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Foreword

Sleep remains one of the most fascinating and complex aspects of human biology.
As a physician and researcher at Harvard Medical School (Rogulja Lab) studying
the impact of sleep quality on health, I've witnessed firsthand how proper sleep can
transform lives—and how its absence can devastate them. This book emerges from
years of experience and research, driven by a simple observation: despite spending
roughly a third of our lives asleep, most of us know remarkably little about this
crucial biological process. For example, some of the most basic questions like “Why
do we sleep 7-9 hours and not 2 or 4 hours” remain unanswered.

I regularly encounter people struggling with sleep issues that affect their health,
work, and relationships. Many come with misconceptions about sleep, often having
tried various remedies without understanding the underlying biology of their sleep
problems. Others dismiss sleep as a luxury rather than the biological necessity it
truly is. This growing disconnects between our understanding of sleep and its fun-
damental importance to our health has become a critical public health challenge.

This book aims to bridge that knowledge gap. Rather than offering quick fixes or
one-size-fits-all solutions, it presents the latest scientific understanding of sleep in
an accessible way. You’ll learn how your brain regulates sleep, why different sleep
stages matter, and how sleep affects everything from your immune system to your
mental health. Importantly, you’ll learn about the most common sleep disorders and
understand how this knowledge translates into practical strategies for improv-
ing sleep.

The science of sleep has advanced dramatically in recent years. We now know
that sleep isn’t simply a period of rest—it’s an active process essential for physical
repair, memory consolidation, emotional regulation, and immune function. Through
advanced imaging techniques and molecular research, we’re uncovering new
aspects of sleep’s role in health and disease. This book synthesizes these discoveries
into a comprehensive, yet easily understandable exploration of sleep biology that
will help you understand and even optimize sleep.

Whether you’re a healthcare professional seeking to better understand your
patients’ sleep issues, someone struggling with sleep problems, or simply curious
about the science of sleep, this book offers valuable insights into one of our most
essential biological processes. My hope is that by understanding sleep better, you’ll
not only improve your own rest but also appreciate why sleep deserves priority in
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our increasingly fast-paced world. After all, sleep isn’t time wasted—it’s an invest-
ment that you make today for a healthier tomorrow.

Department of Neurobiology Alen Juginovié¢
Harvard Medical School
Boston, MA, USA
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Disclaimer

The information provided in this book is based on current scientific research and is
intended for educational purposes only. It should not be used as a substitute for
professional medical advice, diagnosis, or treatment. While the author has made
every effort to ensure the accuracy and completeness of the information contained
in this book, some details may become outdated as new research emerges.

If you suspect you have a sleep disorder or other medical condition, please con-
sult with a qualified healthcare provider. The author and publisher are not respon-
sible for any adverse effects or consequences resulting from the use of any
suggestions, preparations, or procedures described in this book.

References to specific research findings, statistics, and medical studies were cur-
rent at the time of publication (2024/2025). The field of sleep science continues to
evolve, and readers are encouraged to consult recent scientific literature and health-
care providers for the most up-to-date information.
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The Brain Behind Sleep

1.1 Your Brain: The Sleep Command Center

Have you ever wondered why some people can fall asleep instantly while others lie
awake for hours? Or why your morning alarm feels like torture some days but not
others? The answers lie in an extraordinary organ and possibly the most complex
thing we are trying to understand—the brain. Every night, as you drift off to sleep,
so many processes unfold in your brain that affect everything from your mood to
your ability to fight off a common cold. While sleep might seem simple—just close
your eyes and drift off—the biology behind it reveals that sleep may well be one of
the body’s most sophisticated biological processes.

Before we make the complex world of sleep and biological rhythms simple for
you, let’s understand the basic parts and functions of your brain that make sleep
possible. Think of your brain as the control center of your body—a remarkably
complex organ that weighs about one and a half kilograms (three pounds) and con-
tains roughly 70-90 billion nerve cells (neurons) alongside 40—130 billion support
cells called glia [1, 2]. These glial cells, once thought to be mere “brain glue,” actu-
ally play crucial roles in supporting and protecting neurons, helping them commu-
nicate, and maintaining brain health [3]. The brain never truly shuts down, even
during sleep. Instead, it remains active 24 h a day, processing information, control-
ling bodily functions, and maintaining the delicate balance between sleep and wake-
fulness. Every morning when you wake up feeling refreshed, it’s because your brain
has been hard at work throughout the night, overseeing various restoration processes.

The brain consists of several key regions, each playing specific roles in sleep and
wakefulness. At its base is the brainstem, which connects your brain to your spinal
cord. The brainstem contains centers that control basic functions like breathing and
heart rate, and it plays a vital role in regulating sleep and wakefulness [4]. When
you’re sleeping peacefully, your brainstem ensures that you keep breathing steadily
and your heart continues beating regularly, even though you’re completely unaware
of these processes. Above the brainstem sits the hypothalamus, about the size of an
almond, which houses important sleep-control centers, including your master

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 3
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4 1 The Brain Behind Sleep

circadian clock in a small part called the suprachiasmatic nucleus (SCN) [5]. This
tiny region called the SCN, containing only about 20,000 neurons, acts as your
body’s primary timekeeper, coordinating daily rhythms of sleep and wake, hormone
release, and temperature regulation with the external environment [6].

Neurons form the foundation of all brain activity. Neurons are remarkable cells,
distinct from most others in your body due to their specialized ability to form vast
communication networks (Fig. 1.1). These brain cells can rapidly exchange infor-
mation with each other and, most importantly, create new connections based on
your experiences. When you learn something new—whether it’s riding a bike or
memorizing a phone number—your neurons form and strengthen connections with
each other. This amazing ability of your brain to rewire itself is called neuroplasti-
city, and it continues throughout your entire life, even during sleep when your brain
processes and consolidates the day’s experiences [7]. Neurons communicate using
both electrical and chemical signals in a process that occurs billions of times every
second. When a neuron becomes activated, it generates a tiny electrical impulse
called an action potential that travels along its length at speeds up to around
450 miles per hour [8]. This incredible speed explains how you can react almost
instantly to stimuli, whether it’s catching a falling object or responding to your
alarm clock in the morning. When this electrical signal reaches the end of the part
of the neuron called the axon, it triggers the release of chemical messengers called
neurotransmitters. These chemicals cross small gaps between neurons, passing
messages to neighboring cells by attaching to specific receptors. This process

> cmin /\\> "\
mi-; " htyl‘;: \Ti// N Thalamus
Pineal gland
Cerebral cortex
Hypothalamus _ - 3 )
Pituitary gland —/’//’/ﬁ;—"/ ) \
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Fig. 1.1 Structure and organization of the human brain and neuron (“Created in BioRender.
Juginovic, A. (2025) https://BioRender.com/q40d911”)
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happens countless times every second throughout your brain, creating complex pat-
terns of activity that control everything from your thoughts and emotions to your
sleep patterns. Think of neurotransmitters as the brain’s text messages, sending spe-
cific instructions that determine, e.g., whether you feel alert or sleepy.

Several key neurotransmitters control sleep and wakefulness, working like a
complex system of switches. While these neurotransmitters perform many different
functions throughout the brain and body, they play particularly important roles in
regulating sleep. GABA (gamma-aminobutyric acid) acts as your brain’s main “off
switch,” reducing the activity of other neurons and promoting sleep. GABA fulfills
this role by inhibiting or slowing down the activity of neurons—imagine it as a
natural brake pedal that helps your brain shift into a quieter, calmer state that pro-
motes sleep [9]. When GABA levels rise in the evening, you begin to feel that
familiar sense of drowsiness. Another important sleep promoter is adenosine, which
gradually builds up in your brain throughout the day, increasing what we call “sleep
pressure“[10]. The longer you stay awake, the more adenosine accumulates, making
you feel increasingly sleepy. In contrast, neurotransmitters like norepinephrine and
acetylcholine act as “on switches,” promoting wakefulness and alertness (although
they also play roles in modulating certain sleep stages) [11, 12]. Your brain carefully
balances these chemical signals throughout the day and night, which explains why
you feel energetic at certain times and sleepy at others. This delicate chemical bal-
ance also explains why substances that affect these neurotransmitters, such as caf-
feine (which blocks adenosine receptors) or certain medications, (e.g. antidepressants)
can significantly impact your sleep patterns [13].

Hormones—chemical messengers that travel through your bloodstream—play
crucial roles in sleep regulation. Unlike neurotransmitters that work locally in the
brain, hormones can affect cells throughout your entire body. Melatonin, often
called the “sleep hormone,” is produced by the pineal gland (a small pea-sized gland
deep in your brain) and increases in the evening to help prepare your body for sleep
[14]. While your brain’s master circadian clock (in the suprachiasmatic nucleus)
controls melatonin production, this hormone serves a crucial role in synchronizing
the daily rhythms of cells in your entire body [15]. Nearly every cell in your body
contains its own molecular clock—these are called peripheral clocks—and melato-
nin helps keep them all operating in harmony with the master clock and with each
other [16]. These cellular timekeepers help each tissue optimize its function accord-
ing to the time of day, ensuring that processes like metabolism, hormone produc-
tion, and cell repair happen at the right times. For example, your liver needs to know
when you’re likely to eat, and your muscles need to prepare for daily activity. Your
brain typically starts producing melatonin about 2-3 h before your natural bedtime,
which explains why you gradually become sleepy as the evening progresses [17].
Cortisol, known as the “stress hormone®, typically peaks in the early morning hours,
helping you wake up and start your day [18]. This explains why many people natu-
rally feel most alert in the morning, even without caffeine. Other hormones also
follow daily rhythms—growth hormone reaches its highest levels during deep sleep,
while thyroid stimulating hormone (TSH) peaks in the evening [19, 20]. These hor-
mones work together to maintain your daily sleep-wake rhythm.



6 1 The Brain Behind Sleep

Your nervous system extends far beyond your brain, forming an extensive com-
munication network throughout your body (Fig. 1.2). The central nervous system
consists of your brain and spinal cord, acting like the main processing unit and pri-
mary “cable” of a computer. The peripheral nervous system includes all the nerves
throughout your body, similar to a complex network of wires carrying information
to and from every part of your body. This network at least partly explains why sleep
affects your entire body—from your muscles and organs to your immune system.
When you feel physically tired, mentally exhausted, or both, it’s because this net-
work is signaling your brain that rest is needed.

Within the peripheral nervous system, the autonomic nervous system controls
your body’s automatic functions and operates in two complementary modes, each
essential for proper sleep. The sympathetic nervous system—your “fight or flight”
response—increases e.g. heart rate and alertness [21]. This system may be too active
if you’re having a hard time falling asleep, like when you’re stressed or excited. The
parasympathetic nervous system, nicknamed the “rest and digest” system, does the
opposite—slowing your heart rate and promoting relaxation [21]. When you’re
lying in bed feeling peaceful and drowsy, that’s your parasympathetic system at
work. These systems alternate dominance throughout the day, with the
parasympathetic system taking control as bedtime approaches. Your brain contains

Fig. 1.2 Illustration
showing the organisation Cerebrum
of the central and
peripheral nervous systems
(“Image generated by
ChatGPT (OpenAl), 2025.
Used with permission”)
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specialized circuits dedicated to sleep and wakefulness, forming what scientists call
the sleep-wake system. This system works like a complex switch, determining when
you feel sleepy or alert. One key component is the ascending reticular activating
system (ARAS), a network of neurons in your brainstem that acts like your brain’s
“power switch” [22]. This system helps maintain wakefulness and can quickly shift
you from sleep to alertness when needed—Ilike when a loud noise wakes you up or
when your alarm goes off in the morning. It receives input from your senses and
helps determine whether you should stay asleep or wake up based on environmental
cues. We’ll explore these and other wake and sleep circuits in more detail in a later
chapter.

Temperature regulation, closely tied to sleep, involves the hypothalamus work-
ing as your body’s thermostat [23]. Your core body temperature naturally fluctuates
throughout the day, dropping by about 1 °C (2 °F) during sleep [24]. This tempera-
ture drop actually helps initiate and maintain sleep, which might explain why it’s
easier to fall asleep in a cool room than a warm one. Your brain coordinates this
temperature rhythm with other sleep-related processes, creating optimal conditions
for rest and recovery.

This system of brain regions, neurons, neurotransmitters, and hormones creates
the foundation for healthy sleep. When you understand these basics, many common
sleep experiences begin to make sense. That overwhelming drowsiness you feel late
in the evening? It’s the result of rising melatonin levels and accumulating sleep
pressure from adenosine buildup. The natural awakening in the morning? That’s
your biological clock activating wake-promoting circuits and triggering the release
of cortisol. Your difficulty sleeping when stressed? That’s your sympathetic nervous
system remaining active when your parasympathetic system should be taking over.
Of course all of these are simplified explanations, and as we explore sleep through-
out this book, we’ll learn more details about the “sleep system” and see how it can
sometimes go wrong, and equally importantly, what you can do to help it work at
its best.
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Understanding the Essence of Sleep

2.1 The Nature of Sleep: How and Why We Sleep

Sleep is a whole-body process, driven by a network of brain regions, neurons, neu-
rotransmitters, and hormones that together lay the foundation for healthy rest. When
you understand these basics, many common sleep experiences begin to make sense.
That overwhelming drowsiness you feel late in the evening? It’s the result of rising
melatonin levels and accumulating sleep pressure from adenosine buildup. The nat-
ural awakening in the morning? That’s your biological clock activating wake-
promoting circuits and triggering the release of cortisol. Your difficulty sleeping
when stressed? That’s your sympathetic nervous system remaining active when
your parasympathetic system should be taking over.

When we sleep, specific regions of our brain become highly active, sometimes
even more active than during wakefulness [1]. Using advanced brain imaging tech-
niques like functional magnetic resonance imaging (fMRI) which measures blood
flow, scientists can observe activity in different brain regions. These studies have
revealed surprising patterns: while some areas of the brain reduce their activity dur-
ing sleep, others spring into action. The hippocampus, a region crucial for memory
formation, shows particularly intense activity during specific sleep stages, suggest-
ing a vital role in processing the day’s experiences, particularly memory [2].
Meanwhile, the prefrontal cortex, responsible for complex decision-making, enters
a period of relative quiet, potentially explaining why our judgment becomes
impaired when we’re sleep-deprived [3].

Sleep is composed of four different sleep stages, N1 (light sleep), N2, N3 (slow
wave or deep sleep) and REM (Rapid Eye Movement) sleep, each serving specific
functions. a typical night, your body progresses through these stages in a complete
sleep cycle lasting approximately 90-110 min, repeating this cycle 4-5 times
throughout the typical night. During sleep, three main changes occur: our senses
become less responsive to the outside world, our voluntary muscles become still,
and our brain operates in a distinct mode that differs significantly from wakefulness
[4]. These changes aren’t just incidental—they help create the ideal conditions for
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10 2 Understanding the Essence of Sleep

the brain to perform its restorative functions. Think of these changes as your brain’s
“night shift” preparations. Just as a building needs quiet hours for maintenance and
cleaning, your brain requires specific conditions to carry out its nighttime duties.
While asleep, your brain performs several critical functions. It converts short-term
memories into long-term storage while simultaneously repairing tissues, growing
muscle, and releasing growth hormone [5-7]. Your immune system gets a boost as
your body produces essential immune components [7]. The brain processes the
day’s emotional experiences and regulates mood, while also balancing hormones
that control appetite and energy use [8]. Perhaps most remarkably, sleep allows your
brain to clear out metabolic waste products that accumulate during wakefulness
through a specialized cleaning system called the glymphatic system, which works
like your brain’s nighttime cleanup crew [9]. The brain accomplishes the aforemen-
tioned functions through different sleep stages. In deeper sleep stages (stage N3),
physical restoration and hormone release take priority, while REM (Rapid Eye
Movement) sleep focuses on emotional processing and memory consolidation—all
while keeping muscles paralyzed to ensure safety during dreams, which most fre-
quently occur in REM sleep [10]. After all, you don’t want to physically act out your
dreams during REM sleep, right?

The amount of sleep we need changes throughout our lives, reflecting the differ-
ent demands placed on our bodies and brains at various life stages (Fig. 2.1). Adults
between 18 and 65 years need 7-9 h of sleep each night, but the exact amount varies
among individuals within this range [11]. Newborns require up to 18 h of sleep
daily, even though their sleep is not consolidated in a single nightly bout [11, 12].
One of the misconceptions is that older people need less sleep, but the fact is that
they still need a minimum of 7 h which many unfortunately cannot get due to
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Fig. 2.1 How your sleep changes with age. (“Stacked area analysis was performed using
GraphPad Prism version 10.4.1. for Windows, GraphPad Software, www.graphpad.com”)
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disrupted sleep [13]. These changing requirements align with developmental needs:
infants’ brains form millions of new neural connections every second in the first few
years of life, and proper sleep is needed for development [14]. Teenagers, contrary
to popular belief, aren’t just being lazy when they sleep late—their biological sleep
patterns naturally shift later so they feel sleepy later in the day and tend to wake up
later, a phenomenon observed across cultures [15].

Sleep quality matters nearly as much as quantity, a fact that becomes increas-
ingly clear as we age. Even if you do sleep 7-9 h, it does not mean you actually have
quality sleep, i.e., cycling through sleep stages and spending an optimal time in each
one to get the full benefits of restorative sleep. Scientists use the term “sleep
hygiene“to describe practices that help optimize sleep [16]. Good sleep hygiene
can lead to better sleep quality and improved daytime alertness. While avoiding caf-
feine, heavy meals, and alcohol near bedtime helps, sleep hygiene extends beyond
simple rules. It encompasses creating an environment that promotes quality rest,
from maintaining a cool, dark bedroom to following consistent sleep and wake
times (very important!). The ideal bedroom temperature for sleep is around 19-20 °C
(66-68 °F), as our body temperature naturally drops during sleep [17]. Regular
physical activity and mindful eating patterns also play crucial roles in establishing
healthy sleep patterns, though vigorous exercise should be avoided within 1-2 h of
bedtime, as it can increase your sympathetic tone which is not helpful if you want
to get some rest [18]. On the other hand, some studies show that evening exercise
(more than 1 h before bedtime) may help people fall asleep faster and spend more
time in deep sleep [19].

Sleep has its own architecture—an internal structure made up of four stages that
repeat throughout the night [20] (Fig. 2.2). As mentioned earlier, these stages fall
into two main categories: non-REM sleep (with three distinct stages: N1, N2, N3)
and REM (Rapid Eye Movement) sleep. The journey begins with light sleep, known
as Stage N1, where breathing slows and muscles start to relax. Brain waves begin to
change, showing a pattern called theta waves on electroencephalography (EEG;

Fig. 2.2 The human sleep
cycle pattern. (“Image
generated by ChatGPT
(OpenAl), 2025. Used with
permission”)
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procedure to record brain activity using several electrodes places on the skull),
which represent the boundary between wakefulness and sleep.

As you progress into Stage N2, your brain produces distinct EEG electrical pat-
terns called sleep spindles and K-complexes [21]. These aren’t just random electri-
cal noise—they play vital roles in memory consolidation and protecting sleep from
disruption. Your body temperature drops slightly, heart rate slows, and you become
less aware of your surroundings. This stage typically occupies about 45% of total
sleep time in adults, making it the most prevalent sleep stage [22].

Stage N3, or deep sleep, is the body’s most restorative phase, ideally making
up about 20% of total sleep time. The brain generates large, slow delta waves on
EEG, and blood pressure and heart rate drop [20]. Growth hormone secretion
peaks during this stage, promoting physical repair and regeneration [23]. The
immune system becomes more active, explaining why adequate sleep helps fight
off infections. Memory consolidation continues, but now focusing on procedural
memories—physical skills and movements learned during the day [20].

REM sleep, which makes up about 20-25% of total sleep time, present a fasci-
nating paradox: while the brain buzzes with activity similar to wakefulness, the
body remains almost completely paralyzed [24]. This paralysis, called muscle ato-
nia, prevents us from acting out our dreams [24]. During REM sleep, the brain
processes emotional memories and experiences, helping us maintain psychological
well-being. Dreams during REM sleep tend to be more vivid and story-like com-
pared to the fragmentary dreams of other sleep stages. This stage also supports
creative problem-solving, potentially explaining why solutions sometimes “come to
us” after a good night’s sleep.

Recent research has revealed sleep’s crucial role in brain maintenance. During
sleep, the space between brain cells actually increases, allowing for better circula-
tion of cerebrospinal fluid [25]. This enhanced flow helps clear out metabolic waste
products that accumulate during wakefulness, including proteins associated with
neurodegenerative diseases like Alzheimer’s disease [25]. This cleaning system,
known as the glymphatic system, works efficiently during sleep, and especially dur-
ing deep sleep.

The timing of sleep stages isn’t random. Deep sleep dominates the early hours of
the night, while REM sleep becomes more prevalent in the later hours [20]. This
pattern appears consistently across mammals, suggesting its evolutionary but
unknown importance. Even animals with unusual sleep patterns, like dolphins that
sleep with one brain hemisphere at a time, show similar sleep stage characteristics,
highlighting the fundamental nature of these processes [26, 27].

Sleep’s influence extends into nearly every aspect of physical and mental func-
tion. The sleeping brain strengthens useful memories while pruning away unneces-
sary ones, a process essential for efficient learning. Hormonal regulation during
sleep affects everything from appetite control to stress response. Growth and repair
processes accelerate, while the immune system strengthens its ability to fight dis-
ease. Even the cardiovascular system takes advantage of sleep’s restorative proper-
ties, which may explain why disrupted sleep increases the risk of cardiovascular
disease. We’ll dive deep into all of this in other chapters of the book.
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The Circadian Rhythm

3.1 The Circadian Clock: Our Body’s Internal Timekeeper

Within every living organism lies a biological timekeeper known as the circadian
rhythm. This internal clock governs a 24-h cycle that controls fundamental aspects
of our physiology, from sleep-wake patterns to hormone fluctuations and metabolic
functions [1]. The scientific field dedicated to studying these biological rhythms,
chronobiology, has revealed how these internal timekeepers regulate life’s essential
processes.

The discovery of internal thythms traces back to 1729, when French scientist
Jean-Jacques d’Ortous de Mairan conducted what would become a foundational
experiment in chronobiology. While studying Mimosa plants, known for their daily
leaf movements, de Mairan made a crucial observation: even when placed in com-
plete darkness, the plants continued their daily pattern of folding leaves in the eve-
ning and opening them in the morning [2]. This simple yet profound experiment
provided the first scientific evidence that living organisms possess an internal tim-
ing mechanism independent of external cues, in this case sunlight.

Over the next two centuries, scientists accumulated evidence that similar internal
timing systems exist across the natural world, from single-celled organisms to
humans. However, the molecular basis of these rhythms remained a mystery until
the late twentieth century. The breakthrough came through research on tiny fruit
flies, leading to the 2017 Nobel Prize in Physiology or Medicine awarded to Michael
Young, Michael Rosbash, and Jeffrey Hall [3]. Their work revealed the fundamental
molecular mechanisms controlling circadian rhythms, mechanisms later proven to
be remarkably similar-though not identical-across many species.

The central circadian clock resides in the brain’s hypothalamus, specifically within
a group of approximately 20,000 neurons called the suprachiasmatic nucleus (SCN)
[4]. This master clock’s location is strategically important: it is located directly above
the optic chiasm, where the optic nerves cross, allowing it to receive direct input from
the eyes about environmental light conditions through a dedicated neural pathway from
the retina called retinohypothalamic tract [5]. This anatomical positioning enables
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precise synchronization between our internal clock and the external environment, pri-
marily through light—the most powerful cue for the SCN to determine it’s day or night.

Light exposure plays a crucial role in maintaining proper circadian timing [6]
(Fig. 3.1). When light hits specialized cells in our eye’s retina called intrinsically
photosensitive retinal ganglion cells (ipRGCs), they send signals directly to the
SCN through the retinohypothalamic tract [6]. These cells are particularly sensitive
to blue light, explaining why exposure to blue-rich LED screens on smartphones in
the evening can disrupt our natural sleep timing. The SCN processes this light infor-
mation and adjusts our internal clock accordingly, helping us stay synchronized
with the external day-night cycle.

The molecular mechanism driving circadian rhythms in nearly every cell of our
body relies on an elegant system of genetic feedback loops [7]. During daylight
hours, two proteins in the cell, CLOCK and BMAL1, bind to specific sequences on
the DNA in the cell nucleus, activating genes that produce two other key proteins:
PERIOD (PER) and CRYPTOCHROME (CRY). These proteins reside, along with
organelles like the mitochondria or ribosomes, in the cytoplasm which surrounds
the cell nucleus. As these proteins accumulate throughout the day, they gradually
form PER-CRY complexes that enter back into the cell nucleus. Once inside, they
bind directly to the CLOCK and BMAL1 proteins. This binding stops CLOCK and
BMALI from activating further production of PER and CRY proteins, effectively
shutting down their own creation. This creates the self-regulating feedback loop that
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Fig. 3.1 Neural circuit of sleep-wake regulation. (“Created in BioRender. Juginovic, A. (2025)
https://BioRender.com/u57d964”)
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takes about 24 h to complete, forming the foundation of our circadian rhythm
(Fig. 3.2). While this explanation captures the core mechanism, the full process
involves additional regulatory proteins and layers of control that further refine cir-
cadian timing.

The impact of circadian rhythms extends far beyond sleep and wakefulness [8].
These rhythms influence hormone production, body temperature regulation, metab-
olism, and even cognitive function. For example, cortisol, often called the “stress
hormone,” typically peaks in the early morning hours, helping prepare us for daily
activities. Melatonin, a hormone crucial for initiating sleep, begins rising in the
evening, peaks in the middle of the night, and gradually declines toward morning.
Body temperature also follows a circadian pattern, dropping slightly during sleep
and rising before awakening. Disrupting these natural rhythms—whether through
irregular sleep schedules, shift work, or late-night screen use—can have serious
health consequences. Studies show that chronic circadian disruption is linked to
increased risk of obesity, diabetes, cardiovascular disease (e.g. stroke or heart
attack), and mental health issues [9]. Even minor inconsistencies in sleep timing can
impair memory formation, weaken immune function, and reduce cognitive perfor-
mance [10, 11]. This is why maintaining a consistent sleep schedule, even on week-
ends, is crucial for optimal health. It keeps our internal clocks aligned with our
body’s natural rhythms, ensuring all these vital processes occur at their intended times.

Nucleus

Hormones and
neuronal signaling

eripheral clocks
in every cell

Fig. 3.2 Simplified molecular regulation of the circadian rhythm. (“Created in BioRender.
Juginovic, A. (2025) https://BioRender.com/f03n895”)
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Circadian rhythms vary among individuals due to genetic differences in our bio-
logical clocks [12]. These variations create distinct chronotypes—natural prefer-
ences for when we feel most alert and when we prefer to sleep. “Morning larks”
naturally wake early and are most productive in the morning hours, while “night
owls” tend to be more alert in the evening and prefer later bedtimes [13].
Approximately 15-25% of people are morning types, 10-15% are evening types,
and the majority fall somewhere in between—though these proportions can vary
based on age, genetics, and environment. Although it's possible to adjust one’s
schedule, doing so against their chronotype may require extra effort and could nega-
tively impact well-being. Research suggests that aligning our daily schedules—
work, study, exercise—with our natural chronotype can improve performance,
mood, and overall health. However, modern society, with its typical 9-to-5 schedule,
often forces night owls to function against their natural rhythm, potentially contrib-
uting to what researchers call “social jet lag“[14]. This occurs when people must
follow social or work schedules that conflict with their natural biological timing,
similar to experiencing ongoing jet lag without ever traveling to a different time zone.

The central circadian clock in the brain (suprachiasmatic nucleus) also controls
numerous peripheral clocks throughout the body [15]. These local timekeepers,
found in nearly every cell in our body, help optimize organ function according to the
time of day. The liver, for instance, increases its capacity for nutrient processing
during our typical eating hours and shifts to energy storage during sleep. The heart
adjusts its output and blood pressure in anticipation of daily activity, while muscles
modify their sensitivity to insulin and energy utilization patterns. This hierarchical
organization, with the SCN acting as the master clock coordinating multiple periph-
eral clocks, ensures that various biological processes occur at optimal times. When
these clocks stay synchronized, our organs work efficiently and in harmony; when
they become misaligned—due to irregular eating patterns or sleep schedules—it
can disrupt metabolism, cardiovascular function, and long-term health [16].

The evolutionary conservation of circadian mechanisms across species under-
scores their critical role in survival. From cyanobacteria, which evolved over a bil-
lion years ago, to modern humans, the basic principles of circadian timing have
remained remarkably consistent [17]. This preservation suggests that the ability to
anticipate and prepare for daily environmental changes provides a significant evolu-
tionary advantage.

The field of chronobiology continues to yield new insights into how circadian
rhythms influence health and disease. Understanding these internal timekeepers has
led to innovations in cancer treatment timing, medication scheduling, and strategies
for managing jet lag and shift work. Recent research has even begun exploring how
individual variations in circadian preferences—whether someone is naturally a
“morning lark” or “night owl”—might be used to personalize health recommenda-
tions and optimize daily cognitive and motor performance.

Bonus Section: How Light Controls the Brain’s Internal Clock. From Light to Brain:
How Our Eyes Control Our Internal Clock—Optional Read (for those who want
to learn even more).



3.1 The Circadian Clock: Our Body’s Internal Timekeeper 19

3.1.1 How Light Controls the Brain’s Internal Clock

The journey of how light regulates our biological clock begins in the eye, an organ
whose complexity extends far beyond enabling vision. While most people under-
stand eyes as instruments for seeing the world, they serve another essential function:
synchronizing our internal clock with environmental light cycles. This dual purpose
reflects millions of years of evolutionary refinement, resulting in an organ that not
only creates images but also maintains our daily biological rhythms.

The process starts when light enters through the pupil and reaches the retina, a
remarkably complex structure composed of ten distinct cellular layers [18]. Each
layer serves specific functions in processing light information, making it one of the
most sophisticated biological sensors known in nature. The retina contains the clas-
sic photoreceptors—rods for dim light vision and cones for color perception—but
also houses a more recently discovered class of cells that revolutionized our under-
standing of circadian biology: the intrinsically photosensitive retinal ganglion cells
(ipRGCs) [19].

The discovery of ipRGCs in the early 2000s solved a long-standing mystery in
circadian biology. Scientists had observed that mice lacking both rods and cones—
the traditional light-sensing cells—could still adjust their biological rhythms in
response to light. This observation led to the identification of ipRGCs, a small popu-
lation of cells that make up less than 5% of all ganglion cells in the retina [20].
These specialized neurons contain melanopsin, a light-sensitive protein that gives
them the unique ability to detect environmental light levels independently of the
classical photoreceptors.

Melanopsin’s functions quite differently from the light-detecting proteins (phot-
opigments) in rods and cones [21]. While traditional photoreceptors respond rapidly
to light changes, allowing us to see moving objects and fine details, melanopsin
responds more slowly and is particularly sensitive to blue light wavelengths around
480 nanometers—coincidentally matching the peak wavelength of daylight. This
specialization makes ipRGCs perfectly suited for their role in circadian regulation.
When light activates melanopsin in ipRGCss, it triggers a precise cascade of molecu-
lar events [21]. The process begins with a conformational change in the melanopsin
protein, leading to the opening of ion channels in the cell membrane. This allows
calcium ions to flow into the cell, creating an electrical signal that travels along the
cell’s axon. Unlike signals from conventional photoreceptors, which take multiple
routes through the brain, these signals follow a dedicated pathway directly to the
suprachiasmatic nucleus (SCN) in the brain’s hypothalamus. As a reminder, the
SCN is a group of around 20,000 neurons located just above where the optic nerves
cross, and functions as the body’s master clock, regulating sleep and wake cycles
(Fig. 3.3).

