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Abstract: Adolescence is a pivotal period of development marked by significant physiological
and psychological changes, making youth particularly susceptible to mental health challenges,
including depression. A growing body of research has highlighted the important role of sleep in
the etiology and exacerbation of adolescent depression. Disruptions in sleep patterns, including
insomnia and irregular sleep-wake cycles, are prevalent among depressed adolescents and can
exacerbate depressive symptoms. In this review, we examine alterations to sleep behavior and
physiology in adolescent depression. Furthermore, we introduce a theoretical model of hypersomnia
in adolescent depression. This manuscript explores the intricate relationship between sleep and
adolescent depression, with a focus on future directions for research and intervention.
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1. Introduction
1.1. Why Study Depression in Adolescence?
Prevalence

Major depressive disorder (MDD) is a common mental illness that can limit psychoso-
cial functioning and diminish quality of life [1]. MDD is associated with significant rates of
disability, family burden, morbidity, and mortality [2-4]. MDD is the most prevalent mood
disorder, and differential diagnosis from other mood disorders, such as bipolar disorder [5],
is critical to its proper classification. As compared to unipolar depression, bipolar disorder
is characterized by episodes of depression as well as at least one manic or hypomanic
episode [5]. The diagnosis of bipolar depression in adolescence can be challenging because
bipolar depression often starts with an episode of depression [5], and short episodes of ma-
nia or hypomania may appear later in life or be missed [5,6]. Therefore, it is not uncommon
that adolescents initially diagnosed with depression may later be diagnosed with bipolar
disorder. For the purposes of this review, we focus on major depressive disorder, but note
that mood disorders more broadly are also associated with sleep difficulties.

In 2008, the WHO ranked major depressive disorder as the third leading cause of
disease burden worldwide and predicted that the disease would rank first by 2030 [7].
An episode of major depressive disorder (MDD) is different from regular fluctuations in
mood [8] and is typically characterized by diminished mood for most of the day, nearly
every day for at least two weeks [1,8]. The 12-month prevalence of MDD across age groups
is around 6% overall [9], while the lifetime risk is around three times higher (15-18%); [10].
When comparing high-income with low-income countries, the 12-month prevalence is
similar, indicating that MDD is neither simply explained by modern-day lifestyles in highly
developed countries nor by low socioeconomic status and poverty [11-13]. While the
factors underlying the emergence of depression are complex, biological factors (e.g., genetic
vulnerability) interact with environmental factors (e.g., stress, abuse, and adverse family
relations) to determine the manifestation of this disorder [14]. The probability of recurrence
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of MDD is high and is estimated to be between 60% and 70% [15-17], with the risk of
recurrence increasing with every additional episode [8]. In children and adolescents, self-
harm and suicide are serious consequences of depression, and the risk of engaging in these
behaviors increases during the teenage years [5,18,19]. Suicide is the third leading cause
of death in adolescents and adolescent depression is the major risk factor for suicide [5].
Therefore, identifying risk factors early on in life is critical to reducing the personal, social,
and economic burden associated with depression.

1.2. Emergence of Major Depressive Disorder

Depression typically has its first onset during the adolescent years, and thus these
years present a unique opportunity for early detection and intervention. Epidemiological
studies estimate that the point prevalence of major depressive disorder is around 5 to 11%
in adolescence [20-23], and approximately 9 to 16% of 14- to 16-year-old adolescents expe-
rience subthreshold depression [24]. By the time they reach their 18th birthday, 15% to 20%
of teens will have experienced a depressive episode [25-28]. The increased incidence of de-
pressive symptoms and major depressive disorder [12] during adolescence is hypothesized
to be due to an interaction of increased social demands and stressors, hormonal changes,
and brain development [12,29,30]. Studies show that illness severity is higher, more chronic,
and has a higher rate of recurrence in those who have a younger age of onset [23]. The
onset of depression is often gradual but can, in some cases, be abrupt [8]. The course of
depression can vary significantly between individuals and throughout life [8]. For most
affected individuals, the course of illness is episodic, with episodes of relative wellbeing
interspersed with acute depressive episodes [8,11]. However, the illness is unpredictable,
and the trajectories in terms of episode number and duration, as well as disease patterns,
are subject to pronounced interindividual variability [8]. The mean duration of depressive
episodes in children and adolescents has been found to be 7 to 9 months [5,17,31-33]. In
children and adolescents around 12 years of age or younger, major depression is more
common in boys (1.3%) as compared to girls (0.8%) [34], but during adolescence and in
adulthood, females are two or even three times more likely to suffer from depression than
males (ratio 2:1 or 3:1) [17,20,34-38]. While the precise mechanisms underlying the gender
gap are not understood, they are likely a combination of biological (e.g., hormones) and
environmental (e.g., unequal power and status) factors that account for the higher incidence
of depression among females [38].

