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Preface to ”Updates in Pediatric Sleep and Child

Psychiatry”

The bidirectional relationship between sleep disorders and psychiatric symptoms is becoming

increasingly important for the scientific and clinical community. Thus, there is a growing need

to address the overlap between sleep and psychopathology in pediatric patients, especially in the

context of the revised DSM-5 Diagnostic and Statistical Manual of Mental Disorders. Also, there is a

growing trend for a multidisciplinary management approach of co-morbid medical and psychiatric

conditions.

In this special issue, we aim to address these aforementioned under-represented topics.

The articles written on a wide range of topics by leading authorities in the field of pediatric neurology,

child psychiatry, and pediatric sleep medicine will be a great resource for clinicians to enhance their

knowledge on pediatric sleep and psychiatry.

We would like to acknowledge the authors for their outstanding contributions and to thank

all reviewers who took time to provide constructive feedback to enhance the quality and clarity of

the articles published. Finally, we would like to extend sincere gratitude towards the managing

editor and publication team at MDPI for their assistance and direction in successfully publishing

this special issue.

Ujjwal Ramtekkar, Anna Ivanenko

Special Issue Editors
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Abstract: As part of a university-based quality improvement project, we aimed to evaluate child
psychiatrists’ knowledge, skills, attitudes, and practices regarding assessment and treatment
of pediatric sleep problems. We developed a nine-question survey of knowledge, skills,
attitudes, and practices regarding assessing for and treating sleep complaints in pediatric patients,
and administered this survey to child psychiatrists in training and in practice in the state of
Missouri. Respondents reported sleep hygiene as the first-line treatment strategy, followed by
the use of supplements or over-the-counter remedies. The most common barriers to evidence-based
assessment and treatment of sleep problems were the lack of ability to obtain reliable history,
and parental preference for medications over behavioral approaches for sleep concerns. These results
suggest potential opportunities for enhancing knowledge regarding validated assessment tools and
non-pharmacological treatment options for sleep problems. Additional research is needed to further
assess the quality and type of sleep education provided in child psychiatry training programs.

Keywords: child psychiatry; sleep problems; medical education

1. Background

Sleep problems are a common complaint amongst individuals suffering from psychiatric
illness [1–3]. There has been emerging evidence in recent years about the complex relationship between
sleep and psychiatric disorders that has suggested the existence of a bidirectional relationship [4].
Sleep is part of the symptom criteria in the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) for numerous major psychiatric conditions, including those first observed
in childhood. Sleep disorders are more common in youth who may attempt suicide or engage in
high-risk self-harming behavior [5,6]. Even in psychiatric disorders where sleep disruption is not
a major symptom marker, sleep is still thought to play a role in the development and maintenance
of dysfunctional symptoms. For example, attention deficit hyperactivity disorder ADHD symptoms
are commonly presented complaints in outpatient child psychiatric practices. Children with ADHD
can have more bedtime resistance, more issues with initiation of sleep, more nighttime awakenings,
difficulties with morning awakenings, sleep-disordered breathing, and daytime sleepiness [7]. Sleep
apnea itself is associated with symptoms of hyperactivity, impulsivity, inattention, and poor academic
performance [8,9]. Studies have suggested that there may be a higher prevalence of restless legs
syndrome and periodic limb movement syndrome in children with ADHD [10]. Autism spectrum
disorder is another condition where sleep is not part of the symptom criteria, but sleep problems are
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common. An estimated 40–80% of children with autism spectrum disorder have sleep problems [11].
Sleep disturbances are common in major mood disorder diagnoses, from decreased need for sleep in
bipolar mood disorders to hypersomnia or varying degrees of insomnia in major depression. Finally,
insomnia is a frequent complaint in schizophrenia, and can have negative effects on quality of life and
cognition. It has even been suggested that sleep deficits may be a precursor of psychosis [12]. Many
psychiatric medications that are often prescribed can have an impact on sleep as well. Selective
serotonin reuptake inhibitors (SSRIs) are among the most commonly used medications to treat
depression and anxiety, and have been known to cause restless legs syndrome or periodic limb
movements [13].

Despite the importance of sleep in day-to-day functioning and development, and the role that
sleep plays in the development and maintenance of psychiatric conditions, many physicians across
various specialties have limited education on adequately screening, diagnosing, and treating sleep
problems. In 2001, Owens et al. surveyed 828 physicians on their knowledge about sleep disorders in
the pediatric population. Most of the surveyed physicians were primary care physicians, about 75%
of them being pediatricians. Less than half of the participants responded that they felt confident in
screening for sleep problems in children. Only 25% of participants felt confident in treating sleep in
children. The authors of this study felt that this may be due to gaps in basic knowledge about pediatric
sleep disorders. They referenced prior studies that documented the limited amount of didactics and
other teaching on pediatric sleep disorders in medical school and in residency. The lack of emphasis on
sleep issues in pediatric textbooks was also mentioned as a contributor to the gaps in knowledge [14].

Adding to challenges in treating pediatric sleep complaints is the limited data supporting the use
of prescription medications for this indication in children. In 2010, Stojanovski et al. looked at trends
in medications prescribed for sleep problems in US pediatric outpatients. The survey included 35%
pediatricians, 24% psychiatrists, 13% general/family practice physicians, 4% neurologists, and 23%
other specialists. They found that more than 80% of visits where sleep problems were reported led
to the use of a prescription medication. Furthermore, medications that physicians used to treat sleep
problems were those primarily used in psychiatric conditions and had limited evidence for safety and
efficacy in children [15]. Despite the prevalence of sleep complaints in children with psychiatric
disorders, and the common use of psychotropic medications to treat pediatric sleep problems,
there remains a paucity of research assessing the practices and preferences of pediatric psychiatrists.

Given the prominence of sleep disturbances in children who come to clinical attention for
psychiatric complaints, we aimed to assess clinician practices in this population in our region. We aimed
to evaluate current knowledge, skills, attitudes, and practices across a range of clinician experience
related to assessment and treatment of sleep problems in the pediatric psychiatric population. Our goal
was to identify potential areas for intervention and/or further education of physicians to improve
current practice.

2. Materials and Methods

2.1. Knowledge, Skills, Attitudes and Practices Survey

We developed a simple nine-question survey (see Supplementary materials) as part of a quality
improvement project conducted at Washington University School of Medicine between January and
June 2017, to evaluate psychiatric clinician knowledge, skills, attitudes, and practices regarding
assessing for and treating sleep complaints in pediatric patients. Questions were generated based on
a review of existing literature regarding current guidelines [16,17], community provider knowledge
and practices, and the research team’s previous experience working with pediatric sleep disorders [18].
All survey responses were anonymous.

2



Med. Sci. 2018, 6, 18

2.2. Participants

The questionnaire was distributed in person at a regional child psychiatry organization meeting
(Greater St. Louis Area Regional Organization for Child & Adolescent Psychiatry, GSL ROCAP),
as well as to general psychiatry and child psychiatry trainees at Washington University School of
Medicine. GSL ROCAP members unable to attend meetings in person were emailed the survey.

2.3. Statistical Analysis

Data were analyzed using SPSS software (v.22; IBM Corp., Armonk, NY, USA). All available
data from all participants were used. Descriptive statistics (mean, frequencies, and proportions) were
generated for survey responses. Likert scale items were converted from text value to numerical rating
(e.g., 1 = not at all; 3 = very much). Responses to each survey question are reported as number (n) and
percentage of clinicians with a response in each category for a given question.

3. Results

A total of 55 clinicians (31.6%) out of 174 contacted responded to the survey. Respondents were
1–5 years in practice (n = 4, 7.3%), 6–10 years in practice (n = 7, 12.7%), and 10–15 years in practice
(n = 11, 20.0%). Most participants practiced in an outpatient setting: 61.8% (n = 34) reported working
in an academic outpatient clinic; 49.1% (n = 27) reported working in a community mental health clinic;
and 23.6% (n = 13) reported working in a private outpatient clinic. Note that participants were able to
select multiple clinical settings if they worked in more than one.

The majority of participants (n = 50, 90.9%) reported that they assess for sleep problems in all
of their patients, with 78.6% (n = 44) reporting that they assess for sleep problems at every clinical
visit. When participants were asked to rate their confidence in their ability to assess sleep problems on
a scale of 1–5, with 1 being poor confidence and 5 being excellent confidence, 41.8% (n = 23) chose 3
(moderate confidence), 41.8% (n = 23) chose 4 (good confidence), and 16.4% (n = 9) chose 5 (excellent
confidence). In total, 72.2% (n = 13) of participants who have been in practice for at least 15 years
said they had good or excellent confidence (4 or 5) in their ability to assess sleep problems. Only
33.3% (n = 5) of participants still in training said they had good or excellent confidence (4 or 5) in their
assessment of sleep problems (Figure 1).

Figure 1. Respondent self-report of confidence in assessing pediatric sleep concerns by level of
clinical experience.
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One survey participant reported using a specific sleep questionnaire, while the overwhelming
majority (n = 54, 98.2%) reported assessing for sleep problems as part of their clinical interview.
Difficulty in obtaining accurate information from the patient or adult caregiver was reported as
a barrier to assessing sleep problems by 45.5% (n = 25) of respondents; 41.8% (n = 23) reported
limited time during the clinical visit as a major barrier to obtaining accurate information regarding
sleep problems.

When asked which treatment strategy (sleep hygiene, alpha-2 agonists, over-the-counter
supplements, atypical antipsychotics, sedatives/hypnotics, sedating antidepressants, or other) was
viewed as most important, almost all participants (n = 54, 98.2%) ranked sleep hygiene as most
important. Participants still in training (n = 15) all ranked sleep hygiene as most important.
Over-the-counter supplements (e.g., melatonin, valerian) were most-ranked second (n = 39, 70.9%) and
alpha-2 agonists (clonidine and guanfacine) were most-ranked third (n = 25, 45.5%). Participants still
in training ranked over-the-counter supplements as second most important (n = 12, 80%) compared
with 67.5% (n = 27) of participants who had completed training (Figure 2).

Figure 2. Ranked importance of clinical approaches to sleep problems.

Anticipated non-compliance with recommendations (52.7%, n = 29) and patient/guardian
preference for medications (32.7%, n = 18) were the most selected reasons for barriers to using sleep
hygiene as a first-line treatment for sleep problems.

4. Discussion

To our knowledge, this is the first study to report on the skills, attitudes, and practices of
child psychiatric providers regarding pediatric sleep concerns. A better understanding of clinician
perspectives on this matter is important in identifying knowledge gaps and developing educational
strategies for improving adherence to best practices. While the majority of our respondents reported
routinely assessing for sleep concerns in their patients, they also noted that major barriers to assessment
were limited time and difficulty in obtaining accurate information. Despite this rather universal report
of challenges in assessment, only one respondent reported routinely using a validated sleep assessment
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tool to screen for sleep problems. The majority of our respondents also reported first-line use of low-risk
treatment approaches with modest evidence, including education on sleep hygiene and recommending
use of over-the-counter supplements such as melatonin. However, the importance of other treatment
approaches was variably ranked, with no respondents reporting use of non-pharmacological strategies
other than sleep hygiene. In addition, while nearly all respondents ranked sleep hygiene as being “very
important” in their treatment approach, patient/guardian preference for medications and anticipated
non-compliance were reported as significant barriers to using it as a first-line intervention. Finally,
we observed a difference in confidence and knowledge based on number of years in practice, with more
seasoned clinicians having greater confidence in assessment abilities. These results suggest potential
opportunities for educating psychiatric providers on assessment tools and behavioral approaches for
sleep problems in children.

Limited time for assessment and difficulty obtaining accurate information were identified as
the biggest barriers by those surveyed in this study. Although clinical screening for sleep difficulties
cannot take the place of gold standard sleep assessments, particularly for the evaluation of disorders
such as obstructive sleep apnea, validated sleep questionnaires completed by the patient/guardian
in the waiting room prior to the visit may address barriers to screening reported by our respondents.
Validated self-report questionnaires commonly used in the pediatric sleep assessment include
the Pediatric Sleep Questionnaire (PSQ), the Pediatric Daytime Sleepiness Scale (PDSS), the BEARS
(B = Bedtime Issues, E = Excessive Daytime Sleepiness, A = Night Awakenings, R = Regularity and
Duration of Sleep, S = Snoring), and the Ten Item Sleep Screener. The PSQ is a 49-item questionnaire
for parents that is divided into behavioral, sleepiness, and snoring domains. This can be used
for patients aged 2–18 years. It has sensitivity and specificity of 0.81 and 0.87, respectively [19].
The PDSS is an eight-item questionnaire where items are scored on a Likert scale rating system.
It is used to measure excessive sleepiness in children and has been shown to have good internal
consistency [20]. The BEARS pediatric sleep screening tool assesses sleep disorders in children aged
2–18 years. It has parent-directed and child-directed questions that evaluate five domains including
bedtime problems, excessive daytime, awakenings during the night, regularity and duration of sleep,
and snoring. Questions are distinct for toddlers/preschoolers (2–5 years), school-aged children
(6–12 years), and adolescents (13–18 years) [21]. Another pediatric sleep screening tool is the Ten Item
Sleep Screener which asks such questions as “Does the child snore lightly or loudly at night?”; “Does
the child wake up frequently in the night?”; “Does the child have a difficult temperament (irritable or
easily frustrated)?” [22]. Additional studies evaluating the validity of these screening tools compared
with gold standard assessments would be helpful in this population.

The fact that respondents ranked pharmacological interventions as having limited and varying
importance in their clinical practices is likely a reflection of the lack of evidence supporting the use of
medications for the treatment of insomnia and other sleep-related problems in children [1]. Participants
in our survey overwhelmingly ranked sleep hygiene as the most important intervention in addressing
sleep problems, but noted important barriers to using it consistently as a first-line treatment approach.
Cognitive behavioral therapy for insomnia (CBT-I) is a structured behavioral intervention that has
been shown to be effective and have fewer risks than medication [23], but was not listed by any
respondents as a primary treatment strategy. This suggests a limited knowledge of or ability to
provide evidence-based behavioral treatments such as CBT-I, which could be usefully included in
psychotherapy education during training.

Although not directly addressed by our survey, others have posited that low confidence in and
knowledge of treatment for pediatric sleep problems—particularly in child psychiatry trainees—is
related to the lack of a universally-adapted pediatric sleep curriculum in residency training [18].
In 2002, Krahn et al. surveyed 98 program directors of general psychiatry residencies in the USA,
and observed a lack of standardized approaches to sleep education in training programs. They reported
that 82% of participating programs had sleep lectures as part of didactics. However, only 44% offered
a sleep medicine elective, and the majority did not have a faculty member that was a sleep medicine
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specialist [24]. Similarly, Khawaja et al. surveyed 39 chief psychiatry residents, and found that about
90% reported that their training programs offered didactic sleep education. However, only 38% of
programs had faculty that were trained in sleep medicine, and only 34% offered a sleep medicine
elective [25]. No programs reported a structured curriculum devoted specifically to pediatric sleep
concerns. These findings highlight the need to further study the effectiveness of current sleep education
approaches for psychiatric trainees, with a focus on those going into pediatric psychiatry.

This study was subject to important limitations. In particular, this was a small quality
improvement project aiming to assess clinical practices within the Eastern Missouri region, and may
not be generalizable to practitioners in other regions. Most of the participants were either in training
or had been in practice for 15 years or more, with low representation of early career psychiatrists
(1–5 years in practice). Additionally, we did not assess current training practices nor query respondents
on their educational experiences during training with respect to assessment and treatment of pediatric
sleep concerns. Finally, we did not specifically assess for knowledge of psychotherapeutic approaches
to pediatric sleep problems. A larger sample size with a better representation of clinicians at different
stages of their careers, assessing for training experiences, and knowledge of behavioral approaches
other than sleep hygiene is necessary to further assess for knowledge gaps and develop targeted
educational approaches for pediatric sleep training in child psychiatry training. However, our study
did provide some insight into potential areas for quality improvement in assessment of sleep problems
and future directions for research and clinician education.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3271/6/1/18/s1,
Sleep Problems Survey.
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Abstract: Autism is a developmental disability that can cause significant emotional, social and
behavioral dysfunction. Sleep disorders co-occur in approximately half of the patients with autism
spectrum disorder (ASD). Sleep problems in individuals with ASD have also been associated with
poor social interaction, increased stereotypy, problems in communication, and overall autistic
behavior. Behavioral interventions are considered a primary modality of treatment. There is limited
evidence for psychopharmacological treatments in autism; however, these are frequently prescribed.
Melatonin, antipsychotics, antidepressants, and α agonists have generally been used with melatonin,
having a relatively large body of evidence. Further research and information are needed to guide and
individualize treatment for this population group.

Keywords: autism spectrum disorder; sleep disorders in ASD; medications for sleep disorders in
ASD; comorbidities in ASD

1. Introduction

Autism is a developmental disability that can cause significant emotional, social, and behavioral
dysfunction. According to the Diagnostic and Statistical Manual (DSM-V) classification [1], autism
spectrum disorder (ASD) is characterized by persistent deficits in domains of social communication,
social interaction, restricted and repetitive patterns of behavior, interests, or activities. The term
autism spectrum disorder has replaced the earlier terminology of pervasive developmental disorder
in the classification systems of DSM-IV TR [2]. There is greater variability in clinical presentation of
ASD, depending upon each individual’s intelligence quotient (IQ) level. Intelligence quotient is a
major determinant in determining the degree of impairment among individuals with ASD. In DSM-V,
ASD is categorized as low-functioning autism with below average intelligence quotient (<70) and
high-functioning autism with above average intelligence quotient (≥70) [1].

Studies have documented individuals with low-functioning autism experience significant
impairments in their ability to function and exhibit serious behavioral disturbances, self-injurious
behaviors, and socially inappropriate behaviors, and these individuals have higher predisposition to
sleep–wake disturbances compared to their counterparts with high-functioning autism [3–5]. Overall,
it is estimated that about 1 in 59 children suffer from ASD [6]. Sleep disorders occur frequently in
autism spectrum disorder, with some studies reporting a prevalence between 50%–80% [7].

Studies have suggested low-functioning autism with increased severity, such as language deficits,
increases the likelihood of sleep problems and can worsen the severity of sleep problems in these

Med. Sci. 2018, 6, 95; doi:10.3390/medsci6040095 www.mdpi.com/journal/medsci8



Med. Sci. 2018, 6, 95

individuals [8,9]. There is also a lack of available data in low-functioning autism because of challenges
in obtaining actigraphy and polysomnography studies in these members of the population [10].

Various potential mechanisms, including delayed melatonin peak, reduced rhythm amplitude,
reduced ferritin, and increased periodic limb movements in sleep, have been hypothesized as a cause
of sleep problems in ASD [11–13]. Sleep problems in individuals with ASD have also been associated
with poor social interaction, increased stereotypy, problems in communication, and overall autistic
behavior [14].

It is well established that psychiatric morbidities frequently co-occur in autism spectrum disorders
and play a major role in sleep dysregulation. Conditions like anxiety and attention-deficit hyperactivity
disorder (ADHD) in the ASD population can increase arousals, delay sleep onset latencies, and
contribute to insomnia. Seizures and gastrointestinal disorders (like diarrhea) can cause frequent
awakenings, sleep deprivation, and disruption in the sleep cycle [15].

Though sleep problems account for the most common reason for medications being prescribed,
even in younger children, it is interesting to note that no medication is U.S. Food and Drug
Administration (FDA)-approved for treatment of sleep disorders in children. In a community survey,
approximately 75% of practitioners had recommended nonprescription medications and about 50%
had prescribed a sleep medication during a six-month practice period [16].

Generally, behavioral interventions should be considered primary modalities of treatment and
should be initiated before considering pharmacotherapy. The functioning level of autism (high-
vs. low-functioning) should be taken into consideration before determining treatment approaches.
The basic tenets of behavioral interventions do not differ greatly for children and adolescents with
autism. Even, booklet-delivered behavioral interventions specifically designed for autism have been
developed and shown to be effective [17,18]. A behavioral sleep medicine toolkit outlining evaluation
and treatment of insomnia in children with ASD has also been developed by the Autism Treatment
Network (ATN) [19]. Furthermore, applied behavior analysis (ABA) and parent-based education have
also shown improvement in sleep disorders in ASD [15].

Medications should be considered if behavioral interventions are ineffective or difficult to
be implemented, especially in individuals with low-functioning autism, and should be used in
combination with nonpharmacological strategies, which result in more sustained improvement [20].
Furthermore, medications should be initiated at the lowest effective dose and increased only if
necessary. To decrease the risk of rebound insomnia, medication should be closely monitored and
tapered gradually. Of particular concern, adolescents should be screened for alcohol and drug use,
due to the additive effects of sedative hypnotic medications and recreational substances. Timing is
crucial in the treatment of sleep disorders, as most hypnotic medications have their onset of action
within 30 min and peak within 1–2 h. Therefore, dosing too early or too late would result in limited
efficacy. Since over-the-counter (OTC) preparations are commonly used, an inquiry should be made to
check concurrent use of OTC agents.

2. Melatonin

Melatonin is one of most common agents recommended for treatment of sleep difficulties and
children with ASD. In a community survey of pediatricians, the majority had recommended a
nonprescription medication for treatment of pediatric insomnia, with about 15% having recommended
melatonin [16]. Melatonin is a hormone primarily synthesized in the pineal gland, with a major
function to regulate circadian and core body temperature rhythms. Dim light melatonin onset (DLMO)
is the single most accurate marker for assessing circadian pacemaker rhythms [21]. It is rapidly
distributed to body tissues including the cerebrospinal fluid, bile, and saliva, where concentrations
greatly exceed those found in the blood. Melatonin levels generally decline with advancing age. Its
production is inhibited (by light) and is regulated by a circuitous pathway through the suprachiasmatic
nuclei. Endogenous melatonin has both chrono biotic and sedative–hypnotic effects [22]. It has also
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been described that pharmacokinetic profiles of endogenous and supplemental melatonin in children
with ASD are normal and comparable to typically developing children [23].

Several studies, including open-label data, uncontrolled trials to control trials, and meta-analysis,
have been conducted in patients with ASD, establishing the efficacy of melatonin. Since it is considered
a dietary supplement, its safety has not been thoroughly evaluated by the FDA. It is generally
regarded as safe, despite lack of rigorous data pertaining to its use. Recommendations regarding
use in children and adolescents are also mixed. National Institutes of Health (NIH) states that
“Important questions remain about its usefulness, how much to take, when to take it, and its long-term
safety” [24]. Because of its effects on other hormones, melatonin might interfere with development
during adolescence. American Academy of Pediatrics states, “Melatonin appears to be effective in
reducing time to sleep onset in adults (and, based on considerably less data, in children) for initial
insomnia. This effect appears to last for days to weeks but not long-term. Thus, melatonin is not
recommended for long-term use” [25]. By contrast, the Australian Sleep Health Foundation states that
melatonin “may benefit children who are developing normally as well as children with Attention Deficit
Hyperactivity Disorder, autism, other developmental disabilities or visual impairment” [26]. Here, we
examine the efficacy studies regarding use of melatonin in children with autism spectrum disorders.

A key retrospective study, describing the use of melatonin in 107 subjects (2–18 years) utilizing a
3–6 mg dose, demonstrated that sleep concerns were no longer present for approximately 25% of the
parents at follow-up after 1.8 years [27].

In another open-label trial, Malow and colleagues evaluated the efficacy of melatonin in
24 children aged 3–10 years, utilizing doses up to 9 mg. This study demonstrated that sleep onset
latency was reduced by an average of 21.3 min (from 42.9 to 21.6 min, p < 0.0001), but there was no
significant difference in total sleep duration, sleep efficiency, or night waking after 14 weeks of therapy.
The study also demonstrated improvements in behavior and reduction in stereotypical and compulsive
phenomena [28].

On the other hand, in another smaller placebo-controlled trial of 18 subjects, aged 2–15 years with
ASD or fragile X syndrome, the melatonin group demonstrated significant improvements in total sleep
duration and sleep onset time compared to the placebo group. Particularly, total sleep duration was
increased by 21 min (p = 0.057) and sleep onset latency was decreased by 42 min (p = 0.017) [29].

There are limited data evaluating the efficacy of a controlled release formulation. In a double-blind
crossover trial involving 51 subjects aged 2–18 years, where more than half of the subjects had ASD,
melatonin 5 mg (1 and 4 mg immediate and controlled release, respectively) was found to reflect an
increased mean total sleep duration (from 503.60 to 534.80 min, p < 0.01) and decreased sleep onset
latency (65.18 to 32.48 min, p < 0.01) [30].

In a meta-analysis which included five randomized double-blind placebo-controlled crossover
trials with 57 subjects with ASD and quantitative data sleep parameters, pooled data indicated that
melatonin increased total sleep duration by an average of 73 min (p < 0.01) and decreased sleep
onset latency by an average of 66 min (p < 0.001) [31]. However, there was no appreciable benefit for
night wakings.

In another study, involving 146 children, using placebo-controlled intervention, 0.5–12, immediate
release melatonin in a stepwise fashion, demonstrated only a small increase of 23 min in total sleep
time but a much larger 38 min reduction in sleep latency. Additionally, melatonin had no demonstrable
effect on night wakings [17].

Melatonin is available in different over-the-counter formulations ranging 1–10 milligrams in the
United States and Canada, but in some countries, a prescription may be needed. Most commonly,
a dose of 1–3 mg is recommended to be administered 30–60 min before intended bedtime [31].
However, if a circadian rhythm issue is identified, a lower dose (0.5–1 mg) administered earlier
(3–4 h before bedtime) is recommended. An effective dose is not related to age or weight. Given the
availability of different brands and the fact that strict regulations are not applicable to over-the-counter
medications by the FDA, a concern is often raised regarding actual content of melatonin in the

10



Med. Sci. 2018, 6, 95

different formulations. In a recent study conducted in Ontario, which examined the melatonin
content of different OTC formulations, actual melatonin content ranged from −83% to +478% of the
labelled content. Furthermore, serotonin (5-hydroxytryptamine), a related indoleamine and controlled
substance used in the treatment of several neurological disorders, was also identified in several
supplements [32].

Melatonin is generally tolerated fairly well. Most studies published to date have not reported
any serious safety concerns [28,29,33,34] (Table 1). Generally reported adverse effects include morning
drowsiness, increased enuresis, headache, dizziness, and hypothermia. Some studies have reported
suppression of the hypothalamic pituitary axis HPA axis with long term use and potential for
precocious puberty on discontinuation [35]. Patients with a poor response have been shown to
be poor CYP1A2 metabolizers.

Melatonin receptor agonists act selectively at MT1 and MT2 melatonin receptors and have
demonstrated usefulness in children with autism spectrum disorder [36]. Ramelteon, the only drug in
this class, has FDA approval for treatment of insomnia in adults. Side effects mainly include dizziness
and fatigue and caution is advised for concomitant administration with Fluvoxamine.

Table 1. Selected medications for sleep referenced in the publications on autism spectrum disorder
(ASD) and psychiatric comorbidities.

Medication Dosing Range Common Side Effects Clinical Use

Melatonin 1–3 mg Nausea, headache, dizziness,
hypothermia

Effective in children with
developmental disorders,
Autism spectrum disorders,
Jet Lag

Antipsychotics
Olanzapine
Risperidone

2.5–10 mg
0.25–2 mg

Daytime drowsiness, weight gain,
hypercholesterolemia, diabetes
Mellitus, prolactin elevation

Effective in comorbid
maladaptive behaviors
including irritability,
aggression and self-injury

Antidepressants
Trazodone * 20–50 mg (adult dose) Dizziness, morning drowsiness,

priapism, hypotension
Useful with comorbid
depression

Alpha-adrenergic agonist
Clonidine (immediate release)

Guanfacine (immediate
release)

0.05–0.225 mg
0.5–2 mg

Hypotension, bradycardia,
irritability, dry mouth, REM
suppression.
Abrupt discontinuation causing
rebound hypertension and
rebound REM

Sleep initiation and
maintenance insomnia

Antihistamine
Diphenhydramine

Trimeprazine
Niaprazine

(not approved for use in USA)

0.5 mg/kg up to 25 mg
45–90 mg

1 mg/kg/day three
times daily

Sedation and anticholinergic
effects, including fever, blurred
vision, dry mouth, constipation,
urinary retention, tachycardia and
confusion

Transient insomnia

Sedative and Hypnotics
Clonazepam 0.25–0.5 mg

Sedation, headaches, dizziness,
cognitive impairment, rebound
insomnia, physical and behavioral
dependence

Parasomnias, periodic limb
movement disorder, nocturnal
biting

Iron supplements
Oral Iron

6 mg elemental
iron/kg/day

Metallic taste, vomiting, nausea,
constipation, diarrhea,
black/green stools

Sleep disturbances, Periodic
limb movements of sleep,
restless legs syndrome

Alzheimer’s medications
Donepezil 1.25–5 mg

Gastrointestinal symptoms, vivid
dreams, insomnia, bradycardia,
hypotension

Increased REM sleep
percentage and decreased
REM latency

* Adult data. REM: Rapid eye movement.

3. Antipsychotics

Antipsychotics as a class have the largest body of evidence for treatment of behavioral difficulties,
including aggression and irritability for treatment in autism spectrum disorder. These are usually
prescribed for mood and behavioral comorbidities and secondarily have a beneficial effect for
sleep. Antipsychotics have traditionally been categorized as typical and atypical antipsychotics.
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Typical antipsychotics, including haloperidol, fluphenazine, and thioridazine, are associated with
higher incidence of extrapyramidal side effects and daytime somnolence. Newer, second-generation
antipsychotics, including olanzapine, risperidone, and quetiapine, have a lower propensity for
extrapyramidal side effects and are generally less sedating. There are limited efficacy and tolerability
data for treatment of insomnia in children for this medication class. Few studies examining the
effect on sleep architecture have shown that slow wave sleep is increased by olanzapine, ziprasidone,
and Risperidone, whereas rapid eye movement (REM) suppression is greatest for ziprasidone and
Risperidone [37]. Of the atypicals, risperidone and olanzapine have been prescribed for sleep
disturbances in children [38] (Table 1). These agents are prescribed off label for treatment of insomnia
and are not recommended to be prescribed routinely for this indication, especially as a first line
pharmacotherapeutic agent. In particular, a guideline has been issued by the Canadian Academy of
Child and Adolescent Psychiatry against its use for insomnia treatment in children, adults, or the
elderly as a first line agent [39]. Other countries have also aimed to limit the number of prescriptions
which may be allowed by government-subsidized programs.

4. Antidepressants

Limited data exist regarding use and efficacy of sedating antidepressants, selective serotonin
reuptake inhibitors (SSRI) and tricyclic antideprssants (TCA), for treatment of sleep disturbances
in children with autism spectrum disorder. These may be beneficial if insomnia is associated with
comorbid psychiatric disorders. For example, sedating antidepressant such as mirtazapine and
trazodone may be beneficial in a child with comorbid depression. These antidepressants promote sleep
by antagonizing the effect of wake-promoting neurotransmitters, such as histamine, acetylcholine,
noradrenaline, and serotonin. Most of these antidepressants suppress REM sleep and result in residual
daytime sedation. Trazodone, in particular, is frequently preferred and used in psychiatric practice.
Its efficacy has mainly been demonstrated in adults with psychiatric disorders (Table 1). Trazodone
is a 5-HT2A/C antagonist and is one of the most sedating antidepressants with significant morning
hangover effect. Fluoxetine, on the other hand, is generally associated with insomnia. The doses used
for treatment of insomnia are generally lower compared to doses used for treatment of mood disorders.
Selective serotonin reuptake inhibitors and tricyclic antidepressants can also be used if obsessional
thoughts and anxiety significantly interfere with sleep onset. Amongst the TCAs, amitriptyline,
imipramine, and doxepin are most sedating and used for treatment of insomnia in adults [40].

5. Anticonvulsants

Again, the data are limited regarding the use of anticonvulsants in the treatment of insomnia
in this population group. Most of the trials have examined irritability and aggression and have
reported improvement in these domains. The adverse events noted in these studies have ranged
from insomnia to sedation [41]. Sedation is generally dose-related and tolerance is known to occur.
The agents that have commonly been used in this category include valproate, lamotrigine, gabapentin,
and carbamazepine. Gabapentin, in particular, has also demonstrated efficacy in adults with restless
legs syndrome [42].

