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A B S T R A C T

Objectives: The combined impact of sleep quality and diet habits on ischemic stroke remains unclear, particu-
larly in rural populations. Therefore, this study aimed to estimate the individual and joint associations of
sleep quality and diet habits with nonfatal ischemic stroke among rural adults.
Methods: A total of 22536 participants free of stroke were enrolled from the Henan Rural Cohort. Sleep quality
and diet habits were evaluated with the Pittsburgh Sleep Quality Index and food frequency questionnaire, respec-
tively. The ischemic stroke incidence was analyzed using Kaplan-Meier curves. Cox regression and restricted
cubic spline were employed to estimate the correlation of sleep quality or diet habits with ischemic stroke.
Results: During an average 3.92 y of follow-up, 665 ischemic stroke patients were identified. The adjusted
hazard ratio (95% confidence interval) of ischemic stroke risk compared with good sleep quality was 1.276
(1.057�1.542). The hazard ratio (95% confidence interval) of nonfatal ischemic stroke compared with
unhealthy diet habits was 0.693 (0.589�0.814). The restricted cubic spline indicated that the risk of ischemic
stroke increased with the increase of the Pittsburgh Sleep Quality Index. And the higher the diet quality
score, the lower the risk of ischemic stroke. (Ptrend < 0.05). Further analysis indicated that the association of
poor sleep quality with ischemic stroke was alleviated by healthy diet habits (P< 0.05). Additionally, a robust
correlation remained after excluding individuals with ischemic stroke in the first year.
Conclusions: Poor sleep quality was positively associated with nonfatal ischemic stroke among rural adults,
and healthy diet habits attenuated this relationship. Developing healthy diet and sleep habits may have
potential health implications for preventing ischemic stroke.
Trial registration: The Henan Rural Cohort Study has been registered at the Chinese Clinical Trial Register
(registration no. ChiCTR-OOC-15006699). Date of registration: July 6, 2015.
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Introduction

Stroke is a critical global public health problem with significant
social and economic implications. It ranks as the second leading
cause of death worldwide [1], representing 16.2% of all mortality
[2]. In recent years, the incidence rate and burden of stroke have
been increasing because of population aging and advancements in
medical care [3�5]. The Global Burden of Disease 2019 stroke
burden reported that an estimated 101 million people suffered
from stroke [2]. In addition, ischemic stroke is the most common
type, accounting for 62.4% of new stroke cases. The morbidity of
ischemic stroke is higher in rural than in urban populations [6,7].
Therefore, identifying ischemic stroke risk factors is of great signifi-
cance for providing scientific support for the prevention and treat-
ment of stroke.

A recent review of research on rural health inequality indicated
that rural areas have pervasively poorer health behaviors and
outcomes [8]. Sleep is widely considered to be the foundation of
optimal physical and mental health, making it a leading behavioral
risk factor for human health [9,10]. Good sleep quality contributes
to better physical health and overall quality of life [11,12]. A study
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indicated that the prevalence of sleep problems is around 7.6%
[13], and poor sleep quality is becoming more and more common
[14,15]. Poor sleep quality consistently is a detrimental factor in
the development of hypertension, diabetes, obesity, hyperlipid-
emia, and depression [16�20]. Moreover, evidence from previous
studies has indicated that poor sleep quality increases ischemic
stroke risk. The results from a cross-sectional study that included
10442 individuals from the National Health and Nutrition Exami-
nation Survey suggested that sleep disorders increased the inci-
dence of stroke [21]. A multicenter matched case-control study of
eight tertiary hospitals in Korea revealed that young patients dis-
satisfied with sleep quality were more likely to suffer from ische-
mic stroke [22]. In addition, another prospective cohort study
involving 31 750 subjects from the Dongfeng Motor Corporation
confirmed that poor sleep quality contributed to a high risk of
ischemic stroke [23]. In summary, existing studies have mainly
focused on developed countries or urban or special populations
(such as occupational populations or patients), and there is limited
evidence of such an association in rural populations.

