Access this article online

Quick Response Code:

Website:
http://www.braincirculation.org

DOI:
10.4103/bc.bc_7_24

"Luhe Institute of
Neuroscience, Capital
Medical University,
2Department of
Neurology, Beijing Luhe
Hospital, Capital Medical
University, °Department
of Neurosurgery, Xuanwu
Hospital, Capital Medical
University, Beijing,
China, *Department of
Neurosurgery, Wayne
State University School of
Medicine, *Department of
Biomedical Engineering,
Wayne State University,
Detroit, MI, USA

Address for
correspondence:

Prof. Xiaokun Geng,
Department of Neurology,
Beijing Luhe Hospital,
Capital Medical University,
No. 82, Xinhua South
Road, Tongzhou District,
Beijing 101149, China.
E-mail: xgeng@ccmu.
edu.cn

Submission: 13-02-2024
Revised: 04-11-2024
Accepted: 08-11-2024
Published: 21-03-2025

Perspective

The link between sleep duration and
stroke risk

Yu Cheng'"?, Yuchuan Ding? Ahmed Elmadhoun*, Xunming Ji®, Xiaokun Geng"??

Abstract:

In this review paper, we explore the complex relationship between sleep duration and stroke risk, outlining
the association of both insufficient sleep and excessive sleep with an increased risk of cerebrovascular
diseases. We explore a U-shaped relationship between sleep duration and cardiovascular outcomes,
including stroke. Our review explores findings from cohort studies, meta-analyses, and Mendelian
randomization studies, highlighting the nuanced findings and identifying gaps in the current literature.
We discussed the direct and indirect effects of sleep duration on stroke risk, considering factors such as
atherosclerosis, atrial fibrillation, hypertension, and hyperlipidemia. We also discuss the methodological
challenges inherent in current studies, such as the reliance on self-reported sleep measures and the
need for more objective and comprehensive assessments. The paper emphasizes the importance
of recognizing individual variations in optimal sleep duration and the potential confounding effects of
sleep quality and other sleep-related disorders on stroke risk. Furthermore, we explore the potential
mechanisms by which sleep duration may influence endothelial function, oxidative stress, and vascular
compliance, suggesting areas for future investigation. The paper makes a compelling case for the
inclusion of sleep duration as a key factor in stroke prevention strategies, recommending that healthcare
professionals proactively assess and manage sleep patterns to mitigate stroke risk.
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Introduction In recent years, a growing body of

investigation has begun to reveal the
complex relationships between sleep
duration, its quality, and cardiovascular
health, particularly focusing on the
incidence and prognosis of stroke.l**!
This association is of significant interest
given the prevalence and severity of stroke
as a major health issue worldwide.!"!
Stroke, characterized by the interruption
of blood supply to the brain, can lead to
lasting neurological damage, disability,
and even death.™ The role of sleep in this
context is complex, encompassing direct
physiological impacts on the brain and
indirect effects mediated through other
systemic health conditions.["?!

leep duration, defined as the total amount

of time spent sleeping within a 24-h period,
is a critical component of overall health and
well-being. The generally recommended
healthy range for sleep duration is
approximately 7-8 h per night."! Deviations
from this range, such as excessive sleep (more
than 9 h) and insufficient sleep (<6 h), have
been increasingly recognized as potential risk
factors for various health conditions. Clinically,
variations in sleep duration are linked
with several disorders including insomnia,
hypersomnia, psychiatric conditions, and
obstructive sleep apnea (OSA) syndrome,
each contributing differently to an individual’s
sleep patterns and quality.>”! This review paper aims to provide a
comprehensive overview of the existing
evidence on the critical role of sleep in
neurovascular health, identify gaps in
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our current understanding, and suggest directions for
future research that could lead to better prevention and
treatment strategies for stroke.

Sleep Duration and the Occurrence of
Stroke

Previously, researchers noted the effect of sleep
duration on cardiovascular diseases. However, the
relationship between sleep duration and the risk
of cardiovascular diseases remains to be not fully
understood and is under exploration up to the present.*”!
More recent studies demonstrated that both excessive
and insufficient sleep are associated with an increased
risk of cerebrovascular diseases in patients.’478 A
meta-analysis and a prospective study identified a
U-shaped relationship between sleep duration and
cardiovascular diseases,*®! with stroke being the most
prevalent cerebrovascular disease. Current research on
the link between sleep duration and stroke primarily
involves cohort studies, meta-analyses, and Mendelian
randomization studies [Figure 1].