6. α-Adrenergic Agonists

The use of alpha agonist as off-label prescription has increased over the time. The prescription
pattern in cohorts of children and adolescents (aged 4–18 years, n = 282,875) studied from 2009 to
2011 showed that about 68% of them received alpha agonists (shorter acting agents) as off-label
medication for diagnosis of autism, primarily based on evidence from clinical trials without FDA
approval. The study also revealed about 12% of them received alpha agonists for diagnosis of sleep
and anxiety disorders without any evidence from randomized control trial in children [43].

Clonidine and guanfacine are the two primary alpha agonists used often as off-label medications
for treating sleep disorder in autism.
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Clonidine, an antihypertensive medication, is a central and peripheral a-adrenergic agonist
which acts by stimulating presynaptic neurons, thereby decreasing noradrenergic release from the
nerve terminals [44]. The two open-label retrospective studies in children and adolescents (aged
4–16 years) with autism and neurodevelopmental disorders documented that clonidine (dosing range:
0.05–0.225 mg/day) effectively improved sleep initiation and maintenance insomnia with good
tolerability and few adverse events [45,46]. The potential side effects of clonidine include hypotension,
bradycardia, irritability, dry mouth, and REM suppression, and its abrupt discontinuation can cause
rebound hypertension and rebound REM [46,47].

Guanfacine, a selective α2A adrenergic receptor agonist, acts by stimulating postsynaptic alpha2A
receptors in the prefrontal cortex (PFC) and in turn increases the noradrenergic transmission and
connectivity of PFC networks [48]. Though immediate release guanfacine (dosing range: 0.5–2 mg/day)
is frequently used off label for sleep disturbances in the pediatric population, there were no
clinical trials conducted to determine its effectiveness [43,49,50]. Interestingly, a recent randomized,
placebo-controlled trial of extended release guanfacine did not significantly improve sleep habits
in Autism [51]. By contrast, a decrease in total sleep time was reported on polysomnography in
placebo-controlled trial of extended release guanfacine [52].

7. Alzheimer’s Medications

Several Alzheimer’s medications have been studied for treating autism. Post mortem brain
studies from individuals with autism have documented abnormalities in the cholinergic system and a
connection between Alzheimer’s disease and autism has been proposed by many researchers [53,54].
One of the Alzheimer medications, donepezil, was found to be effective in improving behavioral and
attention issues in autism.

Donepezil acts by selective reversible inhibition of acetylcholinesterase enzyme and increases
cholinergic transmission in the synaptic cleft. In addition, in previous studies, donepezil was found to
increase REM sleep in healthy and demented adults [55,56].

REM sleep is important for the promotion of cortical plasticity in developing brain. In children
with autism, REM sleep abnormalities, such as immature organization, decreased quantity, and
abnormal twitches, have been described [57]. In animal models, therapeutic augmentation of REM
sleep has shown positive behaviors and improvement in learning [58]. Association of REM sleep
augmentation and donepezil (dosing range: 1.25–5 mg/day) was studied in a small case series of
children with autism (n = 5). This study demonstrated an increase in REM sleep percentage and
decrease in REM latency with use of donepezil [59]. However, the findings of the study are limited
due its small sample size. The potential side effects of donepezil include gastrointestinal symptoms
such as nausea, vomiting, diarrhea, vivid dreams, insomnia, bradycardia, and hypotension [60].

8. Antihistamines

In the survey mailed to pediatricians (n = 671) by the American Academy of Pediatrics (AAP),
antihistamines were found to be the most commonly reported nonprescription medication for sleep
disorders [16]. Randomized controlled studies in typically developing children have documented
improvement in transient insomnia with antihistamines. Diphenhydramine, a first-generation
antihistamine, is prescribed often (dosing range: 0.5 mg/kg up to a maximum of 25 mg/day) by
practitioners for sleep problems. It acts as a competitive histamine (H1) receptor blocker in the
central and peripheral nervous system, causing a sedative and hypnotic effect. Another H1 receptor
antagonist, Trimeprazine (dosing range: 45–90 mg/day), has also been shown to improve nocturnal
awakenings in children with chronic sleep disturbances. The potential side effects include sedation
and anticholinergic effects, including fever, blurred vision, dry mouth, constipation, urinary retention,
tachycardia, and confusion [48,49]. Despite widespread use of antihistamines, the clinical trials in
patients with autism spectrum disorder have been limited. A European open-label study documented
niaprazine, a piperazine derivative, which also acts as an antihistamine (dosing range: 1 mg/kg/day
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three times daily), to be effective in improving sleep problems in children with autism and with mild
to moderate intellectual disability. Niaprazine has not been approved for use in the United States [61].

9. Sedative and Hypnotics

Benzodiazepines (BZDs) are frequently prescribed in adults with insomnia. However, they are
prescribed less frequently in the pediatric population because of their side-effects profile includes
sedation, headaches, dizziness, cognitive impairment, rebound insomnia, and physical and behavioral
dependence. There have only been limited studies in pediatrics, which have shown improvement in
sleep disorders with use of BZDs.

The mechanism of action of BZDs is primarily to bind to α and γ subunits of the gamma
aminobutyric acid (GABA) chloride receptor, inducing a conformational change in the receptor
complex, and facilitating GABA. The inhibitory action of GABA on the central nervous system causes
sedative, anxiolytic, and muscle-relaxing effects [62]. Because of BZDs’ muscle-relaxant property, they
should be used cautiously in children with a sleep-related breathing disorder. Benzodiazepines are also
well known to alter normal sleep state architecture and there has been polysomnographic evidence of
atypical sleep spindles and slow wave sleep suppression with chronic BZD use.

The only benzodiazepine studied in sleep disorders in children with Autism was clonazepam.
Clonazepam, an intermediate acting BZD, was found to be effective in treating parasomnias, partial
arousals, periodic limb movement disorder, and nocturnal biting in children with developmental
disabilities [49]. Its half-life ranges between 18–39 h, with time to peak level of 1–2 h, and it has a
primary renal elimination [62]. A small case study of children (n = 11) with autism and REM behavior
disorder (RBD) found clonazepam (dosing range: 0.25–0.5 mg/day) to be effective in improving sleep
disturbances. It was well tolerated in most of the participants, except one paradoxical response in a
child [57].

The nonbenzodiazepines, zaleplon, zolpidem, and eszopiclone, often called as ‘Z-drugs’, have
similar pharmacology to BZDs, but are not chemically related to BZD. They act at benzodiazepine-1
subtype in the GABA receptor complex. All Z-drugs have a relatively short life. In contrast to BZD,
they do not cause significant residual daytime sedation, cognitive, or memory impairment [63]. In
addition, they do not typically cause rebound insomnia (an exacerbation of insomnia on abrupt
cessation of a hypnotic) with abrupt discontinuation, which is one of the worsening adverse effects
of BZD. Zaleplon and zolpidem have been used in children but data on the use of eszopiclone are
limited [47]. Clearance of nonbenzodiazepine receptor agonist drugs in children is three times higher
than in adults, which can cause medication ineffectiveness and may even lead to terrifying sleep states,
like sleepwalking and sleep-related hallucinations [47]. There were no clinical trials available for this
category of medications in autism.

10. Oral Iron Supplement

Serum ferritin, a storage form of iron (level below 50 ng/mL), was associated with restless legs
syndrome (RLS) [64]. In a retrospective chart review study of children with autism spectrum disorder
(n = 9791), significantly low serum ferritin levels were identified and associated with several sleep
disorders, including periodic limb movements of sleep (27 ng/mL), sleep fragmentations (24 ng/mL),
and poor sleep efficiency (7 ng/mL) [13].

Iron deficiency states were documented in the pathophysiology of RLS and the severity of iron
deficiency states was correlated with the severity of RLS. Iron plays a major role in the dopamine
production pathway; it acts as a cofactor for a rate limiting enzyme tyrosine hydroxylase in the
dopamine production cycle. In patients with RLS, low cerebrospinal iron levels and low iron in the
substantia nigra on magnetic resonance imaging were noted. Iron supplementation was found to be
effective in the treatment of low ferritin with sleep disorders. The RLS foundation medical advisory
board recommends iron therapy for low ferritin level below 50 ng/mL [64].
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An open-label trial of oral iron supplement (6 mg elemental iron/kg/day) for 8 weeks in children
with autism showed improvement in the sleep disturbance scale with an increase in serum ferritin
level [65]. Potential side effects of oral iron include metallic taste, vomiting, nausea, constipation,
diarrhea, and black/green stools [66].

11. Conclusions

In summary, sleep difficulties frequently co-occur in children with autism spectrum disorder and
medications are often prescribed. However, limited evidence exists regarding the use and efficacy of
medications for the treatment of sleep disorders in this population group. Melatonin has demonstrated
good efficacy in open-label and placebo-controlled trials; however, long term effects still need to be
thoroughly explored. Despite evidence and widespread use of medications to treat sleep disorders
in this population group, no medications are FDA-approved for this indication. Identification and
management of psychiatric comorbidities is important to achieve favorable outcomes. There is a need
for more information and protocols needed to guide management for this population group.
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Abstract: With growing recognition of pediatric delirium in pediatric critical illness there has also
been increased investigation into improving recognition and determining potential risk factors.
Disturbed sleep has been assumed to be one of the key risk factors leading to delirium and is
commonplace in the pediatric critical care setting as the nature of intensive care requires frequent
and invasive monitoring and interventions. However, this relationship between sleep and delirium
in pediatric critical illness has not been definitively established and may, instead, reflect significant
overlap in risk factors and consequences of underlying neurologic dysfunction. We aim to review
the existing tools for evaluation of sleep and delirium in the pediatric critical care setting and review
findings from recent investigations with application of these measures in the pediatric intensive
care unit.

Keywords: Acute illness; children; circadian disturbance; mechanical ventilation; melatonin;
non-pharmacologic management; pediatric intensive care unit; screening; sedation

1. Introduction

Both disturbed sleep and delirium are notoriously difficult to recognize in the pediatric population
and recognition becomes more challenging in the pediatric intensive care unit (PICU) when the
underlying disease process and the administered medications contribute to alterations in level of
consciousness. Further, during the acute phase of illness, primary goals for maintaining patient
stability and safety focus on level of sedation rather than promoting sleep. There have been
recent improvements in recognizing delirium in the hospitalized pediatric patient, particularly
with validated screening tools, and increased attention to promoting sleep in the PICU setting.
However, delirium screening and sleep promotion by pediatric intensivists are not widely applied
internationally [1]. Despite advances to promote natural/physiologic sleep to prevent or treat delirium,
the cause-effect relationship of sleep and delirium has yet to be clearly established. It may be that both
dysregulated sleep and delirium are “sister” disorders that indicate underlying neurologic dysfunction.

2. Defining Delirium

The key feature of delirium is an alteration in both cognition and arousal that can have
hypoactive or hyperactive subtypes. The American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) defines delirium as a noticeable change
in the patient’s neurocognitive baseline with an acute disturbance in attention, awareness, and
cognition, and is thought to be a direct result of another medical condition rather than due to an
established/evolving neurocognitive disorder [2] Additionally, clinical presentations of delirium
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can vary among pediatric patients and present in three different subtypes: Hyperactive, hypoactive,
and mixed. Hyperactive delirium is characterized as agitation and aggression [3]. Hypoactive delirium
is identified as a decrease in mental status and lethargy [3]. Mixed delirium, commonly referred to as
emerging delirium, will manifest with both clinical signs of hyperactive and hypoactive delirium [3].
Pediatric patients in the critical care setting are predisposed to metabolic and environmental risk
factors for delirium such as infection, withdrawal, disturbed sleep, immobility, noise disturbances,
and sensory overload [4]. Delirium is a severe complication of pediatric critical illness associated with
negative patient outcomes such as mortality, morbidity, and increased medical costs up to fourfold as
a result of increased length of hospitalization [4,5].

3. Introduction of Validated Pediatric Delirium Screening Tools

Early detection of delirium can decrease long-term consequences related to neurocognitive
impairment, inattentiveness, post-traumatic stress disorder, and spatial or verbal memory disturbances [3].
This has led to a recognition of the importance of screening for, diagnosing, and treating delirium
including the creation of guidelines. The American College of Critical Care Medicine published guidelines
for adult patients recommend routine monitoring of delirium in intensive care unit (ICU) patients [6].
Additionally, The European Society of Paediatric and Neonatal Intensive Care (ESPNIC) recommends
that delirium be assessed and documented every 8–12 h [7]. However, as of the time of this publication,
there are no guidelines for diagnosing delirium in pediatric intensive care units in the Unites States.

There are many challenges to detecting and diagnosing delirium in the PICU. First, diagnosis requires
knowledge and a high index of suspicion by providers [8]. Second, the fluctuating nature of delirium can
make it very difficult for providers that only spend short periods of time with the patient. Next, it can be
difficult to differentiate between delirium, iatrogenic withdrawal syndrome, pain, and under-sedation as
many of the symptoms overlap. Finally, the vast differences in neurocognitive development in infants
and children make detecting delirium in young and developmentally delayed patients particularly
challenging [9]. Recognition of delirium can be increased through use of a screening tool. An ideal
screening tool for delirium would detect all three subtypes of delirium in patients of all ages and
all developmental levels; accounting for the wide range of developmental milestones that occur
and the severity of illness. Additionally, it would need to be quick, reliable, sensitive and specific.
Multiple screening tools have been developed and validated to assist in identifying delirium in the
pediatric intensive care population each with advantages and drawbacks as seen in Table 1.

4. Delirium Screening Tools

The Delirium Rating Scale (DRS) is one of the first screening tools for delirium to be developed [10].
It was designed to be used by psychiatrists and is labor intensive. However, in addition to detecting
delirium, it can be used to determine delirium severity and follow severity over time. Though designed
for adult patients, a retrospective study in PICU patients found the scale to be applicable [11]. The first
tool specifically designed for the pediatric population, the Pediatric Anesthesia Emergence Delirium
(PAED) scale was designed to detect emergence delirium following anesthesia [12]. While not
developed for the PICU population, it has been applied in this population with notably poor
sensitivity [13]. This is likely due to the fact that the questions focus on symptoms of the hyperactive
subtype and thus may under detect the mixed and hypoactive subtypes. The Cornell Assessment
of Pediatric Delirium (CAP-D) was developed from the PAED [14]. It is the tool recommended
by the ESPNIC as it is simple, quick, and requires minimal training prior to implementation [7].
Another advantage of the CAP-D tool is that it has identified subtle clinical signs of hypoactive
delirium which has been associated with worse clinical outcomes in pediatric critical care [15].
However, while sensitivity was retained in the developmentally delayed population the specificity
decreased significantly.
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The Pediatric Confusion Assessment Method (pCAM-ICU) was adapted from the most widely
used adult delirium screen for children 5 years and older [16]. It can be completed by any provider as
it does not require a prolonged interaction time with the patient, making it ideal for screening patients
frequently or when suspicions arise. However, it requires patients to have the cognitive development
of a 5-year-old and be cooperate with the screening, which limits utility. The pCAM-ICU also requires
more extensive training of the provider than other screening tools. The Severity Scale for the Pediatric
Confusion Assessment Method for the ICU (sspCAM-ICU) took the pCAM-ICU and added a scoring
system [13]. This increases the sensitivity of the original screen, but also makes it more difficult to
implement. Finally, The Preschool Confusion Assessment Method for the ICU (psCAM-ICU) is an
adaptation of the pCAM-ICU for patients six months to five years of age [17]. It has many of the
same advantages and disadvantages of the pCAM-ICU, however it does allow for assessment of some
patients with developmental delays.

Recognizing that withdrawal symptoms overlap with delirium, Ista et al. developed the Sophia
Observation withdrawal Symptoms-Paediatric Delirium scale (SOS-PD) [18]. The SOS-PD is designed
to be completed by the bedside nurse after a minimum of 4 h of interaction with the patient and
is quick to complete and easy to implement. However, its greatest advantage is its ability to detect
both delirium and withdrawal due to overlap of in symptoms such as anxiety, agitation, irritability,
and disturbed sleep.

At this time no screening tool has emerged as superior. Validation studies have all been single
center, small to medium sized with differences in designs that make it difficult to compare the screening
tools. More research is warranted on screening tools. In particular, research that compares these
tools across multiple centers and accounts for baseline developmental stage, withdrawal symptoms,
and sleep disturbances [9]. Further, the existing pediatric delirium tools have limited evaluation of
sleep disturbance and include a single perspective such as sleep-wake cycle [11,17], sleep duration [18],
or restlessness [12,14].

5. Delirium in Pediatric Intensive Care Unit Patients

Within the last few years, there has been a robust increase in publications focused on pediatric
delirium, as seen in Table 2. Studies included in this review were found through searching the
electronic databases, PubMed and Scopus, using the key words: pediatric, delirium, and critical
care. Criteria for inclusion was primary research focused on delirium with a primary cohort in the
PICU or pediatric cardiac intensive care unit (CICU). Finally, further articles were found based on
references from the primary searches. These studies have yielded a large amount of information
on associations of patient characteristics, treatment modalities, and outcomes with delirium in the
critically ill pediatric population.

Many studies have assessed associations between patient characteristics such as age, gender,
severity of illness, reason for admission, and developmental delay in order to identify risk factors for
development of delirium with varying results. Nine studies looked for associations between delirium
and age with eight studies finding an association [5,15,19–25]. However, two found that delirium was
associated with older age (>12 years) [19,20], while the other six found that delirium was associated
with associated with younger age (<2, <5, or 2–5 years) [5,15,21–24]. Interestingly, the two studies that
found associations with older age used exams by a psychiatrist to diagnose delirium while the other
studies used screening tools (CAP-D or psCAM-ICU). These differences in the methods of diagnosing
delirium may contribute to the inconsistent results and underscores the need for a consistent tool to
screen and diagnose delirium in the PICU.

Gender has been investigated in multiple studies; four studies found no association [5,20–22],
with one study noting an association between the male gender and delirium [25]. Results have also been
inconsistent with respect to severity of illness and delirium; three studies noted an association [23,24,26],
but two found no association [25,27]. Pertaining to reason for admission, two studies found no
association between reason for admission and delirium [5,20], while a study focusing on post-operative
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patients found a much higher incidence of delirium (66%) indicating that the post-operative status
may be a risk factor for developing delirium [22]. Finally, developmental delay has been associated
with delirium. Both Traube et al. [24] and Silver et al. [21] found on multivariate analysis that those
with developmental delay had over 3 times the odds of developing delirium as those with normal
development (odds ratio (OR) 3.31 and 3.45 respectively).

Many treatment modalities also have been found to have associations with delirium including
extracorporeal membrane oxygenation (ECMO), red blood cell (RBC) transfusions, anticholinergic
medications, antiepileptic medications, benzodiazepine administration, and mechanical ventilation.
Other treatment modalities have either been found to not have an association or have an unclear
association with delirium including opioid medications, vasopressor medications, cyanotic heart
disease, and cardiopulmonary bypass time. A study by Patel et al. [28] of pediatric patients requiring
ECMO found that all eight patients developed delirium during their course. While this study is
small, the 100% incidence must certainly add ECMO to the list of risk factors for delirium. Another
treatment that has been associated with risk for delirium is RBC transfusions. Nellis et al. [29] found
that children who received RBC transfusions had more than twice the incidence of delirium as children
who were never transfused. Medications that have been associated with delirium in the PICU setting
on multivariate analysis include anticholinergics [24], antiepileptics [5], and benzodiazepines.

Benzodiazepines are routinely used in pediatric critical illness with the intention to alleviate
anxiety and ensure safety with invasive interventions. Recent studies have found higher frequency
of delirium with benzodiazepine exposure in this population [5,23,24,30]. Traube et al. used the
CAP-D tool and found that delirium was significantly more likely with benzodiazepine exposure from
both a point prevalence study and a prospective longitudinal study [5,24]. Using the CAP-D tool,
Mody et al. also found benzodiazepine exposure (but not opiates) to be an independent risk factor for
development of delirium with more than a fourfold increase in transitioning from a normal mental
status to a delirious state [30]. This association has been more closely evaluated in a narrower pediatric
age group (0.5–5 years old) using the psCAM-ICU with findings of a non-linear increase in delirium
frequency the day after benzodiazepine exposure and greater duration of delirium [23].

Respiratory failure requiring intubation and mechanical ventilator support is another risk factor
for delirium independent of benzodiazepine exposure [5,15,20,21,24,25,30]. Traube et al. found that
of 29% of 642 patients that ever required mechanical ventilation developed delirium as compared to
9% of 905 patients with delirium who never received mechanical ventilation [24]. Interestingly, in a
pediatric CICU, the authors found no statistically significant differences in frequency of delirium based
on type of respiratory support even comparing those who were ever mechanically ventilated (64%
with delirium) to never mechanically ventilated (42% with delirium) during the admission, but found
a statistically significant association between delirium and length of mechanical ventilator support [15].
This cohort of 99 patients in a pediatric CICU had a high incidence of delirium (57%) compared to
general PICU cohorts and with a subgroup analysis found delirium to be more likely in children with
cyanotic heart disease (26 of 36 patients with delirium) as compared to non-hypoxic cardiac defects
(26 of 52 patients) [15].

Opioid medications on the other hand have mostly been found to not be a risk factor for delirium,
which is based on multivariate analysis from three different studies [23,24,30]. Traube et al. [5],
however, did find that patients with opioid exposure had twice the odds of delirium as those children
without opioid exposure. Vasopressor medications have been found to be both associated with [5] and
not associated with delirium [24]. While apparently contradictory results, it may be that vasopressor
medications are used as a marker for disease severity rather than independently being a risk factor.
Finally, both cardiopulmonary bypass time [15] and cyanotic heart disease [23] have been found not to
be risk factors for delirium in single studies, contradicting the findings of Alverez et al. [15].
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Delirium in the PICU population has been associated with several negative outcomes. A large
number of studies have found an association with delirium and increased length of stay [5,15,20,22–25].
Additionally, delirium has been associated with increased duration of mechanical ventilation in two
studies [15,25]. Smeets et al. [20] found an increase in direct medical costs of 1.5% due to pediatric
delirium. Similarly, Traube et al. [31] noted that the median total PICU costs were significantly higher
in patients with delirium than in patients who were never delirious. Further, after controlling for
confounding factors (age, gender, severity of illness, and PICU length of stay), delirium was associated
with an 85% increase in PICU costs. Finally, Traube et al. [24] found a significant increase in in-hospital
mortality for children with delirium (5.24% vs. 0.94%). This persisted even after controlling for
probability of mortality at admission (using the Pediatric Index of Mortality-3 score); the odds of
mortality for those ever delirious was 4 times that of the never delirious group (OR = 4.39).

Less is known about the longer-term outcomes of the pediatric critical care population however a
few studies have been published with encouraging results. Schieveld et al. [19] noted that delirium
resolved in all study patients and that 38 of the 40 patients (95%) were successfully treated with
antipsychotic medications. Similarly, Barnes et al. [32] found that 81% of patients diagnosed with
delirium were prescribed antipsychotic medications, with only 23% (3 of 13) being discharged on these
medications. Meyburg et al. [33] found no association between delirium in the PICU and long-term
cognition or behavior based on follow-up questionnaires and exams preformed 12 to 24 months after
the delirium event.

6. Sleep in Pediatric Intensive Care Patients

Patients in the intensive care unit are at increased risk for significant disturbance in sleep quality
and quantity and for alteration of the sleep-wake pattern, which is generally accepted as unavoidable.
Exogenous influences upon sleep in the PICU include environmental factors (light, noise, intrusive
monitoring and intervention) and medications. Endogenous influences can be attributed to the
underlying disease process such as hypoxia, respiratory failure, sepsis/inflammation, central nervous
system injury including traumatic brain injury, and pain. Short-term sleep deprivation is known
to affect behavior and chronic long-term sleep disturbances affect neurocognitive development in
children—both important factors to consider for improving short and long term outcomes during
recovery from critical illness. For this review, “sleep disturbance” is a non-specific term that refers
to changes from baseline of total sleep time, sleep architecture, and circadian rhythm. In other
words, sleep disturbance includes inadequate total sleep time, sleep fragmentation (frequent arousals),
variance in the quantity and distribution of sleep stages (particularly slow wave sleep and rapid eye
movement (REM) sleep), and circadian rhythm disturbance (or circadian misalignment). Underlying
or pre-existing primary sleep disorders such as obstructive sleep apnea or hypoventilation (sleep
related breathing disorders), narcolepsy (hypersomnolence disorders), and sleep related movement
disorders are not included in the scope of this review.

The most challenging issue is defining and measuring sleep disturbance in critical illness, which
is complicated by variable neurocognitive baseline, distinguishing sedated state from normal sleep
stages, constant physiologic changes over a 24 h period, and determining the correct timing for
evaluation. Polysomnography (PSG), the gold-standard for measuring sleep, is not a reasonable
tool for prolonged monitoring; Alternative, objective measures of sleep are limited in accuracy and
usefulness in the PICU. For example, actigraphy is not reliable in patients who are heavily sedated
or paralyzed, serial melatonin levels would be impractical and difficult to interpret, limited montage
electroencephalogram (EEG) is also cumbersome and time-intensive, and bispectral index monitoring
cannot distinguish normal sleep from sedated state.

The number of studies that have evaluated sleep in pediatric critical illness have variable
methodology, variable aims, and with only a few studies that utilized limited montage EEG assessment
of sleep [34], which limits broad application of findings. Further, bedside evaluation of sleep is not
reliable. Armour et al. closely compared observer assessment and PSG data in 40 pediatric burn

28



Med. Sci. 2018, 6, 90

patients and found that patient sleep is often falsely over-estimated with 56.3% false-positive rate
and 96.5% true-positive rate [35]. In day-to-day practice, evaluation of sleep in the PICU setting is
based on bedside nursing assessment since the gold-standard for objective evaluation of sleep with
polysomnography (PSG) is cumbersome, expensive, and of limited utility with non-24 hour recording.

Two studies in the pediatric critical care setting found fragmented sleep and absence of diurnal
variation [36,37]. Carno evaluated sleep via PSG recording in 2 mechanically ventilated children
under neuromuscular blockade and found that sleep was fragmented, demonstrated variance in
sleep stage distribution as compared to published normal values, and that a large proportion of
sleep occurred during the day. Further, sleep was variable from day-to-night and from day-to-day
indicating significant circadian disruption. Marseglia et al. [38] also found altered circadian rhythm in
mechanically ventilated children based on repeated measures of serum melatonin.

Only one study directly evaluated sleep with polysomnogram and medication intervention.
The authors evaluated sleep and hormone response to zolpidem or haloperidol in pediatric burn
victims and found that both medications improve sleep continuity; zolpidem increased stage N3 (slow
wave) sleep and REM sleep and haloperidol increased total sleep time and stage N2 sleep [39].

7. Sleep and Delirium Relationship in the Intensive Care Unit

A direct relationship of sleep disturbance and delirium has not been evaluated in pediatric critical
illness. What we can glean from studies in adult patients is that the evidence that sleep disturbance
leads to delirium is not clearly established. With the specific aim of determining if improving sleep is
associated with reduction in delirium, Flannery et al. [40] performed a systematic review and found 6
of 10 studies reported statistically significant reduction in adult ICU delirium with sleep promotion,
but only 3 of these 6 studies included a sleep assessment. Of the 10 studies, sleep assessment was
included in only 4 studies which were based on patient report, which would not be feasible in a patient
with delirium who would be dependent on bedside observations of sleep [40]. Patel et al. [41] were
the only authors who found a decrease in delirium along with improvement in sleep measures in
adult patients in the ICU setting; the intervention group was given non-pharmacologic treatment
with reduction in light, noise, and disturbance during the night and found clinically and statistically
significant reduction in delirium incidence from 33% (55 of 167 patients) prior to intervention to 14%
(24 of 171 patients) after intervention. A recent Cochrane review regarding sleep promotion in adult
ICU settings looked specifically at non-pharmacologic interventions and found low quality evidence
for an effect on objective and subjective sleep measures (including patient satisfaction), delirium risk,
length of ICU stay, and adverse events; Though, meta-analysis from two studies demonstrated a lower
incidence of delirium and improved total sleep time based on nurse observation with use of earplugs
and eye masks [42].

Both sleep disturbance and delirium have similar risks and management in the ICU setting, as seen
in Figure 1. Risks includes hypoxia, mechanical ventilation, infection/inflammation, central nervous
system (CNS) injury, pain, exposure to sedative medications, and withdrawal. Regarding sleep
disturbance, frequent interventions, intubation with mechanical ventilation, and pain can contribute
to inadequate sleep time, sleep fragmentation, and disrupt the normal progression of sleep states.
Sedative medications will affect the quantity and distribution of sleep stages such that slow wave
sleep and REM sleep are significantly reduced (opioids are known to reduce slow wave sleep;
benzodiazepines are known to suppress REM sleep). Further, systemic infection and inflammation
such as sepsis can lead to circadian rhythm disturbance. Mentioned previously, risk factors for delirium
have significant overlap to these risk factors for sleep disturbance. Further, due to the complex nature
of critical illness, dissecting out the specific cause of acute change in neurocognition and awareness is
extremely difficult.

Both delirium and sleep involve a change in mental state—one is pathologic and the latter
is physiologic. Evaluation of changes in mental state are challenging in critically ill children.
Extrapolating from adult studies and applying to pediatric patients has limitations that include increase
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use of sedation (younger children cannot safely tolerate intubation or other invasive intervention
without significant anxiety and high risk for self-harm), inability for accurate self-report of sleep
quantity and quality, and significant changes in sleep characteristics in the first decade of life (duration,
pattern, sleep stage distribution). Even with these limitations, non-pharmacologic strategies to improve
sleep are reasonable based on low risk and possible benefit. While not easily measured in the PICU,
the underlying justification for sleep promotion is that sleep is inherently restorative (particularly slow
wave and REM sleep), improving “sleep” can potentially reduce the amount of sedative required,
and can improve pain tolerance [43].

Figure 1. The first step in evaluating sleep disturbance and delirium are recognizing the similar risk
factors. Next, identification of sleep disturbance and delirium are distinct except for a few delirium
screening tools. Distinct measurements for sleep disturbance and delirium are noted by the large
arrows with associated treatment goals noted by the corresponding color boxes. Finally, noted at
the bottom, non-pharmacologic intervention for both sleep disturbance and delirium are the same.
Abbreviations: polysomnogram (PSG) with limited electroencephalogram (EEG).

8. Treatment

Strategies to prevent both sleep disruption and delirium should be the first step in management.
This includes non-pharmacologic interventions to reduce noise and light exposure overnight and
bundled nursing interventions to limit sleep fragmentation. Other strategies would include attention to
medications that affect sleep (through changes in sleep stage distribution or circadian rhythm) and pose
higher risk for development of delirium; this includes benzodiazepines, opioids, steroids, beta-blockers,
dopamine, and norepinephrine. Lastly, routinely used medications for sleep promotion in pediatric
patients is limited to melatonin, while pharmacologic agents for delirium include antipsychotic agents.

There have been many studies in the adult ICU population on non-pharmacologic strategies
for the prevention of delirium. Prominent among them is a multicomponent program known as
the Hospital Elder Life Program (HELP) which has shown great success in reducing delirium in the
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elderly population [44]. This program prioritizes regular cognitive orientation, therapeutic activities,
sleep enhancement, early mobilization, vision and hearing adaptations, fluid repletion, and feeding
assistance. A recent meta-analysis of this program found that 14 studies demonstrated significant
reductions in delirium incidence (OR 0.47) [44]. Unfortunately, while these strategies hold great
promise, they have yet to be shown to be effective outside of the elderly population. The adult
guidelines recommend early mobilization of patients as a delirium prevention strategy, but make no
further recommendations on either pharmacological or non-pharmacological methods [6]. In the PICU
population, Simone et al. [25] implemented a multidisciplinary bundle that included establishing
daily routines, encouraging parental involvement, orientation, creating a familiar environment,
reducing restraint use, and creating an uninterrupted sleep environment between 11 p.m. and 4 a.m.
This bundle’s implementation was associated with a reduction in delirium from 19.3% to 11.8% [25];
encouraging results that underscore the need for further studies.

