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ABSTRACT

Introduction and Aim: Sleep is a fundamental physiological process that plays a critical role
in immune regulation. It modulates both innate and adaptive immunity by influencing cytokine
production, immune cell activity and inflammatory responses. Disruptions in sleep architecture
have been associated with increased susceptibility to infection, enhanced systemic
inflammation and the progression of chronic diseases. This review examines the mechanisms
underlying the bidirectional relationship between sleep and immune function, highlighting the
consequences of sleep disorders and potential therapeutic strategies.

Materials and methods: A comprehensive analysis of articles available on PubMed and
Google Scholar was undertaken by entering keywords in appropriate configuration: sleep/
disrupted sleep/ immune system/ inflammation.

Current State of Knowledge: Adequate sleep, particularly slow-wave sleep (SWS), enhances
immune function by promoting cytokine release and supporting the activity of natural killer
(NK) cells and antigen-presenting cells. Chronic sleep deprivation disrupts this balance, leading

to immune suppression, reduced vaccine efficacy and impaired immunological memory.
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Furthermore, persistent sleep disturbances contribute to the pathogenesis of autoimmune
diseases, metabolic disorders, cardiovascular dysfunction and neurodegenerative conditions by
promoting systemic inflammation, oxidative stress and circadian misalignment.

Conclusions: Improving sleep quality through behavioural interventions, pharmacological
treatments and anti-inflammatory therapies may enhance immune resilience and reduce disease
risk. As the evidence linking sleep disturbance to immune dysfunction continues to grow,
further research is needed to explore targeted therapeutic approaches that integrate sleep
regulation as a key component of immune health.

Keywords: sleep, disrupted sleep, immune system, inflammation, immune response

1. Introduction

Sleep is a fundamental, evolutionarily conserved process that is critical for maintaining
homeostasis and optimal health. It is characterised by a reversible state of reduced interaction
with the environment, accompanied by distinct patterns of brain activity, autonomic regulation
and hormonal fluctuations. Sleep is regulated by a complex interaction between circadian
rhythms, controlled by the suprachiasmatic nucleus, and homeostatic mechanisms that depend
on previous wakefulness. This cyclical process is divided into two main phases: non-rapid eye
movement (NREM) sleep and rapid eye movement (REM) sleep, which alternate in

approximately 90-minute cycles throughout the night [1].

NREM sleep is further subdivided into stages N1, N2 and N3, with the latter, also known as
slow-wave sleep (SWS), playing a critical role in physical recovery, energy conservation and
immune modulation. During SWS, there is a significant reduction in sympathetic activity and
a corresponding increase in parasympathetic tone, promoting a state of physiological recovery.
Conversely, REM sleep, characterised by vivid dreams, muscle atonia and increased brain
activity, is critical for cognitive functions, including memory consolidation and emotional
regulation [2]. Notably, these phases are closely intertwined with immune processes,

highlighting the bidirectional relationship between sleep and immune function.



The immune system is a complex, dynamic network that serves as the body's defence
mechanism against pathogens while maintaining internal balance. It comprises two
interdependent branches: the innate immune system, which provides immediate, non-specific
responses, and the adaptive immune system, which provides targeted and long-lasting immunity
through antigen recognition and immunological memory. Cytokines, chemokines and other
signalling molecules act as messengers, coordinating the recruitment, activation and
differentiation of immune cells such as macrophages, natural killer (NK) cells, T lymphocytes
and B lymphocytes [3].

Importantly, sleep has been shown to play a critical role in modulating immune responses.
During NREM sleep, there is a marked increase in the production of pro-inflammatory
cytokines, such as interleukin-1p (IL-1B) and tumour necrosis factor-alpha (TNF-a), which
promote immune cell activation and trafficking. Sleep also promotes the redistribution of T
cells, monocytes and dendritic cells to lymphoid tissues, facilitating antigen presentation and
immune surveillance [1]. In addition, the reduction in stress hormones such as cortisol during

NREM sleep provides an environment conducive to immune activation.

REM sleep complements these processes by contributing to the resolution of inflammation and
the consolidation of immunological memory. Studies suggest that specific sleep phases support
clonal expansion of T and B lymphocytes and enhance antibody production, key components
of the adaptive immune response. Conversely, sleep deprivation or disruption can dysregulate
these processes, leading to impaired immune function, increased systemic inflammation, and

increased susceptibility to infection and chronic disease [3][4].

The interaction between sleep and the immune system is particularly relevant in the context of
inflammation. Sleep disturbances have been associated with elevated levels of pro-
inflammatory markers such as C-reactive protein (CRP) and interleukin-6 (IL-6), linking poor
sleep to the pathogenesis of inflammatory diseases, including cardiovascular disease, metabolic
syndrome and autoimmune diseases [5]. In addition, the restorative effects of sleep on the

immune system highlight its therapeutic potential in alleviating inflammatory conditions.

In summary, sleep and immune function are deeply intertwined, with sleep acting as a critical
regulator of both innate and adaptive immune responses. This review will explore the
mechanistic pathways underlying the influence of sleep on immunity and highlight its
implications for health and disease. By elucidating the role of sleep in immune modulation, we
aim to provide insights into novel therapeutic strategies to optimize health and prevent immune-

mediated disorders.



1.1 Materials and methods

A comprehensive analysis of articles available on PubMed and Google Scholar was undertaken
by entering keywords in appropriate configuration: sleep/ disrupted sleep/ immune system/

inflammation/immune response.

2. Sleep, the immune system and infections

Sleep plays a critical role in modulating immune function, with important implications for host
defence against infection. This chapter explores the complex relationship between sleep
patterns and the immune system, highlighting how disruptions in sleep affect susceptibility to

infectious disease and the course of infection.

2.1 Sleep and innate immunity

The innate immune system serves as the first line of defence against pathogens, relying on
components such as macrophages, neutrophils and natural killer (NK) cells. Sleep exerts a
regulatory effect on these components, enhancing their activity and promoting effective
immune responses. For instance, studies have shown that sleep deprivation impairs NK cell
activity, which is essential for controlling viral infections and limiting their spread [6][7].
Neutrophil function, including phagocytosis and oxidative burst capacity, is also reduced in the
absence of adequate sleep, compromising the body's ability to eliminate bacterial pathogens
[4].

Moreover, sleep facilitates the release of pro-inflammatory cytokines such as interleukin-1 beta
(IL-1B) and tumour necrosis factor-alpha (TNF-a), which are critical for initiating immune
responses during early infection [8]. These cytokines exhibit circadian fluctuations, with peak
levels coinciding with sleep periods, suggesting a reciprocal relationship between sleep and

innate immunity [9].

2.2 Sleep and adaptive immunity

Adaptive immunity, characterised by antigen-specific responses mediated by T and B
lymphocytes, is also profoundly influenced by sleep. Sleep deprivation disrupts the production
of interleukin-2 (IL-2), a cytokine essential for T cell proliferation and differentiation [9]. In
addition, studies have shown that sleep enhances the formation of immune memory, a process
in which antigen-specific T and B cells are generated to provide long-lasting protection against
subsequent infections [1].



Consolidation of immune memory occurs predominantly during slow-wave sleep (SWS), a
phase associated with increased interaction between dendritic cells and T cells in lymphoid
tissues [10]. Disruption of SWS by chronic sleep restriction has been associated with reduced

vaccine efficacy, as evidenced by lower antibody titres following immunisation [11].