This direct connection between ipRGCs and the SCN, known as the retinohypo-
thalamic tract, represents a prime example of specialized neural wiring dedicated to
circadian control [22]. The signals travel via the optic nerve but splits from the
visual pathway at the optic chiasm, ensuring that circadian information reaches the
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SCN without interference from image processing. When these signals arrive at the
SCN, that initiates changes in the expression of circadian clock genes.

ipRGCs also receive input from rods and cones, enabling them to integrate overall
brightness and spectral quality throughout the day. This integration enables our cir-
cadian system to respond both to the overall amount of environmental light and to
subtle changes in light quality throughout the day. Morning light, rich in blue wave-
lengths, provides particularly strong signals to this system, explaining why morning
light exposure is especially effective at reinforcing circadian alignment [23].

In our modern environment, this finely tuned system faces unprecedented chal-
lenges. Artificial lighting, particularly LED technology, can activate ipRGCs at
inappropriate times, disrupting natural circadian rhythms. The blue light emitted by
electronic devices is especially problematic because it closely matches the peak
sensitivity of melanopsin [23]. Evening exposure to these devices can suppress mel-
atonin release and delay the circadian phase, making it harder to fall asleep and
maintain regular sleep patterns.

The critical role of this light-sensing system becomes particularly evident in
studies of individuals with complete blindness. Research shows that most totally
blind individuals experience significant circadian rhythm disruptions [24]. Without
light input to their SCN, their internal clocks begin to “free-run,” operating on
cycles that may be longer or shorter than 24 h. These individuals often experience a
condition called non-24-h sleep-wake rhythm disorder, causing their sleep-wake
times to shift later each day.

Research with blind individuals has led to important therapeutic advances in
circadian medicine. Studies have shown that carefully timed melatonin administra-
tion can help entrain sleep-wake cycles in both blind and sighted individuals with
circadian disorders [25]. This work has also contributed to our understanding of
how light therapy can be optimized for treating various circadian rhythm disrup-
tions, from jet lag to shift work disorder.
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Recent research has revealed additional complexity in how ipRGCs regulate cir-
cadian rhythms. These cells send signals not only to the SCN but also to other brain
regions involved in mood, alertness, and cognitive function [26]. This broader influ-
ence helps explain why disrupted light exposure can affect not just sleep timing but
also emotional well-being and cognitive performance.

3.1.2 Modern Life Versus Your Circadian Clock

Our internal clock requires consistent environmental cues to stay precisely aligned
with the 24-h day. Scientists call these external time cues “zeitgebers,” from the
German word for “time givers“[27]. While various factors serve as zeitgebers—
including temperature fluctuations, physical activity, and meal timing—Tlight stands
as the most powerful synchronizing agent. Research has shown that under natural
conditions, our internal clock maintains a remarkably stable rhythm of approxi-
mately 24 h and 10 to 20 min, with typical individual variation of only about 15 min
[12] (Fig. 3.4).

The crucial role of light in regulating biological rhythms was dramatically dem-
onstrated in 1938 through a pioneering experiment. Scientists Nathaniel Kleitman
and Bruce Richardson spent 32 days in Kentucky’s Mammoth Cave in the United
States, living in complete darkness, isolated from all natural light cues [28]. Without
light to anchor their biological clocks, their sleep-wake cycles began to drift out of
sync with the 24-h day. Their internal circadian period extended to 28 h [29]. This
groundbreaking study revealed light’s fundamental role in maintaining our daily
rhythms and established the concept of “free-running” circadian rhythms—the nat-
ural period of our internal clock when isolated from external cues such as light.

The relationship between light and our circadian system involves various mecha-
nisms that scientists have yet fully understood. Light’s effects depend not just on
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Fig. 3.4 Illustration of the body’s biological clock across a 24-h day. (“Image generated by
ChatGPT (OpenAl), 2025. Used with permission”)
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intensity but also on its spectral composition. Research has identified blue light,
particularly wavelengths between 450 and 490 nanometers, as especially potent in
regulating circadian rhythms [30]. This specific blue light is abundant in natural
daylight but also comes from LED screens on our phones, tablets, and computers,
as well as modern LED lighting. While natural daylight provides a balanced
light spectrum, our digital screens and LED lights tend to emit a disproportionate
amount of this biological clock-influencing blue light. During daylight hours, blue
light exposure provides several benefits: it enhances alertness, improves cognitive
performance, and positively affects mood through direct neural pathways from the
retina to brain regions controlling these functions [31]. However, exposure to this
same blue light in the evening can disrupt our natural sleep-wake cycle by suppress-
ing melatonin production and shifting our internal clock later. This is particularly
problematic in our modern world, where evening screen use has become routine,
potentially contributing to widespread sleep problems and associated health issues.

The discovery of specialized retinal cells called intrinsically photosensitive reti-
nal ganglion cells (ipRGCs) in the early 2000s revolutionized our understanding of
how light affects circadian rhythms. Unlike conventional rod and cone photorecep-
tors used for vision, these cells contain melanopsin, a photopigment specifically
tuned to detect environmental light levels [21]. These cells form direct neural con-
nections to the brain’s suprachiasmatic nucleus through the retinohypothalamic
tract (explained in the previous section), allowing light information to rapidly influ-
ence our master clock.

When light strikes these specialized cells, they trigger a cascade of neural and
hormonal responses. During daylight hours, this system promotes alertness by
suppressing melatonin production and increasing cortisol levels [32]. As natural
light fades in the evening, this suppression lifts, allowing melatonin levels to rise
and prepare the body for sleep. This balance, refined over millions of years of
evolution, faces unprecedented disruption in our modern environment. The wide-
spread adoption of artificial lighting, particularly LED technology, has created
novel challenges for human biology. These lights, especially those used in digital
devices, emit high levels of blue wavelengths—precisely the type most effective
at suppressing melatonin production. Research has shown that even brief expo-
sure to artificial light during evening hours can significantly delay melatonin
onset [33]. A 2-h exposure to typical LED screen light can suppress melatonin
production by about 55%, delaying its release by up to 2 h [34]. The consequences
of chronic circadian disruption extend far beyond sleep difficulties, as studies of
shift workers provide compelling evidence of the health impacts of circadian mis-
alignment. These individuals show higher rates of metabolic disorders, cardiovas-
cular disease, and certain cancers [35]. The International Agency for Research on
Cancer has classified night shift work involving circadian disruption as a probable
human carcinogen, highlighting the seriousness of disturbed biological
rhythms [36].

Shift work presents one of the most significant challenges to our circadian sys-
tem. About 15-30% of the workforce in Europe and the United States work outside
traditional daytime hours [37]. When people work at night under artificial lighting,
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their bodies receive contradictory signals: bright light tells the brain to stay alert
while the internal clock signals sleep. This misalignment affects multiple body sys-
tems. Shift workers often experience not only disrupted sleep but also digestive
problems, reduced immune function, and altered metabolism. Research shows they
face higher risks of various health conditions, including cardiovascular disease, dia-
betes, and certain types of cancer [35].

Jet lag occurs when rapid travel across time zones creates a mismatch between
our internal clock and the local time. A business traveler flying from Boston, MA,
USA to Split, Croatia (my beautiful home town!) effectively forces their body to
reset its entire biological rhythm by 6 h. This adjustment doesn’t happen instantly—
the body typically needs about 1 day per time zone crossed to fully adapt. Different
body systems adjust at different rates, creating temporary chaos in our internal tim-
ing. The digestive system might be ready for dinner while the brain signals bedtime,
resulting in the classic jet lag symptoms of fatigue, digestive issues, and sleep dis-
ruption [38].

“Social jet lag,” a term coined by researchers, describes a common but less rec-
ognized form of circadian disruption [14]. This occurs when people maintain differ-
ent schedules on workdays versus free days. This mismatch arises when weekday
schedules force earlier wake times than one’s natural preference. A person who
wakes at 6 AM for work but sleeps until 9 AM on weekends essentially experiences
a 3-h time zone shift every weekend. This misalignment between biological timing
and social schedules can disrupt circadian rhythms and impact health, similar to
regular jet lag but occurring without travel. Combined with modern habits—reduced
exposure to natural daylight during work hours and increased evening exposure to
artificial light from electronic devices—this misalignment can lead to chronic sleep
debt and associated health risks.

In some cases, these natural timing preferences become extreme enough to qual-
ify as circadian rhythm disorders (explained in detail in a separate later chapter)
[39]. For example, delayed sleep phase disorder shifts sleep timing significantly
later than conventional times, often by 2 h or more. Someone with this condition
might naturally fall asleep at 3 AM and wake at 11 AM—a schedule that conflicts
dramatically with typical work or school requirements. These patterns arise from a
complex interaction between genetic factors, including variations in genes like
PER2 and PER3, environmental influences, and age-related changes in circadian
regulation [40].

Age affects our ability to handle circadian challenges [41]. Older adults often
find it harder to adapt to shift work or recover from jet lag because their circadian
systems become less flexible with age. In contrast, teenagers experience a natural
evening delay in their circadian phase, conflicting with early school start times. This
biological shift explains why forcing teenagers to wake early for school can signifi-
cantly impact their learning and health.

Research into circadian mechanisms has revealed practical interventions for opti-
mizing circadian health in the modern world. Timed light exposure—often referred to
as chronotherapy—can realign the circadian clock and improve sleep patterns [42].
This involves maximizing natural light exposure in the morning, reducing blue light
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from screens in the evening using filters or apps, and creating a dark environment for
sleep. The timing of these interventions is crucial: morning light has the strongest
effect on reinforcing a healthy sleep-wake cycle, while avoiding bright light at night
helps support the natural rise in melatonin levels. Beyond light-based strategies, chro-
notherapy also includes the timing of medication administration to align with biologi-
cal rhythms, potentially enhancing treatment effectiveness and minimizing side
effects, although there is still more research needed in this regard.
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Sleep Labs: How We Study Sleep

4.1 The Tools We Use to Study Sleep

The science of sleep relies on sophisticated tools to understand what happens in
our brains and bodies during the night. These diagnostic methods help sleep
doctors identify sleep disorders and determine the best treatments for their
patients.

One of our most important tools is electroencephalography or EEG [1]. This
technique measures the electrical activity produced by our brains using small elec-
trodes placed on specific points of the scalp. These electrodes detect tiny voltage
changes—measured in millionths of a volt—that reflect the synchronized activity of
a group of brain cells. When displayed on a computer screen, these signals create
distinctive wave patterns that tell us what stage of sleep someone has entered.
However, EEG has its limitations—it only captures activity near the brain’s surface,
missing deeper brain regions that play important roles in sleep regulation. Even with
these limitations, it offers very valuable insights that help the medical staff deter-
mine each sleep stage.

The gold standard for diagnosing sleep disorders is polysomnography—a com-
prehensive overnight sleep study that records multiple aspects of sleep simultane-
ously (Fig. 4.1) [1].

During polysomnography, patients spend the night in a sleep clinic while con-
nected to various monitoring devices. Beyond brain waves, these devices track:

* Eye movements.

e Muscle activity.

e Heart thythm.

* Breathing patterns.

* Blood oxygen levels.
* Body position.
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Fig.4.1 Standard sleep EEG
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This wealth of information allows sleep specialists to create a detailed map of
sleep called a hypnogram, showing how someone moves through different sleep
stages throughout the night. This helps identify disruptions in normal sleep patterns
and diagnose specific sleep disorders (Fig. 4.2).

For some sleep problems, particularly breathing disorders like sleep apnea, doc-
tors might recommend a simpler test called polygraphy [2]. Unlike polysomnogra-
phy, this test doesn’t measure brain waves but focuses on breathing, heart rate, and
oxygen levels. A major advantage of polygraphy is that patients can sleep in their
own beds, as the monitoring equipment is portable and can be set up at home. In
contrast, setting up an EEG (part of polysomnography) independently is very
difficult.

One interesting challenge in sleep testing involves what scientists call the “First
Night Effect” [3]. When people sleep in an unfamiliar environment like a sleep
clinic, their sleep patterns often change. Some people sleep worse than usual due to
anxiety about the strange surroundings or discomfort with the monitoring equip-
ment. Others, surprisingly, might sleep better than normal, perhaps because they
feel reassured by the medical supervision. This effect can complicate the interpreta-
tion of sleep studies, which is why sleep specialists always consider this factor when
evaluating results.

Advances in sleep monitoring technology continue to improve our understand-
ing of sleep. Modern systems can process multiple data streams in real time, help-
ing identify subtle patterns that might indicate specific sleep disorders. This
technology, combined with experienced medical interpretation, helps ensure
accurate diagnosis and appropriate treatment for the millions of people affected
by sleep disorders.
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4.1.1 Consumer Sleep Tech: Innovations and Current Challenges

While medical sleep studies remain the gold standard for diagnosing sleep disorders,
recent years have seen remarkable advances in consumer devices that track and ana-
lyze sleep. These technologies offer individuals yet unprecedented insight into their
nightly rest, though their capabilities and limitations deserve careful consideration [4].

Modern wearable devices use sophisticated combinations of sensors to estimate
sleep patterns. Most rely on accelerometers to detect movement, along with heart
rate sensors and temperature monitors. Some newer devices even incorporate blood
oxygen monitoring—a measurement traditionally reserved for medical equipment.
These devices analyze multiple data streams simultaneously to create detailed pic-
tures of sleep architecture [4].
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The accuracy of these devices continues to improve, as demonstrated by recent
research. A 2024 study comparing three popular devices (Oura Ring, Fitbit Sense 2,
and Apple Watch Series 8) to clinical polysomnography found they could detect
sleep versus wake states with around 95% accuracy [5]. However, their ability to
distinguish between different sleep stages proved more variable, with accuracy
ranging from 50% to around 75% depending on the device and sleep stage being
measured [5]. While not ideal, technology is still progressing at a rapid pace and
may reach levels comparable to traditional polysomnography.

Smart mattresses represent another emerging category in sleep technology [6].
These high-tech beds incorporate pressure sensors and temperature regulation sys-
tems throughout their surface to track movement, breathing patterns, and sometimes
heart rate. Many can automatically adjust firmness and temperature based on sleep
data, though research validating their effectiveness remains relatively limited.

The explosion of sleep apps has also transformed how people approach sleep.
Beyond basic alarm functions, modern sleep apps offer sophisticated features
including sleep sound libraries, smart home integration for environmental control,
and Al-powered sleep coaching. Some can even integrate data from multiple sources
to provide comprehensive sleep analysis.

However, it’s crucial to understand these technologies’ limitations. While con-
sumer devices can help develop better awareness of sleep patterns, they shouldn’t be
used for self-diagnosis of sleep disorders. Their measurements, while interesting,
don’t match the precision of medical equipment. Research shows they tend to under-
or over-estimate sleep time and can’t reliably distinguish between all sleep stages
with medical accuracy. In fact, over-reliance on these devices can even lead to
orthosomnia, a condition where individuals become excessively preoccupied with
achieving perfect sleep, leading to increased stress and anxiety.

Looking ahead, sleep technology continues to advance rapidly. Newer devices
incorporate artificial intelligence to analyze sleep patterns and provide increasingly
personalized recommendations. Some can integrate with smart home systems to
automatically optimize bedroom conditions throughout the night. While these inno-
vations show promise, the fundamental principles of good sleep hygiene—consis-
tent schedules, proper sleep environment, and healthy sleep habits—remain more
important than any technology. Remember that good sleep doesn’t require technol-
ogy—many people sleep perfectly well without tracking devices. However, for
those interested in understanding their sleep patterns better, modern sleep technol-
ogy can provide valuable insights when used appropriately and with realistic expec-
tations about its capabilities.
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Inside the Sleeping Brain:
From Chemistry to Dreams

5.1 Brain at Night: Molecular and Electrical Foundations
of Sleep and Its Stages

5.1.1 The Molecular Mechanisms Behind Our Brain’s Transition
from Wake to Sleep

Falling asleep each day is regulated by two key biological systems: Process S and
Process C. Process S builds up sleep pressure—the longer we stay awake, the more
our need for sleep increases. Process C reflects our internal 24-h circadian clock, or
circadian rhythm, which regulates when we naturally feel awake or sleepy [1].
Together, these processes explain why we get more tired the longer we stay up and
why we feel sleepy at night, even if we’ve napped during the day.

Process S primarily operates through a molecule called adenosine [1]. As we use
energy throughout our waking hours, adenosine gradually builds up in the brain,
acting as a natural sleep signal. Whenever our brain cells use energy—whether for
thinking, movement, or simply staying awake—they break down the “energy mol-
ecule” ATP (adenosine triphosphate), which can lead to the release and accumula-
tion of adenosine, a key factor in promoting sleepiness. This buildup creates
increasing pressure to sleep, explaining why staying awake becomes progressively
more difficult as the day goes on. During sleep, the brain clears away this accumu-
lated adenosine, which is why we feel refreshed after a good night’s rest.

Adenosine affects several key brain regions to promote sleep [2]. In areas like the
basal forebrain and pons, it binds to specific receptors (Al receptors) on neurons
that normally keep us alert by releasing a neurotransmitter called acetylcholine.
When adenosine attaches to these neurons, it reduces their activity, promoting
drowsiness. This mechanism helps explain why caffeine keeps us awake—it blocks
these same A1 receptors, preventing adenosine from delivering its “sleep signal”.

The brain’s wake-promoting system includes special neurons in the hypothalamus
that produce a chemical called hypocretin (also known as orexin) [3]. These neurons
play such a vital role in maintaining wakefulness that their loss leads to narcolepsy,
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a condition where people feel extremely sleepy during the day and can even fall
asleep uncontrollably. This loss of hypocretin-producing neurons, often due to an
autoimmune response, affects roughly 1 in 2000 people [4]. As adenosine levels rise
throughout the day, it suppresses these neurons, further promoting the transition to
sleep. This suppression occurs alongside other changes in the brain, including
decreased activity in wake-promoting regions like the ascending reticular activating
system (ARAS) in the brainstem and reduced levels of other alertness-promoting
neurotransmitters such as norepinephrine and histamine. The coordinated reduc-
tion in wake-promoting activity, combined with the activation of sleep-promoting
regions, helps ensure a smooth transition from wakefulness to sleep (Fig. 5.1).

Meanwhile, adenosine also activates sleep-promoting neurons in a region called
the ventrolateral preoptic nucleus (VLPO), located in the anterior hypothalamus
near the base of the brain [5]. These neurons release GABA, the brain’s primary
inhibitory chemical. Think of GABA as the brain’s primary “quiet down” signal,
reducing the activity of wake-promoting systems throughout the brain. This process
resembles systematically dimming the lights throughout a house, as each wake-
promoting system gradually powers down.

Working in parallel with the adenosine-driven sleep pressure (Process S), Process
C—our circadian rhythm—helps explain why we feel sleepy at night even after you’ve
taken a late-afternoon nap [1]. While adenosine accumulation creates direct sleep
pressure, the brain’s master clock, located in the suprachiasmatic nucleus, simultane-
ously controls this daily timing system, i.e., our 24-h rhythm. Each evening, it signals
the pineal gland to begin producing melatonin, often called the “sleep hormone”.
Melatonin levels start rising in the evening, peak in the middle of the night, and
decrease toward morning, helping regulate our sleep-wake cycle. These two pro-
cesses—sleep pressure and circadian rhythm—operate simultaneously but indepen-
dently, creating a sophisticated dual control system for sleep regulation.
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Fig. 5.1 Key brain regions involved in sleep regulation. (’Created in BioRender. Juginovic,
A. (2025) https://BioRender.com/y91d094°")
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The brain maintains wakefulness through a network called the ascending reticu-
lar activating system (ARAS) [6]. This system keeps the brain alert and responsive
during waking hours, like a sentinel that maintains alertness and awareness.
Originating in the brainstem, the ARAS extends upward, influencing the thalamus,
hypothalamus, and cerebral cortex. It uses various neurotransmitters—including
norepinephrine, acetylcholine, histamine, and dopamine—to regulate wakefulness
and maintain arousal. Each of these neurotransmitters plays a specific role in wake-
fulness, though they have many other functions throughout the brain and body.
Norepinephrine enhances alertness and attention, acetylcholine supports cognitive
function and awareness, histamine promotes general wakefulness, and dopamine
contributes to motivation and reward-based arousal [7]. The ARAS also receives
input from sensory systems, helping us stay responsive to important environmental
cues, such as a baby’s cry or an alarm clock. As we transition to sleep, sleep-
promoting neurons inhibit this system, gradually reducing our awareness of our
surroundings. This inhibition occurs in stages, with different ARAS components
powering down in sequence—similar to shutting down a complex machine one cir-
cuit at a time. As a result, external sounds and movements become less likely to
disturb us in deeper sleep, though the brain retains the ability to detect critical stim-
uli—an evolutionary adaptation that helped protect our ancestors while they slept.

These molecular mechanisms have important practical implications. For instance,
while melatonin supplements can help adjust sleep timing in certain situations (such
as jet lag or shift work), they represent only one aspect of the sleep-regulation sys-
tem. A melatonin pill can signal “nighttime” to your brain, but it cannot override a
build-up of wake-promoting signals or compensate for poor sleep habits. Similarly,
caffeine can block adenosine receptors to promote wakefulness, but it doesn’t elimi-
nate the underlying sleep pressure—which explains why people often experience a
“crash” when the effects of caffeine wear off. Quality sleep typically requires proper
sleep habits and environment, as these brain mechanisms work best with consistent
schedules and appropriate sleeping conditions. This means maintaining regular
sleep-wake times, creating a dark and quiet sleep environment, avoiding evening
screen exposure (which can suppress natural melatonin production), and allowing
enough time for both Process S and Process C to operate optimally. Understanding
these mechanisms helps explain why shortcuts to better sleep often prove ineffec-
tive in the long run, and why sustainable improvements usually require aligning our
habits with our brain’s natural sleep-regulatory systems.

Modern life can significantly impact these natural sleep processes. Evening
exposure to bright lights, especially the blue light from electronic devices, can sup-
press melatonin production. Irregular sleep schedules can confuse our circadian
timing system. Stress and anxiety can activate wake-promoting brain regions, mak-
ing it harder to fall asleep even when adenosine levels are high. Even diet affects
sleep—cafteine’s ability to block adenosine receptors explains why that late after-
noon coffee might keep you awake at night.

These mechanisms explain many common sleep experiences. That intense sleep-
iness after a long day? That’s the effect of accumulated adenosine. The alertness
you feel after waking from a good night’s sleep? That’s your wake-promoting
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systems reactivating in a brain cleared of sleep-inducing chemicals. The drowsiness
that hits around the same time each evening? That’s your circadian system releasing
melatonin on schedule.

5.1.2 The Temperature-Sleep Connection: How Body
Temperature Affects Our Rest

Our body temperature follows a precise 24-h pattern that profoundly influences
sleep [8]. This temperature rhythm, refined over millions of years of evolution,
helps control our daily cycles of alertness and sleepiness. Throughout the day, our
core body temperature fluctuates by about 1 °C (1.8 °F), typically peaking in the late
afternoon and reaching its lowest point in the early morning hours, around 3-5 AM
(Fig. 5.2).

The process of falling asleep requires a decrease in core body temperature.
This cooling mechanism involves an interesting biological process. Blood ves-
sels near the skin’s surface—in areas like our hands, feet, and face—begin to
expand (dilate), a process called peripheral vasodilation [8]. This dilation is trig-
gered in part by reduced its production of noradrenaline, a hormone that nor-
mally keeps blood vessels constricted. As these blood vessels dilate, they allow
more blood to flow to the skin’s surface, effectively transferring heat from our
body’s core to its exterior.

This heat transfer creates an interesting paradox: while our core temperature
drops, our hands and feet actually warm up. Think of it like a car’s radiator sys-
tem—the engine (our core) cools down by transferring heat to the radiator (our
skin), which then releases this heat to the surrounding environment. This explains
why many people experience warm hands and feet just before falling asleep.
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During sleep, our core temperature drops by about 1-1.30 °C (1.8-2.3 °F) [8].
This reduction isn’t just a passive consequence of sleep—it actively promotes vari-
ous restorative processes. The cooler body temperature slows metabolism, reduces
energy consumption, and facilitates the repair and restoration of tissues. Even after
we fall asleep, our core temperature continues to drop while skin temperature
remains relatively warm, maintaining a temperature difference that helps pre-
serve sleep.

The relationship between temperature and melatonin shows remarkable pre-
cision. As evening approaches, the body begins producing melatonin. This
increase in melatonin coincides with the start of core temperature decline.
When our core temperature reaches its lowest point in the early morning hours,
melatonin levels peak [9]. This synchronization between temperature and mel-
atonin helps ensure proper sleep timing and quality.

Research has revealed practical applications of this temperature-sleep connec-
tion. Taking a warm bath or shower 1-2 h before bedtime can improve sleep
quality [10]. The warm water causes blood vessels near the skin to dilate, pro-
moting heat loss from the core—similar to how a car’s engine continues cooling
even after being turned off. This explains why a warm bath makes many people
feel sleepy.

Exercise timing also affects this temperature-sleep relationship [11]. Physical
activity temporarily raises core body temperature, which can interfere with sleep if
performed too close to bedtime. However, as the body cools after exercise, this post-
exercise temperature drop can promote sleepiness. This explains why experts often
recommend completing vigorous exercise at least 1-2 h before bedtime, allowing
enough time for proper cooling.

The optimal bedroom temperature for sleep falls between 18 °C and 19 °C
(66-68 °F) [12]. This range promotes the core temperature drop necessary for good
sleep while preventing excessive heat loss that might cause discomfort. Higher
room temperatures can interfere with this natural cooling process, making it harder
to fall and stay asleep.

Bedding choices also play a significant role in temperature regulation during
sleep. Materials that trap too much heat can prevent proper core temperature reduc-
tion, while breathable fabrics allow better temperature regulation. This explains
why many people sleep better with layered bedding they can adjust throughout the
night as their temperature needs change.

Temperature sensitivity varies throughout the night and across different
sleep stages. During REM sleep, our body’s ability to regulate temperature
decreases and our temperature is more influenced by our environment [13].
This makes maintaining a consistent, cool room temperature particularly
important for quality REM sleep. New mattress materials and climate control
systems aim to optimize sleep by maintaining ideal temperature conditions
throughout the night. Some cooling systems even adjust temperatures gradu-
ally to match our body’s natural temperature rhythm, potentially promoting
deeper and more restful sleep.
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5.1.3 Understanding the Stages of Sleep

When we’re awake, our brain exhibits distinct patterns of electrical activity that
reflect our level of awareness and engagement with the world around us. This wak-
ing state allows us to think, move, and interact with our environment. During active,
focused attention, the brain produces rapid electrical patterns called beta waves,
oscillating 1631 times per second [14]. When we’re relaxed but still awake, these
patterns shift to slightly slower alpha waves, particularly in the back of the brain. As
a reminder, brain activity is tracked using electroencephalography (EEG), a tech-
nique that records the brain’s electrical signals from the scalp using electrodes.

As we begin to fall asleep, brain activity follows a predictable sequence of
changes (Fig. 5.3). Think of it as your brain gradually turning down its activity
level, like slowly dimming the lights in a room. As drowsiness begins, the crisp, fast
patterns of wakefulness start to fade. The brain transitions into sleep stage N1,
where slower theta waves emerge, marking the beginning of sleep [14]. This transi-
tion often feels familiar to anyone who has caught themselves nodding off while
reading or watching television.

As sleep deepens, the brain’s electrical patterns continue to change dramatically.
The waves become increasingly larger and slower, particularly during deep sleep
(stage N3), where powerful delta waves dominate [14]. These slow waves reflect the
brain’s shift into its most restorative state. When REM sleep begins, the brain’s
electrical activity resembles that of wakefulness, despite the person being deeply
asleep [14]. This peculiar pattern, along with increased heart rate and breathing, led
scientists to call REM sleep “paradoxical sleep”—the EEG resembles wakefulness,
while the person remains deeply asleep and physically immobile.
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These changes in brain activity correspond with broader changes throughout the
body. As sleep progresses, muscles gradually relax, reaching their most relaxed
state during REM sleep, when most muscles become temporarily paralyzed. This
natural paralysis prevents us from acting out our dreams. Eye movements also fol-
low a distinct pattern—they slow down as sleep deepens, only to burst into periodic
rapid movements during REM sleep, giving this stage its name.

The body’s automatic functions also shift during sleep [15]. The parasympa-
thetic nervous system—responsible for “rest and digest” functions—becomes
more active during non-REM sleep, leading to slower, more regular breathing and
heart rate. During REM sleep, however, the sympathetic nervous system—our
“fight or flight” system—becomes intermittently more active, contributing to vari-
ability in heart rate and blood pressure. This activation of the sympathetic nervous
system, particularly in the early morning hours, helps explain why heart attacks
occur more frequently during this time.

These complex changes in brain activity and body function during sleep weren’t
easy to discover. Scientists like Hans Berger, who developed the first human elec-
troencephalogram (EEG) in the 1920s to detect brain activity, pioneered our ability
to measure and understand brain activity during sleep [16]. The alpha waves he first
identified during relaxed wakefulness (now sometimes called “Berger’s waves” in
his honor) marked the beginning of our ability to scientifically study sleep.

These patterns reveal why sleep can’t simply switch on and off like a light—it’s
a gradual process of the brain and body transitioning through different states. This
insight has practical implications for why activities like meditation or relaxation
exercises can help prepare the brain for sleep, and why suddenly waking from deep
sleep can leave us feeling groggy and disoriented. Let’s explore each stage of sleep,
one by one.

5.1.3.1 Stage N1 Sleep: Light and Short

As we begin to drift off to sleep, our brain enters its first sleep stage, known as N1.
This initial phase represents our lightest form of sleep—a transitional state between
wakefulness and deeper sleep where we hover at the edge of consciousness [17].
During this time, our brain waves begin to slow down, shifting from the rapid pat-
terns of wakefulness to gentler, slower waves called theta waves.

Think of N1 sleep as wading into the shallow end of a pool—you’re in the water,
but you can easily step back onto dry land. During this stage, which typically makes
up about 5% of our total sleep time, we can be awakened by a quiet noise, a light
touch, or even someone saying our name [17]. This easy awakening makes evolu-
tionary sense, as our ancestors needed to remain somewhat alert to potential dangers
even while beginning to rest.

One of the most fascinating phenomena of N1 sleep is the hypnic jerk—that sud-
den, startling sensation of falling that many people experience just as they’re drift-
ing off [18]. These involuntary muscle twitches, technically called hypnic myoclonia,
can feel dramatic enough to jolt us back to wakefulness. While scientists haven’t
pinpointed the exact cause, these jerks might represent an ancient reflex from our
evolutionary past, possibly reflecting an ancient reflex from our evolutionary past,
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though its precise origin remains debated. They occur as our muscles begin to relax,
sometimes triggering a brief protective reflex.

During N1 sleep, our thoughts begin to take on dream-like qualities [19]. If
awakened during this stage, people often report experiencing fragmentary visual
images or brief, dream-like thoughts. These aren’t the elaborate dreams that occur
during deeper sleep stages, but rather fleeting snippets that hover between conscious
thought and true dreams. Because N1 is so light, people awakened from it usually
feel alert and may even question whether they were asleep (Fig. 5.4).

This initial sleep stage also brings physical changes. Our eye movements slow
into a gentle rolling pattern, distinct from the rapid movements of wakefulness and
those seen later in REM sleep. Our muscle tone starts to decrease, but remains
higher than in deeper stages of sleep like N3 or REM. Even our perception of the
environment begins to fade, though we remain more aware than in later sleep stages.

