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Abstract

Coronary heart disease (CHD), which is characterized by the coronary arteries narrowing or becoming obstructed due to atherosclerosis,
leads to myocardial ischemia, hypoxia, or necrosis. Owing to an aging population and lifestyle changes, the incidence of CHD and
subsequent mortality rates continue to rise, making CHD one of the leading causes of disability and death worldwide. Hypertension,
diabetes, hyperlipidemia, smoking, obesity, and genetic factors are considered major risk factors for CHD; however, these factors do not
fully explain the complexity and diversity in the etiology of CHD. Sleep, an indispensable part of human physiological processes, is crucial
for maintaining physical and mental health. In recent years, the rapid pace of modern life has led to an increasing number of patients
experiencing an insufficient amount of sleep, declining sleep quality, and sleep disorders. Therefore, the correlation between sleep and
CHD has become a focal point in current research. This review aims to address the relationship between sleep duration, quality, and sleep
disorder-related diseases with CHD and emphasizes potential underlying mechanisms and possible clinical implications. Moreover, this
review aimed to provide a theoretical basis and clinical guidance for the prevention and treatment of CHD.
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1. Introduction sleep not only helps to restore physical strength, promote
tissue repair, and cell regeneration, but also enhances im-
mune function, regulates metabolic processes, and main-
tains the balance of the endocrine system [5,6]. However,
with the fast-paced lifestyle, an increasing number of peo-
ple are suffering from insufficient sleep, declining sleep
quality, and sleep disorders. In China, approximately one-
quarter of adolescents experience sleep disorders [7]. Fur-
thermore, with increasing age, the incidence of sleep dis-
orders tends to rise, with more than one-third of elderly
individuals reporting sleep disturbances [8]. Research has
shown that insufficient sleep, excessive sleep duration, poor
sleep quality, and sleep disorder-related diseases all in-
crease the risk of cardiovascular diseases (CVD), includ-
ing CHD, angina, and myocardial infarction. In contrast,
a healthy sleep pattern (such as early bedtime, 7-8 hours
of sleep per night, rarely or never suffering from insomnia,
no sleep apnea, and not frequently experiencing excessive
daytime sleepiness) can significantly reduce the incidence
of CHD, CVD, and stroke [9,10]. In 2022, the American
Heart Association updated its “8 Factors for Cardiovascu-
lar Health” assessment system, and for the first time, in-
corporating sleep health in the guidelines [11]. Therefore,
there exists a close and complex relationship between sleep
and CHD, as well as major adverse cardiovascular events
(MACE), which holds significant value for the prevention
and treatment of CHD.

Ischemic heart disease, also called coronary heart dis-
ease (CHD), is caused by the narrowing or obstructions of
coronary arteries as a result of the buildup of atherosclero-
sis, which can lead to myocardial ischemia and hypoxia,
and ultimately myocardial necrosis. Aging and lifestyle
changes have led to an increase in CHD which has resulted
in increased mortality, and is now a major global health
threat [1]. Although significant progress has been made
in the diagnosis and treatment of CHD over the past few
decades, the global economic burden of ischemic heart dis-
ease continues to increase [2]. The etiology and pathogen-
esis of CHD have long been a focus of research. The de-
velopment of CHD is a complex process affected by mul-
tiple risk factors including aging, smoking, obesity, hyper-
tension, diabetes, dyslipidemia, and genetic predisposition.
These risk factors promote the formation and progression of
coronary atherosclerosis through mechanisms such as lipid
infiltration, endothelial injury, smooth muscle cell prolif-
eration and migration, platelet aggregation, and thrombosis
[3]. However, the exact causes and mechanisms of CHD
remain unclear and require further investigation. A com-
prehensive understanding of the etiology and pathogenesis
of CHD is crucial for developing more effective preven-
tive measures, accurate diagnostic methods, and treatment
strategies.

Sleep is a basic physiological process that is essen-
tial to overall health and cardiovascular function [4]. Good
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Fig. 1. The Relationship Between Sleep and Coronary Heart Disease and Its Potential Mechanisms. OSA, obstructive sleep apnea.

This review addresses the relationship between sleep
duration, quality, and sleep disorder-related diseases with
CHD and emphasizes potential underlying mechanisms and
possible clinical implications. The aim is to offer a theoret-
ical foundation and clinical guidance for the prevention and
treatment of CHD. The graphical abstract is shown in Fig. 1.