2.3 The bidirectional relationship between sleep and infection

Infections themselves can alter sleep architecture, creating a bidirectional relationship between
sleep and the immune system. During the acute phase of infection, the body's immune response
often induces sleepiness, a phenomenon mediated by increased production of cytokines such as
IL-1B and TNF-a [6]. This disease-induced sleep is thought to facilitate recovery by promoting

host defence mechanisms and energy conservation.

Conversely, chronic infection and inflammation can lead to fragmented sleep and insomnia,
further compromising immune function. For example, patients with diseases such as HIV and
hepatitis C virus (HCV) infection often experience disrupted sleep patterns, which exacerbate

disease progression by weakening immune responses [12][13].
2.4 Clinical implications and therapeutic strategies

Understanding the interplay between sleep and immunity provides opportunities for therapeutic
interventions aimed at improving infection outcomes. Strategies such as cognitive behavioural
therapy for insomnia (CBT-I) and pharmacological agents such as melatonin can restore normal
sleep patterns, thereby enhancing immune resilience [3]. For example, melatonin
supplementation has been shown to improve sleep quality and reduce the severity of infections
by modulating inflammatory responses and oxidative stress [14].

In addition, optimising sleep hygiene may improve vaccine efficacy, particularly in populations
at risk of severe infections. Promoting adequate sleep duration and quality prior to vaccination
has been associated with improved antibody responses, highlighting the role of sleep as an
adjunct to immunisation strategies [15].

2.5 Conclusion

The relationship between sleep, the immune system and infection highlights the critical role of
restorative sleep in maintaining host defences. Sleep deprivation not only impairs innate and
adaptive immune responses, but also exacerbates the course of infectious diseases. Conversely,
interventions aimed at improving sleep have the potential to reduce the severity of infection and

improve recovery. Future research should continue to elucidate the molecular mechanisms



underlying this relationship and explore innovative approaches to integrate sleep health into

infection prevention and treatment protocols.

3. Sleep deprivation and autoimmune diseases

Sleep deprivation has profound effects on the immune system, with evidence suggesting that it
plays a critical role in the development and progression of autoimmune diseases. Autoimmune
diseases are characterised by an abnormal immune response against the body's own tissues, and
sleep disturbance may exacerbate these pathological mechanisms. This section reviews the
current evidence linking sleep deprivation and autoimmunity, focusing on both molecular and

clinical perspectives.

3.1 The impact of sleep deprivation on immune dysregulation

Sleep plays a fundamental role in the maintenance of immune homeostasis. Chronic sleep
deprivation disrupts the balance between pro- and anti-inflammatory mediators, creating a
systemic environment conducive to autoimmune pathogenesis [16]. Pro-inflammatory
cytokines such as interleukin-6 (IL-6), tumour necrosis factor-alpha (TNF-a) and interferon-
gamma (IFN-y) are upregulated during periods of insufficient sleep [3]. These cytokines are
known to drive the chronic inflammation observed in autoimmune diseases such as rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), and multiple sclerosis (MS) [17][18].

In addition, sleep deprivation alters the activity of regulatory T cells (Tregs), which are essential
for suppressing exaggerated immune responses and maintaining tolerance to self-antigens.
Reduced Treg activity has been implicated in the breakdown of self-tolerance, a hallmark of
autoimmunity [19]. In experimental models, mice subjected to chronic sleep restriction showed
exacerbated autoimmune responses, including increased antibody production and tissue

inflammation [20].

3.2 Circadian disruption and autoimmune diseases

Sleep deprivation is often associated with circadian disruption, which exacerbates immune
dysfunction. Circadian genes, including CLOCK and BMAL1, regulate key aspects of immune
activity such as cytokine production and lymphocyte trafficking [21]. Disruption of these
rhythms due to irregular sleep patterns or prolonged wakefulness has been implicated in the
development of autoimmune diseases. For example, patients with circadian misalignment show

increased disease activity in diseases such as RA and SLE [18][22].

The gut microbiome is another mediator linking circadian rhythms and autoimmunity. Sleep

deprivation alters the composition of the gut microbiota, promoting the growth of pro-



inflammatory species and impairing gut barrier function [23]. This "leaky gut" phenomenon
facilitates the translocation of bacterial antigens into the systemic circulation, triggering

autoimmune responses [23].
3.3 Clinical evidence for sleep deprivation in autoimmune diseases

Clinical studies have shown a strong association between sleep disturbance and disease severity
in autoimmune diseases. For example, patients with RA often report poor sleep quality, which
correlates with increased levels of inflammatory markers and joint pain [18]. Similarly, in SLE,
sleep deprivation is associated with increased disease activity, with fatigue and cognitive

impairment being common manifestations [22][24].

In MS, sleep deprivation exacerbates neuroinflammation and accelerates disease progression.
Studies have shown that patients with MS who experience chronic sleep loss are at increased
risk of relapse and disability progression, highlighting the importance of sleep as a modifiable
risk factor [25].

3.4 Mechanisms underlying the link between sleep and autoimmunity

Several molecular pathways have been proposed to explain how sleep deprivation contributes
to autoimmunity. Oxidative stress is a key mediator, as insufficient sleep impairs the body's
antioxidant defences, leading to increased production of reactive oxygen species (ROS) [16].
ROS can damage cellular components, expose intracellular antigens and trigger autoimmune

responses [16].

In addition, chronic sleep deprivation disrupts the function of the hypothalamic-pituitary-
adrenal (HPA) axis, leading to dysregulated cortisol secretion. Cortisol is a major
immunosuppressive hormone, and its dysregulation can amplify inflammation and autoimmune
activity [26]. This relationship is particularly evident in stress-induced autoimmune flares,

where sleep deprivation is an exacerbating factor.

3.5 Therapeutic implications

Interventions aimed at improving sleep quality may represent a novel strategy for the
management of autoimmune diseases. Cognitive behavioural therapy for insomnia (CBT-I) and
sleep hygiene education have shown promise in reducing inflammatory markers and improving
symptoms in patients with autoimmune diseases [3][27]. Pharmacological approaches, such as
the use of melatonin, have also been investigated. Melatonin supplementation not only restores
circadian rhythms, but also exhibits immunomodulatory properties, including suppression of

pro-inflammatory cytokines and enhancement of Treg activity [28].



Future research should focus on integrating sleep-focused interventions into standard
autoimmune disease management. Large-scale clinical trials are needed to establish the efficacy
of these approaches and to elucidate the complex interactions between sleep, immunity and

autoimmunity.

3.6 Conclusion

Sleep deprivation plays a critical role in the development and progression of autoimmune
diseases by disrupting immune regulation and promoting systemic inflammation.
Understanding the mechanisms linking sleep and autoimmunity provides valuable insights into
potential therapeutic strategies. By prioritising sleep as a modifiable risk factor, clinicians may
be able to improve outcomes for patients with autoimmune diseases and improve overall quality
of life.

4. Sleep, the Immune System, and Cancer

Sleep is a vital physiological process with profound effects on immune function and emerging
links to cancer risk and progression. Understanding the interplay between sleep, the immune
system and oncological outcomes provides insights into potential therapeutic interventions

aimed at improving both quality of life and clinical prognosis in cancer patients.