Cohort studies demonstrate that both excessive and
insufficient sleep durations increase the risk of stroke.[*7!
These studies did not only link sleep duration with the
overall incidence of stroke but also indicated that there
is the relationship with the stroke subtype. These studies
indicated that longer sleep heightens the risk of overall
stroke and ischemic stroke, whereas inadequate sleep

elevates the risk of hemorrhagic stroke.®! While these
studies have clearly identified changes in sleep duration
occurring before the onset of stroke, cohort studies have
several limitations. Clinical cohort studies are susceptible
to confounding factors that may skew the outcomes."l
For instance, many experiments fail to assess for variables
such as sleep quality or other sleep patterns, which can
significantly impact the outcome.*”! Recent observational
studies have indicated that besides sleep duration, other
factors such as daytime napping, insomnia, OSA, and
poor sleep quality are all associated with an increased
risk of stroke.["'5'7] These factors not only impact stroke
incidence but also affect sleep duration. Insomnia and
daytime napping can lead to shorter sleep durations,
whereas OSA and poor sleep quality are associated with
longer sleep durations. Therefore, without adequate
control for these confounding factors, populations
with longer sleep durations are likely to have more
individuals with OSA and poor sleep quality, whereas
populations with shorter sleep durations may have more
individuals with insomnia and daytime napping. The
presence of confounding factors may exaggerate the
impact of sleep duration on stroke incidence.

Moreover, alterations in sleep durations might also stem
from pre-existing chronic health issues or cerebrovascular
pathologies, which in turn could heighten the likelihood
of stroke. Besides confounding factors, clinical cohort
studies are also challenged by various other limitations
that can impact the reliability of their findings. The

Study Type

Sleep duration is associated with
stroke

Mutiple Factors

/—\ Sleep duration is not associated with

stroke

Integrate evidence

Figure 1: Research Methodologies and Outcomes in Stroke Studies. This diagram categorizes and compares different types of research methodologies: Cohort Studies,
Meta-Analysis, and Mendelian Randomization Studies. It illustrates their findings on the association between sleep duration and stroke risk, highlighting studies where
sleep duration is associated with stroke alongside those where no association was found. This visualization integrates evidence from multiple studies, factoring in various
contributing elements to provide a comprehensive overview of the research landscape
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majority of clinical studies lack standardized objective
measurements for sleep duration and instead rely on data
obtained through questionnaire surveys.!*”1 Self-reported
sleep duration is often longer than objectively measured
sleep duration and this trend is observed across
different racial groups.!''! Self-reported sleep time
is subjective and influenced by subjective feelings.
Self-reporting suffers from issues such as recall bias,
vague event definitions, background differences, and
sleep disorders that may affect the assessment of sleep
time.*”! To accurately assess sleep duration, an objective
measurement of sleep time is needed. The most commonly
used methods for evaluating objective sleep duration
are polysomnography and actigraphy.?!! Furthermore,
the majority of experiments did not examine natural
short sleepers and long sleepers.'*” Due to individual
differences, the assessment of sleep quantity should be
based on the deviation from an individual’s optimal
sleep duration.”

Expanding on the findings from cohort studies,
meta-analyses provide a broader perspective by
including data from multiple studies. The results from
these meta-analyses indicate how deviation from a
standard 7-h nightly sleep duration, each hour increase
or decrease in sleep significantly escalates the risk of
stroke.>*! The meta-analysis similarly explored the
influence of sleep duration on the occurrence of various
subtypes of stroke; however, it arrived at a conclusion
different from the cohort study.?* The meta-analysis
found that prolonged sleep duration increases the risk of
hemorrhagic stroke, whereas insufficient sleep does not
increase the risk of hemorrhagic stroke.” Meta-analyses
offer more robust evidence than cohort studies by
synthesizing data from multiple clinical investigations.
This approach not only enhances the overall sample
size, facilitating a more vigorous examination of the
relationship between sleep duration and stroke but also
standardizes the quality across studies, increasing the
reliability of the findings. Despite these advantages over
cohort studies, meta-analyses are not without limitations.
The selection process may inadvertently exclude relevant
studies, and these analyses are often vulnerable to
various forms of bias — such as publication bias, time-lag
bias, selective reporting bias, and language bias — which
can skew the results and diminish the generalizability
of the conclusions.®!