2. The Correlation Between Sleep Duration
and CHD

The American Heart Association guidelines indicate
that the optimal sleep duration for adults is between 7 to 9
hours per night [11]. Another study suggests that the best
time to sleep is between 10 and 11 PM [12]. However, with
changes in lifestyle, the average sleep duration has grad-
ually decreased, and insufficient sleep has become an in-
creasingly common phenomenon [13]. A survey involving
444,306 participants showed that over one-third of the sub-
jects slept less than 7 hours per night, 23.0% of them slept 6
hours per night, and 11.8% slept less than 5 hours each night
[14]. The reduction in sleep duration is closely linked to
changes in lifestyle, such as intense work and study sched-
ules, the use of electronic devices before bed, and more
active nighttime social activities. Furthermore, sleep dis-
orders related diseases, such as insomnia and obstructive
sleep apnea (OSA), are significant contributors to sleep de-
privation [15]. The relationship between insufficient sleep
and CHD has been a focal point of research, with growing
evidence suggesting that inadequate sleep is closely linked
to the onset and progression of CHD. However, the relation-
ship between prolonged sleep duration and CHD remains

controversial. While some studies suggest that prolonged
sleep duration may elevate the risk of CHD, others have
reported no significant association between extended sleep
and the risk of CHD [16,17].

Several studies have demonstrated a strong relation-
ship between decreased periods of sleep and the risk for
CHD. Ayas et al. [18] conducted a decade-long follow-
up of 71,617 initially healthy women to examine the asso-
ciation between self-reported sleep duration and the inci-
dence of CHD. After accounting for multiple potential con-
founders, such as snoring, body mass index, and smoking,
the adjusted relative risks for CHD (95% confidence inter-
val [CI]) were 1.45 (1.10-1.92) for those sleeping five hours
or less, 1.18 (0.98—1.42) for six hours, and 1.09 (0.91-1.30)
for seven hours. The Whitehall II study followed 10,308
healthy adults for 15 years and found that the relative risk
of CHD was highest among those with insufficient sleep
accompanied by sleep disorders (relative risk [RR]: 1.55,
95% CI: 1.33—1.81) [19]. Research has also shown that in-
dividuals with very short sleep durations (<5 hours) are also
closely associated with the occurrence of unstable angina
odds ratio [OR]: 3.241, 95% CI: 1.772-5.925) and my-
ocardial infarction (OR: 2.525, 95% CI: 1.113-5.728) [20].
Barger et al. [21] conducted a 2.5-year follow-up study
on 13,026 patients with acute coronary syndrome (ACS)
(within 30 days of onset). Patients who reported <6 hours
of sleep per night had a 29% higher risk of major coro-
nary events (MCE; CHD death, myocardial infarction, or
urgent revascularization) (adjusted hazard ratio [HR]: 1.29;
95% CI: 1.12-1.49; p < 0.001) compared with those with
longer periods of sleep. Additionally, for individuals who
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slept less than 6 hours on weekdays, sleeping an additional 2
hours on weekends was associated with a significant reduc-
tion in the incidence of angina, CHD, and other CVD [22].
These studies consistently suggest that insufficient sleep in-
creases the risk of CHD and MACE, making insufficient
sleep a potential risk factor for CHD.

Several prospective cohort studies have shown that
both short and long periods of sleep are associated with
an increased risk of CHD. Wang ef al. [23] conducted an
18-year follow-up study of 12,268 twin individuals without
CVD at baseline (mean age = 70.3 years) to examine the in-
cidence of CVD. In a fully adjusted Cox model, compared
to those sleeping 7 to 9 hours per night, the hazard ratios
(HRs) for CVD were 1.14 (95% CI: 1.01-1.28) for individ-
uals sleeping fewer than 7 hours and 1.10 (95% CI: 1.00-
1.21) for those sleeping 10 or more hours per night. An-
other large prospective cohort study [24] included 392,164
adults and analyzed the relationship between sleep duration
and CHD mortality. The results revealed that, compared to
the normal sleep duration of 6 to 8 hours per night, individ-
uals who slept less than 4 hours and more than 8 hours had
a 34% (HR: 1.34, 95% CI: 0.87-2.07) and 35% (HR: 1.35,
95% CI: 1.11-1.65) increased risk of death from CHD, re-
spectively. Furthermore, subgroup analyses by gender and
age showed that this U-shaped relationship was more pro-
nounced in women and the elderly. Other studies have also
indicated that individuals sleeping 7 hours per night have
the lowest all-cause, CVD, and other causes of mortality
rates [25]. Meta-analyses also indicate a U-shaped relation-
ship between sleep duration and CHD [26-28]. Yin ef al.
[27] identified a U-shaped relationship between sleep dura-
tion and the risks of all-cause mortality, total cardiovascu-
lar disease, CHD, and stroke, with the lowest risk observed
at around seven hours of sleep per day. Each one-hour de-
crease in sleep duration was associated with a pooled RR for
CHD of 1.07 (95% CI: 1.03—1.12), while each one-hour in-
crease corresponded to a pooled RR of 1.05 (95% CI: 1.00—
1.10). Therefore, both short and long sleep durations are
associated with CHD and MACE, but the optimal sleep du-
ration remains a subject of ongoing debate.

