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Abstract

Chronic sleep deficiency (CSD) poses a threat to physical health, mental well-being, and social functioning.
The concept of behaviorally induced CSD has not changed much since it was first introduced four decades
ago. Behaviorally induced CSD is currently referred to as insufficient sleep syndrome (ISS). In the latest
edition of the International Classification of Sleep Disorders (ICSD-3, 2014), ISS is considered a disorder of
central hypersomnolence with diagnostic codes ICD-9-CM 307.44 and ICD-10-CM F51.12. In this review, we
will describe the biological importance of sleep, the ramifications of CSD on the individual and society, the
nosological status and diagnostic features of ISS, and the apparent lack of attention to ISS in contemporary
medical practice and public health programs. The last three decades have seen a global rise in voluntary
sleep curtailment such that ISS may already be the leading cause of CSD, not only in adults but also in
school-aged children and adolescents. Acknowledging ISS as a public health priority is a necessary first step
in our response to the global threat of CSD and CSD-related health consequences. It is only by confronting
1SS directly that we can hope to develop and implement effective educational and advocacy programs, along
with more responsible public health policies and regulations.
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Introduction And Background

Sleep is a physiologic state that is distinct from, but certainly not less important than, wakefulness. The fact
that we must sleep to function effectively during wakefulness indicates that sleep is a biological necessity.
Evidently, certain physiologic processes involved in restoring homeostasis, molecular biosynthesis, and
building neural circuits operate more efficiently during sleep [1,2]. The biological functions of sleep can be
divided into four categories (Table I): (1) metabolic and functional recovery, (2) defense and response to
injury, (3) neurodynamics and neuroplasticity, and (4) bioperiodicity and timing of biological processes [3].
These functional categories are not mutually exclusive. For example, sleep-induced neuroplasticity is also
involved in acute functional recovery and response to injury. Moreover, the most neural activity involves
neurodynamic and metabolic processes such that separating these two facets of physiology in order to
categorize sleep function is purely arbitrary. Although the list of sleep functions in Table I is not exhaustive,
the functions that are listed are adequate to convince us that it is not possible to survive and stay healthy
without good sleep.
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The four main categories of sleep functions
Metabolic and functional recovery

Energy balance: energy conservation by lowering metabolic rate and downscaling sensory and motor processes; restoration of energy
stores

Functional recovery: synthesis of proteins involved with neurotransmitter function, transport, membrane trafficking, lipid and myelin
metabolism

Waste removal: slowing metabolite buildup to enable cellular waste removal; increased glymphatic clearance
Defense and response to injury
Protective sleep behavior: sleeping’ at the right time in a secure place increases survival chances

Inflammatory and immune response: acute phase response to infection, inflammatory cytokine production (e.g., interleukins, TNF) and
immuno-regulation

Healing: promotes healing directly or indirectly via restorative, immune, and other functions
Neurodynamics and neuroplasticity

Learning and memory: strengthening of synapses and synaptic homeostasis to renormalize synapses in preparation for waking
experience

Developmental plasticity: rapid brain development and neurogenesis
Neurodynamic homeostasis: for optimal neural signaling in wakefulness
Timing of biological processes
Programmed sleep behavior: reduces predation risk; enhances foraging success and reproductive capacity during wake periods

Platform for synchronizing diverse processes: allows disparate biological processes to operate in harmony to achieve optimal health

TABLE 1: The biological functions of sleep.

Adapted with permission from Mader EC Jr and Mader AC [3].

Healthy sleep implies sufficient sleep quantity and good sleep quality. Sleep insufficiency occurs because of
acute (total) sleep deprivation, short-term (1-3 days) acute (partial) sleep restriction, or chronic (repeated,
usually >3 days) sleep restriction. Sleep deprivation or restriction increases sleep pressure, triggers a
homeostatic response, and leads to subjective and objective sleepiness, reduced vigilance, and impaired
cognitive and metabolic function [4,5]. Daily or near-daily sleep restriction over a period of weeks, months,
or years will give rise to a state of chronic sleep deficiency (CSD). It remains unclear whether allostatic
adaptation occurs during CSD in humans [6]. The number of hours per day and the number of days in which
sleep must be curtailed to diagnose CSD in humans are also not well defined. At any rate, the cutoffs will
most likely depend on age, health status, genetics, and other factors [5,7,8]. Clinically, CSD should be
suspected if a person’s habitual daily sleep duration (usually the average of several weeks) is below the age-
appropriate minimum daily sleep duration in accordance with the recommendations of the National Sleep
Foundation (Table 2) [9]. One important caveat is that subjective sleepiness can be mild or absent in CSD
[10,11]. Therefore, subjective sleepiness is a reliable indicator of acute sleep deprivation, but not of CSD.
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Age group

Newborns (0-3 months)
Infants (4-11 months)
Toddlers (1-2 years)
Preschoolers (3-5 years)
Children (6-13 years)
Teenagers (14-17 years)
Young adults (18-25 years)
Adults (26-64 years)

Older adults (265 years)

Recommended May be appropriate Not recommended
14-17 11-13 or 18-19 <11 or>19

12-15 10-11 or 16-18 <10 or >18

11-14 9-10 or 15-16 <9 or >16

10-13 8-9 or 14 <8 or>14

9-11 7-8 or 12 <7 or>12

8-10 7or 11 <7 or >11

7-9 6 or 10-11 <6 or >11

7-9 60r10 <6 or >10

7-8 5-6or9 <5 or>9

TABLE 2: Sleep duration (in hours) recommended by the National Sleep Foundation. The
recommendations define sleep time as (a) recommended, (b) may be appropriate for some
individuals, or (c) not recommended.

The recommendations are based on a rigorous and systematic review of a large number of studies in the world scientific literature. The range “may be
appropriate” was added to acknowledge individual variability in sleep durations.

Adapted with permission from Hirshkowitz M et al. [9].

CSD can occur due to primary sleep disorders or to a wide range of psychiatric, neurological, or medical
disorders. Of the many causes of CSD, the ones that garnered the most attention from healthcare providers
and the public are sleep-related breathing disorders (SBD), especially obstructive sleep apnea (OSA), and
chronic insomnia syndromes, notably insomnia due to inadequate sleep hygiene [12]. Paradoxically, the
volitional and behavioral form of CSD, known as behaviorally induced CSD or insufficient sleep syndrome
(ISS), is not getting the attention it deserves despite its pervasiveness in today’s society. In this article, we
will review the consequences of CSD and the nosological status and diagnostic features of ISS. We will then
explore the apparent lack of attention to ISS among patients and healthcare providers. Finally, we will
describe public-oriented and clinic-based strategies for promoting health by directly confronting ISS.

Review
Chronic sleep deficiency

Threats to the Person's Health and Social Functioning

The immediate threat of CSD to the individual is cognitive and behavioral in nature [4]. CSD decreases
vigilance and disrupts other cognitive functions, leading to delayed reaction time, degraded motor
performance, lower stress tolerance, anxiety, and impaired judgment [4,13,14]. These neurobehavioral
effects of CSD increase the risk of accidents, physical injury, and social misbehavior, leading to problems in
the workplace or school [15-18]. In humans, sleep loss has been linked to neuronal loss, changes in brain
plasticity, morphometry, and network structure, and an increased risk of dementia [19-23]. Sleep
deprivation is also known to increase the frequency of epileptiform discharges and clinical seizures in
patients with epilepsy [24]. Animal studies demonstrated that prolonged sleep loss disrupts neurogenesis
and hippocampal integrity leading to cognitive and mood disturbances [25]. These detrimental effects may
be mediated by stress and glucocorticoids. During childhood and adolescence, CSD may result in impaired
brain development and permanent loss of developmental potential [26-28].