Diet habits are another potential factor that can influence
stroke incidence. A 1:1 matched case-control study carried out at
Del Mar Hospital revealed that stroke patients were inclined
toward a high-calorie diet rather than a healthy diet [24]. Another
Danish cohort study involving 55338 participants indicated that
following a wholesome Nordic diet can be beneficial in reducing
stroke risk [25]. Ibsen et al. [26] discovered that an increasing score
on the Alternative Healthy Eating Index 2010 was correlated with a
reduced risk of ischemic stroke. Similar to fewer rural studies on
relationship between sleep quality and ischemic stroke, there is
insufficient research on the correlation between diet habits and
ischemic stroke in rural areas. In addition, numerous studies have
shown a relationship between food intake and sleep quality
[27�29]. For instance, foods that contain high levels of tryptophan
and melatonin, such as fruits, vegetables, and legumes, are
believed to predict positive sleep outcomes [30]. Given the afore-
mentioned evidence, it is reasonable to speculate that a healthy
diet may have a significant impact on the link between sleep qual-
ity and ischemic stroke occurrence. However, there is a lack of evi-
dence estimating the combined impact of sleep quality and diet
habits on ischemic stroke. Therefore, the purpose of this study was
to explore the individual and combined impacts of sleep quality
and diet habits on nonfatal ischemic stroke incidence through a
prospective cohort in a rural population.

Materials and methods

Study population

The participants of this study were derived from the Henan Rural Cohort,
which included 39259 participants ages 18 to 79 who finished the baseline survey
from 2015 to 2017. A total of 35 995 participants were followed up between 2018
and 2022 (follow-up rate of 91.7%). The details have been described in previous
studies [31�34]. In this study, 22536 participants were enrolled for analysis.
Briefly, 9235 participants were excluded because of not undergoing sleep informa-
tion surveys at baseline. We further excluded participants for the following rea-
sons: lost to follow-up (n = 2517), death (n = 790), stroke at baseline (n = 1818),
night shift status (n = 1346), suffering from cancer (n = 220), missing information
on the assessment of sleep quality (n = 209), missing information on the assess-
ment of diet habits (n = 44), unknown outcome of stroke (n = 426), and other out-
comes of stroke subtypes (n = 118) (Supplementary Fig. 1).

This study had the approval of the Zhengzhou University Life Science Ethics
Committee. All those involved were asked to give informed consent.

Assessment of sleep quality

The Pittsburgh Sleep Quality Index (PSQI) was used to assess the quality of sleep
[35]. The initial PSQI showed strong internal consistency, with Cronbach’s alpha
varying between 0.70 and 0.83 [36]. The PSQI consists of seven dimensions, each of
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library 
2024. Para uso personal exclusivamente. No se permiten otros usos sin auto
which has a score from 0 to 3, giving a total score of 0 to 21. A PSQI score>5 is iden-
tified as poor sleep quality [37�39]. Higher scores indicate poorer sleep quality.

Assessment of healthy diet habits

The diet quality score was established by utilizing the food frequency ques-
tionnaire [40]. The diet quality score has a total score of 36 and includes nine main
food groups, with each group receiving a score ranging from 0 to 4 [41]. Healthy
diet habits were defined as a total diet quality score �22 [42].

Assessment of incident nonfatal ischemic stroke

The outcome event was defined as without stroke at baseline and nonfatal
ischemic stroke first diagnosed during follow-up. Face-to-face interviews to acquire
the data of stroke incidence were performed by trained investigators. Participants
who self-reported a diagnosis of ischemic stroke with a history of hospitalization
during the follow-up period were considered to have experienced the outcome
event [43].

Assessment of covariates

Standardized questionnaires conducted by trained investigators were used to
collect data. Covariates included demographics, lifestyle habits, family history of
stroke, chronic comorbidity, and body mass index (BMI). Demographics included
age, sex, education level (elementary school or less, junior high school, high school
or above), marital status (married/cohabitation, unmarried/divorced/widowed)
[44], and per capita monthly income (<500, 500», �1000 renminbi). Lifestyle hab-
its included smoking (current, ever, never) [45], drinking (current, ever, never),
physical activity (low, moderate, high), and sleep duration. Chronic comorbidity
included hypertension, type 2 diabetes mellitus, and dyslipidemia. Height and
weight were also measured to calculate BMI [46].

Statistical analysis

Continuous variables were represented by mean (SD) and difference compari-
son was performed using Student’s t test. Categorical variables were represented
by percentages and difference comparison was performed using Pearson’s
chi-square test. The first occurrence of nonfatal ischemic stroke was taken as the
endpoint of follow-up. For new nonfatal ischemic stroke, the diagnosis time of
ischemic stroke and the end time of the follow-up survey were compared, and the
shortest time was taken as the follow-up time of participants.

