Pre prints.org

Review Not peer-reviewed version

Optimal Sleep as a Determinant of
Healthy Lifespan

Subramani Paranthaman Balasubramani , Seithikurippu R Pandi-Perumal , John L. Williams

Posted Date: 11 June 2024
doi: 10.20944/preprints202404.0643v2

Keywords: Sleep; Health; lifespan; Circadian clock; Metabolism; aging

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/725419

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 June 2024 d0i:10.20944/preprints202404.0643.v2

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Optimal Sleep as A Determinant of Healthy Lifespan

Subramani Paranthaman Balasubramani **, Seithikurippu R Pandi-Perumal 23 and
John L. Williams ?

I Department of Natural Sciences, Albany State University, Albany, GA 31707, USA

2 Saveetha Medical College and Hospitals, Saveetha Institute of Medical and Technical Sciences, Saveetha
University, Chennai, Tamil Nadu, India

3 Division of Research and Development, Lovely Professional University, Phagwara, Punjab, 144411, India

* Correspondence: balasubramani.subramaniparanthaman@asurams.edu

Abstract:Sleep is an essential component of a healthy lifespan, influencing both physical and mental well-
being along with good quality of life. Adequate sleep quality and quantity are associated with a host of health
advantages, including enhanced immune function, learning and memory, emotional well-being, and
cardiovascular health. Chronic sleep deprivation, or poor sleep quality, is associated with a variety of negative
health outcomes, including an increased risk of obesity, diabetes, hypertension, depression, cancer, and even
premature death. One compelling argument in favor of sleep as a predictor of a healthy lifespan is its effect on
cellular repair and regeneration. During sleep, the body goes through important activities such as tissue repair,
muscular growth, and memory consolidation. Sleep also helps the brain eliminate toxins and metabolic waste,
which contributes to its optimal functioning. Without adequate sleep, these important processes are
jeopardized, resulting in accelerated aging and greater susceptibility to chronic illnesses. Furthermore, sleep is
essential for maintaining hormone balance, particularly those involved in appetite regulation and metabolism.
Sleep disturbances can disrupt the regulation of these hormones, resulting in weight gain, metabolic diseases,
and, ultimately, a shorter life span. Finally, prioritizing optimal sleep is pivotal for increasing longevity and
general health. Emphasizing the importance of sleep hygiene and treating sleep-related dysfunctions should
be part of the modern approach to extending healthy life.
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Sleep, often overlooked in its significance, stands as a cornerstone of human biology, playing a
pivotal role in our physical, mental, and emotional well-being. Beyond its apparent state of
restfulness, sleep is a complex and dynamic process, characterized by distinct stages and intricate
physiological mechanisms. At its core, sleep is not merely a passive state of unconsciousness but
rather an active and essential process vital for sustaining life.

Human sleep comprises two primary states namely, rapid eye movement (REM) and non-rapid
eye movement (NREM) sleep. Non-Rapid Eye Movement (Non-REM or NREM) sleep progresses
through three stages (Stage S1, Stage S2, and Stage S3), and culminates in slow wave sleep (SWS or
deep sleep) characterized by delta waves inducing relaxation. This phase occurs when one feels tired,
signaling the body's need for restoration, and exhibits decreased activity in the reticular formation of
the brain, leading to a dreamless and restful state. Accompanied by reduced blood pressure and
respiratory rate, NREM sleep advances through light to heavy stages, crucial for physical recovery.
Alternating with Rapid Eye Movement (REM) sleep, Non-REM plays a vital role in the sleep cycle's
rhythm. In contrast, REM sleep (also known as paradoxical sleep), shows heightened brain activity
alongside muscle atonia, resulting in irregular heart and respiratory rates. During REM sleep, vivid
dreaming occurs, serving as a mechanism for processing emotions, memories, and cognitive
functions. Recent research has underscored the critical role of sleep in various physiological
processes, including hormone regulation, immune function, and cellular repair and reorganization.

Genetic factors intricately influence our sleep patterns, as evidenced by studies linking specific
genes to circadian rhythms—the internal sleep clock regulating our sleep-wake cycles [1]. These
genetic predispositions, observed across species from fruit flies to humans, shed light on the
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biological underpinnings of sleep and its variations among individuals. Moreover, sleep is governed
by built-in regulatory mechanisms, including circadian rhythms and sleep drive [2—4]. The circadian
rhythm, orchestrated by the suprachiasmatic nucleus (“master clock” or “brain's biological clock”),
responds to external light cues, while the sleep drive accumulates throughout the day, compelling us
to rest [5]. These processes work in tandem to synchronize our sleep patterns with the natural day-
night cycle, ensuring optimal physiological functioning.