Understanding the factors associated with the emergence and maintenance of depres-
sion is perhaps more important now than ever—the coronavirus (COVID-19) pandemic had
a disastrous impact on mental health [39]. The estimated prevalence of major depressive
disorders as well as anxiety disorders among the general global population increased by
over 20% during 2020 [39,40]. To summarize, depression is one of the leading causes of
disability worldwide and has its onset during adolescence. Therefore, detecting risk prior
to the onset of a depressive episode and intervening early has the potential to alter the
course of the disease and reduce burden. One such early alert of an oncoming depressive
episode may be insomnia or hypersomnia.

2. Why Sleep and (Adolescent) Depression?

The links between depression and sleep are many and not well understood. In this
review, we seek to elucidate what is currently known and propose future directions for re-
search. Sleep disturbances are reported in up to 90% of individuals with depression [41,42]
and are one of the diagnostic criteria of major depressive disorder [3,43,44]. These dis-
ruptions to sleep typically manifest as symptoms of insomnia, such as difficulty falling
or staying asleep. While in adults with depression, early morning awakenings are also
common due to the adolescent delay in the circadian system, which pushes bedtimes later
(reviewed in Section 5); [45-49], early morning awakenings are less common in adolescents
with MDD [42]. In addition to insomnia, a small minority of adults with depression report
symptoms of hypersomnia, defined as prolonged sleep episodes at night or increased
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daytime sleepiness despite achieving recommended sleep durations. Hypersomnia repre-
sents another distinctive manifestation of sleep difficulties in adolescent MDD, being more
commonly observed during the adolescent years.

Between 26 and 36% (depending on the study) of adolescents with MDD report
symptoms of hypersomnia [42,50-54]. Though still representing a minority of adolescents
with MDD, the higher prevalence of hypersomnia in depression in adolescence compared
to adulthood suggests that developmental processes may account for this discrepancy.
However, we note that reports of hypersomnia are based on self-reported measures of
sleeping “too long” or daytime sleepiness. In the few studies that have used objective
methods (e.g., polysomnography or the multiple sleep latency test for daytime sleepiness),
no objective evidence of hypersomnia in adults with MDD has been found [55]. Therefore,
the reports of hypersomnia are likely linked to prolonged periods spent in bed “resting”
due to decreased energy associated with depression rather than prolonged sleep duration.

Theoretical Model of Hypersomnia in Adolescent Depression

We propose that reduced drive, a feature of depression, may interact with develop-
mental changes in sleepiness and sleep propensity in adolescence to give rise to the higher
incidence of hypersomnia in adolescents as compared to adult depression. Experimental
studies in well slept healthy teens have shown that during the adolescent period, sleepiness
and sleep propensity (measured objectively using the MSLT) increase [56,57]. In particular,
recent reports indicate that the developmental decline in sleep spindles, thalamocortical
oscillations in the 11 to 14 Hz range during NREM sleep, is associated with the observed
increases in sleepiness across this period in healthy adolescents [56]. Sleep spindles have
been shown to be diminished in adolescents with and at risk for depression (see Section 3.2).
Therefore, alterations in the thalamocortical system in MDD may interact with the de-
velopmental decline in spindles, resulting in greater feelings of subjective sleepiness in
adolescent MDD (Figure 1).
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Figure 1. Theoretical model of how hypersomnia may emerge in adolescent depression. Sleep spindles
are highly heritable in adolescence, with heritability estimates of above 80% over posterior regions. A
deficit in sleep spindles is found in adolescents at an increased familial risk for depression, and this
risk may be driven by genetic factors. The described adolescent decline in sleep spindle activity has
been associated with the increase in daytime sleepiness observed across the adolescent period. While
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this decline in sleep spindles may increase daytime sleepiness in typically developing teens, in
adolescents with depression, the pre-existing deficit in sleep spindles may result in hypersomnia.
This increased daytime sleepiness may further exacerbate depressive symptoms, particularly those
related to diminished drive. (1) Contreras et al., Science, 1996 [58]; (2) Rusterholz et al., ] Neurosci,
2018 [59]; (3) Lopez et al., JAACAP, 2010 [22]; (4) McClain et al., Neural Plast, 2016 [60]; (5) Campbell
et al., Sleep, 2023 [56].