Understanding N1 sleep helps explain several common experiences, like why we
might deny having dozed off during a boring meeting or while watching television,
even though others saw us nodding off. During these brief dips into N1 sleep, we main-
tain enough awareness that we might not realize we’ve briefly crossed the threshold
into sleep. While meditation might feel similar to this drowsy state, it’s actually quite
different. During meditation, you remain fully conscious and aware, maintaining what
scientists call a “relaxed alertness.” Your brain produces alpha and theta waves similar
to those seen in early N1 sleep, but unlike sleep, you maintain executive control of your
attention. This is why experienced meditators can sit for hours in deep meditation with-
out falling asleep—they’re accessing a unique state of consciousness that’s neither
sleep nor typical wakefulness. The confusion often arises because both states involve
reduced physical movement and slower breathing patterns, but while sleep progres-
sively disconnects you from your environment, meditation actually enhances your
moment-to-moment awareness of both internal and external experiences.

For most people, N1 serves as a short but necessary transition into deeper sleep
stages. However, some individuals with sleep disorders might spend a dispropor-
tionate amount of time in light sleep, preventing them from getting the restorative
benefits of deeper sleep. This observation has important implications for sleep dis-
orders and their treatment, as helping patients move more efficiently through N1
into deeper sleep stages can significantly improve their sleep quality.

5.1.3.2 Stage N2 Sleep: When Sleep Deepens

After drifting through the light sleep of stage N1, we enter Stage N2, the most
prevalent stage of sleep that typically occupies nearly half of our total sleep time
[17]. During this stage, our sleep becomes more established, though not yet in our
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Fig.5.4 Schematic overview of characteristics of N1 sleep stage. (“Image generated by ChatGPT
(OpenAl), 2025. Used with permission”)




5.1 Brain at Night: Molecular and Electrical Foundations of Sleep and Its Stages 41

deepest sleep state. Think of N2 as the middle ground between light and deep sleep,
where many processes begin to unfold.

During N2 sleep, our brain produces two distinctive EEG patterns that sleep
scientists find particularly intriguing: sleep spindles and K-complexes [17]. Sleep
spindles appear as brief bursts of rapid electrical activity, like short sprints of brain
waves lasting up to 2 s. These spindles serve as a hallmark of memory consolidation
during sleep. These bursts of brain activity support the transfer of information from
short-term to long-term memory, helping solidify what we’ve learned during the
day. Research shows that people who generate more sleep spindles often perform
better on memory tests the next day [20].

K-complexes, the other hallmark of N2 sleep, appear as dramatic spikes in brain
activity—Ilarge waves that stand out prominently in sleep recordings [17]. These
waves are thought to serve a protective gating function, helping to suppress disrup-
tions that might wake us. When a noise occurs during sleep, a K-complex may be
triggered in response. These waveforms help suppress unnecessary brain activity,
protecting sleep from mild disruptions. However, if the noise is perceived as poten-
tially important or threatening, the brain may shift toward wakefulness—suggesting
K-complexes play a role in both preserving sleep and monitoring the environment.
This dual role reflects the brain’s remarkable ability to protect both our sleep and
our safety (Fig. 5.5).

During N2 sleep, our body continues its transition into deeper sleep [17]. Our
heart rate slows further, and our body temperature drops slightly. Eye movements,
which might still occur occasionally during N1 sleep, now become rare. Our mus-
cles relax more deeply, though not yet to the level of complete relaxation we’ll see
in deeper sleep stages.

The prominence of N2 sleep—occupying about 45% of our total sleep time—
suggests its vital importance. Beyond memory consolidation, this stage appears cru-
cial for both neural maintenance and physiological recovery. Some scientists believe
that the regular rhythms of sleep spindles might help maintain and strengthen neural
connections, like a maintenance crew testing and reinforcing electrical circuits
while the main power is turned down.

Sleep research into N2 has revealed practical implications for many aspects of
daily life. For instance, the relationship between sleep spindles and memory helps
explain why a good night’s sleep can improve learning and problem-solving abili-
ties. Students studying for exams or professionals learning new skills benefit par-
ticularly from getting adequate sleep, as the spindles during N2 help facilitate the
transfer of this new knowledge into long-term memory. This stage also helps explain
why some people can sleep through minor disturbances while others wake easily.
The effectiveness of K-complexes in suppressing arousal varies among individuals,

_ . Slee Memory Longest
Stage N2 - K-complex |+ spindle *\consolidation * stage

Fig.5.5 Schematic overview of characteristics of N2 sleep stage. (“Image generated by ChatGPT
(OpenAl), 2025. Used with permission”)
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which might partially explain why some people describe themselves as “light” or
“heavy” sleepers, though several other factors play a role here. These findings have
informed practical strategies for improving sleep in noisy environments, such as
using consistent background noise (white or pink noise) to mask sudden distur-
bances that might trigger arousal.

5.1.3.3 Stage N3: The Depths of Deep Sleep

When we enter Stage N3 sleep, we reach our deepest, most restorative form of non-
REM sleep [17]. Taking up about 25% of our total sleep time, this stage represents
what many people refer to as deep sleep. During N3, the brain produces powerful,
slow delta waves that dominate the brain’s electrical activity, reflecting a deep state
of neural synchronization. These waves, much slower and larger than those seen in
lighter sleep stages, reflect a level of sleep so deep that waking someone during this
stage can leave them feeling groggy, dazed and disoriented for several minutes—a
state sleep scientists call “sleep inertia” [21].

During N3 sleep, the brain and body engage in crucial maintenance and restora-
tion work [17]. Like a city’s maintenance crew that becomes most active when the
streets are empty, the brain activates its remarkable cleaning system during this deep
sleep stage. This system, called the glymphatic system, works like the brain’s dedi-
cated waste management service. Cerebrospinal fluid flows through the brain’s tis-
sues efficiently during deep sleep, thanks to a temporary increase in the space
between brain cells, which allows the fluid to circulate more freely and wash away
accumulated waste products and toxins that build up during wakefulness.

The importance of this cleaning process becomes clear when we consider its role
in brain health. Recent research has revealed that poor sleep can interfere with the
glymphatic system’s function, potentially leading to the accumulation of proteins
associated with neurodegenerative conditions like Alzheimer’s disease [22]. When
we don’t get enough deep sleep, these waste products, including beta-amyloid pro-
teins, can build up over time, potentially contributing to cognitive decline and
increased disease risk (Fig. 5.6).

N3 sleep also plays a vital role in memory processing and physical restoration.
During this stage, the brain consolidates and integrates new information learned
during the day, particularly factual knowledge (declarative memory) and procedural
memories, such as learning new physical skills. Growth hormone secretion peaks
during N3 sleep, promoting tissue repair and cellular regeneration throughout the
body. This explains why deep sleep proves especially important for physical recov-
ery after injury or intense exercise.

= | Deltawaves |+ Deep sleep |+ Parasomnias +| Memory

Fig.5.6 Schematic overview of characteristics of N3 sleep stage. (“Image generated by ChatGPT
(OpenAl), 2025. Used with permission”)



5.1 Brain at Night: Molecular and Electrical Foundations of Sleep and Its Stages 43

Interestingly, this stage of sleep can sometimes produce unusual behaviors
known as parasomnias [23]. Sleepwalking, sleep talking, and night terrors typically
occur during N3 sleep, when the brain exists in a hybrid state—partially asleep and
partially awake—allowing complex behaviors to emerge without full conscious-
ness. During these episodes, parts of the brain remain in deep sleep while others
become partially activated, leading to complex behaviors that the person typically
won’t remember the next day. Historically, sleep scientists divided deep sleep into
stages N3 and N4 based on the proportion of delta waves present. However, current
classification systems generally combine these into a single stage N3, recognizing
that they represent a continuous spectrum of deep sleep rather than distinctly differ-
ent states. This simplified classification better reflects our understanding of sleep’s
natural progression.

The amount of N3 sleep we get changes throughout our lives. Young children
spend more time in this deep sleep stage, which supports their rapid growth and
development [17]. In adolescence, N3 sleep remains important for brain maturation,
but its proportion begins to decline gradually from childhood onward. As we age,
we typically experience less N3 sleep, which may partially explain why older adults
often report feeling less refreshed after sleep. This reduction in deep sleep might
also contribute to the increased risk of cognitive decline with aging, given N3’s
crucial role in brain maintenance and memory consolidation.

Deep sleep plays a vital role in our health, and several factors can help us get
more of this restorative stage. Regular exercise, particularly earlier in the day, can
help us sleep better, including potentially getting more deep sleep. Maintaining a
consistent sleep schedule also helps ensure we spend adequate time in this restor-
ative stage. Additionally, avoiding alcohol before bedtime proves important, as
alcohol disrupts sleep architecture—reducing deep sleep and increasing nighttime
awakenings—even though it may initially promote sleep onset.

5.1.3.4 REM Sleep: The Dream Stage

REM (Rapid Eye Movement) sleep represents one of sleep’s most fascinating
stages—a period when our brain becomes highly active while our body remains
largely paralyzed [17]. Taking up about 25% of our total sleep time, REM sleep
typically occurs more frequently in the latter part of the night, which explains why
we often remember dreams when waking naturally in the morning. During this
stage, our brain activity patterns closely resemble those of wakefulness, leading
scientists to call it “paradoxical sleep”—we’re deeply asleep, yet our brains are
buzzing with activity.

During REM sleep, our body undergoes remarkable changes. While most of
our voluntary muscles become temporarily paralyzed (a state called muscle ato-
nia), certain critical muscles remain active—those controlling our eyes, heart,
and breathing. Our eyes move back and forth rapidly beneath closed lids, giving
this stage its name: Rapid Eye Movement sleep. Our breathing becomes irregu-
lar, our heart rate fluctuates, and blood pressure rises as our sympathetic ner-
vous system—normally associated with “fight or flight” responses—becomes
more active.
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Fig. 5.7 Schematic overview of characteristics of REM sleep stage. (“Image generated by
ChatGPT (OpenAl), 2025. Used with permission”)

The paralysis of our voluntary muscles during REM sleep serves a crucial pro-
tective function. In the 1960s, French scientist Michel Jouvet conducted ground-
breaking research showing that damage to specific areas in the brainstem could
eliminate this muscle paralysis, causing animals to physically act out their dreams
[24]. Jouvet’s discovery not only confirmed that REM paralysis is actively regulated
by the brainstem, but laid the groundwork for understanding REM sleep behavior
disorder (RBD) in humans—a condition where the normal muscle paralysis fails
during sleep, allowing people to physically act out their dreams, sometimes with
dangerous consequences [25] (Fig. 5.7).

REM sleep plays a vital role in brain function, particularly in memory and learn-
ing [17]. While all sleep stages contribute to memory processing, REM sleep appears
especially important for emotional memories and complex learning tasks. During
REM sleep, the brain might be rehearsing and strengthening neural pathways related
to newly learned skills or processing emotional experiences from the day. This
explains why sleep often improves both emotional stability and problem-solving
abilities. The amount of REM sleep we experience changes dramatically throughout
our lives. Newborns spend up to 50% of their sleep time in REM sleep, suggesting
its crucial role in early brain development. This proportion declines rapidly over the
first year of life and gradually decreases as we age, with older adults typically expe-
riencing less REM sleep than younger people. This reduction might contribute to
changes in memory and emotional processing that often occur with aging.

The biology underlying REM sleep involves precise interactions between differ-
ent brain regions and chemical messengers. The control center for REM sleep lies
in the brainstem, specifically in an area called the pons [26]. Here, the neurotrans-
mitter acetylcholine activates REM sleep, while serotonin and other neurotransmit-
ters help modulate its timing and transitions. This delicate chemical balance explains
why certain medications that affect these neurotransmitters (e.g., antidepressants)
can significantly alter REM sleep, often reducing its duration and vivid dreaming.

Dreaming, while most vivid during REM sleep, can occur throughout all stages
of sleep. Although dreams in lighter sleep stages are often less detailed, REM sleep
dreams stand out with their rich, complex narratives and heightened emotional
intensity. This suggests that REM sleep may play a crucial role in processing our
daily emotional experiences, regulating mood, and integrating new information
with our existing memories, ultimately contributing to both cognitive function and
overall emotional well-being.
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The discovery that most mammals and birds experience REM sleep, while rep-
tiles do not, suggests this sleep stage evolved later in vertebrate evolution—Tlikely
alongside the emergence of warm-blooded animals with more complex brains. This
finding has led scientists to speculate about REM sleep’s role in the development of
complex cognitive abilities in warm-blooded animals. The fact that animals show
signs of dreaming—from twitching whiskers in cats to wing movements in birds—
suggests that dream experiences might be more widespread in the animal kingdom
than previously thought.

5.1.4 Dreams and Brain Activity

Dreams are among the most intriguing features of sleep. During both REM and non-
REM sleep, specific brain regions become active in patterns that create our dream
experiences. When we study the sleeping brain, we find that the posterior regions,
particularly areas involved in visual processing, show significant activity during
dreams. This activity creates vivid visual experiences that can feel as real as waking
life, even though our eyes remain closed and our brain receives no input from the
outside world.

Different sleep stages produce different types of dreams [19]. During non-REM
sleep, especially early in the night, dreams tend to reflect daily activities and recent
memories. These dreams usually follow more logical patterns—you might dream
about finishing a work project or having a conversation similar to one from earlier
that day. In REM sleep, dreams often become surreal, emotionally charged, and less
bound by logic, often featuring unusual scenarios. This difference occurs because
during REM sleep, brain areas involved in emotion and memory (like the amygdala
and hippocampus) become active while regions that handle logical thinking show
reduced activity.

Brain imaging studies show that dreams involve many sensory areas working
together, much like during wakefulness [27]. While almost all dreams include visual
elements, many also contain sounds, and some include sensations of touch, taste, or
smell. The brain creates all these sensory experiences internally, without any actual
sensory input from the environment. This ability demonstrates how our brain can
construct complete multisensory experiences using only its internal resources.

Scientists once thought dreaming occurred only during REM sleep, but research
has revealed this isn’t true. Dreams can emerge whenever certain patterns of brain
activity occur, regardless of sleep stage. Studies show that when awakened from
non-REM sleep, about 70% of people can report some form of dream experience,
though these dreams often differ from REM dreams in their content and complexity
[19]. On the other hand, most dreams fade quickly from memory due to them being
stored in short-term memory which retains information for about 30 seconds.
Additionally, We’re most likely to remember dreams if we wake directly from REM
sleep—if we transition to another sleep stage first, that dream experience is less
likely to get encoded into long-term memory [28]. This explains why even vivid
dreams can slip away within minutes of waking unless immediately recorded.
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The emotional content of dreams deserves special attention. During REM sleep,
the emotional centers of the brain become highly active while areas that normally
help control emotions show decreased activity [29]. This explains why dreams can
involve such powerful feelings and why frightening dreams often feel particularly
intense. The brain processes emotional experiences during dreams differently than
during wakefulness, potentially helping us integrate and make sense of emotional
events from our daily lives.

Studying lucid dreams—where people become aware they’re dreaming while
remaining asleep—has provided valuable insights into how dreams work [30].
During lucid dreams, brain areas associated with self-awareness, particularly in the
prefrontal cortex, show increased activity. Some practiced lucid dreamers can even
perform specific tasks during their dreams and communicate with researchers using
pre-arranged eye movement signals, allowing scientists to study dreams while
they’re happening.

Dreams also reveal interesting aspects of how our brains process experience and
memory. People who are blind from birth can still experience visual dreams, creat-
ing mental images based on how they understand objects through their other senses
[31]. Similarly, people who have never walked due to congenital paralysis can
dream of walking too. These findings suggest that our brains maintain certain fun-
damental programs and capabilities even without direct experience.

Recent research using advanced brain imaging continues uncovering new details
about how dreams form. When someone dreams about seeing faces, the same brain
areas activate as when seeing faces while awake [32]. When dreaming about move-
ment, motor planning regions become active [33]. However, one key difference
exists—the prefrontal cortex, which helps us think logically while awake, shows
reduced activity during most dreams [34]. This explains why we accept unusual or
impossible events in dreams without questioning them—our brain’s logical analysis
system operates differently during sleep.

During sleep, the brain appears to use dreams as part of its process for strength-
ening important memories and discarding less relevant information. This might
explain why dreams often incorporate elements from recent experiences but com-
bine them in new and sometimes unusual ways. The sleeping brain actively pro-
cesses and reorganizes information, with dreams potentially reflecting this important
memory consolidation work. However, while fascinating, the meaning of dreams
still has many unanswered questions.

5.1.5 Sleep Versus Anesthesia: Two Different Paths
to Altered Consciousness

While sleep and general anesthesia might seem similar on the surface—both involv-
ing a loss of consciousness—they represent fundamentally different brain states.
General anesthesia combines several distinct elements: unconsciousness, analgesia
(prevention of pain), muscle paralysis, and amnesia (“memory blockade”) [35].
Each of these components differs from sleep in important ways. For example, sleep-
ing people can still feel pain, process memories, and maintain muscle tone (except
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during REM sleep when temporary paralysis occurs), whereas general anesthesia
deliberately blocks all these functions. Even unconsciousness differs—sleep allows
for arousal in response to important stimuli, while anesthetic unconsciousness
deliberately prevents any such awareness.

Anesthesia creates a rapid, complete shutdown of consciousness through power-
ful drugs (e.g., propofol) that target specific brain systems. These medications pri-
marily enhance the effects of GABA, the brain’s main inhibitory neurotransmitter
[36], rapidly dampening activity across widespread brain areas. This contrasts
markedly with sleep’s gradual progression, where consciousness dims as different
brain areas transition into sleep patterns at varying rates. The transition to sleep
involves complex interactions between multiple neurotransmitter systems—not just
GABA, but also serotonin, norepinephrine, and acetylcholine [37].

The brain behaves quite differently during sleep compared to anesthesia. During
natural sleep, brain activity follows complex, coordinated patterns that evolve
throughout the night, with distinct signatures across sleep stages—from the syn-
chronized slow waves of deep sleep to the active patterns of REM sleep. In contrast,
anesthesia typically suppresses brain activity more uniformly. Some EEG patterns
under anesthesia may superficially resemble those seen in sleep, but the underlying
neurobiological mechanisms and the functional outcomes differ substantially. Sleep
is a dynamic process of restoration and reorganization, whereas anesthesia creates a
controlled state of unconsciousness designed solely for procedural safety.

These differences extend to how the brain processes information. In natural
sleep, the brain remains responsive to important signals from the body and envi-
ronment so that we can awaken quickly if needed. Under anesthesia, this respon-
siveness largely disappears. Similarly, while dreaming represents a form of
consciousness during sleep, anesthesia typically blocks all conscious experience.
The thalamus—a key relay station for sensory information—illustrates these dif-
ferences: during sleep, it filters incoming signals yet retains some processing
capacity, while under anesthesia, thalamic activity drops significantly, effectively
blocking most sensory processing [38].

The recovery process also differs notably between sleep and anesthesia. Waking
from natural sleep generally occurs smoothly, with the brain’s systems reactivating
in a coordinated manner, delivering the restorative benefits essential for cognitive
and emotional health. In contrast, recovery from anesthesia can be more complex,
as the brain must clear the anesthetic drugs while reestablishing normal patterns of
activity. This highlights how sleep represents a natural, restorative biological
rhythm, whereas anesthesia is an artificially induced state essential for surgical pro-
cedures, but lacking the recuperative benefits of sleep.
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Nutrition and Sleep: Dietary Influences
on Rest

6.1 Food, Drinks, and Sleep: How Diet Affects Our Rest
6.1.1 Caffeine and the Sleep-Wake Cycle

We touched upon caffeine’s effect on sleep in the previous sections, but it’s worth
expanding the conversation as coffee is the most widely consumed psychoactive
substance, with an estimated 2.25 billion cups consumed daily worldwide [1]. From
ancient trading routes to modern coffee shop culture, this beverage has shaped
human society for centuries. While coffee helps millions and millions of people feel
alert and focused, its relationship with sleep involves complex biological mecha-
nisms that affect everyone differently.

At the molecular level, caffeine works by interfering with one of sleep’s funda-
mental mechanisms. Earlier, we discussed adenosine, the molecule that accumu-
lates during wakefulness to create sleep pressure. Caffeine’s primary action involves
blocking adenosine receptors in the brain, particularly the Al and A2A receptor
subtypes [2]. When caffeine molecules attach to these receptors, they prevent ade-
nosine from delivering its sleep-promoting signal. This blockade doesn’t eliminate
adenosine—the molecule continues to build up—but temporarily prevents the brain
from sensing its effects.

The duration of caffeine’s effects varies remarkably among individuals. In
most healthy adults, it takes about 5 h for the body to eliminate half of the con-
sumed caffeine, a measure known as the “half-life” [3]. However, this timeframe
can range from 1.5 to 9.5 h depending on several factors [3]. Genetics play a
crucial role—some people carry certain variants of the CYP1A2 gene that affect
how quickly their liver metabolizes caffeine [4]. This gene produces the primary
enzyme responsible for breaking down caffeine, and genetic variations can make
some people either “fast” or “slow” metabolizers. For slow metabolizers, a 2 PM
coffee might still affect their sleep at 10 PM, as a substantial amount of caffeine
remains active in their bloodstream and brain due to their reduced rate of caffeine
breakdown and elimination. In contrast, fast metabolizers might be able to
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metabolize and eliminate the same amount of caffeine in just a few hours with
minimal impact on their sleep. Approximately 12% of the population are slow
metabolizers due to specific CYP1A?2 variants, while others may process caffeine
at average speed or quickly [5]. Additional genes, including ADORA2A, influ-
ence how sensitive people are to caffeine’s effects on sleep, explaining why some
individuals can drink coffee before bed while others experience insomnia from a
morning cup [6]. Other factors affecting caffeine metabolism include liver func-
tion, hormone levels, medication use, and even smoking status, with smokers pro-
cessing caffeine about twice as fast as non-smokers [7]. Women taking oral
contraceptives typically metabolize caffeine more slowly, as estrogen compounds
compete for the same metabolic pathways [8]. Similarly, pregnancy can signifi-
cantly slow caffeine metabolism, with the half-life potentially extending to 15 h
during the third trimester [9].

The impact of caffeine on sleep architecture—the distinct stages of sleep—
proves particularly interesting. While caffeine primarily affects sleep onset (how
quickly we fall asleep), it also reduces the amount of deep sleep, technically called
slow-wave sleep [10]. This deep sleep plays crucial roles in physical restoration and
memory consolidation, making its reduction potentially significant for overall
health. Caffeine can also increase the number of brief micro-awakenings during the
night, even if we don’t remember them the next day [11].

Age significantly influences caffeine sensitivity. As we age, our ability to metab-
olize caffeine often slows, and our sleep becomes naturally lighter and more frag-
mented [12]. For older adults, even moderate caffeine consumption—a standard cup
of coffee containing 90-100 mg—can significantly impact sleep quality when con-
sumed in the afternoon or evening [13]. This age-related sensitivity partly explains
why many older adults find they need to reduce their caffeine intake or restrict it to
morning hours.

Individual differences in caffeine response extend beyond genetics and age.
Regular coffee drinkers often develop some tolerance to caffeine’s effects, though
this tolerance rarely becomes complete. Time of consumption matters signifi-
cantly—morning caffeine generally affects sleep less than afternoon or evening
consumption. Even factors like body weight, food consumption, and overall health
status can influence how caffeine affects an individual’s sleep.

For optimal sleep, understanding your personal caffeine sensitivity becomes
really important. This involves paying attention to how different amounts and tim-
ing of caffeine consumption affect your sleep quality. Keep track of when you con-
sume caffeine-containing beverages and foods (including green/black tea, chocolate,
and some soft drinks) and how they relate to your sleep patterns. Note that some
people are sensitive not just to caffeine’s direct effects but also to its indirect impacts
on anxiety or heart rate, both of which can disrupt sleep.

The relationship between caffeine and sleep represents a balance between its
benefits for daytime alertness and its potential to disrupt rest. While current research
suggests that moderate coffee consumption—up to 200-300 mg of caffeine daily
for most healthy adults—generally proves safe, timing this consumption appropri-
ately becomes key for maintaining healthy sleep patterns [14].
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6.1.2 What We Eat Affects How We Sleep

Why do some meals leave you drowsy, while others make it harder to fall
asleep? The relationship between food and sleep operates through multiple
pathways, with both meal timing and food choices significantly affecting sleep
quality. Because your circadian rhythm regulates both metabolism and sleep,
when you eat can directly impact how well you sleep. Large meals consumed
close to bedtime can disrupt sleep in several ways: they increase your body
temperature when it should be cooling down for sleep, boost your metabolism
when it should be slowing, and keep your digestive system active when it
should be winding down [15, 16]. Carbohydrates and proteins work together in
various ways to influence sleep. Proteins provide tryptophan, an amino acid
your body uses to produce serotonin and melatonin—key chemicals involved in
relaxation and sleep [17]. However, tryptophan needs help getting to your
brain, and this is where carbohydrates come in. When you eat carbohydrates,
they trigger insulin release, which helps tryptophan cross into the brain more
efficiently. This might explain why a small, balanced snack combining com-
plex carbohydrates with protein (like whole grain crackers with cheese) might
help you sleep, while a heavy, high-fat meal could disturb it. Research suggests
waiting at least 2-3 h after your last substantial meal before going to bed, giv-
ing your body time to properly digest before sleep [18].

Certain nutrients play particularly important roles in sleep regulation.
Magnesium, found abundantly in leafy greens, nuts, and whole grains, helps
activate the parasympathetic nervous system responsible for relaxation and sup-
ports GABA production—a neurotransmitter essential for sleep [19, 20]. Foods
rich in B vitamins, particularly B6, support the production of both serotonin and
melatonin [21]. Bananas, for instance, provide both magnesium and B6, poten-
tially explaining their reputation as a bedtime snack [22]. Tryptophan-rich foods
such as turkey, eggs, and dairy products may support sleep, though their effec-
tiveness depends largely on when and how they’re consumed [18, 23]. The old
advice about warm milk before bed may work not just through tryptophan con-
tent but also through its calming ritual and the mild warming effect, which may
promote body temperature regulation before sleep. We will go into detail about
the measurable impact of various supplements on sleep in one of the next
chapters.

The glycemic index—how rapidly a food raises blood sugar—also affects how
quickly we fall asleep and the quality of our rest. High-glycemic meals (those that
cause a rapid spike in blood sugar, such as white rice or potatoes) consumed 4 h
before bedtime have been shown to reduce the time needed to fall asleep, potentially
by affecting the ratio of tryptophan to other amino acids in the blood [24]. Sugary
foods consumed closer to bedtime can trigger blood sugar fluctuations that disrupt
sleep continuity. Low-fiber, high-saturated-fat diets correlate with lighter, less
restorative sleep and more nighttime arousals, while Mediterranean-style diets rich
in fiber, healthy fats, and complex carbohydrates associate with better sleep qual-
ity [25].
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Fig. 6.1 Visual guide to Tryptophan-rich foods and melatonin-rich foods. (*’Image generated by
ChatGPT (OpenAl), 2025. Used with permission’’)

Surprisingly, some foods contain natural sources of melatonin. Tart cherries, par-
ticularly Montmorency cherries, contain significant amounts of melatonin and have
been shown in clinical studies to improve both sleep onset and duration [26].
Similarly, kiwi fruit consumption 1 h before bedtime improved sleep onset, dura-
tion, and efficiency in clinical trials, though the exact mechanism remains unclear—
it might involve their high antioxidant content, serotonin levels, or folate content
[27]. Fatty fish consumption correlates with better sleep quality, possibly due to
their vitamin D and omega-3 content, which help regulate serotonin production [28]
(Fig. 6.1).

Fasting and meal timing can also influence our circadian rhythms. Food intake
acts as a powerful zeitgeber (time cue) for peripheral clocks, particularly in the liver
and digestive system [29]. However, the effects of fasting on sleep are mixed [30].

6.1.3 Alcohol and Sleep: A Deceptive Relationship

Why does that glass of wine help you fall asleep only to wake you up in the middle of
the night? While alcohol may seem to help with sleep, its on sleep quality tells a more
complicated story. Alcohol acts as a sedative at first, making you feel drowsy and
relaxed, but as your body metabolizes it throughout the night, it significantly disrupts
your sleep architecture—the natural pattern and structure of your sleep [31].

When you drink alcohol before bed, it initially makes falling asleep easier by
increasing a brain chemical called GABA that helps you feel relaxed [32]. But as
your body metabolizes the alcohol, it creates what sleep scientists call a “rebound
effect” [33]. This typically happens in the second half of the night, when alcohol’s
sedating effects wear off, often leaving you tossing and turning. This often explains
those 3 AM awakenings after evening drinks, even if falling asleep was easy.

Alcohol particularly disrupts REM sleep—the stage where most dreaming occurs
and which plays a crucial role in emotional processing and memory consolidation
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[34]. Even moderate alcohol intake can suppress REM sleep early in the night.
The brain often compensates for this loss by increasing REM sleep later in the night,
which fragments sleep and reduces its restorative quality. This REM rebound might
explain why people often report vivid or unusual dreams after drinking.

The effects of alcohol on sleep change throughout the night. During the first half
of your sleep, when blood alcohol levels are high, you might experience more deep
sleep than usual. However, this isn’t the good quality deep sleep your body needs.
As your liver breaks down the alcohol, sleep becomes increasingly disturbed. This
also explains why alcohol leads to more nighttime bathroom visits—by suppressing
vasopressin, a hormone that normally helps your body retain water, alcohol increases
urine production, leading to more frequent trips to the bathroom during the night.

Individual factors significantly influence how alcohol affects your sleep [34].
Age matters—older adults generally experience more sleep disruption from alcohol
than younger people. Your typical drinking patterns play a role too—regular drink-
ers might not notice these effects as much due to tolerance, though their sleep qual-
ity still suffers. Genetics also influence how efficiently you metabolize alcohol—and
how much it disrupts your sleep.

For better sleep, one should avoid alcohol for at least 3 h before bedtime. If you
do drink in the evening, staying hydrated by drinking water alongside alcohol may
help minimize sleep disruption.

6.1.4 Sleep Supplements: What Works and What Doesn’t

Can supplements really help you sleep better? While the sleep supplement industry
has exploded into a multi-billion dollar market, research reveals a more nuanced
picture of what works and what doesn’t. From melatonin to magnesium, herbal
remedies to amino acids, understanding the science behind these supplements helps
you make informed choices about their use.

Melatonin, perhaps the most well-known sleep supplement, works best in spe-
cific situations rather than as a general sleep aid. Your body naturally produces this
hormone every evening when darkness falls, signaling that it’s time to sleep. As a
supplement, melatonin is most effective for jet lag, shift work, or circadian rhythm
disorders, situations where your internal clock needs resetting, rather than chronic
insomnia [35, 36]. However, the correct timing matters more than the dose—taking
it approximately 30—60 min before your desired bedtime typically works better than
taking it right at bedtime, as it takes around 30—60 min for melatonin to reach its
peak levels in your blood [37]. Importantly, more doesn’t mean better—most
research shows that even smaller doses (0.5-1 mg) work well [37].

Magnesium is a popular sleep aid, and while it may offer some benefit for sleep,
the evidence is not particularly strong [38]. This mineral helps “calm” the nervous
system and supports the production of brain chemicals that promote relaxation.
Many people don’t get enough magnesium from their diet, especially as they age
[39]. Different forms of magnesium affect the body differently—magnesium glyci-
nate tends to cause less digestive upset than magnesium oxide, for instance.
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However, like any supplement, more isn’t necessarily better, and high doses can
cause digestive issues.

