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Abstract: Restoring sleep is strongly associated with a better physical, cognitive, and 

 psychological well-being. By contrast, poor or disordered sleep is related to impairment of cog-

nitive and psychological functioning and worsened physical health. These associations are well 

documented not only in adults but also in children and adolescents. Importantly, adolescence is 

hallmarked by dramatic maturational changes in sleep and its neurobiological regulation, hor-

monal status, and many psychosocial and physical processes. Thus, the role of sleep in mental 

and physical health during adolescence and in adolescent patients is complex. However, it has 

so far received little attention. This review first presents contemporary views about the complex 

neurobiology of sleep and its functions with important implications for adolescence. Second, 

existing complex relationships between common adolescent somatic/organic, sleep-related, 

and psychiatric disorders and certain sleep alterations are discussed. It is concluded that poor 

or altered sleep in adolescent patients may trigger and maintain many psychiatric and physical 

disorders or combinations of these conditions, which presumably hinder recovery and may cross 

into later stages of life. Therefore, timely diagnosis and management of sleep problems appear 

critical for growth and development in adolescent patients.

Keywords: cognitive, psychological, neurobiology, growth, development, sleep physiology, 

rapid eye movement, non-REM sleep, behavioral disorders, adolescents

Introduction
Sleep is a universal biological feature in all species, and represents a global state 

of immobility with greatly reduced responsiveness to environmental stimuli, which 

can be distinguished from coma or anesthesia by its rapid reversibility.1–3 It is by no 

means a dormant state. When prevented from sleeping, the body tries to recover the 

lost sleep time. Thus, the existence of sleep rebound after deprivation reveals that 

sleep is not simply a period of reduced activity or alertness regulated by circadian 

or ultradian rhythms.4 Furthermore, sleep in most vertebrates and all mammal spe-

cies display a specific architecture and dramatic changes in brain electrophysiology, 

neurochemistry, and functional anatomy biologically distinguish the different sleep 

stages from one another.5

Although the precise functions of sleep are still beyond a comprehensive under-

standing, a large body of data show its critical role in many important somatic,  cognitive, 

and psychological processes. Its vital importance is well documented by the fact that 

sleep deprivation in rodents and flies can cause death more quickly than food depri-

vation.6 It is believed that sleep is beneficial for energy conservation and neuronal 

recuperation,3 synaptic homeostasis,7 and brain plasticity.8,9 For example, sleep is 

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ o

n 
24

-A
ug

-2
02

2
F

or
 p

er
so

na
l u

se
 o

nl
y.

www.dovepress.com
www.dovepress.com
www.dovepress.com
mailto:serge.brand@upkbs.ch


International Journal of General Medicine 2011:4submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

426

Brand and Kirov

shown to serve many metabolic, immune,  thermoregulatory, 

 cardiovascular, and respiratory functions, all responsible for 

the normal brain and body homeostasis.2,3,7,10, Along with 

these functions, sleep is shown to play a key role in important 

cognitive and psychological processes, including learning and 

offline memory consolidation,8,11 human heuristic creativity 

and insightfulness,12–15 cognitive abilities,16–21 consolidation 

of emotional memory,22–24 and emotional processing25–28 

including stress-related coping strategies.29 Also, a recent 

study points to a role for sleep in sustaining the so-called 

default mode network of the brain during quiet wake, which 

is important for adequate cognitive processes.30 Collectively, 

these data emphasize the beneficial effects of restoring 

sleep on physical, cognitive, and psychological well-being.1 

 Therefore, sleep is a vital feature, and its situational or patho-

logical alterations can induce maladaptive functioning and a 

number of psychiatric and physical diseases.

Important maturational sleep alterations in association 

with changes in many other functions are normally observed 

during development, with the adolescence being consid-

ered an especially vulnerable period during which many 

physiological, cognitive, and psychological processes sharply 

mature and are at risk for morbidity. For these reasons, ado-

lescence is drawing increasing attention from broad scientific 

fields of research. However, the functional importance of 

sleep in a variety of common conditions during adolescence 

has so far received less attention.

Adolescence is defined as the period of gradual transition 

between childhood and adulthood, which are overlapping 

yet conceptually distinct from the physical changes marking 

puberty and physical maturation.31,32 It is characterized by 

drastic changes in hormonal and somatic status33,34 accom-

panied by substantial nonlinear changes in brain structural 

and functional organization and behavior.31,35 For example, 

during this developmental window many psychological 

functions such as social brain,36,37 emotional processing,34,38 

and executive control39 undergo dramatic and rapid changes. 

The corresponding behavioral signatures that typically sig-

nify adolescence include suboptimal decisions and actions; 

incentive and seeking behaviors; emotional liability; stress 

in relation to social, working, and academic demands; and 

increased incidence of unintentional injuries, homicide and 

suicide attempts, and substance abuse.32,40 These behavioral 

changes are related to the onset of many psychiatric disorders, 

which increase sharply from childhood to adolescence,41 with 

the lifetime risk for the emergence of mental illness peaking 

at age 14.42,43 Thus, adolescence is the period with nonlinearly 

increased onset of psychiatric disorders, such as anxiety, 

posttraumatic stress disorder (PTSD), bipolar disorder (BP), 

depression, schizophrenia, obsessive-compulsive disorder 

(OCD), and anorexia nervosa (AN), relative to childhood 

and adulthood.44–52 Also, some of the most common child 

psychiatric disorders, attention-deficit/hyperactivity disorder 

(ADHD) and tic disorder (TD), can frequently cross into 

adolescent depression and OCD or exacerbate in adolescent 

patients.53–56

Importantly, the somatic, neuronal, behavioral, and 

psychological signatures of adolescence are associated with 

prominent maturational changes in sleep–wake cycle, and 

sleep timing, duration, and architecture – parameters during 

this developmental period reach those commonly observed 

in adults.57–61 These sleep changes are suggested to reflect 

neurobiological sleep regulatory mechanisms that undergo 

maturation during adolescence,60–62 global synaptic reorgani-

zation hallmarking this period,63–66 or rapid adaptation of the 

sleep–wake schedule in response to changes in environmental 

requirements.57,59

Given the vital importance of sleep, it can be concluded 

that adolescence is a critical period for normal growth and 

development in which sleep, in a complex association with 

many other processes, plays an important role. In this review, 

we will first present contemporary views about the complex 

neurobiology of sleep and its functions with implications 

for adolescence. Second, we will discuss existing complex 

relationships between common adolescent somatic/organic, 

sleep-related, and psychiatric disorders and certain sleep 

alterations.