Taken together, self-reported insomnia and, in some individuals, hypersomnia are
central features of adolescent depression. Despite this, a minority of individuals with
depression do not report sleep problems—understanding why may be instrumental in
treating sleep problems in depression. Indeed, objective measures of sleep have revealed a
complex picture of sleep disruption in adolescent depression.

3. Sleep EEG Neurophysiology

Polysomnography is used to investigate sleep states and is considered the “gold stan-
dard” for determining vigilance states [61]. Polysomnography (PSG) typically includes
electroencephalography (EEG), electrooculography (EOG), and electromyography (EMG),
which together can be used to delineate sleep into five stages (Stages 1 to 5) and two states
(NREM and REM sleep) [44,61]. In 2007, the American Academy of Sleep Medicine pro-
posed a revised sleep scoring system that categorizes sleep into four stages, consolidating
stages 3 and 4 into a single stage named N3 [62].

PSG studies in adolescent depression have in part confirmed the subjective reports
of disrupted sleep. Several studies have shown reduced total sleep time [44,63,64] in
adolescents with major depressive disorder. Moreover, as reported in multiple studies, sleep
onset latency and wake after sleep onset are prolonged in adolescent depression [64—67].
Sleep efficiency (which is the ratio of total time in bed to the time asleep) has been found to
be diminished in adolescents with depression [64-68]. Reduced non-rapid eye movement
sleep (NREM), especially slow wave sleep [69,70], as well as shorter latency to rapid eye
movement (REM) sleep [64,69,71-73] and increased REM sleep density have also been
found in adolescents with depression [64,71]. These alterations are in line with those seen
in adults with major depressive disorder but are likely present to a lesser extent [44,64].

However, some studies did not replicate these findings [74-76]. These inconsistent
results might be explained by maturational factors that influence the composition of sleep
stage variables across adolescent development. Among these changes is a marked 30-40%
decline in slow wave sleep (SWS), a state conceptualized as deep sleep, which is replaced
by a lighter form of sleep known as stage 2. The rate at which these changes occur displays
a large degree of inter-individual variability, partially tied to pubertal timing [77-80].
Furthermore, the latency to REM sleep is longer in pre-adolescents as compared to post-
pubertal adolescents [80,81]. As the age range in most studies of adolescent depression is
broad, these maturational factors may significantly influence the findings. Moreover, there
is greater heterogeneity in the spectrum of depression among adolescents [44,64]. Thus,
even though adolescents with depression often complain about their sleep, the results from
studies with objective measurements of sleep remain equivocal [44,63,82].

3.1. Slow Wave Activity

The mathematical quantification of slow wave sleep is called slow wave activity (SWA;
also referred to as delta activity) and consists of low-frequency, high-amplitude waves
between 0.5 and 4.6 Hz [83-85]. SWA is a measure of sleep depth and homeostasis [83-85].
SWA is high at the beginning of the sleep episode and dissipates across the course of
sleep. Furthermore, SWA is exquisitely sensitive to prior sleep duration and increases with
prolonged wakefulness in a dose-dependent manner [86,87]. Early on, it was proposed
that the disruption in sleep observed in individuals with depression is attributable to
abnormally low levels of sleep pressure [88] that are normalized by prolonged waking. This
hypothesis was based on early studies showing diminished slow wave sleep in adults with
depression [89,90] and the temporary therapeutic effect of one night of sleep deprivation in
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some adults with major depressive disorder [91]. Since then, polysomnographic studies in
adults with major depressive disorder have shown inconsistent results—multiple studies
have reported decreased slow wave activity [52,92-95], whereas others found increased
slow wave activity at baseline as well as after sleep deprivation [75]. Furthermore, the
decrease in slow wave activity has been shown to be particularly pronounced in the first
100 min of sleep [96]. Other factors may also influence slow wave sleep and activity in
depression. For example, several studies have shown that, compared to healthy controls,
SWA is diminished in adult men but not in adult women with MDD [69,92,97].

