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Abstract Sleep problems in adolescence have been

identified as an international public health issue. Over the

past few decades, notable advances have been made in our

understanding of the patterns and consequences of sleep in

adolescence. Despite these important gains, there is much

about the role of sleep in adolescence that remains to be

understood. This Special Issue brings together studies that

examine sleep as it specifically pertains to adolescent

development and adjustment. In this introductory article,

we argue for the importance of grounding the study of

sleep and adolescence in developmental science and a

developmental psychopathology framework. First, a review

of the literature is used to outline a biopsychosocial and

contextual model of sleep in adolescence. Second, atten-

tion-deficit/hyperactivity disorder (ADHD) is used as an

exemplar of the proposed model given the pervasiveness of

sleep problems among youth with ADHD and the likeli-

hood that sleep problems and ADHD symptoms are inter-

connected in complex ways. Finally, a brief introduction to

the empirical articles included in the Special Issue is pro-

vided, with particular attention given to how these articles

fit within the proposed biopsychosocial and contextual

model. Along with the framework proposed in this article,

the studies included in this Special Issue advance the cur-

rent literature and point to critical directions for future

research.
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Introduction

Sleep problems in adolescence are recognized as an inter-

national public health concern (American Academy of

Pediatrics 2014; Gradisar et al. 2011). Strictly defining

sleep in terms of duration, approximately 60 % of middle

school students in the United States (US) sleep less than the

recommended 9 h per night on school nights and this figure

rises to 87.5 % among ninth grade students and to 95 % by

the end of high school (Eaton et al. 2010; National Sleep

Foundation 2006). Specifically, whereas 13-year-olds

obtain an average of 8.5 h of sleep per school night, this

declines across adolescence such that 17-year-olds obtain

an average of 7.5 h of sleep per school night (Maslowsky

and Ozer 2014). Although reducing sleep duration by a

single hour may seem inconsequential, it is clear that even

1 h of reduced sleep duration has a negative impact on

youth’s functioning (Gillen-O’Neel et al. 2013; Sadeh et al.

2003). Moreover, this decline in school night sleep dura-

tion stands in stark contrast to studies showing that during

the period of adolescence when brain maturation processes

are occurring, approximately 9 h of sleep per night is
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considered optimal (Carskadon et al. 1980). As noted by

Dahl and Lewin (2002), ‘‘Whatever its purpose, sleep

seems to be particularly important during periods of brain

maturation. Across species, greater sleep requirements are

observed in maturing versus fully mature individuals’’ (p.

176).

Given the pervasiveness of sleep problems in adoles-

cence and clear relevance for public health, this Special

Issue was assembled in an effort to further advance the

empirical knowledge regarding the role of sleep in ado-

lescent development and adjustment.1 In this introductory

article, a biopsychosocial and contextual model of sleep in

adolescent development is described in order to provide a

backdrop to the articles included in this Special Issue in

addition to offering a theoretical framework for future

research focused on the study of sleep in adolescence. Our

hope is that the proposed model builds on other recent

reviews (e.g., Beebe 2011; Carskadon 2011) in advocating

for an empirical study of sleep in adolescence that is

grounded in developmental science and a developmental

psychopathology framework in order to elucidate an

increasingly integrated and fine-tuned understanding of the

role of sleep across adolescence. Given the pervasiveness

of sleep problems among youth with attention-deficit/

hyperactivity disorder (ADHD) and the likelihood that

sleep problems and ADHD symptoms are interconnected in

complex ways, ADHD is offered as an exemplar of the

proposed model in highlighting some of the complex and

critical questions that remain to be addressed. Finally, we

briefly review the empirical articles included in this Special

Issue and note in particular how these articles advance an

integrated approach to the study of sleep in adolescence.

A Biopsychosocial and Contextual Model of Sleep

in Adolescence

There is much about the crucible of adolescence that makes

it especially susceptible to disruptions in sleep. In addition

to many biological changes that occur during this devel-

opmental stage, adolescents are confronted with shifting

family and peer relationships, increased academic

demands, and an overarching change in the daily milieu

that now includes not only school and extracurricular

activities but also, for many teens, part-time employment,

pervasive use of technology, and decisions on health-

related behaviors such as driving and substance use. As

such, the study of sleep in adolescence cannot resort to the

happenstance of having data collected from youth in the

second decade of life, but rather, must consider the unique

developmental changes and challenges that typify the

adolescent period. It is with this goal in mind that we aim

to advance an increasingly integrated biopsychosocial and

contextual framework to the study of sleep in adolescence.

A schematic of this model is displayed in Fig. 1. As shown,

and not unlike Bronfenbrenner’s (1979, 1992) ecological

model of development, we consider sleep to be interwoven

with the biological, psychosocial, and contextual factors of

adolescents’ lives—not only at any given time but also

across development. We acknowledge that the boundaries

among these various factors are themselves often porous,

but for simplicity, we have tried to delineate them to the

extent possible. For example, we acknowledge that family

and peer factors are themselves contextual in nature (Col-

lins and Steinberg 2008) but we consider these family and

peer factors below as psychosocial factors and retain the

term ‘‘contextual factors’’ to refer to broader aspects of

adolescents’ environment including school, community,

and cultural factors. It should also be noted that in our

review of the research we prioritized seminal studies and

very recent studies that shed light on the many opportu-

nities and challenges encountered when studying sleep

within the complexity of adolescence.

Biological Factors

Borbély’s (1982) two-process model of sleep regulation

comprised of a homeostatic sleep–wake component

(referred to as Process S) and a circadian component

(referred to as Process C) is used to guide theory and

research of adolescent sleep (see also Borbély and Acher-

mann 1999; Borbély et al. 1989). Briefly, the homeostatic

sleep–wake component refers to the increased need to sleep

(i.e., sleep pressure), with sleep pressure increasing the

longer an individual stays awake and reducing as sleep

occurs. In contrast, the circadian component of the two-

process model is not driven by prior sleep–wake duration

but is rather an intrinsic, ‘‘internal clock’’ system respon-

sible for regulating the daily, 24-h rhythmic cycle. The

secretion of melatonin, a hormone produced by the pineal

gland in humans, is reliably linked to the circadian system

(Cajochen et al. 2003; Klerman et al. 2002). These

homeostatic sleep–wake and circadian systems ideally

work in sync to optimally regulate sleep, but this balance is

often disrupted by biological, psychosocial, and contextual

changes encountered in adolescence.

In terms of biology, the transition from childhood to

adolescence is accompanied by significant neurodevelop-

mental changes, including brain reorganization and

1 Note that this Special Issue (including this introductory article)

focuses on sleep functioning and problems often experienced by

adolescents broadly and does not focus on sleep disorders or

adolescents with diagnosed sleep disorders.
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synaptic pruning (Sisk and Foster 2004). These changes

have an impact on sleep architecture as children enter into

adolescence (see Colrain and Baker 2011; Dahl and Lewin

2002, for reviews). There is a decrease of slow wave sleep

across adolescence (Colrain and Baker 2011; Ohayon et al.

2004), with delta power [assessed with sleep electroen-

cephalogram (EEG)] starting to decline notably around age

11 and theta power also showing a steep decline from age

11–16.5 (Campbell and Feinberg 2009). These changes in

the adolescent EEG, which align with a decrease in gray

matter brain tissue across adolescence, are hypothesized to

be due to synaptic pruning that occurs as part of adolescent

brain maturation (Campbell and Feinberg 2009; Feinberg

and Campbell 2010; Whitford et al. 2007). These changes

ultimately impact sleep–wake homeostasis as older, more

mature adolescents, are more slow to accumulate sleep

pressure (Jenni et al. 2005; Taylor et al. 2005). For

example, Taylor et al. (2005) found sleep tendency after

extended periods of wakefulness to be lower among mature

adolescents (Tanner stage 5) in comparison to prepubertal

adolescents (Tanner stage 1), leading the authors to con-

clude that ‘‘a developmental change of intrinsic sleep–

wake regulation may provide physiologically mediated

‘permission’ for later bedtimes in older adolescents’’ (p.

239). That is, adolescence is characterized by an increase in

eveningness preference (often described as a shift from

being a ‘‘morning lark’’ to an ‘‘evening owl’’), which is

itself linked to pubertal status (Colrain and Baker 2011)

and reaches its peak around the age of 20 before beginning

its steady decline across adulthood (Roenneberg et al.

2004). This also contributes to a weekend phase delay

wherein, starting around age 9 (Thorleifsdottir et al. 2002),

many adolescents try to ‘‘catch up’’ on sleep on weekends

when the weekday demands requiring an early rise time

such as school are less pressing. As described by Dahl and

Lewin (2002), ‘‘a typical and preferred adolescent summer

sleep schedule is 3:00 a.m. to noon’’ (p. 179). It remains

critical for studies of sleep in adolescence to consider these

pubertal and neurodevelopmental changes, including a

need for more studies that distinguish between age and

puberty (e.g., Feinberg et al. 2006; Johnson et al. 2006;

Pesonen et al. 2014; Sadeh et al. 2009) in order to tease

apart contributions made by chronological age versus (or in

interaction with) pubertal development.

Just as biologically-based factors impact sleep in ado-

lescence, it is also increasingly evident that sleep func-

tioning can impact how the human body functions. For

example, poor sleep quality is longitudinally associated

with an unhealthy heart rate variability pattern (Michels

et al. 2013), which may be especially important to con-

sider in studies seeking to elucidate the possible associ-

ation between sleep and cardiovascular risk factors such

as childhood obesity (Cappuccio et al. 2008). In one

example of how a biopsychosocial model may be useful

in advancing our understanding of the effects of sleep on

adolescent adjustment, Telzer et al. (2013) conducted a

functional magnetic resonance imaging (fMRI) study in

an effort to examine how poor sleep quality influences

both brain function and risk taking in adolescence. The

authors found that youth reporting poorer sleep had less

activation in the dorsolateral prefrontal cortex (DLPFC)

during cognitive control, greater insula activation during

reward processing, and reduced functional coupling

between the DLPFC and affective brain regions. Coupled

with behavioral findings showing adolescents who repor-

ted poorer sleep to be especially oriented to rewards and

less motivated to engage in cognitive control, the authors

concluded that ‘‘adolescents with poor sleep quality may

have both a greater orientation towards risk and com-

promised decision making abilities’’ (Telzer et al. 2013,

p. 281). This is but one example of the types of studies

that are needed to further advance our understanding of

the interconnectedness of sleep and brain-behavior

associations.

Psychosocial Factors

There are many psychosocial factors that can influence

sleep patterns, and in a reciprocal fashion sleep may in turn

impact psychosocial functioning. Family, peer, academic,

and mental health factors are discussed below, although, to

be sure, these factors are themselves interconnected in

complex ways.