Sleep physiology and architecture
The heterogeneous nature of sleep can be seen in human 

and in most animal polysomnographic (PSG) records, which 

traditionally use electrophysiological techniques including 

electroencephalography (EEG), electromyography (EMG), 

and electro-oculography (EOG) to characterize sleep at sys-

tem levels. Overnight human sleep is characterized by the 

cyclic occurrence of rapid eye movement (REM) sleep and 

non-REM sleep, which includes lighter sleep (stages 1 and 

2) and deeper, slow wave sleep (SWS) (stages 3 and 4).67 

These distinct sleep stages can be determined by their major 

electrophysiological signatures. SWS is hallmarked by EEG 

slow wave activity (SWA) comprising delta (1–4 Hz) waves 

and slow (,1 Hz) oscillations (SO),68,69 whereas REM sleep 

signatures include wake-like EEG activity comprising theta 

(∼5 Hz), beta (∼15–30 Hz), and gamma (.30 Hz) rhythms 

accompanied by swift occurrence of REM upon lack of 

muscle tone.70–72 Stage 2 of non-REM sleep is defined by 
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presence of EEG sleep spindles oscillating at 12–15 Hz 

and K-complexes.67,73 Stage 1 of non-REM sleep represents 

a brief transition from wake to sleep, and is depicted as a 

replacement of waking EEG by theta or slower EEG rhythms 

paralleled by the appearance of very slow circular eye 

movements.74,75 Normally, sleep onset begins with a brief 

period of stage 1 non-REM sleep, which is subsequently 

followed by sleep deepening marked by the appearance of 

stage 2 non-REM sleep and a further progressive transition to 

stages 3 and 4 of SWS. The latter is followed by a relatively 

short transient of stage 2 non-REM sleep, after which a period 

of REM sleep appears. This sleep stage’s progression, and in 

particular, the non-REM–REM sleep alternation forms one 

sleep cycle of approximately 90 minutes duration, and about 

five or more such sleep cycles are usually observed in normal 

human overnight sleep.67,74,75 Whereas SWS dominates the 

first half of the night, REM sleep and stage 2 non-REM sleep 

dominate the second half. This ultradian dynamic reflects 

the circadian regulation of sleep that is distinguishable from 

its homeostatic regulation seen after sleep deprivation.76,77 

A typical PSG graph of a healthy adolescent’s overnight 

sleep is presented in Figure 1A.

Implications for adolescence
For the purpose of this review, the following implications for 

adolescence can be ruled out. First, given that sleep displays 

a specific architecture built up by its distinct stages, it should 

be considered that the stages’ maturation during adolescence 

undergoes unequivocal changes. For example, a reduction 

of both SWS and REM sleep EEG signatures at the expense 

of a relative augmentation of stage 2 non-REM sleep EEG 

rhythms mark the transition from childhood to adolescence.61 

This indicates that the distinct sleep stages maturate more or 

less dissimilarly, and their regulation and functions  differ. 

This issue will be discussed later. Second, other recent stud-

ies clearly show that a decline in EEG SWA during SWS 

occurring from childhood to adolescence topographically 

follows the global and extensive synaptic reorganization, or 

“pruning”, during adolescence, thus strengthening relevant 

synaptic networks over irrelevant ones.63–66 Therefore, it is the 

sleep architecture rather than sleep as a whole that matures 

during adolescence. Sleep architecture is vulnerable to a 

complex interaction between maturational, situational, and 

pathological changes in sleep during this period.

Sleep regulation
The regulation of sleep is active in its own right, and is closely 

related to its physiology and functions.78 The respective 

neurobiological mechanisms are represented by complex 

reciprocal interactions between different neuronal popula-

tions and their chemical modulators and transmitters in 

distinct functional states across the sleep–wake cycle.5,79–82 

Two major brain regions are mostly considered in sleep 

regulation, especially when the functions of sleep and its 

alterations in various maturational and pathological condi-

tions are concerned.80,83 The first engages neuronal popula-

tions located in the diencephalon. Briefly, these include: 1) 

the suprachiasmatic nucleus of the hypothalamus, which 

governs the circadian regulation of the sleep–wake cycle 

through circadian clock genes signaling to the rest peripheral 

cell oscillators, and couples the functional brain states with 

the nearby 24-hour light–dark cycle. Its neurons are active 

during wakefulness and just before sleep onset, thus oppose 

the homeostatic sleep drive and provide even periods of 

wake and sleep. 2) The ventrolateral preoptic nucleus of the 

hypothalamus, which consists of γ-aminobutyric (GABA)-

ergic neurons that become prominently active during sleep 

onset and further in the course of sleep. 3) Hypocretin/Orexin 

(Hpcr/Orx) neurons in the lateral hypothalamus, which are 

active during wake and wane during sleep. Notably, along 

with their wake-promoting role, these neurons also regulate 

eating, sexual, and locomotor behaviors.83 4) The histamine 

(His)-containing neurons in the tuberomammillary nucleus 

of the dorsal hypothalamus, which like Hpcr/Orx neurons 

are wake-active and wane during sleep. 5) The dorsomedial 

nucleus of the hypothalamus, which is considered to integrate 

the hormonal signaling, including hypothalamo-pituitary axis 

(HPA), with the psychological and physiological functional 

states across the sleep–wake cycle.84

The second brain region engages brainstem or meso-

pontine and basal forebrain nuclei spread in the reticular 

ascending system (RAS) and projecting noradrenalin (NA), 

serotonin (5-hydroxytryptamine, 5-HT), and acetylcholine 

(Ach) neuromodulatory signals to the upper brain structures 

including basal ganglia and amygdala, thalamus, hippocam-

pus, and cortex. During wake, the brainstem/mesopontine 

NA, 5-HT, Ach, and the hypothalamic His neurons project-

ing to the upper brain structures and cortex are all active, 

thus sustaining optimal functioning of the different brain 

states for environmental requirements.5,79,80 As sleep  deepens 

from stages 1 and 2 to SWS, all these neurotransmitters 

progressively decrease their activities, with their lowest 

during SWS. This results in strongly diminished or lacking 

ascending projections of RAS neuromodulation to the upper 

brain structures and cortex, which in turn is responsible 

for the non-REM sleep EEG signatures originating from   
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Figure 1 Representative hypnograms of A) healthy adolescent and B) adolescent with depression.
Note: Time scale is in hours.
Abbreviations: w, wake; ReM, rapid eye movement sleep; S1, stage 1 of non-ReM sleep; S2, stage 2 of non-ReM Sleep; S3, stage 3 of non-ReM sleep; S4, stage 4 of non-
ReM sleep; M, time of movements.
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thalamocortical and corticocortical interplay as reflected by 