The primary role of intrinsic melatonin is to regulate the circadian rhythm (sleep-wake timing),
but other potential effects including, but not limited to, neuroprotective and anti-inflammatory roles
are particularly relevant to critical illness. Investigation of exogenous melatonin use in pediatric critical
illness has not been completed, but non-standardized administration of melatonin is common during
the recovery period in PICU to facilitate sleep onset. A recent Cochrane review evaluated the effect
of melatonin on sleep in adult ICU patients and included 4 studies that met sufficient criteria for
inclusion. Of these, the authors found no significant effect on subjective and objective report of sleep
quality and quantity, no significant difference in anxiety, mortality, or length of stay.

Pharmacologic agents used to treat pediatric delirium include typical and atypical antipsychotics.
Haloperidol has been used successfully in the PICU on agitated and delirious patients [45],
however, given its side effect profile it has been largely superseded by other options with lower risks.
Atypical antipsychotics that have been used in the treatment of pediatric delirium include olanzapine,
risperidone, and quetiapine. Turkel at al. [46] found a comparable response between these three medications
in a retrospective review of 110 patients with delirium. Additionally, mean DRS (revised-98) scores were
significantly decreased with treatment [46]. Further, quetiapine was found to be safe for short term use in
this population in a retrospective review of 50 patients [47]. A final area that should be considered when
treating PICU patients with delirium is choice of sedation medications. Benzodiazepines in particular
should be reduced or discontinued. Dexmedetomidine is recommended over benzodiazepines for sedation
infusions in the adult guidelines based on results of two randomized controlled trials [6]. While studies in
the pediatric population are lacking, this approach may be helpful in treating pediatric delirium.

9. Conclusions

Both delirium and sleep disturbance are problems in the PICU population that have been increasingly
recognized in recent years. Delirium has been associated with a number of adverse outcomes including
increased length of stay [5,15,20,22–25], increased duration of mechanical ventilation [15,25], increased
medical costs [20,31] and increased in-hospital mortality [24]. Non-pharmacologic interventions for
promoting sleep and reducing delirium in the PICU setting has low risk, low cost, and potential benefit
and should be the initial focus for all children at risk for delirium. Overall, there is no evidence of a
direct cause-effect relationship between sleep disturbances and delirium in children, and it may be that
improvement in sleep occurs in parallel with reduction in delirium. Therefore, attention to both improving
sleep and preventing delirium are equally important in pediatric critical illness.

Regarding management strategies, we recommend the following actions to prevent, diagnose and
treat delirium in the PICU. The first step in reducing and treating delirium is early recognition,
thus screening all PICU patients with a validated delirium screening tool should be completed every
8–12 h. We recommend implementing environmental strategies to promote sleep and decreased
delirium that include establishing a daily routine with attention to sleep and wake time, reducing light
and noise exposure during sleep times (by encouraging reduced room lighting and eliminating
electronic media exposure), encouraging parental involvement and attention to having familiar
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items in the environment, reducing arousals and awakenings with bundled-care during sleep time,
frequent age-appropriate re-orientation for the child, reducing restraint use, and early mobilization.
Medications should be reviewed to reduce those associated with delirium (if appropriate and feasible),
particularly benzodiazepine use. While, it is not yet clear if melatonin administration leads to
meaningful and/or positive outcomes, it should be considered when circadian misalignment (sleep
wake disturbance) is suspected. We recommend the use of melatonin in patients with positive
delirium screen and suspected sleep disturbance as it is a relatively benign medication with potential
benefit. After early recognition of delirium based on screening tools, collaboration and support from
pediatric psychiatry should be encouraged for guiding pharmacotherapy in the critically ill child;
particularly confirmation of diagnosis and support in deciding if antipsychotic medications would be
helpful as pediatric intensivists have less experience with use of antipsychotic medications.

For future directions, given that research on sleep and delirium in the PICU population is far
behind what has been done in the adult population, more investigation is needed. The first step is
establishing a standardized, accurate, and simplified tool to detect both sleep disturbance and delirium.
Significant progress has been made with the emergence of validated delirium screening tools for use
in pediatric patients; however, multicenter studies and comparison studies are needed to establish
which screening tool best serves the pediatric population with critical illness and account for the
broad developmental spectrum. Objective, cost-effective measures for sleep has been the greatest
limiting step for progress with understanding causes and consequences of sleep disturbance (quality,
quantity, and pattern) in the ICU setting, and thus requires future attention to accurately characterize
sleep as well as delineate the relationship between sleep and delirium. Further, it would be ideal
to determine which interventions have the greatest impact on improving both sleep and reducing
delirium. Use of melatonin supplementation is theoretically promising but use in pediatric critical
illness still needs to be clarified regarding who, when, and how long administration would be needed.
Finally, it is imperative to have future investigations with focus on treatments, both pharmacologic
and non-pharmacologic, as well as short and long term outcomes. To our knowledge, this is the first
review to address the parallel between sleep disturbance and delirium in pediatric patients affected by
critical illness and to emphasize the entwined roles rather than a cause-effect relationship.
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Abstract: Sleep is essential to human development. Poor sleep can have significant effects on
cognition, learning and memory, physical and behavioral health, and social-emotional well-being.
This paper highlights the prevalence of common pediatric sleep problems and posits that
a multidisciplinary approach to the assessment and intervention of sleep problems is ideal. Primary
care providers are often the first professionals to discuss sleep issues with youth and families.
However, dentists, otolaryngologists, childcare providers, school personnel, and behavioral health
providers have a vital role in screening and prevention, providing intervention, and monitoring the
progress of daily functioning. The strengths of this approach include better provider-to-provider and
provider-to-family communication, streamlined assessment and intervention, earlier identification
of sleep issues with more efficient referral, and longer-term monitoring of progress and impact on
daily functioning. Barriers to this approach include difficulty initiating and maintaining collaboration
among providers, limited provider time to obtain the necessary patient permission to collaborate
among all multidisciplinary providers, lack of financial support for consultation and collaboration
outside of seeing patients face-to-face, geographic location, and limited resources within communities.
Research investigating the utility of this model and the overall impact on pediatric patient sleep
issues is warranted and strongly encouraged.

Keywords: multidisciplinary; pediatric sleep; anticipatory guidance

1. Introduction

Sleep is essential to human development across all life stages. Adequate sleep is important for
physical growth, cognitive development, learning and memory, physical health, social-emotional
well-being, and mental and behavioral health. If an individual obtains inadequate sleep, significant
implications across these domains could occur [1–4]. Among adult US citizens, about 50 to 70 million
report experiencing a sleep disorder [5]. Because sleep issues often present in childhood and may
continue to have impact into adulthood, early identification of medical sleep disorders and behaviorally
based sleep problems is essential to prevent future problems such as persistent insomnia or death
secondary to issues such as driving while drowsy [5]. Among children, sleep is crucial to ensure that
developmental milestones are met and that children thrive academically, socially, and behaviorally
across the systems and environments in which they function. The prevalence of sleep issues among
infants, children, and adolescents varies according to type of sleep concern and age. Medically
based sleep disorders include diagnoses such as obstructive sleep apnea (OSA), bruxism, restless leg
syndrome (RLS), and periodic limb movement disorder (PLMD). Medically based sleep disorders
are less common than behaviorally based sleep problems, with about 5% of children and adolescents
experiencing a medically-based sleep disorder [6] and up to about 40% of children experiencing
a behaviorally based sleep problem sometime during childhood [6]. Behaviorally based sleep problems
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include night wakings, bedtime issues, inadequate sleep, and poor sleep hygiene. In one study,
about 20% of 4- to 12-year-old children experienced a behaviorally based sleep problem at least one
night per week [7]. Children who rated higher on parasomnias were also more likely to experience
falls and exhibit pica symptoms [7]. Despite this level of prevalence, less than half of the parents in
this study discussed sleep issues with their primary care provider [7]. Another study suggests that low
prevalence rates of sleep issues (3.7%) within primary care compared to epidemiological studies may
be due to primary care providers not asking families about sleep problems [6].

2. Pediatric Sleep Across Disciplines

2.1. Primary Care Providers

Commonly, a child’s primary care provider is the first person to discuss sleep issues and short- and
long-term implications of sleep problems during a well-child visit. Anticipatory guidance is a process
whereby primary care providers discuss issues with families in anticipation of their emergence [8].
Mindell and Owens [9] highlight when to introduce and discuss issues across infancy, childhood,
and adolescence in conjunction with scheduled medical well-child visits. This is an expansion on
anticipatory guidance recommendations provided by the American Academy of Pediatrics (AAP) [8].
Discussions around sleep can and should take place prior to the birth of a child during the mother’s
prenatal visits. During this time, age-appropriate sleep expectations, sleeping arrangements, and safe
sleep practices should be discussed [9].

2.2. Behavioral Health Providers and Psychiatrists

The role of the behavioral health provider (i.e., a person with graduate or medical school training
who has a master of social work (MSW) degree, is a licensed clinical social worker (LCSW) or
licensed professional counselor (LPC), or a master’s-level psychologist, doctoral-level psychologist,
or psychiatric nurse practitioner or psychiatrist) is to offer psychoeducation and empirically supported
interventions to address common sleep problems. Topics that may be addressed by a behavioral
health provider include, but are not limited to, behavior management for bedtime refusal behaviors;
establishment and implementation of a bedtime routine; strategies to improve independent sleep onset
and management of night wakings, to decrease nighttime feeds, or to decrease parasomnia concerns
such as sleepwalking and sleep talking; and intervention to address circadian rhythm disorders in
adolescents and teenagers. Due to the high rate of occurrence of these issues, it is advised that all
behavioral health providers screen all patients for sleep difficulties. Adherence strategies to improve
the use of medical interventions for sleep disorders (e.g., adherence to a continuous positive airway
pressure (CPAP) machine for OSA) may also be addressed.

Behavioral health providers may provide services within an integrated primary care setting or
work collaboratively with pediatricians in the community to help assess and treat behaviorally based
sleep issues. Behavioral health providers in primary care practice can implement the Sleep Checkup,
a clinical tool designed to prevent, identify, and manage pediatric sleep difficulties [10]. Behavioral
health providers are also encouraged to coordinate with school personnel to help them understand the
functional impact of sleep on behavior, academic performance, and emotional regulation. Behavioral
health providers may also be involved in the assessment of attention-deficit hyperactivity disorder
(ADHD), which requires getting feedback from teachers. It is estimated that 25–50% of youth with
ADHD have difficulty initiating and maintaining sleep, with sleep issues occurring in two to three
times more youth with ADHD than those without ADHD [9]. Behavioral health providers should
screen for sleep concerns to help ensure appropriate diagnosis when comorbidities are present between
behavioral issues, poor emotional regulation, anxiety, depression, and other psychiatric concerns.
Considering the presence of sleep issues and their impact on emotional and behavioral regulation
is crucial to prevent misdiagnosis and inappropriate medication management. Screening should
include timing of sleep onset, night wakings, restless sleep, snoring, sleep regularity and duration,
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and daytime sleepiness [9]. Similarly, with ADHD, behavioral health providers should consider
sleep issues when screening for and treating anxiety and depression. It is estimated that 40–50%
of children with emotional regulation issues have comorbid sleep concerns [9]. Behavioral health
providers can also offer practical recommendations to parents on managing sleep problems and
work collaboratively with school systems in the US on incorporating sleep recommendations and
school-based accommodations through either a 504 Plan or individualized education plans (IEPs).
Periodic screening of sleep concerns should also be employed as a means of monitoring progress and
the impact on daytime functioning [9].

2.3. Childcare Providers and School Personnel

Childcare professionals and school personnel such as teachers, nurses, social workers, and school
psychologists can play an essential role in identifying daytime sleepiness and participating in
intervention and monitoring of the impact of sleep issues on academic performance, emotional
regulation, and daytime behavior. Among school-age youth, poor sleep has implications such as
decreased academic performance, truancy, behavior problems, increased internalized symptoms
consistent with anxiety and depression, memory and attention difficulties, and safety concerns [11].
Knowing the possible impact of poor sleep on daytime functioning, it is important that school
personnel screen for sleep problems when assessing for learning problems and designing IEPs or
school-based accommodations [12]. Without considering these factors, youth may be misdiagnosed or
inappropriately classified as having ADHD or emotional disturbance (ED), or meet special education
criteria for learning problems when also experiencing sleep issues.

In addition to early identification of sleep issues, strategies to help prevent and treat sleep
problems can be provided by school personnel. Psychoeducation and tips for prevention and
intervention of sleep problems can be incorporated into the general curriculum and in health classes
as well as group lessons for parents and teachers. Wilson and colleagues [13] evaluated the impact
of preschool-based sleep education targeting parents and teachers across a two-week period. Results
demonstrated an increase in parents’ knowledge, attitudes, self-efficacy, and beliefs around sleep as
well as increased weeknight sleep for children compared to a group who did not attend the training.
Another school-based family intervention found improved sleep habits for first-grade students over
a 12-month period after families received a brief consultation around sleep concerns [14]. Among older
adolescents, similar improvements in sleep habits and knowledge were found following school-based
sleep intervention [15,16].

Schools can also implement system-wide changes to help decrease sleep problems among children
and adolescents. In one study, delaying school start time by one hour resulted in increased sleep
duration, decreased attempts to “make up” sleep on the weekends, and decreased motor vehicle
accidents [17]. In another study, start times were delayed by 30 min, resulting in an increase in total
sleep duration and an overall decrease in daytime sleepiness among students [18]. Similar results were
found in a larger longitudinal study among students in China [19]. The AAP [20] has expressed strong
support for school administrations considering changing to later start times. Other recommendations
include schools educating parents and students on optimal sleep durations for adolescents and
teenagers, health care providers within schools serving as advisors to help schools be more aware of
youth sleep needs, supporting schools that provide educational interventions for youth and parents,
and educating the general community on potential risks of chronic sleep loss in adolescents.

2.4. Dentists and Otolaryngologists

Obstructive sleep apnea is a prevalent sleep disorder that has significant implications for pediatric
patients if left untreated, including behavioral, academic, social-emotional, and medical. Within the
discipline of pediatric dentistry, there has been increased attention on pediatric dentists screening
for problems and referring patients for consultation with providers outside of dentistry if sleep
problems are suspected. In 2016, the American Academy of Pediatric Dentistry (AAPD) adopted
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a policy strongly encouraging dentists to screen for possible OSA, snoring, and other sleep-disordered
breathing concerns, assess for tonsillar hypertrophy, assess tongue positioning for possible obstruction,
recognize that obesity can contribute to the prevalence of OSA, refer to an appropriate professional
if OSA is suspected (e.g., otolaryngologist, sleep medicine physician, pulmonologist), and consider
nonsurgical oral appliances only after “complete orthodontic/craniofacial assessment of the patient’s
growth and development as part of a multidisciplinary approach” [21]. The AAPD’s recommendations
support an interdisciplinary approach to identification and treatment of pediatric sleep concerns and
can help in early detection of sleep concerns. The AAPD recommends that children first see a dentist
once their first tooth erupts or by their first birthday. It is recommended that children see a dentist about
every six months thereafter [22]. Thus, if a child is seeing a dentist at regular intervals, the dentist will
have an important role in early identification of sleep-disordered breathing and tonsillar hypertrophy,
recognizing abnormal craniofacial growth patterns, and screening for sleep-disordered breathing
concerns [23]. Obstructive sleep apnea screening is also essential before recommending sedation
for a pediatric patient, as children may be more susceptible to airway collapse during a procedure
and recovery if they also meet the criteria for OSA [24]. The modified STOP-BANG questionnaire
(snoring (S), tonsillar hypertrophy (T), obstruction (O), daytime tiredness, behavior problems or
daytime irritability (P), BMI (B), age (A), Neuromuscular Disorder (N), Genetic/ Congenital Disorder
(G)) for pediatrics is one screening tool that has shown potential utility among dentists in screening
for OSA risk factors [25]. Aside from OSA and other sleep-disordered breathing concerns, bruxism
is a highly prevalent sleep disorder among pediatric patients, which can increase sleep arousals
and impact daytime functioning [26]. In fact, in a small sample of pediatric patients aged 5 to 18,
there was a statistically significant difference in the arousal index with bruxism compared to age- and
sex-matched controls [26].

Aside from primary care physicians and dentists, otolaryngologists are the medical professionals
children are most likely to encounter. Otitis media with effusion (OME) commonly presents in children,
especially between the ages of 1 and 3 years, with a prevalence of 10–30% and a cumulative incidence
of 80% by age 4 [27]. Myringotomy with insertion of tympanostomy tubes is the most common
operation among children in the United States [28]. The high incidence of ear infections and frequent
need for tubes result in a relatively high percentage of children who are seen in otolaryngology clinics.
Otolaryngologists can play a role in the screening and treatment of medically related sleep disorders.
Of the nearly 500,000 pediatric tonsillectomies and adenoidectomies (T&As) performed each year,
the majority are to treat sleep-disordered breathing. Otolaryngologists, who are specialists in upper
airway anatomy, physiology, and surgery, are uniquely qualified to treat patients with OSA. Enlarged
tonsils and adenoids are a common cause of sleep-disordered breathing. As such, surgical removal
of the tonsils and adenoids is the primary treatment. In the pediatric population, resolution of OSA
occurs in 82% of patients who are treated with T&A [29]. A recent study estimated that the prevalence
of OSA among obese children and adolescents was as high as 60% [30]. Obstructive sleep apnea
may be more severe in obese children and adolescents compared to age-matched nonobese children
and adolescents [31].

3. Multidisciplinary Sleep Model

Infants, children, and adolescents function across a variety of systems, and poor sleep can affect
more than one area of a child’s life. For example, a child who does not get enough sleep at night
may experience daytime drowsiness at school, impacting academic performance, as well as irritability
during after-school sports practice, impairing social relationships. This paper posits that the various
professionals within these systems should screen for and intervene on sleep-related concerns to
positively impact the health and well-being of all children and should work to communicate with
children and families as well as across disciplines to provide coordinated care to identify, screen for,
and assist in the treatment of pediatric sleep problems (Figure 1).
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Figure 1. Multidisciplinary approach to the assessment and intervention of sleep problems with
emphasis on communication between patients/families and providers as well as across providers.

A medical provider such as a primary care provider or pediatrician routinely monitors a child’s
sleep starting at the mother’s prenatal visits by educating the mother on expectations and establishing
the sleep environment, continuing over the life of the child during well-child visits. Other medical
providers such as dentists, orthodontists, and otolaryngologists can screen for possible obstructive
sleep apnea or bruxism. Childcare and education professionals can help by informing caregivers of
a child’s level of daytime alertness and mood. Given the significant implications of sleep on behavior
and learning, it is appropriate and necessary that these professionals provide interprofessional care.
Unfortunately, there is limited research and discussion on a coordinated, multidisciplinary approach
to the assessment and treatment of sleep issues.

4. Discussion

A multidisciplinary approach to screening and prevention can help with early identification of and
intervention for sleep problems. Table 1 outlines anticipatory guidance for sleep-related topics across
ages that can be introduced and discussed with patients/families by the team of providers. Sleep issues
may also arise at ages other than what is presented in this table. Therefore, multidisciplinary providers
are encouraged to use this as a guide and consistently gather relevant information as issues arise
outside of the context of regular anticipatory guidance.

Table 1. Multidisciplinary anticipatory guidance recommendations [9,10,21–26].

Sleep Anticipatory Guidance: Infants

Primary Care Provider

1 to 6 Months
- Encourage parents to get plenty of sleep and sleep when infant is sleeping
- Help baby wake for feedings by light patting, changing the diaper, or undressing
- Continue to offer feeds during the night every 3 h
- Put infant to sleep on his/her back; choose a crib with slats 2 3⁄8 inches apart;
do not use loose, soft bedding
- Put baby to sleep drowsy but awake
- Pay attention to infant’s cues for sleep
- Develop a schedule for naps and nighttime sleep
- Infant should sleep in crib in caregiver’s room
- Do not but baby in crib with a bottle
- Create daily routine for naps and bedtime for baby
- Choose mesh playpen with weave less than 1⁄4 inches
7 to 12 Months
- Discuss changing sleep pattern
- Discuss limit setting and positive discipline
- Nighttime feeds not necessary
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Table 1. Cont.

Sleep Anticipatory Guidance: Infants

Behavioral Health Provider

1 to 6 Months
- Provide coping skill recommendations to caregivers to help with transition of
having a newborn at home and impact on parental sleep and stress level
- Help family set a consistent schedule and routine for sleep
- Provide psychoeducation on sleep-onset associations
- Discuss routine for feeds
- Provide psychoeducation on daytime disruptive behavior management
(i.e., differential attention)
7 to 12 Months
- Help family gradually reduce nighttime feeds
- Further discuss limit-setting techniques and positive discipline

Childcare/School

1 to 6 Months
- Maintain regular sleep and feeding schedules
- Maintain safety recommendations
- Put baby to sleep drowsy but awake
- Implement consistent routine for sleep
- Provide feedback to caregivers on daytime sleep habits
- Support independent sleep onset and reduce feedings during naps
7 to 12 Months
- Provide family with feedback on helpful behavioral strategies and positive
discipline techniques used at daycare
- Monitor sleepiness outside of daily sleep schedule
- Monitor developmental performance (i.e., cognitive, oral, and motor
development)

Dentist/Otolaryngologist
- First visit with a dentist by the time of eruption of first tooth or first birthday
- Screen for breathing concerns, oral and craniofacial abnormalities,
and obstructions

Sleep Anticipatory Guidance: Toddlers (1 to 3 Years)

Primary Care Provider

- Continue one nap per day
- Follow nightly bedtime routine
- Encourage quiet time such as reading, singing, and a favorite toy before bed
- Maintain consistent bedtime routines and sleep times
- Discuss night awakenings: parents should reassure briefly, give a preferred object
(blanket or stuffed animal), and put back to bed
- Do not put TV, computer, or digital device in bedroom
- No bottle in bed
- Use methods other than TV or digital media when tired to improve
calming behavior

Behavioral Health Provider

- Discuss nap schedule so as to not disrupt nighttime sleep
- Discuss use of transitional object for sleep and how to decrease maladaptive sleep
onset associations
- Discuss limit setting around electronics and digital media for sleep

Childcare/School

- Maintain consistent naptime earlier in the afternoon to avoid impact on
nighttime sleep
- Use transitional object at naptime
- Continue to monitor developmental gains and recommend early intervention
services or developmental assessment as indicated
- Assess for sleep concerns if developmental delays appear evident

Dentist/Otolaryngologist

- Encourage regular dental visits (i.e., every 6 months)
- Dentist discusses incorporating nightly oral hygiene habits into bedtime routine
- Dentist screens for consumption of sugary and caffeinated drinks and provide
education on impact of dental health and sleep
- Screen for tonsillar hypertrophy, oral and craniofacial abnormalities,
and nighttime breathing concerns and mouth breathing; may use pediatric-adapted
screening tools such as STOP-BANG [25]
- Dentist assesses for and provide psychoeducation about bruxism
- Dentist discusses use of positional therapy to reduce snoring or bruxism
- Otolaryngologist screens for obstructive sleep apnea (OSA)
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Table 1. Cont.

Sleep Anticipatory Guidance: School-Aged Children

Primary Care Provider

- Create and maintain a calm bedtime routine
- Limit TV to no more than 1 h a day, no TV in bedroom
- Monitor school performance and consider impact of poor sleep on tardiness,
daytime behavior
- Consider implementing a family media plan to balance needs of physical activity,
sleep, school, and quiet time without media
(www.healthychildren.org/mediauseplan)
- Maintain consistent sleep routine (even on weekends) to obtain adequate sleep
- Do not operate machinery, especially motor vehicles, when drowsy
- Discuss maintaining a sleep routine in light of other activities, work, school,
exercise, extracurricular activities, free time
- Provide psychoeducation around proper use of melatonin if used

Behavioral Health Provider

- Help family establish a consistent bedtime routine that is not too long (e.g., bath,
brush teeth, PJs, story, lights out)
- Encourage daytime exercise and limit electronics use; eliminate TV and other
screens at least 1 h before bed
- Introduce Cognitive Behavioral Therapy (CBT) strategies for older children to help
calm bedtime fears, anxiety, and mood concerns
- Help family implement behavioral strategies for bedtime refusal, night
awakenings, and parasomnias
- Discuss daily schedule to maintain balance between school, friends, homework,
and work
- Discuss setting limits around driving a vehicle if sleep deprived

School

- Monitor drowsiness in school, report episodes of sleep during school day to
caregivers
- Monitor academic and behavioral performance; assess sleep difficulties when
evaluating concerns
- Introduce psychoeducation on sleep during class time and to parents during
parent-teacher meetings and back-to-school night
- Monitor tardiness, school attendance, and changes in mood or anxiety levels
- Encourage regular exercise (e.g., PE classes)
- Consider changing school start times
- Provide psychoeducation on the impact of poor sleep on driving behavior
and safety
- Manage school schedules so extracurricular activities do not occur too early in the
morning or too late at night

Dentist/Otolaryngologist

- Dentist assesses for tooth wear and screen for bruxism if wear is evident
- Otolaryngologist screens for and monitors tonsillar hypertrophy and
sleep-disordered breathing concerns; screens for OSA before sedating a child for
oral surgery
- Otolaryngologist discusses impact of obesity on breathing-related sleep disorders
- Otolaryngologist discusses impact of decongestants and corticosteroids on sleep
- Otolaryngologist screens for nocturnal enuresis in patients who snore
- Discuss nonsurgical appliances to help correct oral abnormalities that may impact
sleep-disordered breathing

Consequently, implications of poor sleep such as daytime sleepiness, academic difficulties,
poor social-emotional regulation, and behavior difficulties can be mitigated. Other prospective
strengths of this model include collaboration among providers, which can streamline treatment
approaches and enhance coordination of care for the patient. Streamlined prevention and treatment
strategies can result in more consistent and clear messages to families, increasing the likelihood of
implementation. Barriers to this approach include difficulties sharing health information, as providers
across systems often do not have integrated medical records unless they are within the same health
agency. Without integrated health records, providers require release of information forms to be
completed by families to allow coordinated communication among providers. This can be difficult
to complete if it is not a regular procedure among providers. Additionally, time is a barrier to this
multidisciplinary approach. True coordinated care among providers to address sleep issues requires
communication via electronic health record, fax, secure email, or phone. Each mode of communication
has different procedures, and using these procedures impacts a medical provider’s day differently.
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Often providers do not have time built into their schedule for consultation and collaboration, and often
there is no additional financial compensation for the time required to execute these activities well.
An additional barrier to the use of this approach is not having enough providers or having many
multidisciplinary providers within a given geographic area, making it difficult to establish and
potentially maintain collaboration. Geographic locations that require providers to be significant
distances apart can also present a barrier, because patient follow-through for appointments may be
difficult due to transportation difficulties. Integrated approaches that have a collocated or preexisting
coordinated (i.e., interdisciplinary clinic) structure can help in navigating this barrier [32].

At this time, there is limited empirical evidence supporting a multidisciplinary approach for the
assessment and treatment of sleep problems. While some professional associations have established
best practice guidelines (e.g., pediatrics, dentistry) regarding assessment of sleep difficulties in pediatric
patients, not all relevant specialties have established guidelines, and certainly no guidelines have
taken into consideration coordination of care across environments. It is also important to note that
specialty providers, including neurologists, endocrinologists, and geneticists, can play a role in the
screening and prevention of childhood sleep problems. This review does not discuss their role, as the
general pediatric population is less likely to encounter these professionals in routine care. To explore
the utility of a multidisciplinary approach, empirical research studies should be employed evaluating
the process as well as clinical outcomes data measuring the impact on patient care. Data examining
whether a multidisciplinary approach allows patient access to services sooner may further support this
model as well as attenuate the severity of symptoms. Research should also explore possible solutions
to the aforementioned barriers and propose strategies to help improve the limited widespread nature
of this approach.
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Abstract: Sleep disorders are common in several psychiatric disorders, including schizophrenia. In the
pediatric population, the relationship between sleep and psychosis is not completely understood
due to limited research studies investigating the link. Insomnia is noted to be a predictor of
psychosis, especially in ultrahigh risk adolescents. Sleep difficulties are also associated with a two
to three-fold increase in paranoid thinking. Biological factors, such as decrease in thalamic volume,
have been observed in children with schizophrenia and ultrahigh risk adolescents with associated
sleep impairment. Objective studies have indicated possible actigraphy base measures to be the
predictor of psychosis after a one year follow-up. The studies using polysomnography have rare and
inconsistent results. In this brief review, we provide an overview of existing literature. We also posit
that future research will be beneficial in understanding the initiation, course and progression of sleep
disturbance in the high risk pediatric population with the goal of implementing interventions to alter
the development of psychosis.

Keywords: sleep disturbance; psychosis; schizophrenia; pediatric sleep

1. Introduction

Sleep disturbance is considered an important transdiagnostic factor implicated in the development
and maintenance of a range of psychiatric disorders [1]. As early as age 4, sleep disturbances, such as
difficulty falling asleep, sleep walking, and restless sleep, lead to increased externalizing problems [2].
In adolescents, sleep disorders, such as insomnia, are generally coexistent with internalizing problems
like depression and may even predict suicidality [3]. It has been hypothesized that the association
between sleep and psychiatric symptoms is often bidirectional and co-occurring sleep or psychiatric
disorder impacts the severity of other comorbid disorders [4]. Psychotic disorders are relatively
uncommon, yet are some of the most debilitating psychopathologies with onset in late adolescence [5].
The well-formed psychotic disorder, schizophrenia, is characterized by positive symptoms including
hallucinations, delusions, disorganization and negative symptoms such as cognitive impairment,
apathy, affective flattening, and social withdrawal. There are both objective and subjective studies
indicating that a variety of sleep problems ranging from insomnia to parasomnias are associated
with psychosis in adults. Certain sleep disorders like insomnia, periodic limb movement disorder,
obstructive sleep apnea, and restless leg syndrome are frequently seen in adults with schizophrenia.
Presence of significant insomnia has often been observed as a preceding symptom before a psychotic
episode and is also shown to impact the prognosis when it continues during the course of illness [5].
There is growing evidence indicating the importance of sleep disorders as potential markers for
emergence of psychotic symptoms as well as prognosis of psychotic disorders in adults. However,
in the pediatric population, the association between sleep and psychosis is far less researched and not
well understood, largely because of the rare prevalence and diagnostic challenges related to ill-defined
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presentation, convergence of symptom presentation with developmental stages, and difficulty in
obtaining reliable chronological history. The purpose of this brief review is to present an overview of
the existing literature on the relationship between sleep and psychosis in the pediatric population.

2. Methods

A literature search was conducted in PubMed and Medline databases for original research using
search terms “psychosis in children”, “childhood sleep disturbances”, “sleep and psychosis”, “sleep as
a predictor of psychosis”, and “insomnia and children” limited to pediatric age range (0–18 years).
Both objective and subjective studies published to date in English were included. The titles and
abstracts were screened for relevance and the case reports and articles not specifically related to sleep
and psychosis in children were excluded.

3. Results

3.1. Subjective Studies in Sleep and Psychosis in Children

A multicenter longitudinal study was conducted in North America aimed to identify predictors of
psychosis in youth with high psychosis risk [6]. The study results indicated that five features assessed
at baseline contributed uniquely to the prediction of psychosis: a genetic risk for schizophrenia
with recent deterioration in functioning, higher levels of unusual thought content, higher levels of
suspicion/paranoia, greater social impairment, and a history of substance abuse. Sleep disturbance
was included in the category of general symptoms, but it did not significantly contribute as a predictor
of psychosis. The authors concluded that sleep disturbance accounted for “general symptoms” but did
not have any significant predictability factor for psychosis.

A population-based study in United Kingdom that was an offshoot from the second British
National survey of Psychiatric morbidity investigated the effect of insomnia [7]. The results determined
that sleep difficulties and paranoid fears maintained each other in a circular relationship. Whether the
difficulty in falling or staying asleep was mild or severe, the association with paranoia remained;
likewise, whether the paranoid thought was of mild or severe content, the association with insomnia
was maintained. The results indicated that insomnia was associated with an approximately two
to threefold increase in paranoid thinking. The authors concluded that insomnia was a significant
contributor to the development and maintenance of paranoid fears.