Adolescent Development

Biological 
Factors

Psychosocial 
Factors

Sleep 

Contextual 
Factors

Fig. 1 Biopsychosocial and contextual model of sleep in adolescence
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Family Factors

The family environment has been identified as an important

context for understanding sleep across the lifespan (Dahl

and El-Sheikh 2007). Although it is clear that the family

environment has an important impact on children’s sleep

functioning (Bartel et al. 2014; Meltzer and Montgomery-

Downs 2011), the role of the family environment in pro-

moting adolescents’ optimal or disturbed sleep remains

poorly understood. Relatedly, as recently reviewed by

Adams et al. (2014), extant evidence indicates attachment

style may be related to sleep across the life span. However,

the vast majority of studies have been conducted with

infants or school-aged children and they did not identify

any studies conducted with early-to-mid adolescents. Still,

available studies suggest that attachment and family envi-

ronment impact sleep in adolescence. For instance, in a

sample of Finnish 15-year-olds, youth perceptions of hav-

ing a good home atmosphere was strongly correlated with

self-reported sleep quality (Tynjala et al. 1999). In studies

conducted with college students, a cross-sectional link has

been found between insecure attachment and poorer sleep

functioning (McNamara et al. 2001; Scharfe and Eldredge

2001). Safety is a critical aspect of attachment bonds and

the family environment more broadly also creates the ‘‘the

state of ‘safety’ necessary for sleep (and the cessation of

vigilance)’’ (Dahl and El-Sheikh 2007, p. 2). It may be this

safety in the family environment that explains the finding

that parents’ sleep quality correlates with adolescents’

sleep quality (Bajoghli et al. 2013; Brand et al. 2009). In

addition, there is preliminary (cross-sectional) evidence to

suggest that the association between maternal sleep and

adolescent sleep is mediated by parenting style and ado-

lescents’ psychological functioning (Brand et al. 2009),

further underscoring the importance of both the interper-

sonal and intrapersonal contexts in examining adolescent

sleep functioning. Since genetics also influences sleep

functioning (Sletten et al. 2013), future research should

integrate both family/parenting factors and biological fac-

tors in studies examining sleep within the family context.

In addition, parent limit-setting may be important for

fostering adolescents’ sleep (Bartel et al. 2014). Adoles-

cents with parent-set bedtimes have earlier bedtimes and

obtain more nighttime sleep and also experience less fati-

gue and improved daytime functioning (Short et al. 2011).

Adolescents with parent-set bedtimes of 10:00 p.m. or

earlier are 24 % less likely to experience depression and

20 % less likely to have suicidal ideation in comparison to

adolescents with parent-set bedtimes of midnight or later

(Gangwisch et al. 2010). Likewise, in a representative

time-diary study of over 2,400 youth in the US, stricter

household rules were associated with adolescents obtaining

more weekday sleep hours (and an early bedtime); this

association was specific to adolescents and not found

among children (Adam et al. 2007). Conversely, although

not associated with overall sleep duration, parenting styles

characterized by restriction, reproach, and inconsistency

are associated with adolescents experiencing poorer sleep

quality and greater daytime sleepiness (Brand et al. 2009).

Greater autonomy and frequent parent-teen conflict both

predict a stronger eveningness (vs. morningness) orienta-

tion and, of note, these associations remain present after

controlling for both pubertal development and chrono-

logical age (Diaz-Morales et al. 2014). Interestingly,

greater eveningness preference among pre-adolescents and

early adolescents is linked to externalizing behaviors in

boys and reactive aggression in girls (Susman et al. 2007).

These findings are in line with developmental research

showing the absence of parental involvement in the

decision-making of adolescents is related to an increase in

behavior problems (Van Petegem et al. 2012). This is

particularly noteworthy since the percentage of adoles-

cents who report having a parent-set bedtime steadily

declines from 33 % at age 13 to 0 % at age 18 (Short

et al. 2011).

Finally, sleep functioning has recently been identified as

an important process by which parent–child conflict con-

tributes to internalizing and externalizing symptoms. In a

3-year longitudinal study, Kelly et al. (2014) found that

physical parent–child conflict at age 9 predicted poorer

sleep functioning (as measured with actigraphy) at age 10,

which in turn predicted internalizing and externalizing

symptoms at age 11. This study is important for several

reasons, including a longitudinal design, use of both child/

parent ratings and actigraph measures of sleep, and dis-

tinguishing between specific sleep domains (significant

effects were specific to sleep efficiency and long nighttime

wake episodes and not sleep duration, sleep onset latency,

or sleep variability). It also appears that associations are

bidirectional in nature, as Bell and Belsky (2008) found

that mother–child relationships characterized by less

closeness and greater conflict in late childhood were

associated with more sleep problems in young adolescence,

and childhood sleep problems were likewise associated

with decreases in sensitive mothering and closeness over

time.

Peer Factors

Surprisingly few studies have investigated the degree to

which adolescent peer relationships affect sleep function-

ing and vice versa. Extant findings point to the importance

of additional studies in this area. Adolescents with sleep

problems report experiencing more loneliness than ado-

lescents without sleep problems (Mahon 1994; Xu et al.

2012), and young adolescents with a history of chronic
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loneliness report more sleep problems than their peers

(Harris et al. 2013). In a 12-month longitudinal study,

Roberts et al. (2002) found that youth with high levels of

sleep problems experienced greater problems in their peer

relationships, even after controlling for initial levels of

peer functioning. More recently, reduced school night

sleep duration was associated with greater self-reported

peer problems in a sample of 11,788 youth drawn from

11 European countries (Sarchiapone et al. 2014). More-

over, there is evidence that loneliness exacerbates the

association between adolescents’ self-reported daytime

stress and actigraphy-assessed nighttime sleep functioning

(Doane and Thurston 2014). An early study in this area

found that loneliness was associated with greater sleep

problems in early and middle adolescents but not in later

adolescents (Mahon 1994), perhaps because of the

increasing prioritization of friends as sources of peer

support in early/mid-adolescence (Helsen et al. 2000).

Indeed, adolescents are more likely to experience lone-

liness in early adolescence as opposed to late adolescence

(Ladd and Ettekal 2013), which may accentuate the

experience of social isolation (Laursen and Hartl 2013).

Further, loneliness may contribute to increased depressive

symptoms and social anxiety (Fontaine et al. 2009;

Lasgaard et al. 2011; Storch et al. 2003), which in turn

may interfere with optimal sleep functioning. Given the

importance of the peer group (and friendship in particu-

lar) in adolescence (Bukowski et al. 2011; Collins and

Steinberg 2008), peer victimization may contribute to

increased daytime stress and/or an adolescent’s feelings

of loneliness. A recent study found that adolescents who

had been victimized had significantly more sleep distur-

bances in comparison to adolescents who had not been

victimized (Kubiszewski et al. 2014). Further, in this

same sample, youth classified as bullies showed signifi-

cantly more irregular sleep patterns and shorter sleep

duration than their non-bully peers.

In addition to loneliness and victimization, the amount

of time spent with peers also impacts sleep functioning.

Fuligni and Hardway (2006) found more time spent with

friends each day to be associated with both average sleep

duration and variability in sleep duration. Of note, positive

peer relationships may have a positive effect on sleep

functioning. Maume (2013) found initial positive peer

relationships—as well as increases in positive peer rela-

tionships over time—to be associated with fewer sleep

problems. Increases in positive peer relationships were also

associated with longer school night sleep duration (Maume

2013). Thus, extant research suggests that peer relation-

ships may be either risks for or buffers against sleep dif-

ficulties in adolescence, and uncovering the processes

underlying either of these is an important area for ongoing

research.

Mental Health

Sleep and mental health functioning are clearly intertwined

(see Astill et al. 2012, for a meta-analytic review of school-

aged children), and, indeed, disturbed sleep is a symptom

of several psychiatric disorders. Although sleep function-

ing is likely relevant to most, if not all, domains of mental

health we limit the scope of our review herein to anxiety,

depression, suicidal ideation/behaviors, externalizing

behaviors, and substance use (attention problems are cov-

ered in more detail below in the section on ADHD). In

addition, unless otherwise noted, the studies reviewed in

this section focus on dimensional mental health symp-

tomatology and behaviors in community- and school-based

samples of youth as opposed to clinic-referred or DSM- or

ICD-diagnosed samples.

Depression and Anxiety Considerable research attention

has been devoted to understanding the link between sleep

functioning and internalizing symptoms such as anxiety

and depression. It is clear that shorter sleep duration, poor

sleep quality, and daytime sleepiness are concurrently

associated with both anxiety and depression in adolescents

(e.g., Do et al. 2013; Fuligni and Hardway 2006; Kirmil-

Gray et al. 1984; Manni et al. 1997; McKnight-Eily et al.

2011; Moore et al. 2009; Roberts et al. 2001; Sarchiapone

et al. 2014; Yen et al. 2010). Given the number of studies

that have examined the interrelations of sleep and anxiety/

depression in adolescents, the following review focuses on

longitudinal studies in this area.

A number of longitudinal studies have shown sleep

problems in childhood or adolescence to confer risk for

later depressive symptoms (e.g., Danielsson et al. 2013;

Roberts et al. 2002; see Lovato and Gradisar 2014, for a

review). For instance, Gregory and O’Connor (2002) con-

ducted an 11-year longitudinal study and found sleep

problems at age 4 to predict anxiety/depression symptoms

in adolescence, after controlling for toddlerhood levels of

anxiety/depression. Of note, the reverse association of

anxiety/depression symptoms in toddlerhood predicting

sleep problems in adolescence was not supported (Gregory

and O’Connor 2002). Fredriksen et al. (2004) also found

that young adolescents who obtained less sleep over time

also reported higher levels of depressive symptoms and

lower self-esteem, whereas depressive symptoms and self-

esteem did not predict sleep problems over time. In another

study, Gregory et al. (2008) found parent-reported

endorsement of children/adolescents (ages 4–19) ‘‘sleeping

less than others’’ to predict self-reported anxiety/depression

in young adulthood (ages 18–32 years). Similarly, even

after controlling for sex and initial levels of depression,

Roane and Taylor (2008) found insomnia symptoms in

adolescence (ages 12–18 years) to be a significant risk
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factor for having a depression diagnosis 6–7 years later in

young adulthood. Last, in a longitudinal, community-based

study of 386 youth, childhood sleep problems predicted

maternal ratings of internalizing problems in adolescence,

with findings similar for boys and girls (Wong et al. 2009).

Experimental and daily diary studies also demonstrate a

relation between inadequate or insufficient sleep with

depression and mood problems. For instance, sleep

restriction resulting in sleep deprivation (either extreme

[acute] sleep deprivation or sleep deprivation similar to the

everyday sleep duration of many adolescents [chronic

partial]) contributes to adolescents experiencing both a

reduction in positive affect (Talbot et al. 2010) as well as

worsened mood and a decreased ability to regulate negative

emotions (Baum et al. 2014). In a daily diary study where

adolescents reported on their sleep habits, daily activities

(e.g., time spent studying, watching television), and mood

each day over a 2-week period, Fuligni and Hardway

(2006) found studying and stressful demands during the

day to predict less sleep that evening, which in turn was

associated with adolescents reporting higher levels of

anxiety, depression, and fatigue the next day. Moreover, no

evidence was found for daily ratings of anxiety and

depression to impact that night’s sleep (Fuligni and Hard-

way 2006), supporting the possibility that sleep has a

negative impact on mood/anxiety more so than the reverse.