4.1 Sleep and immune regulation

Sleep modulates the activity of key components of the immune system, including natural Killer
(NK) cells, T lymphocytes and cytokine production. NK cells play a central role in immune
surveillance by recognising and destroying tumour cells [29]. Studies have shown that even
short-term sleep deprivation can significantly impair NK cell activity, reducing the body's
ability to eliminate malignant cells [30]. Chronic sleep disturbance exacerbates these effects,

leading to long-term dysregulation of immune homeostasis [7].

Sleep also affects the balance of pro- and anti-inflammatory cytokines. Pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-a) are
upregulated during sleep deprivation, creating a systemic environment conducive to tumour
development and progression [31]. Conversely, restorative sleep supports anti-inflammatory

processes and enhances adaptive immunity [32].

4.2 Mechanisms linking sleep and carcinogenesis
Disruptions in sleep architecture, such as reduced slow-wave sleep (SWS) and fragmented rapid
eye movement (REM) sleep, are associated with altered melatonin production. Melatonin, a

hormone secreted primarily at night, has oncostatic properties, including inhibition of tumour
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cell proliferation and modulation of oxidative stress [14]. Melatonin suppression due to
circadian misalignment - a common consequence of shift work and chronic sleep deprivation -
is associated with an increased risk of cancer, particularly breast and prostate cancer
[28][33][34].

Sleep deprivation also affects DNA repair mechanisms. Insufficient sleep impairs the
expression of genes involved in DNA damage repair, thereby increasing the likelihood of
mutations that can initiate or exacerbate carcinogenesis. This relationship highlights the

importance of sleep as a protective factor against the accumulation of oncogenic mutations [35].

4.3 Sleep disorders in cancer patients

Sleep disorders, including insomnia and circadian rhythm disturbances, are common in cancer
patients, affecting up to 75% of those undergoing treatment [36]. Factors contributing to sleep
disturbance in this population include pain, anxiety, and side effects of therapies such as
chemotherapy and radiotherapy [37]. These disturbances exacerbate immune dysfunction,

promoting a vicious cycle of tumour progression and compromised host defences [36].

4.4 Therapeutic implications

Interventions aimed at improving sleep quality hold promise for improving immune function
and potentially slowing cancer progression. Non-pharmacological approaches such as cognitive
behavioural therapy for insomnia (CBT-1) and mindfulness-based stress reduction (MBSR)
have demonstrated efficacy in alleviating sleep disturbances in cancer patients [27]. These
therapies not only improve sleep, but also reduce levels of pro-inflammatory cytokines and
cortisol, a stress hormone implicated in tumour growth.

Pharmacological interventions, including melatonin supplementation, have also shown
potential benefits. In addition to improving sleep quality, melatonin may enhance the efficacy
of cancer treatments by modulating oxidative stress and promoting apoptosis in tumour cells
[38]. However, the long-term safety and efficacy of melatonin require further investigation

through large-scale clinical trials.

4.5 Conclusion

The complex relationship between sleep, the immune system and cancer highlights the
importance of addressing sleep disturbances in both healthy individuals and cancer patients. By
restoring normal sleep patterns, it may be possible to improve immune surveillance, reduce

systemic inflammation, and mitigate cancer risk and progression. Future research should
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continue to explore the mechanistic pathways linking sleep and oncogenesis, as well as the

therapeutic potential of sleep-focused interventions.

5. Sleep disorders and their association with metabolic and cardiovascular disease

Sleep disorders, including insomnia, obstructive sleep apnoea (OSA) and insufficient sleep
duration, are increasingly recognised as important contributors to the development and
progression of metabolic and cardiovascular diseases. Disrupted sleep patterns adversely affect
glucose metabolism, lipid regulation and blood pressure control, creating a cascade of effects
that increase the risk of type 2 diabetes mellitus (T2DM), atherosclerosis and other

cardiovascular complications [39][40].

At the metabolic level, sleep disturbances impair insulin sensitivity and exacerbate systemic
inflammation, critical factors in the pathogenesis of T2DM. Sleep deprivation has been shown
to impair glucose tolerance and increase levels of pro-inflammatory cytokines such as
interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-alpha), both of which contribute to
insulin resistance [41]. In addition, obstructive sleep apnoea, a common condition associated
with intermittent hypoxia, independently promotes metabolic dysfunction by activating

oxidative stress and sympathetic overdrive [42].

Cardiovascular health is also affected by sleep disorders. Epidemiological studies have found
strong associations between short sleep duration and increased risk of hypertension, coronary
heart disease and stroke [43][44]. Sleep deprivation disrupts nocturnal blood pressure dipping
patterns and increases arterial stiffness, increasing the risk of vascular injury [45]. Additionally,
OSA-induced nocturnal hypoxia contributes to endothelial dysfunction and promotes the

development of atherosclerotic plaques [46].

The bidirectional nature of these relationships is noteworthy; metabolic and cardiovascular
conditions may in turn disrupt sleep, creating a vicious cycle. For instance, individuals with
T2DM often experience nocturia and neuropathy-related pain, which impair sleep quality, while
individuals with cardiovascular disease often report insomnia or fragmented sleep due to

associated symptoms or medications [40].

Addressing sleep disorders as part of a holistic approach to the management of metabolic and
cardiovascular disease has therapeutic potential. Behavioural and pharmacological
interventions aimed at improving sleep quality may mitigate these adverse health outcomes,

highlighting the critical role of sleep in maintaining metabolic and vascular homeostasis.
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6. Sleep disorders and neurodegenerative diseases

Sleep disorders are increasingly recognised as a potential risk factor for, and early symptom of
neurodegenerative diseases. Emerging evidence highlights the bidirectional relationship
between impaired sleep and the pathogenesis of conditions such as Alzheimer's disease (AD),

Parkinson's disease (PD) and other neurodegenerative disorders.

6.1 Sleep and neurodegenerative pathology

Sleep disruption, particularly slow-wave sleep (SWS) disruption, has been linked to the
accumulation of pathological proteins such as beta-amyloid (AP) and tau, hallmarks of
Alzheimer's disease [47]. Research suggests that sleep deprivation reduces glymphatic
clearance of AP and tau, promoting their deposition in the brain [48]. Chronic insomnia and
reduced SWS have been associated with increased cerebrospinal fluid concentrations of these

proteins, suggesting impaired proteostasis during sleep deprivation [49].

Similarly, in PD, disrupted sleep and circadian rhythms exacerbate neuroinflammation and
oxidative stress, processes that are integral to dopaminergic neuronal loss [50]. REM sleep
behaviour disorder (RBD), characterised by the enactment of dreams, is often a prodromal
symptom of PD and other synucleinopathies, appearing years before motor symptoms manifest
[51].

Sleep disturbances contribute to neurodegenerative pathology through multiple mechanisms,
including neuroinflammation, oxidative stress and impaired synaptic plasticity. For example,
animal studies show that sleep restriction increases the production of pro-inflammatory
cytokines such as IL-6 and TNF-a, promoting a neurotoxic environment [52]. Furthermore,
sleep is critical for synaptic homeostasis, with disruptions leading to synaptic overactivity and

excitotoxicity, both of which are implicated in neurodegeneration [53].