Kaplan-Meier curves were employed to plot the cumulative ischemic stroke
incidence, and the log-rank test was conducted to assess the differences in nonfa-
tal ischemic stroke among different sleep quality and diet habits groups. In addi-
tion, Cox regression was employed to analyze the connection of sleep quality and
diet habits with nonfatal ischemic stroke and to drive the hazard ratio (HR) and
95% confidence interval (CI) of nonfatal ischemic stroke risk. Good sleep quality
and unhealthy diet habits were utilized as the reference group. Three models were
constructed to correct the covariates related to nonfatal ischemic stroke: Model 1
did not make any adjustments, Model 2 had only age and sex adjustments, and
Model 3 made more comprehensive adjustments. These included age, sex, educa-
tion level, marital status, per capita monthly income, smoking status, drinking sta-
tus, physical activity status, family history of stroke, BMI, chronic comorbidity, and
sleep duration. The restricted cubic spline was employed to domenstrated the
does-response relationship of the PSQI score and diet quality score with the inci-
dence risk of nonfatal ischemic stroke. PSQI score and diet quality score were
token as continuous varibales. The models were adjusted in the same way as cox
regression [47]. Furthermore, a combined variable of four groups was constructed
to evaluate the simultaneous influence of sleep quality and diet habits. People
with poor sleep quality and unhealthy diet habits served as the reference group.

A sensitivity analysis was also performed after excluding individuals suffering
a nonfatal ischemic stroke within 1 y of follow-up. All analyses were carried out
using the R language software package (version 4.0.4) and SPSS Statistics 21.0, and
P < 0.05 (two-tailed test) was defined as statistically significant.

Results

Characteristics of participants

Table 1 presents the baseline characteristics. Participants were
on average 55.00 § 12.16 y old, with 38.89% men and 61.11%
women. Compared with participants without ischemic stroke, indi-
viduals suffering a nonfatal ischemic stroke were more likely to be
men, older, less educated, have lower income, have alcohol and
tobacco use, suffer from chronic comorbidity, have a higher PSQI
score, and have unhealthy diet habits (all P < 0.05).
of Health and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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Table 1
Characteristics of participants according to nonfatal ischemic stroke

Characteristic Total (N = 22 536) Ischemic stroke (N = 665) Nonischemic stroke (N = 21871) P value

Age, y, mean (SD) 54.81 (12.16) 62.27 (8.70) 54.59 (12.17) < 0.001
Men, n (%) 8761 (38.88) 303 (45.56) 8458 (38.67) < 0.001
Education level, n (%) < 0.001
Primary school or less 9863 (43.77) 385 (57.89) 9478 (43.34)
Junior high school 8855 (39.29) 220 (33.08) 8635 (39.48)
High school or above 3818 (16.94) 60 (9.02) 3758 (17.18)

Marital status, n (%) 0.126
Married/cohabitation 20 507 (91.00) 594 (89.32) 19 913 (91.05)
Unmarried/divorced/widowed 2029 (9.00) 71 (10.68) 1958 (8.95)

Per capita monthly income, RMBa, n (%) < 0.001
<500 8085 (35.88) 301 (45.26) 7784 (35.59)
500» 7185 (31.88) 190 (28.57) 6995 (31.98)
�1000 7266 (32.24) 174 (26.17) 7092 (32.43)

Smoking status, n (%) 0.003
Never 16 552 (73.45) 453 (68.12) 16 099 (73.61)
Ever 1583 (7.02) 64 (9.62) 1519 (6.95)
Current 4401 (19.53) 148 (22.26) 4253 (19.45)

Drinking status, n (%) < 0.001
Never 17 689 (78.49) 499 (75.04) 17 190 (78.60)
Ever 906 (4.02) 47 (7.07) 859 (3.93)
Current 3941 (17.49) 119 (17.89) 3822 (17.48)

Physical activity, n (%) 0.887
Low 6768 (30.03) 199 (29.92) 6569 (30.04)
Moderate 8498 (37.71) 246 (36.99) 8252 (37.73)
High 7270 (32.26) 220 (33.08) 7050 (32.23)