Despite these findings showing sleep problems to pre-

dict depression across observational and experimental

studies and in different age ranges and sample types, it is

important to note that some exceptions have been reported.

In a representative population sample of 1,420 youth (ages

8–14 years), Shanahan et al. (2014) found that depression

alone was neither predictive of nor predicted by sleep

problems. In contrast, a reciprocal association was found

between generalized anxiety and sleep problems: general-

ized anxiety predicted later sleep problems and sleep

problems likewise predicted later generalized anxiety,

leading the authors to conclude that ‘‘generalized anxiety

appeared to be the ‘necessary ingredient’ for longitudinal

associations between internalizing distress disorders and

sleep disturbance’’ (Shanahan et al. 2014, p. 555). Like-

wise, after controlling for internalizing symptoms in

childhood, Gregory et al. (2005) found persistent sleep

problems in childhood to predict a diagnosis of anxiety but

not depression in young adulthood. Armstrong et al. (2014)

similarly found in a 14-year prospective study that persis-

tent parent-reported insomnia in childhood predicted self-

reported anxiety symptoms but not depression in adoles-

cence. In considering these findings, the authors suggest

that ‘‘persistent childhood insomnia may represent sub-

clinical, prodromal precursors of anxiety, perhaps reflect-

ing the beginning of the presleep cognitive arousal and

hypervigilance that can lengthen sleep onset and disrupt

deep sleep and that also have been theorized to underlie the

development of anxiety’’ (Armstrong et al. 2014, p. 907).

Since anxiety and depression are highly correlated and

often comorbid, it is important that studies separate anxiety

and depression (as opposed to using a composite measure

of internalizing symptoms) in order to increase specificity.

Interestingly, Danielsson et al. (2013) found that the

association between sleep problems and depression was

mediated in part by catastrophic worry, pointing to the

potential importance of anxiety in understanding the link

between sleep and depression in youth.

Ultimately, it is likely that anxiety, depression, and sleep

problems are intertwined. Johnson et al. (2006) found

anxiety to increase adolescents’ risk for insomnia and

insomnia increased adolescents’ risk for depression. These

findings suggest that sleep problems, anxiety, and depres-

sion may have cascading effects among each other. It is

especially important to consider these associations in

adolescence when rates of depression and certain anxieties

(e.g., panic disorder) increase (Costello et al. 2011; Lew-

insohn et al. 1994). Moreover, the prefrontal cortex (PFC)

plays an important role in affect regulation (Ochsner and

Gross 2005) and is not fully developed until early adult-

hood (Giedd 2004; Spear 2000). A recent fMRI study

found a non-linear relationship between age and cognitive

reappraisal (important for emotion regulation) alongside

decreased engagement of several brain regions (including

several prefrontal areas) during an emotion regulation task,

leading to the conclusion that ‘‘adolescents may process the

emotional value of stimuli differently than either children

or adults’’ (McRae et al. 2012, p. 17). Such findings are

important for understanding the development of mood

problems in adolescence. Moreover, since the PFC is not

only important for affect regulation but also plays an

important role in modulating and mediating sleep func-

tioning (Muzur et al. 2002), studies that incorporate neu-

roimaging would be tremendously useful for advancing our

current knowledge of the interrelations of sleep functioning

and internalizing problems across the adolescent period.

Suicidal Ideation and Behavior In line with studies

showing sleep problems to be associated with depression,

anxiety, and disruptions in affect regulation, investigators

have examined whether sleep problems may also confer

risk for suicidal ideation and behaviors. Several studies

have found poorer sleep functioning to be concurrently

associated with adolescent-reported suicidal ideation (Do

et al. 2013; Roane and Taylor 2008; Sarchiapone et al.

2014; Yen et al. 2010). In Roane and Taylor’s (2008)

population-based study, poor sleep was also associated

with suicide attempts. Liu (2004) found a similar associa-

tion, with adolescents who obtained less than 8 h of sleep

per night being at increased risk for attempting suicide,
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even after controlling for age, sex, and depressive symp-

toms. Interestingly, having frequent nightmares was

uniquely linked to both suicidal ideation and suicide

attempts (Liu 2004). Using data from the National Longi-

tudinal Study of Adolescent Health (Add Health) study,

Wong and Brower (2012) found sleep problems to longi-

tudinally predict suicidal thoughts and suicide attempts,

even after controlling for depression, alcohol problems,

drug use, and youth characteristics such as age, sex, and

chronic health problems. Furthermore, sleep problems are

related to suicide completion among adolescents. Specifi-

cally, Goldstein et al. (2008) found that adolescents who

completed suicide showed more sleep difficulties than

comparison adolescents during the week preceding suicide

as well as during adolescents’ most recent depressive

episode.

Sleep problems also have been recently linked to non-

suicidal self-injury (NSSI) among adolescent girls (Lundh

et al. 2013). Specifically, 77 % of adolescent girls who

indicated that they slept well ‘‘seldom’’ or ‘‘never’’ repor-

ted engaging in NSSI 1 year later. Moreover, poor sleep at

the initial study time-point predicted the incidence of new

cases of NSSI at the 1-year follow-up, even after

accounting for baseline levels of general psychopathology

symptoms, although this association was found only for

girls and not for boys (Lundh et al. 2013). Other studies are

needed to replicate this finding. There is likewise a need for

future studies in this area to also consider other important

factors such as family functioning (Wilkinson et al. 2011)

and peer influences (Prinstein et al. 2010) to more fully

determine whether sleep problems have a unique effect on

adolescents’ NSSI, suicidal ideation, and suicidal

behaviors.

Externalizing Behaviors In comparison to internalizing

mental health symptoms, fewer studies have examined the

role of sleep in relation to adolescents’ externalizing

behavior problems. Nonetheless, extant studies demon-

strate sleep functioning to be associated with aggression

and other externalizing behavior problems in adolescence.

In a sample of detained adolescent and young adult males

(ages 14–20 years), Ireland and Culpin (2006) found

shorter sleep duration and poorer sleep quality to be con-

currently associated with increased trait aggression. In a

longitudinal study, Gregory and O’Connor (2002) found

sleep problems at age 4 to predict aggressive behaviors in

adolescence, but no evidence was found to support the

reverse relation. Likewise, Gregory et al. (2008) also found

that parent-reported sleep problems longitudinally pre-

dicted self-reported aggression in young adulthood. Of

note, it appears that sleep problems are more closely

associated with reactive aggression as opposed to proactive

aggression in adolescence (Fite et al. 2014). In considering

externalizing problems more broadly, Armstrong et al.

(2014) found persistent parent-reported insomnia in child-

hood to significantly predict self-reported externalizing

problems in adolescence. In the study by Shanahan et al.

(2014) described above, sleep problems both predicted and

were predicted by oppositional defiant disorder (ODD),

even after controlling for youth characteristics and

comorbid psychiatric disorders. In addition, the bidirec-

tional longitudinal associations with sleep problems were

unique to oppositionality, as neither conduct disorder nor

substance use disorders were longitudinally associated with

sleep problems (Shanahan et al. 2014). Wong et al. (2009)

also found childhood sleep problems to longitudinally

predict externalizing behaviors in adolescence. Experi-

mental studies using sleep restriction protocols also pro-

vide evidence linking sleep deprivation to increased

oppositionality and irritability in adolescence (Beebe et al.

2008). Finally, eveningness is associated with increased

sensation seeking in adolescence (Muro et al. 2012) and

there is some evidence to suggest that having an evening-

ness preference is associated with externalizing behaviors.

Specifically, Susman et al. (2007) found that having an

eveningness (vs. morningness) preference in late child-

hood/early adolescence (ages 8–13 years) was associated

with antisocial behavior for boys but not girls, whereas an

eveningness preference was uniquely associated with

reactive aggression for girls but not boys.

It is important to note that not all studies have found an

association between sleep functioning and adolescent

behavior problems. In a cross-sectional study of 247 ado-

lescents, actigraphy-measured sleep duration/sleep vari-

ability and youth-reported daytime sleepiness were not

associated with parent- and teacher-reported externalizing

problems (Moore et al. 2009). In addition, a recent study by

Lemola et al. (2012) offers an example of how an inte-

grated approach to studying sleep in adolescence may be

used to identify important ways in which sleep may

exacerbate or buffer developmental associations. Specifi-

cally, the investigators conducted a multi-informant study

in 176 young adolescents (ages 10–13 years) to examine

whether youth self-reported sleep problems moderated the

association between parent-rated interparental conflict and

youth self-reported aggression. Although a direct associa-

tion between sleep and aggression was not found, poorer

sleep functioning exacerbated the association between in-

terparental conflict and youth aggression. These findings

highlight the importance of considering moderators of

associations, including sleep as a potential moderator, as

well as consideration of factors that may moderate the

effects of sleep on adjustment.

Delinquency and Substance Use Although it was noted

above that few studies have examined the direct effect of
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sleep functioning on peer relationships, a larger body of

research has examined the effects of sleep on outcomes

often linked to the peer group such as substance use and

delinquency. In regards to the association between sleep

and delinquency, mixed findings have been reported.

Clinkinbeard et al. (2011) found that youth obtaining 7 or

fewer hours of sleep per night reported more property

delinquency than youth obtaining 8–10 h of sleep. Further,

youth obtaining 5 or fewer hours of sleep also reported

higher rates of violent delinquency, even after controlling

for important factors such as impulsivity, depression, and

parental supervision (Clinkinbeard et al. 2011). Interest-

ingly, Peach and Gaultney (2013) found shorter sleep

duration and delayed bedtime to be associated with delin-

quency in adolescence but not in young adulthood. Perhaps

because of this change in associations across development,

studies examining whether sleep and delinquency are

associated longitudinally have yielded mixed findings. In a

nationally representative sample, Catrett and Gaultney

(2009) found sleep problems to be associated with delin-

quency concurrently but not longitudinally. In a study of

young adolescents, Mrug et al. (2012) found sleep–wake

cycle regularity to be correlated with delinquency

16 months later, although this association was no longer

significant in analyses controlling for demographic char-

acteristics and initial levels of delinquency and peer devi-

ance. In contrast, Meijer et al. (2010) found sleep quality

and time in bed to be associated with self-reported

aggression, and the combination of poor sleep quality and

shorter time in bed contributed to increases in boys’

aggressive behavior over time. In a rare test of reverse

associations, the authors also found delinquency and

aggression to be associated with time in bed and aggression

(but not delinquency) to be associated with sleep quality

(Meijer et al. 2010). Of note, however, all of these studies

relied on parent- or self-report of sleep functioning and

youth-report of delinquency, making multi-method studies

that include objective measures of sleep and official arrest

records of clear necessity.