CSD causes dysregulation of endocrine, metabolic, and inflammatory processes. There is a large body of
epidemiological and experimental evidence linking CSD to increased food intake, obesity, insulin resistance,
and hypertension leading to the development of diabetes and cardiovascular diseases [5,29-32]. Similar
deleterious effects of CSD on dietary habits, glucose metabolism, and obesity have been observed in children
and adolescents [33,34]. Sleep loss was found to increase the levels of inflammatory mediators and impair
the immune response to infection and vaccines [35]. The pro-inflammatory response, heightened oxidative
stress, blood-brain barrier disruption, and vascular endothelial cell dysfunction in CSD result in chronic
low-grade inflammation and contribute to the pathogenesis of cardiometabolic disorders [36-38]. Other
pathologies, such as the increased risk of osteoporosis and poor pregnancy outcomes, have also been linked
to CSD [39-42]. Meta-analysis of prospective cohort studies revealed a link between short sleep duration and
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increased mortality [30,43,44]. A bidirectional relationship between CSD and psychiatric disorders has also
been noted [45].

The behavioral and physiological manifestations of CSD may vary depending on the circadian phase and on
the influence of non-circadian non-homeostatic factors, such as caffeine intake and exercise [3,46]. The
clinical expression of CSD may also vary because of interindividual differences in sleep pressure adaptation
and sleep loss recuperation [47]. Of particular importance is the bidirectional interaction between CSD and
other diseases which adds another layer of complexity to any attempt at understanding the relationship
between CSD and certain diseases [48].

Demographic Trends in Sleep Duration

The prevalence of CSD is roughly proportional to the prevalence of short sleep duration. What is considered
abnormally “short sleep” depends on age but other factors, such as genetics, sleep quality, circadian pattern,
general health, nutritional status, metabolic rate, and physical activity, may also have a role in shaping the
body’s minimum sleep requirement. For healthy adults (age 18-64), <6 h of sleep per day is considered
unhealthy by the National Sleep Foundation (Table 2) [9]. Most population-based studies examining the
effects of sleep duration on health are cross-sectional surveys that employ subjective methods, such as self-
reports, questionnaires, and time-use diaries. The majority of these studies found that short sleep duration
is pervasive in many countries with a significant proportion of the population reporting <6 h of sleep per day
regardless of gender [49-52]. Based on data from the 2016-2018 National Survey of Children’s Health, the
CDC concluded that short sleep duration is prevalent among infants, children, and adolescents [53,54]. A
recent longitudinal analysis of data from the US National Health Interview Survey between 2004 and 2017
showed a stable prevalence rate of short sleep duration between 2004 and 2012 and an increasing trend
toward short sleep between 2013 and 2017 [55]. However, a global trend toward shorter sleep duration could
not be established due to conflicting data from different countries [56]. In women, menopausal status
contributes to sleep disturbances with the perimenopausal and menopausal periods showing the highest risk
for CSD [57].

Economic status and occupation can predispose to short sleep duration. The odds of short sleep duration
were increased in full-time workers, males, and those with high school diplomas or some college education
[58]. Population-based studies of US workers found an increased prevalence of short sleep duration in those
with long or extended work hours (>40 hours per week), those with rotating or shift work, and those with a
high level of job-related stress [58,59]. The American Time Use Survey of 124,517 individuals showed that
sleep time was frequently exchanged with paid work time and time spent commuting to and from work [60].

Ethnicity, culture, and psychosocial stressors have all been identified as determinants of sleep duration and
quality [61]. In the US, non-Hispanic blacks, American Indians, Alaskan natives, and native Hawaiians, and
Pacific Islanders are most likely to report insufficient nightly sleep [49]. A clustering of factors contribute to
poor and insufficient sleep in individuals with low socioeconomic status, including working multiple jobs,
food insecurity, lack of health insurance, and concerns related to neighborhood safety [62]. Cultural factors
also influence sleep on a global scale. Later bedtimes and bed or room sharing with infants and other family
members can adversely affect sleep duration and quality, especially in Asian countries where such practices
are common [63].

Differences in perception and attitudes toward sleep may account for some of the demographic disparities in
sleep health [62,64]. Attitudes toward sleep are often misguided because humans exhibit overconfidence in
their abilities. While some individuals can function well in the face of short sleep duration, most people
experience detrimental health and functional consequences if they do not get enough sleep. Urban dwellers
frequently trade sleep for activities they perceive as more pressing, such as work or education, or as more
gratifying, such as socializing or gaming. Sleep patterns and the perception of normal sleep are strongly
influenced by sociocultural and environmental factors [60,62].

Threats to Public Health and Overall Economic Burden

The public health impact of insufficient sleep is well established. CSD predisposes to occupational or traffic-
related injuries, lost productivity, impaired mood and social functioning, and increased healthcare
utilization [16-18,65]. CSD can also have far-reaching impacts on public health by increasing the risk of
chronic diseases, such as obesity, diabetes mellitus, cardiovascular disease, and perhaps cancer and other
diseases characterized by immune dysregulation [5,29-32]. The prevalence of short sleep and the trend
toward decreasing sleep duration in children and young adults are particularly concerning because of their
long-term impact on public health [27,53,54,56]. The threat of CSD to public safety is more palpable in
occupations related to transportation, law enforcement, and health care [62].

The economic burden of CSD is substantial. It has been estimated that approximately $680 billion is lost due
to insufficient sleep across Canada, the United States, the United Kingdom, Germany, and Japan [66]. The
aggregate total direct and indirect annual healthcare cost for insomnia alone has been estimated to be $100
billion in the US [67]. The cost of CSD in occupational settings has been evaluated as well. In a study of more
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than 4000 employees, Rosekind and colleagues showed that, compared to an employee who is well rested, an
employee with insomnia or insufficient sleep can cost an employer twice as much in terms of annual
productivity loss [68]. The loss of productivity is reflected in various areas of functioning, including time
management and mental or physical job demands. Self-reported poor sleep quality has also been associated
with higher healthcare costs [69]. The healthcare cost per person per year of individuals who reported
difficulty sleeping always was on average $5,206 more than that of individuals who reported never

having sleep problems [69].

Insufficient sleep syndrome

Nosological Status: Past and Present

The nosological evolution of ISS, insomnia, and inadequate sleep hygiene in the past 50 years is reflected in
the periodic revisions of the International Classification of Diseases (ICD) [70], the Diagnostic and Statistical
Manual of Mental Disorders (DSM) [71], and the International Classification of Sleep Disorders (ICSD) [12]
(Table 3). Sleep disorders first appeared in the eighth ICD edition (ICD-8, 1965) under “Certain symptoms
referable to the nervous system and special senses.” The second DSM edition (DSM-II, 1968) added
“Disorders of sleep” under “VII. Special symptoms.” In 1979, the Association of Sleep Disorders Centers and
the Association for the Psychophysiological Study published the first classification system dedicated to sleep
disorders: the Diagnostic Classification of Sleep and Arousal Disorders (DCSAD, 1979) [72]. In 1990, the
DCSAD was superseded by the first ICSD edition (ICSD-1, 1990) and its revision (ICSD-R, 1997). The ICSD
was updated to its second edition (ICSD-2, 2005) and the ICSD-2 to the third edition (ICSD-3, 2014) by the
American Academy of Sleep Medicine (AASM) [12,73].

Source Category
International Classification of Diseases (ICD)

780. Certain symptoms referable to nervous system and special senses

ICD-8, 1965
780.6 Disturbance of sleep
307.4 Specific disorders of sleep of nonorganic origin
307.41 Transient disorder of initiating or maintaining sleep
ICD-9, 1975

307.42 Persistent disorder of initiating or maintaining sleep
307.49 Other
F51 Nonorganic sleep disorders
F51.0 Nonorganic insomnia
F51.8 Other nonorganic sleep disorders
ICD-10, 1990 ICD-10-CM, 2018
G47 Sleep disorders
G47.0 Disorders of initiating and maintaining sleep (insomnias)
G47.1 Disorders of excessive somnolence (hypersomnias)
07 Sleep-wake disorders: Hypersomnolence disorders
ICD-11, 2021
7A26 Insufficient sleep syndrome
Diagnostic and Statistical Manual of Mental Disorders (DSM)
VII. Special symptoms (306)
DSM-II, 1968 306 Special symptoms not elsewhere classified
306.4 Disorders of sleep

A. DIMS: Disorders of initiating and maintaining sleep (insomnias)

1. Psychophysiological, b. Persistent

DSM-III, 1980
B. Disorders of excessive somnolence (DOES)
9. Other DOES conditions. b. Insufficient sleep
Primary sleep disorders