A similar UK-based large scale epidemiological study was conducted aiming to investigate
the association between specific parasomnias (nightmares, night terrors, and sleepwalking) in
childhood and later adolescent psychotic experiences [8] The subjects were recruited from The Avon
Longitudinal Study of Parents and Children (ALSPAC) which is a birth cohort study set in the UK.
The strength of this study was certainly the sample size which was 4720 individuals. Experience of
nightmares, night terrors, and sleepwalking were assessed using a semi-structured interview at age
12. Psychotic experiences were assessed at ages 12 and 18 using a semi-structured clinical interview-
Pliksi (Psychosis-Like Symptoms semi-structured interview). Results demonstrated that there was
a significant association between the presence of nightmares at age 12 and psychotic experiences at 18
when adjusted for possible confounders and psychotic experiences at 12. As proposed in the study,
patients experiencing psychosis may have blurred boundaries between the sleep and awake state and
may have brief moments of oscillating between the two, even during the awake state. Nightmares
which occur in rapid eye movement (REM) sleep may thus be experienced as hallucinations during
the day. Conversely, one could transition into the awake state while asleep, resulting in sleep terrors
and sleepwalking in a non-rapid eye movement (NREM) stage.

A study by Lee et al. investigated the relationship between psychotic-like experiences (PLEs)
and sleep disturbances in adolescents [9]. The authors reported that insomnia and excessive daytime
sleepiness were found to predict psychotic-like experiences in adolescents independent of depression.
The study results indicated that all three types of insomnia (sleep onset, maintenance, and terminal
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insomnia) predicted high risk of clinical psychosis. Of note, excessive daytime sleepiness was
considered to be an independent predictor of PLEs, after controlling for antipsychotic medication,
which itself caused sedation.

On similar lines, Taylor et al. tested the hypothesis that shared genetic or environmental
influences underlined sleep disturbances and vulnerability to PLEs (psychotic-like experiences) [10].
The study included about 4800 pairs of 16-year-old twins participating in the Twins Early Development
Study (TEDS) as part of the Longitudinal Experiences and Perceptions (LEAP) project. The authors
concluded that their hypothesis was correct. Three positive symptoms, namely paranoia, hallucinations,
and grandiosity, and two negative symptoms of anhedonia and parent -rated negative symptoms were
among the PLEs that shared genetic and environmental influences, along with sleep disturbances and
cognitive disorganization. This was the only twin study included in our literature search.

Another study examined sleep dysfunction in adolescents at ultrahigh-risk (UHR) for
psychosis, relationships between sleep disturbances and psychosis symptoms, volume of an
integral sleep-structure (thalamus), and associations between thalamic abnormalities and sleep
impairment in UHR youth [11]. In the study, UHR was defined by moderate levels of positive
symptoms (unusual thought content/delusional idea, suspicious persecutory ideas, grandiose ideas,
perceptual abnormalities/hallucinations, disorganized communication) and/or a decline in global
functioning accompanying the presence of schizotypal personality disorder and/or a family history
of psychosis [11]. Subjects fulfilling this criterion were included. Conclusively, increased latency
to sleep onset and disrupted continuity of sleep were the sleep disturbances observed in UHR
adolescents along with decreased bilateral thalamus volume. Interestingly, sleep disturbances in the
subjects were associated with greater negative symptom severity as compared to positive symptoms.
These findings of specific sleep deficits in UHR youth possibly indicated a likely role for domains
of sleep dysfunction (latency, continuity) in the etiology of psychosis. Second, evidence of thalamic
reductions in the UHR sample suggested that a critical brain structure supporting sleep function
was compromised in adolescents at risk of psychosis. As these abnormalities were present prior to
onset, those findings indicated that reductions in sleep-related structures might play a potential role in
schizophrenia pathophysiology.

3.2. Objective Studies of Sleep and Psychosis

There has been a very limited number of studies investigating sleep and psychosis using objective
measures such as polysomnography and actigraphy in the pediatric age group. A study conducted in
1969 attempted to explore sleep patterns in normal and psychotic children [12]. Considering previous
evidence that there was marked decrease in stage 4 sleep in chronic schizophrenic patients, all-night
sleep electroencephalograms and power-density configurations were obtained and studied for a group
of psychotic and normal prepubertal children. Singular attention was focused on whether stage-4 sleep
was affected in the psychotic population who were clearly manifesting thought disorders. Authors
reported that there was no significant difference in stage 4 sleep in psychotic versus normal prepubertal
children. The authors also concluded that the mean difference of 1 h 37 min in total sleep time between
the psychotic and normal children largely reflected the differences in daytime activities between
the groups.

More recently, a pilot study was conducted to investigate REM disturbances in children with
major depressive disorder (MDD) and schizophrenia [13]. The study concluded that although there
was significant REM latency in MDD, it was not seen in children with schizophrenia. However,
pronounced impairment of sleep continuity was noted in schizophrenic patients.

In an extension of the above-mentioned subjective study by Lunsford-Avery et al. the authors also
obtained the data from actigraphy at baseline and after one year in relation to the psychotic symptoms
of ultra-high risk group. The results indicated that the specific sleep measures of actigraphy; reduced
duration of sleep, reduced efficiency of sleep, and wake time after sleep onset (WASO), were predictive of
the worsening of positive symptoms after a year after controlling for baseline psychosis symptoms [14].
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4. Discussion

The relationship between sleep disturbance as a predictor of psychosis is not extensively studied
in the pediatric population. Sleep research is challenging due to reliability of subjective reports and
cognitive abilities affecting self-awareness during different developmental stages in children and
adolescents. On the other hand, psychotic disorders are very rare in children and phenomenology
can be complex due to the multi-factorial nature of PLEs in that age group, ranging from trauma,
mood disorders, maladaptive coping mechanisms to stress, and underlying medical etiologies.

In the study by Lee et al. [9], the authors concluded that adolescent insomnia was a predictor
of PLEs. In contrast, the longitudinal study by Cannon et al. [6], did not support the findings but
acknowledged that sleep disturbance is merely a general symptom in youth with risk of psychosis.
Although the results of these studies are contradictory, sleep disturbance may have indirectly led to
higher levels of unusual thought content or higher levels of suspicion/paranoia in the former study
which were considered as predictors of psychosis. It is also important to note that although one
study found insomnia to be a predictor of PLE, all PLEs may not eventually progress to psychosis.
An interesting finding of the former study is that EDS (excessive day time sleepiness) is an independent
predictor for PLE. The authors made an interesting point that narcolepsy having ill-defined boundaries
between sleep and wakefulness, as characterized by sleep paralysis and hypnopompic and hypnogogic
hallucinations, might be considered as a differential diagnosis of adolescent psychosis and vice versa.

In the study by Lunsford-Avery et al. [11], the authors stated that problematic sleep might
represent a core feature of psychosis, over and above concurrent mood symptoms. However,
the offshoot of the same study that used actigraphy measures demonstrated that specific objective
parameters at baseline were associated with positive symptoms of psychosis at one year follow-up [14].
On similar lines, the British national survey data indicated specific parasomnias being associated with
development of PLEs in future [7]. The authors did attribute the daytime PLEs to the brief lapse into
REM sleep. However, while few studies have found poor sleep/wake boundaries among individuals
with psychotic symptoms, there is little evidence of intrusions of REM sleep into waking states in
patients with schizophrenia experiencing hallucinations.

The twin study by Taylor [10] and study of structural thalamic abnormalities by
Lunsford-Avery [11] indicate genetic and biological underpinnings to the association between sleep
abnormalities and psychosis. However, the evidence is only limited to association, without any
identified direction of effect or causality.

One of the proposed models to provide a plausible explanation for the bidirectional nature of
sleep and psychosis is the neurodevelopmental diathesis-stress model [15]. According to this model,
there are shared genetic and environmental factors that affect development of psychosis as well as
sleep dysfunction. Additionally, the stress related to psychosocial and biological changes intertwined
with neuromaturational factors across developmental stages in children result in the interplay between
sleep and cognitive deficits resulting in psychosis like symptoms. While the conceptualization is
untested, it draws upon the traditional stress-diathesis model for schizophrenia and also supports the
biological underpinnings of sleep and psychiatric disorders.

Regarding objective studies, the topic has received scant attention and there are very few studies
investigating the relationship between objective sleep measures and psychosis. Of the studies described
above, only the actigraphy study was longitudinal and reported specific measures to predict psychosis
after one year follow-up. However, the rest were mostly limited due to small sample size, different
diagnostic criteria, and variability in age groups. Interestingly, the literature in adults indicated that
different studies reached different conclusions regarding the objective measures associated with or
predicting psychosis.

5. Conclusions

Despite increasing evidence that sleep problems are clinically significant in patients with psychosis
and may function as predictors of development of psychosis in individuals with high risk, robust
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research in this area is lacking. The available literature posits a biological and psychosocial model for
explaining the association between sleep dysfunction and psychosis. Large, longitudinal, and objective
studies specifically investigating the sleep–psychosis relationship are needed. Further studies should
consider replicating some of the findings in adult literature and also investigate the differences
between pediatric and adult age groups, thereby providing insights into developmental aspects of
psychopathology. It would also be valuable to explore the interventions specific to sleep and cognition
as possible ways to alter the development or alleviate dysfunction resulting from psychosis. Finally,
it would be important to include sleep symptom assessments in clinical practice as an integral part of
assessment and treatment planning for youth presenting with psychosis-like experiences.
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Abstract: Adolescent insomnia is a common condition that negatively impacts a developing young
adult’s mental and physical health. While the treatment of adult insomnia has been standardized,
the treatment of pediatric insomnia is very practitioner-dependent and few large-scale studies are
available to determine a standard recommended practice. There is great hope that as the adolescent
medicine and sleep medicine fields flourish, larger cohort analyses will be performed to determine
the prevalence and precipitating factors of adolescent insomnia, allowing for standardized treatment
recommendations and systematic efforts to make these recommendations available to all adolescents.

Keywords: insomnia; adolescents; adolescence; teenagers; delayed sleep phase; cognitive behavioral
therapy for insomnia (CBT-I)

1. Introduction

Insomnia is a nocturnal disorder that profoundly impacts an individual’s performance during
waking hours, taking away the restorative physical and cognitive properties that sleep provides [1,2].
Rather, insomnia fills this void with impatience, anxiety, and ultimately leads to maladaptive behaviors;
these often involve utilization of screens, providing stimulation and light exposure, which is correlated
with even later sleep onset [3]. Adolescence encompasses a wide time range which includes early
(11–13 years), middle (14–18 years) and late periods (19–21 years old or through college age) [4].
Within this timeframe most individuals will go through the pubertal process, move from more logical
thought to abstract thinking with problem-solving abilities, and experience a peak in impulsivity
that gradually dissipates into behaviors such as self-regulation and planning [3]. This is also a
time during which the adolescent will distance him or herself from the family unit and develop
stronger relationships with peer groups, romantic interests, and ultimately physically separate to live
independently and pursue goals such as further education or employment. This separation includes
decreased sharing of medical information, even in cases of pain [5], due to embarrassment and a
desire for independence. These factors do not bode well for the trend of increased issues with sleep
in adolescence [6]. The amount of recommended sleep during the adolescent period is greater than
expected, with the National Sleep Foundation recommending 9–11 h of sleep for children 6–13 years
old and 8–10 h per night for individuals aged 14–17 years old [7]. In today’s world of increased
demands on adolescents for afterschool activities to compete for limited spots in universities [8],
increased exposure to screens even in their own bedrooms [7], early start times for schools [9], and a
physiologic sleep/wake delay [10], there are a multitude of reasons that adolescents do not reach
the critical amount of sleep they need. In fact, the National Sleep Foundation poll of 12th graders
(17–18 years old) reported that 75% slept less than 8 h per night [11]; this is even more striking when
considered in light of the fact that self-report of sleep by adolescents is often overestimated [12].
These adolescents are not getting adequate sleep, affecting performance during formative years [13,14],
and not seeking help for it. In the setting of any underlying physiological or psychological conditions,
this is often exacerbated [15–17]. In adults, the standard of care for insomnia has moved away from
medication in recent years to more cognitive behavioral therapy for insomnia (CBT-I) [18] and while
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benefit has been seen in adolescents undergoing CBT-I [19–21] there is still limited access for those who
are seeking providers of this specific technique [22]. While insomnia in the adolescent is challenging
due to its multifactorial nature, it is a topic that deserves specific attention.

2. Epidemiology

As early as infancy, insomnia can be found disrupting schedules, family life, and the ability
for a child to have adequate daytime alertness and energy to reach their developmental goals [22].
Behavioral insomnia of infancy is a condition largely influenced by environmental factors and caregiver
choices. It also provides a breeding ground for maladaptive behaviors; sleep onset associations,
inappropriate limit setting, and mistiming of sleep onset time can all linger and become part of
an older child’s sleep related issues. It is estimated that insomnia can be as common as 36% in
preschool (3–5 year old) children and approximately 20% in school age (5–10 year old) children [23].
The prevalence of insomnia in adolescents remains in the same approximate range, as high as 23.8% [24].
This suggests that it is the most common sleep disorder in this age group. These values arise from the
use of the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria
for diagnosis of primary insomnia which is defined as at least one month of symptoms including
difficulties with sleep onset, maintenance, or a sensation of unrefreshing sleep [25]. This is in contrast
to fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) which has stricter
criteria for insomnia diagnosis, requiring a chronicity of 3 months [26]. In the sleep field, insomnia is
diagnosed according to the third edition of the International Classification of Sleep Disorders (ICSD-3);
it is described as a sleep onset or maintenance problem in the setting of an adequate opportunity
to sleep, with some reported daytime impairment [27]. The causes of insomnia are multifactorial,
with genetic, biologic, environmental and social factors playing some role [28]. To be considered
chronic, it should last at least three months with symptoms at least three times per week; this is
purposely very close to the DSM-V diagnosis. While this unified change is more restrictive than the
previous DSM-IV diagnosis and limits the amount of diagnoses that can be made, it also highlights
the often long-standing nature of the disorder. Unspoken in the diagnostic criteria are the many
maladaptive behaviors that a person may develop in reaction to their insomnia which continue to
perpetuate the issue, such as anxiety about sleep itself or nocturnal behaviors during periods of
inability to sleep [27]. It is just as important to address these responses as to treat the underlying
disorder as they often persist long after the precipitating incident that initially triggered the insomnia
has passed.

In one of the few larger studies of adolescents with insomnia, the onset of symptoms
occurred at a median age of 11 years with no difference between prepubescent boys and girls [29].
However, after puberty there is a notable uptick in the incidence of insomnia in girls, specifically a
2.75-fold increase after menarche [29], the culmination of puberty in females. Interestingly, as these
young women mature into older women, while they may objectively sleep better than their male
counterparts, they also report more sleep-related complaints [30]. As these women age and pass
menopause, they seem to have an objective worsening of sleep architecture [30]. However, in the
adolescent period alone (especially in later adolescence), there is an increase in the prevalence of
insomnia in females [24].

3. Circadian Confounder

A crucial point to mention in the epidemiology of adolescent insomnia is the potential
confounding diagnosis of delayed sleep wake phase disorder (DSWPD). DSWPD is characterized
by a delay in the phase of the “major sleep period” with normal sleep duration and non-rapid
eye movement/rapid eye movement (NREM/REM) cycling, according to the ICSD-2 classification
system [31]. In the ICSD-3 criteria, these symptoms need to be ongoing for at least 3 months with
objective data (e.g., sleep logs or actigraphy supported by a delayed melatonin onset) demonstrating
the delay in sleep onset by more than 2 h compared to what is socially accepted or desired by the
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individual [27]. There also needs to be a delay in wake onset, with a significant daytime impact,
again defined by the individual [27]. The ICSD-2 acknowledges the common predisposition of
adolescents towards developing this syndrome [31]. No definite prevalence has been agreed upon,
but between 1% and 16% of adolescents are diagnosed with DSWPD [30,32]. While behaviorally
induced delayed sleep onset for reasons such as school work, employment, extracurricular activities,
screen time, and parental influences [10] may certainly contribute to the development of this condition,
at least one specific polymorphism has been associated with the development of DSWPD so far,
and more research in this area is ongoing [33,34]. Across international studies, a consistent pattern of
shifting sleep onset times has been demonstrated in adolescents, with a 1–2 h delay in weekend versus
weekday bedtime [10]. This coincides with a significantly earlier school start time [10] and truncated
sleep due to the lack of opportunity to sleep until the natural end of the sleep-wake phase. This leads
to sleep inertia, described as an overwhelming difficulty rising upon awakening to be ready for school,
work, etc.

Sleep is driven by two main processes. Process C is the circadian system, governed by the central
clock, the suprachiasmatic nucleus in the hypothalamus, which dictates when in the 24 h day an
individual is most likely to sleep or wake naturally [35]. Process S is the homeostatic drive for sleep,
which is governed by how long an individual has been awake. This accounts for how much “sleep
debt” they have accumulated [35]. These two processes partner to determine when an individual will
actually fall asleep. Given the often unmet increased requirement for sleep in this age [7], there is an
increased sleep debt and heightened homeostatic drive for sleep at earlier evening hours than the
delayed circadian phase of the adolescent would dictate. This ability to fall asleep at these earlier times
can make elucidating the diagnosis of DSWPD difficult. Since falling asleep earlier than one’s circadian
time may not ensure a stable period of continuous sleep, adolescents often report intermittent difficulty
with sleep onset and even maintenance, symptoms often attributed to insomnia. The treatment of
insomnia (as discussed later in this article) is different than the entrainment necessary to shift one’s
delayed sleep/wake phase to earlier hours [36–38]. Given the high prevalence of this circadian rhythm
disorder, it is important to make sure it is ruled out prior to initiating a treatment for insomnia.
The timing of sleep onset, wake time and quality of sleep during weekends and prolonged holidays
are important to ascertain when evaluating adolescents. When permitted to sleep on a schedule that
feels most “natural”, an adolescent with delayed sleep wake phase disorder will likely not experience
any decrease in sleep quality, issues with sleep maintenance, or sleep inertia. An adolescent who
has no issues with their sleep when following their own circadian rhythm must either find work or
school schedules that accommodate their natural sleep/wake cycle or make efforts to entrain their
circadian rhythm to match the requirements of their social situations. Adolescents who continue to
have difficulty initiating and maintaining sleep despite sleeping according to their circadian sleep
phase should undergo further evaluation for insomnia.

4. Impact

Insomnia is not without physiologic effects. In the adult, studies looking at “short sleepers” and
“long sleepers” (≤6 h per night and >8 h per night, respectively) have shown an association with an
increased risk in all-cause mortality [2]. In a large cohort study of over 3000 aging individuals with sleep
time that was either too short or too long, there was a significant elevation in markers of inflammation
such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) as well as an increase in mortality
in both groups compared to the mean [2]. Other studies have demonstrated decreased sleep duration
being associated with obesity, metabolic syndrome, diabetes, hypertension, coronary artery disease and
increased all-cause mortality in the adult population [39]. In the adolescent, fewer large cohort analyses
have been performed looking at systemic consequences of decreased duration or quality of sleep.
Some studies, however, have suggested an associated increase in overweight status and obesity [40,41]
and an increased risk of prehypertension and hypertension independent of obesity [41,42] putting
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these children at risk for long term cardiovascular morbidity. Interestingly, there is no clear increased
risk of sleeping too long seen in children/adolescents [41] as seen in adults.

In the adolescent suffering from sleep issues, decreased sleep quality has many deleterious effects
on neurological and psychological outcomes. Along with poor performance the next day [13,14],
there is also an increased risk of anxiety and depression [15], including an increased risk of suicidal
ideation [16,17]. Even more frightening is that these are also young adults who are less willing to
confide in a parent or seek out medical care on their own [43], allowing their sleep pathology to go
unchecked. In adults, decreased sleep efficiency as well as decreased overall satisfaction with sleep
have been shown to be correlated with an increased incidence of depression [39]. In teenagers, there is a
strong correlation with insomnia, anxiety and depression but determining causality is challenging [44].
Although some studies have suggested that the presence of insomnia more commonly precedes
the development of anxiety and depression [45,46], the consensus is that they are likely mutually
influencing conditions which have many of the same underlying etiologies and that treatment of one
should most certainly include addressing the others.

A large cohort of adolescents with self-described difficulty with sleep had reported daytime
symptoms of chronic tiredness/fatigue and had objectively worse school performance [14].
The converse is also true, with decreased symptoms of insomnia correlating with higher grades in
non-foreign language studies as well as mathematics in both boys and girls [14]. Even outside of school
performance, the presence of insomnia significantly predicts school absenteeism [47]. This is likely
multifactorial in that these adolescents are trying to make up for little or non-restorative sleep at night,
by sleeping longer in the morning. They are either still in bed missing school or physically present in
the classroom but having microsleeps when awake, similar to a drowsy driver [48]. While this latter
example is extreme, it highlights a very tangible disruption in daytime alertness, when an adolescent’s
main task is to stay awake in the classroom to learn.

While beyond the scope of this review, it is important to note that adolescence is a time that
teenagers are getting behind the wheel, learning to drive and doing so independently for the first
time. Any decrease in alertness can increase the risk of serious bodily harm, especially in the novice
driver [48]. In an effort to keep adolescents safe, in school, and with the highest chance of academic
success, there has been a very strong push for delaying school start times [49,50]. While this will
not necessarily address every cause of sleepiness in adolescents, aligning school time with ideal
periods of physiologic wakefulness in adolescents is an important step towards mitigating the risks
associated with suboptimal sleep health in this population. The American Academy of Pediatrics
(AAP) and American Academy of Sleep Medicine (AASM) have both put forward emphatic formal
statements identifying early school start time as a key modifiable contributor to insufficient sleep
in the adolescent population and suggesting that 8:30 am should be the very earliest that schools
begin [49,50]. Having these recommendations from major professional organizations for the pediatric
and sleep fields respectively demonstrates how vast of an issue delaying school start times has become,
and will hopefully encourage more efforts at identifying and endorsing policy changes that will
support cultural shifts in our society that prioritize sleep health in adolescents.

5. Contributing Factors & Comorbidities

Certain populations of adolescents are more vulnerable to developing insomnia than others.
As previously discussed, psychopathologies such as depression and anxiety are highly correlated with
insomnia. Additionally, up to 73% of children with Attention-Deficit/Hyperactivity Disorder (ADHD)
endorse sleep issues pertaining to initiating and maintaining sleep [51,52]. A recent randomized
controlled trial aiming to provide behavioral tools to manage sleep symptoms demonstrated
improvement in the severity of the ADHD symptoms while the subjects were still taking a stimulant
medication as a first line therapy [51]. There is no current data to suggest that behavioral interventions
alone are as effective for ADHD as in combination with medication [45], but this remains an area
to be further investigated. It has been shown that in children with ADHD, there is an increase in
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cortical hyperarousal, ascertained by an increase in beta frequency EEG waves resembling wake
throughout the night [53]. This was seen even during the deepest stages of sleep, which should have a
predominance of much slower frequencies [53]. This suggests that there is much more to be explored
regarding the underlying pathophysiology of ADHD and how great of a role sleep may play in it.

Adolescents with neurodevelopmental disorders other than ADHD are also at risk for sleep
difficulties [54,55]. This includes Autism Spectrum Disorders, Cerebral Palsy, Fetal Alcohol Syndrome,
Down Syndrome, and other conditions manifesting early in childhood with significant cognitive and
emotional/behavioral difficulties. A very recent comprehensive review on this subject reported that
among children with neurodevelopmental disorders compared to typically developing controls there
is an increased incidence of bedtime resistance, anxiety, difficulty settling down to sleep, delayed sleep
onset, sleep maintenance issues, and overall restless sleep [54]. There are currently no specific
guidelines for managing insomnia in the neurodevelopmental disability group. Likely due to this lack
of guidelines, behavioral interventions for insomnia being more thoroughly studied in the typically
developing cohort [56], and few pediatric patients having access to these therapies [57], an impressive
majority (81%) of neurodevelopmentally impacted children has been prescribed a medication to treat
insomnia in the last year [58]. Much more research is needed on the complexity of insomnia in the
neurodevelopmental disability group and clarifying first line therapies and a step-wise approach
to treatment.

Other populations at risk for insomnia include children with chronic illnesses [59–61] and in
difficult social situations such as poverty and food scarcity [62] and in turbulent home environments
due to an array of issues as severe as exposure to violence [62,63]. Many of these insomnia symptoms
are inextricable from the PTSD, depression and anxiety that these adolescents also face [55,62].

Having another underlying sleep disorder may lead to difficulties with sleep onset and sleep
maintenance. While delayed sleep wake phase disorder has a great deal of overlap with insomnia,
other circadian disorders such as Irregular Sleep Wake Rhythm Disorder and Non-24 Sleep Wake
Rhythm Disorder can lead to the development of similar symptoms. Although difficulties with
sleep latency are not commonly seen [52], adolescents with obstructive sleep apnea (OSA) may have
sleepiness during the day [64] and difficulties with sleep maintenance due to intermittent obstructive
respiratory events and hypoxia [65]. Adolescents with OSA are often overweight and have difficulty
maintaining attention in the classroom [65,66] symptoms that are difficult to differentiate from the
adolescent with insomnia. Therefore, any concern for possible obstructive sleep apnea should be
pursued with polysomnography (PSG) before attributing sleep issues to insomnia alone.

Restless legs syndrome is a disorder described by an urge to move the legs which is most
prominent at rest, relieved by movement, and often presents in a circadian pattern of peak symptoms
in the evening, which can greatly impact sleep onset and sleep maintenance [67]. This is a clinical
diagnosis that should be inquired about when investigating complaints of insomnia, as the associated
discomfort can cause a prolonged sleep onset latency. A related disorder, Periodic Limb Movement
Disorder (PLMD) [27] can cause daytime sleepiness due to sleep disruption throughout the night
without obvious symptoms prior to sleep onset. This diagnosis requires a polysomnogram to rule out,
similar to OSA.

Finally, while narcolepsy is a disorder of central hypersomnolence, individuals suffering from
this condition do report difficulties with sleep consolidation and maintenance [27]. These adolescents
often present with sleep paralysis, hypnagogic/hypnapompic hallucinations and excessive daytime
sleepiness, but these can be seen due to sleep deprivation from insomnia as well. Very vivid dreams
and dream enactment can be seen in narcolepsy, leading to reports of difficulties staying asleep. If a
suspicion for narcolepsy arises during an adolescent’s report of insomnia, it should be more thoroughly
investigated and a PSG followed by a multiple sleep latency test should be considered.
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6. Treatment

The treatment of insomnia in adults has been standardized to promote cognitive behavioral
therapy for insomnia (CBT-I) as an effective and recommended initial treatment option [68].
This was reaffirmed by the American Academy of Sleep Medicine in a recent position statement
on pharmacologic treatment of insomnia, as well, emphasizing that behavioral techniques need to
be a standard of treatment [69]. CBT-I is comprised of a short course (4–8 weeks) of weekly visits
with a trained professional to learn, implement, and follow up on techniques such as stimulus
control, sleep restriction, relaxation and relapse prevention, as well as further sleep education [70].
While alone these techniques are very effective, they have shown to be more efficacious and longer
lasting when put into action together with a close relationship with a CBT-I provider [70,71]. This has
been found to be as efficacious and more long lasting than medication alone [71]. In the adolescent
population, CBT-I delivered in person one-on-one [72] as well as in a group setting and through
specific internet-based programing has been shown to be effective for the treatment of insomnia [73].
The treatment of adolescent insomnia with CBT-I was shown to decrease somatic complaints as
well as anxiety, oppositional behavior, and ADHD symptoms [74]. However, similar to the adult
population [70] there are currently not enough trained providers available to deliver these services to
children and adolescents [75]. Until more providers become available, consideration should be given
to continuing to trial group based CBT-I as well as validated internet-based CBT-I, as these are now
proving to be effective for adolescents [21].

Outside of providing behavioral interventions, medications are frequently used in the pediatric
population to treat insomnia, even surpassing the rates seen in the adult population [58]. In younger
children, more sedating medications are used, such as off-label use of antihistamines (e.g., hydroxyzine
and diphenhydramine) or supraphysiologic doses of melatonin [58]. The efficacy of melatonin may
suggest that a there is a circadian misalignment contributing to/causing difficulty initiating sleep [36,37].
Interestingly, in specifically the ADHD population as well as children with neurodevelopmental
disabilities, high (5 mg and above) doses of melatonin were shown to improve sleep as well as
daytime behavior [76,77]. The mechanism behind this improvement is still not completely understood,
other than that these children are able to get more quality hours of sleep. Fortunately, as further
research continues, long term use of melatonin even at high doses has been shown to be without
adverse effects [78]. Melatonin agonists (namely Ramelteon) have been approved for adolescents over
18 years old, and have been effective in small case reports with off-label use for younger children [79].

In the ADHD population, clonidine (an alpha-2 agonist) has been used as a short-acting sedating
medication, to help with sleep onset in these challenging children and adolescents [80]. However, it is
not without risk given its antihypertensive properties, and can cause hypotension during use and
rebound hypertension after discontinuation.

While benzodiazepines were commonly used in adults for sleep onset insomnia, due to the high
risk of overdose, dependency, and abuse, they are no longer commonly used [69]. An exception to this
is for the treatment of parasomnias, but this is beyond the scope of this review.

The available benzodiazepine receptor agonist medications (BzRA) or “Z” drugs (Zolpidem,
Zaleplon, and Eszopiclone) are medications only approved for use in patients above 18 years of
age, as well. They are non-benzodiazepine medications, and augment gamma-aminobutyric acid
(GABA) activity at the receptor only if GABA is present, unlike benzodiazepines which act directly
at the place of the receptor even in the absence of endogenous GABA. This theoretically provides
for a better safety profile [81]. Zaleplon is the shortest acting of the three, with a half-life of one
hour, compared to 1.4–4.5 h for Zolpidem and 6 h for Eszopiclone [82]. In the adult population,
all three have been shown to be effective in the short term for treating sleep onset and maintenance
insomnia, but long-term data is lacking, with some suggestion the behavioral techniques are even more
effective [71,82]. Zolpidem has been shown to have potential side effects of complex behaviors at night
as well as next day “hangover” effects on driving, memory and motor ability, risks that often outweigh
its benefits [83,84]. Zaleplon and Eszopiclone have been implicated in complex sleep behaviors as
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well, but only in limited case reports [84,85]. Zaleplon and Eszopiclone have not been studied in the
pediatric population. Zolpidem has been studied in an open label trial in pediatric patients and from a
pharmacokinetic perspective was shown to be well tolerated at a dose of 0.25 mg/kg [86]. However,
in studies using Zolpidem off-label for sleep augmentation in specific populations such as pediatric
burn victims [86] and children with ADHD [87], it was not effective for reducing sleep latency on
polysomnography. There is also an increased risk of Zolpidem misuse in the adolescent population [88]
given their increased propensity for impulsivity and risk-taking behavior [3]. In light of the risk profile
and lack of efficacy, BzRA medications cannot be reasonably recommended for children and younger
adolescents with insomnia.

Small trials of reversible orexin receptor antagonists (Suvorexant) have been shown to be relatively
safe in adolescents (with abnormal dreams and daytime sleepiness as the most prominent side
effects) [89]. More studies need to be performed to determine efficacy in this population.

An exciting newer medication available for adults with insomnia is a low dose of an old tricyclic
antidepressant, Doxepin. In very low doses (3 mg or 6 mg) it can help with sleep maintenance and
ensuring a quality duration of sleep, though not necessarily with sleep onset [90]. It has not been
studied in pediatrics, but given its safety profile, consideration should be given to further studies of
Doxepin in the adolescent population.