The purposes of sleep have long intrigued scientists and philosophers alike, leading to several
prominent theories attempting to elucidate its underlying mechanisms [6]. The inactivity theory
posits that sleep evolved as a mechanism to protect organisms from predation during periods of
vulnerability and inactivity. Conversely, the energy conservation theory suggests that sleep serves to
reduce energy expenditure during times of low metabolic efficiency, contributing to overall energy
conservation. Furthermore, the restoration theory highlights sleep's role in cellular repair and
replenishment, essential for maintaining optimal biological function. This theory aligns with
empirical evidence demonstrating the body's heightened physiological processes during sleep,
including muscle repair, tissue growth, and hormone release. Additionally, the brain plasticity theory
proposes that sleep is crucial for neural reorganization and the growth of brain structure and
function, particularly during critical periods of development in infants and children.

Despite the advancements in sleep research, the exact purpose of sleep remains elusive,
underscoring its multifaceted nature and complexity. It is increasingly evident that no single theory
can fully encapsulate the myriad functions and implications of sleep. Instead, a holistic
understanding incorporating elements of various theories is essential to unraveling the mysteries of
sleep.

The consequences of sleep deprivation on human health are profound and far-reaching. Chronic
sleep disturbances have been linked to a myriad of adverse health outcomes, including cognitive
impairment, mood disorders, cardiovascular disease, and compromised immune function (Figure 1).
In today's fast-paced society, characterized by round-the-clock connectivity and demanding
schedules, sleep deprivation has emerged as a pervasive public health concern warranting urgent
attention.
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Figure 1. Relationship between irregular sleep and health consequences.
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With current understanding, sleep stands as a cornerstone of human physiology, essential for
maintaining optimal health and well-being across the lifespan. Its intricate mechanisms and profound
implications underscore the need for continued research and public awareness. By unraveling the
mysteries of sleep and fostering healthy sleep habits, we can unlock its full potential to enhance
human health and quality of life. In this article, we delve into the fascinating realm of sleep, exploring
its fundamental importance, and the profound consequences of its deprivation on the overall health
of humans.

1.Adequate Sleep Is Necessary for Maintaining Psychological Balance

Sleep is a fundamental aspect of human life, essential for physical and mental well-being. In
recent years, sleep disorders and disturbances have become increasingly prevalent in modern society,
affecting individuals of all ages from different walks of life. A systematic review by Biabani et al. [7]
delved into the neurophysiological landscape of sleep onset, highlighting the intricate processes
involved in transitioning from wakefulness to sleep. They found that the activation of the prefrontal
cortex, thalamus, and hypothalamus plays a crucial role in the transition from wakefulness to sleep.
They also reported that changes in brain waves, specifically an increase in theta and delta waves, are
associated with sleep onset. This provides valuable insights into the neural basis of sleep onset and
highlights the importance of understanding these mechanisms in the diagnosis and treatment of sleep
disorders and related mental health issues. Thangaleela et al. [8] focused on sleep disorders in
individuals with Parkinson's disease. They identified the potential mechanisms underlying sleep
disturbances specifically in Parkinson’s patients, including changes in neurotransmitter levels and
disruptions in the sleep-wake cycle. It was also identified that sleep disorders had an impact on the
overall quality of life and treatment outcomes in Parkinson's disease patients. This emphasizes the
need for targeted interventions to improve sleep quality and overall disease management.

The prevalence of delayed sleep-wake phase disorder (DSWPD) and its related sleep behaviors
in the younger generation was explored by Futenma et al. [9]. DSWPD is a circadian rhythm sleep
disorder characterized by a delay in the timing of sleep onset and offset. This disorder is becoming
increasingly prevalent among the younger generation due to lifestyle factors, such as the use of
electronic devices before bedtime. This observation highlights the need for early public health
interventions to promote healthy sleep habits and prevent the onset of DSWPD in young individuals.
Sleep disturbances in individuals at risk of mental illness and those experiencing their first episode
of psychosis has been reported by several researchers [10]. Several interventions have been tried with
this population to improve sleep, including cognitive-behavioral therapy for insomnia and
mindfulness-based interventions. Improved sleep was also found to have a positive impact on mental
health outcomes. Moreover, sleep deprivation and insomnia in adolescence have significant
implications for mental health [11]. This finding stresses the importance of addressing sleep issues
during this critical developmental period to mitigate the risk of mental health disorders. Huang et al.
[12] investigated the effects of physical activity on sleep disturbance in various populations. A review
of randomized clinical trials found that physical activity can improve sleep quality and reduce sleep
disturbances in individuals with different health conditions, including insomnia, depression, and
chronic pain. These studies suggest that addressing sleep disturbances, as well as sleep deprivation,
may be a crucial aspect of early interventions for individuals at risk of mental illness.