There is also a growing body of research documenting

an established association between sleep and substance use

in adolescence, although, again, exceptions have been

reported (Bootzin and Stevens 2005). In a nationally rep-

resentative sample of over 12,000 adolescents in the US,

teens obtaining fewer than 8 h of sleep per night reported

more cigarette, marijuana, and alcohol use than teens

obtaining 8 or more hours of sleep each night (McKnight-

Eily et al. 2011). Studies show that greater evening pref-

erence is associated with greater cigarette, alcohol, and

marijuana use (Negriff et al. 2011; Pieters et al. 2010). In

addition, Negriff et al. (2011) found an interaction between

pubertal timing and morningness/eveningness in relation to

cigarette use in a sample of adolescent girls, with evening

preference associated with more cigarette use among girls

with early or on-time pubertal timing but not among girls

with late pubertal timing. Wong et al. (2009) found

childhood sleep problems to longitudinally predict the

onset of marijuana and cigarette use in adolescence for

boys but not for girls, whereas childhood sleep problems

predicted the onset of alcohol use for both boys and girls.

In addition, sleep patterns characterized by inconsistency

between weeknight and weekend nights (i.e., weekend

delay) appear to be especially associated with increased

substance use (Pasch et al. 2010) and risk-taking (O’Brien

and Mindell 2005) in adolescence.

Longitudinal research indicates that sleep functioning

and substance use are reciprocally related (Pasch et al.

2012), although exceptions have been reported (Shanahan

et al. 2014). In addition, it is unclear if the association

between sleep problems and adolescent substance use is at

least partly attributable to the presence of internalizing and

externalizing mental health problems (Johnson and Breslau

2001) or if the link between sleep problems and teen

substance use is independent of co-occurring psychopa-

thology (Pieters et al. 2010). Together, these findings

underscore the importance of considering possible moder-

ators (e.g., sex, biological factors) of associations, mea-

suring sleep as a multi-faceted construct, considering

important psychiatric symptoms that often co-occur with

substance use, and utilizing longitudinal designs to evalu-

ate possible bi-directional associations. In particular, since

adolescent problem behaviors are often transitory in nature

(Steinberg and Morris 2001) it is important to determine

the degree to which sleep problems are associated with

transient as well as persistent delinquent, antisocial, and

substance use behaviors.

Toward an Integrated Model of Sleep and Mental

Health As noted above, it is likely that sleep and mental

health functioning are connected in complex ways across

development, with adolescence being a critical develop-

mental period for such interactions given the increase of

both sleep problems and mental health difficulties. The

developmental psychopathology tenets of equifinality and

multifinality (Cicchetti and Rogosch 1996) are relevant

here since it is likely that multiple, complex pathways

exist. For instance, it appears that sleep problems do not

confer risk for a specific mental health outcome (or select

set of outcomes) but instead places youth at risk for a range

of mental health difficulties (i.e., multifinality). That is,

several of the studies summarized above show that sleep

problems predict both externalizing and internalizing

problems in adolescence (Gregory and O’Connor 2002;

Gregory et al. 2008; Shanahan et al. 2014; Wong et al.

2009). Recently, Kelly and El-Sheikh (2014) used cross-

lagged modeling to examine the reciprocal relations among
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sleep functioning (using both actigraphy and self-report

ratings) and psychopathology symptoms over a 5-year

period that included the transition into adolescence.

Poorer sleep functioning longitudinally predicted increa-

ses in children’s anxiety, depression, and externalizing

symptoms, with evidence suggesting a stronger link as

youth transitioned into adolescence (from age 10 to age

13) in comparison to late childhood (age 8 to age 10).

Moreover, the authors found modest support for exter-

nalizing, anxiety, and depression symptoms to predict

subsequent sleep functioning, pointing to possible reci-

procal, cascading processes. This is an excellent example

of a multi-method, longitudinal design optimally suited to

shed light on developmental processes across critical

transition periods. As research continues to advance in

this area, it will be crucial to also examine potential

mediators (e.g., Danielsson et al. 2013) and moderators

(e.g., Lemola et al. 2012) in an integrated framework that

can further advance our understanding of developmental

mechanisms as well as factors that may exacerbate or

buffer the effects of poor sleep or confer unique risk for

specific psychopathologies.

Academic Factors

Reviews of the literature clearly document that sleep

problems negatively impact academic functioning (e.g.,

Shochat et al. 2014; Wolfson and Carskadon 2003).

Importantly, the negative relation between sleep problems

and academic functioning has been confirmed using both

naturalistic and experimental studies (Astill et al. 2012).

For example, in an experimental sleep restriction study,

Fallone et al. (2005) found that restricted sleep resulted in

significantly higher teacher ratings of academic problems.

In another experimental study, Beebe et al. (2010) found

that sleep restriction (6.5 h in bed) resulted in significantly

lower quiz scores in a simulated classroom environment in

comparison to a healthy sleep condition (10 h in bed). In

terms of naturalistic studies, Gillen-O’Neel et al. (2013)

recently published data on a sample of 535 high school

students who completed sleep diaries. Students who sac-

rificed sleep to study were more likely to have difficulties

with classwork and test performance the following day

(i.e., the impact was immediate). In another study of ado-

lescents (ages 13–19), Wolfson and Carskadon (1998)

found that students with a grade point average (GPA) of

C’s or below slept an average of 3 h less per night in

comparison to adolescents with GPAs equivalent to B’s

and higher. In pointing to potential benefits of optimal

sleep for youth’s academics, adolescents with better sleep

functioning have greater school competence in comparison

to adolescents with poorer sleep functioning (Storfer-Isser

et al. 2013).

Additional research points to certain adolescents being

at risk for academic impairment in relation to sleep func-

tioning. Specifically, youth with a later circadian phase

preference or a weekend bedtime delay (i.e., going to bed

later on weekend vs. school nights) may be more likely to

experience academic impairments. O’Brien and Mindell

(2005) found that adolescents with a low weekend delay

(i.e., the difference between self-reported weekend-night

bedtime and school-night bedtime being less than or equal

to 1 h) reported obtaining significantly higher grades than

adolescents with a high weekend delay (i.e., the difference

between weekend-night and school-night bedtime being

equal to or greater than 2 h). For instance, whereas 78 % of

youth with a low weekend bedtime delay reported getting

grades of mostly A’s or A’s/B’s, only 52 % of youth with a

high weekend bedtime delay reported getting mostly A or

A/B grades (O’Brien and Mindell 2005). More recently,

Short et al. (2013) also found a greater eveningness pref-

erence to be associated with lower grades, and the authors

also extended this line of research by showing the associ-

ation between eveningness preference and grades to be

largely mediated by depressive symptoms. In addition,

although daytime sleepiness was not associated with self-

reported GPA in Short and colleagues’ (Short et al. 2013)

study, it is not surprising that having an evening chrono-

type is associated with greater daytime sleepiness (e.g.,

Russo et al. 2007); other studies have found daytime

sleepiness to be associated with poorer academic func-

tioning (e.g., James et al. 2011; see Dewald et al. 2010, for

a review).

An important caveat to these findings is that most of the

research on sleep and academic functioning completed to

date has been cross-sectional in nature. In fact, the Shochat

et al. (2014) review concluded that ‘‘there is a significant

gap in longitudinal data examining the link between

insufficient or inadequate sleep and academic functioning

and performance with only three prospective investiga-

tions’’ (p. 80). Similarly, a recent meta-analysis focused

specifically on school outcomes found that sleep quality,

sleep duration, and daytime sleepiness each had a signifi-

cant, negative impact on school performance, and that the

strongest association was between daytime sleepiness and

school outcomes (Dewald et al. 2010). Again, the authors

noted that the majority of studies in the meta-analysis were

cross-sectional, making longitudinal research a clear

necessity since cross-sectional research does not allow the

impact of sleep on the developmental trajectory of aca-

demic functioning to be evaluated and does not allow

potential bidirectional associations to be tested.

In particular, there is a dearth of studies examining how

poor academic functioning impacts subsequent sleep. For

example, teens who find themselves underperforming

academically may try to ‘‘catch up’’ for missed
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assignments and low test grades by staying up late to study,

in turn affecting classroom learning and behavior. Other

mechanisms may also shed light on how poor academic

performance contributes to subsequent sleep difficulties.

For example, poor school performance (and associated

detachment from school) is associated with increased

family/parent–child conflict (Brkovic et al. 2014; Dotterer

et al. 2008), increased involvement with a negative peer

group (Dishion et al. 2010; Reinke et al. 2008), and sub-

stance use (Bryant et al. 2003; Bryant and Zimmerman

2002). As described above, each of these factors may in

turn contribute to sleep problems, underscoring the

importance of longitudinal studies that can consider both

the complex interplay of academic and sleep functioning

and also test for developmental cascades and mediating

processes.

Contextual Factors

A century ago, Terman and Hocking (1913) published a

series of articles in the Journal of Educational Psychology

on the effects of sleep on child and adolescent adjustment.

After wrestling with what should be considered optimal

sleep duration among youth, they concluded that ‘‘the

wisest course in all probability is for us to make the con-

ditions such that the child will spontaneously sleep as many

hours per day as he wants to sleep, while avoiding all

conditions which would tend either to abbreviate or unduly

prolong the sleep beyond this standard’’ (p. 208). Although

the conditions a century ago were hardly such that youth

could spontaneously sleep for as long as desired, these

words seem even more striking against the backdrop of the

twenty-first century when, at least for many youth, the

phrase 24/7 seems apropos, as adolescents juggle increas-

ing school and homework demands, extracurricular activ-

ities and part-time employment, and a barrage of

technological outlets and influences. We now turn our

attention to how these contextual factors inform what we

know about sleep in adolescence.

Electronic Media Use

Almost all adolescents (97 %) in the US have at least one

electronic device in their bedrooms, with older teens hav-

ing more electronic devices in their bedrooms than younger

teens (National Sleep Foundation 2006). In addition, 62 %

of adolescents report using a mobile telephone (either calls

or text messages) after ‘‘lights out’’ (Van den Bulck 2007).

There is converging evidence showing media use to be

negatively associated with teens’ sleep functioning,

including shorter sleep duration and delayed sleep onset in

particular (see Bartel et al. 2014; Hale and Guan 2014, for

reviews). In a cross-sectional study of 738 young

adolescents (ages 11–13) in the United Kingdom, tech-

nology use was associated with shorter sleep duration and

difficulty falling asleep (Arora et al. 2014). Similarly,

television and computer/Internet use was associated with

poorer sleep in an epidemiological study of 1,221 adoles-

cents in South China (Zhou et al. 2012). In the US, the

National Sleep Foundation’s 2006 Sleep in America poll

found that teens with four or more electronic devices in

their bedrooms obtained less sleep than other adolescents

(National Sleep Foundation 2006). Israeli adolescents with

a television in their room also report later bedtimes, longer

sleep latency, and overall reduced sleep duration in com-

parison to their peers without a television in their bedroom

(Shochat et al. 2010). There is some evidence to suggest

that time spent watching television may be more strongly

associated with insufficient sleep for adolescent males than

adolescent females (McKnight-Eily et al. 2011). Interest-

ingly, findings by Calamaro et al. (2009) suggest that

technology multitasking—engaging in a several techno-

logical activities simultaneously—is an important aspect of

teen media use when considering sleep functioning.

