3.78), and early morning
wakefulness (OR=2.50, 95% Cl: 1.24-5.02) had an associated
higher risk of stroke than those with sleep duration 6 to 7 h,
without sleep disorder, without sleep deprivation, and early
morning wakefulness monthly in Model 3 (Table 4). In partic-
ipants aged 65 years or older, those with middle of the night
wakefulness 1 time a month (OR=1.59, 95% Cl: 1.15-2.19) and
16 to 30 times a month (OR=1.80, 95% Cl: 0.98-3.29) had an

associated higher risk of stroke than those without middle of
the night wakefulness (Model 3 in Table 5).

Discussion

Several studies have explored the association between sleep
health and stroke and showed that sleep duration that is too
short or too long and certain sleep disorders can increase the
morbidity and mortality of stroke [9-12]. We aimed to explore
the association between other less-reported sleep quality-re-
lated indicators and stroke. Therefore, the present study was
based on the study population of NHANES and used a cross-
sectional design to observe the sleep status of participants
with and without a history of stroke, and then reveal the pos-
sible risk factors of stroke from the perspective of sleep. We
found that sleep duration <6 h, sleep disorder, frequency of
sleep deprivation, early morning wakefulness, and middle of the
night wakefulness of 16 to 30 times a month were all associ-
ated with an increased risk of stroke. The finding of this study
may provide a basis for prevention and treatment of stroke.

There have been many studies to explore the association be-
tween sleep duration and stroke. The results of a multicenter
prospective cohort study using the data from the Sleep Heart
Health Study database found that sleep duration <6 h was a
risk factor for stroke with the adjustment of age, sex, race,
smoking, alcohol use, BMI, hypertension, diabetes, apnea-hy-
popnea index, and benzodiazepine use [20], which was con-
sistent with our results. Titova et al suggested that long sleep
duration was associated with an increased risk of total stroke
and ischemic stroke, while short sleep duration was associat-
ed with an increased risk of cerebral hemorrhage from a pro-
spective study that included 79 881 individuals in Sweden [21].
A meta-analysis of 16 prospective studies enrolling 528 653
participants showed that short sleep duration was significantly
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Table 2. Association between sleep disorder-related variables and stroke.

Model 1
VELELIE

Model 3

Model 2

Sleep duration

16-30 times a month 2.70 (1.71-4.25)

2.34 (1.34-4.10)

1.78 (1.01-3.18)

OR - odds ratio; Cl — confidence interval; Ref — reference. Model 1: unadjusted model; Model 2: adjustment of age, gender, BMI,
marital status, family PIR, and education level; Model 3: adjustment of age, gender, BMI, marital status, race, education level,
family PIR, waist circumference, hypertension, CHF, CHD, angina pectoris, heart attack, platelet count, diabetes, beta-blockers, and

antidepressants.

associated with non-fatal stroke in people in non-Asian coun-
tries [10]. The results of these studies suggested that sleep
duration may have different manifestations for different sub-
types of stroke; therefore, further studies are needed to ex-
plore whether the difference exists. The current research on
the mechanism between sleep duration and stroke is mostly
focused on short sleep duration. Studies have found that too
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short of a monitored or self-reported sleep duration does not
activate an individual’s hormonal response to regulate appe-
tite and energy balance (such as the levels of leptin and ghre-
lin), increasing energy intake, reducing energy consumption,
and leading to obesity and dyslipidemia [22-24]. Short sleep
duration could affect blood sugar metabolism and increase
the risk of diabetes, which is not conducive to the blood sugar
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Table 3. Sensitivity analysis.

Variables
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Model 3

Sleep duration

16-30 times a month

2.16 (1.13-4.13)

OR - odds ratio; Cl — confidence interval; Ref — reference. Model 3: adjustment of age, gender, BMI, marital status, race, education
level, family PIR, waist circumference, hypertension, CHF, CHD, angina pectoris, heart attack, platelet count, diabetes, beta-blockers,

and antidepressants.

control of diabetic patients [25,26]. Short sleep duration can
increase the systolic and diastolic blood pressure and elevate
nocturnal blood pressure [25,27]. Obesity, dyslipidemia, dia-
betes, and hypertension mentioned above were all risk fac-
tors for stroke [24].

In this study, we found that after adjusting for potential con-
founders, participants with severe sleep disorders (specifical-
ly, sleep deprivation, early morning wakefulness, and middle
of the night wakefulness 16-30 times a month) had a stroke
risk of 0.81 to 0.99 times higher than those who never had
sleep deprivation, early morning wakefulness, and middle of
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the night wakefulness. It was suggested that these 3 factors
that reflected a severe sleep disorder may be risk factors for
stroke. Most studies on the relationship between sleep and
stroke have focused on some sleep-related diseases, such as
sleep apnea syndrome and restless leg syndrome [28]; oth-
er types of sleep problems were rarely reported. The present
study involved self-reported variables of whether a participant
had a sleep disorder, the frequency of sleep deprivation, fre-
quency of early morning wakefulness, and frequency of mid-
dle of the night wakefulness, which could evaluate the sleep
disorder of the included participants in a more in-depth and
detailed manner. Sleep disorders could cause dyslipidemia,
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Table 4. Association between sleep disorder-related variables and stroke in participants <65 years of age.