Herbal supplements like valerian root and chamomile have long histories of use
for sleep. While research results vary and suggest only modest benefits, these herbs
appear to promote relaxation rather than directly inducing sleep [40, 41]. This
explains why a cup of chamomile tea might help you unwind but won’t knock you
out like a sleeping pill. The effects often build over time rather than working imme-
diately, and individual responses can vary significantly.

Some newer supplements show promise but need more research with the cur-
rent results being mixed. L-theanine, an amino acid found in tea, appears to
promote relaxation without drowsiness [42]. Ashwagandha, an herb used in tra-
ditional Indian medicine, might help reduce anxiety and improve sleep quality
[43]. However, most supplements, including combinations of various supple-
ments, lack the rigorous testing required for medications, making quality and
dosing less consistent.

Timing and dosage matter for any supplement, but for most of them the evidence
for improving sleep remains limited. Remember that supplements can interact with
medications and aren’t suitable for everyone—pregnant women, people with certain
medical conditions, and those taking other medications should consult healthcare
providers before beginning any supplement routine.
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Sleep as a Key Pillar for Health 7
Optimization

7.1 Beyond Rest: Sleep’s Critical Role
in Health Optimization

Sleep represents one of our most essential biological processes, far more complex
and vital than merely providing rest. During these hours of slumber, our bodies and
brains engage in restoration and maintenance processes that affect every aspect of
our health. While we might appear still and quiet on the outside, internally the body
carries out complex processes of repair, renewal, and optimization. This is why
sleep should be considered a whole body process, rather than brain centric.

Each night of sleep triggers comprehensive restoration throughout the body [1].
Muscles repair microscopic damage from daily use, the immune system strengthens
its defenses, and hormones regulate everything from growth to appetite. In the brain,
sleep enables crucial maintenance operations that we’re only beginning to under-
stand. Memory consolidation transforms short-term memories into long-term stor-
age, analyzing and connecting new information with existing knowledge. Through
synaptic pruning, the brain refines neural connections, removing unnecessary path-
ways while strengthening important ones—a process essential for learning and
adaptation.

Sleep touches virtually every system of our body [2]. During these crucial hours,
the body conducts vital maintenance: the cardiovascular system repairs blood ves-
sels and regulates pressure, while the endocrine system releases growth hormone to
regenerate cells and tissues. The immune system synthesizes compounds that com-
bat infection and inflammation, essentially conducting a nightly defense strategy.
During sleep, the brain activates the glymphatic system, a cleaning mechanism that
flushes out potentially harmful waste that accumulate during wakefulness [3]. This
includes beta-amyloid, a protein associated with Alzheimer’s disease, highlighting
sleep’s role in long-term brain health.

The consequences of insufficient sleep ripple throughout the body [4]. Even a
single night of poor sleep can affect mood, attention, and decision-making. Chronic
sleep deprivation creates more serious disruptions: metabolism becomes impaired,
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increasing the risk of obesity and diabetes; the immune system weakens, making us
more susceptible to infections; blood pressure regulation suffers, raising cardiovas-
cular risks; and cognitive functions decline, affecting everything from reaction time
to emotional stability.

Sleep quality proves particularly important for mental health [5]. During sleep,
the brain processes emotional experiences, helping maintain psychological well-
being. This helps explain why sleep disruption often precedes or worsens mood
disorders. The relationship works both ways—poor sleep can contribute to anxiety
and depression, while these conditions can make it harder to sleep well.

Perhaps most visibly, sleep transforms our skin [6]. Just one or two nights of missed
sleep can dramatically alter our appearance—leading to pale, sallow skin, pronounced
dark circles, drooping eyelids, and diminished muscle tone. This occurs because skin
repair peaks during slow-wave sleep, when blood flow increases, cortisol drops, and
growth hormone surges. Without adequate rest, these regenerative processes get sig-
nificantly impaired. Yawning, that ubiquitous sign of exhaustion, is itself a peculiar
physiological response and we’re not sure why it happens [7]. When brain temperature
increases, yawning may trigger a cooling mechanism through increased blood flow
from jaw movement and heat exchange with cooler ambient air during inhalation. This
hypothesis is strengthened by studies showing people yawn significantly more in win-
ter (45%) than in summer (24%), with yawning decreasing when outdoor temperatures
exceed body temperature. Researchers identified a “thermal window”—an optimal
temperature range for yawning—suggesting this reflex helps maintain ideal brain tem-
perature, another subtle indicator of our body’s intricate sleep mechanisms [8].

Understanding sleep’s fundamental role in health highlights why protecting
sleep should be a priority in our daily lives. Just as we plan our diets and exercise
routines, we need to actively manage our sleep habits. This means not only allocat-
ing enough time for sleep but also creating conditions that promote quality rest.

The following chapters will explore in detail how sleep affects various aspects of
health, from metabolic function to cognitive performance. We’ll examine the scien-
tific evidence linking sleep to specific health outcomes and discuss practical strate-
gies for optimizing sleep quality. This knowledge provides the foundation for
understanding why good sleep habits represent one of the most significant invest-
ments we can make in our long-term health and well-being.
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Sleep and Cognitive Performance: 8
Learning, Memory, and Mental Clarity

8.1 Sleep’s Role in Learning and Cognitive Effects
of Poor Sleep

Sleep actively processes our daily experiences, strengthens our memories, and pre-
pares our brains for future learning. This process proves far more complex than
simply storing information—it involves sorting, connecting, and refining our expe-
riences and knowledge through neuroplasticity, the brain’s ability to physically
reshape connections between brain cells to form new neural pathways [1]. The
effects of sleep deprivation go beyond learning and memory: even a single night of
poor sleep affects our cognitive function, with impacts ranging from basic attention
to complex decision-making [1]. These effects translate into real-world conse-
quences, from decreased academic performance to potentially critical errors in
high-stakes professions.

To understand how sleep affects memory formation and retention, we first need
to examine how our memory systems function and what happens when sleep dis-
rupts these delicate processes. Our memory system operates through three distinct
but interconnected components—sensory, short-term, and long-term memory—
each playing a vital role in how we process and store information. Sensory memory
acts as an initial gateway, capturing the constant stream of information from our
environment—the sights, sounds, smells, and tactile sensations. This sensory infor-
mation remains briefly, lasting only seconds, much like a camera’s buffer briefly stor-
ing images before processing [2, 3]. From there, important information transfers to
short-term memory, primarily processed in the prefrontal cortex, holding about 5-7
items for roughly 15-30 s [2]. This limited capacity explains why you might strug-
gle to remember a phone number if you don’t write it down or repeat it immediately.
Long-term memory, situated primarily in the temporal lobe, serves as the brain’s
durable storage system, with the hippocampus acting as a crucial bridge between
short-term and long-term memory [4]. Most of this transfer occurs during deep
sleep, when the brain experiences its slowest electrical patterns in the form of delta
waves [4]. Working memory allows us to actively manipulate information—like
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solving a math problem or following complex instructions—by drawing on both
short-term input and long-term knowledge.

Different sleep stages serve distinct roles in memory processing. During deep
sleep, also called slow-wave sleep, the brain transfers information from temporary
to long-term storage [4]. This process involves repeated activation of neural circuits,
strengthening connections between neurons that represent related pieces of infor-
mation [5]. During REM sleep, the brain strengthens these stored memories at the
cellular level, making them more resistant to forgetting [5]. Stage N2 sleep, charac-
terized by brief bursts of brain activity called sleep spindles, plays a particularly
important role in memory transfer. These spindles, which last less than a second, are
thought to facilitate the transfer of memories from the hippocampus to the cortex for
long-term storage [5]. Scientists can actually observe these spindles using brain
monitoring equipment called electroencephalography (EEG), watching as the brain
transfers information from temporary to long-term storage [4].

Sleep actively organizes memories, not just storing them [4]. During sleep, the
brain sorts through the day’s experiences, identifying patterns and making connec-
tions with existing knowledge. This process explains why solutions to problems
often come to us after a good night’s sleep—our brains have been quietly processing
and connecting information in new ways. Even a single night of poor sleep can
disrupt this process, as demonstrated by research showing that sleeping with lights
on impaired both working memory and brain activation patterns [4].

When sleep becomes impaired, whether through insufficient duration or poor
quality despite optimal duration, the consequences for learning and memory are
significant. The brain’s ability to transfer information from short-term to long-term
storage becomes compromised, as the crucial processes that occur during different
sleep stages—particularly during slow-wave sleep and sleep spindles—are dis-
rupted [5]. This disruption affects not only the consolidation of new memories but
also the integration of fresh information with existing knowledge. Sleep-deprived
students often struggle to retain new material and recall previously learned con-
cepts, while also experiencing difficulties with basic attention and complex problem-
solving tasks. Even a single night of poor sleep can interfere with working memory
and cognitive performance, making it harder to learn new material or apply existing
knowledge effectively [6]. Additionally, the brain’s ability to strengthen motor
memories and physical skills becomes compromised, affecting everything from ath-
letic performance to musical practice.

Physical skill learning also depends heavily on sleep and becomes impaired
when sleep is inadequate [6]. Whether practicing a sport, learning a musical instru-
ment, or mastering a dance routine, the brain uses sleep to refine and strengthen
motor memories. During sleep, the brain replays physical movements learned dur-
ing the day, strengthening the neural pathways that control these movements. This
process, called motor memory consolidation, explains why athletes and musicians
often perform better after a good night’s sleep [6].

While sleep’s effects on memory and learning represent one crucial aspect of
brain function, they are part of sleep’s broader influence on cognition. The impact
of sleep deprivation extends far beyond these fundamental processes, affecting
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nearly every aspect of how our brains process and respond to information. From
basic attention to complex decision-making, understanding how sleep loss impairs
cognitive performance reveals why adequate sleep is essential for optimal brain
function.

These disruptions to cognitive function manifest through multiple, measurable
channels [7]. Brain imaging and performance testing reveal distinct patterns of
impairment, with effects that compound over time. These deficits translate into con-
sequential real-world impacts, from calculation errors in financial sectors to critical
mistakes in high-stakes medical procedures. The neural mechanisms underlying
these effects help explain why sleep plays such a fundamental role in maintaining
our cognitive capabilities, beyond its impact on memory and learning.

Sleep deprivation impairs a broad spectrum of cognitive abilities essential for
daily functioning [7]. Attention span shortens, making it difficult to focus on tasks
or filter out distractions. Processing speed slows, increasing reaction times and
reducing efficiency in both simple and complex tasks. Executive functions—includ-
ing decision-making, planning, and problem-solving—become compromised, lead-
ing to poor judgment and increased risk-taking. Working memory capacity
diminishes, making it harder to hold and manipulate information in mind. Even
basic abilities like language processing and mathematical calculation become less
accurate, while higher-order thinking skills like creative problem-solving and cog-
nitive flexibility show marked decline.

These deficits begin at the neural level, where sleep loss produces specific,
measurable changes in brain activity. EEG recordings during sleep deprivation
show disrupted patterns of neural activity—particularly in the temporal and pari-
etal lobes [8, 9]. These regions, crucial for information processing and integra-
tion, show reduced activity after sleep loss. These effects often worsen
progressively as sleep debt accumulates, leading to measurable deficits in cogni-
tive testing.

While normal sleep supports optimal cognitive functioning through multiple
mechanisms, sleep loss directly impairs these processes. The prefrontal cortex—
responsible for complex cognitive processing—shows decreased activity on func-
tional MRI scans during sleep deprivation [10]. These neural changes translate into
practical consequences: physicians working more than 24 h make 36% more medi-
cal errors than well-rested counterparts [11]. Sleep-deprived physicians take longer
to interpret tests and make more errors in diagnostic tasks like X-ray reading [12].
Similar performance declines appear across high-stakes professions—air traffic
controllers, emergency responders, and military personnel all show increased error
rates with sleep loss.

Historical events demonstrate these effects dramatically. Both the Chernobyl
nuclear incident and Space Shuttle Challenger accident involved decisions made by
severely sleep-deprived individuals [13]. Current research shows that 24 h of wake-
fulness produces cognitive impairment equivalent to a blood alcohol concentration
of 0.05-0.1%, exceeding legal driving limits in some countries [14]. Even moderate
sleep restriction, such as sleeping 6 h per night over 2 weeks, accumulates cognitive
deficits, though individuals often fail to recognize these effects [15].
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Sleep particularly affects academic performance across all educational levels.
Research demonstrates that students who consistently get adequate sleep maintain
higher grade point averages, show better information retention, and demonstrate
superior problem-solving abilities compared to sleep-deprived peers [16, 17].

Adolescents face unique sleep-related challenges due to their developing brains.
During teenage years, the brain undergoes significant rewiring, especially in areas
controlling judgment, impulse control, and complex thinking [18]. Sleep-deprived
adolescents show decreased activity in the prefrontal cortex, which manages execu-
tive functions, and increased activity in reward-seeking brain regions [19]. This
imbalance leads to poorer decision-making and increased risk-taking behavior.
Their bodies also produce melatonin (the sleep hormone) later in the evening com-
pared to younger children—during puberty, the natural sleep cycle shifts by about
2-3 h later, making it difficult for teenagers to fall asleep before 11 PM or wake
refreshed before 8 AM [20].

These biological changes have significant implications for academic scheduling.
Schools that start no earlier than 8:30 a.m. see substantial improvements in student
outcomes [21]. Studies of school districts with delayed start times report a 4.5%
improvement in standardized test scores, 16.5% reduction in traffic accidents
involving teen drivers, and a decrease in disciplinary problems [22-24]. Schools
that have adjusted their schedules to match adolescent biology also report decreased
rates of depression, anxiety, and substance use among students [25]. This biological
shift, combined with factors like artificial light exposure and social pressures, makes
teenagers particularly vulnerable to chronic sleep deprivation when school sched-
ules don’t accommodate their natural sleep patterns.

People often try to compensate for poor sleep (or lack of sleep) through various
substances [26]. Alcohol, nicotine, and caffeine might temporarily mask fatigue but
typically worsen sleep quality, and not to mention overall health, over time. Caffeine,
the most widely used stimulant, blocks adenosine receptors in the brain, temporarily
preventing drowsiness but not eliminating the underlying need for sleep. Alcohol
might help people fall asleep faster, but it disrupts the natural progression of sleep
stages, particularly reducing REM sleep and deep sleep. Nicotine acts as both a
stimulant and a sedative, creating irregular sleep patterns and increasing the fre-
quency of nighttime awakenings. The combination of these substances can create
complex patterns of sleep disruption that become increasingly difficult to resolve.

The relationship between sleep and cognitive performance is bidirectional—
poor sleep affects thinking abilities, and mental strain can disrupt sleep. Intense
cognitive activity close to bedtime often makes falling asleep more difficult, despite
feeling mentally fatigued. This effect proves particularly strong when engaging in
stressful or emotionally charged mental tasks—reviewing work problems, studying
for exams, or resolving conflicts—all of which can increase alertness and delay
sleep onset. People completing demanding mental tasks before bedtime typically
longer to fall asleep and experience more fragmented sleep throughout the night
[27]. Long-term sleep deprivation can create lasting changes in cognitive function.
Studies of shift workers with more than 10 years of experience show persistent defi-
cits in memory and processing speed, even after returning to regular sleep schedules
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[28]. Brain imaging reveals structural changes in white matter—the brain’s com-
munication network—suggesting that chronic sleep disruption might cause physical
alterations in brain architecture [29]. These findings indicate that while some effects
of sleep loss can be reversed with proper rest, long-term sleep disruption might lead
to more permanent changes in cognitive capacity.

Research on sleep and cognitive performance raises important implications for
workplace safety and public health policy. Studies consistently show that night shift
workers have higher rates of errors compared to day shift workers. This risk becomes
particularly concerning in sectors where errors can have severe consequences, such as
healthcare, transportation, and emergency services. In medical settings, for instance,
research demonstrates that extended shifts correlate with increased medical errors,
suggesting the need for scheduling practices that ensure adequate rest between shifts.
The impact of sleep deprivation extends beyond safety concerns—sleep-deprived
workers show higher rates of absenteeism and demonstrate measurable decreases in
productivity [30]. Organizations experimenting with later start times or flexible sched-
uling often report improved work quality and higher employee satisfaction. These
findings highlight the potential benefits of workplace policies that better accommo-
date natural sleep patterns, both for safety and productivity across various industries.

References

1. Cowan N. What are the differences between long-term, short-term, and working memory?
Prog Brain. Res 2008;169:323-338. PMID: 18394484.

2. Cleveland Clinic. Short-term memory [Internet]. Cleveland: Cleveland Clinic. Cited 2024 Dec
28. https://my.clevelandclinic.org/health/articles/short-term-memory

3. Almaraz-Espinoza A, Grider MH. Physiology, long term memory. 2023. In: StatPearls
[Internet]. Treasure Island: StatPearls; 2025 Jan—. PMID: 31747198.

4. Born J, Wilhelm I. System consolidation of memory during sleep. Psychol Res.
2012;76(2):192-203. PMID: 21541757.

5. Rosinvil T, Lafortune M, Sekerovic Z, Bouchard M, Dubé J, Latulipe-Loiselle A, Martin N,
Lina JM, Carrier J. Age-related changes in sleep spindles characteristics during daytime recov-
ery following a 25-hour sleep deprivation. Front Hum Neurosci. 2015;9:323. PMID: 26089788.

6. Walker MP, Brakefield T, Seidman J, Morgan A, Hobson JA, Stickgold R. Sleep and the time
course of motor skill learning. Learn Mem 2003;10(4):275-284. PMID: 12888546

7. Killgore WD. Effects of sleep deprivation on cognition. Prog Brain Res. 2010;185:105-129.
PMID: 21075236.

8. Guttesen AAV, Gaskell MG, Madden EV, Appleby G, Cross ZR, Cairey SA. Sleep loss
disrupts the neural signature of successful learning. Cereb Cortex. 2023 ;33(5):1610-1625.
PMID: 35470400.

9. Corsi-Cabrera M, Ramos J, Arce C, Guevara MA, Ponce-de Leén M, Lorenzo I. Changes in
the waking EEG as a consequence of sleep and sleep deprivation. Sleep. 1992 ;15(6):550-555.
PMID: 1475570.

10. Ma N, Dinges DF, Basner M, Rao H. How acute total sleep loss affects the attending brain: a
meta-analysis of neuroimaging studies. Sleep. 2015;38(2):233-240. PMID: 25409102.

11. Volpp KG. A delicate balance: physician work hours, patient safety, and organizational effi-
ciency. Circulation. 2008;117(20):2580-2582. PMID: 18490535.

12. Hanna TN, Zygmont ME, Peterson R, Theriot D, Shekhani H, Johnson JO, Krupinski EA. The
effects of fatigue from overnight shifts on radiology search patterns and diagnostic perfor-
mance. ] Am Coll Radiol. 2018;15(12):1709-1716. PMID: 29366599.


https://my.clevelandclinic.org/health/articles/short-term-memory

70

8 Sleep and Cognitive Performance: Learning, Memory, and Mental Clarity

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mitler MM, Carskadon MA, Czeisler CA, Dement WC, Dinges DF, Graeber RC. Catastrophes,
sleep, and public policy: consensus report. Sleep. 1988;11(1):100-109. PMID: 3283909.
Falleti MG, Maruff P, Collie A, Darby DG, McStephen M. Qualitative similarities in cognitive
impairment associated with 24 h of sustained wakefulness and a blood alcohol concentration
of 0.05%. J Sleep Res. 2003;12(4):265-274. PMID: 14633237.

Yang L, Xi B, Zhao M, Magnussen CG. Association of sleep duration with all-cause and disease-
specific mortality in US adults. J Epidemiol Community Health. 2021;jech-2020-215314.
PMID: 33441393.

Creswell JD, Tumminia MJ, Price S, Sefidgar Y, Cohen S, Ren Y, Brown J, Dey AK, Dutcher
JM, Villalba D, Mankoff J, Xu X, Creswell K, Doryab A, Mattingly S, Striegel A, Hachen D,
Martinez G, Lovett MC. Nightly sleep duration predicts grade point average in the first year of
college. Proc Natl Acad Sci USA 2023;120(8):¢2209123120. PMID: 36780521.

Princeton University. About the future of families and child wellbeing study [Internet].
Princeton: Princeton University. Cited 2024 Dec 28. https://ffcws.princeton.edu/about

Casey BJ, Jones RM, Hare TA. The adolescent brain. Ann N'Y Acad Sci. 2008;1124:111-126.
PMID: 18400927.

. Anastasiades PG, de Vivo L, Bellesi M, Jones MW. Adolescent sleep and the foundations of

prefrontal cortical development and dysfunction. Prog Neurobiol. 2022;218:102338. PMID:
35963360.

American Chemical Society. The science of sleep [Internet]. Washington: ACS. Cited 2024
Dec 28. https://www.acs.org/education/chemmatters/past-issues/archive-2014-2015/the-
science-of-sleep.html?t

de Aradjo LBG, Bianchin S, Pedrazzoli M, Louzada FM, Beijamini F. Multiple positive out-
comes of a later school starting time for adolescents. Sleep Health. 2022;8(5):451-457. PMID:
35840536.

Dunster GP, de la Iglesia L, Ben-Hamo M, Nave C, Fleischer JG, Panda S, de la Iglesia
HO. Sleepmore in Seattle: later school start times are associated with more sleep and better
performance in high school students. Sci Adv. 2018;4(12):eaau6200. PMID: 30547089.
Danner F, Phillips B. Adolescent sleep, school start times, and teen motor vehicle crashes.
J Clin Sleep Med. 2008;4(6):533-535. PMID: 19110880.

Thacher PV, Onyper SV. Longitudinal outcomes of start time delay on sleep, behavior, and
achievement in high school. Sleep. 2016;39(2):271-281. PMID: 26446106.

Berger AT, Widome R, Troxel WM. School start time and psychological health in adolescents.
Curr Sleep Med Rep. 2018;4(2):110-117. PMID: 30349805.

Spadola CE, Guo N, Johnson DA, Sofer T, Bertisch SM, Jackson CL, Rueschman M, Mittleman
MA, Wilson JG, Redline S. Evening intake of alcohol, caffeine, and nicotine: night-to-night
associations with sleep duration and continuity among African Americans in the Jackson Heart
Sleep Study. Sleep. 2019;42(11):zsz136. PMID: 31386152.

Jansen EC, Peterson KE, O'Brien L, Hershner S, Boolani A. Associations between mental
workload and sleep quality in a sample of young adults recruited from a US College Town.
Behav Sleep Med. 2020;18(4):513-522. PMID: 31220940.

Marquié JC, Tucker P, Folkard S, Gentil C, Ansiau D. Chronic effects of shift work on cogni-
tion: findings from the VISAT longitudinal study. Occup Environ Med. 2015;72(4):258-264.
PMID: 25367246.

Grumbach P, Opel N, Martin S, Meinert S, Leehr EJ, Redlich R, Enneking V, Goltermann J,
Baune BT, Dannlowski U, Repple J. Sleep duration is associated with white matter microstruc-
ture and cognitive performance in healthy adults. Hum Brain Mapp. 2020;41(15):4397-4405.
PMID: 32648625.

Hafner M, Stepanek M, Taylor J, Troxel WM, van Stolk C. Why sleep matters-the economic
costs of insufficient sleep: a cross-country comparative analysis. Rand Health Q. 2017;6(4):11.
PMID: 28983434.


https://ffcws.princeton.edu/about
https://www.acs.org/education/chemmatters/past-issues/archive-2014-2015/the-science-of-sleep.html?t
https://www.acs.org/education/chemmatters/past-issues/archive-2014-2015/the-science-of-sleep.html?t

®

Check for
updates

Sleep’s Role in Mental Health

9.1 Sleep and Mental Health: A Two-Way Street

Sleep problems can act as both early warning signs and ongoing symptoms of men-
tal health conditions, while mental health challenges often disrupt sleep patterns [1].
This creates a reinforcing cycle that complicates both diagnosis and treatment.

Sleep disturbances manifest differently across various mental health conditions
[1]. In depression, people often experience either excessive sleeping (hypersomnia)
or difficulty sleeping (insomnia), frequently waking early and unable to return to
sleep [2]. Anxiety commonly disrupts sleep onset—individuals often lie awake with
racing thoughts, unable to calm mental activity enough to fall asleep [3]. Bipolar
disorder shows distinct sleep patterns: during manic phases, people may feel little
need for sleep, while depressive phases often bring profound sleep disruption [4]. In
schizophrenia, sleep patterns can become severely disorganized, with disrupted cir-
cadian rhythms and fragmented sleep throughout the day and night [5].

The effects of chronic sleep disruption on mental health extend far beyond sim-
ple fatigue. When people consistently fail to get adequate sleep, their emotional
processing becomes impaired. The amygdala, a brain region crucial for emotional
regulation, becomes hyperactive, while the prefrontal cortex, responsible for ratio-
nal thinking and emotional control, shows reduced function. This biological change
may explain why sleep-deprived people often feel more irritable, anxious, and emo-
tionally volatile.

Research reveals that even moderate sleep disruption can significantly affect
mental well-being. Even a single night of poor sleep can elevate anxiety levels as
much as 30%, while chronic sleep problems raise the risk of developing depression
by more than tenfold [6, 7]. These effects stem from sleep’s crucial role in emo-
tional processing and stress regulation. During normal sleep, particularly during
REM sleep, the brain processes emotional experiences and reduces the intensity of
negative memories. Without adequate sleep, emotional memories retain their
potency, potentially contributing to anxiety and trauma-related conditions.
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At the neurobiological level, sleep disruption creates widespread changes in
brain chemistry. Poor sleep affects the production and regulation of key neurotrans-
mitters, including serotonin and dopamine, which play crucial roles in mood regula-
tion [7]. The stress hormone cortisol also becomes dysregulated, typically showing
elevated levels throughout the day [8]. These neurochemical changes can trigger or
worsen mental health symptoms, creating a challenging cycle where poor sleep and
mental health problems reinforce each other.

The timing of sleep problems may provide crucial diagnostic clues. Sleep distur-
bances frequently appear weeks or months before other symptoms of mental health
conditions become apparent. For instance, subtle changes in sleep patterns often
precede major depressive episodes, while disrupted sleep commonly occurs before
manic episodes in bipolar disorder. These early sleep changes may help clinicians
identify and possibly prevent the escalation of psychiatric episodes [9].

Improving sleep quality can significantly enhance mental health treatment out-
comes. Cognitive-behavioral therapy for insomnia (CBT-I) has shown impressive
effectiveness not only for sleep problems but also for concurrent mental health con-
ditions [10]. This specialized therapy helps people identify and change thoughts and
behaviors that interfere with sleep, often leading to improvements in both sleep and
mental health symptoms. Studies using polysomnography—a comprehensive sleep
monitoring technique—show that successful CBT-I treatment increases both total
sleep time and sleep efficiency while reducing nocturnal awakening. For people
with depression, maintaining regular sleep patterns proves particularly crucial—
stable sleep often helps reduce the risk of mood episodes and reduces their severity
when they do occur.

The relationship between sleep and mental health extends to medication treat-
ment as well. Many psychiatric medications affect sleep patterns, either improving
or disrupting them [11]. Understanding these effects helps clinicians make more
informed medication choices. Some antidepressants, for example, can initially dis-
rupt sleep but ultimately lead to more stable sleep patterns as depression improves.
Selective serotonin reuptake inhibitors (SSRIs), a commonly used group of antide-
pressants, often suppress REM sleep initially—a change visible on sleep studies—
but this suppression typically normalizes over several weeks as the medication’s
therapeutic effects emerge. Other medications might help with sleep initially but
require careful monitoring to prevent dependency or tolerance. Benzodiazepines,
i.e., frequently prescribed sleep medications, can alter natural sleep architecture,
reducing time spent in deep sleep stages and potentially compromising sleep’s
restorative functions [12]. This does not imply that such medications should be
avoided, but rather that clinicians and patients should remain aware of the impact
these drugs can have on sleep.

Recent research has also revealed the importance of circadian rhythm regulation
in mental health treatment [13]. Many mental health conditions involve disrupted
circadian rhythms, affecting not just sleep but also appetite, energy levels, and mood
throughout the day. Treatments that help stabilize these daily rhythms, such as light
therapy or social rhythm therapy, often improve both sleep and mental health symp-
toms. The implications of this research extend to preventive mental health care.
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Protecting sleep quality may help prevent the onset or reduce the severity of mental
health conditions in vulnerable individuals. This led to increased emphasis on sleep
hygiene in mental health treatment programs and a growing recognition that
addressing sleep problems early may help prevent more serious mental health chal-
lenges from developing.

9.1.1 Sleep and Depression

Depression ranks among the most prevalent mental health challenges worldwide,
affecting approximately 5% of adults according to World Health Organization sta-
tistics [14]. Up to 90% of individuals with depression experience significant sleep
problems, ranging from difficulty falling asleep to disrupted sleep patterns and early
morning awakening [15]. These sleep disturbances create a troubling cycle where
poor sleep worsens depressive symptoms, while depression itself further impairs the
ability to achieve restorative sleep.

Sleep disruption often appears before other depressive symptoms become appar-
ent [9]. Research shows that individuals with chronic sleep problems, particularly
insomnia, face a significantly higher risk of developing depression compared to
those who sleep well. This finding positions sleep disturbance not just as a symptom
but as a potential early warning sign and risk factor for depression. These early sleep
changes manifest in several distinct patterns. Some people experience difficulty
falling asleep despite physical tiredness, while others wake frequently throughout
the night or early morning. Sleep quality may also decline—individuals often report
unrefreshing sleep and persistent fatigue, even when total sleep duration appears
adequate. The progression typically begins with intermittent sleep problems that
gradually become more persistent. Many individuals first notice changes in their
sleep timing, finding themselves either staying awake later or waking earlier than
usual. As these disruptions continue, other symptoms begin to emerge—subtle
changes in appetite, reduced interest in activities, and mild mood fluctuations, often
initially attributed to poor sleep rather than emerging depression.

The intersection of sleep and depression treatment adds further complexity [11].
While antidepressant medications effectively address many depressive symptoms,
their impact on sleep varies significantly. SSRIs (selective serotonin reuptake inhib-
itors), the most commonly prescribed antidepressants, can initially disrupt sleep
patterns, particularly during the first couple of weeks of treatment. These medica-
tions affect neurotransmitter systems that regulate both mood and sleep-wake
cycles, particularly serotonin pathways in the raphe nuclei—a cluster of neurons in
the brain stem crucial for sleep regulation. While mood improvements typically take
4-6 weeks to emerge as serotonin receptors gradually adapt, sleep disruption often
occurs within days of starting treatment. Some patients report increased difficulty
falling asleep or maintaining sleep throughout the night, reflecting these medica-
tions’ effects on sleep architecture and REM sleep patterns. Other medications,
including tricyclic antidepressants and certain SNRIs (serotonin-norepinephrine
reuptake inhibitors), often have sedating effects due to their additional impact on
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histamine and norepinephrine systems in the brain. While this sedation might help
some patients sleep, it can lead to persistent daytime drowsiness and alter natural
sleep patterns, particularly affecting the duration and timing of different sleep stages.

Treatment approaches increasingly recognize sleep as a crucial component of
depression recovery [10]. Cognitive-behavioral therapy for insomnia (CBT-I) has
demonstrated particular effectiveness, often improving both sleep quality and
mood symptoms simultaneously. This specialized therapy helps individuals iden-
tify and modify thoughts and behaviors that interfere with sleep, while also
addressing depression-related factors that impair sleep. When combined with tra-
ditional depression treatments like psychotherapy and medication, sleep interven-
tions can significantly enhance overall treatment effectiveness. Certain
antidepressants, particularly sedating ones like trazodone, doxpein and mirtazap-
ine, are frequently prescribed specifically for their sleep-promoting effects, even
in lower doses than typically used for depression—their effects on both mood and
sleep providing dual therapeutic benefits. This treatment approach recognizes that
improving sleep often serves as a crucial step in breaking the cycle of depression,
with better sleep leading to improved mood regulation and enhanced response to
other therapeutic interventions.