Among adolescents aged 12–18 years, having a television

in the bedroom was not correlated with sleep duration but

multitasking was associated with poorer self-reported sleep

functioning including shorter sleep duration, greater diffi-

culty falling asleep on weeknights, and an increased like-

lihood of falling asleep during school (Calamaro et al.

2009). Although these studies suggest a link between

electronic media use and adolescent sleep, the cross-sec-

tional design of these studies makes it impossible to tease

apart whether technology use contributes to sleep onset

difficulties and delayed bedtime or whether teens who have

a hard time falling asleep turn to electronics as a way to

cope with their sleep onset difficulties. For instance, 46 %

of high school students in the US report watching televi-

sion to help them fall asleep (Noland et al. 2009). Egger-

mont and Van den Bulck (2006) similarly found that

adolescents frequently report using media to help them fall

asleep (e.g., 36.7 % reported watching television and

60.2 % reported listening to music to help them fall

asleep), which in turn is associated with delayed bedtime,

decreased sleep duration, and daytime tiredness.

Longitudinal research also shows a link between elec-

tronic media use and sleep problems. Computer usage is

longitudinally associated with shorter sleep duration and

more sleep problems from age 12 to age 15 years (Maume

2013). In addition, Johnson et al. (2004) found that ado-

lescents who watched 3 or more hours of television per day

were at much higher risk than their peers of experiencing

sleep problems by early adulthood. Further, adolescents

who reduced their television watching from 1 h or longer

to less than 1 h per day experienced a notable reduction in

later sleep problems. Among Japanese adolescents, mobile
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phone use after ‘‘lights out’’ is associated with a host of

sleep indices, including shorter sleep duration, poorer sleep

quality, excessive daytime sleepiness, and insomnia

symptoms (Munezawa et al. 2011). In a longitudinal study

of Belgian adolescents, mobile phone use for sending/

receiving calls or text messages after ‘‘lights out’’ was

associated with at least a twofold risk of self-reporting

feeling very tired 1 year later (Van den Bulck 2007).

However, not all studies support the conclusion that media

use increases risk for sleep problems in adolescents and

emerging adults. A recent study of 942 college students

found sleep problems (but not sleep duration) to predict

increased time spent watching television and using social

networking websites 1 year later but did not find evidence

of television/social networking use predicting later sleep

problems (Tavernier and Willoughby 2014). Given these

unidirectional findings the authors concluded that

‘‘emerging adults appear to seek out media as a means of

coping with their sleep problems’’ (Tavernier and Wil-

loughby 2014).

It is clear that more research is needed to better under-

stand the association between electronic media use and

adolescent sleep. In their review of this topic, Cain and

Gradisar (2010) outline several possible mechanisms that

may explain the negative impact electronic media use has

on youth’s sleep functioning, including technology use

directly displacing sleep (including delaying bedtime or by

affecting other activities related to sleep hygiene such as

physical activity), bright lights from electronic screens

suppressing melatonin and in turn delaying youth’s circa-

dian rhythm, electromagnetic radiation from mobile phone

use delaying melatonin and impacting sleep architecture,

and electronic media use increasing physiological arousal.

Each of these possibilities deserves more empirical scru-

tiny, with a particular need for studies that use longitudinal

and experimental designs to examine developmental pro-

cesses and mechanisms. For example, in a recent experi-

mental study, King et al. (2013) found ‘‘prolonged’’ video-

gaming (150 min) to have a negative impact on both

objective and subjective sleep indices in comparison to

‘‘regular’’ video-gaming (50 min), even when bedtime was

kept the same in both video-gaming conditions (i.e., the

prolonged video-gaming did not result in a later bedtime).

Despite finding differences in sleep functioning, the

investigators did not find teens in the prolonged or regular

video-gaming conditions to differ in their heart rates,

suggesting that physiological arousal may not be the

mechanism linking technology use and sleep difficulties

(King et al. 2013). However, this study consisted of only 17

participants and only included boys who had no current

sleep difficulties, further underscoring the need for much

more research in this area. Furthermore, studies have yet to

examine how other important factors such as parent limit-

setting or peer functioning (e.g., loneliness, popularity)

may attenuate or exacerbate the association between teens’

electronic media use and sleep functioning.

Homework, Employment, and Extracurricular Activities

Multiple studies have shown that time spent on homework

is negatively associated with sleep duration. For instance,

Zhou et al. (2012) found more time spent doing homework

on both weekdays and weekends to be significantly asso-

ciated with poorer sleep in Chinese adolescents. Time spent

studying each night is also associated with less daily sleep,

and a greater difference between sleep obtained on school

nights versus non-school nights among adolescents in the

US (Fuligni and Hardway 2006). Time spent on school-

work is also associated with the persistence of shortened

sleep among US adolescents (Roberts et al. 2011). Longi-

tudinally, Maume (2013) found hours spent on homework

during sixth grade (approximately age 12) to be associated

with shorter sleep duration at age 15 years. These findings

are perhaps not surprising given the increasing academic

and homework demands that often accompany the transi-

tion to middle school, with 16–18-year olds spending

anywhere from 10 to 65 h per week on homework (Ko-

uzma and Kennedy 2002). Of note, among youth in the US,

the association between time spent on homework and sleep

duration appears to be limited to adolescents, with no such

association present in childhood (Adam et al. 2007). In

contrast, recent research shows time spent on homework to

be associated with shorter sleep duration among school-

aged children in China (Sun et al. 2014). Indeed, adoles-

cents in the US spend less time doing homework than

adolescents in other industrialized countries (Larson 2001),

suggesting that cultural factors may be important to con-

sider when examining how time spent on various activities

impacts teens’ (and children’s) sleep functioning. Further,

time spent on homework may increase adolescents’ stress

and depressive symptomatology (Kouzma and Kennedy

2002; Leone and Richards 1989), which may in turn further

impact sleep functioning.

In addition to time spent on homework, having a part-

time job in adolescence is associated with reduced sleep

duration and more sleep problems (Bachman and Schu-

lenberg 1993; Maume 2013; Safron et al. 2001; Vinha et al.

2002). For example, a series of studies conducted with

adolescents in São Paulo, Brazil showed employment to be

a significant predictor of shorter sleep duration, poorer

sleep quality, greater daytime sleepiness, and a greater

sleep rebound (i.e., extended sleep duration) on weekends

(Fischer et al. 2008; Teixeira et al. 2004a, b; 2007). In a

study conducted by a different research team, weekend

employment was linked to less total sleep time (due to

earlier wake times), with each hour of paid work
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corresponding to a quarter-hour reduction in weekend sleep

obtained (Adam et al. 2007). College students who work

20 h or more each week also obtain less sleep than their

peers working less than 20 h per week (Miller et al. 2008),

demonstrating the association between employment and

reduced sleep to extend into late adolescence.

Amount of time spent on extracurricular activities (e.g.,

sports, clubs) is also associated with the persistence of

shortened sleep in US adolescents (Roberts et al. 2011). In

a study of 713 high school students in Greece, time spent

on both school-related activities (e.g., tutoring) and extra-

curricular activities were each significantly associated with

shorter sleep duration (Lazaratou et al. 2005). Similarly,

greater time spent on extracurricular activities and

employment is associated with obtaining less sleep in New

Zealand adolescents, with adolescents spending 5 or more

hours on extracurricular/employment activities being more

likely to have a shortened sleep duration (Dorofaeff and

Denny 2006). However, before concluding that extracur-

ricular activities are indeed detrimental for adolescents’

sleep functioning, it is important to note that extracurric-

ular activities may have a protective effect. In a sample of

over 100,000 Japanese adolescents, adolescents not par-

ticipating in an extracurricular activity were at higher risk

for experiencing insomnia in comparison to adolescents

who did participate in an extracurricular activity (Kaneita

et al. 2006). Clearly, more research is needed to identify

the circumstances or factors that contribute to extracur-

ricular activity use having either a protective or detrimental

impact on adolescent sleep. For instance, perhaps there is a

threshold at which extracurricular activities shift from

being advantageous to instead being detrimental. Likewise,

increased specificity is needed to determine if certain

activities (e.g., sports, arts) or settings (e.g., school vs. non-

school activities) confer distinct risks or benefits for ado-

lescent sleep. Also, if participation in extracurricular

activities requires adolescents to stay up late doing home-

work or serves as a catalyst negative peer involvement, the

beneficial effects of extracurricular activities may be

reduced or negated (see Eccles et al. 2003).

Furthermore, although studies show a correlation

between sleep functioning and time spent on various

demands that often increase (e.g., homework) or begin

(e.g., employment) in adolescence, few longitudinal or

experimental studies exist that can help establish temporal

ordering and causality. This is an important area for future

research, as US adolescents commonly report homework

(47 % of adolescents), after school sports (24 %), and

having a part-time job (21 %) as factors that contribute to

insufficient sleep (Noland et al. 2009). In addition, there is

a need for studies to examine moderators and mediators of

the relations of time spent doing homework, employed

work, and extracurricular activities with sleep functioning.

For example, does caffeine use mediate the association

between time spent on homework or at work and sleep?

What is the trade-off of devoting time to homework versus

time spent doing other activities such as watching televi-

sion or physical activity? Does it matter if homework is

completed immediately after school or immediately prior

to bedtime? Do family or socioeconomic factors exacerbate

associations in determining which youth seek out part-time

employment and how much time is spent working each

week? Are associations moderated by school and cultural

factors that may vary in their expectations and pressures

related to studying, homework, and academic achievement,

thus contributing to greater overall stress and sleep diffi-

culties? These are just a few of the questions that await

empirical investigation.

School Start Time

School start time has been recognized as an important

factor in understanding the sleep of adolescents (see Kirby

et al. 2011; Owens and Adolescent Sleep Working Group

2014, for reviews). In fact, while this article and Special

Issue were being prepared, the American Academy of

Pediatrics released a policy statement recommending that

middle and high schools delay the start of class to 8:30 a.m.

or later (American Academy of Pediatrics 2014). A size-

able body of research finds earlier school start times to be

associated with adolescents obtaining less sleep, exhibiting

increased daytime sleepiness, and being more frequently

tardy to school (Carrell et al. 2011; Carskadon et al. 1998;

Dexter et al. 2003; Edwards 2012; Hansen et al. 2005;

Owens et al. 2010; Wahlstrom et al. 2014; Wolfson et al.