6.3 Implications for therapeutic interventions

Addressing sleep disturbances in patients with neurodegenerative diseases is a promising
avenue for mitigating disease progression. Non-pharmacological interventions, such as
cognitive behavioural therapy for insomnia (CBT-I) and light therapy, have shown efficacy in
improving sleep and circadian alignment in patients with AD and PD [54]. In addition,
pharmacological strategies, including melatonin and orexin receptor antagonists, may restore
sleep architecture and reduce neurotoxic burden [55]. Importantly, early identification and

treatment of sleep disorders may delay the onset or progression of neurodegenerative diseases.
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6.4 Conclusion

The interplay between sleep disorders and neurodegenerative diseases highlights the critical
role of sleep in maintaining brain health. Sleep disruption accelerates neuropathological
processes, whereas therapeutic restoration of sleep may have neuroprotective potential. Further
research is essential to elucidate the precise mechanisms and to develop targeted interventions

to preserve cognitive and neurological function.

7. Sleep Disturbances in Hospitalized Patients

Sleep disturbances are a common problem among hospitalised patients and can have a
significant impact on their recovery, immune function and overall well-being. Hospitalisation
is often associated with a range of environmental, physiological and psychological stressors
that disrupt normal sleep patterns and worsen patient outcomes. This section examines the
mechanisms, prevalence and consequences of sleep disturbances in hospitalised patients, based

on current evidence.

7.1. Mechanisms of Sleep Disruption in Hospitals

Several factors contribute to sleep disturbance in hospitalised patients. The hospital
environment, characterised by noise, bright lighting and frequent interruptions, is a primary
determinant. Environmental noise, such as alarms, staff conversations, and medical equipment,
often exceeds the World Health Organization's recommended level of 35 dB for restful sleep
[56]. Bright lighting, especially during the night hours, interferes with the circadian rhythm by

suppressing the production of melatonin [28].

Physiological factors, including acute illness, pain and medication side effects, also affect sleep.
Pain, a common symptom among hospitalised patients, not only reduces sleep quality but also
perpetuates a cycle of increased sensitivity to pain due to sleep deprivation [57]. Medications
commonly used in hospital settings, such as corticosteroids and beta-agonists, are also

associated with sleep disturbances [58].

Psychological stressors, including anxiety, depression and fear associated with illness or
hospitalisation, are important contributors to sleep disturbance. Patients in intensive care units
(ICUs) in particular often experience heightened levels of stress and confusion, which

exacerbate sleep fragmentation [59].

7.2. Prevalence of Sleep Disturbances in Hospitalized Patients
Research suggests that sleep disturbances are very common in hospitalised patients, affecting

up to 70% of individuals [60]. Surgical patients experience significant reductions in both the
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quantity and quality of sleep, with studies reporting a 50% reduction in total sleep time in the
postoperative period [61]. ICU patients are particularly vulnerable, with sleep architecture
characterised by reduced slow-wave sleep (SWS) and rapid eye movement (REM) sleep, and

increased arousals [62].

7.3. Consequences of Sleep Disturbances in Hospitalised Patients

Sleep disturbances also impair wound healing and increase the risk of postoperative
complications. In surgical patients, reduced sleep is associated with prolonged hospital stays
and poorer functional recovery [57]. Furthermore, the psychological impact of sleep disruption
includes heightened levels of anxiety, depression, and delirium, particularly in ICU patients
[63].

7.4. Interventions to Improve Sleep in Hospitals

Addressing sleep disturbance in hospitalised patients requires a multifaceted approach.
Environmental modifications, such as reducing noise levels, dimming lights at night, and
minimising interruptions, have shown promise in improving sleep quality [61]. Non-
pharmacological interventions, including relaxation techniques, cognitive behavioural therapy

(CBT), and the use of earplugs and eye masks, can also improve sleep [59].

While effective, pharmacological strategies must be used with caution due to potential side
effects and risk of dependence. Sedative-hypnotic medications, such as benzodiazepines and
non-benzodiazepine hypnotics, can improve sleep duration but may impair cognitive function
and increase the risk of falls [62]. Melatonin and melatonin receptor agonists are safer
alternatives, particularly for intensive care patients [14].

7.5. Conclusion

Sleep disturbances in hospitalised patients are a multifaceted problem with profound
implications for recovery and overall health. Addressing the environmental, physiological and
psychological factors that contribute to poor sleep is critical to improving patient outcomes.
Future research should focus on the development and implementation of targeted interventions

to mitigate sleep disturbance in the hospital setting.

8. Anti-inflammatory therapies for sleep disorders

Chronic inflammation is increasingly recognised as both a consequence and a driver of sleep
disorders, creating a pathological feedback loop that exacerbates health outcomes. Targeting
inflammation through pharmacological and non-pharmacological means offers a promising

avenue for improving sleep quality and mitigating its associated adverse effects. Anti-
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inflammatory therapies, such as tumour necrosis factor-alpha (TNF-a) inhibitors, have been
shown to significantly improve sleep quality in patients with autoimmune and inflammatory
diseases, including rheumatoid arthritis (RA) and ankylosing spondylitis (AS) [64]. These
treatments reduce systemic inflammation and alleviate pain and fatigue, which contribute to

sleep disturbance [65].

Furthermore, biologic agents targeting the interleukin-6 (IL-6) and interleukin-1 (IL-1)
pathways also show potential for improving sleep disturbances by dampening the activity of
pro-inflammatory cytokines known to impair sleep architecture [7]. For example, tocilizumab,
an IL-6 receptor antagonist, has been shown to improve subjective sleep measures in RA

patients, highlighting the interconnection between inflammation and sleep regulation [66].

Non-pharmacological approaches, including dietary and lifestyle changes that reduce
inflammation, complement these therapies. Anti-inflammatory diets, exercise and stress-
reduction strategies have been found to modulate cytokine profiles and indirectly benefit sleep
outcomes [66]. These findings highlight the importance of an integrated approach to the
treatment of sleep disorders, combining anti-inflammatory interventions with sleep-focused

therapies for optimal outcomes.
Conclusions

The relationship between sleep and immune function is fundamental to maintaining overall
health and preventing disease. Sleep serves as a critical regulator of immune homeostasis,
influencing both innate and adaptive immunity by modulating cytokine production, immune
cell activation and inflammatory responses. Disruptions in sleep architecture, whether due to
chronic deprivation, circadian misalignment or sleep disorders, have been shown to weaken
immune defences, increase susceptibility to infection and contribute to the development of

chronic inflammatory and autoimmune diseases.

Research shows that slow-wave sleep (SWS) plays a particularly important role in supporting
immune surveillance, enhancing natural killer (NK) cell activity and facilitating immunological
memory formation. Conversely, insufficient or poor quality sleep is associated with systemic
inflammation, oxidative stress and impaired immune resilience, exacerbating conditions such
as cardiovascular disease, metabolic dysfunction and neurodegenerative disorders. The
bidirectional nature of this relationship underscores the need for a comprehensive approach to

the management of sleep disorders in both clinical and preventive medicine.
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Given the growing body of evidence linking sleep disturbance to adverse health outcomes,
interventions aimed at optimising sleep quality should be considered an integral part of disease
prevention and management strategies. Behavioural approaches, including cognitive
behavioural therapy for insomnia (CBT-1), as well as pharmacological and anti-inflammatory
treatments, may offer promising avenues for mitigating the negative effects of sleep deprivation

on immune function.