Although a U-shaped relationship has been widely re-
ported, several studies dispute the relationship of long sleep
duration to CHD risk and point to areas for future study. For
example, a study involving 20,432 participants aged 20—65
years without a history of CVD found no significant corre-
lation between long sleep duration (>9 hours) and the in-
cidence of CHD or CVD during a 10-15 year follow-up
period [16]. Genetic variants associated with continuous,
short (<6 h) and long (>9 h) sleep durations were used
to examine the causal associations with 12 CVDs among
404,044 UK Biobank participants of White British ances-
try. Additional analyses reinforced the detrimental impact
of genetically predicted short sleep duration on the risk of
5 out of 12 CVDs, specifically arterial hypertension, pul-
monary embolism, coronary artery disease, myocardial in-
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farction, and chronic ischemic heart disease (p < 0.001),
while also indicating a potential association with atrial fib-
rillation (p < 0.05). In contrast, no significant relationship
was observed between genetically predicted long sleep du-
ration and any form of CVD [17]. These findings challenge
the view that prolonged sleep duration increases the risk of
CHD and CVD, suggesting that the relationship between
long sleep duration and CHD, as well as other CVDs, re-
quires further investigation and confirmation.

3. The Correlation Between Sleep Quality
and CHD

Sleep quality includes subjective and objective mea-
sures such as sleep duration, efficiency, continuity, and
depth. In 1989, Buysse et al. [29] developed the Pittsburgh
Sleep Quality Index (PSQI), which assesses sleep quality
across seven components: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleeping medications, and daytime dys-
function. The PSQI reflects an individual’s sleep quality
over the past month and is currently one of the most com-
monly used tools for evaluating sleep quality. In 2022,
Nelson et al. [30] also conducted a conceptual analysis of
sleep quality and identified four key attributes: sleep effi-
ciency, sleep latency, sleep duration, and awakenings after
sleep onset. Good sleep quality is essential for an individ-
ual’s physical and mental health, quality of life, and overall
well-being. However, sleep quality has been declining in
modern society. Various factors, including physical condi-
tions (such as bodily illnesses), psychological factors (such
as stress, anxiety, and depression), environmental factors
(such as noise, light, and temperature), and the use of cer-
tain medications, can all negatively impact sleep quality.
Research has clearly indicated a significant association be-
tween sleep quality and both CVD and CHD [16,31,32].

Twig et al. [32] conducted a follow-up study involv-
ing 26,023 males (mean age: 30.9 + 5.6 years) over an
average period of 6.4 + 4.1 years to evaluate the associa-
tion between baseline sleep quality and the incidence of di-
abetes and CHD. The results revealed that poor sleep qual-
ity plays a role in the onset of both conditions, with its
impact increasing over time. Zhang et al. [33] also con-
ducted a survey on 27,935 participants (11,177 males and
16,758 women) from rural areas in Henan Province to ex-
plore the independent and interactive relationships between
nighttime sleep duration, sleep quality, and CHD. The re-
sults indicated that both poor sleep quality and insufficient
sleep duration were associated with an increased preva-
lence of CHD. Additionally, individuals with both insuf-
ficient sleep duration and poor sleep quality had the highest
proportion of CHD. Another study followed 9570 partici-
pants without CHD for 8 years, during which 411 partic-
ipants (4.29%) developed CHD [34]. After adjusting for
conventional CHD risk factors and sleep duration, the rela-
tive risks of CHD were significantly higher in the moderate
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sleep quality group (HR: 1.393; 95% CI: 1.005-1.931) and
the poor sleep quality group (HR: 1.913; 95% CI: 1.206—
3.035) compared to the good sleep quality group. Poor
sleep quality may represent a novel and modifiable risk fac-
tor for CHD, independent of traditional cardiovascular risk
factors, even when sleep duration remains within the nor-
mal range.