2007; Zhou et al. 2012). Lufi et al. (2011) showed that

middle school students showed improved attention and

decreased impulsivity when school start time was delayed

by 1 h. Owens et al. (2010) also found that adolescents

showed improved mood and greater motivation after a later

school start time was implemented. Similarly, Wahlstrom

et al. (2014) recently found in a longitudinal, multi-site

study in the US, that a school start time of 8:35 a.m. or later

was associated with adolescents obtaining better grades as

well as performing better on state and national achievement

tests. Importantly, studies indicate that later school times

are associated with greater sleep duration specifically

because adolescents report getting up later in the morning

(i.e., bedtime is not varying as a function of school start

time) (Wolfson et al. 2007).

In a landmark study on the impact of school start time in

relation to adolescent sleep and developmental outcomes,

Danner and Phillips (2008) examined the sleep habits of all

high school students in a large school district in Kentucky

before and after the school district initiated 1-h change in

school start time (7:30 a.m. start time changed the
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following year to 8:30 a.m.). The average hours of nightly

sleep increased in the year following the change in school

start time, and the percentage of students obtaining at least

8 h of sleep per night increased from 35.7 % to 50.0 %. In

addition, state-collected county level automobile collision

data before and after the change in school start time and

showed a 16.5 % drop in crash rates for adolescent drivers.

In contrast, teen crash rates in the rest of the state (where

school start times were unchanged) increased 7.8 % over

the same time period.

Studies conducted outside of the US also shed light on

this issue. In Australia, where secondary schools start

around 8:30 a.m., adolescents obtain an average of 47 more

minutes more sleep per night than their US counterparts

where secondary schools typically start around 7:45 a.m.

(Short et al. 2013) and sometimes before 7:30 a.m.

(Wolfson and Carskadon 2005). However, it is difficult to

know the exact contribution of school start time specifi-

cally in increasing the sleep duration of Australian teens

since Australian adolescents are also more likely to have a

parent-set bedtime and spend less time on extracurricular

commitments than adolescents in the US (Short et al.

2013). Nonetheless, the difference in school start times

points to at least one of the likely contributors to Australian

adolescents obtaining more sleep than adolescents in the

US. In addition, a study of Croatian adolescents provides

additional evidence of the effect of school schedule on

youth’s sleep patterns (Košćec et al. 2014). Due to a lack of

school space to accommodate all students simultaneously,

most schools in Croatia have students on alternating

schedules whereby students attend classes in the morning

for 1 week and then in the afternoon the next week. Using

this naturally-occurring two-shift schedule, Košćec et al.

(2014) found that all youth (regardless of chronotype)

delayed their bedtimes and wake times when in the after-

noon versus morning school schedule. However, youth

with an evening chronotype (as opposed to a morning or

intermediate chronotype) showed the greatest irregularity,

obtaining almost 2 fewer hours of sleep per night when on

the morning school schedule than the afternoon school

schedule.

Together, these studies speak to the importance of

school start times when examining—and seeking to

improve—adolescent sleep. Still, there is a dire need for

more research in this area. In particular, studies to date

have primarily compared youth in schools with different

start times or compared youth’s functioning before and

after a change in school start time. While clearly instru-

mental, the lack of experimental research in this area

makes it difficult to establish definitive causal claims

(however, see Carrell et al. 2011, for a compelling example

supporting a causal link). Furthermore, studies have yet to

consider potentially important moderators, such as pubertal

status, chronotype, participation in extracurricular activi-

ties, and socioeconomics. Despite a preponderance of

evidence that supports later school start times for American

adolescents (American Academy of Pediatrics 2014), the

systemic changes required to modify middle and high

school start times are complicated by significant logistical,

financial, and practical considerations (Wahlstrom 2002;

Wolfson and Carskadon 2005). Further clarifying the

impact of school start times on adolescents and identifying

the systemic issues that impact public policy decisions

regarding school start times is a topic well-suited to a range

of research methodologies including qualitative and par-

ticipatory action research alongside observational and

experimental studies. Indeed, the issue of school start times

is an excellent example of how research in adolescent sleep

can be ultimately important for informing and guiding

public policy.

Neighborhood and Community Factors

In addition to the school context, the broader community

and neighborhood context is also important to consider

when examining predictors and consequences of insuffi-

cient or inadequate sleep in adolescence. Several studies

demonstrate community violence to be linked to poorer

sleep in adolescence (Cooley-Quille and Lorion 1999;

Lepore and Kliewer 2013). In a sample of almost 500

seventh-grade youth, community violence exposure was

associated with lower GPA directly but also indirectly via

sleep problems (Lepore and Kliewer 2013). Adolescents

who obtain less than 8 h of sleep per night are concurrently

more likely than their peers to report carrying a weapon to

school, missing school due to feeling unsafe, being threa-

tened or injured with a weapon at school, and being bullied

at school (Hildenbrand et al. 2013). Longitudinal data also

speak to the link between sleep problems and adolescents

carrying or using weapons. In a large sample of inner-city

African American adolescents, Umlauf et al. (2011) found

traumagenic-related sleep problems (i.e., difficulty sleeping

or experiencing nightmares due to bad things happening to

a family member or friend) to be longitudinally associated

with carrying, brandishing, and using a knife or gun, as

well as endorsing aggressive and violent attitudes in

response to disrespect or personal affront, even after con-

trolling for exposure to violence and traumatic stress. In

addition, seeing someone cut, stabbed, or shot, alcohol use,

worry, and internalized anger were each longitudinally

associated with sleep disturbance (Umlauf et al. 2011).

These findings point to the likely bidirectional associa-

tions between community violence and sleep problems.

Indeed, sleep disturbance is a common sequela of com-

munity violence and other traumatic exposure, with both

traumatic nightmares and general sleep disturbance
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identified as symptoms of posttraumatic stress disorder

(PTSD) (American Psychiatric Association 2013; Char-

uvastra and Cloitre 2009). Moreover, just as sleep problems

may be implicated in the developmental psychopathology

of delinquency, there is increasing evidence that trauma

exposure and posttraumatic stress symptoms are also

associated with juvenile delinquency (Becker and Kerig

2011; Moore et al. 2013). Multiple mechanisms are likely

implicated in the association between violence exposure

(either in the home or in the community) and adolescent

delinquency (Kerig and Becker 2010, 2015), but studies

have yet to separate out sleep disturbances from other

symptoms of PTSD when examining the link between

trauma/PTSD and delinquency or other antisocial behav-

iors. Given the findings summarized above linking sleep to

carrying/using a weapon (Hildenbrand et al. 2013; Umlauf

et al. 2011), as well as other studies showing short sleep

duration to be associated with violence towards others,

truancy, and a criminal record for theft (Yen et al. 2010), it

would behoove researchers to consider the specific role of

sleep problems as one possible mechanism linking trauma

and violence exposure to delinquency and other external-

izing behaviors. Indeed, there is preliminary cross-sec-

tional evidence suggesting that sleep problems may

account for the link between community violence and

delinquency in at-risk Latino adolescents (Rubens et al.

2014). Longitudinal studies, as well as studies that simul-

taneously consider multiple mediators, are needed to fur-

ther clarify and extend these findings.

Cultural Factors

In addition to the school, neighborhood, and community

factors discussed above, it is likewise important to consider

the macrosystem of the broader cultural context when

seeking to develop an integrated model of sleep in ado-

lescence. For example, afternoon napping is common in

some cultural contexts (e.g., Italy, Greece) and may help

adolescents in those cultures obtain more sleep over a 24-h

period (e.g., Lazaratou et al. 2005; Manni et al. 1997).

Since the beneficial or detrimental effects of napping on

adolescents’ daytime functioning and nighttime sleep

remains unclear (Fukuda and Ishihara 2002; Lemos et al.

2014), both cross-cultural and within-cultural studies

would be informative by comparing nappers to non-nap-

pers from the same cultural context as well as from dif-

ferent cultural contexts. Another cultural variation in sleep

pertains to cosleeping. In Egyptian families for whom co-

sleeping is often normative, Worthman and Brown (2007)

found that sleeping arrangements were ‘‘culturally pat-

terned’’ (p. 132) whereby, among other findings, increased

rates of solitary nighttime sleep were associated with

greater sleep problems in adolescence and young

adulthood. The authors speculate that ‘‘lack of an accus-

tomed sleeping partner removes a behavioral, psychologi-

cal, and physiological entrainer that can be particularly

important for adolescents’’ (p. 133). Further investigation is

warranted to examine the nuances of these cultural systems

and their implications for adolescent sleep.

Finally, sleep duration varies across continents which

may be due to differing cultural norms and expectations for

adolescents. In a nationally representative sample of

136,589 high school students in South Korea (ages

13–18 years), 43 % reported a daily sleep duration of

fewer than 6 h and only 7 % reported obtaining 8 or more

hours of sleep (Do et al. 2013). Another study of South

Korean adolescents found that total sleep time decreased

by approximately 3 h from fifth to twelfth grade, with the

average school-night sleep duration being only 4.86 h

among twelfth grade students (Yang et al. 2005). These

studies are in line with a meta-analysis examining geo-

graphic differences in sleep duration among adolescents

from 23 countries, which found adolescents from Asian

countries to sleep 40–60 min less on school nights than

adolescents from the US, who in turn sleep 20–60 min less

on school nights than adolescents from Europe or Australia

(Olds et al. 2010). However, the extent to which these

cultural differences in sleep duration moderate associations

of sleep with long-term adjustment remains unknown.

Bit by Bit, Putting it Together

In Stephen Sondheim’s (Sondheim 1984) Sunday in the

Park with George, the Pulitzer Prize-winning musical

inspired by Georges Seurat’s famous painting, the title

character offers a commentary on the difficulties of creat-

ing art, singing at one point that it occurs ‘‘bit by bit,

putting it together.’’ This phrase is likewise fitting for the

study of sleep in adolescence. As is clear from the prolif-

eration of research in this area, there are undoubtedly

numerous factors that influence adolescents’ sleep just as

there are numerous ways sleep impacts adolescents’

development and adjustment. The aim of this article is to

further lay the groundwork for an increasingly integrated

approach to the study of sleep in adolescence, considering

biological maturation alongside the unique psychosocial

and contextual challenges that teens face. Certainly, this is

not a new notion and much progress has already been made

toward this goal. Nonetheless, considerable efforts and

resources will still be needed to further advance an inte-

grated understanding of sleep in adolescence, and as with

most research endeavors it will almost certainly occur bit

by bit.