DSM-1V, 1994
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DSM-5, 2013

Dyssomnia: Primary insomnia, Primary hypersomnia
307.44 (F51.11) Hypersomnolence disorder

No specific code for insufficient sleep syndrome

Diagnostic Classification of Sleep and Arousal Disorders (DCSAD)

DCSAD, 1979

B. Disorders of excessive somnolence (DOES)
9. Associated with other DOES conditions
b. Insufficient sleep.... acute sleep deprivation

C code B.9.b, ICD-9-CM code 307.49-4

International Classification of Sleep Disorders (ICSD)

ICSD-1, 1990

ICSD-R, 1997

ICSD-2, 2005

ICSD-3, 2014

1. Mental disorders

a. Developmental sleep disorders

2. Inadequate sleep hygiene ....... ICD-9-CM code 307.41-1

3. Insufficient sleep syndrome .... ICD-9-CM code 307.49-4

1. Dysomnias

A. Intrinsic sleep disorders

1. Psychophysiologic insomnia ICD-9-CM code 307.42-0

B. Extrinsic sleep disorders

1. Inadequate sleep hygiene....... ICD-9-CM code 307.41-1

5. Insufficient sleep syndrome....... ICD-9-CM code 307.49-4

A. Insomnia

5. Inadequate sleep hygiene ICD-10 code F51.0

C. Hypersomnia of central origin

7. Behaviorally Induced Insufficient sleep syndrome ICD-10 code F51.8
A. Insomnia

1. Chronic insomnia disorder ICD-9-CM code 307.42, ICSD-10-CM code F51.01
C. Central disorders of hypersomnolence

8. Insufficient sleep syndrome ICD-9-CM code: 307.44, ICD-10-CM code: F51.12

TABLE 3: Nosological history of insufficient sleep syndrome as a sleep disorder.

Behaviorally induced CSD was designated as “behaviorally induced insufficient sleep” in the DCSAD and in
the first ICSD edition (ICSD-1, 1990) and as “behaviorally induced insufficient sleep syndrome” in the
revised edition (ICSD, 1997). In the second edition of ICSD (ICSD-2, 2005), the nosological status of
behaviorally induced CSD was elevated from a “sleep disorder not due to known substance or physiologic
condition” to a sleep disorder with full-fledged diagnostic criteria under “Central hypersomnia.” ISS cannot
be classified as a hypersomnolence disorder in the latest DSM edition (DSM-5) because one of the diagnostic
criteria is “self-reported excessive sleepiness (hypersomnolence) despite the main sleep period lasting at
least 7 hours” and ISS is, by definition, characterized by a shortened main sleep period [71]. The latest ICSD
edition (ICSD-3, 2014) readapted the term “insufficient sleep syndrome” (ISS) for behaviorally induced CSD.
ISS is considered a disorder of “central hypersomnolence” with diagnostic codes ICD-9-CM 307.44 and ICD-
10-CM F51.12 [12]. A distinction is made in the ICSD-3 between primary disorders of central
hypersomnolence (narcolepsy type 1, narcolepsy type 2, idiopathic hypersomnia, and Kline-Levin
syndrome) and secondary disorders of central hypersomnolence (hypersomnia due to a medical or
psychiatric disorder, hypersomnia due to a drug or substance, and ISS). In the ICSD-3, the term “chronic
insomnia disorder” is used for all subtypes of chronic insomnia and inadequate sleep hygiene is no longer
required to diagnose any sleep disorder, including insomnia and ISS. The latest ICD (ICD-11, 2021) considers
ISS as a diagnostic entity (7A26) under “07 Sleep-wake disorders: Hypersomnolence disorders.”
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ISS Diagnostic Criteria and Challenges

The ICSD diagnostic criteria for ISS (ICSD-3, 2014) require the presence of six conditions (Table 4) [12]. ISS is
diagnosed in a person who develops CSD due to behaviorally induced (voluntary) habitual (most nights)
chronic (>3 months) curtailment of sleep (daily sleep time < minimum required for age). Sleep duration may
be curtailed by delaying its onset and by waking up before enough sleep is obtained, often with the aid of an
alarm clock or another person. CSD is often characterized by longer sleep duration during non-working days.
Opportunities to sleep ad libitum for many days (e.g., vacations) will reduce or abolish the symptoms of CSD.
Even though ISS is “voluntary” it is not necessarily “intentional”. Diagnosing ISS requires detailed
information about the person’s past and present sleep routines, including the amount of sleep desired, the
amount achievable, and the amount obtained. Sources of information include personal or collateral history,
sleep logs, and/or actigraphy.

Criteria A to F must be fulfilled.

A. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep or, in the case of prepubertal children, there is a
complaint of behavioral abnormalities attributable to sleepiness.

B. The patient's sleep time, established by personal or collateral history, sleep logs, or actigraphy,1 is usually shorter than expected for

age 2

C. The curtailed sleep pattern is present most days for at least three months.

D. The patient curtails sleep time by such measures as an alarm clock or being awakened by another person and generally sleeps longer
when such measures are not used, such as on weekends or vacations.

E. Extension of total sleep time results in resolution of the symptoms of sleepiness.

F. The symptoms are not better explained by another untreated sleep disorder, the effects of medications or drugs, or other medical,
neurologic, or mental disorder.

TABLE 4: ICSD-3 diagnostic criteria for insufficient sleep syndrome.

1 If there is doubt about the accuracy of personal history or sleep logs, then actigraphy should be performed, preferably for at least two weeks.

2 |n the case of long sleepers, reported habitual sleep periods may be normal based on age. However, these sleep periods may be insufficient for these
patients.

Adapted with permission from American Academy of Sleep Medicine [12].

ISS must be distinguished from other causes of CSD and from other conditions that cause hypersomnolence
(Figure I). Conditions that can potentially cause CSD include mental, neurologic, or medical disorders, drugs
or substances, SBD, sleep-related movement disorders, chronic insomnia with short sleep duration, and
circadian sleep disorders, notably delayed sleep-wake phase disorder with short sleep duration. Delayed
sleep-wake phase disorder is characterized by a significant delay in the phase of the major sleep episode in
relation to the desired sleep time, presumably because of abnormal interaction between the endogenous
circadian rhythm and the homeostatic processes that regulate sleep and wakefulness. Insomnia is
characterized by persistent difficulty in initiating or maintaining sleep, often attributed to autonomic
dysregulation and a state of hyperarousal. By contrast, the ability to initiate and maintain sleep is not
impaired in ISS. When given the opportunity to sleep (e.g., during the weekend), a person with delayed
sleep-wake phase disorder or insomnia disorder will have difficulty initiating sleep at the desired time;
however, a person with ISS will easily fall asleep. Conditions that manifest primarily as hypersomnolence,
but are not usually associated with CSD, must also be included in the differential diagnosis of ISS. The first
prerequisite to diagnose ISS (daily episodes of hypersomnolence or the behavioral equivalent of
hypersomnolence in children) is also a basic feature of narcolepsy. Moreover, the multiple sleep latency test
criteria for narcolepsy of at least two sleep-onset REM (rapid eye movement) periods can also be observed in
ISS.
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CSD is clearly present CSD is absentor notclearly present
hypersemnia and/or other CSD symptoms hypersomniais the dominant symptom

l

CSD is betterexplained  delayedsleepinitiaton  voluntarilydelayssleep  hypersomniaisbetter  hypersomniais better
byaconditionother ~ and awakeningbefore ~ andwakes up before explained by a explained by
thaninsomniaorlSS  obtaining enoughsleep  obtainingenoughsleep  primary sleepdisorder  anothercondition

sleep related breathing delayed sleep-wake insufficientsleep narcolepsytype 1 mental disorders
or movement disorders phase disorderor syndrome (ISS) narcolepsytype 2 medical disorders

mental/medical disorders  chronicinsomnia with idiopathic hypersomnia  drug or substance use
drug or substance use shortsleep duration Kleine-Levin syndrome

FIGURE 1: Differential diagnosis of chronic sleep deficiency (CSD) and
hypersomnia.

Original diagram created by the authors.