Considering the limitations of cohort studies and
meta-analysis, we explored another type of research
studies. We reviewed Titova et al.’s Mendelian
randomization study and Lu et al.’s Mendelian
randomization study. Both studies found that there is
no direct association between sleep duration and the
occurrence of total stroke, as well as the occurrence
of different subtypes of stroke.’*! In Lu et al.’s study,
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there is weak evidence suggesting that insufficient sleep
increases the risk of cardioembolic stroke, whereas
long sleep duration increases the risk of large artery
stroke.! Conversely, in Titova et al.’s study, weak
evidence suggests that shorter sleep duration increases
the risk of large artery stroke.! In these Mendelian
randomization study examining the relationship
between sleep duration and cerebrovascular diseases,
researchers chose genetic loci associated with sleep
duration as the exposure factor to explore its relationship
with stroke incidence. The process of genotype formation
follows Mendel's second law of independent assortment
of alleles, like the random allocation principle of a
randomized controlled trial."! Therefore, Mendelian
randomization studies not only can establish causal
relationships but also can reduce the influence of
confounding factors. However, the conclusions from
Mendel’s randomized study and observational study
are inconsistent. Inconsistencies between Mendelian
randomization studies and observational study results
may indicate that the influence of sleep duration on
stroke occurrence is determined by multiple factors.
Mendelian randomization studies, while powerful,
come with fundamental limitations. One significant
restriction is the limited availability of single nucleotide
polymorphisms, especially those linked to long
sleep duration.*?! In addition, these studies often
grapple with small sample sizes, which is particularly
problematic in research involving hemorrhagic stroke
samples.’? These limitations can affect the robustness
and generalizability of the findings. Studies have
revealed that both excessively long and excessively
short sleep durations are associated with an increased
risk of stroke mortality.**?! Consequently, managing
and regulating sleep duration could potentially enhance
stroke prognosis.

Sleep Duration on Other Brain Pathology

Beyond its influence on stroke, sleep may also impact
various other brain diseases, including Alzheimer’s
disease (AD), Parkinson’s disease (PD), and cerebral
small vessel disease.”! The pathological hallmark
of PD is the deposition of a-synuclein protein within
neurons, resulting in neuronal death.P Reduced levels
of misfolded alpha-synuclein (cerebrospinal fluid [CSF]
o-syn) have been found in the CSF of PD patients."! Both
excessively long and excessively short sleep durations
can decrease CSF a-syn.! AD is pathologically
characterized by the deposition of AP and tau proteins in
the brain, where 3-amyloid aggregates form extracellular
plaques and tau proteins form neurofibrillary tangles
within neurons.®>®! In patients with AD, an increase
in tau protein has been observed in CSF.** Short sleep
duration increases tau protein in CSF.! As a result,
monitoring and intervening in sleep duration could serve
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as a practical and effective approach to prevent not only
stroke but also other related diseases concurrently.

Mechanistic Studies on How Sleep
Duration Affects Brain Pathology

While current exploration of the relationship between
sleep and stroke incidence and prognosis remains at
the level of correlation, a few studies delved into the
mechanism underlying this relationship. Insufficient
sleep not only directly affects stroke by altering cerebral
blood vessels and blood flow, but it also indirectly
influences stroke by increasing the incidence of
atrial fibrillation, hypertension, hyperlipidemia, and
hyperglycemial®*! [Figure 2].

Current studies suggest that insufficient sleep may
lead to endothelial inflammation and oxidative stress,
potentially resulting in endothelial procoagulant state
and reduced production and bioavailability of nitric
oxide (NO)."#I NO plays a crucial role in endothelial
normal function, and insufficient sleep can impair
NO-mediated vasodilation, leading to decreased
vascular compliance.*#! Prolonged sleep deprivation
can push the vascular system to a critical level, impairing
functions like blood flow delivery.*!