These mixed effects with regards to SWA have also been reported in children and
adolescents with major depressive disorder. While some studies have reported diminished
slow wave activity in adolescents with major depressive disorder [69,98-100], others found
an increase in slow wave activity [76].

Mirroring the findings in adults, gender may strongly modulate the impact of MDD
on SWA. In a large study of 104 adolescents between the ages of 13 and 18 years, of
which 52 were adolescents suffering from depression and 52 were healthy controls, the
accumulation of SWA in the first period of NREM sleep was only found to be lower in
male adolescents but not female adolescents with MDD [100]. The dissipation of SWA
over the course of the night may also be irregular in male adolescents as compared to
healthy males [99]. The authors hypothesized that the known gender differences in the
manifestation of depression may account for this finding [100]. However, more studies are
needed to clarify this issue.

In many ways, studying SWA in adolescence is a “moving target”. For one, sleep
undergoes significant changes from childhood to adolescence; one of them is a very pro-
nounced decline in SWA [80,98,99,101]. This decline begins earlier in girls than boys, is
somewhat tied to pubertal development, and shows a large degree of inter-individual
variability in the degree and timing of the decline [77]. Therefore, two adolescents with
the same biological age are likely at different points in their developmental trajectory of
SWA. Furthermore, the discrepancy in findings with regards to SWA in both adults and
adolescents may be due to other issues and highlights the difficulty of measuring SWA in
individuals with major depressive disorder. For one, depression is a heterogeneous disor-
der with many different configurations of symptoms leading to the same diagnosis [102].
Secondly, while sleep problems are prevalent, about 20 to 40% of individuals (depending
on the sample studied) do not report sleep difficulties. Furthermore, medication status may
further complicate this issue [76,100]. Finally, and perhaps most importantly, measuring
SWA in major depressive disorder is precarious at best since SWA is strongly dependent
on prior sleep-wake history. Therefore, in most studies, individuals with major depressive
disorder likely enter the study with a higher level of sleep pressure than control participants
(due to short sleep duration and disrupted sleep) and often take longer to fall asleep, result-
ing in a higher level of sleep pressure at sleep onset [86,103,104]. Finally, individuals with
major depressive disorder are also more likely to awaken throughout the night, leading
to a subsequent rebound of slow wave activity in the latter part of the night [86,103]. We
propose that in future studies, care should be taken in measuring SWA in depression, and
prior sleep-wake history should be taken into account.

3.2. Sleep Spindles

Sleep spindles are waxing-waning oscillations (11-15 Hz) that occur as bursts of
EEG activity in the sigma frequency range [105,106] and are characteristic of non-rapid
eye movement (NREM) sleep measured via EEG [97,105]. There is some evidence that
sleep spindles are involved in several domains, including maintaining disconnection
from the external environment during sleep [107], cortical development [108], and sleep-
dependent memory consolidation [109], but the precise functional role(s) of sleep spindles
remains unclear. Findings in adolescents have been mixed, with some studies finding no
difference [76] or a reduction [22,110] in spindle activity between adolescent participants
with major depressive disorder as compared to healthy controls.
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In a study that examined sleep spindles, adolescents with MDD or individuals with
an elevated risk for depression based on familial history (n = 21) showed alterations in
sleep spindles when compared to healthy controls with no personal or familial history of
MDD (n = 21). The difference was greatest between adolescents with major depressive
disorder and healthy controls, but the high-risk group had significantly lower sleep spindle
activity as compared to the healthy control group [22]. The deficit in sleep spindle activity
was more prominent in females as compared to males and was more often observed
later in the night [22]. In another study by Hamann and colleagues, lower sleep spindle
activity was associated with more depressive symptoms as measured via self-report in a
non-clinical sample [111]. This difference was topographically widespread over a large
cluster, including parietal, temporal, and occipital derivations [111]. A study investigating
electrophysiological and microstructural features of sleep was conducted in children and
adolescents aged 4 to 18 years of age [112]. The 31 participants included in the study did
not have MDD, but 20 of them were born to mothers suffering from major depressive
disorder (“high risk group”), and 11 children were born to mothers without a personal
history of depression (“low risk group”) [112]. Even though all included participants
did not have MDD, the results showed a reduction in low-frequency spindle activity and
spindle spatio-temporal characteristics over frontal and central derivations in the high-risk
group as compared to the low-risk group [112].