Future research should focus on elucidating the molecular mechanisms underlying the sleep-
immune interaction, identifying potential therapeutic targets, and exploring how individualised
sleep interventions can enhance immune resilience. Greater emphasis on sleep health in public
health policy and medical practice could make a significant contribution to improving overall

well-being and reducing the burden of immune-related disease.

Author’s Contribution Statement

Conceptualization, Magdalena Tomaszewska and Monika Brzozowska; methodology, Natalia
Furlepa and Robert Rzenno; software, Marcelina Matuszewska; check, Monika Brzozowska,
Katarzyna Wicha and Natalia Sidz; formal analysis, Wiktoria Jedlikowska; investigation,
Wiktoria Wardal and Robert Rzenno; resources, Marcelina Matuszewska and Natalia Sidz; data
curation, Wiktoria Jedlikowska and Natalia Furlepa; writing - rough preparation, Karolina
Wojciechowska and Katarzyna Wicha; writing - review and editing, Magdalena Tomaszewska;
visualization, Karolina Wojciechowska ; supervision, Magdalena Tomaszewska; project
administration, Monika Brzozowska

All authors have read and agreed with the published version of the manuscript. Funding
Statement: study did not receive special funding

Institutional Review Board Statement: Not applicable

Informed Consent Statement: Not applicable

Data Availability Statement: Not applicable

Acknowledgments: Not applicable

Conflict of Interest Statement: The authors of the paper report no conflicts of interest.

References:

1. Besedovsky L, Lange T, Born J. Sleep and immune function. Pfliigers Archiv - European
Journal of Physiology [Internet]. 2011 Nov 10 [cited 2025 Feb 26];463(1):121-37. Available
from: https://doi.org/10.1007/s00424-011-1044-0

17


https://doi.org/10.1007/s00424-011-1044-0

2. Diekelmann S, BornJ. The memory function of sleep. Nature Reviews Neuroscience
[Internet]. 2010 Jan 4 [cited 2025 Feb  26];11(2):114-26.  Available
from: https://doi.org/10.1038/nrn2762

3. Irwin MR. Sleep and inflammation: partners in sickness and in health. Nature Reviews
Immunology [Internet]. 2019 Jul 9 [cited 2025 Feb 26];19(11):702-15. Available
from: https://doi.org/10.1038/s41577-019-0190-z

4. Opp MR. Cytokines and sleep. Sleep Medicine Reviews [Internet]. 2005 Oct [cited 2025 Feb
26];9(5):355-64. Available from: https://doi.org/10.1016/j.smrv.2005.01.002

5. Bryant PA, Trinder J, Curtis N. Sick and tired: does sleep have a vital role in the immune
system? Nature Reviews Immunology [Internet]. 2004 Jun [cited 2025 Feb 26];4(6):457-67.
Available from: https://doi.org/10.1038/nri1369

6. Majde J, Krueger J. Links between the innate immune system and sleep. Journal of Allergy
and Clinical Immunology [Internet]. 2005 Dec [cited 2025 Feb 26];116(6):1188-98. Available
from: https://doi.org/10.1016/j.jaci.2005.08.005

7. Irwin M, McClintick J, Costlow C, Fortner M, White J, Gillin JC. Partial night sleep
deprivation reduces natural killer and celhdar immune responses in humans. The FASEB
Journal [Internet]. 1996 Apr [cited 2025 Feb 26];10(5):643-53. Available
from: https://doi.org/10.1096/fasebj.10.5.8621064

8. Krueger JM, Takahashi S, Kapas L, Bredow S, Roky R, FangJ, Floyd R, Renegar KB,
Guha-Thakurta N, Novitsky S, Obal F. Cytokines in sleep regulation. Advances in
Neuroimmunology [Internet]. 1995 Jan [cited 2025 Feb 26];5(2):171-88. Available
from: https://doi.org/10.1016/0960-5428(95)00007-0

9. Singh KK, Ghosh S, Bhola A, Verma P, Amist AD, Sharma H, Sachdeva P, Sinha JK. Sleep
and immune system crosstalk: implications for inflammatory homeostasis and disease
pathogenesis. Annals of Neurosciences [Internet]. 2024 Sep 20 [cited 2025 Feb 26]. Available
from: https://doi.org/10.1177/09727531241275347

10. Everson CA. Sustained sleep deprivation impairs host defense. American Journal of

Physiology-Regulatory, Integrative and Comparative Physiology [Internet]. 1993 Nov 1 [cited
2025 Feb 26];265(5):R1148—R1154. Available
from: https://doi.org/10.1152/ajprequ.1993.265.5.r1148

11. Lange T, Perras B, Fehm HL, Born J. Sleep enhances the human antibody response to

hepatitis A vaccination. Psychosomatic Medicine [Internet]. 2003 Sep [cited 2025 Feb
26];65(5):831-5. Available from: https://doi.org/10.1097/01.psy.0000091382.61178.f1

18


https://doi.org/10.1038/nrn2762
https://doi.org/10.1038/s41577-019-0190-z
https://doi.org/10.1016/j.smrv.2005.01.002
https://doi.org/10.1038/nri1369
https://doi.org/10.1016/j.jaci.2005.08.005
https://doi.org/10.1096/fasebj.10.5.8621064
https://doi.org/10.1016/0960-5428(95)00007-o
https://doi.org/10.1177/09727531241275347
https://doi.org/10.1152/ajpregu.1993.265.5.r1148
https://doi.org/10.1097/01.psy.0000091382.61178.f1

12. Carlson MD, Hilsabeck RC, Barakat F, Perry W. Role of sleep disturbance in chronic
hepatitis C infection. Current Hepatitis Reports [Internet]. 2010 Feb [cited 2025 Feb
26];9(1):25-9. Available from: https://doi.org/10.1007/s11901-010-0030-x

13. O’Brien KE, Riddell NE, Gomez-Olivé FX, Rae DE, Scheuermaier K, von Schantz M.
Sleep disturbances in HIV infection and their biological basis. Sleep Medicine Reviews
[Internet]. 2021 Nov [cited 2025 Feb 26]:101571. Available
from: https://doi.org/10.1016/j.smrv.2021.101571

14. Radogna F, Diederich M, Ghibelli L. Melatonin: a pleiotropic molecule regulating

inflammation. Biochemical Pharmacology [Internet]. 2010 Dec [cited 2025 Feb
26];80(12):1844-52. Available from: https://doi.org/10.1016/j.bcp.2010.07.041

15. Ibarra-Coronado EG, Pantaleon-Martinez AM, Velazquéz-Moctezuma J, Prospéro-

Garcia O, Méndez-Diaz M, Pérez-Tapia M, Pavon L, Morales-Montor J. The bidirectional
relationship between sleep and immunity against infections. Journal of Immunology Research
[Internet]. 2015 [cited 2025 Feb 26];2015:1-14. Available
from: https://doi.org/10.1155/2015/678164

16. Gopalakrishnan A, Ji LL, Cirelli C. Sleep deprivation and cellular responses to oxidative
stress. Sleep [Internet]. 2004 Feb |[cited 2025 Feb 26];27(1):27-35. Available
from: https://doi.org/10.1093/sleep/27.1.27