Besides sleep duration, sleep patterns can also lead to
endothelial dysfunction or vascular structural damage.*!!
However, the specific pathways through which sleep
leads to endothelial and vascular dysfunction require
further examination. In addition to the direct impact
of sleep duration on stroke, insufficient sleep increases
the incidence of atrial fibrillation, hypertension,
hyperlipidemia, and hyperglycemia,***! which may
indirectly affect stroke incidents. Previous studies have
demonstrated that atrial fibrillation, hypertension,

Figure 2: Mechanisms of Stroke-Related Complications. This flowchart delineates
the direct and indirect pathways through which conditions such as hyperlipidemia,

hyperglycemia, hypertension, and atrial fibrillation impact blood vessels and blood
follow, contributing to the pathogenesis of stroke-related complications

Blood vessels

Blood flow

Atrial fibrillation

Hypertension

Hyperglycemia

Hyperlipidemia

hyperlipidemia, and hyperglycemia all elevate the risk of
stroke.[®¥#50 Therefore, atrial fibrillation, hypertension,
hyperlipidemia, and hyperglycemia may serve as
intermediate factors mediating the influence of sleep
duration on the incidence of stroke. Basic research
examining the relationship between sleep duration and
brain health has primarily concentrated on the effects of
sleep deprivation and restriction.*>*%l However, there
is a notable lack of studies exploring how prolonged
sleep duration impacts brain function. Currently, animal
studies on sleep duration and stroke face a significant
challenge in establishing a mouse model for long sleep
duration. This is due to challenges in identifying a simple
and feasible external stimulus to increase the sleep
duration of mice. Sleep deprivation, as a stressor, can
induce physiological and psychological stress responses,
thereby influencing the exploration of the relationship
between sleep duration and stroke incidence.®**! Sleep
deprivation is often caused by external stimuli, which
can induce exogenous stress in mice. Physiological
stress activates the hypothalamic—pituitary—adrenal axis,
leading to increased secretion of cortisol.”™ Cortisol is a
major stress hormone. Besides cortisol, during the stress
process, levels of other hormones such as vasopressin,
catecholamines, and aldosterone also increase. The
action of multiple hormones during stress responses
leads to elevated blood sugar and blood pressure,
increased coagulation, and compromised immunity
in mice, all of which may increase the risk of stroke
occurrence. [#7485¢]

In addition, sleep deprivation alters the homeostasis
of sleep, causing psychological stress when mice
cannot obtain sufficient sleep. Studies have shown
that increased psychological stress can raise the risk of
stroke.**! Therefore, stress-induced responses can act
as confounding factors when investigating the impact of
sleep deprivation on stroke incidence. The physiological
and psychological stress responses triggered by sleep
deprivation may amplify the relationship between
sleep duration and stroke incidence. Sleep regulation
primarily relies on the activation and inhibition of
sleep-active neurons. To eliminate interference from
external factors, sleep-active neuron activity can be
modulated.® This modulation can be achieved through
chemogenetics and optogenetics activation.[®4 For
example, modulating the activity of A2AR neurons in
the nucleus accumbens through chemical genetics and
optogenetics regulates sleep in mice.!

Regulation of sleep duration can also be manipulated
genetically. The LKB1-SIK3-HDAC4-CREB pathway in
neurons is known to modulate sleep duration.® Studies
have shown that knocking out genes such as LKB1 or
HDACH4 can lead to reduced sleep duration. However,
given the complexity of brain neural circuits, further
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research is necessary to ascertain whether activating or
inhibiting these neural circuits affects the production of
stress hormones or influences the risk of stroke.