The association between sleep spindles and mental health has also been reported in
younger age groups. In studies by Mikoteit and colleagues, including preschoolers, higher
non-rapid eye movement spindle density was correlated with less internalizing behav-
ior, more prosocial behavior, and a lower total problem score [113,114]. When analyzed
longitudinally, a higher number of NREM spindles at the age of 5 years predicted fewer
peer problems one year later [113,114]. Taken together, several studies support the role of
sleep spindles in adolescent depression and at-risk states. This is somewhat in contrast
to studies in adults, which typically do not report changes in sleep spindles [66,115,116].
Nevertheless, in the aforementioned studies, a significant number of participants with
major depressive disorder were in remission, and several participants were taking med-
ications [115]. Furthermore, subjects were not gender-matched, and only sleep from the
first NREM sleep episode was used [115]. The fact that the groups were not sex-matched is
problematic, since it is known that healthy females have greater sleep spindle activity as
compared to males in adolescents and adults [117,118].

3.3. REM Sleep

Anomalies in rapid eye movement (REM) sleep are often found in adults with depres-
sion [4]. These irregularities often include shortened REM latency, which is defined as the
time interval between sleep onset and the occurrence of the first REM sleep episode; in-
creased REM sleep duration; and increased REM density, defined as the frequency of rapid
eye movements per REM period [4]. The biological mechanisms that link the increased
amount and intensity of REM sleep and depression are not fully understood yet [4,44],
and there have only been very few studies examining this phenomenon in children and
adolescents [119]. Rao and colleagues examined differences in the sleep EEG between
adolescents at high risk for depression, as defined by parental depression, and a control
group [120]. Adolescents at high risk showed alterations in REM sleep similar to those
found in adults — shorter latency to REM sleep, a higher number of episodes, a longer
duration of each episode, a higher proportion of REM sleep, as well as increased REM sleep
activity and density [120].

Taken together, while subjective reports of disrupted sleep are a hallmark of depression,
objective data obtained from polysomnography are mixed with regards to sleep architecture
and neurophysiology. This is likely due to several of the aforementioned factors, including
age, gender, medication status, and the heterogeneity of depression.
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4. Sleep and the Sleep EEG as a Biomarker in Depression

The pathophysiology of depression remains unclear, and treatment outcomes are often
unsatisfying, with up to 60% of patients suffering from treatment resistance [121]. For
this reason, several studies have attempted to identify biomarkers that might be specific
indicators of depression as well as helpful prognostic factors [122]. A National Institute of
Mental Health working group has defined a biomarker as “a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes, pathogenic pro-
cesses, or pharmacological responses to therapeutic intervention” [123]. Within this context,
the EEG has emerged as a promising biomarker for a range of psychiatric illnesses as it is a
measure of brain activity, altered in mental illness, and has a strong genetic basis [124-127].

With regards to sleep, shortened REM sleep latency and elevated REM density have
been proposed as biomarkers in depression [52]. However, enthusiasm for REM sleep
as a biomarker specific to depression has been diminished by observations of similar
changes in other psychiatric disorders such as mania [128], schizoaffective disorder [129],
schizophrenia [130], panic disorder [131], obsessive-compulsive disorder [132], and eating
disorders [133]. We note that most studies on biomarkers in depression have focused on
the adult population [122]. This is surprising because it is well known that early-onset
depression has been associated with a worse disease course and that early interventions
are more effective than interventions later in life [122]. Finding biomarkers that might be
specific to depression in youth might aid diagnosis and improve treatment outcomes [122].
In one of the few biomarker studies of adolescent sleep and depression, Armitage and
colleagues investigated whether sleep EEG variables could predict treatment response in
adolescents with major depressive disorder [134]. Sleep EEG was measured at baseline,
after six months, and after a year [134]. Significantly lower temporal coherence, a measure
of connectivity, in the beta, theta, and delta frequency bands between left (C3) and right
(C4) central EEG derivations in males with major depressive disorder was associated
with a shorter time to recurrence, while the opposite was true in females [134]. This is
yet another example of the differential impact of gender on sleep neurophysiology in
adolescent depression. Given this preliminary but promising study, we posit that the sleep
EEG has untapped potential as a biomarker for adolescent depression. Indeed, our group
has recently shown that the sleep EEG is highly heritable (with heritability estimates above
80%) in adolescence [59,135,136]—a period of rapid change as outlined above. Future
longitudinal studies are needed to explore this potential.