9.1.2 Sleep and Anxiety

Anxiety disorders affect approximately 20% of adults annually, making them
among the most prevalent mental health conditions [16]. Between 60% and 70% of
people with anxiety disorders experience significant sleep problems [17]. Individuals
with anxiety often struggle to fall asleep, maintain sleep throughout the night, or
experience disturbing dreams that fragment their rest. This creates a self-reinforcing
pattern where anxiety disrupts sleep, and insufficient sleep then amplifies anxiety
symptoms.

Sleep loss can produce immediate and profound effects on anxiety [3]. Research
has shown that even a single night of insufficient sleep can significantly increase
anxiety symptoms [18]. During sleep deprivation, the brain’s emotional centers
become hyperactive while regions responsible for rational thinking and emotional
control show reduced activity. These brain changes help explain why sleep-deprived
individuals often feel more anxious, irritable, and less capable of managing
daily stress.

The biological connection between sleep and anxiety involves specific brain
regions and neurotransmitter systems [3]. The amygdala, often called the brain’s
emotion center, becomes hyperreactive during sleep deprivation. Meanwhile, the
prefrontal cortex, which normally helps regulate emotional responses, shows
decreased activity. Sleep disruption also affects crucial neurotransmitters, including
serotonin and GABA (gamma-aminobutyric acid), that typically help regulate anxi-
ety. These changes can create a state of hyperarousal—a persistent alertness that
makes relaxation and sleep particularly challenging for people with anxiety
disorders.
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Enhancing sleep quality often leads to reduced anxiety symptoms, suggesting
that sleep interventions should be integral to anxiety treatment [3]. When people
with anxiety disorders enhance their sleep, they typically experience better emo-
tional regulation, improved stress resilience, and reduced anxiety levels.
Treatment approaches that combine traditional anxiety interventions with sleep-
focused strategies, such as CBT-I or relaxation techniques, often yield better
outcomes than treating anxiety alone. Sleep disruption often intensifies before
periods of increased anxiety, making it a potential early warning sign for anxiety
episodes.

9.1.3 Sleep and Bipolar Disorder

Individuals with bipolar disorder experience a complex relationship with sleep,
marked by various disturbances including insomnia, excessive sleeping (hypersom-
nia), and disrupted daily rhythms [4]. These sleep disturbances do more than accom-
pany mood shifts—they can actively trigger manic or depressive episodes,
significantly affecting the course of the illness. Bipolar disorder is closely linked to
irregularities in circadian rhythms, our internal biological clock that regulates sleep-
wake cycles.

Sleep disruptions often emerge as early warning signs of impending mood epi-
sodes [4]. At the onset of mania, individuals often experience a sudden drop in sleep
need, sometimes sleeping as little as 2 or 3 h while feeling energetic and alert.
Conversely, the approach of a depressive episode might bring either excessive sleep-
ing or severe insomnia. These changes in sleep patterns frequently appear days or
even weeks before other mood symptoms become apparent, making sleep monitor-
ing a crucial tool in managing bipolar disorder.

Medications used to treat bipolar disorder further complicate sleep management
[4]. Mood stabilizers like lithium can help normalize sleep patterns over time, but
their effects vary significantly from person to person. Some people experience
sleepiness when first starting these medications—a side effect that usually improves
with time—while others might develop ongoing sleep difficulties. Antipsychotic
medications, commonly used to manage mania, influence multiple brain systems
involved in sleep regulation. These medications reduce brain activity by blocking
dopamine—a chemical that promotes wakefulness—while also affecting other
brain chemicals like serotonin and histamine that influence sleep. As a result, indi-
viduals may sleep longer but experience altered sleep architecture, especially in
REM sleep.

9.1.4 Sleep and Schizophrenia
Schizophrenia, characterized by hallucinations, delusions, and disorganized thinking,

is associated with unusually high rates of sleep disturbances [5]. These sleep problems
extend beyond simple insomnia or excessive sleeping (hypersomnia)—they often
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involve fundamental changes in sleep architecture, the basic organization of sleep
stages throughout the night.

The relationship between sleep and schizophrenia symptoms works in both
directions. Poor sleep can worsen hallucinations and paranoid thoughts, while psy-
chotic symptoms often make it difficult to maintain regular sleep patterns. This
bidirectional cycle complicates treatment, as poor sleep exacerbates psychotic
symptoms and those symptoms, in turn, disrupt sleep.

Antipsychotic medications, the primary treatment for schizophrenia, have a
major influence on sleep architecture and quality [5]. First-generation (typical) anti-
psychotics like haloperidol often increase the time it takes to fall asleep and reduce
overall sleep efficiency. Second-generation (atypical) antipsychotics generally show
more favorable effects on sleep. Medications like clozapine and olanzapine tend to
improve sleep architecture by increasing deep sleep and reducing sleep fragmenta-
tion. However, these benefits come with potential drawbacks—many patients expe-
rience significant daytime drowsiness, and the metabolic changes these medications
can cause might indirectly affect sleep quality.

Recent research suggests that addressing sleep problems in schizophrenia might
improve overall treatment outcomes [5]. Sleep interventions are increasingly
becoming important adjuncts to standard care. These might include specialized cog-
nitive behavioral therapy for sleep problems, education about sleep hygiene, and
careful attention to the timing of daily activities. Some clinics now use light therapy
and structured daily schedules to help stabilize sleep-wake patterns.

Sedating medications often work better when taken in the evening, helping to
promote sleep while minimizing daytime drowsiness. More activating medications
might be better taken in the morning to avoid sleep disruption.
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10.1 Sleep and Stress: A Vicious Cycle

Sleep and stress interact through multiple biological pathways that significantly
affect health [1]. Stress and sleep influence each other continuously: stress can dis-
rupt sleep, while poor sleep increases the body’s stress response. This two-way
relationship creates patterns that can affect both physical and mental well-being.
Studies show that people experiencing high levels of stress often report changes in
their sleep patterns, including difficulty falling asleep, frequent night wakings, and
poor sleep quality. These sleep disruptions can begin within hours of a stressful
event and may persist for weeks or months if the stress continues.

Stress significantly affects our ability to sleep through direct effects on the body’s
biological systems, particularly the hypothalamic-pituitary-adrenal (HPA) axis—
our central stress response system. The HPA axis is the body’s main stress manage-
ment network that connects your brain to hormone-producing glands. When
triggered by stress, it releases cortisol (often called the “stress hormone”) and other
chemicals that keep us alert and vigilant—producing a state of alertness that inter-
feres with the relaxation needed for sleep (Fig. 10.1) [1]. During stress our heart rate
rises, muscles become tense, and the mind remains active. This heightened state can
persist for hours after a stressful event, making it difficult to relax and fall asleep.
Even after the immediate stress passes, the body often maintains this state of height-
ened alertness, leading to sleep difficulties. When stress becomes an ongoing issue,
these disruptions can create persistent sleep problems, including trouble falling
asleep, frequent nighttime awakenings, and poor sleep quality. The relationship
works both ways—poor sleep increases sensitivity to stress, creating a cycle that
can become increasingly difficult to break without addressing both the stress and
sleep components.

Brain imaging studies reveal how stress affects sleep-related brain activity [1, 2].
Stress increases activity in brain regions involved in emotional processing and alert-
ness while decreasing activity in areas that promote sleep and relaxation. Using
functional magnetic resonance imaging (fMRI) that infers neuronal activity by
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Fig. 10.1 The hypothalamic-pituitary-adrenal (HPA) axis: stress response mechanism. (“Created
in BioRender. Juginovic, A. (2025) https://BioRender.com/t71h717”)

measuring changes in blood flow, researchers have observed that stressed individu-
als show heightened activity in the amygdala, the brain’s “alarm center” responsible
for detecting threat and emotional salience. At the same time, activity in the prefron-
tal cortex, which helps regulate emotional responses, becomes reduced. These brain
activity changes often outlast the initial stressor, creating a state of hyperarousal that
interferes with the natural transition to sleep. Even when people report feeling rela-
tively calm, their brains may continue showing patterns of stress-related activation
that make sleep difficult.

The timing of stress exposure particularly affects sleep quality [3]. Stress expe-
rienced late in the day tends to have stronger effects on sleep than similar stress
earlier in the day. This timing effect relates to the body’s natural daily rhythms—
evening hours normally involve decreasing stress hormone levels to prepare for
sleep. Studies show that exposure to stress in the late afternoon or evening can delay
the evening decline in cortisol levels which may increase the risk of sleep problems
[4]. This disruption affects not only sleep initiation but also the distribution of sleep
stages throughout the night. Evening stress increases time spent in lighter sleep
stages and reduces deep sleep, resulting in less restorative rest. The effects become
even more pronounced when evening stress combines with exposure to artificial
light, which can further disrupt the body’s natural preparation for sleep.

Work-related stress presents particular challenges for sleep health [5]. Studies of
different occupations show that high job stress correlates with increased sleep prob-
lems, especially among people who work irregular hours or face high-pressure
deadlines. Healthcare workers, emergency responders, and professionals in finan-
cial sectors often report significant sleep disruption related to work stress [6]. The
combination of long hours, high responsibility, and irregular schedules can create
persistent patterns of sleep disruption that affect both job performance and overall
health. Organizations that have implemented stress management programs and
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policies to protect employee sleep often report improvements in both worker well-
being and productivity [7].

Long-term activation of stress responses can create persistent changes in sleep
patterns [8]. People under chronic stress often develop sleep disorders such as
insomnia or sleep-disordered breathing. These conditions can then create additional
stress, establishing a cycle where poor sleep and stress continually worsen each
other. Research shows that individuals experiencing chronic stress have altered
sleep architecture, spending less time in deep sleep and REM sleep—the stages
most important for physical and mental restoration [9]. This reduction in restorative
sleep can affect everything from immune function to emotional regulation, poten-
tially leading to health consequences that persist even after stress is alleviated.

The connection between sleep and stress extends into the immune system and
psychological health [10]. Chronic sleep problems can weaken immune function,
making people more susceptible to illness. Studies show that sleep-deprived indi-
viduals produce fewer natural killer cells, which help fight off infections and
cancer cells [11]. Poor sleep also affects emotional regulation, often leading to
increased anxiety and higher risk of depression. The areas of the brain responsi-
ble for emotional control, particularly the amygdala and prefrontal cortex, show
altered activity patterns after sleep loss. These changes can make people more
reactive to negative experiences and less able to regulate their emotional
responses, creating a state of psychological vulnerability that can increase sensi-
tivity to stress.

Treatment approaches for sleep and stress problems often work best when
addressing both issues together [12]. Cognitive-behavioral therapy for insomnia
(CBT-I) helps people identify and change thoughts and behaviors that interfere
with sleep while also teaching stress management techniques. This approach typi-
cally includes several components: sleep restriction therapy to consolidate sleep
into a shorter, more efficient period; stimulus control to strengthen the association
between bed and sleep; and cognitive restructuring to address anxiety-producing
thoughts about sleep. Studies show that CBT-I can reduce the time it takes to fall
asleep by an average of 30—-45 minutes and increase total sleep time by 30 min per
night [12].

Mindfulness-based stress reduction programs have also proven effective in
improving sleep and managing stress [13]. These programs teach techniques that
help quiet mental pre-sleep arousal, change unhelpful thoughts about sleep, and
build resilience to stress. Regular practice of these techniques can help break the
cycle of stress and poor sleep. Studies of mindfulness programs show that par-
ticipants experience an average reduction of about 20 min in the time it takes to
fall asleep, along with improvements in sleep quality and daytime functioning
[14]. The benefits extend beyond sleep, with participants reporting reduced anxi-
ety levels, lower blood pressure readings, and better ability to handle stressful
situations. These improvements often persist months after completing the pro-
gram, suggesting that mindfulness training creates lasting changes in how people
respond to stress.
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11.1 Sleep and Immune Function: A Critical Partnership

Sleep involves more than rest—it actively boosts our immune system [1]. During
sleep, the immune system carries out essential maintenance and defense processes
that help protect our health. The relationship between sleep and immunity becomes
clear when we examine their daily patterns: both follow 24-h cycles, with certain
immune cells increasing during night hours while others become more active during
the day. This timing isn’t coincidental—complex signaling pathways connect our
sleep-wake cycles with immune system regulation, though the exact mechanisms
continue to be studied.

During sleep, multiple immune processes activate according to specific biologi-
cal timing. Deep sleep triggers the release of signaling molecules called cytokines
that coordinate immune responses [1]. These proteins operate in precise patterns
throughout the night, with interleukin-1, interleukin-6, and tumor necrosis factor-
alpha showing distinct release cycles. The same period sees increased production of
antibodies—proteins that identify and neutralize threats—while regulating white
blood cells, particularly natural killer cells and T lymphocytes that defend against
pathogens.

Even minor sleep disruptions can alter immune cell production and function
significantly, whereas sleep deprivation substantially compromises these immune
processes. Studies show that sleeping less than 7 h per night triples susceptibility
to the common cold virus compared to longer sleep durations [2]. The risks
increase with further sleep loss—individuals getting less than 5 h face a 70%
higher risk of pneumonia compared to those achieving 8 h or more [3]. These
increased risks stem from measurable decreases in cytokine and antibody produc-
tion, weakening the immune system’s ability to mount effective responses. These
immune deficits can persist for days after sleep returns to normal, suggesting
longer-term effects.

Sleep affects vaccine responses and immunological memory in several distinct
ways [4]. People who get adequate sleep in the days following vaccination develop
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twice the number of protective antibodies compared to those who don’t sleep well.
This enhancement stems from sleep’s effects on multiple immune components: T
helper cells show increased activation, B cells produce antibodies more efficiently,
and specific immune proteins that support long-term immunity reach higher levels.
These processes don’t just improve vaccine responses—they maintain immunity
against previously encountered pathogens, explaining why poor sleep often corre-
lates with increased susceptibility to recurring infections.

Sleep quality influences inflammation patterns throughout the body, with par-
ticularly notable effects in the digestive system. Poor sleep raises pro-inflammatory
molecules in the blood [5]. These elevated inflammatory markers—including
C-reactive protein and interleukin-6—often persist throughout the day, creating a
state of chronic low-grade inflammation. Studies show that disrupted sleep architec-
ture, particularly reduced slow-wave sleep, correlates with these inflammatory
changes [6]. This connection explains why people with consistent sleep problems
show higher rates of inflammatory conditions. Studies tracking patients with
Crohn’s disease (a chronic inflammatory condition affecting any part of the diges-
tive tract), ulcerative colitis (inflammation specifically in the large intestine and
rectum) and gastroesophageal reflux disease (GERD; where stomach acid fre-
quently flows back into the esophagus) demonstrate that sleep disruption often pre-
cedes symptom flares [7]. The relationship works both ways—inflammatory
conditions can disrupt sleep patterns, creating a cycle that proves particularly chal-
lenging to break without addressing both components simultaneously.

The gut microbiome—the vast community of bacteria residing in our digestive
system—shows surprising sensitivity to sleep patterns [8]. Sleep disruption alters
the composition of these bacterial populations in measurable ways, leading to
changes in immune system function. This imbalance in gut bacteria may affect both
immune function and how we sleep.

The effects of sleep-related inflammation extend far beyond the digestive sys-
tem. Poor sleep triggers a state of chronic low-grade inflammation throughout the
body, measured through elevated inflammatory markers in the blood. These persis-
tent inflammatory changes contribute to the development of cardiovascular disease,
alter metabolic processes, and accelerate cellular aging—topics we’ll examine in
detail in subsequent chapters.

References

1. Besedovsky L, Lange T, Born J. Sleep and immune function. Pflugers Arch.
2012;463(1):121-137. https://doi.org/10.1007/s00424-011-1044-0. PMID: 22071480.

2. Cohen S, Doyle WJ, Alper CM, Janicki-Deverts D, Turner RB. Sleep habits and susceptibility
to the common cold. Arch Intern Med. 2009;169(1):62-67. PMID: 19139325.

3. Patel SR, Malhotra A, Gao X, Hu FB, Neuman MI, Fawzi WW. A prospective study of sleep
duration and pneumonia risk in women. Sleep. 2012;35(1):97-101. PMID: 22215923.

4. Rayatdoost E, Rahmanian M, Sanie MS, Rahmanian J, Matin S, Kalani N, Kenarkoohi A,
Falahi S, Abdoli A. Sufficient sleep, time of vaccination, and vaccine efficacy: a systematic
review of the current evidence and a proposal for COVID-19 vaccination. Yale J Biol Med.
2022;95(2):221-235. PMID: 3578248]1.


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

References 85

5. McEwen BS, Karatsoreos IN. Sleep deprivation and circadian disruption: stress, allostasis, and
allostatic load. Sleep Med Clin. 2015;10(1):1-10. PMID: 26055668.

6. Strumberger MA, Hiberling I, Emery S, Albermann M, Baumgartner N, Pedrett C, Wild
S, Contin-Waldvogel B, Walitza S, Berger G, Schmeck K, Cajochen C. Inverse association
between slow-wave sleep and low-grade inflammation in children and adolescents with major
depressive disorder. Sleep Med. 2024;119:103-113. PMID: 38669833.

7. Tang, Preuss F, Turek FW, Jakate S, Keshavarzian A. Sleep deprivation worsens inflamma-
tion and delays recovery in a mouse model of colitis. Sleep Med. 2009;10(6):597-603. https://
doi.org/10.1016/j.sleep.2008.12.009. PMID: 19403332.

8. Sun J, Fang D, Wang Z, Liu Y. Sleep deprivation and gut microbiota dysbiosis: current under-
standings and implications. Int J Mol Sci. 2023;24(11):9603. PMID: 37298553.


https://doi.org/10.1016/j.sleep.2008.12.009
https://doi.org/10.1016/j.sleep.2008.12.009

®

Check for
updates

Sleep’s Influence on Your Metabolism 1 2

12.1 Sleep’s Impact on Metabolic Health

Sleep plays a central role in how the body processes energy and maintains metabolic
balance [1]. When sleep patterns become disrupted, these metabolic processes can
be impaired, increasing the risk of conditions like type 2 diabetes and obesity. Even
one week of reduced sleep can trigger measurable changes in metabolic function.

Getting less than seven hours of sleep per night raises levels of stress hormones
like cortisol, disrupts blood sugar regulation, and reduces the body’s sensitivity to
insulin—the hormone that helps move glucose into cells for energy [2]. These
changes mirror the early stages of diabetes development, highlighting how quickly
poor sleep can affect metabolism.

During normal sleep, the body maintains precise control over blood sugar levels.
However, when sleep becomes disrupted, cells become less responsive to insulin’s
effects. This condition, known as insulin resistance, can develop even in healthy
people during longer periods of poor sleep [3]. For those who already have diabetes,
insufficient sleep can make blood sugar control more difficult, potentially leading to
a cycle where poor sleep and diabetes symptoms worsen each other.

Sleep also plays a crucial role in regulating appetite and eating behavior [4]. Two
key hormones—Ileptin and ghrelin—control our feelings of fullness and hunger.
Poor sleep decreases leptin, which signals fullness, while increasing ghrelin, which
triggers hunger. Research shows that consistently sleeping less than five hours per
night can lead to weight gain [5]. This hormonal imbalance helps explain why peo-
ple often feel hungrier and crave high-calorie foods when sleep deprived.
Additionally, short sleep can reduce overall energy expenditure by lowering physi-
cal activity levels and altering how the body burns calories.

Our internal biological clock, or circadian rhythm, coordinates these metabolic
processes throughout the day and night. This timing system manages not just sleep
but also how the body processes sugars, fats, and energy. When people work night
shifts or keep irregular schedules, they disrupt this careful timing, increasing their
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risk of metabolic problems. This may explain why shift workers show higher rates
of diabetes, obesity, and related conditions.

Emerging research also points to the gut microbiome as a key player linking
sleep to metabolic health. Sleep deprivation can alter the balance of gut bacteria,
favoring species associated with obesity and insulin resistance. These micro-
bial changes may increase inflammation and impair how the body processes fats and
sugars, further compounding the metabolic risks of poor sleep.

These findings emphasize why good sleep habits matter for metabolic health.
Healthcare providers increasingly recognize that addressing sleep problems should
be part of treating conditions like diabetes and obesity. This might involve improv-
ing sleep habits, treating sleep disorders, or helping shift workers manage their
schedules better. For those who must work irregular hours, like healthcare workers,
several strategies can help protect metabolic health. These include carefully timing
meals to match the body’s natural rhythms, using appropriate lighting to help regu-
late the biological clock, and creating consistent sleep schedules even on days off.
While these strategies can’t fully reverse the effects of disrupted sleep, they can help
minimize its impact on metabolic health.
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13.1 Sleep and Cardiovascular Health

The cardiovascular system relies on sleep not just for rest, but for critical cardiovas-
cular repair and regulation. Understanding how sleep affects heart health
helps explain many common patterns we see in cardiovascular disease, from heart
attacks and strokes to chronic high blood pressure.

During healthy sleep, blood pressure naturally drops by 10-20% compared to
daytime levels [1]. This nightly dip happens because the parasympathetic nervous
system takes over, allowing blood vessels to relax and heart rate to slow. When sleep
becomes disrupted, this doesn’t happen properly. The sympathetic nervous sys-
tem—which drives our “fight or flight” response—stays more active than it should.
Even after a poor night’s sleep, you may feel on edge or notice a faster heartbeat.
This reflects your sympathetic nervous system remaining active when it should be
winding down.

People who don’t experience this normal blood pressure drop during sleep—
called “non-dippers” in the medical community—face significantly higher risks of
both heart attacks and strokes [1]. This is because their cardiovascular system
misses its usual period of rest and recovery. It’s like running a machine constantly
without ever letting it cool down. Over time, this continuous pressure damages the
delicate inner lining of blood vessels, making them more prone to developing ath-
erosclerosis—the buildup of fatty plaques that can trigger heart attacks and strokes.

Sleep also helps regulate a crucial hormone system called RAAS (renin-
angiotensin-aldosterone system), a hormone pathway critical for blood pressure
control [2]. This system produces a hormone called angiotensin II that makes blood
vessels constrict. During proper sleep, RAAS activity decreases. But when sleep
suffers, RAAS becomes overactive, leading to tighter blood vessels and higher
blood pressure. This explains why people often wake up with elevated blood pres-
sure after a poor night’s sleep, and why chronic sleep problems so frequently
accompany cardiovascular issues.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2025 89
A. Juginovic, Sleep Science Made Simple,
https://doi.org/10.1007/978-3-031-92060-8_13


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-92060-8_13&domain=pdf
https://doi.org/10.1007/978-3-031-92060-8_13#DOI

20 13 The Role of Sleep in Cardiovascular Health

Heart attacks and strokes show an intriguing pattern—they occur often in the
early morning hours, between 6:00 AM and noon [3]. This timing isn’t random.
Poor sleep affects not just blood pressure, but also how easily blood forms clots.
After insufficient sleep, blood platelets become more “sticky,” making clots more
likely to form [4]. Combined with the morning surge in blood pressure that naturally
occurs upon waking due to increased sympathetic activity, these changes create
particularly risky conditions for heart attacks and strokes. The body also experi-
ences a surge in stress hormones during these morning hours, which can further
strain an already vulnerable cardiovascular system.

This connection between sleep and cardiovascular health extends beyond just
blood pressure and clotting. Sleep also affects how the body handles inflammation
and oxidative stress—two processes that play key roles in the development of heart
disease. During proper sleep, the body can repair damage from oxidative stress and
keep inflammation in check. Without adequate sleep, these protective processes
become compromised, accelerating the development of cardiovascular problems.
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How Sleep Supports Brain Health 1 4

14.1 Sleep and Brain Health

Sleep problems often appear years before the first symptoms of brain disorders
emerge [1]. This isn’t coincidental—poor sleep actively contributes to conditions
like Alzheimer’s and Parkinson’s disease, while these diseases in turn make sleep
even more difficult to maintain. This two-way relationship helps explain why sleep
quality becomes increasingly more important as our brains age.

During sleep, the brain activates its specialized cleaning system, called the glym-
phatic system, which we covered in earlier chapters [1]. Think of it as the brain’s
nighttime cleaning crew—the spaces between brain cells actually expand during
sleep, allowing cerebrospinal fluid to flow more freely and remove built-up waste
products from the brain. This process works effectively during deep sleep, but is
also active during wake. (Fig. 14.1). One of its main tasks is clearing away beta-
amyloid, a protein that can form problematic clumps in the brain. These clumps
form the plaques commonly seen in Alzheimer’s disease.

When sleep becomes disrupted, this cleaning system can’t function properly.
Even a single night of poor sleep leads to increased beta-amyloid levels in the brain
[2]. Over time, this creates a troubling cycle—poor sleep leads to more protein
buildup, which then makes sleep even more difficult. This cycle may help explain
why people with chronic sleep problems face higher risks of developing Alzheimer’s
disease.

Parkinson’s disease shows another intriguing connection of sleep and brain
health through a condition called REM sleep behavior disorder (RBD) [3]. During
normal REM sleep, our bodies remain still while we dream. But people with RBD
physically act out their dreams, sometimes with violent movements. This unusual
sleep pattern often appears years before other Parkinson’s symptoms emerge—typi-
cally 5-10 years earlier. Remarkably, many people who develop RBD eventually
show signs of Parkinson’s disease or related conditions, making it one of the earliest
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Fig. 14.1 The glymphatic system: brain waste clearance pathway. (“Created in BioRender.
Juginovic, A. (2025) https://BioRender.com/r33y434°")

warning signs we know of. This early emergence of RBD may reflect changes in
brainstem regions also involved in Parkinson’s disease.

Poor sleep damages the brain through multiple reinforcing mechanisms [1].
Throughout a sleepless night, inflammation builds up in brain tissue while repair
processes slow down. The blood-brain barrier—a protective wall that normally
keeps harmful substances out of brain tissue—becomes more permeable, like a
fence developing holes. Meanwhile, the production of protective hormones drops,
leaving brain cells more vulnerable to damage. Growth hormone, which typically
peaks during deep sleep and helps maintain healthy brain tissue, remains at low
levels when sleep is disrupted.

Sleep breathing problems create additional risks. In sleep apnea, for instance, the
brain experiences hundreds of oxygen drops each night. Each drop forces brain cells
into emergency mode—they must work harder with less oxygen, triggering oxida-
tive stress, a process that damages cells through unstable oxygen molecules [4].
Think of trying to run while holding your breath—now imagine your brain cells
doing this repeatedly throughout the night. Even mild breathing disruptions can
damage sensitive brain regions over time.

These effects become particularly critical during middle age, between 40 and
65 years [5]. During this period, poor sleep habits or untreated sleep disorders can
significantly accelerate brain aging. The brain appears especially vulnerable during
these years—perhaps because it’s already beginning to show subtle age-related


https://BioRender.com/r33y434

References 93

changes. Addressing sleep problems during this window becomes crucial for pro-
tecting long-term brain health. This is especially evident for conditions like sleep
apnea, where each night of untreated breathing problems puts additional strain on
an aging brain. We will cover apnea and other sleep disorders in later chapters.
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15.1 Sleep, Shift Work, and Cancer

Sleep’s influence on health extends beyond daily functioning and mental clarity.
Research reveals significant connections to serious health conditions, including
cancer development [1]. Population studies consistently demonstrate links between
sleep patterns and cancer risk, with particular evidence for breast and colorectal
cancer development [1]. While we observe these connections consistently, it has to
be noted that the link is not particularly strong in many studies and the precise bio-
logical mechanisms linking sleep to cancer development remain under
investigation.

Research reveals specific numbers that help us understand this relationship. In
one study, people who regularly slept less than 6 h show a 50% higher rate of
colorectal adenomas (early tissue changes that can develop into cancer) [2].
Similarly, women with poor sleep quality face a higher risk of aggressive breast
cancer compared to those maintaining healthy sleep patterns [3]. While studies have
examined patterns across prostate, lung, and ovarian cancer rates among people
with disrupted sleep, the relationship remains complex and not fully understood.

Shift work provides particularly important evidence of how disrupted sleep
affects cancer risk [4]. Consider what happens when normal sleep-wake cycles
become desynchronized: long-time night shift workers (>15 years) show a 35%
higher risk of colorectal cancer and a 9% increase in breast cancer risk compared to
people working regular daytime hours [5, 6].

Sleep appears to influence cancer development through several biological mecha-
nisms, though the relationships are complex and still being studied. One factor of
interest is melatonin, a hormone that rises at night and helps regulate the body’s
internal clock. Melatonin may slow tumor growth and reduce oxidative stress [7].
Some studies indicate that people exposed to artificial light at night, such as shift
workers, may have lower melatonin levels, which could potentially affect cancer risk
[8]. Sleep also appears to support immune system function, which plays a role in
identifying and removing abnormal cells. Emerging research suggests that cancer
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cell activity may vary throughout the day, raising questions about whether the timing
of treatments like chemotherapy or radiation could impact their effectiveness. The
relationship between sleep and cancer may involve multiple other processes. Poor or
insufficient sleep might contribute to chronic inflammation, which could create con-
ditions that affect cancer development [9]. Sleep appears to play a role in DNA
repair, which helps prevent mutations, though more research is needed to fully
understand this connection [10]. The body’s circadian genes, which help regulate cell
growth and repair, may also be affected by sleep patterns, though the exact mecha-
nisms aren’t fully understood [11]. While poor sleep quality has been associated with
increased oxidative stress, which can damage cells and DNA, the direct link to cancer
development requires further study [12].

On a surprising note in regard to cancer risk and sleep, a recent study showed that
circulating tumor cells (CTCs), which are responsible for cancer’s spread through-
out the body, are predominantly released during sleep periods [13]. The researchers
found that these rest-phase CTCs have a significantly higher capacity to form new
tumors compared to those released during waking hours, with genetic analysis
revealing increased activity of cell division genes specifically during sleep. This
discovery suggests that the most dangerous phase of cancer dissemination may
occur during our rest period, adding an unexpected twist to our understanding of
sleep’s role in cancer progression. These results, while really interesting, still need
further validation and research.
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16.1 Balancing Sleep: The Risk of Sleep Deprivation
and Oversleeping

Many health problems linked to poor sleep raise a fundamental question: can a lack
of sleep directly cause death? While human cases of death directly from sleep depri-
vation remain rare (if any), research provides compelling evidence that prolonged
sleep loss in animals can indeed prove fatal.

When rats are prevented from sleeping, they die after about a few weeks [1].
Even more dramatic evidence comes from studies of fruit flies, where just a few
days of sleep deprivation triggers a cascade of biological changes that dramatically
shorten their lives [2]. The key mechanism appears to involve the buildup of harm-
ful molecules called reactive oxygen species (ROS) not in the brain, but in the small
and large intestines. These reactive oxygen species normally serve as important
signaling molecules in the body. However, when sleep deprivation prevents their
proper clearance, they accumulate to dangerous levels, particularly in the gut. This
buildup creates oxidative stress that damages cells’ basic components—their pro-
teins, fats, and even DNA [2]. When researchers gave sleep-deprived fruit flies anti-
oxidants to neutralize these harmful molecules, the flies’ lifespans returned to
normal despite still not sleeping almost at all.

Similar patterns appear in mice, where just 2 days of partial sleep loss leads to
increased reactive oxygen species in the digestive system [2]. This damage primar-
ily targets the gut, while other organs show little to no oxidative stress from sleep
loss. However, studying long-term survival in mice proves challenging because of
their relatively long 2-year lifespan compared to fruit flies, which live only about
40 days.