Family history of stroke, n (%) 1843 (8.25) 57 (8.57) 1786 (8.24) 0.760
BMI, kg/m2, mean (SD) 24.7 (3.56) 24.94 (3.58) 24.69 (3.56) 0.078
Chronic comorbidity*, n (%) 12 138 (54.00) 443 (66.72) 11 695 (53.61) < 0.001
Sleep duration, hours, mean (SD) 7.68 (1.25) 7.71 (1.33) 7.68 (1.24) 0.589
PSQI global score, mean (SD) 3.71 (2.67) 4.23 (2.78) 3.69 (2.66) < 0.001
Poor sleep quality, n (%) 4685 (20.79) 175 (26.32) 4510 (20.62) < 0.001
Healthy diet habits, n (%) 12 249 (54.35) 234 (35.19) 10 053 (45.96) < 0.001

BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index; RMB, renminbi.
*Includes hypertension, type 2 diabetes mellitus, and dyslipidemia.
aRMB is short for Renminbi which is Chinese money.
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Cumulative incidence of nonfatal ischemic stroke

Figure 1 illustrates the cumulative incidence of nonfatal ische-
mic stroke among different sleep quality and diet habits groups.
During an average 3.92 y of follow-up, 665 participants with non-
fatal ischemic stroke were identified. Through the log-rank test,
the cumulative ischemic stroke incidence showed statistically
significant differences based on different sleep quality status and
different diet habits (P < 0.05).
Fig. 1. Kaplan-Meier curves of sleep qualit
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Independent association of sleep quality and diet habits with nonfatal
ischemic stroke

Table 2 displays the correlation of sleep quality and diet habits
with incident ischemic stroke. Poor sleep quality was linked to a
27.6% higher risk of nonfatal ischemic stroke compared with good
sleep quality (HR, 1.276, 95% CI, 1.057�1.542). Figure 2 illustrates
the dose-response association of PSQI score with nonfatal ischemic
stroke risk. The risk of nonfatal ischemic stroke incidence increased
y and diet habits with ischemic stroke.
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Table 2
Hazard ratios and 95% confidence intervals of sleep quality and diet habits with nonfatal ischemic stroke

Variable n/N Model 1 HR (95% CI) Model 2 HR (95% CI) Model 3 HR (95% CI)

Sleep quality
Good 175/4685 Reference Reference Reference
Poor 490/17 851 1.385 (1.165�1.646) 1.326 (1.112�1.580) 1.276 (1.057�1.542)

Diet habits
Unhealthy 431/12 249 Reference Reference Reference
Healthy 234/10 287 0.612 (0.522�0.718) 0.661 (0.563�0.775) 0.693 (0.589�0.814)

CI, confidence interval; HR, hazard ratio.
Model 1 unadjusted; Model 2 adjusted for age and sex; Model 3 adjusted for age, sex, marital status, education level, per capita monthly income, smoking status, drinking sta-
tus, exercise, body mass index, family history of stroke, chronic comorbidity, and nightly sleep duration.
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with increasing PSQI score. In addition, a 30.7% reduction in ische-
mic stroke risk was detected in the healthy diet habits group in
comparison with the unhealthy diet habits group (HR, 0.693, 95%
CI, 0.589�0.814). A dose-response relationship existed between
diet quality score and incidence of ischemic stroke. A higher diet
quality score was linked to a lower risk of nonfatal ischemic stroke.

Combined effects of sleep quality and diet habits on nonfatal ischemic
stroke

Supplementary Table 1 demonstrates the connection between
sleep quality and nonfatal ischemic stroke stratified by diet habits.
In participants with unhealthy diet habits, those experiencing poor
Fig. 2. HRs (solid lines) and 95% CIs (dashed lines) of nonfatal ischemic stroke for PSQI an
2: adjusted for age and sex. (C) Model 3: adjusted for age, sex, marital status, education le
index, family history of stroke, chronic comorbidity, and nightly sleep duration. CI, confid

Fig. 3. Combined effects of sleep quality and diet habits on nonfatal ischemic stroke risk
income, smoking status, drinking status, exercise, body mass index, family history of strok
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sleep quality had HR (95% CI) of 1.264 (1.004�1.590). By contrast,
the estimated impact of poor sleep quality on nonfatal ischemic
stroke risk decreased to 1.211 (0.867�1.689) among participants
with healthy diet habits. Figure 3 shows the modification effect of
healthy diet habits on the link between sleep quality and nonfatal
ischemic stroke. Taking unhealthy diet habits and poor sleep qual-
ity as a reference, the HRs (95% CIs) of ischemic stroke risk with
unhealthy diet habits and good sleep quality, healthy diet habits
and poor sleep quality, and healthy diet habits and good sleep
quality were 0.786 (0.628�0.983), 0.671 (0.485�0.928), and 0.556
(0.436�0.710), respectively. These findings indicated that healthy
diet habits alleviated the association between sleep quality and
nonfatal ischemic stroke.
d diet quality score from restricted cubic splines. (A) Model 1: unadjusted. (B) Model
vel, per capita monthly income, smoking status, drinking status, exercise, body mass
ence interval; HR, hazard ratio; PSQI, Pittsburgh Sleep Quality Index.