Indeed, although a broad swath of research findings

were summarized above, the review was not intended to be

comprehensive in either its depth or scope. Rather, we
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sought to illustrate some of the causes and consequences of

adolescent sleep difficulties as well as to highlight some of

the most recent findings in this area. Nonetheless, in order

to limit the scope of this article we were unable to discuss

sleep disorder diagnoses or several important research

areas that are connected to adolescent sleep, including

obesity (Guidolin and Gradisar 2012; Hart et al. 2011),

caffeine use (Bartel et al. 2014; Roehrs and Roth 2008), the

hypothalamic–pituitary–adrenal (HPA) axis and associated

cortisol awakening response (CAR) (Elder et al. 2014),

cognition and memory (Beebe 2011; Kopasz et al. 2010),

and potential moderating factors such as sex and race/

ethnicity (Gregory and Sadeh 2012; Olds et al. 2010).

These too are clearly important areas for ongoing empirical

attention and several articles in this Special Issue focus on

these topics.

Given the complexity inherent to the model outlined

above, we now turn to ADHD as a specific topic that could

certainly be informed by such a model. By providing an

exemplar of how the proposed model may be applied to a

specific population, we provide concrete examples of how

the model can inform research questions that will advance

the knowledge ‘‘bit by bit’’ while at the same time hoping

to encourage investigators to consider how the proposed

model may relate to their own areas of interest.

Sleep and ADHD

Before launching into how the study of sleep and ADHD

may benefit from the biopsychosocial and contextual

model described herein, it is important to note that inade-

quate or insufficient sleep is associated with greater

attentional problems in typically developing youth (and for

some youth, overactivity as well). The interest in the

effects of sleep on attention—and possible overlap with

ADHD—is longstanding. Almost 20 years ago, Dahl

(1996) observed that ‘‘numerous clinicians and clinical

investigators have commented on how some sleep deprived

children can manifest cognitive and behavioral changes

that mimic attention deficit hyperactivity disorder

(ADHD)’’ (p. 44). Interest in this possible overlap has

hardly abated over the last two decades, with a recent

professional article referring to the correlation between

children’s bedtime practices/routines and ADHD medica-

tion use as ‘‘faux-ADHD’’ (Pressman and Imber 2011) and

a New York Times article titled ‘Diagnosing the Wrong

Deficit’ asking, ‘‘What if a substantial portion of [ADHD]

cases are really sleep disorders in disguise?’’ (Thakkar

2013).

Many observational and experimental studies of typi-

cally developing children have documented a significant

association between poorer sleep functioning and higher

levels of inattention (e.g., Aronen et al. 2000; Becker 2014;

Fallone et al. 2005; Paavonen et al. 2009). Although not as

much work has been completed with adolescent samples,

findings seem to converge with studies conducted in chil-

dren. For example, in a cross-sectional study of 384 ado-

lescents, 84 % reported that obtaining inadequate sleep

(defined as fewer than 9 h on most school nights) con-

tributed to having more difficulties paying attention (No-

land et al. 2009). In a prospective, population-based cohort

study of youth in Australia, sleep problems in toddlerhood

were strongly associated with inattention at age 14

(O’Callaghan et al. 2010). Similarly, in an 11-year longi-

tudinal study of 490 adoptive and nonadoptive (biological)

youth in the US, sleep problems in toddlerhood predicted

attention problems in adolescence, even after controlling

for attention problems in toddlerhood (Gregory and

O’Connor 2002). Interestingly, attention problems in tod-

dlerhood also predicted sleep problems in adolescence after

controlling for toddlerhood sleep problems (Gregory and

O’Connor 2002), suggesting a bidirectional association

between sleep problems and inattention in youth.

Experimental studies provide further evidence that poor

sleep has a negative impact on adolescents’ attention. For

example, in a sample of children and adolescents (ages

8–15 years), sleep restriction (4 h of sleep during an

overnight laboratory visit) was associated with greater

inattentive behaviors but not greater hyperactivity–impul-

sivity, although sleep restriction did not affect laboratory

tests assessing sustained attention or response inhibition

(Fallone et al. 2001). More conclusively, Beebe et al.

(2008) implemented an at-home experimental sleep

restriction protocol in 19 typically developing adolescents

(ages 13–16 years). The sleep protocol consisted of three

conditions that each lasted 1 week: baseline, shortened

sleep (weekday nights limited to 6.5 h in bed), and

extended sleep (weekday nights extended to 10 h in bed).

Among other findings, adolescents displayed more parent-

and self-reported problems with attention during the

shortened sleep week in comparison to the extended sleep

week. These experimental findings are important for

demonstrating a causal link between inadequate sleep and

inattention. Taken together, these studies show inadequate

or poor quality sleep to be associated with attentional dif-

ficulties in typically developing youth. However, these

studies do not address mechanisms, predictors, or conse-

quences of sleep problems in youth diagnosed with ADHD.

The linkages between sleep and DSM-defined ADHD

are complex and are thoroughly considered in several

reviews (Gruber 2009; Kirov and Brand 2014; Stein et al.

2012; Yoon et al. 2012). What is clear is that sleep prob-

lems are considerably more common in individuals diag-

nosed with ADHD in comparison to the general population,

with approximately 30 % of children and 60 % of adults
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with ADHD exhibiting significant sleep problems (Yoon

et al. 2012). A diagnosis of ADHD is associated with a

wide-range of sleep problems but is most consistently

linked with inadequate sleep duration, poor sleep quality,

and daytime sleepiness (Cortese et al. 2009; Gruber 2009).

The association between ADHD and sleep problems has

been documented for several decades, with restless sleep

even included as a symptom of Attention Deficit Disorder

in the Third Edition of the DSM (American Psychiatric

Association 1980). Importantly, although stimulant medi-

cation use may impact sleep onset and sleep duration

(Kirov and Brand 2014), some studies find no differences

in sleep functioning among medicated versus non-medi-

cated youth with ADHD (e.g., Becker et al. 2014; Moreau

et al. 2014) and other studies show that youth with ADHD

who are not taking stimulant medications continue to have

significantly higher rates of sleep problems in comparison

to their peers (Cohen-Zion and Ancoli-Israel 2004; Stein

et al. 2012). Accordingly, the high prevalence of sleep

problems in youth with ADHD is not solely an artifact of

stimulant medication use.

Remarkably little is known about how sleep problems

contribute to the functioning of adolescents with ADHD or

why prevalence rates are so high. In fact, the most recent

meta-analysis examining the sleep functioning of youth

with ADHD in comparison to typically developing youth

identified only three studies with participants above age

14 years, with all three of these studies using a cross-sec-

tional design (Cortese et al. 2009). In identifying the need

to spur research in this area, a multidisciplinary group of

experts in sleep and ADHD was recently formed to develop

a consensus working group report to guide future research

on sleep and ADHD (Owens et al. 2013). This group

developed a list of key future research questions which

included: (1) How might an enhanced understanding of the

interrelationships among systems help elucidate neural

mechanisms linking attention, sleep–wake regulation, and

behavior?; (2) What is the relative impact of naturalistic

sleep curtailment commonly experienced by middle and

high school students on the functioning of children with

ADHD compared to typically developing children?; and

(3) Are children with ADHD more vulnerable to the effects

of sleep loss? (see Owens et al. 2013). We posit that a

biopsychosocial and contextual framework is well-posi-

tioned to help answer these questions and advance what is

currently known about the interrelations of sleep and

ADHD in adolescence.

Applying a Biopsychosocial and Contextual Model

to the Study of Sleep and ADHD

In addition to biologically-based structures and networks

described below that can shed light on the associations

between inadequate sleep and ADHD (as well as attention

problems more broadly), adolescents with ADHD experi-

ence a host of functional impairments that often extend to

multiple domains of functioning. For example, compared

to their peers, adolescents with ADHD experience higher

rates of family conflict (Deault 2010), peer problems

(Gardner and Gerdes 2013), academic failure (DuPaul and

Langberg 2014), comorbid mental health problems (Larson

et al. 2011), substance use (Lee et al. 2011), and driving

citations/crashes (Barkley et al. 1996). As discussed above,

sleep is also related to each of these functioning domains.

Given these wide-ranging impairments, in addition to the

possibly overlapping neurophysiological processes, ado-

lescents with ADHD are an ideal population in which to

study the causes, correlates, and consequences of sleep

problems in adolescence. Further, studies including ado-

lescents with and without ADHD (as well as adolescents

with subclinical ADHD symptoms; see Cicchetti and

Rogosch 2002; Sibley et al. 2012) are especially well-

suited for examining psychosocial and contextual factors

that intersect with adolescents’ sleep functioning. A few of

these factors are discussed next in order to demonstrate

how considering psychosocial and contextual factors can

advance our understanding of sleep in adolescents with

ADHD, a population of youth at heightened risk for

experiencing significant sleep difficulties.

Example Biological Factors

Studies comparing objective sleep indices between youth

with and without ADHD have yielded mixed findings, but

there is converging evidence that the sleep problems and

patterns of youth diagnosed with ADHD do appear to be

different than their peers (Cortese et al. 2009; Kirov and

Brand 2014). For example, although no differences were

found in overall sleep architecture, a meta-analysis of

studies using objective measures of sleep found that, in

comparison to typically developing youth, children with

ADHD had longer sleep onset latency [as measured with

actigraphy but not with polysomnography (PSG)], lower

sleep efficiency (based on PSG but not actigraphy),

shorter true sleep time (based on actigraphy), a greater

number of sleep stages/shifts per hour (based on PSG),

shorter time to fall asleep during the Multiple Sleep

Latency Test (MLST; indicating greater daytime sleepi-

ness), and a higher apnea-hypoapnea index (Cortese et al.

2009). In addition, the lack of consistent findings per-

taining to sleep architecture may be due to youth with

ADHD differing from typically developing children in the

developmental trajectory of rapid eye movement (REM)

sleep (so-called ‘‘active sleep’’). Specifically, prior to age

10, youth with ADHD display less REM sleep than their

peers, but this trend reverses around the transition to
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middle school, as adolescents with ADHD display sig-

nificantly more REM sleep than age-matched controls

(Kirov and Brand 2014). Although the reasons for and

implications of this developmental difference is unknown,

Kirov and Brand (2014) suggest that ‘‘a pathological

maturation of REM sleep may signify sleep pattern in

ADHD’’ (p. 291) and have implications for learning,

memory, and emotion regulation. Studies that longitudi-

nally examine these sleep parameters in typically devel-

oping adolescents as well as adolescents with clinical and

subclinical ADHD would be optimal for understanding

how sleep functioning fits within the developmental psy-

chopathology of ADHD.