In humans, our understanding of sleep deprivation’s lethal potential comes
mainly from studying a rare genetic condition called fatal familial insomnia [3].
This brain disorder causes progressively worsening sleeplessness that leads to death
within months to years. The condition primarily affects the thalamus, a brain region
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crucial for sleep regulation. However, scientists still debate whether death results
directly from sleep loss or from other aspects of the disease.

On the other end of the spectrum, regularly sleeping more than 9-10 h per night
may also be associated with negative health outcomes. However, the relationship
between extended sleep and health is complex and often bidirectional, making it
difficult to determine whether long sleep is a cause or a symptom of poor health.

Observational studies have found associations between long sleep duration and
various health conditions, including cardiovascular issues and metabolic changes
[4]. However, these relationships may reflect underlying health conditions rather
than sleep duration itself causing problems. Most importantly, extended sleep is
often a symptom rather than a core problem. Many medical conditions cause people
to sleep longer than usual—depression frequently leads to extended sleep as the
brain’s mood regulation systems become disrupted, while chronic fatigue condi-
tions, autoimmune disorders, thyroid conditions, and certain neurological condi-
tions canallincrease sleep duration [4]. Even common conditions like hypothyroidism
or iron-deficiency anemia can lead to increased sleep duration through different
(and not so clear) mechanisms—Ilow thyroid levels slow down bodily processes
while anemia reduces oxygen delivery, both of which may contribute to increased
sleep need or fatigue.

Individual sleep needs vary significantly due to genetic factors, age, activity
level, and overall health status. Some people naturally require longer sleep dura-
tions to feel refreshed, similar to how height varies in the population, but the con-
sensus is that sleeping over 9 h continuously is considered oversleeping. The key
distinction is between naturally longer sleep patterns and sudden changes in sleep
duration, which may warrant medical attention. Given that extended sleep often
signals underlying health changes, it’s crucial to investigate unexpected increases in
sleep duration with a healthcare provider rather than assuming it’s simply a natural
variation, especially since many underlying causes like thyroid dysfunction or ane-
mia are readily treatable with appropriate medical care.
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17.1 Sleep in the Business World

17.1.1 The High Price of Poor Sleep: Implications for Leadership
and the Economy

The demands of modern leadership require quick, complex decisions that shape
organizational futures. Research reveals that sleep quality significantly affects how
well leaders perform these crucial tasks, influencing everything from strategic
thinking to daily decision-making.

The effects of poor sleep on leadership skills are particularly strong. Studies
show that sleep-deprived individuals perform at levels similar to those who are
legally intoxicated [1]. Their ability to process information, maintain attention, and
make sound decisions becomes severely compromised. This finding raises serious
concerns in today’s business culture, where constant connectivity and rapid growth
often create an environment of perpetual urgency. Many managers unknowingly
create conditions that harm sleep quality—both for themselves and their teams. Late
nights become routine, weekends blur into workdays, and chronic stress becomes
the new normal. This environment breeds sleep problems and triggers a cascade of
performance issues. When leaders operate under chronic sleep loss, their impaired
judgment can gradually guide an organization off course, often without anyone rec-
ognizing sleep deprivation as the root cause.

Sleep plays a vital role in how leaders learn and remember information [2].
During sleep, the brain processes information gathered during the day, strengthen-
ing important connections and enhancing both memory storage and recall. This pro-
cess proves especially important for leaders who must maintain and apply complex
information when making decisions. Without proper sleep, their ability to absorb
new information and retrieve stored knowledge becomes compromised. When lead-
ers operate with insufficient sleep, their impaired judgment and reduced emotional
control can affect entire teams. Their decision-making becomes less reliable, their
emotional responses more volatile, and their ability to inspire and guide others
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diminishes. These effects can create a ripple of reduced productivity and effective-
ness throughout an organization.

Some leaders attempt to manage sleep deprivation through strategic approaches
like taking regular short breaks or delegating tasks. While these strategies can help
when sleep loss is unavoidable, they don’t replace the fundamental need for adequate
sleep. Research consistently shows that leaders who prioritize sleep demonstrate bet-
ter decision-making capabilities and achieve superior organizational outcomes [2].

The relationship between sleep and leadership effectiveness carries profound
implications for organizational success. Leaders must recognize that prioritizing
sleep represents more than a personal health choice—it fundamentally affects their
ability to guide their organizations effectively. The cognitive impairments associ-
ated with sleep loss, comparable to those of intoxication, highlight the critical nature
of this issue. Poor sleep affects more than just individual performance—it can shape
the entire organization’s trajectory.

Beyond the impact on leadership and organizational performance, poor sleep
also creates substantial economic costs. In the United States alone, sleep loss costs
businesses approximately $400 billion annually through missed workdays, work-
place accidents, and reduced productivity [3]. The economic burden of specific
sleep disorders is also significant: insomnia costs up to $107 billion yearly, while
undiagnosed sleep apnea costs nearly $150 billion annually. Proper diagnosis and
treatment of sleep apnea alone could save about $100 billion each year [4, 5].

At the individual level, the financial impact of poor sleep is evident in healthcare
costs. People with insomnia spend between $4220 and $5580 more on medical
expenses compared to those who sleep well [6]. Employers also face significant
costs—each employee with sleep problems costs a company $200-3000 annually in
lost productivity alone [6]. For large companies, these losses can be substantial.
Even conservative estimates suggest a single large company may lose up to half a
million dollars yearly due to sleep-related productivity declines.

The economic effects of poor sleep extend across many industries. In transporta-
tion, drowsy driving causes approximately 72,000 car accidents each year, resulting
in $12.5 billion in losses, as well as many injuries and even fatalities [7].
Manufacturing companies face costs from fatigue-related machinery accidents,
including equipment damage and legal expenses. Service industries see reduced
worker productivity and lower service quality, leading to lost revenue and unhappy
customers.

However, some companies have found that investing in employee sleep health
yields positive returns. Research shows that workplace health programs save $3.27
for every dollar spent, while programs reducing missed workdays save $2.73 per
dollar invested [8]. When employees improve their sleep quality, their productivity
losses decrease significantly, suggesting that educating workers about good sleep
habits can be a worthwhile investment for companies (Fig. 17.1).

Sleep-related economic losses often lurk in unexpected areas. Poor sleep affects
decision-making, potentially leading to costly business errors. It reduces creativity
and innovation, hindering a company’s competitive edge. Customer service quality
suffers when tired employees interact with clients. These subtle effects may not be
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immediately apparent in financial reports, but they significantly impact long-term
business success.

In conclusion, sleep deprivation poses a significant threat not only to individual
health and leadership effectiveness but also to the economic well-being of busi-
nesses and society as a whole. Prioritizing sleep, both at the individual and organi-
zational level, is crucial for optimizing performance, reducing costs, and achieving
success in today’s demanding world.

17.1.2 From Fatigue to Focus: How Modern Workplaces Can
Prioritize Sleep Health

The modern workplace often inadvertently undermines healthy sleep patterns
through its underlying culture and unstated expectations. Many organizations
unknowingly create environments that discourage proper rest, whether through
explicit policies or implicit pressures. When companies expect constant availability
or praise employees who work extended hours, they create powerful incentives that
work against healthy sleep habits. Some employees report checking work emails
until moments before bed and immediately upon waking, disrupting the natural
transition periods that help regulate healthy sleep. This “always-on” mentality can
significantly impair restorative sleep.

The shift toward remote and hybrid work has presented both opportunities and
challenges for sleep health. While eliminating commute times theoretically allows
for more sleep, many remote workers find themselves working longer hours and
struggling to maintain boundaries between work and rest. The increased reliance on
screens for virtual meetings adds another layer of complexity, as extended exposure
to blue light from devices can disrupt natural sleep timing. Some people working
from home report difficulty “shutting off” at the end of the workday, their minds
continuing to process work matters well into evening hours. The lines between
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professional and personal life become blurred, making it difficult to fully disengage
and prepare for sleep.

Global business operations create unique challenges for sleep health. International
travel disrupts circadian rhythms, while working across time zones often requires
early morning or late evening meetings that conflict with natural sleep patterns. A
manager in New York joining a 9 AM meeting in London must wake hours before
their natural rhythm suggests, while their colleague in San Francisco might sacrifice
evening rest to collaborate with teams in Asia. These disruptions, occurring regu-
larly in global organizations, can create chronic sleep challenges that affect deci-
sion-making and performance. The constant shifting of sleep schedules can lead to
persistent fatigue and reduced cognitive function.

Different industries face unique sleep-related challenges that require tailored
solutions. Healthcare workers, particularly those rotating through night shifts, expe-
rience some of the most severe disruptions to natural sleep patterns. Financial ser-
vices professionals often face intense periods of extended work hours that can
destroy sleep routines for weeks at a time. Manufacturing employees working rotat-
ing shifts may never fully adapt to changing schedules, their bodies caught in a
constant state of circadian misalignment. These industry-specific sleep challenges
necessitate targeted interventions and support systems.

Forward-thinking organizations have begun implementing policies that protect
and promote healthy sleep. Some companies now restrict after-hours email access,
creating technology blackout periods that allow employees to truly disconnect [9].
Others provide education about sleep health and create workplace environments that
support proper rest. Dedicated quiet rooms offer spaces for brief restorative naps,
while flexible start times accommodate different chronotypes—natural tendencies to
be more alert in the morning or evening [10]. Even office lighting has come under
scrutiny, with some companies installing systems that change throughout the day to
better support natural circadian rhythms. These initiatives demonstrate a growing
recognition of sleep’s critical role in employee well-being and productivity.

Technology’s relationship with workplace sleep proves particularly complex.
The same devices that can disrupt sleep through late-night work notifications also
offer tools for improving rest. Sleep-tracking applications help people understand
their sleep patterns, while screen-filtering software reduces exposure to sleep-
disrupting blue light. Organizations may now use specialized lighting systems that
adjust throughout the day, supporting natural circadian rhythms even in indoor envi-
ronments [11]. The key lies in leveraging technology mindfully, minimizing its dis-
ruptive potential while maximizing its benefits for sleep health.

The effectiveness of these interventions becomes clear in organizations that priori-
tize sleep health. Companies implementing comprehensive sleep programs report
reduced absenteeism, fewer workplace accidents, and improved employee satisfaction.
When organizations acknowledge and address sleep’s role in performance, they create
environments that support both individual well-being and organizational success. A
culture that values sleep fosters a more productive, engaged, and healthy workforce.

Creating meaningful change in organizational sleep health requires more than
simply acknowledging the problem. Successful implementation of sleep-friendly
practices demands a systematic approach that considers every level of the



References 105

organization. Companies achieving the greatest success begin by examining their
fundamental assumptions about work and productivity, often challenging long-held
beliefs about the relationship between hours worked and value created. A shift in
mindset is necessary, recognizing that well-rested employees are more efficient and
effective than those who are chronically sleep-deprived.

The transition toward better sleep practices often starts with senior leadership
publicly acknowledging their own sleep needs and habits. When executives discuss
the importance of proper rest and demonstrate through their actions that taking time
to sleep represents a priority rather than a weakness, it creates permission throughout
the organization for others to do the same. Some companies now include sleep
hygiene discussions in their leadership development programs, treating healthy sleep
as an essential leadership skill rather than a personal choice. Leaders who prioritize
sleep serve as role models, encouraging a culture that values rest and well-being.

The physical workplace itself plays a crucial role in supporting healthy sleep
patterns. Organizations can design office spaces that expose employees to natural
light throughout the day, helping maintain proper circadian rhythms even during
long indoor workdays. Meeting schedules can accommodate different chronotypes
and time zones without requiring excessive early morning or late evening commit-
ments. Even small changes, like providing spaces for brief restorative rest periods
during the workday, can significantly impact employee well-being and performance.
A thoughtfully designed workspace can contribute to a more restful and productive
work environment.

Measuring the impact of sleep initiatives proves essential for maintaining organi-
zational commitment. Companies successfully implementing sleep health programs
typically track various metrics, from obvious measures like absenteeism and acci-
dent rates to subtler indicators such as meeting effectiveness and innovation outputs.
Understanding these impacts helps justify continued investment in sleep health while
identifying areas needing adjustment or improvement. Data-driven evaluation
ensures that sleep health initiatives are effective and aligned with organizational goals.

Sleep health extends beyond individual choice into the realm of organizational
responsibility. Just as companies invest in physical safety equipment or mental
health resources, they must consider sleep health an essential component of
employee well-being and organizational performance. This investment in sleep
health, while requiring initial resource commitment, consistently demonstrates pos-
itive returns through improved productivity, reduced errors, and enhanced innova-
tion capacity. Prioritizing sleep is not just a perk; it’s a strategic investment in a
company’s most valuable asset: its people.
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18.1 Sleep and Athletes

Sleep profoundly affects athletic performance, from reaction time and accuracy to
injury prevention and recovery [1]. Research reveals striking differences between
well-rested and sleep-deprived athletes, with sleep quality often making the differ-
ence between peak performance and poor results. Modern approaches to measuring
individual sleep patterns, including serial melatonin sampling through saliva tests
and wearable devices, allow trainers to understand each athlete’s unique sleep-wake
cycle with unprecedented precision.

Unfortunately, sleep problems affect athletes more often than many realize.
Studies show that up to 2/3 of elite athletes report poor sleep quality and 33%
struggling with insomnia [1, 2]. These problems often stem from intense train-
ing schedules, frequent travel, competition anxiety, and evening electronic
device use. Research in pharmacogenomics reveals that some athletes metabo-
lize sleep medications differently based on their genetic makeup, explaining
why standard doses might help some athletes while proving ineffective or caus-
ing side effects in others.

Even modest sleep loss significantly impacts athletic performance. Losing sleep
impairs muscle strength, shooting accuracy, as well as sprint time [1]. Advanced
monitoring systems now track subtle changes in performance metrics, allowing
early detection of sleep-related decline before it significantly impacts training or
competition (Fig. 18.1).

In contrast, proper sleep enhances athletic capabilities. Athletes sleeping eight or
more hours nightly show better reaction times, accuracy, and overall physical per-
formance compared to those sleeping less [1]. Adequate sleep also reduces injury
risk by a substantial amount [3]. These improvements stem from sleep’s essential
role in muscle recovery, hormonal regulation, and cognitive functioning. Modern
sleep science now enables personalized sleep optimization through detailed analysis
of each athlete’s sleep architecture, hormonal patterns, and genetic factors affecting
sleep medication metabolism.
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Fig. 18.1 Illustrative overview of how poor sleep undermines athletic performance and injury
recovery. (“Image generated by ChatGPT (OpenAl), 2025. Used with permission’’)

An athlete’s natural sleep timing preference, or chronotype, also affects perfor-
mance [4]. Some athletes naturally perform better in the morning (“larks”), while
others peak in the evening (“owls”). Morning-type athletes show superior strength
test results early in the day, while evening-types perform better later. Understanding
these patterns allows for infividualized training schedules—morning-types might
benefit from early training when their alertness peaks, while evening-types might
perform better in later sessions. Genetic testing can now identify variations in clock
genes that influence these preferences, allowing for more precise training schedule
optimization.

The relationship between sleep and injury rehabilitation deserves particular
attention. Athletes recovering from injuries show significantly faster healing rates
when maintaining optimal sleep patterns [5]. During deep sleep stages, growth hor-
mone secretion peaks, accelerating tissue repair and muscle growth [6]. Inflammatory
responses, essential for tissue recovery, also operate more effectively with adequate
sleep, potentially speeding up recovery time.

Sleep quality during intensive training periods proves especially important. The
brain uses sleep to consolidate new movement patterns and refine athletic skills,
making proper rest particularly important when learning new techniques or prepar-
ing for competition. Some training centers now adjust training intensity based on
sleep quality metrics, reducing workout loads when sleep data indicates insufficient
recovery. This strategy helps prevent overtraining syndrome, a state of chronic
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fatigue and underperformance caused by inadequate recovery between intense
training sessions [7].

Travel and competition present particular challenges for athletes’ sleep. Crossing
time zones disrupts the body’s internal clock, reducing alertness and slowing reac-
tions. This jet lag effect can persist for several days, affecting performance and
increasing injury risk. Even traveling within the same time zone can disrupt sleep
patterns through changes in schedule and environment. New approaches use serial
melatonin profiling and personalized light therapy to help athletes adjust their circa-
dian rhythms more quickly when traveling.

The impact of poor sleep extends beyond physical performance. Sleep-deprived
athletes often show decreased motivation and resilience while experiencing higher
levels of anxiety and depression [1]. These psychological effects can impair focus,
motivation, and emotional regulation, proving just as detrimental to performance as
physical fatigue, potentially affecting an athlete’s entire career.

Athletes can protect their sleep quality through several strategies. Maintaining
consistent sleep schedules, even during training periods, helps regulate the body’s
internal clock. Creating proper sleep environments—dark, quiet, and cool rooms—
promotes better rest. When traveling, gradually shifting sleep and wake times sev-
eral days before departure can reduce circadian misalignment and minimize jet lag’s
effects. Avoiding screens before bedtime and managing competition anxiety through
relaxation techniques can also improve sleep quality. Personalized medication
approaches, guided by genetic testing, can help determine optimal timing and dos-
ing of sleep aids when needed.

The science clearly shows that sleep represents a crucial factor in athletic suc-
cess. Athletes who prioritize sleep by aiming for at least 8 h nightly typically
perform better, recover faster, and face lower injury risks than their sleep-deprived
counterparts [1]. This highlights that sleep quality is a key factor alongside physi-
cal training and nutrition in an athlete’s preparation for competition. Modern
sleep medicine increasingly focuses on personalized approaches, using genetic
testing to understand how each athlete metabolizes sleep medications and adapt-
ing interventions accordingly.

Understanding sleep’s role in athletic performance leads to better training
approaches. Coaches increasingly recognize that pushing athletes through
excessive training while sacrificing sleep can actually harm performance.
Instead, building adequate rest periods into training schedules and monitoring
sleep quality can help athletes reach their full potential while staying healthy.
Advanced monitoring systems now provide real-time feedback on sleep qual-
ity and recovery status, while periodic melatonin assessments guide circadian
phase alignment strategies allowing for truly personalized sleep optimization
strategies that account for each athlete’s unique biological characteristics.

The future of sleep optimization in athletics continues evolving with emerging
technologies. Some professional sports teams now employ dedicated sleep special-
ists who work alongside strength coaches and nutritionists. These specialists ana-
lyze not just traditional sleep metrics but also examine how factors like training
intensity, travel schedules, and competition timing affect individual athletes’ sleep
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needs. This comprehensive approach helps create precisely tailored sleep strategies
that adapt to each phase of an athlete’s competitive season, from pre-season training
through peak competition periods and into recovery phases.
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19.1 Understanding Sleep Disorders: A Modern
Health Challenge

Sleep disorders represent one of modern society’s most significant yet often over-
looked health challenges. While most people experience occasional sleep difficul-
ties, true sleep or wakefulness disorders affect a staggering number of
individuals—approximately 70 million adults in the United States alone, or approx-
imately 1 in 3 adults [2]. Even more concerning, nearly half of all Americans report
struggling with sleep at least weekly, suggesting that poor sleep has become a wide-
spread public health issue [3].

The field of sleep medicine recognizes over 80 distinct sleep disorders, each with
its own characteristics, causes, and treatment approaches [4]. These range from
common conditions like insomnia, which makes it difficult to fall or stay asleep, to
less familiar disorders like narcolepsy, which causes sudden, uncontrollable sleep
attacks during the day. Some disorders, like sleep apnea, directly affect breathing
during sleep, while others, such as restless legs syndrome, make it difficult to fall
asleep due to uncomfortable sensations in the body. Sleep disorders are grouped
into six major categories: insomnia disorders, sleep-related breathing disorders,
central disorders of hypersomnolence, circadian rhythm sleep-wake disorders, para-
somnias, and sleep-related movement disorders. This classification system helps
clinicians diagnose and treat these conditions more effectively.

Sleep disorders affect nearly every aspect of health and daily function. During
waking hours, people with sleep disorders often experience profound fatigue that
goes beyond simple tiredness. This fatigue can impair judgment and reaction time
to a degree comparable to alcohol intoxication—a finding that has serious implica-
tions for both personal and public safety. Many people with sleep disorders describe
feeling as if they’re moving through their day in a fog, struggling to concentrate or
make decisions.

The physical health impact of sleep disorders proves particularly concerning [5].
Research has revealed strong connections between poor sleep and various chronic
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conditions. People with untreated sleep apnea face significantly higher risks of high
blood pressure, heart disease, and stroke. Those with chronic insomnia show
increased rates of diabetes and obesity. Even our immune system suffers when sleep
becomes disrupted, making us more susceptible to infections and potentially slow-
ing healing processes.

Mental health and sleep disorders share a complex, two-way relationship explained
in one of the previous chapters in more detail [5]. Sleep disruption can trigger or
worsen anxiety and depression, while these mental health conditions often make it
harder to sleep well. This creates a challenging cycle that can be difficult to break
without appropriate treatment. Recent research has revealed that this connection goes
beyond mere correlation—sleep disruption actually changes how our brain processes
emotional information, making us more vulnerable to stress and negative emotions.

The workplace impact of sleep disorders extends far beyond individual produc-
tivity. Sleep-deprived workers make more mistakes, have more accidents, and show
increased rates of absenteeism [6]. In high-risk industries like transportation and
healthcare, the consequences can be particularly severe. The estimated annual cost
of fatigue-related workplace incidents reaches up to $400 billion in the United
States alone, reflecting both direct medical costs and lost productivity [6].

Perhaps most alarming is the role of sleep disorders in public safety. Drowsy
driving causes thousands of fatal accidents each year, with many more non-fatal
crashes and near-misses going unreported. Shift workers, who often struggle with
disrupted sleep patterns, face particularly high risks. Major industrial accidents,
including nuclear power plant incidents and oil spills, have been linked to fatigue
and sleep disruption among workers [1].

The good news is that most sleep disorders respond well to treatment when prop-
erly diagnosed. Modern sleep medicine offers various effective interventions, from
behavioral techniques that help reset sleep patterns to advanced medical devices
that maintain open airways during sleep. Some people benefit from medication,
while others might need changes in their sleep environment or daily routines. The
key lies in recognizing sleep disorders as serious medical conditions that require
proper evaluation and treatment.

As we explore specific sleep disorders in the following chapters, we’ll examine
their unique characteristics, understand their causes, and discuss current treatment
approaches. This knowledge proves essential not only for healthcare providers but
for anyone seeking to understand and improve their sleep. With proper recognition
and treatment of sleep disorders, we can work toward better sleep health for indi-
viduals and society as a whole.
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Customizing Sleep Treatments: 2 0
A Targeted Approach to Health

20.1 Personalizing Sleep Treatment: Beyond
One-Size-Fits-All

Modern sleep medicine increasingly recognizes that effective treatment requires
individualized solutions. Just as we all have unique fingerprints, our sleep patterns,
biological rhythms, and responses to treatment vary significantly. This understand-
ing has led to more sophisticated, personalized approaches to treating sleep
disorders.

At the heart of personalized sleep medicine is a key insight: genetic differences
influence how individuals metabolize sleep medications [1]. Through pharmacoge-
nomic testing, doctors can now determine how quickly or slowly a person metabo-
lizes different sleep medications. Some people break down these medications
rapidly, potentially needing higher doses to achieve proper effects, while others
process them slowly, risking next-day grogginess from standard doses. This genetic
insight helps doctors prescribe more precise dosages, reducing side effects while
improving treatment effectiveness. While this approach may not always produce
ideal outcomes, it remains a valuable tool in the clinician’s arsenal.

Our internal biological clocks also vary significantly among individuals.
Scientists can now assess when a person’s body naturally begins producing melato-
nin (known as dim light melatonin onset or DLMO) to understand their unique cir-
cadian rhythm. This can even be used as a diagnostic tool to understand each
individual’s melatonin cycle which is a key indicator of your circadian rhythm. This
knowledge is important for timing treatments effectively (e.g., knowing when to
administer caffeine, bright light, or melatonin when traveling across time zones to
minimize jet lag).

The causes of sleep disorders can differ dramatically between individuals, even
when symptoms appear similar. Consider two individuals diagnosed with insom-
nia—one might struggle to sleep due to anxiety, while another’s sleep problems
stem from an irregular work schedule. These different root causes require different
treatment approaches. The person with anxiety-related insomnia might benefit most
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from cognitive behavioral therapy and stress management techniques, while the
shift worker might need strategies to manage their circadian rhythm disruption.

Natural sleep timing preferences, often called chronotypes, simply refer to when
your body naturally wants to sleep and wake. Some people are “morning people”
(early birds or “larks”) who naturally wake early and feel most alert in the morning,
while “night owls” prefer to stay up late and sleep in. These patterns are partly
genetic and reflect each person’s underlying biological rhythm. Productivity, cogni-
tive performance, and overall well-being improve when our daily schedules align
with our natural chronotypes. Rather than fighting against these natural tendencies,
adjusting work and activity schedules to match your chronotype can lead to better
performance, reduced fatigue, and improved satisfaction compared to forcing every-
one into the same rigid schedule. Of course, all of us understand that in some
instances this is not possible.

Understanding individual differences has practical implications for treatment
[1]. For example, a medication that benefits one person may be ineffective or cause
side effects in another due to genetic differences in drug metabolism. Similarly, the
ideal timing for light therapy or melatonin supplementation depends on a person’s
unique circadian rhythm. Even lifestyle recommendations require customization—
exercise timing that suits a morning-oriented person may not work for a natural
night owl.

Personalized approaches may also improve treatment outcomes—not only due to
biological factors, but because patients feel more engaged when their therapy
reflects their individual needs. When patients learn that their treatment plan consid-
ers their unique genetic makeup, circadian rhythm, and lifestyle factors, they are
often more likely to adhere to the treatment plan.

The future of sleep medicine lies in increasingly sophisticated personalization.
New technologies continue to emerge to assess individual sleep patterns, circadian
rhythms, and genetic factors affecting sleep. These advances help doctors fine-tune
treatments more precisely, leading to more effective solutions for sleep disorders.
By recognizing and working with individual differences, modern sleep medicine
can offer more effective, safer, and better-tailored solutions for the millions of peo-
ple struggling with sleep disorders.
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21.1 Insomnia—The Most Prevalent Sleep Disorder
21.1.1 Understanding Insomnia: The Search for Sleep

We all know that frustrating feeling of lying awake at night, watching the minutes
tick by. But while occasional sleepless nights are common, true insomnia involves
a persistent struggle with sleep that significantly affects daily life. Think of insom-
nia like a car engine that won’t shut off—even when you’re physically and mentally
exhausted, your brain keeps running, making sleep feel impossible. Insomnia often
traps people in a frustrating cycle—the harder they try to sleep, the more elusive it
becomes. Over time, this can lead to months or even years of disrupted rest.

Nearly a third of adults experience significant insomnia at some point in their
lives, making it the most common sleep disorder [1, 2]. Remember how we dis-
cussed the complex interplay between your brain’s sleep and wake systems? With
insomnia, this delicate balance is disrupted. For some, it appears suddenly during
times of stress—perhaps during a difficult period at work or while going through
personal challenges. The stress response system becomes over active, making it dif-
ficult to transition into sleep. For others, insomnia develops gradually, starting with
a few bad nights that eventually snowball into a chronic condition that can last
months or years.

Insomnia manifests in different ways depending on the individual. Some people
lie awake for hours, their minds racing despite physical exhaustion—this difficulty
falling asleep is called sleep onset insomnia. Others fall asleep quickly but wake
repeatedly throughout the night (sleep maintenance insomnia), watching the clock
as minutes crawl by. Still others experience early morning awakening insomnia,
finding themselves alert at 3 AM when their brain’s wake-promoting circuits acti-
vate too early, unable to return to sleep. What unites these experiences is the pro-
found effect on daily life—the persistent fatigue, difficulty concentrating, and
emotional strain that follow disrupted sleep.
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The causes of insomnia often reads like a catalog of modern stressors [1]. Stress
from work or personal life tops the list as the most common trigger—your brain’s
stress response system stays activated, making it difficult to transition into sleep.
Poor sleep habits play a major role too, especially irregular sleep schedules or
excessive screen time before bed that confuse your brain’s natural sleep-wake
rhythms. Lifestyle factors like evening caffeine consumption, late-night eating, or
lack of regular exercise can all contribute. Sometimes, environmental factors are to
blame—a bedroom that’s too warm, too noisy, or too bright can prevent your brain
from properly transitioning to sleep. Travel across time zones (jet lag) or shift work
can severely disrupt your circadian rhythms, leading to insomnia. For women, hor-
monal changes during menstruation, pregnancy, or menopause often trigger sleep
problems. What makes insomnia particularly challenging is that these factors often
combine and reinforce each other—for instance, stress might lead to poor sleep
habits, which then create more stress about sleep.

The duration of insomnia varies significantly, and understanding these pat-
terns helps determine both its severity and treatment approach [1]. Acute insom-
nia, lasting a few days to a few weeks, often resolves on its own once the
triggering event (like a stressful work deadline or jet lag) passes. However, for
about 20% of people, acute insomnia transitions into chronic insomnia, defined
as sleep difficulties occurring at least three times per week for 3 months or longer
[3]. Some people experience episodic insomnia, where periods of normal sleep
alternate with weeks or months of poor sleep, often triggered by recurring stress-
ors or seasonal changes. Without proper treatment, chronic insomnia can persist
for years, with some people struggling for a decade or more (Fig. 21.1). The
longer insomnia continues, the more likely it is to develop its own self-
perpetuating cycle—sleep difficulties lead to anxiety about sleep, which then
makes sleep even harder to achieve.

Primary insomnia occurs on its own, not caused by other health conditions or
medications. It’s as if the brain gets stuck in an ‘on’ position, with overactive wake-
promoting circuits unable to shift into sleep mode even when tired. Some people
may be more biologically predisposed to this type of insomnia, perhaps due to an
overactive stress response system or genetic factors that make their sleep-wake reg-
ulation more vulnerable to disruption.

Secondary insomnia, more common but no less challenging, develops alongside
other conditions [1]. Chronic pain can make finding a comfortable sleeping position
difficult, as pain signals keep wake-promoting circuits active. Depression and anxi-
ety can fill nights with worried thoughts that prevent sleep by increasing activity in
brain regions involved in emotional processing and arousal. Even certain medica-
tions (e.g., antidepressants), while treating one condition, might inadvertently dis-
rupt sleep patterns by affecting neurotransmitters involved in sleep regulation.
Distinguishing between primary and secondary insomnia is essential for tailoring
effective treatment strategies, as each type might require different approaches.

The impact of chronic insomnia extends far beyond tired mornings. During the
day, individuals with chronic insomnia often describe feeling mentally foggy,
struggling to concentrate or remember simple things. This happens because sleep
deprivation affects the prefrontal cortex—your brain’s command center for



21.1 Insomnia—The Most Prevalent Sleep Disorder 121

Difficulty falling asleep or Delayed reflexes

maintaining sleep : ‘
o Y
[ )

4
S

Fatigue

Mood .
disruptions S 7 ..L

Trouble concentrating

Fig. 21.1 Illustration showing the key symptoms of insomnia. (“Image generated by ChatGPT
(OpenAl), 2025. Used with permission”)

complex thinking and decision-making. Work performance suffers, relationships
become strained, and even basic tasks feel more challenging. The brain, deprived
of proper sleep, becomes less efficient at processing emotions, making people
more vulnerable to stress and mood changes. Chronic insomnia has also been
linked to long-term health risks, including elevated rates of depression, anxiety,
and cardiovascular disease, highlighting why proper treatment is so crucial.