. Model was adjusted for age, sex, marital status, education level, per capita monthly
e, chronic comorbidity, and nightly sleep duration.
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Sensitivity analysis

After excluding individuals suffering a nonfatal ischemic stroke
in the first year (n = 95), a total of 22441 participants were
included in the sensitivity analysis, among whom 570 ischemic
stroke patients were found. The results from the sensitivity analy-
sis did not change significantly from the previous analysis. The
robust correlations were verified between sleep quality and nonfa-
tal ischemic stroke, and healthy diet habits were able to mitigate
this relationship (Supplementary Tables 2 and 3, Supplementary
Figs. 2�4).
Discussion

This was a large-scale prospective study focused on resource-
limited areas. Analysis results showed that poor sleep quality
increased the incidence risk of nonfatal ischemic stroke in the rural
population and healthy diet habits alleviated the effect of poor
sleep quality on the incidence risk of nonfatal ischemic stroke. Sim-
ilar results were also found after excluding individuals with ische-
mic stroke in the first year. These findings suggest that eating a
nutritious diet and enhancing sleep quality significantly contribute
to reducing the likelihood of experiencing ischemic stroke.

The link between sleep quality and incidence of nonfatal ische-
mic stroke demonstrated in this study is consistent with previous
studies conducted in different regions and populations. An experi-
mental study in rats showed that sleep disturbances (sleep depri-
vation for 12 h for consecutive 3 d) increased the growth-
inhibiting gene neurocan (P < 0.001). The barrier formed by neuro-
can prevents neurons from reconnecting together with reactive
astrocytes, which undoubtedly exacerbates ischemic stroke [48].
Zhang et al. [49] also suggested that poor sleep quality was the fifth
of seven risk factors for ischemic stroke from 233 youth ischemic
stroke patients (odds ratio, 1.81, 95% CI, 1.12�2.93). In addition, a
prospective study in the UK indicated that maintaining good sleep
quality can reduce ischemic stroke occurrence (HR, 0.31, 95% CI,
0.15�0.61) [50]. Another study following participants for an aver-
age of 7 y indicated that subjective sleep disturbances increased
the incidence of stroke in Chinese adults (risk ratio [RR], 2.37, 95%
CI, 1.52�3.41) [51]. Similar conclusions have been drawn in other
studies as well [52,53].

Several previous studies have also produced results that conflict
with the current study. For example, a 14-y German follow-up
study found that poor sleep quality (insomnia, trouble falling
asleep and difficulty staying asleep) was not significant with regard
to total strokes (nonfatal and fatal), nonfatal strokes, or fatal
strokes [54]. Another large cohort study of black participants from
the Jackson Heart Study followed for 15 y failed to find a link
between poor sleep quality and cardiovascular disease (coronary
heart disease and stroke) (HR, 1.09, 95% CI, 0.88�1.35) [55]. How-
ever, the present study discovered a positive link between sleep
quality and ischemic stroke. The reason for this difference may be
attributed to different definitions of sleep quality. The German
study divided poor sleep quality into different sleep disorders [54]
and the study involving black participants defined sleep quality
based on a simple question [55], whereas the current study used
the PSQI to assess sleep quality. In addition, variations in study
populations could contribute to the difference in conclusions. This
study was aimed at a population residing in an area with limited
resources. The difference in economic status and living habits may
also lead to the difference in conclusions. Therefore, standardized
sleep quality assessment methods and further large prospective
cohort studies with long-term follow-up are indispensable for
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confirming the causal connection between sleep quality and ische-
mic stroke.