Despite the availability of specific diagnostic criteria for ISS and other causes of CSD, many people with ISS
remain undiagnosed and untreated. They continue to be sleepy during the day and underperform at work or
in school without realizing it. Instead of being concerned about hypersomnolence, some patients with ISS
may focus on other CSD symptoms, such as irritability, distractibility, reduced motivation, dysphoria,
fatigue, malaise, loss of appetite, incoordination, and muscle pain. This can result in misdiagnosis or
misinterpretation of the symptoms as the cause of the sleep disorder. Finally, the diagnosis of ISS is also
challenging because insomnia and other causes of CSD may coexist or another sleep disorder, usually
delayed sleep-wake phase disorder, may develop and confuse the clinical picture.

Predisposing and Causal Factors

The habitual delay in the major sleep period of individuals with ISS can be attributed to cognitive factors
(lack of awareness of the dangers of CSD) or motivational factors (delaying sleep because of social pressure
or pleasure) [60,62]. Indeed, a combination of cognitive and motivational factors may be the basis of ISS for
most people, with each factor contributing variably to the pathogenesis of CSD from person to

person. Healthcare workers and the public are well aware of the concept of inadequate sleep hygiene and its
association with insomnia or CSD. Inadequate sleep hygiene must be viewed as a facilitating factor, not the
root cause of insomnia or ISS. Indeed, insufficient sleep hygiene is not a prerequisite for diagnosing
insomnia or ISS. In a person with CSD, ISS, and inadequate sleep hygiene, a physician (especially one who is
not aware of ISS as a diagnostic entity) might come to the wrong conclusion that inadequate sleep hygiene is
the only reason for the person’s CSD.

Responding to the challenge

Thanks to public health programs and campaigns: our vision of healthy sleep has become increasingly clear
[74]. An important aspect of these initiatives is population-level sleep health surveillance [75]. Toward this
end, the US Behavioral Risk Factor Surveillance System (BRFSS) included sleep-related questions since 1995
(During the past 30 days, for about how many days have you felt you did not get enough rest or sleep?) and
included sleep questions in the core questions asked on alternating years [76]. However, a later study
examining the validity of these sleep questions concluded that only two of the five sleep questions in the
BRFSS were reliable in determining sleep quality [77]. Recently, the US National Sleep Foundation developed
and validated a Sleep Health Index for assessing sleep health in epidemiological studies [78]. Sleep-related
questions have also been integrated in other nationwide surveillance systems, such as the National Health
and Nutrition Examination Survey (NHANES), the National Ambulatory Medical Care Survey (NAMCS), the
National Hospital Discharge Survey (NHDS), the National Health Interview Survey (NHIS), and the Youth
Risk Behavior Survey (YRBS). These surveys did not only assess various aspects of sleep; they also examined
the effectiveness of strategies to improve sleep. Unfortunately, these surveys did not distinguish between
ISS and insomnia with short sleep duration.

Awareness of healthy sleep has been the focus of several nationwide and global health campaigns. In 2013,
the US Centers for Disease Control and Prevention, the American Association of Sleep Medicine, and the
Sleep Research Society launched the National Healthy Sleep Awareness Project. This was followed, a year
later, by the “Sleep Well, Be Well” campaign. Sleep is a vital component of the Healthy People 2030 initiative
which aims to reduce the rate of drowsy driving and increase the proportion of children and adults who get
sufficient sleep. At the global level, the World Sleep Society was formed in 2015 to serve as a bridge between
sleep societies and cultures for advancing sleep health worldwide [79]. The World Health Organization
underscored the importance of healthy sleep to mental well-being and to the workplace [80]. Sleep health
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and the risks of inadequate sleep have been the topic of many worldwide infographics and online videos.

Not only did the above-mentioned initiatives enhance public awareness of insomnia and OSA; but they also
encouraged healthcare professionals to screen for these sleep disorders in their clinics and public health
programs. On the other hand, ISS is not yet perceived as a major sleep disorder and as a leading cause of CSD
by healthcare workers and the public. ISS continues to be a blind spot in our vision of healthy sleep.

Population-Oriented Approach

Public health and advocacy programs have successfully raised public awareness of CSD but have fallen short
in confronting the issue of ISS. CSD can be addressed more effectively if the government and non-
government programs emphasize ISS and its behavioral underpinnings. The first step is to recognize ISS as a
leading cause of CSD in society and to grant ISS the same priority status that insomnia, OSA, and other
causes of CSD have received over the years. Any educational and regulatory efforts targeting CSD must put
ISS at the forefront. The behavioral nature of ISS makes it a challenging problem akin to substance abuse
and yet it can be amenable to educational and advocacy efforts [74]. The lack of a sense of urgency in
promoting CSD/ISS as a risk factor for chronic illnesses, such as obesity, diabetes, hypertension, and
cardiovascular disease, may be explained by the delayed emergence of these diseases and by the complex
bidirectional relationship between these diseases and CSD/ISS [64].

Cultural beliefs and practices about sleep should be taken into account when designing and implementing
programs for promoting healthy sleep. Beliefs and attitudes concerning sleep, the amount of sleep required,
and the proper timing of sleep vary among different segments of society and among different countries
[63,81]. Cultural and perceptual differences toward sleep may explain the poor sleep quality of some
racial/ethnic populations. Changes in sleep-related beliefs and practices with globalization and the spread
of technology are not always for the better [27]. Modernization brought about extended working hours, shift
work, and abandonment of otherwise culturally appropriate naps [62]. It is only by understanding the beliefs
and practices of the target population that we can design effective educational programs for enhancing
CSD/ISS awareness.

Academic institutions should be a prime target of public health efforts to promote healthy sleep. The
vulnerability of school-age children, college students, and young adults to ISS is enough motivation to add
coursework on sleep, CSD, and ISS to the school curriculum. Students must be educated on the detrimental
effects of ISS on physical and mental health and school performance [27]. The workplace is another strategic
target of public health campaigns and programs that aim to promote healthy sleep. Employers should
promote the importance of sleep health to their employees [66]. They should implement snooze-friendly
policies and provide napping facilities for their employees, discourage the extended use of electronic
devices, and allow for some flexibility in their employees’ working hours [66].

Local governments can promote healthy sleep through policy change [82]. The huge economic impact of CSD
should encourage governments to implement policies and enact laws that have a positive impact on sleep
health. High-risk age groups and high-risk occupations should be prioritized. For example, avoiding early
class start times is advantageous to middle and high school students. Transportation, healthcare, and law
enforcement professionals can benefit from properly regulated work hours and schedules. Eliminating
daylight-saving time is one strategy for promoting sleep health in the US [74,82].

Clinic-Based Approach

Patients with sleep issues, either as a primary complaint or as a comorbidity of other medical disorders, are
usually evaluated and treated first by primary care providers, not by sleep physicians. The rarity with which
ISS is coded during medical encounters suggests that most primary care providers, and perhaps some sleep
specialists, are failing to recognize ISS or are incorrectly diagnosing another sleep disorder (e.g., insomnia)
instead of ISS. The ramifications of ISS to health and social functioning should motivate healthcare
professionals to adapt effective and efficient methods for recognizing, diagnosing, and managing ISS.

CSD/ISS screening should be performed routinely in the primary care setting. Identifying risk factors for
diseases in the subclinical or early stage is cost-effective and is an important aspect of preventive medicine.
Patients are routinely screened for risk factors, such as smoking, substance use, depression, and sexual
practices but are usually not interrogated about sleep practices and sleep disorders [74]. CSD/ISS screening
can be accomplished using a questionnaire, which the patient can work on at home before their clinic
appointment or while they are waiting to be seen in the clinic. The screening tool should include questions
related to ICSD-3 diagnostic criteria for ISS, among other things.

Risk stratification is cost-effective for diseases that are prevalent but preferentially affect people with a
certain demographic profile. It may be prudent to limit ISS screening to patients at high risk for ISS.
Although incomplete, some data are available on the risk of ISS in different age groups and occupations
[58,59]. For example, middle school, high school, and college students, healthcare workers, and people who
work continuously for more than 8 hours a day are at risk for ISS [62]. People with an occupational risk of
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physical injury during lapses in attention should be screened routinely for CSD/ISS and other sleep
disorders.