21.1.2 Diagnosing and Treating Insomnia

Diagnosing insomnia requires careful work because sleep problems often inter-
twine with other aspects of health and daily life [1]. Sleep specialists typically begin
by taking a full history of someone’s sleep difficulties—not just current symptoms,
but how sleep patterns have changed over time. A thorough evaluation includes
reviewing medical history, medications, lifestyle habits, and mental health. Keeping
a sleep diary for one to several weeks often reveals important patterns that people
might not notice otherwise. Patients complete these simple yet informative diaries
and track not only sleep times but also factors like caffeine and medication intake,
exercise, stress levels, and even room temperature. These detailed records can show,
for instance, how a late-afternoon coffee might affect sleep quality, or how different
bedtime routines influence how quickly someone falls asleep.
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Sometimes, especially when the cause remains unclear or symptoms suggest
other disorders, doctors recommend a sleep study using polysomnography. While
not always necessary for diagnosing insomnia, these overnight studies can help rule
out other sleep disorders that might masquerade as insomnia. For instance, someone
might think they have insomnia when actually sleep apnea disrupts their rest, or
restless legs syndrome prevents them from falling asleep. The study monitors brain
waves, breathing patterns, heart rate, and body movements throughout the night,
providing a comprehensive picture of sleep architecture. This can reveal whether
someone truly lies awake for hours, as they perceive, or whether they actually sleep
more than they realize—a common phenomenon called sleep state misperception.

Effective insomnia treatment often requires a multi-component approach, with
cognitive-behavioral therapy for insomnia (CBT-I) emerging as the most effective
long-term treatment [4]. This specialized therapy typically spans 6-8 sessions and
helps people identify and change unhelpful thoughts and behaviors that interfere
with sleep [5]. For instance, someone might learn to recognize and challenge cata-
strophic thinking about sleep (“T’ll never fall asleep” or “I can’t function without 8
hours”), or develop new routines that help their body and mind prepare for sleep.
CBT-I includes several key components: sleep restriction therapy (temporarily lim-
iting time in bed to increase sleep efficiency, i.e., maximizing the proportion of time
in bed that is actually spent asleep), stimulus control (which aims to strengthen your
mental association of the bed with sleep), relaxation techniques, and education
about sleep hygiene. Research shows CBT-I improves both sleep quality and long-
term treatment outcomes [1].

Before turning to medication, treatment should begin with improving sleep hab-
its and the sleep environment—what sleep specialists call “sleep hygiene.” This
means creating conditions that promote natural sleep by working with your brain’s
sleep-wake circuits. Keeping consistent sleep schedules helps maintain proper cir-
cadian rhythm, while managing evening light exposure (especially the blue light
from screens) supports your brain’s natural melatonin production. Even small
behavioral adjustments can meaningfully improve sleep: maintaining a cool bed-
room temperature (around 18 °C/65 °F) supports the natural drop in core body tem-
perature that helps initiate sleep; creating a dark, quiet environment reduces
arousal-promoting sensory input to your brain; and developing relaxing bedtime
routines signals to your brain that it’s time to transition to sleep mode.

Many people find additional relief through complementary approaches that help
calm an overactive nervous system [1]. Mindfulness meditation can help break the
cycle of anxious thoughts about sleep by teaching individuals to observe their
thoughts without getting caught up in them. Progressive muscle relaxation, which
involves systematically tensing and then releasing different muscle groups through-
out the body, reduces physical tension that might interfere with sleep onset. The
4-7-8 breathing technique, where you inhale for 4 s, hold for 7 s, and exhale for 8 s,
helps activate the parasympathetic nervous system to promote relaxation. Gentle
evening yoga can help transition your body from the sympathetic (“fight or flight”)
to parasympathetic (“rest and digest”) state. Some people also benefit from chrono-
therapy—strategically timing exposure to light and darkness to reset disrupted
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circadian rhythms. Addressing specific lifestyle factors proves crucial too: limiting
caffeine to the morning hours (remember its 4—7-h half-life), finishing exercise to
end at least 2-3 h before bedtime, and finding ways to manage irregular work sched-
ules can all contribute to better sleep.

Sleep medications can provide temporary relief, but they require careful medi-
cal oversight [1]. While these medications can help break acute insomnia cycles,
they don’t address the underlying causes of chronic sleep problems. For insomnia
treatment, we have several major medication classes: benzodiazepines (like
temazepam and triazolam), non-benzodiazepine receptor agonists or “Z-drugs“(like
zolpidem, eszopiclone, and zaleplon), melatonin receptor agonists (like ramelt-
eon), orexin receptor antagonists (such as suvorexant and daridorexant), and cer-
tain antidepressants used at low doses (such as doxepin). Each works through
distinct neural pathways—benzodiazepines and Z-drugs enhance the inhibitory
effects of the neurotransmitter GABA, melatonin agonists mimic the body’s natu-
ral sleep hormone, orexin antagonists block wake-promoting signals, and low-dose
doxepin primarily blocks histamine receptors that cause wakefulness. For different
insomnia types, medication selection varies based on properties like half-life and
action timing. Sleep-onset insomnia typically responds to shorter-acting medica-
tions that work quickly (like zaleplon, zolpidem, triazolam, or ramelteon). Sleep
maintenance insomnia benefits from medications with longer duration (like eszop-
iclone, temazepam, suvorexant, or doxepin) that help prevent nighttime awaken-
ings. Combined insomnia (disrupted sleep onset and maintenance) may require
medications that address both problems. Over-the-counter options like diphen-
hydramine, melatonin, and herbal supplements (valerian, tryptophan) have limited
evidence supporting their long-term effectiveness. Certain prescription drugs may
lead to dependency and alter sleep architecture, particularly with long-term use [1].
This explains why sleep specialists typically recommend cognitive behavioral
therapy for insomnia (CBT-I) as the first-line treatment, with medications used
cautiously for short periods while developing longer-term behavioral solutions.
The key lies in finding a sustainable approach that addresses both the symptoms
and underlying causes of insomnia.

Recovery from chronic insomnia often takes time and patience, similar to reha-
bilitation after an injury. Some people find relief quickly once they identify and
address specific triggers—perhaps changing their work schedule or improving their
sleep environment. Others need to try various approaches before finding their path
to better sleep. The process might involve setbacks and adjustments, but under-
standing this as normal helps prevent discouragement. The key lies in recognizing
that improving sleep usually requires consistent effort, time, and usually profes-
sional guidance. Lasting improvement often requires a combined approach: inte-
grating CBT-I with lifestyle changes and addressing coexisting health factors.

Left untreated, chronic insomnia can lead to serious health consequences that
extend far beyond daytime fatigue [6]. Sleep deprivation disrupts biological systems
across multiple levels. The immune system becomes less effective at fighting off
infections, while inflammation throughout the body increases. Individuals with per-
sistent insomnia develop higher levels of inflammatory markers, creating a state of
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chronic low-grade inflammation. Hormonal imbalances disrupt appetite regulation,
increasing hunger and reducing satiety, which can contribute to weight gain and meta-
bolic dysfunction. Ongoing sleep loss also reduces insulin sensitivity, often leading to
glucose intolerance and raising the risk of type 2 diabetes. The risk of developing high
blood pressure and heart disease rises substantially with ongoing sleep problems.
Perhaps most concerning, chronic sleep disruption appears to affect brain health—
increasing risks of anxiety, depression, and accelerated cognitive decline. Poor sleep
quality correlates with increased deposits of proteins associated with neurodegenera-
tive diseases, while consistently shortened sleep impairs the brain’s ability to clear
metabolic waste. This cascade of effects explains why addressing insomnia timely
and effectively is crucial for overall health, as even modest improvements in sleep
quality can significantly reduce these multisystem health risks.

Insomnia represents far more than just difficult nights—it’s a complex condition
that impacts nearly every aspect of health and well-being. From racing thoughts pre-
venting sleep onset to frustrating early morning awakenings, insomnia manifests dif-
ferently across individuals but consistently reduces quality of life. The condition’s
causes span from psychological factors like stress and anxiety to physiological issues
and poor sleep habits. While chronic insomnia can lead to serious health consequences
affecting everything from heart function to brain health, effective treatments exist.
Through evidence-based approaches like cognitive behavioral therapy, lifestyle modi-
fications, and carefully managed medication when necessary, patients can target both
the symptoms and underlying causes of this widespread condition.
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22.1 Sleep Apnea—When Breathing Stops
22.1.1 Sleep Apnea: An Introduction

Sleep apnea is a common and serious sleep disorder in which breathing repeatedly
stops and starts during sleep. While essentially all of us experience brief pauses in
breathing during sleep, people with sleep apnea face interruptions at least 5 times
per hour on average during their sleep. These pauses (which manifest as reductions
in airflow by at least 90%) last 10 s or longer and cause oxygen levels in the blood
to drop by at least 3% [1]. These breathing disruptions can occur hundreds of times
each night, often without the person being aware of them. If untreated, sleep apnea
can increase the risk of a whole array of disorders that we will explore shortly.

The condition takes three main forms, each with distinct characteristics [1].
Obstructive Sleep Apnea (OSA), the most common type, occurs commonly when
throat muscles relax too much during sleep, blocking the airway (Fig. 22.1). Think
of it like a garden hose being stepped on—the flow stops because of physical
blockage, even though the water pressure remains. Central Sleep Apnea (CSA),
much less common but equally serious, happens when the brain fails to send
proper breathing signals during sleep—Tlike forgetting to turn the water on in our
garden hose analogy. Some people experience Complex Sleep Apnea Syndrome
(CompSAS), a form of sleep-disordered breathing in which central apneas persist
or emerge when obstructive events are treated with positive airway pressure
therapy.

A related condition called hypopnea represents periods of shallow breathing
rather than complete stops [2]. During hypopnea episodes, breathing reduces by at
least 30% for 10 s or more, leading to drops in blood oxygen levels. While not as
dramatic as complete breathing stops, these episodes can also be disruptive to sleep
quality and long-term health.
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Fig. 22.1 Obstructive sleep apnea (a—Physiological state, b—Obstructive sleep apnea).
(“Created in BioRender. Juginovic, A. (2025) https://BioRender.com/i01r459”")

22.1.2 Understanding Sleep Apnea’s Reach: Risk Factors
and Prevalence

Sleep apnea is more prevalent than many people realize. Recent research suggests
that between 9% and 38% of adults have some form of sleep apnea, with at least 25
million Americans affected [1]. These numbers continue rising, partly due to
increasing obesity rates and our aging population.

Several factors increase sleep apnea risk, creating a complex web of genetic,
anatomical, and lifestyle influences [3]. Weight plays a crucial role—people with a
body mass index (BMI) over 25 face significantly higher risks, as excess tissue can
compress their airways during sleep [4]. Neck size matters too, with risks increasing
for men whose necks measure more than 43 cm (17 inches) around and women with
necks larger than 38 cm (15 inches) [3, 5].

Gender influences sleep apnea risk in interesting ways [3]. Men generally face
higher risks than women, but this difference narrows after menopause. Age also
plays a significant role, with risk increasing notably after 40, though sleep apnea can
affect people of any age, including children. Children face unique risk factors—
enlarged tonsils and adenoids are actually the leading cause of sleep apnea in chil-
dren, unlike adults where obesity often plays the primary role. When these lymphoid
tissues become too large relative to the child’s airway, they can obstruct breathing
during sleep, leading to sleep apnea that may impair a child’s growth, behavior, and
cognitive development.

Anatomical features contribute to sleep apnea risk in ways that might surprise
many people [3]. A narrow throat, large tongue, or small jaw can all increase the
likelihood of airway collapse during sleep. Even nasal structure plays a role—a
deviated septum or chronic nasal congestion can force mouth breathing during
sleep, increasing the risk of apnea episodes. Family history significantly influences
sleep apnea risk, suggesting genetic factors play an important role. If you have close
relatives with sleep apnea, your own risk increases, though lifestyle choices can still
greatly affect whether you develop the condition.
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Certain lifestyle factors can either increase risk or worsen existing sleep apnea
[3]. Alcohol consumption, especially in the evening, relaxes upper airway muscles
and can increase the likelihood of breathing pauses. Smoking irritates and inflames
the airways, potentially making them more prone to collapse during sleep. Even
sleep position matters—sleeping on your back often makes sleep apnea worse
because gravity pulls the tongue and soft tissues backward.

Understanding these risk factors helps both prevention and treatment. While we
can’t change our genetics or basic anatomy, many modifiable risk factors remain
under our control. Maintaining a healthy weight, avoiding alcohol before bedtime,
and treating nasal problems can significantly reduce sleep apnea risk or improve
existing symptoms. For those already diagnosed with sleep apnea, understanding
these risk factors helps explain why certain lifestyle changes form an important part
of treatment alongside medical interventions.

Recent research continues revealing new aspects of sleep apnea risk [3]. Scientists
have identified specific genetic markers associated with sleep apnea risk, opening
possibilities for earlier identification of high-risk individuals. Studies also show that
certain medical conditions, including type 2 diabetes and heart failure, share com-
plex relationships with sleep apnea, each potentially worsening the other.

22.1.3 Different Types of Sleep Apnea

22.1.3.1 Obstructive Sleep Apnea: When Airways Collapse

Obstructive Sleep Apnea (OSA) is the most common form of sleep apnea, caused by
repeated collapse of the upper airway during sleep [3]. Think of the airway like a
flexible tube—when the muscles supporting it relax too much during sleep, the tube
can collapse, either partially or completely blocking airflow. These collapses typi-
cally happen at specific points in the throat, particularly where the soft palate meets
the back of the throat or where the tongue falls backward and blocks the airway.

During these episodes, which can last from several seconds to over a minute, the
body continues trying to breathe. The chest and diaphragm muscles work harder
and harder, but like trying to drink through a pinched straw, these efforts are ineffec-
tive. This struggle for breath often leads to drops in blood oxygen levels, triggering
brief awakenings that fragment sleep throughout the night.

The symptoms of OSA range from dramatic to subtle. While loud snoring often
serves as the most noticeable sign, many people with OSA experience morning
headaches, excessive daytime sleepiness, and difficulty concentrating. Some wake
up gasping or feeling like they’re choking, while others might not remember waking
at all, despite their sleep being frequently disrupted. The snoring occurs because the
partially collapsed airway creates turbulent airflow, causing soft tissues to vibrate—
though not all individuals who snore have sleep apnea.

A particularly serious condition that can coexist with OSA in people with severe
obesity is obesity hypoventilation syndrome (OHS), also referred to as Pickwickian
syndrome [6]. In OHS, excess weight in the chest and abdomen impairs breathing,
leading to inadequate ventilation even during wakefulness. When combined with
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obstructive sleep apnea, this can result in dangerously low oxygen levels and ele-
vated carbon dioxide in the blood, increasing the risk of heart failure if left untreated.

22.1.3.2 Central Sleep Apnea: When the Brain’s Signals Fail

Unlike OSA, Central Sleep Apnea (CSA) arises from a communication problem
between the brain and breathing muscles [7]. During normal breathing, the brain
constantly monitors oxygen and carbon dioxide levels, adjusting breathing rate and
depth accordingly. In CSA, this careful control system malfunctions, resulting in
episodes where the brain fails to transmit appropriate signals to initiate breathing.

CSA can arise from various medical conditions affecting the central nervous system
[7]. Neurological conditions like Parkinson’s disease or stroke can disrupt the brain’s
breathing control centers. Heart failure can trigger a form of CSA through complex
mechanisms involving blood flow and oxygen sensing. Certain medications, particu-
larly opioids, can also disrupt central respiratory regulation.

The symptoms of CSA often differ subtly from those of OSA. While both condi-
tions can cause daytime sleepiness and poor sleep quality, people with CSA typi-
cally don’t snore as loudly as those with OSA. Instead, they might experience more
pronounced shortness of breath or difficulty falling asleep. Some people with CSA
report a distinctive pattern where they awaken with a sensation of breathlessness, as
if they had forgotten to breathe.

22.1.3.3 Central Sleep Apnea with Cheyne-Stokes Respiration:
A Distinctive Breathing Pattern

One particularly fascinating form of CSA involves a unique breathing pattern called
central sleep apnea with Cheyne-Stokes breathing [8]. Unlike typical central sleep
apnea where breathing stops and restarts, this pattern looks more like ocean waves—
breathing gradually gets deeper and deeper, then becomes progressively shallower
until it stops completely. Each cycle, lasting 60-90 s, repeats throughout sleep, cre-
ating a pattern of recurring apneas (breathing pauses) that disrupts sleep in a very
distinct way.

This unusual breathing pattern often appears in people with heart failure, where
it can affect up to 50% of patients [9]. To understand why, imagine your body’s
breathing control system as a thermostat adjusting room temperature. Normally,
your brain receives quick updates about oxygen and carbon dioxide levels in your
blood and adjusts breathing accordingly. However, in heart failure, blood moves
more slowly through the body. By the time blood carrying information about oxy-
gen and carbon dioxide levels reaches the brain’s breathing control centers, the
information is outdated. It’s like trying to adjust your room temperature with a ther-
mostat that’s getting readings from 15 min ago—you’ll constantly over-correct,
making the room too hot, then too cold, in a continuous cycle. In the same way, your
brain’s breathing adjustments consistently overshoot or undershoot what your body
actually needs, leading to this wave-like pattern of breathing followed by apneas.

High altitude can trigger a similar breathing pattern, even in otherwise healthy
people [9]. Above about 2500 m (8000 feet), the thinner air leads to a condition
called high-altitude periodic breathing. Just as your heart failure patients’ brains
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overcompensate for delayed signals, your brain at high altitude overcompensates
for lower oxygen levels by triggering deeper breathing. This overcompensation
leads to a drop in carbon dioxide levels that temporarily halts breathing—another
type of central sleep apnea. This explains why some mountain climbers experience
disrupted sleep until they acclimatize to the altitude, as their bodies learn to fine-
tune this respiratory control system to work efficiently with less oxygen.

22.1.3.4 Complex Sleep Apnea Syndrome: When Problems Combine
Complex sleep apnea syndrome (CompSAS) is the term used to describe a form of
sleep-disordered breathing in which repeated central apneas (>5/h) persist or emerge
when obstructive events are treated with positive airway pressure therapy, a treat-
ment that uses air pressure to keep the airway open through a device that one uses
only when sleeping (e.g., CPAP machine—Continuous Positive Airway Pressure)
[10]. Unlike simple obstructive or central sleep apnea, CompSAS develops when
patients who primarily have obstructive sleep apnea suddenly exhibit central apneas
during treatment. Think of it as your respiratory system facing a paradoxical chal-
lenge—the therapy that successfully opens your airway (addressing the obstructive
component) somehow triggers your brain to temporarily stop sending proper breath-
ing signals (creating a central component).

The underlying mechanisms of CompSAS involve a delicate balance in breath-
ing regulation [10]. When CPAP successfully opens the airway, it can sometimes
make breathing too efficient, washing out too much carbon dioxide from the blood.
This drop in carbon dioxide can trick the brain into thinking it doesn’t need to
breathe, causing temporary breathing pauses. Additionally, the pressure from CPAP
therapy can trigger certain receptors in the lungs and airways that affect breathing
patterns. This creates a frustrating cycle where fixing one problem (airway obstruc-
tion) inadvertently creates another (central apneas), leading to disrupted sleep
despite treatment. This type of apnea is relatively common, affecting up to 15% of
the sleep apnea population [10].

Treatment for CompSAS requires careful monitoring and a personalized
approach. In most patients (about 75-80%), the central apnea component resolves
on its own after continued CPAP use over a period of weeks to months [10]. It’s as
if the brain’s breathing control center needs time to recalibrate once the obstruction
is resolved. For those with persistent central apneas despite CPAP therapy, more
advanced respiratory assist devices may be necessary. More advanced devices like
bilevel therapy (BiPAP, which uses two different pressure levels—higher when
breathing in and lower when breathing out to help you breathe more easily versus
CPAP which provides continuous pressure). Even more refined ventilatory support
comes from adaptive servo-ventilation (ASV), which can adjust pressure support
breath by breath to match the patient’s changing needs. ASV works like a more
intelligent CPAP, anticipating each breath and providing just the right amount of
support. However, it’s important to note that ASV isn’t suitable for everyone—par-
ticularly some patients with severe heart failure, where it might actually be harmful.
This highlights why proper evaluation and monitoring by sleep specialists remains
crucial for effective treatment.
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22.1.4 Diagnosing and Treating Sleep Apnea

Unless you have a bed partner who notices pauses in your breathing during sleep,
sleep apnea is often difficult to recognize without external input. You might experi-
ence symptoms like persistent daytime sleepiness (even after what feels like a full
night’s sleep), morning headaches, difficulty concentrating, or irritability, but these
are also seen in other sleep disorders [3]. Some people wake up gasping or with a
dry mouth, while others experience unexplained fatigue or high blood pressure. If
you snore loudly and frequently, especially with noticeable pauses in breathing that
your bed partner might observe, these could be important clues. Because these
symptoms arise during sleep, identifying them often requires observation by others
or professional testing.

The path to diagnosing sleep apnea begins in a specialized sleep laboratory,
where sophisticated monitoring equipment reveals what happens during sleep [3].
During this overnight study, called polysomnography, trained technicians track
brain activity, heart rate, breathing effort, airflow, and oxygen saturation. Think of it
as creating a detailed map of your night’s sleep, tracking everything from brain
waves and heart rhythm to breathing patterns and oxygen levels.

This comprehensive overnight monitoring serves as the gold standard for diagnos-
ing sleep apnea. The equipment can detect breathing pauses as brief as 10 s and drops
in blood oxygen levels as small as 3%. More importantly, it helps distinguish between
different types of sleep apnea by monitoring muscle activity. When someone has
obstructive sleep apnea, the monitoring shows their breathing muscles (chest and
abdomen) working hard against a blocked airway. In central sleep apnea, these same
muscles remain quiet, indicating the brain isn’t sending proper breathing signals.

Sleep apnea severity is quantified using the Apnea-Hypopnea Index (AHI),
which counts how many breathing pauses occur each hour during sleep [3]. Someone
with mild sleep apnea might experience 5-15 interruptions per hour, while severe
cases can involve 30 or more episodes. A related measure, the Respiratory
Disturbance Index (RDI), also includes more subtle breathing irregularities—such
as respiratory effort-related arousals (RERAs)—which briefly disrupt sleep without
meeting the criteria for full apneas or hypopneas.

Before recommending a full sleep study, doctors often begin with screening tools
to assess sleep apnea risk [3]. These questionnaires explore factors like snoring pat-
terns, daytime sleepiness, and observed breathing pauses. Commonly used exam-
ples include the STOP-Bang questionnaire, which evaluates Snoring, Tiredness,
Observed apneas, high blood Pressure, Body mass index, Age, Neck circumference,
and Gender, and the Epworth Sleepiness Scale, which measures daytime sleepiness
by asking individuals to rate their likelihood of dozing off in different everyday situ-
ations. Another frequently used tool is the Pittsburgh Sleep Quality Index (PSQI), a
broader questionnaire that assesses overall sleep quality and disturbances over the
past month, including factors like sleep duration, latency (time needed to fall
asleep), and perceived sleep efficiency (the percentage of time spent asleep relative
to the total time spent in bed).
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While home sleep tests offer a more convenient alternative to laboratory studies,
they provide less detailed information. These devices focus primarily on breathing
patterns and oxygen levels, missing the rich data about brain activity and muscle
movement that laboratory studies capture (e.g., polysomnography). However, they
can prove appropriate for some patients, particularly those showing clear signs of
moderate to severe sleep apnea without other complicating medical conditions.
Once sleep apnea is diagnosed, whether through home testing or laboratory studies,
treatment can begin—and the treatment landscape has transformed significantly in
recent years.

Sleep apnea treatment has evolved dramatically in recent years, moving from
one-size-fits-all approaches to carefully tailored solutions that match each person’s
specific breathing patterns and lifestyle needs. While we can’t typically cure sleep
apnea, modern medicine offers numerous effective ways to manage the condition
and significantly improve both sleep quality and overall health.

The cornerstone of sleep apnea treatment remains CPAP (Continuous Positive
Airway Pressure) therapy, which acts like an invisible splint keeping the airway
open throughout the night [3]. The device delivers a gentle stream of pressurized air
(typically between 5 and 15 cm H,0) through a mask worn during sleep. (Fig. 22.2).
While some people initially find the mask challenging to use, modern CPAP tech-
nology has evolved significantly to address these concerns. Basic CPAP machines
deliver a single, fixed pressure determined during your sleep study, but more
advanced devices called APAP (Automatic Positive Airway Pressure) can automati-
cally adjust pressure levels throughout the night based on your breathing patterns.
All these machines come with masks in different styles and sizes to suit different
preferences—from minimal designs that cover just the nose to fuller masks for
those who breathe through their mouths during sleep.

Fig. 22.2 CPAP therapy:
continuous airflow support
for sleep apnea treatment.
(“Image generated by
ChatGPT (OpenAl), 2025.
Used with permission”)
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For those who find standard CPAP challenging, alternative devices offer more
sophisticated solutions. BiPAP (Bi-level Positive Airway Pressure) machines pro-
vide two different pressure levels—one for breathing in and another for breathing
out—making it easier to exhale against the airflow. Even more advanced, adaptive
servo-ventilation (ASV) adjusts pressure in real time, tailoring support to each
breath—especially useful for central or complex sleep apnea.

Dental devices provide another valuable treatment option, particularly for mild
to moderate cases or for people who can’t tolerate CPAP. These specially designed
oral appliances, made by dentists with expertise in sleep medicine, help position the
jaw and tongue to keep the airway more open during sleep. They work particularly
well for people whose sleep apnea worsens when sleeping on their back.

Weight management plays a pivotal role in treating sleep apnea, particularly
since up to 45% of adults with obesity have obstructive sleep apnea (OSA) [11].
Even a modest 10-16% reduction in body weight can significantly reduce AHI by
30-50% and sometimes even cure mild cases of sleep apnea [12]. However, this
creates a challenging cycle—poor sleep disrupts hormones that control appetite and
metabolism, making weight loss more difficult, while excess weight worsens sleep
apnea by adding pressure on the airway and affecting breathing control. Recent
medical advances have opened new possibilities for addressing this connection. A
new class of medications called GLP-1 receptor agonists (which mimic a natural
hormone that helps control appetite and blood sugar, helping patients feel fuller and
lose weight) show promising results in treating sleep apnea [13]. These medications
help people feel fuller longer and crave less food, leading to significant weight loss.
Not only do they help with weight loss, but they may also improve sleep apnea
symptoms even before significant weight loss occurs, possibly through effects on
upper airway muscle control and breathing regulation. This understanding has led to
more integrated treatment approaches that address both sleep and weight manage-
ment together, often combining CPAP therapy with weight management strategies
for optimal results.

Some fascinating alternative approaches have shown promise in research studies.
Breathing exercises using instruments like the didgeridoo can help reduce sleep
apnea severity by strengthening the muscles that keep airways open during sleep
[14]. More recently, innovative treatments like hypoglossal nerve stimulation have
emerged, using implanted devices to stimulate the nerve controlling tongue move-
ment and help maintain muscle tone during sleep [15].

For people whose sleep apnea stems from anatomical issues, surgical options
might help. Procedures range from removing excess throat tissue (uvulopalatopha-
ryngoplasty, which removes excess throat tissue to widen the airway) to repairing a
deviated nasal septum or repositioning the jaw for better airway alignment [16].
While surgery typically serves as a last resort, it can either serve as primary treat-
ment or help make other treatments like CPAP more effective.

Simple lifestyle changes complement all forms of sleep apnea treatment.
Sleeping position matters significantly—side sleeping often reduces breathing
problems compared to back sleeping [17]. Some people find success with creative
solutions like sewing a tennis ball into the back of their pajamas to discourage back
sleeping, while others benefit from specialized positioning pillows. Avoiding
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alcohol before bedtime and maintaining regular sleep schedules also help reduce
breathing problems during sleep.

The key to successful treatment lies in understanding that no single approach
works for everyone. Some people might need to try several treatments before find-
ing their optimal solution, while others benefit from combining different approaches.
Regular follow-up with sleep specialists helps ensure treatments remain effective
and can be adjusted as needed to maintain good sleep quality.

22.1.5 The Long-Term Impact of Untreated Sleep Apnea

When sleep apnea goes untreated, it can trigger a cascade of health problems that
extend far beyond poor sleep [18]. The repeated cycles of breathing interruption
during sleep create a ripple effect throughout the body, affecting everything from
heart health to brain function. Each pause in breathing briefly awakens your brain,
sometimes hundreds of times per night, preventing you from getting the deep,
restorative sleep your body needs. This fragmented sleep leads to more than just
feeling tired—people often experience persistent mental fog, difficulty concentrat-
ing, memory problems, and mood changes including irritability and depression.
Many describe feeling exhausted even after what seems like a full night’s sleep, and
some find themselves dozing off during everyday activities like reading or
watching TV.

One of the most immediate and dangerous consequences of untreated sleep
apnea appears on the road [18]. The chronic sleepiness caused by sleep apnea sig-
nificantly increases accident risk, particularly for professional drivers. Studies show
that drivers with untreated sleep apnea face up to five times higher risk of traffic
accidents. Many people with untreated sleep apnea struggle to maintain attention
while driving, experience slower reaction times, and might even experience brief
“micro-sleeps“—brief, involuntary lapses in consciousness that can be deadly
behind the wheel. This cognitive impairment becomes especially concerning when
considering truck drivers or others operating heavy machinery, where a moment’s
lapse in attention can have devastating consequences.

The impact on the cardiovascular system is particularly concerning [18]. Each
time breathing stops during sleep, oxygen levels in the blood drop, triggering a
stress response in the body through the sympathetic nerve system. The heart must
work harder, blood pressure rises, and blood vessels constrict. When this pattern
repeats night after night—sometimes hundreds of times—it can lead to chronic
high blood pressure and significantly increase the risk of heart attacks and strokes.
Think of it like repeatedly revving a car engine in neutral—eventually, this con-
stant strain damages the heart and blood vessels. The heart isn’t designed to han-
dle these frequent stress responses during what should be a time of rest and
recovery. This explains why untreated sleep apnea patients often develop irregular
heart rhythms and have a significantly higher risk of heart failure. Even mild sleep
apnea can increase cardiovascular risk, and the risk grows substantially as the
condition becomes more severe.
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The effects on brain function can be equally serious [18]. Recent research shows
that untreated sleep apnea may accelerate cognitive decline, potentially hastening
the onset of conditions like mild cognitive impairment and Alzheimer’s disease by
up to a decade. For older adults, this means sleep apnea might not just make them
tired—it could actually speed up brain aging. The connection appears to work
through several mechanisms. First, the repeated oxygen drops may directly damage
brain cells [19]. Second, the fragmented sleep prevents the brain from performing
its crucial nighttime maintenance, including clearing out toxic proteins that can
accumulate and contribute to neurodegeneration. Third, the constant stress responses
and inflammation can damage small blood vessels in the brain. Even in younger
people, untreated sleep apnea can impair memory, attention, and decision-making
abilities, affecting everything from job performance to personal relationships.

Sleep apnea’s influence on metabolism helps explain its connection to type 2
diabetes [18]. The repeated drops in oxygen and disrupted sleep patterns interfere
with how the body processes sugar, leading to insulin resistance. It’s like having a
faulty thermostat—even though insulin is available, the body can’t use it effectively
to regulate blood sugar levels. This metabolic disruption can either increase diabetes
risk or make existing diabetes harder to control. The relationship works both ways—
poor sleep affects hormones that control appetite and metabolism, leading to weight
gain, which in turn can worsen sleep apnea. Additionally, the stress responses trig-
gered by sleep apnea cause the body to release stress hormones like cortisol, which
further disrupts blood sugar control and can contribute to increased belly fat—a
shared risk factor for both sleep apnea and diabetes.