At present, the mechanisms underlying the correlation between
sleep quality and incident ischemic stroke are not completely
understood, but several may be involved. First, sleep quality is
related to risk factors for ischemic stroke. Numerous studies have
shown that poor sleep quality can contribute to hypertension, dia-
betes, obesity, and dyslipidemia, which are independent risk fac-
tors for ischemic stroke [56�60]. Second, poor sleep quality can
lead to an inflammatory response, with elevated interleukin-6 con-
centrations [61]. The role of inflammation in acute cerebrovascular
events has been widely investigated and has been recognized as a
promising field of stroke management [62�64]. Thus, poor sleep
quality may increase inflamatory, which may aggrevate ischemic
stroke. Moreover, poor sleep quality may impair glucose tolerance
and insulin sensitivity, leading to metabolic disturbances and an
increased incidence of stroke [65]. Additionally, poor sleep quality
results in increased vascular sympathetic nerve activity and circu-
lating catecholamines, which leads to increased intracranial pres-
sure and stroke as well as increased peripheral vascular resistance
[66]. Finally, poor sleep quality might induce endothelial dysfunc-
tion, resulting in the formation of blood clots, which can cause
stroke [67]. Therefore, improving sleep quality and preventing
sleep disorders may be beneficial in stroke prevention and control.

Meanwhile, this analysis results shown that not only healthy
diet habits were negatively associated with nonfatal ischemic
stroke, but also that healthy diet habits mitigated the connection
between poor sleep quality and ischemic stroke risk. Although
there is a paucity of studies exploring the combined connection of
sleep quality and diet habits with regard to ischemic stroke, several
surveys have suggested that healthy diet habits are of great benefit
in stroke prevention. According to a cohort study with 26547 sub-
jects, a high-quality diet decreased the risk of atherothrombotic
ischemic stroke (HR, 0.83, 95% CI, 0.72�0.97) [68]. Through a
meta-analysis, Hu et al. [69] showed that increasing daily vegeta-
ble and fruit intake by 200 g resulted in a respective decrease in
stroke incidence of 11% (RR, 0.89, 95% CI, 0.81�0.98) and 32% (RR,
0.68, 95% CI, 0.56�0.82). However, the current findings are contra-
dicted by several previous studies. A case-control study conducted
on Iranian adults showed no correlation between the Alternative
Healthy Eating Index 2010 and stroke [70], which is inconsistent
with this study. Another case-control study conducted on young
patients with ischemic stroke showed no discrepancy in the con-
sumption of vegetables between patients and controls [71]. These
discrepancies may be attributable to different definitions of diet
habits and variations in study populations. Although the mecha-
nisms underlying the correlation between diet habits and incident
ischemic stroke are unclear, there are some potential biological
pathways. For example, a diet consisting of vegetables, fruits, and
other similar food items may reduce the occurrence of risk factors
linked to ischemic stroke, such as hypertension, obesity, and cho-
lesterol [72,73]. In addition, nutrients such as folate, vitamin C, and
fiber, which are contained in a range of foods, are potentially
linked to lower stroke risk [69]. Therefore, adhering to the Dietary
Guidelines for Chinese Residents and maintaining a healthy diet
can be advantageous in preventing and controlling strokes.

This study has the following strengths. First, based on a large
prospective rural cohort study in Henan Province, this study has a
large sample size, a low loss of follow-up rate, and a high statistical
efficacy. Secondly, this study adjusted a series of confounding fac-
tors, including demographic characteristics, smoking, drinking,
chronic comorbidities, family history of stroke, etc. to explore the
association of sleep quality and dietary habits with ischemic stroke,
which is conducive to a more accurate grasp of the relationship of
ealth and Social Security de ClinicalKey.es por Elsevier en octubre 16, 
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sleep quality and dietary habits with ischemic stroke. Additionally,
the PSQI was employed for a comprehensive evaluation of sleep
quality. Nevertheless, this study still has some limitations. First,
the data on sleep quality and diet quality score were obtained
based on a questionnaire survey, which may have information
bias. Second, although we included a large number of potential
covariates in our analysis, residual or unmeasured covariates may
still exist. Therefore, caution should be exercised in the interpreta-
tion of causality. Third, the evaluation of nonfatal ischemic stroke
was based on hospital diagnosis, which may underestimate the
incidence of ischemic stroke as a result of some patients not seek-
ing medical care. Therefore, to authenticate our findings, it is nec-
essary to conduct large prospective population-wide cohort
studies in the future.

Conclusions

This study revealed that poor sleep quality and unhealthy diet
habits are associated with higher nonfatal ischemic stroke risk in
rural populations. Furthermore, this study found that healthy diet
habits can attenuate the association between poor sleep quality
and nonfatal ischemic stroke. Above findings indicate that main-
taining healthy diet habits and developing good sleep quality are
potential indicators associated with ischemic stroke prevention.
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