Gabapentin is an antiepileptic medication that is often utilized for the treatment of restless legs
syndrome and periodic limb movement disorder when iron supplementation is not sufficient to control
symptoms [67]. Aside from being sedating, it has been shown that Gabapentin also has an enhancing
effect on slow wave sleep, the “deep sleep” so often sought after [91]. For this reason, it is also utilized
for insomnia in that it can improve sleep maintenance [91]. In children with neurodevelopmental
disorders, use of Gabapentin for insomnia (5 mg/kg to 15 mg/kg) has been shown to be effective
in improving sleep based on parental report [92]. More studies are needed regarding Gabapentin
use in typically developing children and adolescents, given its demonstrated efficacy and low risk
profile [92].

Given the ability of antidepressant (Doxepin) and anticonvulsants (Gabapentin) medications
to serve secondary roles of augmenting sleep, if a child is already on a medication for his or her
psychological or physiological comorbidity, consideration should be given to examining the possible
side effects of these medications, and assessing if they could be utilized to help promote better sleep.

Finally, while Trazodone is an antidepressant that has been used in the past for treating sleep
difficulty in ill or neurodevelopmentally devastated children and adolescents [93,94], there is very
little data on the efficacy or safety of this medication.

7. Conclusions & Call to Action

Adolescence is a transformative time, typified by great intellectual, physiologic, psychologic,
and social changes. Insomnia deprives adolescents of the attention and cognition required to
play an active role in these exciting and demanding processes. Other sleep disorders such as
obstructive sleep apnea, restless legs syndrome, circadian rhythm disorders, and narcolepsy impact
sleep negatively, but insomnia is more common than each of these conditions, multifactorial,
and more complicated to treat [24]. Short sleep duration in the adolescent has a multitude of
negative somatic, neurodevelopmental and psychological outcomes, similar to that of the adult
cohorts [13,14,39]. While clear recommendations exist for treating adult insomnia with CBT-I and
medication if necessary [69], treating children and adolescents is much more complex. Behavioral
therapies are challenging from many angles, including gauging maturity level, respecting autonomy
in patients while acknowledging parental responsibilities for decision making, as well as the paucity of
sleep psychologists trained and available to provide CBT-I in younger patients [70,75]. Another layer
of complexity is that a larger proportion of adolescents with physiological, psychological and
developmental comorbidities report insomnia compared to the general population, and their treatment
plans need to be even more individually tailored. The recent growth in the adolescent medicine
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and sleep medicine fields [95,96] presents an incredible opportunity to collaborate and conduct
large scale analysis of adolescent sleep health, hopefully allowing us to demonstrate prevalence of
insomnia among adolescents and to further analyze the predisposing, precipitating, and perpetuating
factors of adolescent insomnia [70]. Perhaps the demonstration of confirmed prevalence across
multiple centers, with a more rigorous exploration of the impact of poor sleep may strengthen the
argument for implementation of policies such as delaying school start times. Perhaps it may simply
publicize this issue and encourage more adolescents to come forward and seek treatment, or give
educators/coaches/employers more credibility in suggesting to families that an adolescent may benefit
from additional help. Perhaps applying systematic treatment regimens to adolescents with insomnia
will allow us to standardize behavioral and pharmaceutical approaches and move towards the
establishment of guidelines. One thing is clear: given the far-reaching impact of adolescent insomnia,
all health practitioners who care for adolescents should remain vigilant about this important issue
while making efforts to optimize their growth and development. Their future, and ours, depends on it.
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Abstract: Sleep disturbances are often observed in child and adolescent mental health disorders.
Although previous research has identified consistent subjective reports of sleep disturbances,
specific objective sleep markers have not yet been identified. We evaluated the current research
on subjective and objective sleep markers in relation to attention deficit hyperactivity disorders,
autism spectrum disorders, anxiety and depressive disorders. Subjective sleep markers are
more consistent than objective markers of actigraphy, polysomnography, and circadian measures.
We discuss the causes of variability in objective sleep findings and suggest future directions
for research.
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1. Introduction

Significant neurobiological, physiological, and social changes occur during childhood and
adolescence [1,2], including changes in circadian and sleep systems that regulate sleep duration
and timing [3]. The duration of sleep decreases as development progresses, from about 14.5 h at
6 months of age to 8 h at age 16 years [4]. Other macrostructural changes, including changes in sleep
stages, sleep architecture, and sleep efficiency, occur during childhood and adolescence [5]. Also,
circadian changes, such as a shift toward later circadian chronotype and evening-type sleep patterns,
emerge in adolescence [6]. These changes in sleep patterns across development, especially in the
context of mental health problems, can be difficult for some youth.

Along with changes in sleep patterns, many youth develop mental health disorders in childhood
and adolescence [7]. Attention Deficit Hyperactivity Disorder (ADHD) (8.6%), mood disorders
(3.7%) [8], and autism spectrum disorders (0.7%) (ASD) [9] are common mental health problems
in children that show an onset in early childhood [10]. In adolescents, common mental health issues
include anxiety disorders (31.9%), behavior disorders (19.1%), mood disorders (14.3%), and substance
use disorders (11.4%) [11]. Further, child and adolescent mental health disorders are characterized by
significant comorbidity with a wide range of severity [8,11,12].

Sleep difficulties in youth with mental health problems are common, including increased sleep
latency, nocturnal awakenings, nightmares, snoring, restless sleep, excessive daytime sleepiness,
bedtime struggles, and fear of dark [13]. Sleep problems are known to have complex bidirectional
relationships with childhood psychiatric disorders [14]. Historically, the evidence linking subjective
sleep reports with reliable objective sleep markers in youth with mental health disorders has been
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inconsistent. Although youth with anxiety, depression, ADHD, or ASD often report subjective
sleep disturbances [15–17], there is a paucity of evidence on reliable objective markers of sleep
in pediatric mental health disorders [17,18]. An earlier meta-analysis of children with ADHD
identified sleep onset difficulties, bedtime resistance and difficulty with waking up in morning on
subjective reports, high sleep onset latency and true sleep on actigraphy, and low sleep efficiency
on polysomnography [19]. However, a recent meta-analysis only identified high percentage of
stage 1 sleep as the significant finding in children with ADHD [20]. In major depressive disorder
(MDD), a systematic analysis identified decreased sleep onset latency and rapid eye movement (REM)
abnormalities as reliable sleep findings [21]. Objective sleep markers such as REM abnormalities,
prolonged sleep onset latency, sleep fragmentation, and reduced sleep efficiency were identified in
some studies of pediatric mental health disorders. However, several other studies have not shown any
differences in objective sleep markers between children with mental health disturbances and healthy
controls [22].

Herein, we review the literature on objective markers of sleep disturbances in the context of
youth mental health disorders. We focused on current research studies and literature predominantly
published during the last decade which includes objective measurements of sleep (polysomnography
(PSG) or actigraphy) or circadian rhythms. Specifically, we examined studies in children and
adolescents with anxiety disorders, depressive disorders, ADHD, and ASD diagnosed by diagnostic
and statistical manual of mental disorders (DSM) criteria. We excluded studies of children with
primary sleep disorders. From the selected studies, we identified objective sleep markers and their
associations with subjective reports of sleep disturbances.

2. Objective and Subjective Markers of Sleep Disturbances

Objective markers of sleep disturbances include measurements by PSG, actigraphy, and measures
of circadian biology. Polysomnography, the most widely used and validated standard for the
evaluation of sleep, is a multi-modal instrument which assesses a range of physiological changes in
electroencephalography (EEG), respiration, and heart rate [23], with an established scoring method
to identify macrostructural sleep characteristics [24,25]. Actigraphy, a wrist-based instrument
that measures movement by an accelerometer, is another reliable tool for measuring sleep and
wake rhythms [23,26]. Circadian rhythms are assessed using laboratory-based protocols [27],
including assessment of melatonin and cortisol [28]. Arousals from sleep, defined as behavioral
awakenings, an abrupt shift in the EEG frequency and desynchronization of EEG [29], have been
examined in research studies as markers of sleep instability. Brief arousals from sleep, referred to
as microarousals and cyclic alternating patterns, are used as markers of sleep disturbances [30,31]
whereas subjective sleep patterns are assessed from several instruments including Children’s Sleep
Habits Questionnaire [32], Adolescent Sleep-Wake Scale, Sleep Disturbances Scale for Children,
Sleep Self-report, School Sleep Habits Survey [33], and sleep diaries.

2.1. Sleep in Anxiety and Depressive Disorders

Subjectively, parents of children with generalized anxiety disorder (GAD) report resistance
to bedtime, delay in sleep onset, short sleep duration, high anxiety before sleep, and daytime
sleepiness [34]. Similarly, adolescents with anxiety have high bedtime worries/fears,
insomnia symptoms, daytime sleepiness on self-reports and high sleep onset latency, total sleep
time and wake after sleep onset duration, and low sleep efficiency on sleep diaries [35]. In depression,
children and adolescents typically report insomnia and, in some cases, hypersomnia, with severe
depression associated with comorbid insomnia and hypersomnia [15]. In MDD, sleep diaries indicate
subjective sleep complaints such as long sleep latency, a high number of awakenings, and high wake
after sleep onset, although, these subjective reports are less common than in anxious children and
adolescents [36]. Gender differences emerged in depression with females showing greater numbers of
sleep complaints than males [15].
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Recent actigraphy studies did not reveal any differences between children with GAD and healthy
controls, despite reported subjective sleep disturbances [34]. However, a recent study in adolescents with
GAD showed long sleep onset latencies, but unexpectedly greater sleep duration, compared to typically
developing children [35]. Few studies have examined sleep patterns of children and adolescents with
depression using actigraphy. Adolescent males with depression showed a shift toward later circadian
phases from weekdays to weekends [37]. Short sleep duration and lower sleep efficiency were identified
in adolescents with the seasonal affective disorder, a variant of depressive disorder [38].

Polysomnography in anxiety disorders showed reduced latency to REM [39], high sleep onset
latency in children [36,39], low sleep efficiency and a high number of sleep arousals compared to
controls. In multiple night PSG, youth with an anxiety disorder had greater sleep onset latency on the
first night compared to the second night [36]. At-home PSG, in contrast to in-lab PSG, showed children
with GAD had high sleep efficiency and fewer REM periods. The authors explained that children with
anxiety had high bedtime resistance at home and went to bed later, which led to high sleep efficiency
(from decreased sleep onset latency and decreased wake after sleep onset) [40]. In depression, low sleep
efficiency, low proportion of slow wave sleep, and a high number of arousals have been observed [41]
along with decreased total sleep time [42]. Interestingly, the dissipation of slow wave activity was
slower and flatter [42], suggesting differences in the homeostatic dissipation of sleep pressure in
children with depression. However, in the PSG study by Forbes et al., no differences were observed in
depression when compared to healthy controls [36].

Lower nighttime cortisol, a marker of circadian and arousal differences, was observed in
prepubertal children with anxiety [43], but no differences were observed in adolescents [44] or
MDD [43]. However, adolescents with depression show higher peri sleep onset cortisol than healthy
controls [44]. Additionally, arousal assessed in anxiety disorders showed pre-sleep arousal levels
correlated with objective sleep findings—with pre-sleep somatic and cognitive arousal negatively
correlated with REM sleep and total sleep time, respectively [40].

Eveningness chronotype assessed by chronotype questionnaires was consistently high in children
with depression [45] and adolescent males [37] and was associated with the earlier development
of depression symptoms [46] and circadian phase delay [47]. Later chronotype and social jetlag
were observed in adolescent females with the seasonal affective disorder [38]. Circadian period,
as measured by actigraphy, was found to be high in male and low in female children and adolescents
with depression, in combination with low circadian amplitude [48].

2.2. Summary of Sleep in Anxiety and Depressive Disorders

In summary, children and adolescents with anxiety disorders show reliable subjective reports
of greater sleep onset latency, bedtime fears, and greater wake after sleep onset duration [34,36].
Interestingly, findings on actigraphy do not show differences in sleep in children [34] but show high
sleep onset latency and high sleep duration in adolescents with anxiety when compared to healthy
controls [35]. PSG results corresponded with the findings of increased sleep onset latency, low sleep
efficiency, and low slow wave sleep in anxiety and depression [36,41]. However, in a comparative
study, sleep findings on PSG (sleep onset latency, sleep duration, sleep efficiency) were significantly
greater in anxiety than depression and healthy controls, but similar in youth with depression and
healthy controls [36]. Sleep efficiency was also inconsistent when assessed by PSG conducted at
home versus the laboratory [34,40]. Cortisol level separated in some studies but not in others [43,44].
Chronotype differences, such as evening chronotype, phase delay, and social jet lag were consistently
present in children and adolescents with depression [37,45,46]. The sleep findings of individual anxiety
and depressive disorder studies are presented in Table A1 (Appendix A).

2.2.1. Sleep in Attention Deficit Hyperactivity Disorder

In children with ADHD, subjective reports indicate a wide range of sleep problems, including difficulty
with sleep onset, daytime sleepiness [49–56], anxiety prior to sleep [50,53,55,57], high severity of
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insomnia [50,53,55,56], high awakenings at night [50,51,53,56], difficulty waking up, less refreshing
sleep [54], insufficient sleep [57], resistance to bedtime [51], and restless sleep [55]. However, a study by
Mullin et al. identified no differences in subjective reports of sleep on sleep diary measures [58].

On actigraphy, children with ADHD have been identified to take longer to fall asleep [52,53,59],
have lower sleep efficiency, lower sleep time [53,54], greater sleep fragmentation [59], and a high
wake after sleep onset duration [59]. Greater day-to-day variability in sleep onset is present in youth
with ADHD when compared to children with other psychiatric disorders and healthy controls [52].
However, sleep findings in actigraphy were not significantly different in other studies comparing
children [60] and adolescents [58] with ADHD to healthy controls.

In-home PSG has shown that children with ADHD have short sleep duration, short REM sleep,
a smaller percentage of REM sleep, and longer sleep onset latency [57]. However, in-lab studies of children
with ADHD compared to healthy controls show greater REM duration [56,61], sleep period [61], and REM
latency [49], as well as shorter total sleep time and less sleep in stage 1 and stage 3 [56]. These contrasting
results are worth considering as no significant differences were present in other studies measuring
overnight PSG [50,55,62] or Multiple Sleep Latency Test (MSLT—an objective assessment of sleepiness
conducted with multiple naps during the day using EEG) [55]. High microarousals with increased
motor activity during light and REM sleep was present in children with ADHD [63]. Cyclic alternating
patterns, a marker of sleep instability and arousal, were found to be lower in children with ADHD,
suggesting a state of hypoarousal in ADHD [49,64]. However, others have reported no differences in
cyclic alternating patterns [62].

Cortisol levels vary across the day in children with ADHD, being lower in the morning and higher
in the evening [65]. One study showed high urinary melatonin levels in children with ADHD [66],
whereas another study did not show any differences in the melatonin levels in children with ADHD
compared to typically developing children [67]. However, later melatonin onset at bedtime and earlier
melatonin offset were present in children with ADHD [67]. Evening chronotype in children with
ADHD was associated with resistance to bedtime [68] and delayed melatonin onset [69].

2.2.2. Summary of Sleep in Attention Deficit Hyperactivity Disorder

Overall, children with ADHD subjectively report sleep onset difficulties, daytime sleepiness,
anxiety before sleep, and awakenings at night [50,53,55,57], corroborated on actigraphy by increased
sleep onset latency, lower sleep time, and lower sleep efficiency [52,53,59]. However, at least one study
did not find any differences between ADHD and typically developing children on actigraphy [58].
In PSG, longer sleep onset latency and shorter sleep duration were observed along with REM
abnormalities in youth with ADHD [49,51,57]. In-lab vs. home PSG produced variable REM
findings [57,61], whereas multiple studies did not identify objective sleep differences in PSG between
youth with ADHD and healthy controls [50,55,62]. High melatonin and cortisol were identified [65,66],
but the differences were not replicated in other studies [67]. Evening chronotype was common in
ADHD and associated with resistance to bedtime [68,70]. The sleep findings of ADHD studies are
presented in Table A2 (Appendix A).

2.3. Sleep in Autism Spectrum Disorders

Subjective reports of sleep in children with ASD include long mean sleep latency [71–73],
short sleep duration, high nighttime awakenings, anxiety before sleep, and bedtime resistance [73].
Low functioning children with ASD are reported to have more severe sleep disturbances,
including more frequent night awakenings, greater bedtime resistance, delay in sleep onset,
later bedtimes and wake times, and less sleep than high functioning children with ASD [74]. However,
a recent study did not find differences between typically developing children and children with ASD
in subjective reports of sleep [72].

On actigraphy, preschool, school-aged children, and adolescents with ASD confirmed the
subjective sleep findings, with long sleep latency, decreased sleep duration, and increased wake
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after sleep onset duration [73,75]. Other findings include low sleep efficiency in children [71,73,76]
and adolescents [77] with ASD. Recent work also showed greater night-to-night variability in wake
time, wake after sleep onset periods, and sleep efficiency in children with ASD [78], whereas greater
variability in sleep onset latency has been reported in high functioning adolescents with ASD [76].

Polysomnography findings show short total sleep time, short REM latency [79], long sleep onset
latency, less slow-wave sleep, low microarousals, and more sleep-wake transitions in children with
ASD compared to typically developing children [72]. Low proportion of slow wave sleep and light
sleep (high arousals) have been associated with high repetitive behaviors and poor social behaviors
and intellectual measures [72]. Severe autism was linked to more pronounced sleep abnormalities
with high sleep onset latency, high wake after sleep onset duration, low total sleep time, low slow
wave sleep, and prolonged REM latency. Cyclic alternating patterns, the marker of arousal and sleep
instability measured by visual inspection of sleep EEG, are greater among children with regressive
autism compared to non-regressed children with autism and typically developing children [74].
Poor sleepers in autism have more affective problems, fewer social interactions, and longer sleep
latency [80]. Moreover, youth with ASD also show low sleep efficiency, low sleep duration, and high
variability in sleep latency from night 1 to 2 [80].

High salivary cortisol and overall blunted cortisol rhythms were identified in children with autism,
with higher cortisol levels associated with severe symptoms of autism [81]. Melatonin secretion rate
has been found to decrease in prepubertal children with autism [82], but not in adolescents [77].
Other studies did not identify differences in measures of cortisol or melatonin in children [83] or
adolescents with autism [77].

2.4. Summary of Sleep in Autism Spectrum Disorders

Collectively, children and adolescents with autism commonly have reports of longer sleep
latency, short sleep duration, and high resistance to bedtime on subjective measures [71,73].
Actigraphy validates the subjective findings of long sleep latency and short sleep time along with
low sleep efficiency [71,73,77]. The PSG findings consisted of short total sleep time, short REM
latency, low sleep efficiency, and low slow wave sleep [72,74,79], with severe autism associated with
more severe sleep abnormalities as well as cyclic alternating patterns [72,74]. Melatonin and cortisol
abnormalities were identified in children with autism but were not identified in adolescents [77,81,82].
The findings in actigraphy, PSG, and circadian measures were not consistently identified across studies.
The sleep findings of autism spectrum disorder studies are presented in Table A3 (Appendix A).

3. Discussion

The goal of this review was to identify objective sleep characteristics associated with mental
health disorders in children and adolescents. Collectively, the findings highlight that subjective reports
of sleep problems are common in mental health disorders but do not necessarily coincide with reliable
objective markers of sleep disturbances measured by actigraphy and PSG. High sleep onset latency,
short sleep duration, and resistance to bedtime were commonly present in subjective measures of
anxiety, ADHD, and ASD across diagnostic categories [34,35,49,57,72,73]. Although actigraphy showed
high sleep onset latency [35,53,59], low sleep efficiency, and shorter sleep duration in ADHD and
autism [71,73,75], these findings were not specific for a single disorder. Similarly, PSG showed long
sleep onset latency, low sleep efficiency and low slow wave sleep as the common objective findings in
autism [72,74,79], ADHD [56,57], anxiety, and depression [36,41], but were not specific for individual
disorders and also varied across studies. However, severe autism was associated with more abnormal
sleep findings [72,74,80]. The location of the study (at home vs. in-lab PSG) also produced variable
findings in anxiety [34,40] and ADHD [57,61], and sleep findings also varied on multi-night PSG
assessments [36,55]. Overall, specific macrostructural findings in mental health disorders were not
identified. Nonspecificity of objective sleep findings in child and adolescent mental health disorders
have been documented in the literature [13,14].
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The overlapping objective sleep findings observed across child and adolescent mental health
disorders suggest possible common sleep mechanisms. Child and adolescent mental health disorders
often present with high rates of comorbidity [8,11]. When controlling for comorbid psychiatric
symptoms, objective sleep markers show little differentiation in a study of sleep markers in ADHD [53].
In another study comparing diagnostic categories, child and adolescent psychiatric symptoms did
not vary in sleep and cortisol measures [84], highlighting possible common pathways to objective
sleep markers. However, severe mental health symptoms [72,74] and the presence of multiple
comorbid mental health disorders have been associated with greater objective sleep disturbances [41].
Also, mental health symptoms, especially anxiety, present as temporary state and stable trait
characteristics [85], both of which are known to affect sleep and cortisol measures [78,83] differentially.
Delineating state and trait characteristics in mental health may be important for identifying sleep
pathology. Considering the heterogeneity of state-trait characteristics and common sleep findings
across diagnostic categories, identifying specific biobehavioral phenotypes based on biological
phenotypes (such as attention, arousal, motivation) could assist with mapping reliable objective
sleep markers across disorders and diagnostic categories [86,87].

Reliable macrostructural sleep findings have consistently eluded child and adolescent mental
health disorders. Technical and methodological characteristics of actigraphy and PSG should be
acknowledged when evaluating the findings of objective sleep markers. Actigraphy may overestimate
sleep [88] during periods of inactivity. In actigraphy, greater night-to-night variability is found
in ADHD [52,89] and autism [76,78], hence, an extended duration of measurement is needed to
identify reliable results. Similarly, night-to-night variability is identified in PSG studies [90]. Therefore,
single night PSG, commonly used in research studies [49,50,56,72,91], may be insufficient for identifying
objective findings because of “first night effect”. Sleep findings often are different on the first night
of sleep in the lab because of novel sleeping environment. “First night effect”, associated with high
sleep latency, has been identified in children with ADHD [55,92] and autism [80] on multi-night
studies. Given that sleep efficiency increases and wake after sleep onset decreases on the second
night [93], multiple nights of PSG may be necessary to identify reliable objective differences in
sleep [94]. The location of the sleep study (home vs. in-lab PSG) produces varying sleep findings
in youth with anxiety [39,40] and ADHD [49,57], suggesting sleep environment moderates sleep
phenotypes. The macrostructural characteristics of sleep identified with EEG have not revealed reliable
differences in past studies of child and adolescent mental health disorders [13,14]. Macrostructural
characteristics of sleep are assessed by visual scoring with rules that were originally established in
1968 [25]. Manual sleep scoring [24,25] can be problematic as it has low correspondence for delineating
electrophysiological activity and does not take into account the temporal and spatial resolution or
autonomic changes [95] during sleep. Examining the microarchitectural characteristics of sleep at
greater temporal resolution using spectral methods [96] may help identify specific sleep findings in
child and adolescent psychiatric disorders [97].

Arousals from sleep are an integral part of the sleep process [98] and are associated with
measurable changes in the EEG [29]. Arousals associated with awakenings, microarousals (less than
3 s), and cyclic alternating patterns (CAP) that reflect sleep stage instability have been evaluated as
objective markers of poor sleep [30,31]. High awakenings at night are common in anxiety [34,36],
ADHD [50,55,57], and autism from subjective reports whereas arousals, microarousals and CAP are
assessed by PSG and include EEG, behavioral, and autonomic components [30]. Frequent PSG arousals
from sleep are identified in children with depression [41] and ADHD [63] and low microarousals
in autism [72]. High cyclic alternating pattern, the marker of sleep instability and arousal [99],
was reported in a regressive form of autism [74] with no differences in another study [79]. Low CAP
in ADHD [49,64] is in line with evidence of a hypoarousal state in ADHD; however, other studies
have failed to replicate this finding [62]. It is worth noting that microarousals and CAPs are manually
scored, which likely contributes to their low reliability across studies. Computer-assisted techniques to
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identify EEG, respiratory and autonomic arousals during sleep in children and adolescents are likely
to enhance the reliability of objective findings of sleep disruption [100].

Generalized CNS arousal, defined as optimal sensory, motor, and affective drive, is necessary for
survival and interaction with the environment [101,102], and is, therefore, a critical biological process
operating during sleep, wakefulness, and affective modulation. Hypothalamic-pituitary-adrenal (HPA)
axis and the locus coeruleus-norepinephrine system are essential for the optimal functioning of the
arousal system [103]. Dysregulation of arousal systems along with the HPA axis has been proposed
in the pathophysiology of depression [104], autism [105] and ADHD [106]. Cortisol is an essential
hormone of the HPA axis and was examined in several studies. High daytime cortisol has been reported
in anxiety [43] and autism [81], and low daytime cortisol in ADHD [65], suggesting neuroendocrinal
differences in sleep-wake systems. However, other studies have not corroborated these findings [43,44,77].
Methodological differences in measuring cortisol are present across studies which likely contributes to
the inconsistent findings [107]. Heart-rate variability, a measure of autonomic arousal, has been observed
to be higher in children with autism [91] and ADHD [108]. Research on arousal using reliable cortical and
autonomic measures and methods in youth [109] are needed to identify more stable objective markers of
sleep disturbances, particularly those that emphasize measurement reliability.

4. Future Directions

We conducted this review to identify objective sleep markers associated with mental health
disorders in children and adolescents. Several subjective sleep markers were found to be more
consistent and common across child mental health disorders than objective sleep markers, which were
not specific and varied across studies. A gap exists in identifying the pathophysiology of sleep
disturbances and their links to mental health disorders in youth. Future research should focus
on these links to clarify objective markers of sleep and their association with subjective reports
and mental health symptoms. Also, mental health symptoms are heterogeneous and cross existing
boundaries of syndromes, hence using biobehavioral phenotypes based on pathophysiology may help
identify reliable objective markers of sleep [110]. It is essential to control for circadian, homeostatic,
and environmental factors (light, physical activity) [111] that impact objective findings of sleep.
Multimethod assessments using actigraphy, PSG, EEG, and subjective measures are needed [88] as
single measurement methods identify specific markers unique to the method. Detailed analysis of
EEG using spectral analysis may also reveal subtle findings not identified by manual scoring methods.
Lastly, examining dysregulation and variability of arousal patterns within biobehavioral phenotypes
across sleep and mental health may identify specific treatments and help advance the mission of
precision medicine [86].
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Abstract: Narcolepsy and psychiatric disorders have a significant but unrecognized relationship,
which is an area of evolving interest, but unfortunately, the association is poorly understood. It is not
uncommon for the two to occur co-morbidly. However, narcolepsy is frequently misdiagnosed
initially as a psychiatric condition, contributing to the protracted time to accurate diagnosis
and treatment. Narcolepsy is a disabling neurodegenerative condition that carries a high risk
for development of social and occupational dysfunction. Deterioration in function may lead to
the secondary development of psychiatric symptoms. Inversely, the development of psychiatric
symptoms can lead to the deterioration in function and quality of life. The overlap in pharmaceutical
intervention may further enhance the difficulty to distinguish between diagnoses. Comprehensive
care for patients with narcolepsy should include surveillance for psychiatric illness and appropriate
treatment when necessary. Further research is necessary to better understand the underlying
pathophysiology between psychiatric disease and narcolepsy.

Keywords: narcolepsy; schizophrenia; attention deficit hyperactivity disorder; depression; anxiety;
psychiatric disorders

1. Introduction

Narcolepsy is a disabling neurodegenerative condition that is characterized by the pentad features
of excessive daytime sleepiness (EDS), sleep fragmentation, sleep related hallucinations, sleep paralysis,
and cataplexy; brief episodes of loss of tone frequently provoked by strong emotions. Instability in
the transition between wakefulness and rapid eye movement (REM) sleep causes these symptoms.

Diagnosis is generally made based on the presence of EDS and findings of an average sleep
latency of ≤8 and the presence of two or more sleep onset REM periods (SOREMPs) on sleep testing.
SOREMPs are the presence of REM sleep within 15 minutes of sleep onset, as opposed to the typical
cycle taking about 90–120 min. Alternatively, it may be diagnosed by evaluating cerebrospinal fluid
(CSF) hypocretin (HRT), which is found to be low in narcolepsy type 1. It is estimated to affect about 1
in 2000 individuals and frequently can take as long as 8–10 year to be accurately diagnosed [1].

Narcolepsy has long been described to have a high co-morbidity for psychiatric disease [2], which is
frequently quoted as the cause for delay in diagnosis. The underpinnings of the development of
psychiatric symptoms, however, remain unclear. It has been suggested that psychiatric symptoms are
either a result of the chronic disabling nature of the disease or it may represent a “shared pathophysiology”
or a combination of both.

Improved familiarity with psychiatric illnesses that may share similar features to narcolepsy or
may be comorbid (Figure 1) may improve therapeutic outcomes. Consideration of narcolepsy as a part
of the differential diagnosis for psychiatric disease may reduce time to diagnosis. Additionally, regular
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assessment for co-occurring psychiatric disorders in narcolepsy patients may also improve quality of
life and functionality.

Figure 1. Venn Diagram of the overlapping relationship between highlighting the intimate relationship
between psychiatric disorders and narcolepsy [3–12]. ADHD: attention deficit hyperactivity disorder.

2. Attention Deficit Hyperactivity Disorder

Attention deficit hyperactivity disorder (ADHD) is characterized by symptoms of inattention,
impulsivity and hyperactivity [13]. Many clinicians perceive ADHD to be the antithesis of narcolepsy;
however, there is a significant clinical similarity. Historically, there has even been the suggestion for
various overlap syndromes, such as Syndrome Z and Primary Disorder of Vigilance, which were
defined by a combination of narcolepsy and ADHD symptoms [14,15].

Recently, there is increasing evidence that sleep dysfunction is intimately related to
the development of attention deficit hyperactivity disorder (ADHD). Restricted, dysfunctional,
or fragmented sleep may precipitate ADHD features [16,17]. On the other hand, problems
with sleep may represent an intrinsic component of ADHD [18]. Individuals with ADHD have
an increased association with restless legs syndrome/periodic limb movements in sleep (RLS/PLMS),
obstructive sleep apnea/snoring, rhythmic movement disorder (body rocking and head banging), and
parasomnias [9,17,18]. The presence of ADHD symptoms in children and adolescents with narcolepsy
were found to be about two-fold higher than in controls [9]. Retrospectively, adults with narcolepsy
had been found to have a much greater likelihood of having a diagnosis of ADHD in childhood
compared to controls [11].

Alternatively, these features may be related to or even confused with the sense of cognitive
impairments such as mental fog and difficulty thinking. Cognitive features, such as mental fogginess,
have been found to be among the most significant symptoms affecting the daily life of patients with
narcolepsy [19]. Hyperactivity seen in ADHD may, in fact, be a compensatory response for individuals
who are under-aroused or sleepy [11]. ADHD symptoms have been shown to contribute to poor
quality of life and increased frequency of depressive symptoms [20] similar to narcolepsy.
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Pharmaceutical interventions for ADHD has overlap (Figure 2) with treatment used in narcolepsy
for excessive daytime sleepiness, potentially masking the clinical features of narcolepsy [21,22].
There has been consideration for hypocretin deficiency to be causative for the shared symptoms
in narcolepsy and ADHD. However, ADHD symptoms have been found in narcolepsy type 1 and
type 2, suggesting that hypocretin deficiency may be unrelated to shared symptomatology. This has
been further confirmed with CSF hypocretin evaluation [9]. Therefore, symptoms of EDS, fatigue, and
sleep fragmentation may be the cause for ADHD symptoms, which may also explain similar findings
in other sleep wake disorders [23].

Narcolepsy 

SSRI

TCA
SNRI

ADHD 

Schizophrenia 

Anxiety Depression 

Eating Disorders

Antipsychotics 

Figure 2. Venn diagram of the overlapping relationship in pharmaceutical treatment for narcolepsy and
select psychiatric disorders [4–6,9–11,24,25]. Overlapping benefit of pharmaceutical treatment is found in
most treatments, except antipsychotics, which can exacerbate symptoms of narcolepsy. SNRI: Serotonin
norepinephrine reuptake inhibitor; TCA: tricyclic antidepressent; SSRI: selective serotonin reuptake
inhibitor; ADHD: attention deficit hyperactivity disorder.