The bidirectional relationship between CSD/ISS and other medical disorders must be emphasized by
healthcare professionals [48]. CSD/ISS interact in complex ways with other medical and psychiatric
disorders. Comorbid sleep disorders can impact the treatment and progression of the primary illness. A
major source of confusion in patients with CSD/ISS is insomnia, especially insomnia due to inadequate sleep
hygiene, and other causes of hypersomnolence, such as SBD/OSA. Many patients may also have ISS as a
comorbid condition of other sleep disorders.

It is important to address the beliefs and attitudes of the individual to improve their sleep quality. Patients
should be asked directly what delays their sleep onset, e.g., engagement in social media, playing games,
interacting with peers, etc. and what motivates them to delay their sleep. The importance of sleep to overall
health should be stressed. Cognitive behavioral therapy, the most effective long-term treatment for
insomnia, may also be effective for ISS [83]. Patients should be advised on matters related to sleep hygiene,
such as establishing a consistent wake-up time, limiting the time spent in bed on activities other than
sleeping (e.g. watching TV, and working), restricting the use of electronic devices before bedtime, and
avoiding consumption of substances that impair sleep quality (e.g., caffeinated or alcoholic beverages,
nicotine, energy drinks) before bedtime [84].

Unresolved Issues and Future Directions

Current diagnostic tools for assessing sleep deficiency and its effects on health and function are limited by
the lack of objectivity, specificity, or ease of use of these tools in the clinical setting. Polysomnography can
measure sleep duration and architecture in the sleep laboratory, but this test is not practical or relevant for
long-term recording, which is needed to diagnose CSD/ISS. A sleep diary or actigraphy is used to track a
person’s sleep-wake pattern over a period of days or weeks. However, sleep diary data are subjective and
wrist motion detection with actigraphy only gives a rough estimate of the person’s sleep-wake pattern. Only
subjective methods are available for assessing a person’s sleep quality and degree of sleepiness. The multiple
sleep latency test measures sleep propensity, the maintenance of wakefulness test assesses the ability to
stay awake, and the psychomotor vigilance test detects the level of vigilance during a task. Although
objective, these tests are performed by trained professionals in a controlled environment and are therefore
not used for long-term recording.

Confounding variables can affect the assessment of CSD and its adverse effects. People with unrecognized
CSD may have residual sleep deficits that can potentially alter the degree and type of functional decline from
an episode of acute sleep deprivation/restriction. Recovery sleep or naps that alleviate sleepiness or fatigue
may not be enough to correct performance deficits [85]. Catch-up sleep, such as weekend sleep extension,
may not prevent the long-term negative health effects of CSD [86]. The roles of microsleep and other forms
of sleep loss compensation and the efficacy of prophylactic sleep or sleep banking in mitigating the impacts
of sleep deprivation/restriction need further investigation [87,88]. Although specific protocols are available
for assessing vigilance, cognition, and performance, such functional domains may overlap. It is not always
clear if a symptom reflects CSD or another medical condition; e.g. tiredness can mean sleepiness, fatigue, or
both [89]. Finally, the cumulative health burden of CSD may be hard to distinguish from the effects of other
chronic diseases; the latter can either be the cause or the effect of CSD [48].

Interindividual differences in vulnerability to sleep loss makes it more difficult to assess the immediate or
long-term effects of recurrent sleep deprivation/CSD. Neurobehavioral impairment from chronic sleep
restriction is trait-like in that highly replicable phenotypic differences exists between individuals [47].
Resilience to sleep loss is task-dependent; both circadian and homeostatic processes contribute to
interindividual variability, and dopamine and adenosine have been implicated in the phenotypic differences.
Differential vulnerability or resilience to sleep loss may also be related to genetic and epigenetic factors.
Furthermore, the risk of developing chronic diseases from CSD may vary from one individual to the other
[90]. Such individual susceptibility to the adverse effects of CSD underscores the need for research to identify
susceptibility biomarkers.

Biomarkers and biosensor technology hold the key to a deeper understanding of sleep, sleep deficiency, and
sleepiness. Several behavioral and molecular markers of sleep homeostasis and sleepiness have been
proposed [91-93]. The research path is still wide open for the identification of clinically relevant sleep
biomarkers. This notably includes the “-omics” approach, i.e., transcriptomics, epigenomics, proteomics,
and metabolomics. The understanding and availability of risk determinants will allow the development of
individualized sleep and performance prediction models. There is an urgent need to enhance and validate
biosensors and wearable technologies to determine which devices can be used to accurately track sleep and
circadian cycles [94].

Conclusions

Our awareness of the essential nature of sleep and the risks of CSD to our health has steadily increased over
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the last three decades. In contrast, our awareness of ISS as a major cause of CSD has been slow to rise. This
is alarming since, of the various causes of CSD, ISS appears to have the fastest rate of increase. Indeed, ISS is
already the leading cause of CSD in some parts of the world. Acknowledging ISS as a public health priority is
a necessary first step in our response to the broad challenge of CSD and CSD-related health consequences.
The next step is to confront ISS directly by employing population-oriented and clinic-based strategies.

Public health programs must grant ISS the same level of importance that insomnia, OSA, and other causes of
CSD have received over the years. The behavioral underpinnings of ISS make it a challenging problem, akin
to substance abuse, and yet it may be amenable to educational and advocacy efforts. Academic institutions
should be a prime target of public health efforts to promote healthy sleep. Coursework on sleep and ISS
should be part of the curriculum and students should be educated on the detrimental effects of ISS on
physical health, mental well-being, and school performance. The workplace should also be a target of public
health campaigns and programs that aim to promote healthy sleep. The huge economic impact of CSD
should encourage governments to implement policies and enact laws that have a positive impact on sleep
health.

Healthcare workers should know the difference between ISS and other causes of CSD, particularly insomnia
and delayed sleep-wake phase disorder. The rarity with which ISS is coded during medical encounters
suggests that many healthcare providers are failing to recognize ISS or incorrectly diagnosing another sleep
disorder (e.g., insomnia) instead of ISS. Clinic patients should be routinely interrogated about their sleep
practices and sleep problems. They should be asked directly what delays their sleep onset and what
motivates them to sleep at a particular time. CSD/ISS screening can be accomplished using a questionnaire,
which the patient can work on at home before their clinic appointment or while they are waiting to be seen
in the clinic. Cognitive behavioral therapy, the most effective long-term treatment for insomnia, may also be
effective for patients with ISS. However, some modification in the treatment protocol may be necessary
because of the fundamental difference in the underlying mechanisms of ISS (psychological and motivational
factors) and insomnia (hyperarousal and sympathetic hyperactivity).

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Cirelli C, Tononi G: The why and how of sleep-dependent synaptic down-selection . Semin Cell Dev Biol.
2022, 125:91-100. 10.1016/j.semcdb.2021.02.007

2.  Cirelli C, Tononi G: Is sleep essential?. PLoS Biol. 2008, 6:e216. 10.1371/journal.pbio.0060216

3. Mader EC Jr, Mader AC: Sleep as spatiotemporal integration of biological processes that evolved to
periodically reinforce neurodynamic and metabolic homeostasis: The 2m3d paradigm of sleep. | Neurol Sci.
2016, 367:63-80. 10.1016/j.jns.2016.05.025

4. Hudson AN, Van Dongen HP, Honn KA: Sleep deprivation, vigilant attention, and brain function: a review .
Neuropsychopharmacology. 2020, 45:21-30. 10.1038/s41386-019-0432-6

5. Banks S, Dinges DF: Behavioral and physiological consequences of sleep restriction. J Clin Sleep Med. 2007,
3:519-28.

6.  Skorucak ], Arbon EL, Dijk D], Achermann P: Response to chronic sleep restriction, extension, and
subsequent total sleep deprivation in humans: adaptation or preserved sleep homeostasis?. Sleep. 2018,
41:10.1093/sleep/zsy078

7. Carskadon MA, Short MA: Measuring sleep need. Sleep Med Rev. 2014, 18:369-70.
10.1016/j.smrv.2014.06.007

8. Blunden S, Galland B: The complexities of defining optimal sleep: empirical and theoretical considerations
with a special emphasis on children. Sleep Med Rev. 2014, 18:371-8. 10.1016/j.smrv.2014.01.002

9. Hirshkowitz M, Whiton K, Albert SM, et al.: National Sleep Foundation's updated sleep duration
recommendations: final report. Sleep Health. 2015, 1:233-43. 10.1016/j.sleh.2015.10.004

10.  Van Dongen HP, Maislin G, Mullington JM, Dinges DF: The cumulative cost of additional wakefulness: dose-
response effects on neurobehavioral functions and sleep physiology from chronic sleep restriction and total
sleep deprivation. Sleep. 2003, 26:117-26. 10.1093/sleep/26.2.117

11.  Philip P, Sagaspe P, Prague M, et al.: Acute versus chronic partial sleep deprivation in middle-aged people:
differential effect on performance and sleepiness. Sleep. 2012, 35:997-1002. 10.5665/sleep.1968

12.  American Academy of Sleep Medicine: International Classification of Sleep Disorders, 3rd edition. American
Academy of Sleep Medicine, Darien, IL; 2014.