Model 1

VELELIE

Model 2 Model 3

Sleep duration

16-30 times a month

3.81 (1.81-7.99)

2.56 (1.16-5.69) 1.68 (0.75-3.74)

OR - odds ratio; Cl — confidence interval; Ref — reference. Model 1: unadjusted model; Model 2: adjustment of age, gender, BMI,
marital status, family PIR, and education level; Model 3: adjustment of age, gender, BMI, marital status, race, education level,
family PIR, waist circumference, hypertension, CHF, CHD, angina pectoris, heart attack, platelet count, diabetes, beta-blockers, and

antidepressants.

including the level of total cholesterol, triglycerides, low-den-
sity lipoprotein cholesterol, and high-density lipoprotein cho-
lesterol changes, leading to a lipid disorder promoting the
deposition of fat in the arterial endothelium, causing athero-
sclerosis [29,30]. Also, stroke is considered to be highly relat-
ed to atherosclerosis [31].
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In the subgroup analysis stratified by age, we found that par-
ticipants under the age of 65 years had increased risk of stroke
with sleep duration less than 6 h, sleep disorder, 16 to 30 times
a month of sleep deprivation, and early morning wakefulness,
and in participants 65 years and older, stroke was significant-
ly associated with middle of the night wakefulness 1 time a
month and 16 to 30 times a month. These results suggested
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Table 5. Association between sleep disorder related variables and stroke in participants >65 years of age.

Model 1
VELELIE

Model 3

Model 2

Sleep duration

<6 h 1.12 (0.71-1.77)
"""" 67h  Ref
Co7en 080 (044-145)

0.623 1.03 (0.65-1.63) 0.895 1.03 (0.62-1.73) 0.894
""""""""""""" Rf R
0439 086 (047-158) 0617 090 (049-165) 0717
0989 099 (063156 0977 104 (066-1.62) 0873
""""""""""""" Rf R
0693 107 (047-243) 0862 085 (037-1.91) 0675

16-30 times a month

0.746 0.98 (0.63-1.54) 0.944 1.00 (0.65-1.55) 0.995
0943 107 (061-187) 0800 101 (0.58-177) 0956
0581 131(069-250) 0394 120 (060-244) 0591
0039 168 (0943.02) 0069 166 (090-3.05 0092
""""""""""""" Rf R
0062 152 (1.09214) 0011 159 (115219 0004
0984 113 (072177) 0581 102 (065-1.62) 0913
0322 144086239 0148 129 (072231) 0377
0018 192 (108342 0020 180 (098-3.29) 0048

OR - odds ratio; Cl — confidence interval; Ref — reference. Model 1: unadjusted model; Model 2: adjustment of age, gender, BMI,
marital status, family PIR, and education level; Model 3: adjustment of age, gender, BMI, marital status, race, education level,
family PIR, waist circumference, hypertension, CHF, CHD, angina pectoris, heart attack, platelet count, diabetes, beta-blockers, and

antidepressant.

that in middle-aged people and relatively young people, poor
sleep may be more serious and may increase the risk of stroke.
In the elderly participants over 65, poor sleep quality may be
a common and persistent problem, and attention should be
paid to middle of the night wakefulness. We adjusted for be-
ta-blockers and antidepressants in the multivariate model, and
the results suggested that clinicians may need to combine the

medication of the elderly when performing sleep intervention
in patients over 65 years old.

Based on the results of this study, it is necessary to screen
the sleep duration and sleep disorder-related variables in
the high-risk stroke population. A pre-existing sleep disorder
can increase the risk of stroke, and intervening may focus on
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interventions for cardiovascular, metabolic, and inflammato-
ry changes [32]. Stroke, in turn, promotes the development
of sleep disorders. Sleep screening of stroke survivors is also
necessary to help prevent subsequent strokes. After a stroke,
sleep disorders can be treated by helping patients maintain
adequate sleep-wake patterns [32,33]. Sleep is key to the re-
covery of neurological functions, including physical, occupa-
tional, and speech. Sleep screening can be monitored more
accurately by polysomnography [34].

However, our study had a few limitations. First, stroke report-
ed by the participants in this study was derived from self-re-
ports, and especially for those with cognitive impairment,
there may have been information bias due to the limitation of
the NHANES. However, the NHANES questionnaire is conduct-
ed by trained professionals, and self-reported stroke through
the questionnaire could be used to assess the prevalence of
stroke with a certain degree of reliability in epidemiological
studies [35]. Second, since the stroke data was self-reported,
it was not possible to classify the stroke type and stroke lo-
cation, and therefore the association with sleep disorder-re-
lated variables could not be investigated separately. However,
it is worth noting that our study results were consistent with
those of other studies regarding the association between
stroke type and sleep duration [10,21]. Third, the sleep disor-
der-related variables were also self-reported; however, early
studies have shown that self-reported sleep duration was con-
sistent with the sleep duration obtained through actigraphy
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monitoring [13,36]. Fourth, this study was a cross-sectional
study, and there was a certain limitation in determining the
causal relationship between sleep-related variables and stroke.
Finally, only the living stroke patients who could participate in
the investigation were included in our study, and those who
died of stroke were not in the scope of the investigation, and
therefore there may be self-selection bias.

Conclusions

In conclusion, self-reported stroke was higher for participants
with short (<6 h) sleep duration, severe sleep deprivation, se-
vere early morning wakefulness, and severe middle of the
night wakefulness compared with that of participants with 6
to 7 h sleep duration and no sleep deprivation, early morning
wakefulness, or middle of the night wakefulness. In partici-
pants aged 65 years or older, there was no association between
sleep duration and observed sleep disorder-related variables
and stroke. These results suggest that interventions for healthy
sleep in the population may be beneficial to reduce the risk
of stroke, especially for individuals under the age of 65 years.
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