3. Depression

Depressed mood is the most commonly described psychiatric symptom in narcolepsy
literature [26–28]. Studies evaluating narcoleptic patients with self-reported questionnaires have
found up to 57% suffered from depression [26,27]. It is frequently suggested that this is due to
the significant overlap in symptoms, such as disordered nocturnal sleep, social withdrawal, impaired
attention, fatigue, and weight gain (Table 1). However, when excluding symptoms that may represent
overlap, a higher level of depressive symptoms is still present in patients with narcolepsy, including
features of anhedonia, pathological guilt, and crying [28]. Depressed mood and sleepiness have
been found to be the main limiting factors in maintaining attention in patients with narcolepsy [29].
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Additionally, depression has been found to be a major independent risk factor for impaired quality of
life [30].

Table 1. Comparison of symptoms of narcolepsy and depression [6,12,28].

Narcolepsy Depression

Severe Excessive Daytime Sleepiness Fatigue/lack of energy
Sleep Fragmentation Sleep Initiation/maintenance difficulties +/- psychosis

Hallucinations (Visual/multi-modal) Psychomotor agitation/retardation
Cataplexy Reduced Cognition/Poor school performance

Sleep Paralysis Withdrawn from friends/family
Negative effect on school/work performance Guilt

Negative effect on socialization Appetite changes (weight gain/loss)
Weight gain Suicide

The chronicity and debilitating nature of narcolepsy may provide the psychological substrate
for development of depression. However, Lee et al. identified more than 50% of patients who had
narcolepsy and comorbid depression had been diagnosed with depression prior to narcolepsy [10].
Therefore, a shared pathophysiology related to hypocretin deficiency should be considered. Recent
research has suggested HRT deficiency impedes appropriate emotional input processing within
the amygdala [31]. Further support for this concept was found in the post-mortem evaluation of
CSF HRT in depressed patients who completed suicide, which also demonstrated lowered levels of
HRT [32]. However, these findings have been inconsistent in other studies [33].

4. Anxiety Disorders

Anxiety disorders are receiving increasing attention as co-morbidity in narcolepsy, but references
are still relatively scarce. Anxiety disorders, such as panic attacks and social phobias, have been
reported in as many as 53% of patients with narcolepsy [6]. The time course of development for specific
anxiety disorders has been suggested to vary by type. For instance, obsessive compulsive disorder
and social phobia are more frequently present before the diagnosis of narcolepsy, while panic disorder
or simple phobia occur afterward [34]. It has been suggested that these symptoms may be a result
of a perceived loss of personal control, such as is experienced with a cataplectic event. Alternatively,
it may be related to a fragmented perception of reality due to experienced hallucinations [7].

5. Eating Disorders

Patient with narcolepsy are frequently overweight [3]. It has been found that children with
narcolepsy, regardless of pharmaceutical treatment or presence of cataplexy, have higher body mass
index (BMIs) [8]. There have been suggestions that these findings are related to a combination of
the reduction in basal metabolism and physical activity due to sleepiness [3].

There is additional evidence that these patients are at increased risk for various eating disorders.
For example, Fortuyn et al. found narcoleptic patients to report irresistible and persistent craving for
food, specifically binge eating with lack of control and restrictive actions to correct binging [25]. Eating
disorders, such as anorexia/bulimia nervosa, are typically driven by a desire for specific body habitus.
There has been some suggestion of fear of becoming fat endorsed by some patients, but in general,
this is not the underlying motive for such behaviors in patients with narcolepsy [5,25]. These patterns
of behavior require further exploration as hypocretin stimulates appetite [35]. Therefore, a deficiency
would be expected to result in decreased food seeking behavior and weight loss. However, fragmented
sleep can modify leptin and ghrelin secretion, thus supporting the increased appetite and weight gain,
besides the low basal metabolic rate [36].

90



Med. Sci. 2018, 6, 16

6. Schizophrenia

Schizophrenia and narcolepsy have significant overlap in symptoms including hallucinations,
sleep fragmentation, and psychosis (Table 2). In general, hallucinations present in narcolepsy are
visual, whereas in schizophrenia they are more so auditory [12]. However, it is not uncommon for
hallucinations in narcolepsy to be complex multi-sensory phenomena, which can lead to confusion.
Comorbid schizophrenia and narcolepsy has been reported, but is thought to be rare [4] (Table 3).

Table 2. Comparison of symptoms of narcolepsy and schizophrenia [4,7,37].

Narcolepsy Schizophrenia

Excessive Daytime Sleepiness Excessive Daytime Sleepiness/Mania
Sleep Fragmentation Sleep initiation or maintenance difficulties

Hallucinations (Visual/multi-modal) Hallucinations (auditory)
Cataplexy Catatonia

Sleep Paralysis PLMD/RLS
Nocturnal Movement Disorders (PLMs) Reduced REM latency/increased REM density

Reduced REM Latency (SOREMPs) Social Isolation
Negative effect on socialization Memory loss, slowness in activity, mental confusion

Negative effect on school/work performance
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7. Pathophysiology Overlap

There are only about 70,000 hypocretin cells (HRT-1 and HRT-2), which are concentrated in
the lateral hypothalamus. The understood role of hypocretin at this time is in relation to arousal
and reward circuitry. Although small in number, the axons of these cells project widely throughout
the cortex in varying densities. Hypocretin and dopamine have significant overlap, particularly in
the basal forebrain, thalamic paraventricular nucleus, and prefrontal cortex [39]. There are similar
overlapping circuits for hypocretin and other monoamines, such as serotonin and norepinephrine.
Hypocretin has been shown to have direct excitatory effects on serotonergic neurons, especially in
the dorsal raphe nucleus [40]. Similarly, there is a direct excitatory effect on the noradrenergic system,
with HRT-1 having five times the excitatory effect of HRT-2 [41]. The understanding of the relationship
between HRT and various neurotransmitters is rapidly evolving. This intimate interconnectivity leads
to the speculation for a shared pathophysiology for narcolepsy and psychiatric illness, but definitive
evidence is still lacking.

8. Conclusions

The presence of psychiatric illness in narcolepsy patients is common. The timeline for development
of psychiatric symptoms is poorly defined, which may represent contribution of influencing factors such
as age of onset, gender, and duration of illness. There is suggestion that the behavioral phenotype of
narcolepsy encompasses various traits of psychiatric disease [28]. Alternative considerations include
a secondary development of psychiatric illness, such as depression and anxiety, due to the deleterious
effects on reduced quality of life in narcolepsy versus a shared pathophysiology for both narcolepsy and
psychiatric disease.

Narcolepsy is associated with an increased risk for poor quality of life which also results in
a high socioeconomic burden. Additionally, it has been found to be associated with a 1.5-fold increase
in mortality risk compared to those without narcolepsy [34]. It is unclear how the high burden
of co-morbid psychiatric disease contributes to this overall. The presence of persistent depressive
symptoms has been shown to be an independent risk factor for impaired quality of life [30]. Excessive
daytime sleepiness has also been suggested to increase risk for suicidal ideation, which is amplified in
the setting of co-morbid depression [42].

A large, systematic, US population–based analysis of medical comorbidities associated with
narcolepsy confirmed the findings that there is an excessive prevalence for psychiatric illness.
These findings were highlighted by significantly higher psychiatric medication use, psychiatry office
visits, and mental illness–related service costs [24]. The consideration for a diagnosis of narcolepsy
should be considered in atypical and refractory psychiatric illness. It is important to provide
a comprehensive psychiatric evaluation in all patients with narcolepsy to improve identification
of co-morbid psychiatric illness and provide appropriate treatment.

The pharmaceutical treatments used in both narcolepsy and psychiatric illness can lend to further
difficulty correctly identifying narcolepsy (Figure 2). On the other hand, a paradoxical effect may occur
in some cases that may provide guidance for the correct diagnosis. For instance, use of anti-psychotics
in schizophrenia can worsen features of narcolepsy and stimulant therapy for narcolepsy may enhance
features of psychosis.

9. Future Directions

Future studies should focus on identifying the most effective approach to treating patients with
narcolepsy and co-morbid psychiatric illness. The high burden of comorbid disease is debilitating
and based on current literature is not being adequately treated. Additionally, the cause for increased
mortality in patients with narcolepsy remains unclear. Future studies are needed to clarify if this is
a result of narcolepsy as an independent risk factor or the cumulative effect of medical and psychiatric
co-morbidities present.
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Hypocretin neurons have been identified as a part of the central reward circuitry. Therefore,
evaluation of the relationship of HRT deficiency with development of psychiatric symptoms may
provide further insight to the underlying pathophysiology. In addition, these findings may also
identify unique therapeutic strategies for both narcolepsy and mental illness.

Conflicts of Interest: The authors declare no conflict of interest. No off label use of drugs or products have been
discussed in the manuscript.
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Abstract: Traumatic brain injury (TBI) is commonplace among pediatric patients and has a complex,
but intimate relationship with psychiatric disease and disordered sleep. Understanding the factors
that influence the risk for the development of TBI in pediatrics is a critical component of beginning to
address the consequences of TBI. Features that may increase risk for experiencing TBI sometimes
overlap with factors that influence the development of post-concussive syndrome (PCS) and recovery
course. Post-concussive syndrome includes physical, psychological, cognitive and sleep–wake
dysfunction. The comorbid presence of sleep–wake dysfunction and psychiatric symptoms can lead
to a more protracted recovery and deleterious outcomes. Therefore, a multidisciplinary evaluation
following TBI is necessary. Treatment is generally symptom specific and mainly based on adult
studies. Further research is necessary to enhance diagnostic and therapeutic approaches, as well
as improve the understanding of contributing pathophysiology for the shared development of
psychiatric disease and sleep–wake dysfunction following TBI.

Keywords: traumatic brain injury; anxiety; depression; post-traumatic stress; attention deficit
disorder; sleep–wake disorders

1. Introduction

Traumatic brain injuries (TBI) are common in the pediatric population and can have
neurocognitive consequences. Understanding the factors that influence risk for a child or adolescent
to experience a TBI is an important first step in exploring the consequences of TBI. Several studies
have reported specific risk factors, including pre-existing psychiatric and behavioral problems to
increase the likelihood to sustain a traumatic brain injury in the pediatric population (Table 1).
For instance, recent studies have shown that attention deficit hyperactivity disorder (ADHD),
aggression, psychiatric prescription medication use, and use of mental health services increase the
risk of TBI [1,2]. These factors have been ascertained by both prospective and retrospective analysis.
The results of these findings highlight some overlap, but also identify some discrepancy in risk factors,
leading one to question the influence of recall bias, influence of etiology of TBI or other contributing
factors to these differences (Table 2) [1–7].
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Table 1. Factors associated with increased risk for youth to experience traumatic brain injuries
(TBI) [8,9].

TBI Risk Factors

Low Socioeconomic Status
Overcrowded households
Disadvantaged neighborhoods
High incidence of adverse life events
Young maternal age
Older siblings with few younger siblings
Previous TBI

Table 2. Comparison of risk factors for TBI and the development of post-concussive syndrome (PCS)
based on retrospective and prospective studies [1–7].

Retrospective Prospective Overlap Discrepancy

Male gender
Lower socioeconomic status (SES)
Behavioral problems
Attention deficit hyperactivity
disorder (ADHD)
Cognitive problems
Contact Sports Participation
Competitive Sports Participation

Male gender
Behavioral problems
Adverse family events
during childhood
Punitive parenting practices
Maternal depression
Maternal age
Maternal education

Male Gender
Behavioral Problems

SES status
Maternal features
Cognitive baseline
Sports Participation

Post-concussive syndrome (PCS) is defined by symptoms occurring after a head injury including,
but not limited to, somatic, sleep, cognitive and/or emotional/behavioral difficulties (Table 3) [10–14].
It was previously thought that approximately 15% of those who suffer a single mild TBI (mTBI) will
develop chronic PCS; however, McInnes found that this number is likely significantly higher [15]. In fact,
a large proportion will continue to have a measurable impairment more than a year out from the
injury [15]. In 2012, an estimated 329,290 children, younger than 20, were treated in United States
emergency departments for TBI [16]. Among this demographic, the rate of emergency department visits
for sports and recreation-related injuries with TBI more than doubled between 2001 and 2012 [16]. In fact,
approximately 20% of 8–12th grade students were identified as having had at least one concussion, with
5.5% sustaining recurrent injuries [3]. It is important to identify associated risk factors for TBI within this
group, as well as contributors to successful recovery to improve incidence and reduce morbidity.

Table 3. Post-concussive symptoms and prevalence [10–14,17–23].

Post-Concussive Symptoms Prevalence

Physical

Headache 25–47%
Nausea 7–12%

Dizziness 30%
Fatigue 16–40%

Problems with Balance and Gait 24–34%
Light and Sound Sensitivity 1–4%

Emotional
Emotional Lability 1–40%
Increased Anxiety 8–17%

Cognitive
Cognitive Deficits 7–22%

Language Impairment 1–68%
Disorientation and Amnesia 21–30%

Sleep Sleep–Wake Disturbance 13–67%

The clinical course following TBI is influenced by multiple factors. Pre-injury behavior and
functioning are strong predictors for the long-term development of behavioral problems and worsening
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of symptoms of psychiatric disorders [24–26]. For instance, children experiencing a significant life
stressor prior to injury have been found to be at greater risk of persistent post-concussive symptoms
after TBI [13,27]. Children with behavioral problems are commonly endorsed as being at greater risk for
experiencing a TBI; however, these specific behavioral disorders are not commonly well defined [4,13].

In addition to baseline behavioral and psychiatric features, sleep–wake dysfunction is also associated
with TBI (Figure 1). Sleep difficulties can affect cognition (particularly attention, memory, and executive
functions), behavior, and emotional problems (Table 4) [28]. Pre-existing sleep conditions enhance the
likelihood of experiencing post-concussive symptoms [29]. In addition, the presence of a comorbid sleep
disorder contributes to psychologic instability, resulting in increased emotional lability and behavioral
problems with worsened daily executive function [28,30]. In general, symptoms from a mild TBI should
disappear by 3 months, and functional status improves over the first six to twelve months without obvious
regression over the first 30 months [31]. However, in patients with history of psychiatric disease and/or
sleep dysfunction, recovery may be more protracted (Table 5) [10].

Table 4. TBI comorbidities and associated symptoms [4,32–40].

Diagnoses Signs and Symptoms

Sleep–Wake

Insomnia Difficulty falling/staying asleep, unrefreshing sleep, insufficient number of
hours of sleep despite adequate opportunity

Sleep Apnea Snoring, restlessness, apnea, enuresis, diaphoresis, open-mouth breathing,
bruxism, sleep fragmentation

Idiopathic Hypersomnia Excessive daytime sleepiness, ± excessive number of hours asleep

Narcolepsy Excessive daytime sleepiness, cataplexy, sleep paralysis, sleep related
hallucinations, sleep fragmentation

PLMD/RLS * PLMs >5/h on PSG; Restlessness, discomfort in arms or legs that interferes
with sleep onset or maintenance, improves with movement

CRD Sleep difficulties that conflict with age typical circadian rhythm; When given
opportunity sleeps appropriate number of hours for age

Parasomnia Sleep walking, sleep talking, confusional arousals, night terrors, REM
behavior disorder/dream enactment behavior

Psychiatric

Anxiety Avoidance, phobias, obsessive compulsive symptoms, generalized
anxious feelings

Depression Fatigue, irritability, sadness, difficulty concentrating, difficulty with
recall, suicidality

ADHD Impaired attention, hyperactivity, impaired working memory, impaired
working speed

PTSD Headaches, decreased psychosocial recovery, sleep disturbance/nightmares,
pain, flashbacks, amnesia, irritability/aggression, concentration difficulty

PLMD: periodic limb movement disorder; RLS: restless leg syndrome; CRD: circadian rhythm disorder; ADHD:
attention deficit hyperactive disorder; PTSD: post-traumatic stress disorder; PLM: periodic limb movements; PSG:
polysomnography; * Note: RLS is a clinical diagnosis and PLMD is a polysomnographic diagnosis.

Table 5. Risks factors associated with prolonged recovery following TBI [2,3,41–43].

Risk Factors of Protracted Recovery

Pre-injury psychiatry history

Injury Severity

Family dysfunction
Sleep–Wake Dysfunction

Re-injury
Female gender

Referral to Rehabilitation Facility
Prescription for acute headache rescue therapy

Chronic headache treatment
Presenting SCAT2 * score <80

Participation in a non-helmeted sport

* SCAT2—Sport concussion assessment tool.
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The complexity in care of TBI patients is reflective of the multi-disciplinary needs of these
patients. TBI-related morbidity may be improved with enhanced understanding of factors that not
only contribute to risk for experiencing TBI, but also improved understanding and assessment of
the post-concussive factors that influence the course of recovery. This manuscript will focus on
the relationship of sleep and psychiatric features. It will explore the clinical relationship, examine
the possible crossover in pathophysiology of TBI, sleep, and psychiatric disorders, and discuss the
approaches to consider for diagnosis and treatment, highlighting the need for a comprehensive
multidisciplinary evaluation to improve recovery times and outcomes [44].

2. Anxiety

Children with TBI are at a significantly higher risk than those with orthopedic injuries to present
with new-onset mood and/or anxiety disorders [45]. Anxiety can be defined as the brain’s response to
danger causing avoidance type behavior [46]. Age at time of injury may influence the development
of symptoms. Children who are younger than 10 years old are at higher risk of developing
post-concussive anxiety disorders [23,47]. There is also a relation to sleep–wake dysfunction.

In general, youth with anxiety are found to have an increased rate of sleep problems with 88%
of those with anxiety reporting at least one sleep problem, and 55% reporting three or more sleep
problems [48]. One study also showed that sleep disturbance may vary with age, with younger
children being more prone to nighttime wakings and sleep anxiety, and adolescents being more likely
to experience excessive daytime sleepiness [49]. After TBI, individuals with continued symptoms
of insomnia and fatigue, up to 2 years after the injury, have been found to have higher rates of
depression and anxiety [50]. In fact, sleep disturbance, even in the acute post-TBI period, predicted the
development of anxiety and depression in the chronic period for all severities of TBI.

3. Major Depressive Disorder

Depressive disorders occur in 10–25% of children post TBI [39,51,52]. Children greater than
12 years of age are five times more likely to experience post-traumatic depressive symptoms [51].
In general, depressed patients may have problematic sleep, as well cognitive difficulties and energy
loss. Insomnia or hypersomnia is frequently one of the defining characteristics for depression.
The development of depressive symptoms has been suggested to be due to either the injury itself, or as a
result of other post-concussive comorbidities, such as anxiety, aggression, and sleep disturbance [53,54].

Due to their intimate relationship, the symptoms of depression and sleep–wake dysfunction
influence the development and prognosis of one another. Patients identified to have a sleep disturbance
ten days post TBI were 6 times more likely to have depression [54]. Sleep deprivation, defined as
6 h of sleep or less a night, in adolescents at baseline, had a 25–38% increased risk of developing
depressive symptoms at follow up exams [55]. On the other hand, major depression and depressive
symptoms increase the risk for the development of insomnia [56]. There is a suggestion that early
onset depression may be related to the direct injury, whereas late onset depression may be due to a
psychological reaction to the injury [57]. However, when including sleep symptoms as part of the
evaluation, the pattern of development is less clear.

4. ADHD

ADHD has not only been shown to increase the likelihood to experience TBI, but a preexisting
diagnosis of ADHD may also lead to worse outcomes after TBI [58–60]. ADHD that develops as a
result of head injury is referred to as secondary ADHD or S-ADHD [61]. S-ADHD has been shown to
develop in about 10–20% of patients post TBI. In one study, 15% of S-ADHD cases developed after
one year and 21% after two years [9]. Increased TBI severity also increases the incidence of S-ADHD
from 7–46% going from mild to severe TBI respectively [51]. Children with TBI, less than 2 years old,
have double the risk for the development of S-ADHD as compared to the general population [62],
thus raising the questing as to whether S-ADHD is a direct result of injury versus a biased population
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of children with poor self-regulation who may be more likely to participate in risk-taking behaviors
resulting in injury [62].

The relationship between sleep and ADHD has a significant bidirectional effect, which is
exaggerated in children following TBI [63]. Children with TBI and ADHD have a poorer sleep
quality and quality of life than children with primary ADHD without TBI [64]. Evaluation of comorbid
sleep dysfunction in secondary ADHD is lacking, but likely has a similar deleterious effect.

5. Post-Traumatic Stress Syndrome

Post-traumatic stress disorder (PTSD), as a part of PCS, has been well described in adults with
TBI [65]. Data is lacking, however, to demonstrate the same relationship in children. Specific symptoms
of PTSD present after TBI have been poorly defined in pediatric studies. There is a suggestion that
children with orthopedic injuries more frequently display PTS symptoms than those with mTBI and
met more symptom criteria at 12 months [40]. On the other hand, there is also a report of children
with severe TBI exhibiting higher levels of PCS symptoms than those with moderate TBI or orthopedic
injury [66]. Furthermore, another study demonstrated that childhood PTSD after traffic injuries was
associated more with increasing age and parental PTSD, and no relationship to severity of injury [67].
The evolving anatomy and age-specific biomechanical properties of the developing child increase risk
for distinct types of injuries that rarely occur in adults [68]. This may contribute to the differences
observed in the development of PTS symptoms between adults and children.

Another ill-defined parameter in the literature is what symptoms of PTSD are present post
TBI [69]. Persistent attention deficits at 3 months post injury have been identified as a risk factor
for continued PTS symptoms at 6 months [70]. On the other hand, working memory and verbal
learning deficits were found to be protective [70]. This may suggest that patients with impaired
working memory and verbal learning, have impaired ability to recall the event, lending to reduced
PTS symptoms [65]. Many comorbid conditions often present with TBI and can lead to shorter life
expectancy, poor academic performance, and neurocognitive deficits [71]. It has been suggested in
adults that sleeping difficulties may be an earlier indicator for risk of PTS disorder [72]. Another study
with veterans notes that nightmares are commonly comorbid with TBI [73]. Those with insomnia and
PTSD post TBI were found to have a subjective increase in sleepiness as compared to those with just
PTSD and insomnia [73]. Literature evaluating sleep-specific risks associated with PTSD in pediatrics
is lacking for comparison.

6. Crossover Pathophysiology of TBI, Sleep, and Psychiatric Disorders

TBI can be the result of diffuse or focal injury and frequently can be a combination of both.
Diffuse injury occurs when the mechanism causes non-specific global damage, as in diffuse axonal
injury or concussion. Focal injury occurs when the mechanism causes a specific targeted area of
damage, such as with hematoma or contusion. These injuries may be a result of direct linear force
(coup), acceleration deceleration forces (contra-coup) or a combination of both, causing shearing
injuries and axonal damage [68]. In addition, there are secondary brain injuries that develop over
hours to days that may result from perfusion abnormalities, neuroinflammation, excitotoxicity and
dysregulated cell signaling [74,75].

The frontal–striatal circuits, which can affect executive function and wakefulness are particularly
vulnerable [76]. Damage to this system is found in 18–38% of children who have suffered a TBI between
the ages of 5–15 and may be related to the impaired executive function identified in the first year after
injury [77]. Emotional dysregulation can also be common after TBI; this combined with executive
dysfunction and hormonal imbalance can make adolescents who experience TBI more susceptible to
impulsive decisions and poor choices in social situations [78]. This also may indicate why performance
on neuropsychological testing may be normal; however, patients still experience significant functional
impairment in real-world situations [78].
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Sleep–wake dysfunction following TBI is common, affecting up to 70% of patients. The sleep–wake
cycle is tightly controlled via cooperation between circadian rhythms, sleep–wake homeostasis, and
external environmental factors such as medication, diet, stress, and surroundings [37]. The main
sleep-promoting pathways are found in the ventrolateral (VLPO) and median preoptic nuclei
(MnPO), which inhibit ascending arousal pathways in the brainstem and hypothalamus [79].
The arousal areas include histaminergic tuberomammillary nucleus, orexinergic lateral hypothalamus,
noradrenergic locus coeruleus, serotonergic dorsal raphe, and the cholinergic laterodorsal tegmental
and pedunculopontine tegmental nuclei [80].

Post-mortem evaluations of the brains of patients with and without TBI demonstrated a significant
reduction in hypocretin neurons [81,82]. Impaired hypocretin (orexin) signaling causes excessive
daytime sleepiness [37,83,84]. It has been shown that reduced cerebrospinal fluid (CSF) orexin levels
are associated with a worse clinical outcome with greater likelihood for depression and sleep–wake
dysfunction [85,86].

Impaired melatonin production has also been suggested to be contributory [81]. Melatonin directs
this circadian regulation of sleep and wakefulness, but also has been found to have anti-inflammatory
properties [37]. Melatonin may repress TBI-induced inflammation by activating mitophagy and
removing damaged mitochondria [87], although it secretes directly into the third ventricle and levels
can be much higher in the CSF than in the peripheral blood [88]. Peripheral sampling does provide an
accurate surrogate. Melatonin production can be impacted by TBI. CSF melatonin may vary depending
on time from TBI. Acutely, there is evidence of increased melatonin with decreased levels as time
progresses [81,89]. These findings, however, have been inconsistent. The acute increase is suggested
to be related to the anti-inflammatory properties, which may contribute to neural recovery [89,90].
Additionally, this variation may be related to the spectrum of post-traumatic sleep disorders seen
(i.e., hypersomnolence to delayed sleep phase disorder) [81,91].

Circadian rhythm is associated with mood regulation, and disturbances can be linked to the
development of psychiatric symptoms [37,92]. There has been the suggestion that this may be related
to clock genes, which regulate circadian entrainment. Certain clock genes have been implicated
in altering the homeostasis of individuals leading to psychiatric disorders such as autism, ADHD,
anxiety, major depressive disorder, bipolar disorder, and schizophrenia [93]. This may represent an
increased genetic susceptibility for the development of comorbid post-traumatic sleep dysfunction
and mental illness.

7. Evaluation and Treatment Options

A multi-disciplinary approach should be taken in the clinical evaluation of patients following
TBI. The consideration of specialties to be involved include neurology, psychiatry, sleep medicine,
rehab services, social work and sports medicine, depending on the mechanism of injury. There should
be a standardized intake, such as the acute concussion evaluation [10], to ensure a comprehensive
evaluation of symptoms. Establishing a pre-morbid baseline may be helpful in stratifying risk for the
development of PCS. In addition, it is important to identify patient-perceived impact of head injury
and goals for recovery.

Treatment of sleep or psychiatric disorders post TBI is mainly based on adult studies, with limited
information on treatment in pediatrics. Frequently, the treatment applied is based on recommendations
that have been successful in the relevant psychiatric and sleep disorder in the non-traumatic brain
injury population [94]. The approach to treatment in patients with comorbid sleep and psychiatric
dysfunction should address symptoms of both processes.

In general, psychiatric medications in pediatrics are started with the lowest dosing and titrated slowly,
as pediatric patients may be more susceptible to side effects of these medications [94–97]. The selection
of medication is based on the psychiatric symptoms present (Table 6). Selective serotonin reuptake
inhibitors are considered first-line treatment for anxiety and depression [94]. S-ADHD treatment with
stimulant medication has been shown to likely be beneficial; however, there seems to be a more attenuated
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response for S-ADHD than that of primary ADHD [2,98,99]. Of note, those treated with psychostimulant
medication prior to TBI, have been noted to have a lower risk of TBI [100]. In fact, retrospectively it was
identified that most ADHD patients who sustained TBI were not pharmacologically treated prior to the
injury [61,101].

PTS disorder patients with nightmares have been shown to have improvements with prazosin
and/or image-rehearsal therapy with or without cognitive behavioral therapy (CBT) for insomnia [102].
CBT, for those with insomnia, has also been shown to decrease total wake time and improve sleep
efficiency [103].

Table 6. Psychiatric disorders and treatments [104–110].

Psychiatric Disorder Treatment Options

Depression

Mild CBT ± Exercise
Severe CBT + SSRI ± Exercise
Suicidality CBT + SSRI ± Hospitalization ± Exercise
With psychotic features CBT + Antidepressant + Antipsychotic ± Exercise
Refractory CBT + Antidepressant + Antipsychotic ± Exercise ± ECT

Anxiety

First Line: CBT ± SSRI, SNRI
Second Line: CBT + SSRI, ± SNRI
Third Line: CBT + SSRI + different SSRI or SNRI with Benzodiazepines used as a bridge
until SSRI becomes effective.

ADHD
Stimulants [111,112] (methylphenidate, amphetamine), ± CBT, non-stimulants
(atomoxetine, guanfacine, clonidine)

PTSD
CBT, Ensure Safety, Treat Comorbidities, ± Antiadrenergic medications (clonidine,
guanfacine, or prazosin *)

* Prazosin is preferred in patients with PTSD nightmare disorder. CBT: cognitive behavioral therapy; ECT:
electroconvulsive therapy; SSRI: selective serotonin reuptake inhibitor; SNRI selective serotonin norepinephrine
reuptake inhibitor.

The approach to treating sleep–wake dysfunction is dependent on the specific sleep disorder present
(Figures 1 and 2). Melatonin has also been studied for sleep disorders post TBI and although no statistical
difference was found with daytime alertness, patients subjectively reported improved daytime alertness
compared to baseline [113]. Amitriptyline has also been subjectively reported by patients to help with
sleep disorders by increasing their sleep duration, despite any statistical difference being shown [113].
Other adult studies have shown that modafinil and armodafinil significantly improve sleep latency for
those with excessive daytime sleepiness (EDS) due to mild or moderate TBI [114,115].

Studies evaluating non-pharmacological treatment are also limited. CBT has been shown to improve
children’s behavior post TBI [116]. Similarly, adolescents who participated in an online counselor-assisted
problem solving therapy during their post-TBI hospitalization, showed less impaired functioning
after [117]. In adults, blue light exposure, as a form of chronotherapy, was shown to reduce fatigue
and daytime sleepiness following TBI [118]. Alternative therapies, such as acupuncture, have even
demonstrated subjectively improved sleep quality, cognitive function, and the ability to taper sleep
medication use [119]. Earlier recommendations include the importance of transition support including
alerting school of injury and potential consequences, monitoring students for any increased needs,
and offering assistance or adjusting requirements for a couple of weeks post injury [11].

A negative approach to problem solving and depression symptoms has been associated with elevated
PTS symptoms and suggests that targeting negative aspects may help mitigate PTS symptoms [120].
This becomes important because adult and childhood survivors of TBI are already at elevated risk
of suicidal behavior [121–123]. Symptom checklists are not adequate screening tools for all potential
psychiatric outcomes, which highlights the importance of the physician’s role in screening for psychiatric
disorders and suicidal ideation post injury [26].
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8. Discussion and Future Direction

Traumatic brain injury is a significant pediatric public health concern. It is helpful to view TBI
as a disease process, rather than an isolated event [38] due to the cumulative damage that can incur
over time. This is evidenced by the features of post-concussive syndrome that can include evolving
symptoms of physical, psychological, cognitive, and sleep–wake dysfunction. Increased comorbidity,
such as co-occurrence of sleep–wake dysfunction and psychiatric illness, leads to more deleterious
outcomes and a more protracted recovery. A multi-disciplinary approach is necessary to provide the
comprehensive care necessary in these patients to optimize recovery.

Perception of an injury and expectations for recovery can dramatically influence patient
outcomes [17]. Early incorporation of psychological support should be evaluated as a potential tool for
improving outcomes in pediatrics. Adult studies have demonstrated benefit of both pharmacological
treatments and non-pharmacological treatments; however, there is still a significant gap in knowledge
when it comes to pediatric treatments. A targeted evaluation of these recommendations in patients
by age and severity of TBI is necessary to determine whether adult treatments are appropriate
and effective.

Well-defined TBI severity criteria are needed in the pediatric population. In addition, the effect of
pre-morbid functioning needs to be better elucidated. Clinical studies that partner with school systems
that implement baseline cognitive assessments may help in filling this data void. In order to improve
understanding of how sleep and psychiatric symptoms influence recovery, longitudinal studies are
needed. These studies should include well defined age at injury to better assess the effects of TBI on
normal development and sleep ontogeny.