5. Sleep and Depression: A Bi-Directional Relationship?

While the evidence that disrupted sleep is a core feature of depression is unequivocal,
it is increasingly evident that the relationship between depression and sleep is likely bi-
directional. [3,44,52,137]. A series of prospective epidemiological studies have shown that
adolescents with insomnia are 2 to 5 times (depending on the study) more likely to suffer
from depressive symptoms or even major depressive disorder [137-140]. Furthermore,
disrupted sleep is a potent risk factor for non-suicidal self-injury (NSSI) and suicidal
ideation. For example, large epidemiological studies have shown adolescents who are short
sleepers are twice as likely to have suicidal ideation/consideration as compared to long
sleepers [141]. Furthermore, while NSSI is the best predictor of suicidality, sleep problems
are nearly as important [142]. To wit, in a sample of adolescents with NSSI, more sleep
disturbance was associated with more suicide attempts despite controlling for depressive
symptoms, suggesting that sleep is an independent factor for suicidality [143].

The association between sleep and suicidality is particularly relevant in adolescence,
as there is a developmental increase in sleep disruption, insomnia, and short sleep dura-
tion [144]. This increase may be due in part to the changes to the bioregulatory systems
that control sleep during the adolescent period. Specifically, a delay in the circadian timing
system during adolescence pushes bedtimes later and results in difficulties initiating sleep
at an earlier clock time [145]. Concurrent to this, sleep pressure builds more slowly in late
versus early pubertal adolescents, allowing older teens to stay awake longer [145]. Inter-
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acting with the maturation of the processes regulating sleep are developmental changes
in brain structure/function and hormonal shifts triggered by puberty [30]. The impact of
these alterations on sleep is not entirely clear, but it is likely that these modifications may
in part underlie the observed maturational increase in sleep disruption. These changes to
the biological systems regulating sleep interact with psychosocial pressures, such as early
school start times, increased socialization with peers and academic pressure, to result in
sleep that is short, ill-timed, and disrupted.

Perlis and colleagues [146] suggested a hyperarousal model of insomnia, which posits
that individuals with insomnia experience heightened physiological and cognitive arousal,
preventing the initiation and maintenance of sleep. According to this model, factors such
as increased heart rate, elevated metabolic activity, and cognitive overactivity contribute
to the difficulty of falling asleep and maintaining a restful sleep state. This model was
modified by Riemann and colleagues [147], who suggested that psychosocial stress as well
as inadequate problem solving and worries or rumination lead to problems with sleep
onset latency as well as wakefulness after sleep onset and also reduce total sleep time [147].
Affected individuals then start worrying about their sleep and show selective attention to
sleep-related stimuli [147]. Often, these individuals also show a bias toward the daytime
consequences of sleep disturbances. These factors then lead to a behavioral adaptation
to extended sleep opportunities [147]. These individuals often remain in bed awake or
show an altered exposure to light during the sleep period [147]. These behaviors can then
become conditioned and lead to depression, addiction, and anxiety disorders [147].

This model aligns with the consequences of the COVID-19 pandemic, wherein psy-
chosocial stressors stemming from the crisis led to a deterioration in sleep among children
and adolescents [148-150]. The long-term consequences of the COVID-19 pandemic on
sleep and mental health among youth are currently unclear. Nevertheless, considering
the Riemann model outlined earlier, it’s plausible that the psychosocial stress induced by
the pandemic might have propelled certain young individuals into a detrimental cycle of
disrupted sleep and compromised mental well-being.

Given the emerging evidence that sleep disruption is prospectively associated with
poor mental health, sleep may be a powerful intervention target in adolescents to increase
resilience and protect mental health. However, while the association between sleep and
depression is clearly bi-directional, the precise mechanisms and the temporal sequence are
unclear. Most prospective studies have used a few questions to assess sleep and have not
differentiated between sleep duration and sleep disruption. Similarly, measures of mental
health have been based on questionnaires. Future research in this area should carefully
assess the long-term impact of sleep-based interventions on mental health. To wit, effective
behavioral interventions for sleep problems exist, and a recent review highlights the use of
these interventions in adolescent depression [151].