Poor sleep quality is a risk factor for disease pro-
gression and MACE in patients with coronary heart dis-
ease. Andrechuk et al. [35] assessed the relationship be-
tween sleep quality during hospitalization and the occur-
rence of MACE including cardiovascular death, recurrent
cardiovascular ischemic events, and stroke in patients with
acute myocardial infarction (AMI). The results showed that
12.4% of patients experienced MACE, and this was inde-
pendently associated with poor sleep quality. Yang et al.
[36] studied the relationship between sleep quality and the
severity of coronary artery lesions as well as prognosis in
young patients with ACS. The findings indicated that per-
sistent poor sleep quality is a contributing factor to the de-
velopment of complex coronary artery lesions. Moreover,
prolonged poor sleep quality (PSQI >5) was strongly linked
to a higher risk of MACE, with a HR of 4.266 (95% CI:
2.274-8.001). In diabetic populations, a healthy sleep pat-
tern is significantly associated with a reduced risk of CHD
and CVD mortality [37]. Some researchers argue that sleep
quality has a more significant impact on CHD than sleep
duration [38,39]. Therefore, improving sleep quality is not
only an effective way to enhance individual health but also
one of the key strategies for preventing CHD. Future re-
search should further explore the long-term benefits of im-
proved sleep quality on cardiovascular health and develop
new interventions to enhance public sleep quality.

4. The Common Sleep Disorders and Their
Association With CHD

Sleep disorders are common in adults and are fre-
quently linked to adverse outcomes, such as diminished
quality of life and heightened risk for mortality. Among the
most prevalent types are insomnia, OSA, and restless legs
syndrome (RLS) [40]. The connection between sleep dis-
orders and CHD has been a longstanding focus of research
in the medical and public health domains.

4.1 The Correlation Between Insomnia and CHD

Insomnia is the most common type of sleep disorder.
The American Academy of Sleep Medicine defines insom-
nia as a condition characterized by sufficient opportuni-
ties for sleep but with significant issues in the initiation,
consolidation, duration, or quality of sleep, accompanied
by daytime functional impairments [41]. The diagnosis of
chronic insomnia can be made when these symptoms occur
at least three times per week and persist for more than three
months. Daytime functional impairments include fatigue or
general discomfort, difficulties with concentration or mem-

ory, irritability or emotional instability, daytime sleepiness,
or any other form of impaired social or occupational func-
tioning. Studies have found that the prevalence of insom-
nia ranges from 15% to 24%, with an increasing trend over
time [42-44]. Short-term insomnia may lead to various
emotional problems, such as excessive daytime sleepiness,
mood swings, irritability, and heightened concerns about
sleep quality. Chronic insomnia, on the other hand, can
result in severe physical health issues, including cognitive
dysfunction, endocrine disturbances, and CVD [45]. In-
somnia, as a common sleep disorder, has been widely con-
firmed to be closely associated with an increased risk of
developing CHD.

Multiple studies have shown that insomnia not only
increases the prevalence of CHD but is also closely asso-
ciated with ACS and MACE [46-50]. More than one-third
of patients with ACS report moderate to severe insomnia
symptoms during their hospitalization [48]. Laugsand et
al. [49] conducted a follow-up study of 52,610 healthy par-
ticipants over a period of 11.4 years to assess the impact of
insomnia symptoms on the risk of AMI. After adjusting for
confounding factors, the risk of AMI was found to increase
by 27% to 45% due to various insomnia symptoms. The
symptom most strongly associated with myocardial infarc-
tion was difficulty falling asleep. Furthermore, when mul-
tiple insomnia symptoms were considered together, the re-
lationship between insomnia and myocardial infarction ex-
hibited a dose-dependent pattern. Frajd et al. [51] also con-
ducted a follow-up study of 1068 patients who had experi-
enced a myocardial infarction or undergone coronary artery
revascularization, with an average follow-up period of 4.2
years. The results showed that, compared to patients with-
out insomnia, those with insomnia had a 62% increased rel-
ative risk of experiencing MACE after adjusting for age and
sex (RR: 1.62; 95% CI: 1.24-2.11). Even after adjusting for
risk factors, cardiovascular comorbidities, and symptoms of
anxiety and depression, the association between insomnia
and MACE remained significant (RR: 1.41; 95% CI: 1.05—
1.89).