Conflicts of Interest: The authors declare no conflicts of interest.
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Abstract: This review summarizes the available literature on the intersection of adolescent cannabis
use and sleep disturbances, along with interventions for adolescent cannabis users who suffer sleep
impairments. Adolescents are susceptible to various sleep disorders, which are often exacerbated
by the use of substances such as cannabis. The relationship between cannabis and sleep is
bidirectional. Interventions to improve sleep impairments among adolescent cannabis users to
date have demonstrated limited efficacy, although few studies indicating the benefits of behavioral
interventions—such as Cognitive Behavior Therapy for Insomnia or Mindfulness Based Stress
Reduction—appear promising in the treatment of sleep disorders, which are present for users of
cannabis. Further research is necessary to elucidate the precise mechanisms by which cannabis
use coexists with sleep impairments, along with effective interventions for those users who suffer
sleep difficulties.

Keywords: adolescent; cannabis; sleep; interventions

1. Introduction

Adolescents undergo tumultuous changes in sleep. By early puberty, the majority of adolescents
begin to show preference for later sleep and wake times [1,2], with evident symptoms of sleepiness
during the daytime [3]. Several studies have demonstrated that a substantial proportion of adolescents
are sleep deprived [3], which often leads to irregular sleep schedules between weekdays and
weekends [1,4]. For example, 17 percent of adolescents report trouble falling asleep before 2 a.m. at
least three times per week [5]. This pattern of disrupted sleep often results in circadian misalignment,
with roughly one to seven percent of adolescents meeting diagnostic criteria for delayed sleep phase
disorder, or DSPD [6–8]. DSPD itself typically leads to a series of negative outcomes, such as academic
difficulties, irritability, and depressed mood. Delaying the middle school and, especially, high school
start times is a proven intervention to not only reduce sleepiness, fatigue, and negative mood, but
also improve academic performance and even reduce automobile accidents among those teens who
drive [2]. The U.S. Centers for Disease Control (CDC) has, in fact, recommended that high schools not
start before 8:30 a.m.; however, only 20 percent of schools in the U.S. adhere to this recommendation [2].

Adolescence is also a time of increased risk-taking behavior, including experimentation with
alcohol, cannabis, and tobacco [9]. According to studies, cannabis is the most prevalent psychoactive
substance used by adolescents in the United States [10]. Not surprisingly, irregular sleep schedules,
daytime sleepiness, and frequency of substance use have been found to correlate with one another [11].
Multiple studies [12–14] demonstrate that sleep problems precede, and are often predictive of, future
adolescent substance use. Consequently, the extant literature on substance use and sleep indicates that
the effect is bidirectional, with both a lack of sleep and continued use of substances each leading to
potentially more difficulties with the other [15].
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Cannabis is the most common substance found in drug screens following adolescent arrests,
emergency room admissions, and autopsies [16]. As of September 2017, 28 states and the District of
Columbia have legalized cannabis for medical purposes within the United States, and 7 states and
the District of Columbia have legalized cannabis for recreational use; in addition, several other states
have proposed bills to legalize cannabis within the next few years [17]. Surveys done in states where
cannabis has been legalized indicate no significant trends in increased marijuana use post-legalization,
with noted decreases in cannabis use within the past 30 days for both 10th grade students in Washington
as well as overall youth use in Colorado [18]. In Alaska, the percentage of all high school students
using cannabis use has remained stable, even post-legalization of marijuana [18]. As of 2015, 81% of
12th grade students across the United States cited being able to access marijuana easily if they desired,
while 64% of 10th grade students and 35% of 8th grade students also reported “easy” access [9].

The annual prevalence of marijuana use has largely declined from 2013 to 2016, showing a drop
from 12.7% in 2013 to 9.4% in 2016 for 8th grade students while use in 10th grade students dropped
from 29.8% in 2013 to 23.9% in 2016 [9]. For 12th grade students, however, the annual prevalence has
held mostly steady, with annual prevalence noted as 36.4% in 2013 while documented as 35.6% in
2016. General attitudes of students have trended towards greater acceptance of marijuana use, with
the perceived risk of regular cannabis use noted in 2016 as 57.5, 44, and 31% for 8th, 10th, and 12th
graders, respectively. Meanwhile, perceived risk of regular cannabis use was previously greater in
2013, noted as 61, 46.5, and 39.5% for 8th, 10th, and 12th graders, respectively [9].

In this paper, we review the current literature on sleep disorders in adolescents who use cannabis,
the bidirectional effects of cannabis and sleep disorders, and behavioral interventions for adolescents
who use cannabis and have comorbid sleep disorders.

2. Cannabis and Sleep

It is reported that the cannabis plant has over 100 cannabinoids, of which are
the active components of marijuana that work primarily on the endocannabinoid system.
Delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) are two of the most researched
cannabinoids, and are classified as phytocannabinoids [17]. The stability of the circadian rhythm
is impaired after administration of THC [19]. In response to chronic administration of THC, the body
adapts to a state of reduced slow wave sleep [20]. THC is psychoactive via activation of specific
CB1 (cannabinoid) receptors that regulate mood, appetite, and memory [21]. Activation of CB1
receptors creates the ‘high’ feeling reported by cannabis users, and is noted to have a biphasic effect
corresponding to either high or low doses of THC. Animal model studies have defined this ‘biphasic’
difference based on the quantity of THC: specifically that low doses of THC produce an anxiolytic effect,
while higher doses of THC can induce panic symptoms [22–24]. Use of THC overall can potentially
produce either cognitive impairment or acute psychosis. CBD differs from THC in that it does not
activate the CB1 cannabinoid receptors, and is therefore not ‘psychoactive’ [25]. CBD does not display
the same intoxicating effects as THC, and is currently being researched as an adjunctive treatment for
symptoms of psychosis [25]. On a molecular level, the endocannabinoid system is presumed to be
involved in the regulation of the circadian sleep–wake cycle [26] and the maintenance and promotion
of sleep [20]. Overall, chronic cannabis use has been found to be associated with poorer sleep quality
and disruptions in sleep [27]. It is generally accepted, however, that a bidirectional effect exists between
regular cannabis use and sleep impairments, although the scientific literature is limited.

It has been shown that acute exposure to cannabis can reduce sleep latency, overall time in
rapid eye movement (REM) phase, and decreased REM density [28], while administration of CBD
and/or THC also has profound effects on sleep. The relationship of cannabidiol with sleep has had
different noted outcomes; low-dose CBD has been found to create a stimulating effect, while high
dose CBD has shown to have a sedating effect [17]. Other studies of CBD have been mixed; one
study demonstrated that cannabidiol blocked anxiety-induced REM sleep suppression without an
effect on NREM sleep [29], while other research found that CBD injections caused an increase in
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the total percentage of sleep in rats [30]. Meanwhile, administration of THC may promote sleep
onset and decrease total REM sleep time. Both CBD and THC have a profound effect on sleep
architecture in consistent cannabis users. CBD has been found to decrease stage 3 (N3) sleep (commonly
known as slow-wave sleep) when used in conjunction with THC, while THC and synthetic THC
preparations have been associated with decreased sleep latency [31]. Stage 3 (N3) sleep has been
shown to be important in the consolidation of hippocampus-dependent declarative memories [32],
whereas previously it was theorized that REM sleep played a major role in memory consolidation [33].
This finding explains previous reports indicating the adverse effects of cannabis on working memory
and the ability to maintain information [34]. Thus, the noted effects on sleep architecture play a
significant role in cannabis’ known effects on memory, especially in adolescents. Disturbed sleep
is reported in 67–73% of adults and 33–43% of adolescents during a quit attempt [35–37] and can
be seen up to 45 days post-cessation [38]. Prolonged use of cannabis followed by rapid cessation is
known to result in sleep disruption and a significant REM rebound, characterized by an increase in
dreaming [35,38–40].

Most available data on the effects of cannabis on sleep describes the adult population; however,
emerging evidence suggests that adolescents experience these same changes in sleep [41]. Numerous
studies have found a correlation between sleep duration [42], self-reported sleep problems [43], and
insomnia [13] among those adolescents who use cannabis. Sleep-timing characteristics are associated
with substance use [44], with demonstrated differences between individual chronotypes. Chronotypes
are specific behaviors indicative of an individual’s circadian rhythm, with morning chronotypes found
to have earlier sleep onset and wake-up times, while evening chronotypes show later sleep onset
patterns and more significant substance use behaviors [45].

Sleep also appears to have an important role in both cessation from cannabis and relapse [36].
Up to 65% of cannabis users, in fact, have identified poor sleep as the primary reason for relapse
during a prior attempt at cessation. Paradoxically, cannabis has been described by users as having
both a soporific and a sleep disrupting quality [46]. This observation may be due to the cyclical nature
of substance use. Individuals may begin using cannabis to aid in sleep initiation, but once tolerance is
established, they may require higher doses to yield the same effect. This pattern of use then leads to
increased sleep disturbances during abstinence from cannabis, resulting in further relapses [37]. It is
important to note that little data is available regarding regular users in natural settings, who are not
seeking treatment for cannabis addiction or sleep disorders [47].

Cannabis has also been used in the medical treatment of various sleep-related disorders, including
obstructive sleep apnea (OSA) and REM behavior disorder [17]. Among patients suffering from
OSA, the endocannabinoid oleamide and exogenous cannabinoid THC have been found to reduce
apneic events by alleviating serotonin-mediated OSA symptoms [48]. One case series has observed
that cannabidiol reduced symptoms of REM behavior disorder among four adults with Parkinson’s
disease [49]. Finally, limited research on excessive daytime sleepiness has noted that patients who tested
positive for THC (indicating recent cannabis use) were more likely to meet criteria for narcolepsy [50].

3. Interventions

Overall, there is limited data describing useful interventions for adolescents who use cannabis and
suffer from sleep problems. Pharmacological interventions do not typically target the cannabis abuse
itself, and most of the current treatment literature focuses on addressing symptoms of withdrawal,
among which are the various sleep disturbances. Most of these studies have focused on adult patients,
and little has been demonstrated in a naturalized clinical setting. Not surprisingly, both zolpidem
and benzodiazepines in general have been found useful in treating sleep disturbances associated
with cannabis withdrawal. Gabapentin, N-acetylcysteine (NAC), and naltrexone have each been
shown to induce some reductions in the use of cannabis and in the prevention of relapse in small
samples [51]. Of greater utility and relevance for most practitioners, however, are the benefits of
behavioral interventions for the treatment of sleep problems relating to cannabis use. Over the past
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decade, numerous behavioral strategies have emerged for the treatment of insomnia and related
sleep difficulties in both adults and adolescents. Often grouped under the rubric of “cognitive
behavioral therapy for insomnia (CBT-I)”, these various tools are, in fact, unique and variable in
efficacy. Studies of CBT-I have shown improvement in sleep quality in both adults and adolescents
with sleep disturbances [52–55].

Important behavioral interventions highlighted in this review include stimulus control therapy
(SCT), sleep restriction therapy (SRT), bright light therapy, sleep hygiene education, cognitive therapy,
behavioral relaxation, and mindfulness based stress reduction. These tools are part of an array of
options available to address sleep problems, and provide unique benefits and applications. The goal of
SCT is to enhance the association between the bed/bedroom and sleep. This objective is accomplished
largely by reducing the amount of time spent awake in bed, in addition to removing all potentially
alerting stimuli from the room (e.g., cell phone, lighted clocks, etc.) [56–58]. SCT is effective both for
acute and chronic insomnia [59]. Sleep restriction therapy is commonly employed alongside SCT.
In this case, the goal of treatment is to strengthen the homeostatic sleep drive by restricting the amount
of time spent in bed to only that during which the individual is actually sleeping. This process involves
a thorough and regular logging of sleep hours, and therefore can be a bit more labor intensive, but
ultimately improves sleep efficiency markedly.

Another effective treatment for insomnia is bright light therapy, also known as heliotherapy or
phototherapy. Bright light exposure works by resetting circadian rhythms, specifically in individuals
with sleep-phase delays [4], with greater efficacy when applied during the morning hours [60]. Sleep
hygiene education delivers basic information about sleep, providing practical advice on managing
circadian rhythm, body temperature, napping, exercise, diet, caffeine, alcohol, tobacco, and drugs in
an effort to improve sleep quality [61,62]. Cognitive therapy for insomnia treats sleep disturbances by
restructuring maladaptive thoughts, beliefs, and attitudes. This method addresses faulty beliefs,
unrealistic sleep expectations, and diminished perceptions about control of sleep [63]. Finally,
behavioral relaxation/arousal reduction utilizes skills akin to those taught in mindfulness-based stress
reduction (MSBR). These procedures focus on mindfulness-based exercises to reduce the physical and
psychological tension associated with sleep difficulty. Procedures include practices such as meditation,
deep breathing, progressive muscle relaxation, and biofeedback. Numerous studies have identified
sleep improvements from these practices [64–66]. One study looked at a combination of the above
behavioral interventions, structured as a six-session multicomponent treatment model to improve
sleep and decrease the risk of relapse in an adolescent population of substance users [67]. Significant
improvement was found in sleep efficiency, sleep onset latency, and total sleep time. Additionally,
there was a decrease in substance problems found 12 months after the conclusion of the study.

4. Conclusions

Cannabis use and sleep impairments go hand-in-hand and share a bidirectional relationship
with each strongly influencing the other. Although good behavioral and pharmacological strategies
independently exist for the treatment of sleep disorders, targeted interventions for sleep impairments
among those who regularly use cannabis are needed. Future studies should examine behavioral and
psychopharmacological treatment models for sleep disturbances among adolescent marijuana users,
who remain a difficult population to study. Sleep patterns are also undoubtedly affected by growth
and development during adolescence, and the biological effects of cannabis may also vary throughout
development. Since cannabis use typically begins in adolescence, identifying interventions that are
effective, practical, and accepted by youth is essential to decrease the risk of long-term sleep disorders
and other co-morbidities. In the meantime, practitioners are advised to rely primarily upon behavioral
methods to improve the sleep of adolescents who use cannabis.
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Abstract: There is now a plethora of evidence that children with sleep disordered breathing (SDB)
show deficits in neurocognitive performance, behavioral impairments, and school performance.
The following review will focus on the neurobehavioral impacts of SDB, pediatric sleep investigation
challenges, potential mechanisms of behavioral and cognitive deficits in children with SDB, and the
impact of SDB treatment.
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1. Brief Overview of Pediatric Sleep Disordered Breathing

Sleep disordered breathing (SDB) is a term used to describe a spectrum of breathing disorders
during sleep. It includes, but is not limited to, habitual snoring, obstructive sleep apnea,
and sleep-related hypoventilation [1]. This review will mostly focus on primary snoring and pediatric
obstructive sleep apnea.

Common nighttime symptoms of SDB include snoring, mouth breathing, apneas, gasping, labored
or paradoxical breathing, excessive sweating, restless sleep, leg kicking, and hyperextension of the
neck. Daytime symptoms may include inattentiveness, difficulty focusing, behavioral and mood
problems, morning headaches, fatigue, excessive daytime sleepiness (EDS), and, in severe cases, failure
to thrive. Persistent mouth breathing during sleep may be associated with dry mouth and complaints
of thirst upon awakening.

Primary snoring (PS) is defined as snoring without associated apneas, hypopneas, hypoxemia,
hypercapnia, or sleep fragmentation [2]. There is no universally accepted, clear definition of snoring.
Thus, the prevalence of the condition may differ based on varying perceptions of the word’s meaning
across cultures. The overall prevalence of parent-reported snoring in one meta-analysis was 7.45% [3].

Obstructive Sleep Apnea (OSA) is characterized by recurrent episodes of upper airway obstruction
during sleep that causes arousals, intermittent hypoxemia, and disruption of normal ventilation.
According to International Classification of Sleep Disorder (ICSD)-3 criteria, OSA diagnosis requires
the presence of at least one symptom (snoring, labored/obstructed breathing, or daytime consequences,
such as sleepiness, hyperactivity) to be present, along with the sleep study findings [4,5].

Children with SDB may experience partial or complete obstruction of the upper airway during
sleep. Recurrent episodes of airway narrowing or airway obstruction, associated with arousals or
awakenings, disrupt sleep continuity. Sleep fragmentation and disrupted sleep architecture may result
in nonrestorative sleep. Polysomnographic findings may include an elevated arousal index, decreased
sleep efficiency, elevation of light sleep (stage N1), and reduction in overall amount of deep or Rapid
eye movement (REM) sleep (stages N3 and REM) [6].

Up to 4% of typically developing children have obstructive sleep apnea, based on
polysomnography (PSG) and approximately 11% have habitual snoring, based on parental report [3].
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However, it is important to emphasize that the reported prevalence of SDB varies widely depending on
the SDB definition and diagnostic methods deployed by investigators. For instance, the prevalence of
SDB in some studies was estimated based on parental reports. However, parental reporting of snoring
may not be reliable. Reporting depends on the frequency of child’s co-sleeping with the parents, and
co-sleeping prevalence clearly differs across cultures [7]. Other studies collected data from diagnostic
testing, such as nocturnal sleep laboratory based PSG [3]. Most studies consistently report a SDB peak
between 2 and 8 years of age [6,8–12].

The current gold standard for the diagnosis of OSA, as recommended by the American Academy
of Pediatrics (AAP), is a PSG study [9]. The cost of the procedure and lack of accessibility may preclude
patients from having an overnight sleep study. An unfamiliar environment and PSG monitoring
equipment could cause sleep disruption, making sleep study interpretation a challenge.

OSA severity is determined by the frequency of obstructive apneas and hypopneas recorded on
PSG. The apnea hypopnea index, or AHI, represents the average number of obstructive or partially
obstructive events per hour of sleep. However, gas exchange abnormalities, such as hypoxia and
hypercapnia, are frequently used as additional indicators of OSA severity.

Polysomnographic diagnostic criteria for OSA among adults and children are typically the product
of expert consensus [13]. The AHI diagnostic criteria in children, when compared to adults, suffers
from less available data and perhaps more heterogeneity across studies [3]. Part of the problem is
that few studies have been performed to link specific levels of pediatric OSA with adverse outcomes.
At present, an AHI of 1 to 5 events per hour of sleep, 5–10 per hour of sleep, and more than 10 events
per hour of sleep is most often used to categorize mild, moderate, and severe OSA, respectively.
However, various AHI definitions have been used in pediatric studies in the past.

Although PSG provides an objective measure of sleep disturbance, measures derived from sleep
studies are often not predictive of OSA-associated morbidities [14].

2. Challenges of Pediatric Sleep Investigations Focusing on Neurobehavioral Outcomes of Sleep
Disordered Breathing

Various sleep disorders may result in sleep deprivation, sleep fragmentation, EDS, and symptoms
related to increases in excessive sleep pressure. These disorders may have similar impacts on mood,
attention, cognition, and behavior; however, SDB has been most extensively studied in this regard.

Sleep fragmentation (resulting from respiratory related repeated arousals or brief awakenings)
has been speculated to be one of the main causes of the neurobehavioral effects associated with
SDB. However, changes in sleep architecture detected during PSG may be related to other co-morbid
conditions, for instance “first night effect”. This latest phenomenon is attributed to the use of numerous
electrodes and wires during PSG studies and an unfamiliar sleep environment. The first night effect
frequently distorts sleep on the first night of recording. To mitigate this, sleep centers ideally should
resort to using two or three nights of PSG recordings and discard the data from the first night.
However, this is frequently not feasible [15].

The most definitive demonstration of treatment consequences in severe SDB would involve a
double-blind, placebo-controlled, randomized trial. This study design is very difficult for several
reasons. It is impossible to withhold treatment for severe cases of SDB for ethical reasons. In addition,
families and clinicians cannot be blinded to surgical intervention (i.e., adenotonsillectomy) or
sham surgery.

As mentioned above, the description of SDB prevalence is fraught with difficulty due to a variety
of methodological issues. Some other challenges are listed below.

• Heterogeneity in OSA severity diagnostic criteria and lack of universally accepted specific
pediatric polysomnographic parameters to distinguish primary snoring from OSA [3].

• The American Academy of Sleep Medicine (AASM) in 2012 modified the obstructive hypopnea
definition, making it somewhat difficult to compare results from relatively recent studies with
previously published papers [16].
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• SDB is most prevalent in the preschool years (3–5 years of age); however, most pediatric studies
focused on school-aged children [17,18]. Sleep fragmentation, disrupted sleep architecture,
hypoxia, and hypercapnia are the presumed causative mechanisms for poor functional outcomes
in SDB. They may be particularly important in younger children who are most susceptible to SDB
related sequelae, due to particularly rapid cerebral and functional development [19,20].

• The patient population in studies may range from general community populations to children
at tertiary care institutions (TCI) or subspecialty care with variable SDB severity. This may
potentially create a referral bias.

• There are difficulties in evaluating behavioral problems in children of various ages by uniform
tests. Younger children may not be able to verbalize excessive daytime sleepiness or fatigue.
Their manifestation of disruptive sleep or excessive daytime sleep pressure may manifest as
hyperactivity, impulsivity, increased aggression or oppositional behaviors. On the contrary,
excessive sleep pressure in older children may be more similar to adults and present as excessive
napping, yawning, rubbing eyes, complaints of fatigue or sleepiness, irritability, etc.

• Pediatric studies frequently rely on caregiver and teacher reporting of children’s behavior,
attention, and hyperactivity levels as well as their estimated amount of sleep and sleep quality.
These reports can be biased and affected by the caregivers’ cultural preferences, educational levels,
expectations, and socio-economic backgrounds.

• A variety of potentially confounding factors increases the risk of cognitive dysfunction in children
with any severity of OSA, such as premature birth, lower socioeconomic status, asthma, obesity,
short sleep duration, and African-American ethnicity.

• Other factors may also have a significant impact on child sleep quality, alertness level, behavior,
and development, such as other sleep disorders (i.e., circadian sleep disorders, restless leg
syndrome, behaviorally induced insufficiency and/or disrupted sleep, parasomnias), various
medical conditions (allergies, asthma, eczema, obesity, recurrent pharyngitis, etc.), medication
use (i.e., use of nasal or inhaled steroids or anti-histamines, stimulant medications), genetics, and
environmental factors (such as parental smoking).

Sorting through all of these issues is a tremendously difficult task. These challenges create
substantial difficulties in interpreting research results and drawing meaningful conclusions.

3. Neurobehavioral Morbidity and Sleep Disordered Breathing

One of the earliest studies to shed light on the potential causative link between OSA and its
detrimental consequences on academic performance was published in 1998 [21]. A remarkable increase
in the prevalence of OSA was found in first-graders whose school performance was in the lowest
tenth percentile of their class. Furthermore, the children who were treated for OSA showed significant
academic improvements in their school grades in subsequent years, as opposed to untreated children.
Another study reported that children who snored during early childhood were at greater risk for poor
academic performance in later years, long after snoring had resolved [22].

Since then, there have been numerous mostly cross-sectional studies reporting the association
between OSA and neurocognitive and behavioral morbidity. Many, albeit not all, studies have shown
improvements in some of these functions after OSA treatment [23–30].

Sleep Disordered Breathingand Excessive Daytime Sleepiness

The exact prevalence of excessive daytime sleepiness (EDS) in pediatric OSA is unclear. In contrast
to adults, EDS does not tend to be a prominent complaint in children with SDB. EDS estimation in
younger children is challenging and frequently relies on caretakers’ perceptions. Adults are frequently
used as surrogate reporters because children are unlikely to verbalize their symptoms. It is also
important to note that behavioral sleepiness may manifest differently in children than it does in adults.
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For example, children exhibit hyperactivity, inattentiveness, irritability, and/or oppositional behavior,
rather than taking naps or having unintentional sleep episodes [31,32].

Several studies have examined the association between SDB and sleepiness in children by
analyzing parental subjective reports. As opposed to adults with OSA, children were surprisingly
relatively “protected” from OSA-induced hypersomnolence [33]. Some studies used objective
measurements of EDS, such as the Multiple Sleep Latency Test (MSLT). The MSLT involves a series
of brief daytime ‘nap’ opportunities in a comfortable sleep-conducive environment. The degree of
sleepiness or “sleep pressure” is estimated by the child’s ability to fall asleep during naps. The shorter
the latency to sleep onset during these nap opportunities, the higher the degree of sleepiness [34].
Unfortunately, MSLT assessments are expensive and difficult to conduct in children. In addition, MSLT
has not been validated for younger children and there is a limited relationship between the sleepiness
derived from a MSLT and the sleepiness based on subjective reporting [35,36].

Due to lack of objective measurements of sleepiness in younger children, it is not surprising that
there is a paucity of pediatric studies objectively measuring EDS in children. Based on the available
limited MSLT results, it appears that EDS in children with OSA is relatively infrequent and tends to be
more noticeable among those with more severe OSA and/or obese patients [35–37].

Sleep Disordered Breathing and Cognitive Function, Learning, and School Performance

Cognitive function is a mental act or process of knowledge acquisition. This process includes
awareness, perception, intuition, and reasoning. Executive function encompasses the mental processes
that enable children to plan, focus, remember instructions, and juggle multiple tasks successfully.
Executive function is a domain that has been shown to be sensitive to intermittent hypoxemia, related
to the obstructive sleep apnea syndrome. Thus, pediatric researchers focus on executive function to
evaluate OSA related cognitive sequelae.

Executive function and self-regulation skills depend on working memory, mental flexibility,
and self-control.

The term working memory is often used interchangeable with short-term memory. However,
short-term memory is just one component of working memory. Working memory requires temporary
storage of information as well as the ability to accurately manipulate this information—for instance,
baking a cake by memorizing ingredients and steps without making the unfortunate mistake of
addition the same ingredient twice. Working memory has been found to correlate with intellectual
function better than short-term memory [38–41]. Adult research has demonstrated a link between
OSA and deficits of executive function [42]. Pediatric researchers also frequently use working memory
performance and executive function assessment to evaluate neurocognitive deficits inflicted by OSA.

Impairments in executive functioning have been reported in multiple studies, including the
Tucson Children’s Assessment of Sleep Apnea (TuCASA). The TuCASA study identified a negative
correlation between AHI and immediate recall, Full Scale intelligence quotience (IQ), Performance IQ,
and math achievement, while nocturnal hypoxemia adversely affected nonverbal skills [43,44].

Objective measurements of specific neuropsychological performance deficits related to sleep
problems in children have been limited; however, pediatric studies have begun to identify significant
differences in cognitive function between children with SDB and healthy controls.

Verbal working memory impairments associated with OSA may compromise a child’s learning
potential and neurocognitive development. For example, one study found significantly lower
performance on measures of memory, executive function, and general intelligence in 5-year-old
children with symptoms of SDB when compared to asymptomatic children [45]. Another study
demonstrated decreased general intelligence, language, and visual-spatial skills in habitually snoring
children [46]. The degree of neuropsychological deficits in children correlated with OSA severity [47].
In another study [48], working memory and basic attention tasks were evaluated in OSA children
aged 8–12 years and compared to well-matched healthy controls. Sleep study findings and working
memory functions were compared between the two groups. Compared to controls, children with OSA
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had poorer performance on both tasks of basic storage and central executive components in the verbal
domain of working memory; however, no significant differences were detected in the visuospatial
domain. The findings also suggested that AHI and oxygen saturation (SpO2) nadir were associated
with verbal working memory performance.

There is no consistency regarding the relationship between OSA severity and memory
performance in children. While some studies revealed memory performance on standardized
psychometric tests in children with OSA was significantly impaired, compared to healthy controls [49],
with higher respiratory disturbance indices, correlating with greater memory deficits [50], other studies
found no evidence of any differences in memory performance in children with varying degrees of OSA
severity, when compared to control children [46,47,51].

School problems have been reported in multiple case-series of children with OSA [21,22,32], and
such findings may underscore more extensive behavioral disturbances, such as restlessness, aggressive
behavior, excessive daytime sleepiness, and poor test performances.

Sleep Disordered Breathing and Aggressive Behavior, Hyperactivity and Attention Deficit Hyperactivity Disorder

Multiple pediatric studies, based on parent or teacher surveys have found an association between
childhood sleep-disordered breathing (SDB) and aggressive behavior, impulsivity, hyperactivity, and
decreased attention [52–58].

For instance, one study demonstrated that in children with objectively confirmed SDB, aggressive
behaviors are more frequent than in children without SDB, even when the SDB is mild [59,60].
Behavioral problems associated with sleep disordered breathing in school-aged children were also
reported in the Tuscon study [60]. Another study focused on parental reporting of aggressive behavior
among elementary school children. It demonstrated that aggressive children were twice as likely to
have SDB symptoms compared to non-aggressive peers [61]

Multiple studies support the relationship between SBD and hyperactive behavior and
inattentiveness [62]. SDB-related sleep fragmentation is speculated to be the cause of excessive
daytime sleepiness, which may in turn interfere with sustained attention. Children with PS suffer
from more sleepiness, inattention, and hyperactivity than healthy controls [63,64]. Despite the relative
abundance of research in this area, there remain many unanswered questions regarding the relationship
between sleep disturbances and attention deficit hyperactivity disorder (ADHD), and between OSA
and ADHD-like symptoms in particular. The variations in diagnostic criteria for ADHD over the
years (i.e., using different versions of Diagnostic and Statistical Manual of Mental Disorders criteria),
the source of informant (e.g., parent, teacher, or clinical), and the reliability of rating scales used to
diagnose ADHD, make the ADHD diagnosis difficult in some instances.

Interestingly, although children with ADHD appear to exhibit more sleep disturbances and
symptoms of SDB than normal children [65,66] according to parental reports, only 20% of children
with ADHD actually exhibited objective sleep disturbances when assessed by polysomnographic
criteria [22,67]. In this study, it was also concluded that OSA is not more likely to occur among children
with true ADHD when the ADHD diagnosis was established using the stringent criteria recommended
by the Academy of Pediatrics and the Academy of Psychiatry.

Most studies demonstrate that parental questionnaire answers and ratings are sensitive to the
behavioral aspects of SDB. Most parental ratings show that children with SDB are more symptomatic
than control groups [23,68].

It is currently unclear whether sleep disturbances are intrinsic to ADHD, whether they are
secondary to a co-morbid sleep disorder, or whether sleep disorders cause ADHD-like symptoms and
thus result in a misdiagnosis.

In addition, some studies have shown that both children and adults with ADHD may exhibit
symptoms of other sleep disorders, such as periodic limb movements of sleep, restless leg syndrome,
delayed sleep phase syndrome, and initiation and maintenance insomnia [69–73].
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A meta-analysis, analyzing eighteen studies published prior to 2012, was conducted to assess
(1) the relationship between SDB and ADHD symptoms and (2) the extent of change in ADHD
symptoms before and after adenotonsillectomy. The findings of this meta-analysis suggested that
ADHD symptoms were related to SDB and improved after adenotonsillectomy [74]. However, the
recent Childhood Adenotonsillectomy Trial (CHAT) study revealed no significant improvement in
attention or executive function in children with non-severe OSA after adenotonsillectomy, as measured
by neuropsychological testing [23].

Sleep Disordered Breathing and Depressive Symptoms

Childhood depression is a significant problem that may lead to psychosocial problems and
physical disabilities. Adolescents with depression have an increased risk of suicide and substance
abuse [75].

Some studies have reported a high rate of depressive and anxiety symptoms (24%) among
adults with OSA [76]. However, the relationship between depressive symptoms and OSA was no
longer significant after controlling for age, body mass index (BMI), and hypertension [77]. Similarly,
inconsistencies regarding the relationship between depression and OSA can be found in the pediatric
literature. This may be attributed to methodological differences in OSA diagnostic criteria and
evaluation of depressive symptoms. OSA related sleep disturbances and impairments in daily
functioning may interfere with a child’s relationships with family, school, and peers [78].

A meta-analysis, designed to assess the relationship between depressive symptoms and OSA,
and the efficacy of adenotonsillectomy for decreasing depressive symptoms reported a higher
incidence of depressive symptoms among children with OSA, especially in males. OSA treatment
with adenotonsillectomy was associated with decreased depressive symptoms when compared to
pre-surgery levels. Thus, OSA screening in children and adolescents with depressive symptoms was
suggested [79].