Non-pharmacological perinatal interventions also showed promise in impacting maternal sleep
and mental health [13]. Addressing sleep issues during the perinatal period is crucial for promoting
maternal well-being and preventing postpartum mental health disorders. It was also identified that
addressing sleep disturbances in current and former athletes, optimized their performance and
overall well-being [14]. The relationship between sleep disturbances and suicidal ideation was
explored by Ballard et al. [15] and Killgore et al. [16]. Both studies demonstrated the association
between nocturnal wakefulness, trait extraversion, and suicidal ideation in individuals with mood
disorders.

These studies provide valuable insights into the complex interplay between sleep and mental
health across various populations and conditions. Understanding the mechanisms underlying sleep
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disturbances and implementing targeted interventions is crucial for promoting mental health and
overall well-being. It is clear that the sleep disturbances increase at-risk mental states and first
episodes of psychosis. Thus, highlighting the importance of incorporating sleep-focused strategies
into early intervention programs for psychosis prevention.

2. Sleep Pattern and Metabolic Syndrome

The link between sleep and metabolic syndrome has been a topic of interest for researchers for
many years. Metabolic syndrome (MetS) is a cluster of conditions that include high blood pressure,
high blood sugar, excess body fat around the waist, and abnormal cholesterol levels. It increases the
risk of developing chronic diseases such as diabetes, heart disease, and stroke. According to the
World Health Organization (WHO), about 1.9 billion adults worldwide have excess body weight,
and 463 million are obese. This has led to an increased prevalence of MetS, making it a major public
health concern.

Recent studies have shown that there is a strong association between sleep duration and MetS
[17]. It was found that individuals who slept less than 7 hours per night had a higher risk of
developing MetS compared to those who slept for 7-9 hours per night. This was further supported
by a meta-analysis conducted by Che et al. [18], which also found a positive correlation between sleep
duration and MetS. Not only does sleep duration play a role in MetS, but also the quality of sleep.
Poor sleep quality has been found to have a positive association with MetS [19]. Hua et al. [20] found
that individuals with shorter sleep duration and poor sleep quality had a higher risk of developing
metabolic syndrome. In addition to sleep duration and quality, irregular sleep patterns have also
been linked to MetS. Ogura et al. [21] found that subjective irregular sleep was associated with a
higher risk of MetS. This highlights the importance of maintaining a regular sleep schedule for overall
health and well-being.

Interestingly, the association between sleep and MetS seems to differ depending on age. Liang
et al. [22] conducted a Mendelian randomization analysis and found a linear association between
genetics, sleep duration and metabolic syndrome in individuals under the age of 60, but a U-shaped
association in those over 60. This suggests that the relationship between sleep and MetS may vary
among different age groups. Kim et al. [23] conducted a cross-sectional study that found a significant
association between sleep duration and metabolic syndrome, even after adjusting for lifestyle factors.
This suggests that sleep itself may have a direct impact on metabolic health.

Though the exact mechanisms behind irregular sleep and MetS are still not clear, one possible
explanation is the disruption of the body's circadian rhythm. Depner et al. [24] suggest that sleep
deprivation and circadian misalignment can lead to metabolic disturbances, such as insulin resistance
and dysregulation of hunger hormones, which can contribute to the development of MetS. Moreover,
inadequate sleep may also lead to unhealthy lifestyle choices, such as poor dietary habits and
sedentary behavior, which are known risk factors for MetS. Chaput et al. [25] found that insufficient
sleep and circadian misalignment were associated with increased caloric intake and decreased
physical activity, which can ultimately lead to weight gain and metabolic disturbances.

In large cohort studies carried out in different parts of the world [26-28], it was observed that
there are sex specific variations in the severity score of MetS induced by short or long duration sleep
in different geographical regions. These findings underscore the relevance of considering
sociodemographic factors when examining the relationship between sleep and metabolic health.
Various studies support the association between sleep and metabolic syndrome. Adequate sleep
duration and quality, as well as maintaining a regular sleep schedule, play an important role in
preventing the development of metabolic syndrome. Therefore, the importance of sleep and
promoting healthy sleep habits to reduce the risk of MetS and its associated chronic diseases. Further
research is needed to better understand the underlying mechanisms and to develop effective
interventions for improving sleep and metabolic health.