Several meta-analyses have further confirmed the as-
sociation between insomnia and an increased risk of CHD
and MACE. The results of these meta-analyses indicate that
insomnia is significantly associated with an increased inci-
dence of myocardial infarction (RR: 1.69, 95% CI: 1.41—
2.0). Sleep disturbances related to sleep initiation and main-
tenance are also associated with a higher incidence of my-
ocardial infarction (RR: 1.13; 95% CI: 1.04—1.23) [52]. An-
other meta-analysis, which included 13 prospective studies
and followed 122,501 participants without CVD for 3 to
20 years, found that insomnia was associated with a 45%
increased risk of CVD or death (RR: 1.45; 95% CI: 1.29—
1.62) [53]. Another meta-analysis, which included 17 co-
hort studies involving 311,260 individuals without base-
line CVD, found that the relative risk of CVD-related mor-
tality was 33% higher in individuals with insomnia (95%
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CI: 1.13-1.57) [54]. These findings highlight the potential
harm of insomnia to cardiovascular health and underscore
the importance of recognizing and managing insomnia in
clinical practice to mitigate its contribution to the risk of
CVD.

4.2 The Correlation Between OSA and CHD

OSA also known as obstructive sleep hypopnea syn-
drome, is another common sleep disorder-related condi-
tion. It is characterized by recurrent partial and complete
upper airway obstruction, leading to intermittent hypox-
emia, autonomic nervous system dysfunction, and sleep
fragmentation [55,56]. The symptoms of OSA include
frequent apneas, snoring, nocturnal awakenings, morning
headaches, daytime sleepiness, and difficulty concentrat-
ing, all of which severely affect the patient’s sleep qual-
ity and daily life. Studies suggest that approximately half
of the global population is affected by OSA [57]. As the
population of overweight and obese individuals continues
to grow, the prevalence of OSA is also steadily increasing.
The prevalence of OSA is even higher among patients with
CHD, stroke, heart failure, and arrhythmias, reaching 65%,
75%, 55%, and 50%, respectively [58]. Unfortunately, the
diagnosis of OSA remains suboptimal. Among individu-
als with clinically significant OSA identified in population
studies, as many as 86% to 95% of patients have not been
diagnosed with the condition [59]. In cardiovascular med-
ical practice, the recognition and treatment of OSA remain
insufficient.

Study has shown that moderate to severe OSA is as-
sociated with increased volume of total atherosclerosis in
patients with CHD [60]. The association remained signifi-
cant even after adjusting for cardiovascular risk factors such
as BMI, diabetes and high blood pressure. Mooe et al. [61]
found that the severity of hypoxemia during sleep is a major
determinant of ST-segment depression on the electrocardio-
gram, and that OSA patients are more likely to experience
AMI during the night. Hao et al. [62] recruited 1927 pa-
tients with ACS and conducted a follow-up for an average
of 2.9 years to assess the impact of OSA on the prognosis of
ACS patients. The results showed that OSA was indepen-
dently associated with the occurrence of MACE in ACS pa-
tients. In those with a history of myocardial infarction, OSA
increased the risk of MACE by 1.74 times (adjusted HR:
1.74; 95% CI: 1.04-2.90). OSA is also associated with an
increased risk of MACE in CHD patients following percu-
taneous coronary intervention. In patients with ST-segment
elevation myocardial infarction who also have OSA, the
survival rate without cardiovascular events over the subse-
quent 18 months is significantly lower [63]. Studies have
also shown that OSA is more likely to lead to coronary
artery calcification [64], plaque instability [65], and vul-
nerable plaques [66]. Data from the previous meta-analysis
showed that there is also a strong association between OSA
and cardiometabolic markers such as triglyceride-glucose
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index (TyQG), lipid accumulation product (LAP) and lipid
accumulation product (AIP) [67,68]. Therefore, long-term
OSA can affect the vasculature, heart, and brain, contribut-
ing to the development of CHD, heart failure, stroke, dia-
betes, and even an increased risk of mortality. The inclu-
sion of sleep assessment in cardiovascular risk stratification
is helpful for the early identification and intervention of pa-
tients with CHD and the prevention of adverse cardiovas-
cular events [69].

Continuous positive airway pressure (CPAP) is the pri-
mary treatment for OSA and can significantly improve pa-
tients’ sleep quality, daytime sleepiness, and overall qual-
ity of life. Studies have confirmed that CPAP not only im-
proves sleep symptoms in moderate to severe OSA patients
but can also lower blood pressure. Additionally, it can re-
duce troponin and brain natriuretic peptide (BNP) levels,
offering some improvement in myocardial injury [70]. A
study published in The Lancet followed OSA patients for
10.1 years and found that, among male patients, severe OSA
significantly increased the risk of both fatal and non-fatal
cardiovascular events, but that CPAP treatment was shown
to reduce this risk [71]. However, one study showed that
in CHD patients with non-somnolent OSA, routine CPAP
treatment does not significantly improve long-term cardio-
vascular outcomes [72]. Meta-analyses suggest that CPAP
use in CHD patients with OSA may help prevent subsequent
cardiovascular events. However, this finding has only been
confirmed in observational studies and has not been vali-
dated in randomized controlled trials [73]. Therefore, there
is still some controversy regarding whether CPAP treatment
can reduce the occurrence of MACE [74]. However, for
CHD patients, screening for OSA and providing appropri-
ate treatment are necessary [58].