the sleep spindles, K-complexes, and SWA.80,85,86

In REM sleep, all NA, 5-HT, and His neurons cease 

their firing. Instead, an Ach excessive overactivity emerges 

projecting to the cortex and all subcortical structures and 

cortical areas, which results in occurrence of the electro-

physiological signatures of REM sleep.79,80

Further concerning the mesopontine and basal forebrain 

sleep regulatory systems, it should be noted that they work 

by reciprocal interactions between the so-called REM-off, 

silent in REM sleep (NA-adrenergic and 5-HT-ergic  neurons 

in locus coeruleus and dorsal raphe, respectively), and 

REM-on, active in REM sleep (tegmental and pedunculopon-

tine, Ach-ergic, and glutamatergic neurons) through GABA 

interneurons and NA-ergic autoreceptors. These mechanisms 

of sleep regulation are essential for the ultradian alternating 

expression of non-REM–REM sleep periods.79,80,87,88

Concomitantly, important reciprocal interactions among 

peptides, such as growth hormone (GH)-releasing hormone 

(GHRH) and corticotropin-releasing hormone (CRH), play 

a role in ultradian sleep regulation. GHRH is active and GH 

inhibits HPA hormones, with the CRH as indicated by the 

cortisol release being suppressed to a minimum during the 

early, rich in SWS sleep, portion of night. By contrast, HPA 

activity and cortisol levels reach their peak during late, rich 

in REM, sleep at night.81,82

Although the levels of brain dopamine (DA) activity have 

not been shown to vary substantially across sleep–wake stages,89 

more recent data indicate an important role for the mesopontine 

DA-ergic system in the regulation of timing and  duration of 
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distinct sleep stages, and in particular REM sleep.90,91 However, 

the DA role in sleep regulation is still elusive.

Implications for adolescence
The following implications for adolescence should be 

regarded concerning sleep regulation.

Sleep and its regulatory mechanisms maturate from 

infancy to late adolescence.60 For instance, the human 

 newborn exhibits an even distribution of waking, REM 

sleep, and SWS, spending about 8 hours in each state. After 

birth, there is a gradual decrease in REM sleep from about 

8 hours at birth to about 1 hour by age 15, beyond which 

there is a small decrease until senescence. The gain observed 

in total waking time, from about 8 hours at birth to about 

16 hours at maturity, is mostly at the expense of REM sleep 

duration.60 Animal studies indicate that the neural substrates 

responsible for these developmental changes in sleep–wake 

cycle are located in the brainstem or mesopontine/basal 

forebrain nuclei involved in regulation of the ultradian 

expression of non-REM–REM sleep alternation, as described 

previously. These sleep regulatory mechanisms have been 

suggested to comprise the so-called developmental REM 

sleep-suppressing system,92–94 which may be altered and/or 

not adequately matured in a spectrum of psychiatric disorders 

during development, including pubertal schizophrenia, panic 

attacks, PTSD, and anxiety depression – all exhibiting REM 

sleep overdrive.93,95 Moreover, if not properly treated, these 

disorders can cross into adulthood. Also, the impaired REM 

sleep regulation during development may lead to occurrence 

of major depression, insomnia, Alzheimer’s, Huntington’s, 

and Parkinson’s diseases later in life.93,95 Also in this context, 

depressive disorders are strongly associated with an increased 

secretion of corticotropin-releasing factor (CRF) and sub-

sequent increased cortisol levels. Both increased CRF and 

cortisol adversely affect sleep, thus producing delayed sleep 

onset, shortened REM sleep latency, increased REM sleep, 

reduced SWS, and increased light sleep.82,95 A typical PSG 

of an adolescent with depression is shown in Figure 1B.

Further, sleep in adolescents displays later sleep onset 

associated with earlier morning awakenings and relatively 

shorter duration compared with that in children. This may 

reflect maturational alterations of sleep’s circadian regula-

tion, its adjustment to environmental changes, or both.96,97 

Moreover, the dysfunctional thoughts, worries, anxiety, 

ruminations, and unfavorable beliefs adolescents have, all 

result in hyperarousal, which delays sleep onset, provokes 

awakenings after sleep onset, and increases early morning 

awakening.98,99 From a neurobiologic and neurocognitive 

point of view, it should be emphasized that the dorsomedial 

nucleus of the hypothalamus interacts with both supra-

chiasmatic and ventrolateralpreoptic nuclei. As described 

previously, this nucleus is more than a mere relay, and is 

believed to integrate cognitive and emotional information 

with neuroendocrinological processes as well as to trigger 

and modulate physiological arousal. As a result, cognitive-

emotional arousal seems to increase physiological arousal 

and disrupt sleep via the interaction of the hypothalamic 

nuclei.84 Thus, it might be proposed that maturation of 

circadian sleep regulation or its adjustment to sleep–wake 

schedule in adolescence are very fine processes that might 

be substantially affected by the nonlinear behavioral changes 

during this developmental window.

Contemporary interpretation  
of the functions of sleep
Given the heterogeneous nature of sleep, it has been recently 

well established that its distinct sleep stages and their  specific 

EEG signatures contribute dissimilarly to its functions. 

In general, whereas non-REM sleep contributes to energy 

conservation and synaptic homeostasis as reflected by the 

use-dependent sleep changes, REM sleep is proposed to serve 

neuronal recuperation and emotional regulation.2,3,7,10,24 More 

specifically, non-REM sleep, particularly SWS, provides 

conditions for brain plasticity at system and neural levels to 

take place, whereas REM sleep provides the soundest basis 

for brain plasticity at synaptic and genetic levels.8,9,100,101 

Both non-REM sleep and REM sleep provide these con-

ditions through their specific neuromodulatory activities 

and EEG signatures, as described earlier in the respective 

 sections. Accordingly, the cognitive and psychological func-

tions of non-REM and REM sleep are recently distinctly 

differentiated.

Recent studies demonstrate that SWS and the portion of 

non-REM sleep immediately before SWS actively consoli-

date memories, with the EEG delta waves, SO, and spindles 

playing a critical role for this memory consolidation.102–104 

Neuroimaging data strongly indicate that the memory 

consolidation during SWS involves transfer of previously 

acquired memories stored in the hippocampus from the 

hippocampus to the cortex by the so-called hippocampal–

cortical dialog,105–107 which suggests that SWS also provides 

conditions for a reprocessing or reconsolidation of the 

previously learned material.108,109 Indeed, it is shown that 

early night sleep that is rich in SWS transforms previously 

acquired implicit knowledge into explicit knowledge, solving 

the task.15 A later study using the same paradigm revealed the  
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EEG mechanism of this transformation during SWS: slow 

spindle (8–12 Hz) EEG activity, which is clearly distinguish-

able from the use-dependent changes (SWA and fast spindles) 