Cancer is a disease that occurs when cells in the body grow uncontrollably, forming tumors or
invading other tissues. It is the second leading cause of death globally, with an estimated to be more
than 10 million deaths per year globally. While many factors can contribute to the development of
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cancer, irregular sleep patterns have been identified as a potential risk factor. Sleep patterns can lead
to a decrease in the production of the hormone melatonin, which regulates the body's internal clock
and has anti-cancer properties. Irregular sleep patterns can also down-regulate the body's immune
system, making it more vulnerable to cancer and facilitating the progression of the disease [29].
Reports also indicate that sleep patterns play an important role in determining the treatment
outcomes of cancer treatment [30].

3. The Role of Sleep in Inmune Homeostasis

Sleep is an essential biological process that allows the body to rest and repair itself. It is crucial
for maintaining health, as well as for proper immune function. In recent years, research has shown
that sleep deprivation can have a significant impact on the immune system, increasing the risk of
immune-related diseases and negatively affecting outcomes. Multiple studies have shown that sleep
has a significant impact on immune function, with both short-term and long-term effects. Sleep
deprivation was found to increase the chances of infection and aggravate autoimmune diseases [31].
Chronic sleep deprivation can lead to long-term changes in immune function, potentially leading to
a higher susceptibility to infections and chronic inflammation. Besedovsky et al. [33] discussed the
intricate crosstalk between sleep and the immune system, emphasizing the impact of sleep
disturbances on immune homeostasis.

Different stages of sleep have varying effects on the immune system. Rapid eye movement
(REM) sleep, for example, has been linked to increased production of cytokines, which are proteins
that help to regulate the immune response [33]. Sleep loss can cause a decrease in the production of
immune cells and cytokines, making the body less able to fight off infections. A longitudinal study
conducted with age 5 preschool children indicated that sleep duration had an impact on cytokine
levels [34]. As cytokines play a major role in shaping the immune system at an early age, sleep habits
may have long-term effects on immune function. Schmitz et al., [35] identified that disruptions in the
sleep-wake cycle can impair the effectiveness of vaccinations against viral infections, leading to a
decreased immune response. Proper sleep hygiene and alignment with circadian rhythms were
shown to enhance vaccine efficacy and improve immune responses. In addition to the physical effects
of sleep on the immune system, there is also evidence that sleep can impact mental health and
emotional well-being. Poor sleep can lead to emotional disturbances and mental health issues, which
can, in turn, affect immune function [36]. Besedovsky et al., [32] described the complex interactions
between sleep, the immune system, and the central nervous system, and how they impact each other.
The mechanisms underlying the interaction between sleep and immunity are multifaceted. [rwin and
Opp [37] proposed reciprocal regulation between sleep and innate immunity, wherein sleep
disturbances can lead to dysregulation of immune responses, and vice versa. Additionally, Dempsey
[38] suggested that sleep plays a crucial role in regulating innate immunity, which is the first line of
immune protection in the body.

The impact of sleep on immunity has also been studied in athletes, who often have disrupted
sleep due to training and competition schedules. Adequate sleep duration and quality were
associated with enhanced immune function, emphasizing the importance of sleep in optimizing
athletic performance and recovery in adolescent track and field athletes [39]. This study suggests that
prioritizing sleep hygiene may help to maintain immune health. The relationship between sleep and
immunity is vast and consistently shows that sleep plays a crucial role in immune function. Garbarino
et al. [31] further support this evidence and highlight the importance of addressing sleep deprivation
in the prevention and management of immune-related diseases. Adequate sleep is not only essential
for physical and mental health but also for maintaining a strong and effective immune system and
for overall well-being.

4. Irregular Sleep Accelerates Aging Phenotype

Aging is a natural and inevitable process that affects all living organisms. With the advancement
of medical science and better living conditions, the human lifespan has significantly increased over
the years. However, with aging comes a decline in physical and cognitive abilities, which can greatly
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impact the quality of life in older adults. The process of aging is complex and involves various
physiological changes in different organ systems, including the brain.

Sleep is a vital physiological process that plays a crucial role in maintaining overall health and
well-being. As we age, there is a natural decline in sleep quality, with older adults experiencing
shorter sleep duration, frequent awakenings, and less deep sleep. Casagrande et al. [40] conducted a
systematic review of the relationship between sleep quality and aging. They found that poor sleep
quality was associated with an increased risk of cognitive decline and Alzheimer's disease in older
adults. Candidate mechanisms underlying the association between sleep-wake disruptions and
Alzheimer's disease have been explored, providing valuable insights into the pathophysiology of
neurodegenerative diseases [41]. Sleep disturbances can also contribute to the development and
progression of Alzheimer's disease through various mechanisms, including amyloid-beta
accumulation, inflammation, and oxidative stress [42]. Understanding the bidirectional relationship
between sleep disturbances and Alzheimer's disease pathology is important for identifying newer
and more effective targets for therapeutic interventions. It was also found that sleep disturbances can
accelerate the aging process by promoting inflammation and oxidative stress in the brain. Recent
research based on animal studies also indicates that the brain purges waste during sleep. This is an
essential mechanism for brain regeneration and to maintain central nervous system health.