4.3 The Correlation Between RLS and CHD

RLS is a common neuro-sensory-motor disorder char-
acterized by an uncontrollable urge to move the legs and
uncomfortable sensations in the legs, primarily occurring
at night and during periods of rest. It significantly impacts
sleep and quality of life and is one of the common sleep
disorder-related conditions [75]. A meta-analysis on the
epidemiology of RLS estimated that the prevalence of RLS
in the general population ranges from 5% to 8%. Most pa-
tients experience mild RLS symptoms, and the prevalence
of RLS gradually increases with age [76]. Studies have
shown that RLS often coexists with conditions that are as-
sociated with an increased risk of CHD, such as obesity, hy-
percholesterolemia, and diabetes [77,78]. It has also been
shown that the prevalence of RLS is related to coronary
artery disease and coronary artery disease severity [79]. It
is speculated that RLS may be related to vascular endothe-
lial dysfunction in CHD. Almuwaqgqat et a/. [80] conducted
a 5-year follow-up study of 3266 CHD patients undergo-
ing coronary angiography. After adjusting for demographic
and clinical risk factors, the results revealed that moderate
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to severe RLS patients had a significantly higher risk of ma-
jor adverse events (cardiovascular death or myocardial in-
farction) compared to those without RLS (HR: 1.33; 95%
CI: 1.01-1.76). This association was particularly more pro-
nounced in males. Therefore, moderate to severe RLS may
be an independent risk factor for cardiovascular adverse
outcomes. However, one study showed that primary RLS
is not associated with the onset of CVD or coronary artery
disease [81]. Therefore, the relationship between RLS and
CHD requires further investigation.

5. Potential Mechanisms of Poor Sleep
Leading to CHD

The impact of poor sleep on heart health is widely rec-
ognized in the scientific community; however, the specific
mechanisms by which poor sleep leads to CHD remain un-
clear. A summary of previous studies suggests that poor
sleep may promote the development of atherosclerosis and
CHD through mechanisms such as inflammation, oxidative
stress, autonomic nervous system dysfunction, metabolic
and endocrine disturbances, and coagulation abnormalities.

5.1 Inflammation

Inflammation has long been considered a key factor in
the development of atherosclerosis [82,83]. Inflammatory
mediators, such as tumor necrosis factor-alpha (TNF-«),
interleukin-17 (IL-17), interleukin-6 (IL-6), interleukin-17
(IL-17), and C-reactive protein (CRP), play important roles
in chronic inflammatory responses. These mediators can
promote lipid accumulation, thereby driving the develop-
ment and progression of atherosclerosis and CHD [84]. The
specific mechanisms by which poor sleep leads to CHD
and MACE remain unclear, but inflammation may be one
of the underlying mechanisms [85]. An animal study has
shown that prolonged sleep deprivation for four consecu-
tive days can lead to neutrophil aggregation and an inflam-
matory storm in mice, resulting in multi-organ dysfunction
[86]. In healthy adults, compared to adequate sleep, even a
single night of partial sleep deprivation (with sleep limited
to 4 hours) leads to a significant increase in the levels of
IL-6 and TNF-« produced by monocytes the following day
[87]. Partial sleep deprivation not only promotes the acti-
vation of lymphocytes and the production of inflammatory
mediators such as IL-15, IL-6, and IL-17, but even after
two nights of restorative sleep, these inflammatory media-
tors remain elevated, accompanied by increased heart rate
and serum CRP levels [88]. Parthasarathy ef al. [89] also
found in a prospective study that participants with chronic
persistent insomnia had a significantly higher cardiovascu-
lar and respiratory mortality rate, which was closely asso-
ciated with a marked increase in the level of inflammation.
In addition, the levels of inflammatory mediators are signif-
icantly elevated in OSA patients, and these inflammatory
markers increase the risk of atherosclerosis and the devel-
opment of CHD [90-92]. Wen et al. [93] also showed that,

compared to the OSA-only group, patients with both OSA
and CHD had significantly elevated levels of CRP, TNF-
«, IL-6, and interferon-y. Long-term periods of poor sleep
may lead to persistent changes in the immune system and a
chronic inflammatory state, increasing the risk of develop-
ing CHD and MACE. Therefore, sleep-targeted interven-
tions may become a new strategy for suppressing inflam-
mation and could have a significant impact on reducing the
risk of inflammation-related diseases.