13.  Goldstein AN, Walker MP: The role of sleep in emotional brain function . Annu Rev Clin Psychol. 2014,
10:679-708. 10.1146/annurev-clinpsy-032813-153716

14. Lowe CJ, Safati A, Hall PA: The neurocognitive consequences of sleep restriction: A meta-analytic review .
Neurosci Biobehav Rev. 2017, 80:586-604. 10.1016/j.neubiorev.2017.07.010

15.  Maia Q, Grandner MA, Findley J, Gurubhagavatula I: Short and long sleep duration and risk of drowsy

2022 Mader et al. Cureus 14(10): €30928. DOI 10.7759/cureus.30928 11 0of 14


https://dx.doi.org/10.1016/j.semcdb.2021.02.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.semcdb.2021.02.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pbio.0060216?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pbio.0060216?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jns.2016.05.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jns.2016.05.025?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41386-019-0432-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41386-019-0432-6?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/17803017/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsy078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsy078?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.06.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.06.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.01.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.01.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2015.10.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2015.10.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/26.2.117?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/26.2.117?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.1968?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.1968?utm_medium=email&utm_source=transaction
https://j2vjt3dnbra3ps7ll1clb4q2-wpengine.netdna-ssl.com/wp-content/uploads/2019/05/ICSD3-TOC.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1146/annurev-clinpsy-032813-153716?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1146/annurev-clinpsy-032813-153716?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neubiorev.2017.07.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neubiorev.2017.07.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.aap.2013.07.028?utm_medium=email&utm_source=transaction

Cureus

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

45.

46.

47.

48.

driving and the role of subjective sleep insufficiency. Accid Anal Prev. 2013, 59:618-22.
10.1016/j.aap.2013.07.028

McCall CA, Watson NF: Sleepiness and driving: benefits of treatment. Sleep Med Clin. 2019, 14:469-78.
10.1016/j.jsmc.2019.07.001

Litwiller B, Snyder LA, Taylor WD, Steele LM: The relationship between sleep and work: A meta-analysis. |
Appl Psychol. 2017, 102:682-99. 10.1037/apl0000169

Pilcher JJ, Morris DM: Sleep and organizational behavior: implications for workplace productivity and
safety. Front Psychol. 2020, 11:45. 10.3389/fpsyg.2020.00045

Jan JE, Reiter R], Bax MC, Ribary U, Freeman RD, Wasdell MB: Long-term sleep disturbances in children: a
cause of neuronal loss. Eur | Paediatr Neurol. 2010, 14:380-90. 10.1016/j.ejpn.2010.05.001

Dai XJ, Jiang ], Zhang Z, et al.: Plasticity and susceptibility of brain morphometry alterations to insufficient
sleep. Front Psychiatry. 2018, 9:266. 10.3389/fpsyt.2018.00266

Lee MH, Lee Y, Hwang YH, Min A, Han BS, Kim DY: Impact of sleep restriction on the structural brain
network. Neuroreport. 2016, 27:1299-304. 10.1097/WNR.0000000000000687

Sprecher KE, Koscik RL, Carlsson CM, et al.: Poor sleep is associated with CSF biomarkers of amyloid
pathology in cognitively normal adults. Neurology. 2017, 89:445-53. 10.1212/WNL.0000000000004171

Ju YE, Lucey BP, Holtzman DM: Sleep and Alzheimer disease pathology--a bidirectional relationship . Nat
Rev Neurol. 2014, 10:115-9. 10.1038/nrneurol.2013.269

Kotagal P, Yardi N: The relationship between sleep and epilepsy. Semin Pediatr Neurol. 2008, 15:42-9.
10.1016/j.spen.2008.03.007

Meerlo P, Mistlberger RE, Jacobs BL, Heller HC, McGinty D: New neurons in the adult brain: the role of
sleep and consequences of sleep loss. Sleep Med Rev. 2009, 13:187-94. 10.1016/j.smrv.2008.07.004

Beebe DW: Cognitive, behavioral, and functional consequences of inadequate sleep in children and
adolescents. Pediatr Clin North Am. 2011, 58:649-65. 10.1016/j.pcl.2011.03.002

Owens JA, Weiss MR: Insufficient sleep in adolescents: causes and consequences . Minerva Pediatr. 2017,
69:326-36. 10.23736/S0026-4946.17.04914-3

Maski KP, Kothare SV: Sleep deprivation and neurobehavioral functioning in children. Int ] Psychophysiol.
2013, 89:259-64. 10.1016/j.ijpsycho.2013.06.019

Van Cauter E, Spiegel K, Tasali E, Leproult R: Metabolic consequences of sleep and sleep loss. Sleep Med.
2008, 9 Suppl 1:523-8. 10.1016/51389-9457(08)70013-3

Itani O, Jike M, Watanabe N, Kaneita Y: Short sleep duration and health outcomes: a systematic review,
meta-analysis, and meta-regression. Sleep Med. 2017, 32:246-56. 10.1016/j.sleep.2016.08.006

Covassin N, Singh P: Sleep duration and cardiovascular disease risk: epidemiologic and experimental
evidence. Sleep Med Clin. 2016, 11:81-9. 10.1016/j.jsmc.2015.10.007

Luyster FS, Strollo PJ Jr, Zee PC, Walsh JK: Sleep: a health imperative. Sleep. 2012, 35:727-34.
10.5665/sleep.1846

Dutil C, Chaput JP: Inadequate sleep as a contributor to type 2 diabetes in children and adolescents . Nutr
Diabetes. 2017, 7:€266. 10.1038/nutd.2017.19

Fatima Y, Doi SA, Mamun AA: Longitudinal impact of sleep on overweight and obesity in children and
adolescents: a systematic review and bias-adjusted meta-analysis. Obes Rev. 2015, 16:137-49.
10.1111/0br.12245

Besedovsky L, Lange T, Haack M: The sleep-immune crosstalk in health and disease . Physiol Rev. 2019,
99:1325-80. 10.1152/physrev.00010.2018

van Leeuwen WM, Lehto M, Karisola P, et al.: Sleep restriction increases the risk of developing
cardiovascular diseases by augmenting proinflammatory responses through IL-17 and CRP. PLoS One. 2009,
4:e4589. 10.1371/journal.pone.0004589

Hurtado-Alvarado G, Dominguez-Salazar E, Pavon L, Velazquez-Moctezuma ], Gémez-Gonzélez B: Blood-
brain barrier disruption induced by chronic sleep loss: low-grade inflammation may be the link. ] Immunol
Res. 2016, 2016:4576012. 10.1155/2016/4576012

Atienza M, Ziontz ], Cantero JL: Low-grade inflammation in the relationship between sleep disruption,
dysfunctional adiposity, and cognitive decline in aging. Sleep Med Rev. 2018, 42:171-83.
10.1016/j.smrv.2018.08.002

Wang D, Ruan W, Peng Y, Li W: Sleep duration and the risk of osteoporosis among middle-aged and elderly
adults: a dose-response meta-analysis. Osteoporos Int. 2018, 29:1689-95. 10.1007/s00198-018-4487-8