17. Palma BD, Gabriel A, Colugnati FA, Tufik S. Effects of sleep deprivation on the

development of autoimmune disease in an experimental model of systemic lupus

erythematosus. American Journal of Physiology-Regulatory, Integrative and Comparative
Physiology [Internet]. 2006 Nov [cited 2025 Feb 26];291(5):R1527—R1532. Available
from: https://doi.org/10.1152/ajprequ.00186.2006

18. Taylor-Gjevre RM, Gjevre JA, Skomro RP, Nair BV, Lim HJ. Improved sleep efficiency

after anti-tumor necrosis factor a therapy in rheumatoid arthritis patients. Therapeutic Advances
in Musculoskeletal Disease [Internet]. 2011 Aug 30 [cited 2025 Feb 26];3(5):227-33. Available
from: https://doi.org/10.1177/1759720x11416862

19. Zielinski MR, Systrom DM, Rose NR. Fatigue, sleep, and autoimmune and related
disorders. Frontiers in Immunology [Internet]. 2019 Aug 6 [cited 2025 Feb 26];10. Available
from: https://doi.org/10.3389/fimmu.2019.01827

20. Axelsson J, Rehman JU, Akerstedt T, Ekman R, Miller GE, Hoglund CO, Lekander M.
Effects of sustained sleep restriction on mitogen-stimulated cytokines, chemokinesand T helper
1/ T helper 2 balance in humans. PLoS ONE [Internet]. 2013 Dec 11 [cited 2025 Feb
26];8(12):e82291. Available from: https://doi.org/10.1371/journal.pone.0082291

19


https://doi.org/10.1007/s11901-010-0030-x
https://doi.org/10.1016/j.smrv.2021.101571
https://doi.org/10.1016/j.bcp.2010.07.041
https://doi.org/10.1155/2015/678164
https://doi.org/10.1093/sleep/27.1.27
https://doi.org/10.1152/ajpregu.00186.2006
https://doi.org/10.1177/1759720x11416862
https://doi.org/10.3389/fimmu.2019.01827
https://doi.org/10.1371/journal.pone.0082291

21. Xiang K, Xu Z, Hu YQ, He YS, Wu GC, Li TY, Wang XR, Ding LH, Zhang Q, Tao SS,
Ye DQ, Pan HF, Wang DG. Circadian clock genes as promising therapeutic targets for
autoimmune diseases. Autoimmunity Reviews [Internet]. 2021 Aug [cited 2025 Feb
26];20(8):102866. Available from: https://doi.org/10.1016/].autrev.2021.102866

22. Kotb HA, Rady HM, Ghanim DH. Sleep disturbance in female patients with systemic lupus

erythematosus and its relation to disease parameters. The Egyptian Rheumatologist [Internet].
2013 Jul [cited 2025 Feb 26];35(3):127-32. Available
from: https://doi.org/10.1016/j.ejr.2013.02.003

23. Sochal M, Matecka-Panas E, Gabryelska A, Talar-Wojnarowska R, Szmyd B,

Krzywdzinska M, Biatasiewicz P. Determinants of sleep quality in inflammatory bowel
diseases. Journal of Clinical Medicine [Internet]. 2020 Sep 10 [cited 2025 Feb 26];9(9):2921.
Available from: https://doi.org/10.3390/jcm9092921

24. Palma BD, Gabriel A, Colugnati FA, Tufik S. Effects of sleep deprivation on the

development of autoimmune disease in an experimental model of systemic lupus
erythematosus. American Journal of Physiology-Regulatory, Integrative and Comparative
Physiology [Internet]. 2006 Nov [cited 2025 Feb 26];291(5):R1527—R1532. Available
from: https://doi.org/10.1152/ajprequ.00186.2006

25. Voigt RM, Forsyth CB, Green SJ, Engen PA, Keshavarzian A. International review of

neurobiology [Internet]. [place unknown]: Elsevier; 2016. Circadian rhythm and the gut
microbiome; [cited 2025 Feb 26]; p. 193-205. Available
from: https://doi.org/10.1016/bs.irn.2016.07.002

26. Hsiao YH, Chen YT, Tseng CM, Wu LA, LinWC, SuVY, Perng DW, Chang SC,
Chen YM, Chen TJ, Lee YC, Chou KT. Sleep disorders and increased risk of autoimmune

diseases in individuals without sleep apnea. Sleep [Internet]. 2015 Apr 1 [cited 2025 Feb
26];38(4):581-6. Available from: https://doi.org/10.5665/sleep.4574

27. Wang X, LiP, PanC, DaiL, WuY, DengY. The effect of mind-body therapies on
insomnia: a systematic review and meta-analysis. Evidence-Based Complementary and
Alternative Medicine [Internet]. 2019 Feb 13 [cited 2025 Feb 26];2019:1-17. Awvailable
from: https://doi.org/10.1155/2019/9359807

28. Carrillo-Vico A, Lardone P, Alvarez-Sanchez N, Rodriguez-Rodriguez A, Guerrero J.

Melatonin: buffering the immune system. International Journal of Molecular Sciences
[Internet]. 2013 Apr 22 [cited 2025 Feb 26];14(4):8638-83. Available
from: https://doi.org/10.3390/ijms14048638

20


https://doi.org/10.1016/j.autrev.2021.102866
https://doi.org/10.1016/j.ejr.2013.02.003
https://doi.org/10.3390/jcm9092921
https://doi.org/10.1152/ajpregu.00186.2006
https://doi.org/10.1016/bs.irn.2016.07.002
https://doi.org/10.5665/sleep.4574
https://doi.org/10.1155/2019/9359807
https://doi.org/10.3390/ijms14048638

29. Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in cancer: from tumor
initiation to metastatic progression. Genes & Development [Internet]. 2018 Oct 1 [cited 2025
Feb 26];32(19-20):1267-84. Available from: https://doi.org/10.1101/gad.314617.118

30. De Lorenzo BH, de Oliveira Marchioro L, Greco CR, Suchecki D. Sleep-deprivation

reduces NK cell number and function mediated by pB-adrenergic signalling.
Psychoneuroendocrinology [Internet]. 2015 Jul [cited 2025 Feb 26];57:134-43. Available
from: https://doi.org/10.1016/j.psyneuen.2015.04.006

31. Bergmann BM, Rechtschaffen A, Gilliland MA, Quintans J. Effect of extended sleep

deprivation on tumor growth in rats. American Journal of Physiology-Regulatory, Integrative
and Comparative Physiology [Internet]. 1996 Nov 1 [cited 2025 Feb 26];271(5):R1460—
R1464. Available from: https://doi.org/10.1152/ajprequ.1996.271.5.r1460

32. Besedovsky L, Lange T, Haack M. The sleep-immune crosstalk in health and disease.
Physiological Reviews [Internet]. 2019 Jul 1 [cited 2025 Feb 26];99(3):1325-80. Available
from: https://doi.org/10.1152/physrev.00010.2018

33. Kakizaki M, Kuriyama S, Sone T, Ohmori-Matsuda K, Hozawa A, Nakaya N, Fukudo S,
Tsuji 1. Sleep duration and the risk of breast cancer: the Ohsaki Cohort Study. British Journal
of Cancer [Internet]. 2008 Sep 23 |[cited 2025 Feb 26];99(9):1502-5. Available
from: https://doi.org/10.1038/sj.bjc.6604684