in response to presleep task performance.110

Another important signature of non-REM sleep stage 2 

sleep spindles, is associated with cognitive abilities,20,21,111 

and a recent study in children demonstrates stage 2 spindles 

beneficial for coping strategy in response to stress.29

REM sleep, its neurobiology and dreaming mental 

signature have been proposed to serve complex cognitive 

and psychological functions.78,112,113 Indeed, REM sleep has 

been shown to facilitate access to weak associations, thus 

promoting human heuristic creativity,12,13,114,115 and late night 

REM sleep has been demonstrated to preserve previously 

learned implicit knowledge.15 Although it has been consis-

tently found that REM sleep consolidates mostly procedural 

memory,116–120 more recent studies suggest a permissive rather 

than immediate effect of REM sleep on memory.103,121,122 

Thus, the role of REM sleep is proposed to be related to inte-

gration of recently consolidated memory in a more general 

and individually specific context.123

Notably, REM sleep may have an important role in 

selective facilitation of affective memories. Earlier stud-

ies revealed the social aggression of interaction signature 

in dreams during REM sleep compared with those during 

non-REM sleep,26,27 which suggests that the process of 

REM sleep mental activity aids in the resolution of previous 

 emotional conflict.124 Indeed, REM sleep and its EEG signa-

ture, theta EEG activity, were shown to benefit consolidation 

of fact-based information with negative emotional salience, 

thus suggesting that REM sleep has a role in emotional 

processing.22–24,125 However, these features of REM sleep 

and their respective neural grounds, if improperly set, may 

lead to the development of a variety of psychiatric disorders 

with affective component.24,126,127 A recent observation in 

children and adolescents points to a bidirectional role for 

REM sleep in cognitive abilities and psychopathological 

expression depending on the presence or absence of psychi-

atric disorders.18

Implications for adolescence
Considering the above-described sleep stages specific func-

tions, the major implication for adolescence is that preserving 

normal overnight sleep architecture appears critically impor-

tant for successful physical, cognitive, and psychological 

functioning. The sleep architecture of a healthy adolescent 

in comparison with that of a depressed adolescent is shown 

in Figure 1. As can be seen in the figure, compared with 

the PSG of the healthy adolescent (Figure 1A), the PSG 

of the depressive adolescent is characterized by delayed 

sleep onset, less time spent in sleep and in SWS, shortened 

latency to REM sleep, and augmented REM sleep duration, 

all accompanied by more arousals as reflected in the move-

ment time (Figure 1B). This implies that the depressive 

adolescent patient experiences far less physical, cognitive, 

and psychological benefits from his/her sleep compared with 

the healthy subject.

In this regard, a number of common adolescent conditions 

beyond highly specific somatic and psychiatric disorders 

during this developmental period could substantially affect 

sleep architecture, and thus may lead to maladaptive func-

tioning, including obesity, poor academic achievement, and 

decremented psychological processing. These conditions 

include making suboptimal decisions and actions, emotional 

liability, stress in social relationships with peers, increased 

incidence of unintentional injuries, violence, substance 

abuse, and excessive use of online gambling and electronic 

media.57,59,128–133 These behaviors that typically hallmark 

adolescence32,40 are accompanied by psychological and 

physiological hyperarousal and related chronic sleep loss,98,99 

which in turn can deteriorate synaptic plasticity, especially 

during development.134 Therefore, such behaviors in adoles-

cence in association with sleep alterations may be regarded 

as preconditions of developmental psychiatric disorders.

Interestingly, the relationship between these adolescent 

conditions and altered sleep architecture seem to be bidirec-

tional. For example, poor or insufficient sleep in adolescents 

is shown to be associated with increased incidents of uninten-

tional injuries and increased risk at suboptimal decisions.135 

In parallel, excessive use of psychotropic substances, such as 

alcohol, benzodiazepines, and cannabis, which is associated 

with suboptimal decisions, in turn produces alterations of 

sleep architecture including reduction of SWS and REM sleep 

through action of these substances on GABA-A receptors.82 

Indeed, such a bidirectional relationship between substance 

use and sleep disturbances in adolescents is proposed and 

it is concluded that treatment of both sleep problems and 

substance use should be considered.136

Furthermore, the emotional liability, stress, and  homicidal/

suicidal thoughts that are characteristic of adolescence are 

commonly associated with increased HPA activity and sub-

stantial increase in both REM sleep and nightmares, and the 

later sleep alterations are considered as predictors of PTSD 

and depression in adolescence.137,138 A bidirectional relation-

ship between psychological adolescent problems and altered 

sleep architecture is also supported by some  epidemiological 
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observations. For example, it is reported that among a large 

sample of 99,668 adolescents aged 12–18 years, shorter sleep 

duration was related to worsened psychological status. Two 

years later, the follow-up evaluation of the same sample 

revealed that the relation between poor sleep and poor psy-

chological status remained stable over time.139

Many strategies are proposed to restore altered sleep archi-

tectures related to common but not pathological conditions in 

adolescence, including behavioral intervention and psycho-

therapy, yet regular physical exercise appears to be one very 

promising tool. For example, adolescents who played football 

three times a week displayed better sleep efficiency, more SWS, 

and less REM sleep compared with age-matched subjects who 

did not, with this effect being longlasting.140 The possible rea-

son for this finding could be that general use-dependent sleep 

changes in response to the physical activity, which may be 

suggested to normalize altered sleep architecture.

Common organic diseases and sleep 
alterations in adolescence
In this section, altered sleep in adolescents undergoing cleft 

lip and/or palate surgery and chemotherapy for oncologic 

diseases is reviewed.

Cleft lip and/or palate
Orofacial clefts (OFCs) are the most frequent birth defects 

 worldwide. One in 500–700 newborns suffers from 

OFC.141,142

It is still a matter of debate as to whether a repaired cleft 

lip and/or palate (CL/P) is related to impaired sleep. Since 

the occurrence of repaired CL/P does not seem to lead to 

impaired sleep143 or to affect psychological functioning in 

children and adolescents, sleep could be adversely affected 

if breathing is concomitantly impaired due to the occurrence 

of CL/P. In this respect, MacLean et al145,146 and Muntz et al147 

reported poor sleep in children and adolescents with CL/P 

in two specific cases: 1) if CL/P was inadequately or only 

partially repaired; 2) if CL/P was associated with further 

structural abnormalities of the airway. In these cases, the 

risk of sleep-disordered breathing was increased. Similarly, 

Muntz et al147 also reported an increased risk of obstructive 

sleep apnea (OSA), though with significant improvement 

after surgical repair.

Sleep in children and adolescents 
undergoing chemotherapy
Whereas incidence rates for cancer in children and ado-

lescents are very small, accounting for about 44 cases per 

1 million individuals per year,148 the subjective burden both 

for parents and children is tremendous. The reason for assess-

ing sleep in children and adolescents suffering from cancer 

and undergoing chemotherapy stems from the observation 

that poor sleep is related to poor psychological functioning. 