Lee CL, Tzeng HE, Liu W], Tsai CH: A cross-sectional analysis of the association between sleep duration and
osteoporosis risk in adults using 2005-2010 NHANES. Sci Rep. 2021, 11:9090. 10.1038/s41598-021-88739-x
Lu Q, Zhang X, Wang Y, et al.: Sleep disturbances during pregnancy and adverse maternal and fetal
outcomes: A systematic review and meta-analysis. Sleep Med Rev. 2021, 58:101436.
10.1016/j.smrv.2021.101436

LiR, Zhang ], Gao Y, et al.: Duration and quality of sleep during pregnancy are associated with preterm
birth and small for gestational age: A prospective study. Int ] Gynaecol Obstet. 2021, 155:505-11.
10.1002/ijgo.13584

Liu TZ, Xu C, Rota M, et al.: Sleep duration and risk of all-cause mortality: A flexible, non-linear, meta-
regression of 40 prospective cohort studies. Sleep Med Rev. 2017, 32:28-36. 10.1016/j.smrv.2016.02.005
Wang C, Bangdiwala SI, Rangarajan S, et al.: Association of estimated sleep duration and naps with
mortality and cardiovascular events: a study of 116 632 people from 21 countries. Eur Heart J. 2019, 40:1620-
9. 10.1093/eurheartj/ehy695

Freeman D, Sheaves B, Waite F, Harvey AG, Harrison P]: Sleep disturbance and psychiatric disorders. Lancet
Psychiatry. 2020, 7:628-37. 10.1016/52215-0366(20)30136-X

Goel N, Basner M, Rao H, Dinges DF: Circadian rhythms, sleep deprivation, and human performance. Prog
Mol Biol Transl Sci. 2013, 119:155-90. 10.1016/B978-0-12-396971-2.00007-5

Tkachenko O, Dinges DF: Interindividual variability in neurobehavioral response to sleep loss: A
comprehensive review. Neurosci Biobehav Rev. 2018, 89:29-48. 10.1016/j.neubiorev.2018.03.017

Zee PC, Turek FW: Sleep and health: Everywhere and in both directions . Arch Intern Med. 2006, 166:1686-8.

2022 Mader et al. Cureus 14(10): €30928. DOI 10.7759/cureus.30928

12 of 14


https://dx.doi.org/10.1016/j.aap.2013.07.028?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2019.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2019.07.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/apl0000169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1037/apl0000169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyg.2020.00045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyg.2020.00045?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejpn.2010.05.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ejpn.2010.05.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyt.2018.00266?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fpsyt.2018.00266?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/WNR.0000000000000687?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/WNR.0000000000000687?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1212/WNL.0000000000004171?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1212/WNL.0000000000004171?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrneurol.2013.269?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nrneurol.2013.269?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spen.2008.03.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.spen.2008.03.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2008.07.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2008.07.004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pcl.2011.03.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pcl.2011.03.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S0026-4946.17.04914-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.23736/S0026-4946.17.04914-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijpsycho.2013.06.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.ijpsycho.2013.06.019?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1389-9457(08)70013-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S1389-9457(08)70013-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2016.08.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2016.08.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2015.10.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2015.10.007?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.1846?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.1846?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nutd.2017.19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/nutd.2017.19?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/obr.12245?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/obr.12245?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/physrev.00010.2018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1152/physrev.00010.2018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0004589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0004589?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2016/4576012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2016/4576012?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2018.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2018.08.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-018-4487-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-018-4487-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-88739-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41598-021-88739-x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2021.101436?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2021.101436?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ijgo.13584?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/ijgo.13584?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2016.02.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2016.02.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehy695?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehy695?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2215-0366(20)30136-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/S2215-0366(20)30136-X?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-12-396971-2.00007-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/B978-0-12-396971-2.00007-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neubiorev.2018.03.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.neubiorev.2018.03.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.166.16.1686?utm_medium=email&utm_source=transaction

Cureus

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

10.1001/archinte.166.16.1686

Liu Y, Wheaton AG, Chapman DP, Cunningham TJ, Lu H, Croft JB: Prevalence of healthy sleep duration
among adults--United States, 2014. MMWR Morb Mortal Wkly Rep. 2016, 65:137-41.
10.15585/mmwr.mm6506al

Jonasdottir SS, Minor K, Lehmann S: Gender differences in nighttime sleep patterns and variability across
the adult lifespan: a global-scale wearables study. Sleep. 2021, 44:zsaal69. 10.1093/sleep/zsaal69

Soldatos CR, Allaert FA, Ohta T, Dikeos DG: How do individuals sleep around the world? Results from a
single-day survey in ten countries. Sleep Med. 2005, 6:5-13. 10.1016/j.sleep.2004.10.006

Matsumoto T, Chin K: Prevalence of sleep disturbances: Sleep disordered breathing, short sleep duration,
and non-restorative sleep. Respir Investig. 2019, 57:227-37. 10.1016/j.resinv.2019.01.008

Wheaton AG, Claussen AH: Short sleep duration among infants, children, and adolescents aged 4 months-
17 years - United States, 2016-2018. MMWR Morb Mortal Wkly Rep. 2021, 70:1315-21.
10.15585/mmwr.mm7038al

Patte KA, Qian W, Leatherdale ST: Sleep duration trends and trajectories among youth in the COMPASS
study. Sleep Health. 2017, 3:309-16. 10.1016/j.sleh.2017.06.006

Sheehan CM, Frochen SE, Walsemann KM, Ailshire JA: Are U.S. adults reporting less sleep?: Findings from
sleep duration trends in the National Health Interview Survey, 2004-2017. Sleep. 2019, 42:zsy221.
10.1093/sleep/zsy221

Matricciani L, Bin YS, Lallukka T, Kronholm E, Dumuid D, Paquet C, Olds T: Past, present, and future:
trends in sleep duration and implications for public health. Sleep Health. 2017, 3:317-23.
10.1016/j.s1eh.2017.07.006

Vahratian A: Sleep duration and quality among women aged 40-59, by menopausal status . NCHS Data Brief.
2017, (286):1-8.

Centers for Disease Control and Prevention (CDC): Short sleep duration among workers--United States,
2010. MMWR Morb Mortal Wkly Rep. 2012, 61:281-5.

Khubchandani ], Price JH: Short sleep duration in working American adults, 2010-2018. ] Community
Health. 2020, 45:219-27. 10.1007/s10900-019-00731-9

Basner M, Spaeth AM, Dinges DF: Sociodemographic characteristics and waking activities and their role in
the timing and duration of sleep. Sleep. 2014, 37:1889-906. 10.5665/sleep.4238

Slopen N, Williams DR: Discrimination, other psychosocial stressors, and self-reported sleep duration and
difficulties. Sleep. 2014, 37:147-56. 10.5665/sleep.3326

Grandner MA: Sleep, health, and society. Sleep Med Clin. 2020, 15:319-40. 10.1016/j.jsmc.2020.02.017
Jeon M, Dimitriou D, Halstead EJ: A systematic review on cross-cultural comparative studies of sleep in
young populations: the roles of cultural factors. Int ] Environ Res Public Health. 2021, 18:2005.
10.3390/ijerph 18042005

Chee MW: Sleep, public health and wellness: the elephant in the room . Ann Acad Med Singap. 2013,
42:105-7.

Wade AG: The societal costs of insomnia . Neuropsychiatr Dis Treat. 2010, 7:1-18. 10.2147/NDT.S15123
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, 6:11.

Taddei-Allen P: Economic burden and managed care considerations for the treatment of insomnia . Am |
Manag Care. 2020, 26:S91-6. 10.37765/ajmc.2020.43008

Rosekind MR, Gregory KB, Mallis MM, Brandt SL, Seal B, Lerner D: The cost of poor sleep: workplace
productivity loss and associated costs. ] Occup Environ Med. 2010, 52:91-8. 10.1097/JOM.0b013e3181¢78¢30
Hui SK, Grandner MA: Trouble sleeping associated with lower work performance and greater health care
costs: longitudinal data from Kansas State Employee Wellness Program. ] Occup Environ Med. 2015,
57:1031-8. 10.1097/JOM.0000000000000534

World Health Organization: International Statistical Classification of Diseases and Related Health
Problems, 11th edition. World Health Organization, Geneva, Switzerland; 2004.