5.2 Oxidative Stress

The dynamic balance between reactive oxygen species
(ROS) and antioxidants plays a crucial role in maintaining
normal cellular function. Oxidative stress induced by ex-
cessive ROS has become one of the primary mechanisms
driving the development of atherosclerosis [94]. Oxida-
tive stress can promote the formation and progression of
atherosclerosis through mechanisms such as inflammation,
endothelial dysfunction, and the proliferation and migra-
tion of endothelial cells and smooth muscle cells [95]. Poor
sleep is closely associated with oxidative stress, and there-
fore, oxidative stress may be another important mecha-
nism by which poor sleep contributes to the development
of CHD [96]. Vaccaro et al. [97] used experiments in
fruit flies and mice to demonstrate that sleep deprivation
leads to the accumulation of ROS and increases oxidative
stress levels in the body. The mortality caused by severe
sleep restriction may be due to oxidative stress. A ran-
domized crossover design study [98] also showed that six
weeks of sleep restriction impaired the ability of endothe-
lial cells to clear ROS, increased oxidative stress levels in
endothelial cells, and led to endothelial dysfunction. This
may, over time, increase the risk of developing CVD. Short-
term sleep restriction has also been associated with ele-
vated levels of myeloperoxidase, an enzyme involved in the
formation of oxidants. Myeloperoxidase can modify low-
density lipoprotein cholesterol into oxidized low-density
lipoprotein cholesterol, exacerbating endothelial damage
and lipid accumulation, thus promoting the progression of
atherosclerosis [99,100]. Nighttime intermittent hypoxia in
OSA patients is closely associated with increased oxidative
stress, elevated inflammatory cytokines, imbalance in ni-
tric oxide production, and endothelial injury. CPAP has
been shown to significantly improve oxidative stress, in-
flammation, and endothelial dysfunction caused by OSA
[101]. Therefore, poor sleep may promote the development
of atherosclerosis and CHD through oxidative stress. Good
sleep not only alleviates oxidative stress but may also have
a protective effect on cardiovascular health.

5.3 Autonomic Nervous System Dysfunction

The autonomic nervous system plays a crucial role in
maintaining cardiovascular homeostasis by regulating heart
rate, blood pressure, vascular tone, and cardiac contractil-
ity to ensure normal cardiovascular function. Dysregula-
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tion of the autonomic nervous system, particularly exces-
sive activation of the sympathetic nervous system, is closely
associated with various CVDs such as CHD, arrhythmias,
and hypertension [102,103]. Since it may be a potential
mechanism by which sleep problems contribute to CHD
and CVD, autonomic nervous system function has been
widely studied [104]. Most research data indicate that in-
sufficient sleep leads to excessive activation of the sympa-
thetic nervous system [105,106]. Compared to patients with
adequate sleep, those with insufficient sleep or insomnia
show significantly higher concentrations of norepinephrine
in both their blood and urine [107,108]. Sympathetic ner-
vous system overactivation caused by poor sleep leads to
an increased heart rate and reduced heart rate variability
[109]. Anincreased heart rate shortens ventricular diastolic
time and myocardial blood flow perfusion time, increasing
the risk of atherosclerosis, thrombosis, and myocardial is-
chemia. An epidemiological study has reported that hyper-
tension, a common risk factor for CHD, is closely linked to
sympathetic nervous system overactivation caused by in-
sufficient sleep [110,111]. Blood pressure fluctuations, hy-
poxemia, and hypercapnia caused by OSA can also activate
the sympathetic nervous system through pressure receptors,
as well as central and peripheral chemoreceptors [112—114].
Sympathetic activity increased significantly with increas-
ing severity of OSA [115]. Autonomic dysfunction caused
by insufficient sleep may also lead to endothelial dysfunc-
tion [116,117], inflammation [118], and an increased risk
of CHD and CVD. Therefore, interventions targeting au-
tonomic dysfunction caused by sleep disturbances may be-
come an effective strategy to reduce the risk of CHD and
improve patient outcomes.