Thus, preventing or reducing poor sleep is considered a pos-

sible means of reducing any further psychological burden 

during chemotherapy. However, data are scarce. Walker 

et al149 investigated subjective sleep patterns and the sleep 

hygiene of 51 adolescents (range: 10–19 years) prior to and 

during chemotherapy. Adolescents during chemotherapy 

reported significantly poorer sleep quality and sleep hygiene 

behaviors, when compared with normative data from healthy 

controls. But when compared with normative data from 

adolescents suffering from chronic pain, the opposite was 

true, with significantly better sleep quality and sleep hygiene 

behaviors in adolescents during chemotherapy. Within-group 

comparisons further revealed that during chemotherapy the 

sleep–wake pattern was similar to the weekend sleep–wake 

pattern but dissimilar to the weekday sleep–wake pattern 

prior to chemotherapy. This pattern of results suggests that 

during the chemotherapy of this sample a shift occurred to 

later bedtimes, longer sleep duration, and prolonged sleep 

in the morning hours. Whereas in this study the underly-

ing mechanisms remained unclear, possible answers are 

provided by the study conducted by Zupanec et al.150 The 

authors investigated children and adolescents undergoing 

maintenance chemotherapy for acute lymphoblastic leukemia 

(ALL) and observed a variety of different factors causing 

altered sleep in the majority (87%) of children. Among 

these, side effects of medication and changed sleep habits 

were often reported. By contrast, factors such as sleeping 

with someone, comforting activities and routines, favorable 

effects of medications, and food and drink were reported to 

contribute substantially to favorable sleep. Next, Rosen and 

Brand151 investigated sleep and daytime sleepiness in 53 

children suffering from various cancers by using polysom-

nography, multiple sleep latency test, and actigraphy. The 

authors observed that children with neoplasms of the central 

nervous system (CNS) involving the hypothalamus, thala-

mus, and brainstem had the most frequent and severe sleep 

problems. Moreover, excessive daytime sleepiness was the 

most common sleep problem, seen in 60% of children with 

cancer and in 80% of children with CNS neoplasms involv-

ing the hypothalamus, thalamus, and brainstem. Moreover, 

sleep-disordered breathing was present in 40% of the entire 

group of children with cancer and in 46% of children with 

neoplasms in the  hypothalamus, thalamus, and brainstem. 
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In children suffering from leukemia, 39% complained of 

insomnia. The causes of the sleep problems ranged from 

neurological injury caused by the neoplasm and the CNS-

directed treatments to seizures, adenotonsillar hypertrophy, 

side effects of medication, obesity, pain, anxiety, and drug 

abuse. Rosen and Brand151 further observed that some of the 

sleep problems were present before the diagnosis of cancer, 

though most developed after treatment initiation, and that the 

treatments were generally successful if sleep problems and 

their causes were correctly identified and treatments were 

directed to the specific cause of the problem.

To summarize, alterations in sleep patterns are often 

observed in children and adolescents suffering from cancer 

and undergoing chemotherapy. If, on one hand, specificity for 

the cancer medication side effects and concomitant diseases 

reduce sleep, on the other hand, factors such as sleeping 

with someone, comforting activities and routines, favorable 

effects of medications, and food and drink can be considered 

as protective factors.

Sleep-related disorders  
in adolescence
This section will review some commonly observed sleep-

related disorders in adolescence, including OSA, snoring, 

periodic leg movements in sleep (PLMS), and restless legs 

syndrome (RLS).

OSA and snoring in children  
and adolescents
Estimates of children and adolescents suffering from OSA 

range from 1%–3%,152–154 while regular snoring is observed in 

up to 12% of children.154 Snoring and OSAs are considered to 

be closely related to malformations of the oral cavity, namely 

to adenotonsillar hypertrophy and to congenital malforma-

tions often related to CL/P.144

OSA during adolescence represents a serious condition 

that can substantially impair sleep architecture and a number 

of physical and cognitive functions. The cognitive conse-

quences include daytime somnolence, learning disabilities, 

and deficient memory consolidation.155–158 The physical 

consequences are described as the so-called metabolic syn-

drome, which includes obesity, diabetes, immune deficits, 

and cardiovascular problems.159,160 For example, Tran et al 

investigated 42 children (mean age: 5.8 years) with OSA 

confirmed by positive findings on PSG and undergoing 

tonsillectomy and adenoidectomy and 41 control children 

(mean age: 7.3 years) with no history of snoring.153 All 

children were assessed twice for emotional, social, and 

behavioral  functioning. Before surgery, children with OSA 

had  significantly poorer scores for internalizing and exter-

nalizing problems and somatic complaints compared with 

healthy controls. After tonsillectomy and adenoidectomy, 

internalizing and externalizing problems and somatic com-

plaints had significantly decreased in children with OSA and 

they no longer differed statistically from healthy controls. 

However, Mitchell reported less optimistic findings from 

79 children and adolescents aged 3–14 years with OSA 

undergoing surgical repair.161 Whereas sleep and respira-

tory values, as assessed by polysomnography, generally 

improved dramatically after surgery, changes in children’s 

quality of life as assessed by parents’ judgments were also 

significant, though, most importantly, adversely related to 

surgery outcome.

Since adolescents tend to have poor compliance with the 

noninvasive positive airway pressure (PAP) therapy for OSA, 

data about the effect of PAP therapy on physical, cognitive, 

and psychological functioning in children and adolescents 

are inconsistent.162 Yet, a recent study demonstrated that 

obese adolescents with OSA who adhered to PAP treatment 

displayed improvement in attention and academic function-

ing relative to adolescents with OSA who underwent PAP 

therapy but did not adhere to it.163

To summarize, successful surgical intervention in 

children and adolescents suffering from OSA brings about 

dramatic improvements in respiratory and sleep outcome. 

These improvements may be accompanied by improvements 

in psychological functioning and behavior,153 though not nec-

essarily in a global score of quality of life.161 The reason for 

this heterogeneous pattern of results remains elusive, though 

differences related to samples (sample size, age, degree of 

OSA, and concomitant malformation of the oral cavity), 

assessment tools, and surgery outcome may all contribute to 

this heterogeneous picture. Similarly, PAP treatment shows 

positive effects on OSA and related daily behaviors in ado-

lescents but only when adolescents adhere to it.163

With respect to snoring, Blunden et al investigated the 

neuropsychological and psychosocial functioning of 64 

children.164 Of these, 11 were snorers, 13 reported behavioral 

sleep problems, and 9 reported both snoring and behavioral 

sleep problems. The remaining 31 were age and gender-

matched controls. All children underwent psychological 

(Wechsler Abbreviated Scale of Intelligence®, Children’s 

Memory Scale®, Test of Everyday Attention®, and Auditory 

Continuous Performance Test®) and psychosocial assessment 

(Child Behavior Checklist). Results showed a differenti-

ated impact of snoring and behavioral sleep problems in 
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that  snoring was associated with intelligence and attention 

deficits whereas behavioral sleep problems were associated 

with memory and behavioral deficits.