American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition .
American Psychiatric Association, Arlington, VA; 2013. 10.1176/appi.books.9780890425596

Association of Sleep Disorders Centers and Association for the Psychophysiological Study of Sleep:
Diagnostic classification of sleep and arousal disorders, first edition. Sleep. 1979, 2:1-154.

Sateia MJ: International classification of sleep disorders-third edition: highlights and modifications . Chest.
2014, 146:1387-94. 10.1378/chest.14-0970

Perry GS, Patil SP, Presley-Cantrell LR: Raising awareness of sleep as a healthy behavior . Prev Chronic Dis.
2013, 10:E133. 10.5888/pcd10.130081

Croft JB: CDC's public health surveillance of sleep health. SRS Bull. 2013, 19:15-7.

Morgenthaler TI, Croft JB, Dort LC, Loeding LD, Mullington JM, Thomas SM: Development of the National
Healthy Sleep Awareness Project sleep health surveillance questions. J Clin Sleep Med. 2015, 11:1057-62.
10.5664/jcsm.5026

Jungquist CR, Mund ], Aquilina AT, et al.: Validation of the behavioral risk factor surveillance system sleep
questions. J Clin Sleep Med. 2016, 12:301-10. 10.5664/jcsm.5570

Knutson KL, Phelan J, Paskow MJ, et al.: The National Sleep Foundation's sleep health index. Sleep Health.
2017, 3:234-40. 10.1016/j.sleh.2017.05.011

Kushida CA: History and strategic initiatives of the new World Sleep Society . Sleep Med Rev. 2018, 42:229-
30.10.1016/j.smrv.2017.07.003

World Health Organization Regional Office for South-East Asia: Promoting a healthy lifestyle at the
workplace - be the change. WHO, New Delhi; 2017.

Airhihenbuwa CO, Iwelunmor JI, Ezepue CJ, Williams NJ, Jean-Louis G: I sleep, because we sleep: a synthesis
on the role of culture in sleep behavior research. Sleep Med. 2016, 18:67-73. 10.1016/j.sleep.2015.07.020
Barnes CM, Drake CL: Prioritizing sleep health: public health policy recommendations. Perspect Psychol Sci.
2015, 10:733-7. 10.1177/1745691615598509

Chung KF, Lee CT, Yeung WF, Chan MS, Chung EW, Lin WL: Sleep hygiene education as a treatment of

2022 Mader et al. Cureus 14(10): €30928. DOI 10.7759/cureus.30928

13 of 14


https://dx.doi.org/10.1001/archinte.166.16.1686?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15585/mmwr.mm6506a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15585/mmwr.mm6506a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsaa169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsaa169?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2004.10.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2004.10.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.resinv.2019.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.resinv.2019.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15585/mmwr.mm7038a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.15585/mmwr.mm7038a1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.06.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.06.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsy221?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/zsy221?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.07.006?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.07.006?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/28922102/?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/22534760/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10900-019-00731-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10900-019-00731-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.4238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.4238?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.3326?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5665/sleep.3326?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2020.02.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2020.02.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph18042005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/ijerph18042005?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/23604497/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/NDT.S15123?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/NDT.S15123?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/28983434/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.37765/ajmc.2020.43008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.37765/ajmc.2020.43008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0b013e3181c78c30?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0b013e3181c78c30?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0000000000000534?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/JOM.0000000000000534?utm_medium=email&utm_source=transaction
https://www.who.int/standards/classifications/classification-of-diseases?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1176/appi.books.9780890425596?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1176/appi.books.9780890425596?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/531417/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.14-0970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.14-0970?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5888/pcd10.130081?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5888/pcd10.130081?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/28261704/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.5026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.5026?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.5570?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5664/jcsm.5570?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleh.2017.05.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2017.07.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2017.07.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2015.07.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2015.07.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1745691615598509?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1745691615598509?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/fampra/cmx122?utm_medium=email&utm_source=transaction

Cureus

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

insomnia: a systematic review and meta-analysis. Fam Pract. 2018, 35:365-75. 10.1093/fampra/cmx122
Irish LA, Kline CE, Gunn HE, Buysse DJ, Hall MH: The role of sleep hygiene in promoting public health: A
review of empirical evidence. Sleep Med Rev. 2015, 22:23-36. 10.1016/j.smrv.2014.10.001

Zhao Z, Zhao X, Veasey SC: Neural consequences of chronic short sleep: reversible or lasting? . Front Neurol.

2017, 8:235. 10.3389/fneur.2017.00235

Henst RH, Pienaar PR, Roden LC, Rae DE: The effects of sleep extension on cardiometabolic risk factors: A
systematic review. | Sleep Res. 2019, 28:e12865. 10.1111/jsr.12865

Rupp TL, Wesensten NJ, Bliese PD, Balkin TJ: Banking sleep: realization of benefits during subsequent sleep
restriction and recovery. Sleep. 2009, 32:311-21. 10.1093/sleep/32.3.311

Hoddy KK, Potts KS, Bazzano LA, Kirwan JP: Sleep extension: a potential target for obesity treatment . Curr
Diab Rep. 2020, 20:81. 10.1007/s11892-020-01360-6

Pigeon WR, Sateia MJ, Ferguson R]: Distinguishing between excessive daytime sleepiness and fatigue:
toward improved detection and treatment. ] Psychosom Res. 2003, 54:61-9. 10.1016/s0022-3999(02)00542-1

Saletin JM, Goldstein-Piekarski AN, Greer SM, Stark S, Stark CE, Walker MP: Human hippocampal structure:

a novel biomarker predicting mnemonic vulnerability to, and recovery from, sleep deprivation. ] Neurosci.
2016, 36:2355-63. 10.1523/INEUROSCI.3466-15.2016

Wong TY, Travis RC, Tong TY: Blood biomarker levels by total sleep duration: cross-sectional analyses in
UK Biobank. Sleep Med. 2021, 88:256-61. 10.1016/j.sleep.2021.10.018

Theorell-Haglow ], Hammar U, Lind L, Elmstahl S, Lindberg E, Fall T: Sleep duration is associated with
protein biomarkers for cardiometabolic health: A large-scale population study. | Sleep Res. 2021, 30:e13284.
10.1111/jsr.13284

Hijmans JG, Levy M, Garcia V, et al.: Insufficient sleep is associated with a pro-atherogenic circulating
microRNA signature. Exp Physiol. 2019, 104:975-82. 10.1113/EP087469

Tobin SY, Williams PG, Baron KG, Halliday TM, Depner CM: Challenges and opportunities for applying
wearable technology to sleep. Sleep Med Clin. 2021, 16:607-18. 10.1016/j.jsmc.2021.07.002

2022 Mader et al. Cureus 14(10): €30928. DOI 10.7759/cureus.30928

14 of 14


https://dx.doi.org/10.1093/fampra/cmx122?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.smrv.2014.10.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fneur.2017.00235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fneur.2017.00235?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jsr.12865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jsr.12865?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/32.3.311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/sleep/32.3.311?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11892-020-01360-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s11892-020-01360-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3999(02)00542-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0022-3999(02)00542-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1523/JNEUROSCI.3466-15.2016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1523/JNEUROSCI.3466-15.2016?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2021.10.018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.sleep.2021.10.018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jsr.13284?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/jsr.13284?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1113/EP087469?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1113/EP087469?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2021.07.002?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jsmc.2021.07.002?utm_medium=email&utm_source=transaction

	Insufficient Sleep Syndrome: A Blind Spot in Our Vision of Healthy Sleep
	Abstract
	Introduction And Background
	TABLE 1: The biological functions of sleep.
	TABLE 2: Sleep duration (in hours) recommended by the National Sleep Foundation. The recommendations define sleep time as (a) recommended, (b) may be appropriate for some individuals, or (c) not recommended.

	Review
	Chronic sleep deficiency
	Insufficient sleep syndrome
	TABLE 3: Nosological history of insufficient sleep syndrome as a sleep disorder.
	TABLE 4: ICSD-3 diagnostic criteria for insufficient sleep syndrome.
	FIGURE 1: Differential diagnosis of chronic sleep deficiency (CSD) and hypersomnia.

	Responding to the challenge

	Conclusions
	Additional Information
	Disclosures

	References