Perhaps most surprising is the emerging evidence linking untreated sleep apnea
to increased cancer risk, particularly for certain types like colorectal and breast
cancers, through the increase in risk is not large [20]. Scientists believe the repeated
oxygen deprivation and resulting inflammation might create conditions that pro-
mote tumor growth. While this connection requires further research, it adds urgency
to the importance of treating sleep apnea promptly.

Mental health also suffers when sleep apnea goes untreated [21]. The constant
sleep disruption affects the brain’s ability to regulate mood, potentially triggering or
worsening depression and anxiety. Untreated sleep apnea can trap people in a
cycle—poor sleep worsens mood, which in turn makes it harder to cope with stress
or seek help.

The good news is that treating sleep apnea can reverse or prevent many of these
complications. CPAP therapy, for instance, not only improves sleep quality but also
helps reduce blood pressure, enhance mood, and improve cognitive function [22,
23]. Even in cases where some damage has occurred, proper treatment can help
reduce the risk of further progression. Understanding these long-term consequences
emphasizes why treating sleep apnea promptly matters so much. While the immedi-
ate symptoms of daytime sleepiness and loud snoring might seem merely inconve-
nient, the potential long-term impact on health makes early diagnosis and treatment
more important than ever.
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Limb Movement Disorder

23.1 When Legs Won't Rest: Restless Legs Syndrome
and Periodic Limb Movement Disorder

23.1.1 What Are Restless Legs Syndrome and Periodic Limb
Movement Disorder?

Among sleep disorders, Restless Legs Syndrome (RLS) stands out for its distinctive
and often maddening symptoms. Imagine feeling an irresistible urge to move your
legs just as you’re trying to relax in bed—sensations that are describe as crawling,
tingling, itching, or even electric-like discomfort that are usually only relieved by
movement. This condition, producing clinically significant symptoms in at least
2-3% of adults and up to 1% of children, typically strikes in the evening or at
night when you’re just about to fall asleep, transforming the simple act of falling
asleep into a significant challenge [1].

The experience of RLS is both distinctive and frustrating. Just as someone tries
to settle down for the evening—perhaps while watching television or lying in bed—
these uncomfortable sensations begin creeping through their legs [1]. Walking,
stretching, or moving the legs provides relief, but the discomfort in some
cases returns as soon as they rest again. It’s as if the legs have a mind of their own,
demanding movement when the rest of the body craves stillness. This pattern helps
explain why doctors use the acronym “URGE” to capture RLS’s main features: the
Urge to move, Rest-induced symptoms, Getting better with activity, and Evening
worsening.

While the causes of RLS and Periodic Limb Movement Disorder (PLMD) are
not fully understood, reduced levels of dopamine, a crucial brain chemical that
helps control movement, play an important role. When dopamine systems don’t
function properly, the brain can’t regulate movement normally, leading to the
uncomfortable sensations and urges that characterize RLS. This may explain both
why movement temporarily helps—it briefly increases dopamine activity—and
why the relief in some cases is so short-lived, creating that frustrating pattern of
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needing to move again and again. Iron plays a surprisingly important role in this
system too [1]. It serves as an essential building block for producing dopamine in
the brain. When iron levels fall too low, it disrupts dopamine function, potentially
triggering or worsening RLS symptoms. This connection helps explain several
aspects of RLS—why iron supplements help many patients, why pregnant women
(who often develop iron deficiency) frequently experience RLS during their third
trimester, and why blood tests for iron levels are often one of the first steps in diag-
nosis. It also helps explain why some Parkinson’s disease patients experience RLS,
as both conditions involve dopamine system disruption. Genetics add another layer
to the story—about 40% (and even up to 90%) of RLS cases run in families [2, 3].
While pregnancy-related RLS typically resolves after delivery when iron levels nor-
malize, people with genetic predisposition often experience symptoms throughout
their lives, though severity can vary significantly over time.

RLS appears in two distinct patterns that help guide treatment. Early-onset RLS,
beginning before age 45, often runs in families and may gradually worsen over time
[2]. These patients typically need more aggressive treatment approaches. Late-onset
RLS, appearing after 45, typically arrives more suddenly but doesn’t usually prog-
ress as dramatically [2]. Often, treating underlying conditions like iron deficiency
can significantly improve symptoms in these cases.

While RLS occurs when you’re awake, many patients also experience a related
condition during sleep called Periodic Limb Movement Disorder (PLMD) [1].
Unlike RLS, which involves conscious urges to move, PLMD causes involuntary
leg or arm movements—usually brief twitches or jerks—every 20-40 seconds dur-
ing sleep. These movements often go unnoticed by the person but are frequently
observed by a bed partner as repetitive kicking or jerking.

PLMD is best detected during sleep studies, where electrodes placed on leg mus-
cles detect these leg movements. The movements typically occur in clusters during
lighter sleep stages and can happen hundreds of times per night. Interestingly, dur-
ing REM sleep, when the brain naturally paralyzes most muscles to prevent dream
enactment, these movements typically cease. About 80% of people with RLS also
have PLMD, but not everyone with PLMD has RLS. This overlap suggests the two
may share similar disruptions in the brain’s motor control systems [4].

These repetitive movements can fragment sleep—even if the person doesn’t fully
wake up. Each movement can cause a brief arousal, interrupting deeper sleep stages.
This explains why people with PLMD often feel unrested despite seemingly sleep-
ing through the night. The repeated arousals can lead to daytime fatigue, difficulty
concentrating, and mood changes—similar to the effects of other sleep disorders
that fragment sleep.

23.1.2 Treatment Options
Treating these conditions often begins with investigating underlying causes and

making lifestyle modifications [1]. Blood tests can reveal iron deficiency (through
measuring serum ferritin, a protein that stores iron in the body), which is a common



References 139

and treatable trigger for RLS and PLMD. Regular exercise (though not too close to
bedtime), reducing caffeine and alcohol intake, and maintaining consistent sleep
schedules can help manage mild symptoms. Some people find relief through spe-
cific activities during episodes—walking, stretching, hot baths, or leg massages.

When these approaches are insufficient, several medication options exist [1]. The
most common medications (like ropinirole or pramipexole) work by adjusting levels of
dopamine—the brain chemical that helps control movement. However, some patients
find these medications become less effective over time or even make symptoms worse,
a problem doctors call “augmentation”. Other options include medications typically
used for nerve pain (like gabapentin) that can be particularly helpful for people who
experience painful sensations. In severe cases where other treatments don’t work, doc-
tors might prescribe a benzodiazepine like clonazepam or pain medications. For
PLMD, doctors can prescribe muscle relaxants (like baclofen) or anti-seizure medica-
tions (like gabapentin or pregabalin) to reduce the leg movements during sleep. Finding
the right treatment often requires patience and careful monitoring.

Living with RLS or PLMD affects more than just nighttime comfort—these con-
ditions can interfere with daily routines, relationships, and overall quality of life.
People with RLS often structure their days around their symptoms—avoiding long
car trips, choosing aisle seats at movies, or declining evening social events because
they know they’ll need to keep moving. Some find themselves pacing their bedroom
for hours, fighting the uncomfortable sensations that prevent sleep. The sleep dis-
ruption can create particular challenges for couples. A partner’s repeated leg move-
ments during sleep might force couples to sleep separately, affecting their
relationship intimacy. Sometimes, the person with PLMD remains unaware of their
nighttime movements until their partner describes the constant kicking or jerking
that disrupts both people’s sleep.

While these conditions might not receive as much attention as sleep apnea or
insomnia, their impact on quality of life can be equally significant. The good news
is that with proper diagnosis and treatment, most people can find significant relief
from their symptoms, allowing them to return to restful sleep and more comfort-
able days.
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24.1 Circadian Rhythm Disorders: When Your Body’s Clock
Is Disrupted

24.1.1 Introduction

Have you ever noticed how jet lag can leave you alert at 3 AM or nodding off during
an afternoon meeting? For most people, these temporary disruptions resolve within
a few days. But for those with circadian rhythm disorders, this misalignment
between their body’s internal clock and the external world becomes a constant
struggle. These disorders occur when your body’s master clock—the brain’s supra-
chiasmatic nucleus (SCN) we discussed earlier in the book—fails to properly syn-
chronize with the 24-h day. While occasional poor sleep is common, people with
circadian disorders experience ongoing shifts in their entire sleep-wake cycle, mak-
ing it biologically difficult to maintain typical sleep and wake times.

Several factors can contribute to circadian rhythm disorders [1]. Genetics plays a
significant role—specific mutations in “clock genes” can cause our internal timing
to run faster or slower than 24 h [2]. These inherited differences explain why circa-
dian disorders often run in families and why they typically appear during adoles-
cence or early adulthood. Brain injury or disease can also disrupt circadian timing
by affecting the neural pathways that connect your eyes to the SCN, preventing
proper processing of light signals—the main time cue that keeps our internal clock
synchronized. Finally, psychiatric illnesses or external stressors can also influence
our ability to maintain an optimal 24-h rhythm.

Age affects our circadian system too. During adolescence, biological changes
naturally delay sleep timing—explaining why teenagers typically become “night
owls.” As we age, this pattern often reverses, leading to earlier sleep and wake times.
Environmental factors can also trigger or worsen these disorders, particularly irreg-
ular exposure to light and darkness or social demands that force us to ignore our
body’s natural timing.
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Circadian rhythm disorders can be grouped into several distinct patterns, each
with unique effects on sleep timing:

* Delayed Sleep Phase Disorder (DSPD), the most common type, creates a persis-
tent pattern of late sleeping and waking [1]. People with DSPD (more common
in younger people) might find their natural sleep time falls between 3 AM and
11 AM, even when they need to be awake earlier. Despite feeling exhausted dur-
ing the day, they find it biologically impossible to fall asleep at conventional
bedtimes—their sleep drive simply doesn’t activate until much later.

* Advanced Sleep Phase Disorder (ASPD) presents the opposite pattern—over-
whelming sleepiness in early evening and very early morning awakening [1].
Someone with ASPD might naturally fall asleep at 7 PM and wake at 3 AM. While
this pattern might accommodate early work schedules, it can severely limit eve-
ning activities and social life.

* Non-24-Hour Sleep-Wake Disorder involves a constantly shifting sleep pattern
[1]. Unlike DSPD or ASPD, which maintain a consistent (though shifted) sched-
ule, here the circadian pacemaker is unable to synchronize with the 24-h day.
This results in a progressive delay or advance of sleep-wake times, leading to
periodic nighttime insomnia and daytime sleepiness as the individual’s sleep-
wake cycle drifts in and out of alignment with the 24-h day. This condition pri-
marily affects blind individuals who in most cases cannot receive the light signals
necessary for circadian entrainment.

* Irregular Sleep-Wake Rhythm Disorder represents the most severe disruption of
circadian timing [1]. Instead of any consistent pattern, sleep fragments into mul-
tiple short episodes throughout the day and night. This condition typically occurs
in people with neurodegenerative diseases or severe brain injuries, highlighting
how crucial intact neural circuits are for maintaining regular sleep-wake patterns.

24.1.2 Diagnostic and Treatment Approaches: Resetting
the Biological Clock

Diagnosing circadian rhythm disorders requires detailed evaluation to distinguish
them from other sleep-related conditions, especially those involving insomnia or
irregular sleep habits [1]. Sleep specialists typically start with a detailed sleep his-
tory, often asking patients to maintain a sleep diary for several weeks. These diaries
track not just sleep times but also daily activities, light exposure, and meals, reveal-
ing patterns that patients might not notice themselves. For some patients, actigra-
phy—using a wrist-worn device that tracks activity levels—helps document
sleep-wake cycles over extended periods. While traditional overnight sleep studies
aren’t usually necessary, they might be used to rule out other sleep disorders.

The timing of sleep isn’t the only consideration—doctors also evaluate how the
sleep pattern affects daily functioning and whether the pattern causes distress.
Blood tests might check for underlying conditions affecting sleep timing, like thy-
roid problems. Understanding family history proves particularly important since
many circadian disorders run in families.
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Treatment for circadian disorders focuses on realigning the internal clock with
the external world through a combination of carefully timed interventions. Unlike
general sleep problems where simple sleep hygiene changes might suffice, circa-
dian disorders require precise timing of both light exposure and medications to
effectively shift sleep patterns.

Light therapy is often the first line treatment, but timing is crucial [1]. Light
works by directly signaling to your SCN through specialized cells in your retina,
which then influences both the immediate suppression of melatonin and the timing
of future melatonin release. For Delayed Sleep Phase Disorder, bright light expo-
sure in the early morning helps reset the delayed clock by suppressing any remain-
ing melatonin left over during the night and shifting the next day’s melatonin release
earlier. However, someone with Advanced Sleep Phase Disorder needs evening
light exposure to delay their melatonin release to a later time. The wrong timing can
actually worsen the misalignment—just as using bright screens in the evening can
disrupt normal sleep patterns by confusing these light-sensitive pathways.

Melatonin supplementation also requires precise timing [1]. Unlike its general
use for sleep problems, treating circadian disorders means taking melatonin at spe-
cific times based on your type of disorder. Someone with Delayed Sleep Phase
Disorder might need melatonin several hours before their desired bedtime to help
advance their sleep phase. For Advanced Sleep Phase Disorder, melatonin timing
shifts to the early morning to help delay sleep onset the following evening.

People with Non-24-Hour Sleep-Wake Disorder or Irregular Sleep-Wake Rhythm
Disorder often need more intensive management approaches apart from melatonin
and bright light, sometimes including scheduled activities throughout the day to
help strengthen circadian signals. These cases frequently require collaboration
between sleep specialists and other healthcare providers, particularly when underly-
ing conditions contribute to the disorder.

Strict consistency in sleep schedules is crucial to reinforcing these biological
interventions. Even minor deviations can undo weeks of careful timing adjustments.
This means:

* Keeping the same sleep and wake times every day, even on weekends.

* Creating a completely dark sleep environment.

» Carefully timing exercise and meals to support desired sleep patterns.

¢ Avoiding bright light exposure during times when it could worsen circadian
misalignment.

The social and professional impact of these disorders often requires lifestyle
adaptations. Some people find success by adjusting work schedules to better
match their biological rhythms—for instance, someone with Delayed Sleep
Phase Disorder might perform better with a later work schedule. Managing these
disorders becomes particularly challenging for blind individuals with Non-24-
Hour Sleep-Wake Disorder or people with neurodegenerative conditions who
have Irregular Sleep-Wake Rhythm Disorder. These cases often require more
intensive approaches and coordination between sleep specialists and other
healthcare providers.
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Recent advances in chronotherapy—the timing of treatments based on the body’s
circadian rhythms—have improved treatment outcomes. However, success requires
understanding that these represent real medical conditions requiring systematic
treatment approaches, not just poor sleep habits. With proper diagnosis and consis-
tent treatment, most people can achieve better alignment between their internal
clock and external demands, though some may need to adapt their lifestyle to work
with, rather than against, their biological timing.
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25.1 Parasomnias: When Sleep Gets Strange
25.1.1 Introduction to Parasomnias

Throughout this book, we’ve discussed disorders that affect falling asleep or staying
asleep. Parasomnias pose a different kind of sleep challenge—these disorders
involve unusual behaviors and experiences that occur during sleep itself, often with-
out any conscious awareness [1]. During parasomnia episodes, some brain regions
remain in sleep mode while others become partially activated, leading to complex
behaviors. Think of parasomnias as disorders of “mixed states,” where boundaries
between sleep and wakefulness blur. In non-REM parasomnias, the body can move
and act while the brain remains in deep sleep, allowing complex behaviors like
walking or eating [1]. REM parasomnias, on the other hand, occur when the normal
muscle paralysis during REM sleep fails, letting people physically act out their
dreams, sometimes with dramatic or dangerous consequences [1].

The prevalence of different parasomnias varies significantly—while up to 6.5%
of children experience sleep terrors, REM Sleep Behavior Disorder (RBD) affects
less than 1% of adults [2, 3]. However, all these disorders share a common theme:
they reveal how complex sleep really is, and how different parts of our brain can
operate semi-independently during sleep.

The timing of parasomnias directly relates to our sleep architecture—the pattern
of sleep stages we discussed earlier. Non-REM parasomnias typically occur during
deep sleep in the first third of the night, when stage N3 (deep sleep) predominates.
During this period, your brain oscillates between lighter and deeper sleep states,
creating brief moments when some brain regions can become partially awakened
while others remain in deep sleep. This explains why these events often occur 1-3 h
after falling asleep, when deep sleep reaches its peak.

REM-related parasomnias, in contrast, emerge during REM or “dream sleep” in
the latter part of the night, when REM periods become longer and more frequent.
Remember how REM sleep normally paralyzes our muscles to prevent dream
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enactment? REM parasomnias occur when this protective mechanism fails, allow-
ing physical movements during dream sleep. This timing explains why episodes
tend to occur in the early morning hours, when REM sleep is much more frequent.

25.1.2 Non-REM Parasomnias

Sleepwalking (somnambulism) occurs during deep sleep and can involve surpris-
ingly complex activities [1]. Sleepwalkers might walk around their home, rearrange
objects, eat, or in rare cases even drive—all while their brain remains primarily in
deep sleep. While waking a sleepwalker won’t cause harm (contrary to popular
belief), the real danger comes from potential injuries during their unconscious activ-
ities. Up to 15% of children experience sleepwalking, though most outgrow it by
adolescence [4].

Sleep terrors demonstrate how powerfully emotions can emerge during sleep [2].
Unlike nightmares that occur during REM sleep, sleep terrors erupt from deep sleep with
sudden screaming, intense fear, and racing heartbeat. People having sleep terrors might
bolt upright in bed, appear terrified, and be inconsolable for several minutes. Despite how
dramatic these episodes appear, people typically have no memory of them the next morn-
ing. Like sleepwalking, sleep terrors are more common in children.

25.1.3 REM Parasomnias

REM Sleep Behavior Disorder (RBD) occurs when normal muscle paralysis during
this stage of sleep fails [5]. People with RBD physically act out their dreams—they
might punch, kick, or leap out of bed while dreaming about fighting or running.
These behaviors can cause injury to both the person and their bed partner. RBD
deserves particular attention because it often appears years before certain neurode-
generative conditions, especially Parkinson’s disease, making it an important early
warning sign. Unlike most parasomnias, RBD typically affects older adults and is
more common in men.

25.1.4 Other Sleep-Related Behaviors

Several other parasomnias can occur across different stages of sleep [1]. Sleep talk-
ing ranges from simple mumbling to complex conversations, though speakers rarely
remember these episodes. Sleep-related eating disorder involves consuming food
while in a semi-conscious or unconscious state, sometimes even including inedible
or dangerous items. Teeth grinding, or bruxism, often goes unnoticed until dental
damage becomes apparent or bed partners complain about the noise. Sleep-related
groaning, called catathrenia, produces loud moaning sounds during sleep that can
be disturbing to bed partners.
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Sleep paralysis occurs when the muscle atonia of REM sleep temporarily per-
sists into wakefulness, creating a frightening experience of being unable to move
while fully conscious [6]. During these episodes, which typically last seconds to a
few minutes, people remain fully aware of their surroundings but cannot move or
speak. Many experience a sensation of pressure on their chest and difficulty breath-
ing. Some people also report frightening hallucinations—seeing or sensing a pres-
ence in the room, hearing sounds, or feeling touched. These hallucinations likely
represent dream activity continuing into wakefulness, similar to how muscle paraly-
sis persists. Sleep paralysis occurs more frequently when sleep patterns are irregular
or during sleep deprivation, and episodes often run in families. Although often
frightening, sleep paralysis is generally harmless and resolves on its own as the
brain completes its transition to wakefulness.

25.1.5 Diagnosing and Treating Parasomnias

Diagnosing parasomnias begins with a careful clinical history, often involving input
from both patients and their bed partners in order to document when episodes occur
and what behaviors they involve [1]. Video recordings from home can provide valu-
able information about the timing and nature of events. In some cases, overnight sleep
studies (polysomnography) may be needed. During these studies, sleep specialists
usually monitor brain waves, muscle activity, breathing patterns, and video recordings
to capture parasomnia episodes and determine during which sleep stage they occur.
This helps distinguish between different types of parasomnias and rule out other sleep
disorders (or other medical conditions) that might cause similar behaviors.

Treatment approaches vary depending on the specific parasomnia and its under-
lying causes [1]. For sleepwalking and sleep terrors, safety becomes the primary
concern. This means securing the sleep environment—installing locks on windows
and doors, removing hazardous objects, and sometimes using alarms or motion sen-
sors. REM Sleep Behavior Disorder often responds well to medications like clonaz-
epam and melatonin, which help suppress motor activity during REM sleep and
reduce the frequency of dream enactment behaviors. For teeth grinding, dental
appliances can protect against damage while medications and stress reduction tech-
niques might help reduce the behavior.

Many parasomnias, particularly in children, resolve naturally with time [1]. For
adults, treating underlying conditions or factors often proves crucial. This includes
managing stress, maintaining regular sleep schedules, avoiding sleep deprivation,
and addressing any other sleep disorders that might trigger parasomnia episodes.
Certain medications can trigger or worsen parasomnias, so reviewing and adjusting
medications sometimes helps reduce episodes.

Some people benefit from specific behavioral therapies. For sleepwalking, sched-
uled awakenings—waking someone shortly before their typical episode time—can
help break the pattern. Relaxation techniques and stress management often reduce
episode frequency for various parasomnias. People with REM Sleep Behavior
Disorder might need to adapt their sleep environment, perhaps using padded bed
rails or sleeping in separate beds to prevent injury.
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While parasomnias can seem dramatic or frightening, proper diagnosis and treat-
ment allow most people to manage their condition effectively. The key lies in under-
standing that these represent treatable medical conditions, not psychological
problems or character flaws. With appropriate intervention, both the affected person
and their bed partner can return to peaceful, safe sleep.
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26.1 Optimizing Your Sleep at Home

Throughout this book, we’ve explored the science of sleep—from the neural circuits
regulating your sleep-wake cycles to the mechanisms underlying various sleep dis-
orders. We’ve seen how your brain’s master clock orchestrates daily rhythms and
how different sleep stages serve vital biological functions. In this section, we’ll
briefly recap some of the key concepts, while pointing you to earlier chapters for a
deeper dive into the details. Now it’s time to translate this scientific understanding
into practical strategies for better sleep.

Environmental Factors

Temperature plays a critical role in sleep quality. Your bedroom temperature directly
affects your body’s natural thermoregulation during sleep. The ideal sleeping tem-
perature falls between 15 and 20 °C (60-67 °F). Warmer temperatures can hinder
your body’s natural nighttime cooling process, making both sleep onset and main-
tenance more difficult.

Light exposure directly influences sleep timing by acting on the suprachiasmatic
nucleus (SCN). Evening light and light during sleep, especially from electronic
devices, suppresses melatonin production and activates wake-promoting circuits.
Even brief exposure to blue light can disrupt your sleep timing system. Reducing
light exposure, particularly from screens, at least an hour before bedtime, as well as
keeping the room dark during sleep helps maintain proper melatonin production.
Finally, exposing yourself to natural morning light can help reset your circa-
dian rhythm.

Timing and Consistency

Keeping consistent sleep and wake times helps reinforce your circadian rhythms,
the internal biological cycles that regulate sleep and many other body functions.
Even small shifts in your schedule—like sleeping in on weekends—can disrupt
these rhythms, a phenomenon known as social jet lag, a mismatch between your
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body’s internal clock and your social schedule, similar to the effects of travel jet lag.
This misalignment between your internal clock and daily obligations can negatively
affect sleep quality, mood, and overall health.

Daily Habits and Sleep

Certain substances can profoundly impact sleep quality by altering brain activity.
Caffeine, found in coffee, tea, and energy drinks, blocks adenosine from binding
to its receptors. This is crucial as adenosine is natural chemical that makes us feel
sleepy as it builds up in the brain throughout the day. By interfering with this
process, caffeine delays sleep onset and makes sleep lighter, with its stimulating
effects lasting 4-8 h. Although alcohol may help you fall asleep initially, it dis-
rupts sleep in the second half of the night. It breaks up sleep cycles and particu-
larly suppresses REM sleep, the stage important for processing emotions and
storing memories, often leaving sleep fragmented and unrefreshing.

Nutrition and Sleep

The timing of your meal can significantly influence sleep quality. Large meals
eaten within 2-3 h of bedtime raise core body temperature and stimulate digestion
at a time when your body should be cooling down in preparation for sleep. Small
evening snacks combining tryptophan-rich foods (turkey, eggs, dairy) with complex
carbohydrates may support sleep by promoting serotonin and melatonin production.
Some foods, including kiwis, tart cherries, and fatty fish, may improve sleep quality
through their nutrient profiles. While supplements like melatonin, magnesium,
L-theanine, and valerian root show some evidence of effectiveness, their effects
vary between individuals.

Exercise and Light Exposure

Regular exercise promotes better sleep through multiple mechanisms, but timing
matters. Since vigorous exercise raises core body temperature and stress hormone
levels, it is not recommended very close to bedtime. Morning workouts, especially
outdoors, offer the added benefit of natural light exposure, which helps synchronize
your circadian rhythms. Seasonal changes require adjusting exercise timing—morn-
ing outdoor exercise becomes particularly valuable during winter months when
natural light exposure decreases (Fig. 26.1).

Strategic Napping

Short naps can help boost alertness and fight daytime sleepiness without harming
nighttime sleep—if timed correctly. The ideal nap lasts 20-30 min (between
2 PM and 4 PM), long enough to recharge energy without entering deeper sleep
stages that cause grogginess and can ruin you nighttime sleep. Napping before
3—4 PM prevents it from interfering with the natural sleep pressure that builds
throughout the day. An effective trick is the “coffee nap”(sometimes called a
“nappuccino”): drinking coffee just before a short nap allows you to wake up as
the caffeine kicks in, combining the benefits of both for maximum alertness.
However, longer naps—over 30 min—are more likely to cause sleep inertia (that
sluggish feeling after waking) and can reduce your need for sleep at night, mak-
ing it harder to fall asleep later.



26.1 Optimizing Your Sleep at Home 151

EFFECTS OF CHRONIC POOR SLEEP ON HEALTH
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Fig. 26.1 Wide-ranging health impacts of poor sleep. (“Created in BioRender. Juginovic,
A. (2025) https://BioRender.com/x14v509”)

Practical Sleep Strategies
Several evidence-based approaches can help when sleep proves difficult.
Maintaining a consistent pre-sleep routine helps condition your brain for sleep. If
sleep doesn’t come within 20 min, temporarily leaving the bed prevents developing
negative associations with your sleep environment. Avoid checking the time during
night awakenings, as this often triggers anxiety and activates arousal systems. Your
physical sleep environment significantly affects sleep quality. Your mattress and
pillows need to support proper body alignment for optimal muscle relaxation and
parasympathetic system activation. Using your bed only for sleep and intimacy
strengthens the association between your sleep environment and sleep itself.
Specific relaxation techniques can help your body shift from the “fight or flight”
state of stress to the “rest and digest” mode needed for sleep. One simple method is
progressive muscle relaxation, which helps release physical tension and quiet the
mind. Right before going to sleep, you can start by tensing the muscles in your feet
for a few seconds, then slowly relax them, noticing the difference between tension
and relaxation. Then, move upward through your body—Iegs, stomach, chest,
arms—until you reach your head, letting each muscle group soften. This practice
not only relieves built-up tension but also helps anchor your attention to your body
rather than racing thoughts. Another effective technique is the 4-7-8 breathing
method. Inhale gently through your nose for 4 s, hold your breath for 7 s, and exhale
slowly through your mouth for 8 s. Repeating this cycle for a few minutes slows
your heart rate, signals your body to relax, and creates a natural sense of calm.
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Practicing either of these methods for 5-10 min before bed can make it easier to fall
asleep, especially if your mind feels busy at night.

When sleep difficulties persist despite implementing these measures, consult a
healthcare provider. Sleep disorders represent real medical conditions requiring
proper evaluation and treatment, as their effects extend throughout the body’s bio-
logical systems. Understanding and applying sleep science principles allows most
people to achieve better sleep quality, but knowing when to seek professional help
proves equally important for optimal sleep health.
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27.1 Looking Forward: The Future of Sleep Science
and Medicine

Sleep science continues to develop with new technologies revealing additional
aspects of brain activity during sleep, while genetic research helps clarify how our
DNA influences sleep patterns. These advances help explain individual differences
in sleep disorders and highlight why treatment approaches often require personal-
ization. Artificial intelligence (AI) and machine learning applications represent sig-
nificant developments in sleep research and clinical practice. These Al systems can
analyze large datasets from sleep studies to identify subtle patterns that human
observers might miss. For example, certain EEG signatures might predict who will
develop specific sleep disorders, or which patients will respond best to particular
treatments. As Al algorithms improve, they may help provide more accurate sleep
staging and disorder classification than traditional manual scoring methods.

The relationship between sleep and aging is receiving increased attention as
populations grow older in many countries. Researchers are studying how sleep
quality might relate to cognitive health with age, particularly how the brain’s
waste clearance processes during sleep may affect protein accumulation associ-
ated with certain neurological conditions. This work raises questions about
whether maintaining good sleep habits throughout life might contribute to brain
health in later years.

Environmental factors present considerations for sleep researchers to address.
Temperature changes related to climate patterns can affect the body temperature
decreases normally associated with sleep onset, while increasing artificial light
exposure can influence natural sleep timing for many organisms, including humans.
For people, exposure to light, particularly blue wavelengths from screens and newer
lighting, can affect melatonin production and potentially disrupt normal sleep tim-
ing. Understanding these environmental factors becomes more important as we con-
sider their potential effects on sleep patterns.
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Work patterns continue to change, with remote and flexible schedules becoming
more common. These changes create opportunities to potentially align work times
with individual sleep preferences, but also present challenges as technology can
blur boundaries between work and personal time. Researchers are studying how
these evolving work arrangements might affect sleep-wake cycles and how sched-
ules might be optimized to support both productivity and adequate rest.

Treatment approaches for sleep disorders continue to develop beyond traditional
methods. New technologies like virtual reality systems might help create environ-
ments conducive to sleep onset, while improvements in light therapy could provide
more options for addressing circadian rhythm disruptions. Artificial intelligence is
beginning to influence treatment approaches as well. Al systems can analyze pat-
terns in an individual’s sleep and activity data to recommend optimal sleep sched-
ules and behavioral interventions tailored to their specific needs. Some emerging
applications use Al to adjust light therapy or smart-home environments in real time
based on a person’s sleep patterns. Newer medications target more specific aspects
of sleep regulation, potentially offering treatment options with fewer side effects
than some older medications.

Sleep medicine increasingly connects with other medical fields. There is grow-
ing recognition that sleep disorders can affect cardiovascular health, mental health
conditions, and metabolic processes. This integration across medical specialties
reflects a broader understanding that sleep affects many aspects of health rather than
being a separate consideration. This collaborative approach may lead to more com-
prehensive treatment that considers sleep as an important factor in overall health
management.

The journey of fully understanding sleep is far from over. My deepest hope is
that this book has illuminated the critical importance of sleep and empowered you
to optimize your own rest. Sleep is not just a passive state, but an active, transforma-
tive experience that touches every aspect of our health, creativity, and potential. If
you’ve gained even a small insight that helps you improve your sleep, then this
journey has been worthwhile. Should you wish to share your thoughts, experiences,
or questions, I welcome your connection and continued exploration of sleep sci-
ence. The path to better sleep begins with understanding—and that journey never
truly ends.
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