To conclude, numerous studies based on different meth-

odologies, samples, and outcome variables suggest that 

sleep and psychological functioning are also affected in 

children and adolescents suffering from impaired respira-

tory functions.

PLMS and RLS in children  
and adolescents
PLMS disorder is unique in that the movements occur dur-

ing sleep. The condition is remarkably periodic. PLMS 

may occur with other sleep disorders and is related to, but 

not synonymous with, RLS. The latter is a sensorimotor 

disorder characterized by an irresistible urge to move the 

legs, often accompanied by uncomfortable sensations, 

which is relieved by movement and worse in the evening 

or night and at rest.165 It is believed that alterations in brain 

dopaminergic systems and iron deficiency cause their core 

symptoms.166–171 Whereas prevalence rates for adults range 

from 5%–15%, data about the rate of PLMS and RLS in chil-

dren and adolescents are largely inconsistent because these 

motor sleep disturbances are shown almost always coexisting 

with ADHD, TD,  anxiety, and depression in children and 

adolescents.168,170,172,173 Furthermore, since alterations in brain 

DA systems and iron deficiency are also shown to underlie 

ADHD and TD psychopathology in children,55,167,168,174,175 

is suggested that RLS, ADHD, and TD form a spectrum of 

comorbid conditions.170,175 Interestingly, however, complaints 

of poor sleep in relation to PLMS and RLS among large 

samples of children and adolescents were shown to be more 

in adolescents than in children.170

Given the extremely high rate of PLMS asnd RLS 

comorbidity in ADHD, TD, and other psychiatric condi-

tions in children and adolescents, there is little information 

about how these motor sleep disorders, if present alone, 

affect daily functioning. Yilmaz et al investigated 3304 high 

school adolescents aged 15–18 years.176 Participants com-

pleted a series of questionnaires related to sleep, RLS, and 

psychological functioning. Results showed that RLS was 

diagnosed in 3.6% of participants. Occurrence of RLS was 

associated with nocturnal bed-wetting, sleeping difficulty, 

daytime sleepiness, and, most importantly, with hyperactivity/

inattention. With respect to PLMS and RLS comorbidity in 

ADHD, Chervin et al investigated 866 children and adoles-

cents aged 2.0–13.9 years.172 First, they found that prevalence 

of RLS was about 17% and, second, that RLS and PLMS 

were  associated with an increased risk for suffering from 

 inattention and hyperactivity.

Concerning the pharmacological treatment of PLMS 

and RLS, psychostimulants such as DA agonists have been 

proved effective; however, given the high rate of both sleep 

motor disorders in children and adolescents with ADHD, 

TD, and other psychiatric disorders, this therapy should 

be adjusted and linked to the leading condition.170 In this 

regard, one promising treatment strategy may be iron 

supplementation.168,175

In conclusion, PLMS and RLS may affect both sleep and 

daily functioning and thus may lead to impaired development 

and poor academic achievement in adolescents. However, 

when subjectively reported or documented by PSG, PLMS 

and RLS should be treated with increased attention with 

respect to concomitant psychiatric disorders.

Sleep and common adolescent 
psychiatric disorders
In this section, the relationship between sleep alterations 

and ADHD, OCD, eating disorders, anxiety, and adolescent 

depression in adolescence will be reviewed. As introduced 

previously, the incidence of all these psychiatric disorders 

nonlinearly increases from childhood to adolescence, and 

their prevalence in teens is higher relative to children and 

adults.

Sleep and ADHD in children  
and adolescents
ADHD is one of most common and socially important 

child psychiatric disorders. Onset is already observed in 

early childhood with a boy-to-girl ratio of 5:1. In school-

age children, prevalence rates are about 5% to 12%, and, if 

untreated, ADHD crosses into adolescence and adulthood 

with more severe symptoms accompanied by substance 

abuse, antisocial behaviors, depression, and poor academic 

achievement.53,54,177,178 Along with its core symptoms, inat-

tention, hyperactivity and impulsivity, altered sleep is a 

common feature in ADHD179–181 to the extent that sleep 

problems may be related to increase in ADHD symptoms 

during the day.182–186

Although sleep in ADHD is a subject of extensive 

research, the PSG data concerning alterations of sleep 

architecture in ADHD are largely inconsistent. Two meta-

analyses did not provide conclusive views of whether ADHD 

is hallmarked by specific sleep changes. Rather, these 

meta-analyses showed that sleep in children with ADHD 

was characterized by high prevalence of OSA, PLMS, and 
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RLS as well as by prolonged sleep onset, less actual time 

spent in sleep and worsened sleep efficiency, and frequent 

arousals.180,181 This inconsistency probably results from 

numerous confounders such as uncontrolled psychiatric 

and sleep-related comorbidities, loose diagnosis of ADHD 

without structured interviews, small sample sizes, inap-

propriate matching of groups for gender and age, and lack 

of medication control.179,181,187 Therefore, for the purpose of 

this review, we will present PSG findings from some studies 

where such confounders were minimized.

For example, Golan et al examined sleep architecture 

in 32 children and adolescents with ADHD (mean age: 

12.4 years; 26 boys/8 girls) and 32 controls (mean age: 

12 years; 21 boys/11 girls) and found more REM sleep in 

ADHD patients relative to controls.183 Of the ADHD patients, 

15% had signs of sleep-disordered breathing occurring 

predominantly in REM sleep that was associated with their 

decreased vigilance on the next day as measured by mul-

tiple sleep latency test.183 Similarly, Kirov et al compared 

sleep pattern in 17 boys diagnosed with ADHD (mean age: 

11.2 years) with 17 healthy boys (mean age: 11.2 years) and 

found an REM sleep increase in the ADHD patients.187 Later, 

the same authors also found an increased REM sleep in 18 

children and adolescents with ADHD (mean age: 10.94 years; 

17 boys/1 girl) compared with 18 controls (mean age: 

11.58 years; 16 boys/2 girls). Importantly, the increased REM 

sleep in ADHD patients correlated positively with their core 

symptoms as assessed by Conners’ Parents Rating Scale® 

and Child Behavior Checklist.185 By contrast, Gruber et al 

found less REM sleep in 15 prepubertal children (mean age: 

8.93 years; 10 boys/5 girls) compared with 23 controls (mean 

age: 8.61 years; 13 boys/11 girls).188 More recent studies also 

show a relationship between sleep in children and adoles-

cents with ADHD and their daily cognitive functioning. For 

example, Gruber et al showed that 1 hour of sleep deprivation 

in an ADHD cohort strongly reduced attention capabilities 

and increased ADHD symptoms from subclinical to clinical 

values.189 Another recent observation demonstrated that in 

children and adolescents with ADHD, REM sleep amount 

correlates positively with inattention scores and negatively 

with performance intelligence quotient.18

These findings demonstrate altered sleep architecture 

in children and adolescents with ADHD as well as decre-

ments in arousal, cognitive, and psychological functioning 

in association with the sleep alterations. Thus, a bidirectional 

relationship between altered sleep in ADHD patients and their 

daily symptom expression and functioning may be suggested. 