Additional Sleep-related Factors Impacting
Stroke Risk

Not only does sleep duration affect the incidence of stroke
but also sleep quality and sleep patterns can influence
the occurrence rate of stroke. Recent observational
studies have indicated that daytime napping, insomnia,
OSA, and poor sleep quality are all associated with an
increased risk of stroke.l"’>!”1 Research has found that
a healthy sleep pattern can reduce the incidence of
stroke.®>%3 Furthermore, there may be mutual influences
between sleep duration, sleep quality, and sleep patterns
to increase stroke incidence.”# The quality and pattern
of sleep not only impact the occurrence of stroke but
also have effects on AD and PD.%¢I Research indicates
that poor sleep quality and daytime sleepiness can
lead to an increase in tau protein in CSFE.[! Daytime
sleepiness, poor sleep quality, as well as both excessively
long or short sleep durations, can result in a decrease in
o-synuclein in the CSF.[26

It is essential to comprehensively evaluate sleep
duration, other sleep patterns, and sleep quality. Sleep
assessment should undergo comprehensive evaluation
from multiple perspectives. Currently, there are
several sleep assessment questionnaires, including
the Pittsburgh Sleep Quality Index for assessing sleep
quality,!®! the Berlin Questionnaire and the STOP
questionnaire for assessing OSA,*! the Athens Insomnia
Scale for assessing insomnia,!*”! and the Epworth
Sleepiness Scale for assessing excessive daytime
sleepiness (EDS)."' However, these questionnaires alone
cannot comprehensively evaluate multiple sleep patterns
and sleep quality. Recently, a Healthy Sleep Score has
been proposed, which comprehensively considers factors
such as sleep duration, insomnia, chronotype, snoring,
and daytime sleepiness.”!l Aboubakari Nambiema
researched the influence of the Healthy Sleep Score on
stroke occurrence and found that higher scores and
improvements in sleep scores were associated with a
decreased incidence of stroke.[*

Notably, epidemiological studies demonstrating that
poor sleep is a risk factor for stroke are insufficient.
In clinical practice, more objective evidence is needed
to prove that sleep duration, sleep quality, and sleep
patterns are risk factors for stroke. Researchers can also
integrate neuroimaging, biochemical, and other relevant
examinations to further elucidate the impact of sleep
on stroke. White matter hyperintensities (WMHSs) and
fractional anisotropy (FA) are neuroimaging biomarkers
of brain health.? Higher WMH and lower FA are
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both associated with increased stroke risk.”>”* Both
excessively long and short sleep durations are associated
with WMHs and decreased FA values.>”®! Not only
is sleep duration associated with WMH but also poor
sleep quality, delayed sleep onset, EDS, and snoring
are also detrimental to white matter microstructure.””!
Neuroimaging biomarkers precede stroke occurrence
and serve as strong predictors of stroke. Therefore,
combining sleep assessment with neuroimaging may
facilitate clinical practitioners in identifying brain
abnormalities.

Perspective and Prospective

Current research on sleep duration remains insufficient.
Although numerous clinical studies suggest that
both excessively long and short sleep durations are
associated with an increased risk of stroke, existing
research often relies on self-reported sleep duration,
lacking standardized and objective methods of
measurement. Future research could assess the
impact of objectively measured sleep duration on
stroke occurrence and compare it with the effects
of self-reported sleep duration on stroke incidence.
In addition, it is critical for observational studies to
control for confounding factors.

In addition to paying attention to the content and design
of clinical research, it is also necessary to consider the
strengths and limitations of different study designs. Both
cohort studies and Mendelian randomization studies
offer valuable insights but both have their strengths and
limitations. Therefore, it is essential to integrate evidence
from diverse study designs rather than solely relying on
one type of study to infer the causal relationship between
sleep duration and stroke incidence. Furthermore, while
observational studies to explain the relationship between
sleep duration and stroke incidence are insufficient,
neuroimaging may be used to provide auxiliary
evidence. In addition, sleep assessment should not be
limited to sleep duration alone but should also consider
factors such as sleep quality and other sleep patterns for
comprehensive evaluation [Figure 3].

Given the established link between sleep duration and
the incidence of stroke, clinical practitioners should
pay attention to sleep duration, sleep quality, and sleep
patterns. This approach will help in the assessment and
potential reduction of stroke risk.
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Sleep duration
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Figure 3: Comprehensive Assessment of Sleep Disorders. This diagram illustrates
the various aspects of evaluating sleep disorders, including insomnia, obstructive
sleep apnea, and other sleep-duration issues. It details different sleep patterns
and the auxiliary examinations used in diagnosis, such as biochemical tests
and neuroimaging. The figure highlights the interconnected nature of these
assessments in identifying and addressing poor sleep quality. OSA: Obstructive
sleep apnea
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