34. Kakizaki M, Inoue K, Kuriyama S, Sone T, Matsuda-Ohmori K, Nakaya N, Fukudo S,
Tsuji 1. Sleep duration and the risk of prostate cancer: the Ohsaki Cohort Study. British Journal
of Cancer [Internet]. 2008 Jun 10 [cited 2025 Feb 26];99(1):176-8. Available
from: https://doi.org/10.1038/sj.bjc.6604425

35. Jiang W, Zhao S, Jiang X, Zhang E, Hu G, Hu B, Zheng P, XiaoJ, LuZ, LuY, NiJ,
Chen C, Wang X, Yang L, Wan R. The circadian clock gene Bmall acts as a potential anti-

oncogene in pancreatic cancer by activating the p53 tumor suppressor pathway. Cancer Letters
[Internet]. 2016 Feb [cited 2025 Feb 26];371(2):314-25. Available
from: https://doi.org/10.1016/j.canlet.2015.12.002

36. Davidson JR, MacLean AW, Brundage MD, Schulze K. Sleep disturbance in cancer
patients. Social Science & Medicine [Internet]. 2002 May [cited 2025 Feb 26];54(9):1309-21.
Available from: https://doi.org/10.1016/s0277-9536(01)00043-0

37. Palesh O, Aldridge-Gerry A, Ulusakarya A, Ortiz-Tudela E, Capuron L, Innominato PF.
Sleep disruption in breast cancer patients and survivors. Journal of the National Comprehensive
Cancer Network [Internet]. 2013 Dec [cited 2025 Feb 26];11(12):1523-30. Available
from: https://doi.org/10.6004/jnccn.2013.0179

21


https://doi.org/10.1101/gad.314617.118
https://doi.org/10.1016/j.psyneuen.2015.04.006
https://doi.org/10.1152/ajpregu.1996.271.5.r1460
https://doi.org/10.1152/physrev.00010.2018
https://doi.org/10.1038/sj.bjc.6604684
https://doi.org/10.1038/sj.bjc.6604425
https://doi.org/10.1016/j.canlet.2015.12.002
https://doi.org/10.1016/s0277-9536(01)00043-0
https://doi.org/10.6004/jnccn.2013.0179

38. Wilhelmsen M, Amirian I, Reiter RJ, RosenbergJ, Goégenur |. Analgesic effects of
melatonin: a review of current evidence from experimental and clinical studies. Journal of
Pineal Research [Internet]. 2011 May 26 [cited 2025 Feb 26];51(3):270-7. Available
from: https://doi.org/10.1111/j.1600-079x.2011.00895.x

39. Dominguez F, Fuster V, Fernandez-Alvira JM, Fernandez-FrieraL, Lopez-Melgar B,

Blanco-Rojo R, Fernandez-Ortiz A, Garcia-Pavia P, Sanz J, Mendiguren JM, Ibanez B,
Bueno H, Lara-Pezzi E, Ordovas JM. Association of sleep duration and quality with subclinical
atherosclerosis. Journal of the American College of Cardiology [Internet]. 2019 Jan [cited 2025
Feb 26];73(2):134-44. Available from: https://doi.org/10.1016/].jacc.2018.10.060

40. Knutson KL, Van Cauter E. Associations between sleep loss and increased risk of obesity
and diabetes. Annals of the New York Academy of Sciences [Internet]. 2008 May [cited 2025
Feb 26];1129(1):287-304. Available from: https://doi.org/10.1196/annals.1417.033

41. Spiegel K, Tasali E, Leproult R, VVan Cauter E. Effects of poor and short sleep on glucose

metabolism and obesity risk. Nature Reviews Endocrinology [Internet]. 2009 May [cited 2025
Feb 26];5(5):253-61. Available from: https://doi.org/10.1038/nrendo.2009.23

42. Ferrie JE, Kivimaki M, Akbaraly TN, Singh-Manoux A, Miller MA, Gimeno D,
Kumari M, Davey Smith G, Shipley MJ. Associations between change in sleep duration and

inflammation: findings on c-reactive protein and interleukin 6 in the whitehall Il study.
American Journal of Epidemiology [Internet]. 2013 Jun 25 [cited 2025 Feb 26];178(6):956-61.
Available from: https://doi.org/10.1093/aje/kwt072

43. Wang YH, Wang J, Chen SH, Li JQ, Lu QD, Vitiello MV, Wang F, Tang XD, Shi J, Lu L,

Wu SL, Bao YP. Association of longitudinal patterns of habitual sleep duration with risk of

cardiovascular events and all-cause mortality. JAMA Network Open [Internet]. 2020 May 22
[cited 2025 Feb 26];3(5):e205246. Available
from: https://doi.org/10.1001/jamanetworkopen.2020.5246

44. Cappuccio FP, Miller MA. Sleep and Cardio-Metabolic Disease. Current Cardiology
Reports [Internet]. 2017 Sep 19 [cited 2025 Feb 26];19(11). Available
from: https://doi.org/10.1007/s11886-017-0916-0

45. Krause AJ, Simon EB, Mander BA, Greer SM, Saletin JM, Goldstein-Piekarski AN,
Walker MP. The sleep-deprived human brain. Nature Reviews Neuroscience [Internet]. 2017
May 18 [cited 2025 Feb 26];18(7):404-18. Available from: https://doi.org/10.1038/nrn.2017.55
46. Meier-Ewert HK, Ridker PM, Rifai N, Regan MM, Price NJ, Dinges DF, Mullington JM.
Effect of sleep loss on C-Reactive protein, an inflammatory marker of cardiovascular risk.

22


https://doi.org/10.1111/j.1600-079x.2011.00895.x
https://doi.org/10.1016/j.jacc.2018.10.060
https://doi.org/10.1196/annals.1417.033
https://doi.org/10.1038/nrendo.2009.23
https://doi.org/10.1093/aje/kwt072
https://doi.org/10.1001/jamanetworkopen.2020.5246
https://doi.org/10.1007/s11886-017-0916-0
https://doi.org/10.1038/nrn.2017.55

Journal of the American College of Cardiology [Internet]. 2004 Feb [cited 2025 Feb
26];43(4):678-83. Available from: https://doi.org/10.1016/j.jacc.2003.07.050

47. Heneka MT, Carson MJ, Khoury JE, Landreth GE, Brosseron F, Feinstein DL, Jacobs AH,
Wyss-Coray T, Vitorica J, Ransohoff RM, Herrup K, Frautschy SA, Finsen B, Brown GC,
Verkhratsky A, Yamanaka K, Koistinaho J, Latz E, Halle A, Petzold GC, Town T, Morgan D,
Shinohara ML, Perry VH, HolmesC, Bazan NG, BrooksDJ, HunotS, Joseph B,
Deigendesch N,  Garaschuk O, Boddeke E, Dinarello CA, Breitner JC, Cole GM,
Golenbock DT, Kummer MP. Neuroinflammation in Alzheimer's disease. The Lancet
Neurology [Internet]. 2015 Apr [cited 2025 Feb 26];14(4):388-405. Available
from: https://doi.org/10.1016/s1474-4422(15)70016-5

48. Liu P, Zhao B, Wei M, Li Y, Liu J, Ma L, Shang S, Huo K, Wang J, Li R, Qu Q. Activation
of inflammation is associated with amyloid-f3 accumulation induced by chronic sleep restriction
in rats. Journal of Alzheimer's Disease [Internet]. 2020 Apr 7 [cited 2025 Feb 26];74(3):759-
73. Available from: https://doi.org/10.3233/jad-191317