Both REM sleep abnormalities and sleep disorders in ADHD 

may play roles in increasing and maintaining symptoms of 

ADHD. However, given the largely inconsistent sleep  findings 

in ADHD, this issue needs further evaluation.

The DA agonist methylphenidate hydrochloride (MPH) 

is a drug of choice for treatment of ADHD.174,190 However, 

since it is evident that sleep alterations in ADHD also need to 

be treated, and because methylphenidate may cause adverse 

effects on sleep in ADHD through action on the mesopontine 

DA regulatory system,90,91 extended release formulations of 

methylphenidate appear promising. They are usually given in 

the mornings, and copy the daily expression of ADHD symp-

toms, presumably without effects on DA neuromodulation 

in the evenings, at habitual bedtimes, and during sleep.190,191 

Finally, a recent review suggested that pharmacological 

treatment of ADHD with MPH had no short- or long-term 

effects on children’s and adolescents’ sleep.192

Sleep in adolescents with OCD  
and eating disorders
We discuss sleep changes in OCD and eating disorders 

together because they share common behavioral traits, 

obsession, and compulsion. OCD and eating disorders typi-

cally begin in adolescence or young adulthood, are seen in 

as many as 1 in 200 children and adolescents in relation to 

rapidly increased psychological vulnerability during this 

developmental period, and are frequently coexisting with 

other psychiatric conditions, including ADHD, TD, anxiety, 

and PTSD.33,52,180,193,194 Whereas much attention has been 

given to the relationship between sleep and many emotional 

and behavioral disturbances and psychiatric disorders includ-

ing ADHD and depression in children and adolescents, less 

is known about sleep changes in adolescents with OCD and 

eating disorders.195–198

OCD is characterized by recurrent intense obsessions and/

or compulsions that cause severe discomfort and interfere with 

day-to-day functioning. In OCD, the obsessions and compul-

sions cause significant anxiety or distress, and they interfere 

with the child’s normal routine, academic  functioning, social 

activities, or relationships.177 Thus, it could be intuitively 

proposed that adolescents with OCD may be more likely 

than healthy peers to experience sleep problems for several 

reasons including heightened levels of OCD-related gen-

eral anxiety and engagement in rituals before or during the 

bedtime routine that interfere with sleep onset. Although 

scarce, information about sleep alterations in adolescents 

with OCD confirms the above speculation. For example, a 

study of 18 pediatric OCD patients (9 adolescents with OCD 

and 9 matched healthy controls) reported that adolescents 
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with OCD exhibited a number of sleep  alterations including 

reduced sleep efficiency, increased sleep onset, and longer 

sleep latency to sleep stages.199 In another study examining 

OCD-related impairment across multiple domains, Piacentini 

et al reported that 66% of parents noted that OCD interfered 

with their child “getting ready for bed at night” and “sleeping 

at night”.200 However, other studies in adolescent and adult 

OCD patients infer presence of disorder-specific changes 

in sleep. For example, shortened REM sleep latency and 

increased REM sleep as well as an overnight oversecretion 

of adrenocorticotropin (ACTH) and cortisol were observed in 

patients with OCD201–203 – these observations were discussed 

in relation to 5-HT deficit in OCD.201 Thus, relationships 

between sleep architecture changes and OCD symptoms, 

particularly in adolescent patients, need further studies.

Eating disorders primarily affect adolescent girls and 

young adult females and are considered to be rare among 

males. These include AN, binge eating (BE) (also known as 

compulsive overeating), bulimia nervosa (BN), and sleep-

related eating disorder (SRED). AN is characterized by self-

starvation and excessive weight loss, including psychiatric 

symptoms such as intense fear of weight gain or being “fat” 

and feeling “fat” or overweight despite dramatic weight 

loss, and is behaviorally expressed by sore throat and pain-

less swelling of the cheeks from vomiting. BE is primarily 

characterized by periods of uncontrolled, impulsive, or con-

tinuous eating beyond the point of feeling comfortably full. 

Behaviorally, it is characterized by eating large amounts of 

food when not physically hungry, rapid eating, feelings of 

disgust, depression, or guilt with overeating. Patients with 

BE usually do not purge afterward by vomiting or using 

 laxatives. Diagnosis of BN is more difficult than AN and BN; 

girls with BN try to remain at normal body weight or above 

while binge eating and purging.204 Patients with SRED gener-

ally arouse from sleep and eat roughly 2–3 hours after sleep 

onset. Eating episodes are characterized by rapid ingestion 

of food that the patient usually reports as “out of control” or 

compulsive in nature.204,198

Since general anxiety and engagement in rituals before 

or during the bedtime routine are common in eating 

disorders,198,205 the sleep alterations seen so far in female 

adolescents with AN, BE, BN, and SRED may be proposed 

to share common features with those observed in OCD ado-

lescents. Indeed, a retrospective sleep evaluation by means 

of questionnaires in 400 young female adults with AN and 

BN revealed a generally disturbed sleep;196 this observation 

is consistent with previous PSG finding in females suffering 

from SRED.198 However, more precise sleep evaluation by 

means of PSG in female adolescents consistently found a 

reduction of EEG SWA (0.5–4.5 Hz), in which sleep altera-

tion was associated with the neurobiological consequences 

of the malnourished state.206,207

Further concerning sleep changes in eating disorders, it 

should be emphasized that hypothalamic Hpcr/Orx neurons 

are involved in either sleep regulation or eating behavior,83 

and a genetic study among females with eating disorders 

proposes the involvement of alterations in Hpcr/Orx system 

in these patients.208

The behavioral consequences from altered sleep in both 

OCD and eating disorders include daily somnolence and 

fatigue and worsened academic performance.196,198,209 Eating 

disorders accompanied by loss of weight or obesity in turn 

may produce sleep alterations.198,206,210

Pharmacotherapy for both OCD and eating disorders 

include 5-HT reuptake blockers and hypnotics and, par-

ticularly for the eating disorders, also DA agonists and 

codeine.201,211,212 However, benzodiazepine and nonbenzodi-

azepine hypnotics reduce SWS and REM sleep at the expense 

of lighter non-REM sleep stages,82 the effects of which are 

proposed to impair synaptic plasticity.213 Furthermore, psy-

chostimulants are all shown to reduce REM sleep.214 Since 

non-REM and REM sleep regulatory mechanisms develop 

during adolescence and their normal overnight expression is 

important for growth and development, the pharmacotherapy 

in OCD and eating disorders should be supplemented by 

prevention of non-REM and REM sleep abnormalities. 