6. Sleep, Depression, Media Use and Physical Activity

The amount of time adolescents spend using digital media (including texting, social
media use, electronic gaming, and general smartphone as well as computer use) is rapidly
increasing [152]. Twenge and colleagues found that the time 12th graders spent online
engaging in one of these activities doubled between 2006 and 2016 [153]. A national survey
in the United States that was conducted with 8th, 10th, and 12th graders between 1991
and 2016 found that psychological well-being defined and measured by self-esteem, life
satisfaction, and happiness suddenly decreased after 2012 [152-154]. A more detailed
analysis showed that adolescents who spent more time on electronic devices and screens,
independent of whether it was for social media use, internet use, texting, or gaming,
had lower psychological well-being as compared to adolescents that engaged in more
non-screen activities such as in-person social interaction, sports, homework, or attending
religious services [154]. More recently, it has been suggested that some of the negative
impact of digital media use on mental health may be driven by sleep disruption. An
established body of literature has shown that screen media use among youth can have a
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negative impact on sleep [155], and studies have shown that when controlling for sleep
duration and cyberbullying, the association between mental health and online digital media
use is non-significant [156]. Thus, sleep may mediate the impact of digital media use on
mental health.

On the other hand, physical activity (PA) is considered an effective, non-pharmacological
intervention to improve sleep. The results of a large meta-analysis indicated that ado-
lescents with higher subjective and objective physical activity levels were more likely to
experience good nocturnal sleep, both subjectively and objectively [157]. In another study
including 51 adolescents between the ages of 17.5 and 19.5 years, three weeks of daily
morning running (30 min) were found to improve sleep in the running group as compared
to the control group [158]. In the running group, objective and subjective measures of sleep
improved [158], as did mood and concentration as compared to the control group [158].
However, other studies have not found an association between daily physical activity and
subsequent sleep [159], suggesting that perhaps moderate exercise is necessary to see these
effects. Taken together, these findings point to modifiable environmental factors that may
improve sleep and, in turn, benefit mental health [154,157,158].

7. Sleep Timing and Depression

Going hand in hand with the disruptions to sleep are disruptions of the circadian
system in depression [160]. These disruptions are often observed as a misalignment of
the biological clock as revealed through the rhythms of hormones (e.g., melatonin) and
sleep/wake timing. The social zeitgeber theory [161] and others [162] have postulated
that disruptions of circadian rhythms or abnormalities in the superchiasmatic nucleus
(SCN; the circadian pacemaker) underlie the alterations of circadian rhythms observed
in mood disorders. For example, in humans and mice, circadian genes such as CLOCK,
BMALL, Period3, and Timeliness have been associated with unipolar and bipolar depression
(reviewed [163]. Therefore, interventions targeting the circadian system, such as bright
light therapy, may also improve mood and sleep in depression [164].

Another area that has garnered recent attention is the use of metrics that quantify the
regularity of sleep timing, such as the sleep regularity index (SRI; [165]). Using these metrics,
more variable sleep has been associated with worse mood [166,167], and a review by Becker
et al. (2017) found psychopathology and greater symptom severity to be associated with
greater sleep intra-individual variability [168]. The results suggested that regular sleep and
wake timing might be protective of adolescent mental health [166]. Therefore, adolescents
should be encouraged to maintain regular sleep times to promote mental health [166,168].

8. Conclusions

In conclusion, the role of sleep in adolescent depression is intricately intertwined with
the neurobiology of the developing brain. Based on the existing literature, we conclude
that sleep disturbances, such as insomnia and irregular sleep patterns, can significantly
contribute to the onset and severity of depression in teenagers. Conversely, depression itself
often leads to disrupted sleep, creating a vicious cycle that exacerbates both conditions.
Recognizing the importance of addressing sleep-related issues in adolescents with depres-
sion is crucial for effective prevention and treatment strategies. By promoting healthy
sleep habits and providing support for adolescents to manage their sleep patterns, we can
make significant strides in mitigating the impact of depression during this critical stage of
development. Future research should elucidate the precise neurobiological mechanisms
by which changes in sleep and depressive symptoms are associated during adolescence
and further explore the long-term efficacy of behavioral treatments for sleep disruption in
adolescents with depression.
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