As we age, there is a natural decline in brain volume, which is associated with cognitive decline
and neurodegenerative diseases. KokoSova et al. [43] conducted a study to investigate the
bidirectional association between sleep and brain atrophy in aging. They found that poor sleep
quality was associated with accelerated brain atrophy, particularly in the prefrontal cortex and
hippocampus, which are crucial for cognitive functions. On the other hand, brain atrophy can also
lead to sleep disturbances, creating a vicious cycle that can further accelerate the aging process.

Poor sleep quality can accelerate the aging process and contribute to the development of age-
related diseases such as Alzheimer's disease. Early diagnosis and management of sleep disorders,
along with lifestyle factors such as exercise and stress management, can help in promoting healthy
aging and preventing age-related cognitive decline. Major Depressive Disorder (MDD) is a common
mental health disorder in older adults and its prevalence increases with age. Irregular sleep alters the
melatonergic system leading to depression [44,45]. Practicing yoga was found to improve brain
function, reduce oxidative stress, and promote neuroplasticity, thereby helping in the management
of MDD symptoms and possibly slowing down the aging process [46].

The role of oxidative stress, inflammation, and neuro-progression in chronic post-traumatic
stress disorder (PTSD) further underscores the intricate relationship between sleep disturbances,
aging, and cognitive health [47]. Their research highlights the potential long-term consequences of
sleep disruptions on cognitive function and mental health outcomes in aging populations. Integrative
neurobiology approaches offer a comprehensive framework for understanding the complex interplay
between metabolic diseases, neuroinflammation, and neurodegeneration in aging [48]. It is important
to consider the multifactorial nature of age-related cognitive decline, highlighting potential avenues
for preventative and therapeutic interventions. Aging in the circadian system emerges as a critical
consideration for health, disease prevention, and longevity [49]. The feedback loop between circadian
rhythm disruptions and aging processes underscores the importance of maintaining healthy sleep-
wake cycles for promoting cognitive health in older adults. An intricate relationship exists between
senescence (the process of aging), sleep, and circadian rhythms [50].

Current research offers valuable insights into the complex interplay between sleep, aging, and
cognitive health, highlighting the bidirectional relationship between sleep disturbances and age-
related cognitive decline. Understanding the mechanisms underlying this relationship is crucial for
developing targeted interventions to promote healthy aging and mitigate the risk of
neurodegenerative diseases in older adults. Further research is needed to elucidate the specific
pathways linking sleep disturbances to cellular senescence, sleep, brain aging, and cognitive
impairment in aging populations, offering opportunities for innovative approaches to improve
cognitive health and overall well-being in older adults.

4. Conclusions
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Circadian rhythms indeed encompass a wide range of physical, mental, and behavioral changes
that occur in organisms over a 24-hour cycle. Light and darkness are indeed the primary cues that
synchronize these rhythms. Factors like food intake, stress, physical activity, social environment, and
temperature can play a role in modulating them. Circadian rhythms govern various essential
functions like sleep Patterns, hormone release including melatonin, appetite and digestion, and
body temperature. Overall, circadian rhythms are fundamental to the functioning of the human
body, orchestrating a wide range of biological processes to ensure optimal health and well-being.
Manipulating the body’s biological clock or circadian rhythm by irregular sleep can have profound
consequences on the body’s physiology and can be a leading cause or aggravator for various
pathophysiological processes [51].
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Figure 2. Recommended hours of sleep for different age groups.

It is essential to note that the recommended sleep hours for each age group are just guidelines
(Figure 2) [modified from 52]. Some individuals may require more or less sleep, depending on their
genetics, lifestyle, and health conditions. It is crucial to listen to your body and adjust your sleep
hours accordingly. In conclusion, getting enough sleep is crucial for our overall well-being, and the
recommended sleep hours vary for different age groups. It is essential to establish a regular sleep
routine and prioritize sleep to ensure we are getting the right amount of sleep for our age. Physicians
and medical regulatory bodies should consider including suggestions on sleep patterns for patients
under standard treatment procedures and prescriptions. With adequate sleep, we can wake up
feeling refreshed and ready to take on the day ahead for fulfilling a healthy lifespan.
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