Prevention strategies may include psychological interviews, 

attendance at educational lectures, sleeping in presence of 

parents or peer healthy adolescents, and practicing physical 

exercises.

Sleep in adolescents with anxiety 
disorders and depression
The rate of anxiety disorders and adolescent depression rap-

idly increases in teens and is higher during this developmen-

tal period relative to childhood and adulthood.42 The rapid 

peaking of these psychiatric conditions in teens is associated 

with the behavioral changes that hallmark adolescence.32,40 

Also, as mentioned earlier, it should be emphasized that 

anxiety disorders and adolescent depression may represent 

comorbid conditions in adolescent ADHD, TD, OCD, PTSD, 

and eating disorders.

Evidence from pediatric samples of patients with anxiety 

disorders suggests that sleep problems are prevalent and 

related to anxiety severity. Several studies examining the 

clinical presentation of pediatric generalized anxiety disorder 
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have found rates of sleep disturbances to range from 42 to 

66%.215–217 In a representative study of clinically anxious ado-

lescents (n = 128) with generalized anxiety disorder, social 

phobia, and/or separation anxiety disorder, it was observed 

that 88% of youth complained of at least one sleep problem, 

with over 55% experiencing more than three sleep-related 

problems, including insomnia (66.6%), nightmares (54.5%), 

refusal to sleep alone (47.9%), being overtired without good 

reason (43.2%), refusal to sleep away from home (40.9%), 

decreased sleep (36.9%), and sleep walking/talking (22.7%). 

Moreover, these sleep problems were positively related to 

measures of anxiety severity.218 Among nonclinical pediatric 

samples, Mindell and Barrett found a positive relationship 

between nightmares and trait anxiety, with more than three 

nightmares per week being related to parent proxy reports 

of clinically significant anxiety levels.219 Since it is unclear 

whether and how sleep problems in adolescents with anxi-

ety disorders may affect their day-by-day well-being, this 

issue mandates focused investigations. Also, treatment of 

both anxiety disorders and related sleep problems in ado-

lescence is so far overlooked because these problems are 

frequently included in the broad spectrum of behavioral 

changes hallmarking adolescence. However, high incidence 

of neuroticism associated with poor sleep and nightmares 

mandates increased attention because such behavioral and 

sleep problems may be preconditions for serious psychiatric 

disorders, including depression.138

The increased onset of depression at adolescence is a 

factor with highly increased risk of decrements in growth 

and development and further problems in adulthood.42 Early 

depressive episodes recur or persist into adult life along 

with ongoing psychosocial difficulties, including disruption 

in interpersonal relationships, low educational attainment, 

poor occupational functioning and unemployment, as well 

as elevated risk for suicidal behavior.220 Given the growing 

economic and psychosocial burden associated with juvenile 

depression, the identification of youth at highest risk for the 

illness will have great public health impact.221

Prospective epidemiological studies have demonstrated 

that sleep disturbances increase the risk for depressive 

disorders.222,223 Sleep PSG alterations found in adolescent 

depression were shown to be the same as in adults, and thus 

sleep measures appear an additional diagnostic tool. These 

sleep alterations include shortened latency to REM sleep and 

increased REM sleep amount, delayed sleep onset and insom-

nia, more time spent awake after sleep onset, and less SWS 

than in healthy subjects.138,224–226 Notably, sleep in depressive 

adolescents is shown to be additionally  characterized by 

increased overnight occurrence of both OSAs227 and PLMS 

or RLS.131 A typical hypnogram of adolescent depressive 

patient is shown in Figure 1B. These sleep signatures of 

adolescent depression are accompanied by elevated HPA 

activity and increased cortisol levels.138,225 Further, depres-

sive adolescents suffer from heavily increased incidence of 

nightmares compared with healthy peers,138,228,229 which is 

associated with the elevated REM sleep.230

The daily functioning of depressive patients is char-

acterized by overall worsening of cognitive and academic 

abilities, as well as by emotional disregulation, which 

includes negative emotional tone and increased retrieval of 

emotional memories with negative affect.231,232 Also, patients 

with depression display a self-related memory consolida-

tion instead of the normal consolidation of memories.231 

Although it is not clear whether the worsened cognitive and 

psychological functioning in teens is disorder-associated or a 

result of the strongly altered sleep architecture, bidirectional 

relationships between these may be proposed.

Depression is a subject of extensive psychopharmaco-

logical treatment, including psychostimulants acting on 

5-HT and NA reuptake mechanisms and benzodiazepine 

and nonbenzodiazepine hypnotics, in combination with 

psychotherapy.233 Given the complex role of sleep and its 

regulatory mechanisms for the normal physical, cognitive, 

and psychological functions during adolescence, timely 

management of sleep problems related to the behavioral and 

psychopathological conditions that rapidly undergo nonlin-

ear changes in teens appears an important strategy for both 

minimizing the risk at depression and its prevention during 

this developmental period.

Conclusion
Adolescence is a critical growth and development period 

hallmarked by drastic and nonlinear hormonal, somatic, 

and behavioral changes, which are paralleled by dramatic 

maturational changes in sleep physiology, architecture, and 

regulatory mechanisms. Thus, sleep, in a complex association 

with many other processes, appears to play a critical role in 

normal functioning during adolescence.

There is a strong increase in many inappropriate behav-

iors, pathological somatic and psychological conditions, and 

psychiatric disorders in adolescence relative to childhood and 

adulthood. All these conditions are accompanied by more- or 

less-specific sleep alterations. Given that sleep and its specific 

architecture serves vitally important physiological, cognitive, 

and psychological processes, a bidirectional relationship 

between its maturational or pathological alterations and 
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common somatic, cognitive, and psychiatric conditions in 

adolescence may be suggested to exist. Accordingly, the sleep 

alterations in these common adolescent pathological condi-

tions may in turn worsen their symptom expression, and thus 

may lead to a number of additional somatic complications, 

poor academic achievement, and poor psychological well-

being. Therefore, treatment of all these common adolescent 

conditions should also consider the alterations of sleep. This 

mandates an increased attention to both sleep changes in ado-

lescence and common adolescent pathological conditions by 

parents, pediatricians, psychiatrists, and sleep researchers.
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