49. Sadeghmousavi S, Eskian M, Rahmani F, Rezaei N. The effect of insomnia on development

of Alzheimer’s disease. Journal of Neuroinflammation [Internet]. 2020 Oct 6 [cited 2025 Feb
26];17(1). Available from: https://doi.org/10.1186/s12974-020-01960-9
50. Hsiao YH, Chen YT, Tseng CM, Wu LA, Perng DW, Chen YM, Chen TJ, Chang SC,

Chou KT. Sleep disorders and an increased risk of Parkinson's disease in individuals with non-

apnea sleep disorders: a population-based cohort study. Journal of Sleep Research [Internet].
2017 May 4 [cited 2025 Feb 26];26(5):623-8. Available
from: https://doi.org/10.1111/jsr.12545

51. Bugalho P, Meira B, Pinho A, Ventura R, Magrico M, Serédio M, Krupka D, Ferreira VM.

REM sleep behavior disorder and Prodromal Parkinson’s Disease in patients with Essential
Tremor. Sleep Medicine: x [Internet]. 2024 Jul [cited 2025 Feb 26]:100118. Available
from: https://doi.org/10.1016/].sleepx.2024.100118

52. Stephenson J, Nutma E, van der Valk P, Amor S. Inflammation in CNS neurodegenerative
diseases. Immunology [Internet]. 2018 Apr 17 [cited 2025 Feb 26];154(2):204-19. Available
from: https://doi.org/10.1111/imm.12922

53. Tononi G, Cirelli C. Sleep function and synaptic homeostasis. Sleep Medicine Reviews
[Internet]. 2006 Feb [cited 2025 Feb 26];10(1):49-62. Available
from: https://doi.org/10.1016/j.smrv.2005.05.002

23


https://doi.org/10.1016/j.jacc.2003.07.050
https://doi.org/10.1016/s1474-4422(15)70016-5
https://doi.org/10.3233/jad-191317
https://doi.org/10.1186/s12974-020-01960-9
https://doi.org/10.1111/jsr.12545
https://doi.org/10.1016/j.sleepx.2024.100118
https://doi.org/10.1111/imm.12922
https://doi.org/10.1016/j.smrv.2005.05.002

54. Schrempf W, Brandt MD, Storch A, Reichmann H. Sleep disorders in parkinson's disease.
Journal of Parkinson's Disease [Internet]. 2014 [cited 2025 Feb 26];4(2):211-21. Available
from: https://doi.org/10.3233/jpd-130301

55. Ju YE, Lucey BP, Holtzman DM. Sleep and Alzheimer disease pathology—a bidirectional
relationship. Nature Reviews Neurology [Internet]. 2013 Dec 24 [cited 2025 Feb 26];10(2):115-
9. Available from: https://doi.org/10.1038/nrneurol.2013.269

56. Xie L, Kang H, Xu Q, Chen MJ, Liao Y, Thiyagarajan M, O'Donnell J, Christensen DJ,
Nicholson C, Iliff JJ, Takano T, Deane R, Nedergaard M. Sleep drives metabolite clearance
from the adult brain. Science [Internet]. 2013 Oct 17 [cited 2025 Feb 26];342(6156):373-7.
Available from: https://doi.org/10.1126/science.1241224

57. Chouchou F, Khoury S, Chauny JM, Denis R, Lavigne GJ. Postoperative sleep disruptions:

a potential catalyst of acute pain? Sleep Medicine Reviews [Internet]. 2014 Jun [cited 2025 Feb
26];18(3):273-82. Available from: https://doi.org/10.1016/j.smrv.2013.07.002

58. Parthasarathy S, Vasquez MM, Halonen M, Bootzin R, Quan SF, Martinez FD, Guerra S.
Persistent insomnia is associated with mortality risk. The American Journal of Medicine
[Internet]. 2015 Mar [cited 2025 Feb  26];128(3):268-75.  Available
from: https://doi.org/10.1016/j.amjmed.2014.10.015

59. Gabor JY, Cooper AB, Hanly PJ. Sleep disruption in the intensive care unit. Current
Opinion in Critical Care [Internet]. 2001 Feb [cited 2025 Feb 26];7(1):21-7. Available
from: https://doi.org/10.1097/00075198-200102000-00004

60. Morse A, Bender E. Sleep in hospitalized patients. Clocks & Sleep [Internet]. 2019 Feb 25
[cited 2025 Feb 26];1(1):151-65. Available from: https://doi.org/10.3390/clockssleep1010014
61. Friese RS, Diaz-Arrastia R, McBride D, Frankel H, Gentilello LM. Quantity and quality of
sleep in the surgical intensive care unit: are our patients sleeping? The Journal of Trauma:
Injury, Infection, and Critical Care [Internet]. 2007 Dec [cited 2025 Feb 26];63(6):1210-4.
Available from: https://doi.org/10.1097/ta.0b013e31815b83d7

62. Pisani MA, Friese RS, Gehlbach BK, Schwab RJ, Weinhouse GL, Jones SF. Sleep in the
intensive care unit. American Journal of Respiratory and Critical Care Medicine [Internet].
2015 Apr [cited 2025 Feb 26];191(7):731-8. Available
from: https://doi.org/10.1164/rccm.201411-2099ci

63. James KJ. Delirium in ICU patients. AJN, American Journal of Nursing [Internet]. 2019
Dec [cited 2025 Feb 26];119(12):10. Available
from: https://doi.org/10.1097/01.naj.0000615704.93644.c6

24


https://doi.org/10.3233/jpd-130301
https://doi.org/10.1038/nrneurol.2013.269
https://doi.org/10.1126/science.1241224
https://doi.org/10.1016/j.smrv.2013.07.002
https://doi.org/10.1016/j.amjmed.2014.10.015
https://doi.org/10.1097/00075198-200102000-00004
https://doi.org/10.3390/clockssleep1010014
https://doi.org/10.1097/ta.0b013e31815b83d7
https://doi.org/10.1164/rccm.201411-2099ci
https://doi.org/10.1097/01.naj.0000615704.93644.c6

64. Karatas G, Bal A, Yuceege M, Firat H, Gurcay E, Ardic S, Cakci FA. Evaluation of sleep
quality in patients with ankylosing spondylitis and efficacy of anti-TNF-a therapy on sleep
problems: a polisomnographic study. International Journal of Rheumatic Diseases [Internet].
2017 May 29 [cited 2025 Feb 26];21(6):1263-9. Available from: https://doi.org/10.1111/1756-
185x.13102

65. Miller AH, Raison CL. The role of inflammation in depression: from evolutionary

imperative to modern treatment target. Nature Reviews Immunology [Internet]. 2015 Dec 29
[cited 2025 Feb 26];16(1):22-34. Available from: https://doi.org/10.1038/nri.2015.5

66. Straub RH, Cutolo M. Circadian rhythms in rheumatoid arthritis: implications for

pathophysiology and therapeutic management. Arthritis & Rheumatism [Internet]. 2007 [cited
2025 Feb 26];56(2):399-408. Available from: https://doi.org/10.1002/art.22368

25


https://doi.org/10.1111/1756-185x.13102
https://doi.org/10.1111/1756-185x.13102
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1002/art.22368