5.4 Metabolic and Endocrine Disorders

The metabolic syndrome is a pathological condi-
tion characterized by abdominal obesity, insulin resistance,
hypertension, and hyperlipidemia. Each component of
metabolic syndrome contributes to an increased risk of
CHD [119]. Studies have shown a close association be-
tween insufficient sleep and obesity, which may be related
to increased hunger and appetite in sleep-deprived indi-
viduals, along with a reduction in daily physical activity
and energy expenditure [120—122]. Insomnia patients with
shorter sleep duration have a significantly higher risk of de-
veloping diabetes [123]. Insomnia can also lead to an in-
crease of nearly 23% in fasting blood glucose levels and
a nearly 48% increase in fasting insulin levels in diabetic
patients [124]. This suggests that insomnia not only in-
creases the risk of developing diabetes, but is also closely
associated with poor blood glucose control and insulin re-
sistance in diabetic patients. Wang ef al. [125] also sug-
gested that sleep patterns (such as sleep duration, sleep type,
insomnia, snoring, and daytime sleepiness) interact with
glucose tolerance in relation to CVD. Poor sleep patterns
may increase the risk of diabetes, thereby contributing to
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a higher prevalence of CVD. Liang et al. [126], using ge-
netic data, predicted a moderate association between short
sleep duration and metabolic syndrome, as well as several
of its core components, including central obesity, dyslipi-
demia, hypertriglyceridemia, and hyperglycemia. How-
ever, long sleep duration was not found to be associated
with metabolic syndrome or any of its components. Liu
et al. [127] also showed that genetically predicted insom-
nia is consistently associated with higher body mass index,
triglycerides, and lower high-density lipoprotein choles-
terol levels, with each of these factors potentially playing
a mediating role in the causal pathway between insom-
nia and various cardiovascular disease outcomes. There is
also evidence suggesting that insomnia patients, especially
those with objectively short sleep duration, exhibit signifi-
cantly increased hypothalamic-pituitary-adrenal (HPA) axis
activity, accompanied by elevated secretion of stress hor-
mones such as adrenal corticosteroids and cortisol [128—
131]. Chronic activation of the HPA axis and endocrine
dysfunction also increase the risk of developing metabolic
syndrome and CHD.

5.5 Abnormal Coagulation Function

Under normal physiological conditions, the body’s co-
agulation and fibrinolytic systems maintain a dynamic bal-
ance to prevent excessive bleeding and thrombus forma-
tion. Coagulation dysfunction, including increased activity
of coagulation factors, enhanced platelet function, or im-
paired fibrinolytic system activity, are key factors in the de-
velopment of CHD and MACE [132,133]. Platelets play a
crucial role in atherosclerosis and acute thrombotic events
[134,135]. One night of sleep deprivation can promote the
release of extracellular vesicles into the bloodstream, in-
ducing platelet activation and increasing the risk of throm-
bosis [136]. Other studies [137,138] suggest that OSA
not only promotes platelet activation but also impairs fibri-
nolytic system function, leading to a hypercoagulable state.
This may be related to intermittent hypoxia, increased sym-
pathetic nervous activity, systemic inflammation, and en-
dothelial dysfunction induced by OSA. A hypercoagula-
ble state and impaired fibrinolytic system function can lead
to thrombotic events, which is one of the potential mech-
anisms linking OSA to adverse cardiovascular and cere-
brovascular events. In healthy individuals, sleep disrup-
tion significantly increases the levels of soluble tissue fac-
tor and von Willebrand factor in the blood, suggesting that
sleep disruption is associated with elevated biomarkers of
thrombotic risk in the cardiovascular system [139]. Addi-
tionally, plasma levels of von Willebrand factor are signif-
icantly higher in individuals with a nightly sleep duration
of either less than 7 hours or more than 7 hours compared
to those with a sleep duration of 7 hours per night [140].
Therefore, coagulation dysfunction is one of the important
mechanisms through which poor sleep contributes to the de-
velopment of CHD and MACE.
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6. Conclusion

Sleep duration, sleep quality, and sleep-related dis-
orders are intricately linked to the development of CHD
and the incidence of MACE. Poor sleep may contribute to
the development of CHD and MACE through several path-
ways, including inflammation, oxidative stress, autonomic
dysfunction, metabolic and endocrine disorders, and coagu-
lation abnormalities. Therefore, incorporating sleep assess-
ment into cardiovascular risk stratification and early identi-
fication and intervention strategies are essential for the pre-
vention of CHD and MACE. However, the precise mecha-
nisms through which poor sleep leads to CHD remain un-
clear, and maintaining healthy sleep patterns continues to
be a challenge. Further research is necessary to define these
mechanisms and to develop better strategies to promote im-
proved sleep duration and quality into clinical practice to
decrease the incidence of CHD and MACE.
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