4. Are Cognitive Outcomes of Pediatric Sleep Disordered Breathing Reversed by Treatment?

Improvements in behavior, following treatment for OSA in children, were reported earlier [21,53]
and suggested that at least some of the deficits may be reversible.

SDB therapeutic options include surgical interventions, with extraction of hypertrophic adenoids
and tonsils being the most commonly performed procedures, as well as nonsurgical alternatives,
such as watchful waiting, anti-inflammatory agents, orthodontic interventions, and positive airway
pressure therapy (continuous positive airway pressure, also known as CPAP, or bi-level positive airway
pressure, also known as Bi-LEVEL or Bi-PAP).

Adenotonsillectomy is considered to be the first-line treatment in children [2,80]; however, not all
patients are surgical candidates and some patients will continue to have symptoms after surgery [81,82].
Other surgical interventions, such as tongue-base suspension, uvulopharyngopalatoplasty, craniofacial
surgery, bariatric surgery, and in most severe cases, tracheostomy, are used in selective pediatric
populations [79].

Effects of Adenotonsillectomy

Cognitive and behavioral abnormalities have been shown to be reduced after adenotonsillectomy
(AT) in some [22,46,66,82–84], but not all [85], non-randomized studies, with inconsistencies in
the reported effects after treatment. Previous studies have been limited by small samples, lack
of randomization or appropriate controls, heterogeneous study groups, and frequent reliance on parent
questionnaires, rather than on neuropsychological testing [66,84,86].

CHAT was the first large randomized controlled trial conducted to evaluate the efficacy of early
adenotonsillectomy (eAT) versus watchful waiting with supportive care (WWSC) in children with
OSA, with respect to cognitive, behavioral, quality-of-life, and sleep factors [23]. The primary outcome
was a neurobehavioral measure of attention and executive function. Children 5 to 9 years of age with
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OSA without significant gas exchange abnormalities were randomly assigned to either an eAT group
or a strategy of WWSC. They were evaluated at baseline and 7 months later. The primary outcome was
evaluated by Developmental Neuropsychological Assessment (NEPSY), a test that has well-established
psychometric properties [87].

Secondary outcomes included caregiver and teacher ratings of behavior, symptoms of the
obstructive sleep apnea syndrome, sleepiness, global quality of life, and disease-specific quality
of life.

The results revealed no correlation between the severity of the obstructive sleep apnea syndrome
and treatment, with respect to the primary outcomes (attention and executive-function). However, eAT
was found to reduce OSA symptoms and improve secondary outcomes (behavior, quality of life, and
polysomnographic findings) [23]. In addition, the study secondary analysis revealed improvement in a
time measure of selective attention and visual scanning in eAT group [88]. Interestingly, PSG of almost
half of WWSC children had normalized by seven months. This finding suggested that non-severe OSA
in school-age children may recover over time, without surgical intervention [89].

Positive Airway Pressure Therapy

There are few published studies examining functional outcomes, such as neurocognitive outcomes,
of children treated with positive airway pressure (PAP). An early study found that children with OSA
who used PAP for 6 months had less daytime sleepiness, but no significant improvements in behavior,
temperament or school performance. This study did not specifically assess attention, nor did it
differentiate participants who were adherent to treatment from those who were not. It also used a
school performance measure that was of unproven sensitivity to OSA. These methodological factors
may have obscured changes in functioning for those individuals who were more adherent to PAP [90].
Another small outcomes analysis looked at self-reported academic grades, self- and parent-reported
academic quality of life, and objectively-measured attention scores. These were assessed before and
after PAP treatment in 13 obese adolescents with OSA as well as 15 untreated obese controls without
OSA. The study demonstrated that non-adherent participants showed worsening functioning over
time, while PAP users showed stable or improved functioning, similar to controls [91].

However, adherence with PAP therapy in adolescents with OSA is often a concern. Adolescents
are notorious for diminished adherence to medical regimens and those who were prescribed PAP for
OSA tended to follow this pattern as well [92].

In a study evaluating the effect of positive airway pressure therapy on neurobehavioral
characteristics in a heterogeneous group of 52 children and adolescents, at baseline and after 3 months
of treatment, PAP usage was associated with significant changes in neurobehavioral parameters,
even in a heterogeneous group of children with OSA that included very young children and children
with developmental delays [93].

Although it is difficult to get children to wear the PAP apparatus, it is important to encourage at
least partial adherence to PAP therapy as those children who are even partially compliant with PAP
therapy can display improved attention and academic functioning.

5. Potential Mechanisms of Neurobehavioral and Cognitive Dysfunction in Pediatric Sleep
Disordered Breathing

The exact mechanisms by which OSA elicits neural deficits remain relatively unknown. Most likely,
both the sleep fragmentation and episodic hypoxia associated with SDB lead directly to systemic
inflammatory vascular changes in the brain [66,94,95]. Levels of inflammatory markers, such as
C-reactive protein (CRP), interferon (IFN)-γ, tumor necrosis factor (TNF)-α and cytokine interleukin
(IL)-6 have been shown to be elevated in children with SDB [96–99].

The findings linking vascular function and cognitive outcomes have been confirmed in several
studies, such that the presence of endothelial dysfunction in OSA may serve as a surrogate reporter of
altered cognitive functioning [100,101].
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The frontal and hippocampal regions of the brain, which are implicated in the regulation of
behavior and memory, respectively, appear to be most vulnerable to the effects of OSA. In children,
gains in executive function skills occur during developmental periods, corresponding to the neuronal
myelination and maturation of the prefrontal cortex [102,103]. Executive function is considered critical
for school-age children, to develop complex problem solving [104] and to be able to perform other
volitional tasks in response to new situations with demands on working memory [105]. If left untreated,
OSA causes neuropsychological or executive dysfunction in developing children. If these skills are
permanently impaired before maturation of the prefrontal cortex, this could severely alter a child’s
cognitive potential, ultimately impacting both the child’s health and his or her functioning level
in society.

In one study, researchers wanted to investigate the brains of children with OSA to see if there was
any evidence of changes in the brain and if these changes were associated with any learning problems.
They studied 31 children (19 with OSA and 12 healthy controls, aged 6–16 years). Participants
underwent PSG and neuropsychological assessments, such as IQ tests and tests of their ability
to perform tasks involving decision-making. Some of the children also had specialized scans of
their brains (known as proton magnetic resonance spectroscopic imaging, or MRS) to measure the
levels of certain metabolites produced as a result of brain activity. The researchers then compared
the neuropsychological test scores with the levels of the metabolites. They found that relative to
controls, children with severe OSA had lower IQs and a decreased ability to perform tasks involving
decision-making. Children with OSA also had changes in metabolites in the brain, similar to those
seen in diseases in which there is damage to brain cells. Compared to controls, children with OSA
scored significantly lower on tests of overall intelligence and some aspects of higher-level thinking
called “executive functions,” but the groups did not differ on tests involving sustained attention, motor
skills, or visuospatial skills. Tests of memory did not yield significant differences between the groups,
but the effect sizes were large enough for the authors to suggest that significant effects may have been
found in a larger sample. MRS indicated that those with OSA had abnormal metabolites in the left
hippocampus and right frontal cortex [85].

Additional factors, such as hypercarbia, architectural disturbances, including REM latency
prolongation or reduction in REM sleep percentage as well as alternations in other stages of sleep may
also play important roles.

It is important to emphasize that not all children with OSA exhibit cognitive deficits or behavioral
problems. It has been speculated that both genetic and environmental factors may play roles in
making some children more susceptible to the neurocognitive complications of OSA. Several genetic
factors have been identified so far, including polymorphism within the NOX gene or its functional
subunits [106]. The differences in systemic inflammatory responses, including plasma C-reactive
protein (CRP) and interleukin levels may also be responsible for increased susceptibility to OSA related
cognitive deficits [107]. Genetic variants of a gene critically involved in the formation of free radicals
have been shown to account for discrepancies in cognitive outcomes in pediatric OSA [108]. Additional
factors, such as insulin-like growth factor (IGF)-1 and apolipoprotein E allelic variants, have also been
identified to be detrimental to neurocognitive function [108,109]. Some researchers have hypothesized
that changes in regional cerebral blood flow during obstructive episodes leads to neurocognitive
impairments [110].

6. Conclusions

There is now a plethora of evidence that children with SDB show deficits in neurocognitive
performance, behavioral impairments, and decreased school performance; however, it is still not
clear which factors (e.g., sleep fragmentation, degree of respiratory disturbance, hypoventilation,
or oxygenation) play the most importance roles in neurocognitive morbidity. The exact mechanisms
by which OSA causes neural deficits remain unresolved.
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Although sleep studies provide an objective evaluation of SDB severity, they are not predictive
of OSA-associated morbidities. In addition, some children fulfilling current polysomnographic
criteria for OSA do not manifest disease related morbidities. Other factors, such as individual
susceptibility, co-morbid conditions, and environmental factors, appear to be important as well [14,111].
Some children with primary snoring display neurocognitive or cardiovascular sequelae and/or signs
of systemic inflammation, despite normal sleep study findings [46,112].

Some SDB neurocognitive consequences are reversible while others may be irreversible if left
untreated [22].

Despite some controversies, there is enough available data to support screening children with
hyperactive behavior, inattentiveness, disruptive behavior, or learning disabilities for SDB and other
sleep disorders. Screening for sleep disorders should be part of any well-child visit. Better education
of pediatricians, general practitioners, mental health professionals, educators, and parents may
help to identify and treat children at risk. An appropriate SDB diagnosis in children with ADHD
symptoms may help prevent unnecessary stimulant use. Identification of the most severe SDB cases
and subsequent early interventions are imperative to improve psychobehavioral short-term and
long-term outcomes. Future research will help us better understand the pathophysiology of SDB and
its effect on cognition and behavior in order to identify the most vulnerable children.
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Abstract: Theory of Mind (ToM) is defined as the ability to infer a range of internal mental states
of others, including beliefs, intentions, desires, and emotions. These abilities are associated with
children’s ability to socialize effectively with peers. ToM impairments are associated with peer
rejection and psychiatric disorders such as Attention-Deficit/Hyperactivity Disorder (ADHD).
Previous studies have found poor sleep negatively impacts executive functioning (EF) and emotional
information processing, which are essential for the effective use of ToM. Youth with ADHD have EF
deficits and sleep problems. However, the relationship between sleep, executive functioning, and
ToM in children with ADHD has not been studied. In this review, we propose that the poor social
and interpersonal skills characterizing individuals with ADHD could be explained by the impact of
poor sleep on the emotional and cognitive mechanisms underlying ToM.

Keywords: Theory of Mind; sleep; attention deficit hyperactivity disorder; executive functions;
emotional information processing cognition; social functioning

1. Introduction

Theory of Mind (ToM) is defined as the ability to infer a range of internal mental states including
beliefs, intentions, desire, and emotions [1,2]. It is central to the development of social cognition
in children, referring to the psychological processes needed for an individual to integrate and be a
part of a social group. Children’s capacity to successfully use ToM has been shown to be a positive
predictor of their ability to socialize effectively [3–5]. ToM impairments are associated with poor social
interactions [6,7] and various psychiatric [8–10] and neuro-developmental disorders [11]. Very little
is known about the factors or mechanisms that influence the development of successful ToM in
school aged children. Previous studies have found poor or insufficient sleep negatively impacts
executive functioning and emotional functioning. Both of these impairments are associated with
deficits in ToM. However, the relationship between sleep and ToM has not been studied. Youth with
Attention-Deficit/Hyperactivity Disorder (ADHD) experience lower sleep quality and duration
compared to their typically developing peers [12,13]. We propose that poor and insufficient sleep found
in 50%–80% of children with ADHD contributes to the documented social impairments found in youth
with ADHD. Examining the relationship between sleep and social impairments in youth with ADHD
is of particular importance. First, ADHD is one of the most common neuro-developmental disorders
found in childhood, with approximately 5% of school aged children diagnosed [14] and higher
estimated rates found in various United States community samples [15]. Second, youth with ADHD
have documented social impairments, including greater peer rejection [16,17], impaired expression
of empathy [18], and poorer social competence skills [19], compared to their typically developing
peers. These social impairments in youth are associated with negative future outcomes, like increased
school dropout and psychopathology [20,21]. Furthermore, pharmacological interventions, such
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as stimulant medication, are shown to not be effective in reducing social information processing
impairments in youth with ADHD [22] and have been reported to exacerbate deficits in successfully
processing information from social scenarios when compared to ADHD youth in a placebo group [23].
Therefore, examining other potential factors, such as sleep, that may be associated with improving
social impairments in youth with ADHD is imperative.

2. Theory of Mind

An implicit form of ToM refers to a spontaneous detection of other’s mental states that is not
deliberate or consciously inferred [24,25]. Implicit ToM presents early in childhood, with children
correctly anticipating actions based on others’ mental states [24,25]. This can be seen in infants as
young as 7 months, whose eye gazes correctly anticipate the goal-directed behaviors of others based
on their personal beliefs [26]. Explicit ToM emerges around the age of 4 with the mastery of first order
false belief tasks, signifying their awareness that individuals can hold beliefs that contrast with reality
and their own beliefs [27–29]. ToM has been recognized as a pivotal milestone in social development
for children across cultures [30–32]. Children develop more complex higher order ToM abilities as
they age [33]. This includes successfully completing second order false-belief tasks, demonstrating
an understanding of another person’s thoughts about a third person(s) [34]. For instance, a child
demonstrating second-order false belief will predict that his/her friend will behave differently in a
situation if their friend does not have the same new information as someone else (e.g., if the teacher
changes the class location and the friend has not been informed, they will go to their regular class
room, but the rest of the class who has been informed will go to the new room).

Recognizing that two people can have different understandings of the same situation, and that
someone’s underlying understanding might be different from what is apparent in reality [28], is
implicated in several everyday tasks. These tasks include detecting deception and others’ emotions,
and understanding the use of non-literal language (e.g., metaphors and sarcasm) [35], all of which
are critical to social skills. Social skills are broadly defined as the ability to interact with others
appropriately and effectively [36,37]. Such ToM skills, like detecting if someone is lying to you or
understanding if someone is upset and why, are crucial to knowing how to appropriately engage in
social situations.

ToM ability is a predictor of social skills [3], as well as pro-social behavior [5,6,38] and emotional
regulation [39,40]; whereas impairments in ToM are associated with higher rates of peer rejection [6,7],
aggressive behavior [41,42], and diverse psychiatric disorders, including depression and anxiety [8–10],
and neuro-developmental disorders, like autism [11].

ToM has cognitive and affective components [43–45]. Cognitive ToM refers to inferences about
others’ beliefs and intentions, while affective ToM refers to inferences about others’ emotions and
feelings. The distinction between the affective and cognitive components of ToM has been supported
by studies showing performance can vary among ToM tasks, and impairments of one ToM component
may not correspond to impairments of the other (see references [46–51] for examples).

Neuroimaging studies support the existence of a ‘core neural network’ for ToM, which includes
the medial prefrontal cortex and the bilateral posterior temporo-parietal junction. This network has
been proposed because these neural areas are activated during all ToM tasks, irrespective of modality
or stimuli, as they require thinking about the mental states of other persons [52]. Within this network,
distinctions between affective and cognitive ToM have been made (for a comprehensive review, see
refs [45,53]). Affective ToM engages the ventral medial prefrontal cortex, the inferior lateral frontal
cortex, the ventral striatum, the ventral temporal pole, the ventral anterior cingulate cortex, the
orbitofrontal cortex, and the amygdala [45,53]. Cognitive ToM recruits the dorsal medial prefrontal
cortex, the dorsal lateral prefrontal cortex, the dorsal striatum, the dorsal temporal lobe, and the dorsal
anterior cingulate cortex [45,53].

Tasks used to measure affective and cognitive ToM vary in types of stimuli and modality.
They include situational narrative tasks and picture identification formats. The Reading the Mind in the
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Eyes Task [54,55] assesses affective ToM. It requires the identification of a word that best describes how
a person is thinking or feeling based on photographs presented to them of the eye regions of human
faces. It is dependent on emotional facial processing. The neural pathways involved in affective facial
recognition and emotional information processing that include the amygdala and fusiform gyriare are
implicated in the performance of this task [56,57]. Affective ToM tasks also require the ability to detect
and regulate one’s own emotions. Emotional regulation refers to the intrinsic and extrinsic processes
responsible for monitoring, evaluating, and modifying one’s own emotional reactions [58]. This ability
enables a person to make inferences based on the feelings and emotions of others, while having an
awareness of their own differing emotional state and regulating it appropriately in a situation.

The Faux Pas Recognition Task [59] measures both cognitive and affective ToM abilities. It presents
a story to a participant who is asked to determine if a character has said something socially
inappropriate, a “faux pas” that would insult or hurt someone’s feelings (affective component), and
asked if the “faux pas” was intended to hurt the listener’s feelings, and to determine the character’s
intention to cause harm (the cognitive component).

Although neural mechanisms underlying ToM have been characterized, behavioral and
psychological factors that may influence or interact with these networks are still poorly understood.
The most prevalent explanatory psychological mechanism put forth to account for ToM performance
is executive functioning.

Executive Functioning and Theory of Mind

Executive functioning (EF) is an umbrella term that describes the cognitive processes that enable
one to engage in deliberate, goal-directed thought and action [60,61]. The components of EF include:
working memory, inhibitory control, and cognitive flexibility [60–63]. Working memory is the capacity
to retain information in the short-term to guide future actions [60,61]. Inhibitory control is the ability
to override prepotent responses, which involves being able to control one’s attention, behaviors,
and/or emotions [61]. Cognitive flexibility (also known as ‘cognitive shifting’, ‘task shifting’, or
‘set-shifting’) refers to the ability to shift between tasks and adapt to new information [60]. Moderate to
strong associations have been found between EF subcomponents and ToM in childhood [64]. The two
constructs—EF and ToM—are reported to be dependent on the prefrontal cortex [65], and they both
develop in a similar fashion from early to middle childhood [66–68]. EF and its subcomponents have
been related to subcomponents of ToM (see Figure 1 for details) [67]. Inhibitory control is needed to
inhibit salient knowledge of one’s current reality and one’s own emotions, beliefs, or intentions, in
order to successfully respond to others’ mental states that are needed for both cognitive and affective
ToM [69]. Cognitive flexibility is needed in order to shift between perspectives and mental states of
others and oneself. Lastly, the capacity to actively retain multiple perspectives and information as
one processes information requires working memory capacity. Collectively, EF abilities, including
inhibitory control, cognitive flexibility, and working memory are simultaneously needed to successfully
detect the mental states of others’ ToM.

Although, the majority of research connecting EF and ToM has been conducted in pre-school
children, there is evidence to suggest that this link extends into school age [70]. For instance, cognitive
flexibility in school-age children predicts performance on social understanding tasks requiring affective
and cognitive ToM abilities [71]. Cognitive flexibility, along with working memory, has also been shown
to longitudinally predict affective and cognitive ToM ability on social scenario tasks in school aged
children [70]. While very strong associations exist between inhibitory control and ToM in pre-school
years [32,69,72], very little is known about this relationship as children develop.
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Figure 1. Flowchart demonstrating links between Theory of Mind (ToM) and executive functions
(EF). Theory of mind is split into cognitive ToM, the ability to understand and make inferences about
others’ beliefs and intentions; and affective ToM, the ability to understand and make inference about
others’ emotions and feelings. Presented are the links found in literature [64,67,70] between affective
and cognitive ToM in youth, with three EF subtypes: (1) cognitive flexibility; (2) working memory;
and (3) inhibitory control. In addition to associations with EF, affective ToM is also associated with
emotional information processing and regulation, needed to understand various feelings and emotions
of others and oneself.

3. Sleep

3.1. Sleep and Executive Functioning

According to the two-process model, sleep timing and duration is regulated by two distinct
yet interacting biological processes, (1) the sleep-wake homeostasis (process S) and (2) the circadian
rhythm (process C) [73]. A homeostatic sleep drive (i.e., the biological need for sleep) accumulates the
longer a person is awake, causing pressure to fall asleep. The circadian rhythm controls the timing of
sleep. It is an oscillatory rhythm that fluctuates with an approximate daily cycle of 24 h. The circadian
rhythm is driven by an internal pacemaker, the biological clock, located in the superchiasmatic nucleus.
External environmental stimuli known as zeitgerbers, which include light-dark cycles and temperature,
influence circadian rhythms. Expert consensus recommends school children aged 6–12 years sleeping
a duration of 9 to 11 h a night consistently to promote optimal health outcomes [74–76].

Insufficient and inadequate sleep are associated with poor executive functioning [77–84].
Insufficient sleep refers to getting less sleep than needed [85]. Inadequate sleep refers to poor-quality
sleep, which includes low sleep efficiency, defined as the percentage of time in bed spent sleeping [86].
Neuroimaging studies reveal that sleep deprivation negatively disrupts the prefrontal cortex, a neural
system central to EF [65,87]. Individuals with insomnia who experience poor sleep, characterized
by frequent night awakenings, low sleep efficiency, troubles falling asleep at bedtime, and early
morning awakenings [88,89], are shown to have altered connectivity in the frontostriatal networks [90].
Impaired frontostriatal connections are associated with EF deficits [91].

Shortened sleep duration and low sleep efficiency are associated with impaired inhibitory control
abilities in youths and adults [92–97]. Behavioral tasks measuring the ability to suppress prepotent
responses, known as inhibitory control, are negatively impacted by one to two nights of moderate
sleep deprivation in adults [92,93]. After sleep deprivation an adult’s performance on the Go/No-Go
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Task, a computerized task whereby inhibitory control is measured by a participant’s ability to withhold
responses to a known target, significantly deteriorates [92,93]. Similarly, six nights of moderate
sleep deprivation, measured using actigraphy in typically developing school aged children and
children diagnosed with ADHD, is shown to significantly impair their performance on the Continuous
Performance Task (CPT) [94]. The CPT measures impulsivity and inhibitory control [98] by testing
a participant’s ability to suppress their responses to a known target (i.e., the letter X), just like the
Go/No-Go Task. One week of moderate sleep deprivation also alters brain activity measured by
event-related potentials in school aged children compared to non-sleep deprived school aged children
preforming the same inhibitory control task [96].

In addition to sleep deprivation, extending sleep duration by less than an hour has been found to
improve inhibitory control abilities in children [99]. One study randomized school aged children into
a sleep extension or sleep deprivation group [99]. They reported children in the sleep extension group,
who slept an average of 35 min longer than their sleep-deprived peers, performed significantly better
on the CPT.

Typically developing children with low sleep efficiency, measured with actigraphy, are also shown
to perform poorly on the CPT, compared to peers with higher sleep efficiency [95]. Taken together,
these results provide a strong case for the impact sleep has on inhibitory control ability.

The capacity to retain working memory is also affected by insufficient and poor-quality sleep in
youth [99–103]. After going to bed one hour later than usual for four nights, school aged children’s
working memory ability deteriorated compared to when they went to bed an hour earlier than their
regular sleep schedule [103]. Two nights of actigraphy and one night of polysomnography (a gold
standard biophysiological sleep measure, monitoring electroencephalography signals in the brain
and other physiological movement during sleep) data of school aged children also revealed lower
sleep duration was associated with poorer working memory ability compared to peers with higher
sleep duration, as reported by their teachers on the revised Conners Teacher Rating Scale [100]. Sadeh
et al. [99] found that extending school aged children’s sleep duration, monitored by actigraphy,
significantly improved their performance of the Digital Span task. Low sleep efficiency in children,
measured for 72 h using actigraphy, is also shown to be associated with poor auditory and visual
working memory performance on the n-back task [102]. Overall, evidence to date demonstrates short
sleep duration and low sleep efficiency significantly impairs working memory ability.

Cognitive flexibility in youth is shown to be affected by sleep duration [104]; however, limited
research exists and its relation to sleep efficiency is unknown. In adolescents, two weeks of extending
sleep duration 5 min a night, measured using actigraphy, was found to have positive performance
effects on the Divided Attention task [104]. The task requires participants to actively shift their attention
between an initial stimulus while simultaneously processing others in order to correctly detect different
target sequences corresponding to cognitive flexibility. This demonstrates a link between longer sleep
duration and better cognitive flexibility performance in youth.

In all, a great deal of evidence directly links sleep duration and efficiency with all three EF
subcomponents: working memory, inhibitory control, and cognitive flexibility (see Figure 2 for
an overview).

3.2. Sleep and Emotional Information Processing

Sleep has been shown to be associated with emotional information processing and regulation, key
processes needed for the proper function of affective ToM.

Sleep deprivation is associated with altered brain activation when viewing negative salient
emotional stimuli [57]. Those who are sleep-deprived experience a greater magnitude of amygdala
activation when seeing aversive stimuli. This demonstrates that shortened sleep duration intensifies
emotional reactivity, which challenges the ability to successfully regulate ones’ own emotions. Also,
compared to non-sleep deprived individuals, sleep-deprived participants who viewed emotional
stimuli on pictures showed reduced functional connectivity between the amygdala and medial
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prefrontal cortex, an area found to be involved in the top-down modulation of emotional processing
and responses [57].

Figure 2. Conceptual framework demonstrating links between ToM and EF. The present chart
demonstrates the links found in the literature between two sleep variables, the sleep efficiency
(percentage of time in bed spent sleeping) and the sleep duration (amount of time spent in bed
sleeping), and EF subtypes. Sleep duration is associated with cognitive flexibility [104], working
memory [99,100,103], and inhibitory control [92–94,99]. Sleep efficiency is associated with working
memory [102] and inhibitory control [97]. Both sleep duration and efficiency have been shown to be
associated with emotional information processing and regulation [57,105,108,109].

Additionally, sleep deprivation elevates the activation of the ventral anterior cingulate cortex [105].
Increased activation of the ventral anterior cingulate cortex is linked to detecting and regulating
emotions in school aged children [106].

Shorter sleep duration and poor-sleep quality has been associated with reduced emotional
information processing abilities in both adults and youth [103,107,108]. This includes an impaired
ability to match emotions to faces [109], a ToM deficit. A 2011 study [109] found that elevated night
awakenings and decreased sleep efficiency predicted poor performance in identifying simple facial
emotions (e.g., happy and sad) in school aged children.

Furthermore, neuroimaging studies have found longer sleep duration and sleep credit
(sleeping more than the minimal duration needed to avoid impairment) are related to greater grey
matter volume of the medial frontal and orbitofrontal cortex regions, and are also associated with
higher emotional intelligence [110,111]. Emotional intelligence includes the ability to respond flexibly
to changing emotional information and understanding others’ emotions [110,111].

All of these emotional processing and regulating abilities disrupted by poor-sleep duration and
efficiency are directly needed for successful affective ToM.

Overall, shorter sleep duration and lower sleep efficiency are associated with an impaired ability
to regulate one’s own emotions and process emotional information, which are central to successfully
understanding other people’s emotional mental states.

4. Sleep and ToM: Are They Associated?

A large body of evidence has shown that poor sleep is associated with impaired EF and with
poor emotional information processing abilities. Both of these impairments correspond to ToM deficits.
Neural networks disrupted by poor sleep also correspond to brain areas involved in the affective and
cognitive ToM network.

Given EF is strongly entrenched in the development of ToM, and poor sleep impairs EF ability, we
propose that poor sleep may be associated with poor cognitive ToM. Based on evidence demonstrating
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that poor sleep worsens the ability to process emotional information (such as emotions on faces), we
propose that poor sleep will be associated with poor affective ToM.

Future research should examine the relationship between sleep and ToM to determine if any
casual associations can be identified. This information can then eventually be applied to forming the
basis of developing innovative approaches to support children with dysfunctional ToM and improve
their future social cognitive development.

5. Attention Deficit/Hyperactivity Disorder

5.1. ADHD, EF, and Social Functioning

Attention-Deficit/Hyperactivity Disorder is a prevalent developmental disorder that affects
children and adults. It is defined by atypical levels of inattention, impulsivity, and hyperactivity, and
occurs in 5% of school aged children [14]. Children diagnosed with ADHD are characterized as having
impaired EF [112,113]. They exhibit significant impairment in all subcomponents of EF, including
cognitive flexibility and working memory [114]; however, the most robust deficits are seen in the
inhibitory control [114]. Brain regions corresponding to EF performance, like the prefrontal cortex, are
shown to activate atypically in youth diagnosed with ADHD [115–117].

Literature on ADHD has mostly focused on its impact on cognition and academic
performance [118–120], reading [121], or organizational skills needed for academic success [122,123],
but has sparsely focused on social cognition. This is despite well-documented reports of youth with
ADHD having severe social impairments [124,125]. Children diagnosed with ADHD are more often
rejected by their peers and have fewer friends compared to typically developing children [16,126].
In fact, within a few hours or even minutes of a social interaction with unfamiliar peers, youth with
ADHD are often disliked and make negative impressions [17,127,128]. Additionally, children with
ADHD have been found to express impaired empathy [18], are socially intrusive [125], have fewer
reciprocal dyadic friendships [129], and are rated as less socially competent compared to typically
developing peers by parents and teachers [19] relative to non-ADHD youth. Although youth with
ADHD struggle with interpersonal and social competence skills, they inaccurately perceive their
own abilities, overestimating their social competence when self-evaluating [130]. Such interpersonal
and social skill impairments, like peer rejection, are troubling, as they are associated with negative
future outcomes including dropping out of school, substance abuse, delinquency, and higher rates of
psychopathology [20,21].

5.2. ADHD and ToM

Studies have found ToM deficits are present in youth diagnosed with ADHD [131,132].
Research findings indicate youth with ADHD exhibit emotional regulation deficits [133] and impaired
affective information processing [134,135] needed for successful ToM. In comparison to typically
developing peers, youth with ADHD show reduced amygdala activation when processing fearful
expressions [135] and perform poorly on social decision problems requiring the processing of others’
facial emotions to appropriately solve a social problem [136]. Additionally, youth with ADHD
have difficulties detecting positive and negative cues in social stories, including interpreting other
people’s intentions [137]. One study [131] found children with ADHD performed worse than typically
developing children on the Reading the Mind in the Eyes Task and the Faux Pas Recognition
Task, testing affective and cognitive ToM. Poor inhibitory control and attention deficits predicted
performance on the Faux Pas Recognition and Reading the Mind in the Eyes tasks, respectively, in
youth with ADHD.

5.3. ADHD and Sleep

Sleep problems are common in children with ADHD [12], with parents reporting 2- to 3-times
higher prevalence of sleep disturbances compared to normal controls [13]. Sleep disorders that have
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been reported to be more prevalent in children with ADHD compared to their typically developing
peers include Periodic Leg Movement Disorder and Restless Leg Syndrome (PLMS), and sleep
disordered breathing [138–140]. Poor sleep negatively impacts EFs, which are already disrupted
in children with ADHD. Hence, these sleep issues can contribute to exacerbating existing cognitive,
emotional, and social deficits in youth with ADHD [141].

The novel link proposed between sleep and ToM in section 4 can provide insight into the
associations between sleep issues and social deficits observed in youth with ADHD. Current literature
has associated ADHD and ToM with deficits in EF. Inadequate and insufficient sleep negatively affect
EF, and sleep issues are found to be prevalent in youth diagnosed with ADHD. As youth with ADHD
exhibit deficits with interpersonal skills and social cognitive functioning, including impaired ToM, sleep
may be a key factor contributing to these deficits by impairing EF and emotional information processing.
Future research is warranted to examine the interplay between sleep, ToM, and socio-emotional
cognition in children with and without ADHD. If casual associations are uncovered, this information
can then eventually be applied to forming the basis of developing innovative approaches in the
treatment of social dysfunction in youth.

6. Conclusions

This paper has presented substantial evidence that poor and inadequate sleep may be associated
with ToM impairments in youth with and without ADHD. Sleep deprivation causes impairments in EF
and emotional information processing, both of which are associated with poor ToM ability. EF deficits
are a core impairment in youth with ADHD, who also experience greater sleep issues compared to
their typically developing peers. Since youth with ADHD are known to experience social dysfunction,
which includes ToM deficits, sleep may be a contributing factor by impairing EF. Therefore, examining
the role of sleep in relation to the social deficits that characterize youth with ADHD may provide
helpful insights into understanding and treating the social impairments identified.
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