Relatedly, the same brain regions that modulate sleep

are implicated in prominent theories of ADHD. As sum-

marized by Owens et al. (2013), ‘‘the cortical and brain

stem regions involved in the regulation of arousal and

attention and the most sensitive to sleep deprivation are

also among the major sites implicated in the pathophysi-

ology of ADHD’’ (p. 555). In the frontal lobes, the PFC

shows the greatest change as individuals transition from

waking to sleeping states (Braun et al. 1997) and is thus

particularly vulnerable to sleep loss (Curcio et al. 2006;

Muzur et al. 2002). As noted above, the PFC is also

implicated in risk taking behaviors (Telzer et al. 2013). The

PFC (as part of the frontoparietal control network) also

mediates executive functions (EF) that are responsible for

self-regulation and purposeful, goal-directed behavior

(Banich 2009; Pennington and Ozonoff 1996). Indeed,

sleep problems among youth are associated with increased

EF deficits across both observational (Anderson et al. 2009;

Moreau et al. 2013) and laboratory (Gruber et al. 2011;

Sadeh et al. 2003) studies. In adolescents specifically,

Anderson et al. (2009) found that typically developing

adolescents classified with excessive daytime sleepiness

had poorer parent-reported EF in comparison to adoles-

cents without excessive sleepiness, with sleepiness most

strongly associated with poorer functioning in the meta-

cognitive facets of EF such as planning/organization,

monitoring, working memory, and initiation. Although not

universal, many youth with ADHD experience EF deficits

(Willcutt et al. 2005). Moreover, the metacognitive EF

domains associated with daytime sleepiness in the Ander-

son et al. (2009) study of typically developing youth are the

same EF domains most strongly linked to poorer academic

functioning among adolescents with ADHD (Langberg

et al. 2013). Hence, it is possible that the association

between sleep problems and academic functioning is

mediated by metacognitive EF deficits. The added presence

of sleep problems may make adolescents with ADHD

particularly susceptible to greater EF deficits, in turn

leaving these youth at particular risk for academic

impairments.

In addition, the default mode network—consisting of

areas of the brain that are more active during rest than

during attention-demanding tasks—is implicated in a range

of mental health disorders (Broyd et al. 2009; Whitfield-

Gabrieli and Ford 2012), including recent theories of

ADHD (Sonuga-Barke and Castellanos 2007). It is

hypothesized that the attentional lapses characteristic of

ADHD (e.g., reaction time variability; Tamm et al. 2012)

may be attributable to inadequate or decreased suppression

of the default mode network during cognitive tasks (Broyd

et al. 2009; Castellanos et al. 2005). Of note, altered

coherence in the default mode network has been found in

individuals with ADHD (Castellanos et al. 2008; Fair et al.

2010) and in sleep deprivation studies with non-ADHD

youth (De Havas et al. 2012; Gujar et al. 2010), although

we are unaware of any study that has integrated these two

research areas. Does altered coherence in the default mode

network contribute to the increased rates of sleep problems

in samples of youth with ADHD? Conversely, does inad-

equate sleep impact the default mode network and lead in

turn to attention problems? Given the prevalence of sleep

problems in adolescence, studies during this developmental

period that compare the default networks of adolescents

with and without ADHD under conditions of optimal sleep,

typical sleep, and sleep deprivation would be tremendously

informative.

Example Psychosocial Factors

Family factors may uniquely contribute to the sleep prob-

lems of adolescents with ADHD. In particular, parents of

adolescents with ADHD describe their family environ-

ments as being less organized and structured and having

significantly greater family conflict in comparison to par-

ents of adolescents without ADHD (Deault 2010; Schroe-

der and Kelley 2009). Moreover, parents of adolescents

with ADHD are less likely to provide consistent and clear

structure surrounding house-rules and routines such as

bedtime (Deault 2010), and as reviewed above, adolescents

without consistent parent-set bedtimes obtain less sleep and

have greater daytime sleepiness than adolescents with

parent-set bedtimes (National Sleep Foundation 2006;

Noble et al. 2012; Short et al. 2011). Further, parenting

behaviors such as monitoring and rejection/hostility are

associated with delinquency (Hoeve et al. 2009), affiliation

with deviant peers (Claes et al. 2005; Galambos et al.

2003), and substance use (Burke et al. 2001; Dishion et al.

2004; Marshal et al. 2003), which in turn is likely to impact

sleep functioning. There is recent evidence to suggest that

parents’ knowledge of their adolescent’s activities and

whereabouts is associated with less delinquency and sub-

stance use for all teens but may be especially critical for

teens with ADHD (Walther et al. 2012). It is unknown,
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however, the degree to which family factors contribute to

the sleep problems commonly experienced by adolescents

with ADHD or whether such associations are moderated

or mediated by problem behaviors or a negative peer

group.

A second psychosocial factor that likely contributes to

the sleep problems of adolescents with ADHD is academic

functioning. Academic impairments are pervasive in ado-

lescents with ADHD (DuPaul and Langberg 2014).

Although sleep problems are clearly associated with aca-

demic problems in community-based samples (Shochat

et al. 2014), we are aware of only two studies that have

examined sleep and academics in adolescents diagnosed

with ADHD. First, Langberg et al. (2013) found self-

reported daytime sleepiness to be significantly associated

with parent- and teacher-rated academic functioning such

as homework problems, overall academic impairment, and

academic competence. However, this study was cross-

sectional and evaluated only one aspect of sleep function-

ing. In addition, the sample was an early adolescent sample

(Mage = 11.9) and studies following the developmental

trajectory of sleep problems suggest that difficulties with

daytime sleepiness continue to increase in severity during

and after the transition to high school (Fredriksen et al.

2004; Shinkoda et al. 2000). Accordingly, it is likely that

daytime sleepiness would have an even more detrimental

impact on academic functioning in an older sample of

adolescents with ADHD. In line with this possibility,

Langberg et al. (2014a) conducted the only longitudinal

study published to date focused on the relation between

daytime sleepiness and academic outcomes in adolescents

with ADHD. In a sample of 62 college students

(Mage = 19.5) rigorously diagnosed with ADHD, self-

report of daytime sleepiness longitudinally predicted

school problems and overall functional impairment as well

as the number of D and F grades received. Additional

analyses conducted with this college sample found evi-

dence for bidirectional associations whereby school mal-

adjustment longitudinally predicted daytime sleepiness,

and of note, this association was mediated by internalizing

symptoms and low locus of control specifically (Langberg

et al. 2014b). Of note, the series of studies conducted by

Langberg and colleagues included only adolescents with

ADHD, making it impossible to evaluate whether interre-

lations between sleep and functioning differed for adoles-

cents with and without ADHD. Nevertheless, the results of

these studies provide support for a potential longitudinal

relation between sleep and academic functioning in ado-

lescents with ADHD, and it is possible that high rates of

academic problems in youth with ADHD contributes to the

pervasive academic impairments experienced by this pop-

ulation, with bidirectional associations between sleep and

academics also likely.

A third important psychosocial factor to consider when

examining sleep in adolescents with ADHD is psychiatric

comorbidity, as co-occurring externalizing and internaliz-

ing mental health problems are highly prevalent among

adolescents with ADHD (Smalley et al. 2007). Several

recent studies (Accardo et al. 2012; Hansen et al. 2011,

2014) have found that youth with comorbid ADHD and

internalizing problems (i.e., anxiety, depression) have more

sleep problems than youth with ADHD alone, including

greater daytime sleepiness in addition to shorter sleep

duration and more frequent night awakenings. For exam-

ple, Moreau et al. (2014) found that youth with comorbid

ADHD and anxiety had the longest sleep onset delay,

shortest sleep duration, and greatest daytime sleepiness in

comparison to typically developing youth or youth with

ADHD alone. In addition, Sung et al. (2008) found

comorbid conduct problems to be a strong predictor of

sleep problems in youth with ADHD. Interestingly, Lycett

et al. (2014) recently found that it was not the presence of

either an internalizing or externalizing comorbidity but

rather the presence of both an internalizing and external-

izing comorbidity that was associated with increased sleep

problems among children with ADHD. In prospective

analyses conducted with the same sample, Lycett et al.

(2014) also found that the co-occurrence of both internal-

izing and externalizing comorbidities (as opposed to

internalizing or externalizing comorbidity alone) predicted

not only transient sleep problems but also the persistence of

sleep problems over a 1-year period. Taken together, these

findings point to comorbidity as an important risk factor for

increased sleep problems among youth with ADHD and

there is recent evidence to suggest sleep problems may

likewise contribute to comorbid symptoms in youth with

ADHD. Specifically, in a sample of 81 young adolescents

(ages 10–14 years) diagnosed with ADHD, sleep problems

predicted externalizing behaviors and depressive symptoms

(but not anxiety symptoms) 1 year later, even after con-

trolling for initial levels of comorbid symptoms (Becker

et al. 2014). Taken together, studies examining sleep and

comorbidity in ADHD samples point to potential bidirec-

tional associations. However, all of these studies were

conducted in school-aged children/young adolescents

(Becker et al. 2014; Hansen et al. 2011, 2014; Lycett et al.

2014a, b; Moreau et al. 2014) or in samples with a wide age

range (ages 5/6–18) (Accardo et al. 2012; Sung et al. 2008),

leaving it unclear how sleep and mental health are inter-

connected in youth with ADHD during middle and older

adolescence when rates of certain mental health problems

such as conduct disorder (Merikangas et al. 2010), sub-

stance use (Molina and Pelham 2003), and depression/

suicidal ideation (Hinshaw et al. 2012) are higher. Further,

aside from the recent 1-year longitudinal studies by Becker

et al. (2014) and Lycett et al. (2014a), all of the studies
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completed to date have been cross-sectional, leaving it

unclear if comorbidities predict increases in sleep problems

(and vice versa) over longer developmental periods or

whether comorbid mental health symptoms differentially

impact the sleep of adolescents with and without ADHD.

Example Contextual Factor

Homework difficulties are one contextual factor especially

relevant to adolescents with ADHD. A significantly higher

percentage of youth with ADHD experience homework

difficulties in comparison to typically developing youth (74

and 28 %, respectively; Coghill et al. 2008). Adolescents

with ADHD are more likely than their peers to fail to bring

home assignments, not know what was assigned, and pro-

crastinate in completing work (Power et al. 2006). Further,

when completing homework, adolescents with ADHD

often have difficulty staying on-task and rush through and

make careless mistakes (Power et al. 2001). Importantly,

parents report that most of these difficulties are concen-

trated during the late afternoon and evening hours leading

up to bedtime (Coghill et al. 2008). Further, homework

difficulties and conflict surrounding homework and study-

ing appears to contribute to the night-to-night variability in

sleep functioning (e.g., bedtime, sleep onset delay)

observed in youth with ADHD (Gruber and Sadeh 2004;

Gruber et al. 2000; Hvolby et al. 2008; Moreau et al. 2014).

This sleep variability may be due to ‘‘problematic nights’’

resulting from a combination of factors, including psy-

chosocial factors described above (i.e., family factors, high

rates of comorbid mental health conditions) in addition to

homework problems such as procrastination and homework

completion difficulties that negatively impact bedtime,

sleep latency, and sleep quality (Moreau et al. 2014). As

noted above, research in community samples has demon-

strated that a single instance of staying-up late to study

during the week can have a negative impact on functioning

in school the next day (Gillen-O’Neel et al. 2013). Con-

sidering the frequency with which adolescents with ADHD

experience significant homework problems, it seems likely

that homework completion difficulties could significantly

impact their sleep patterns, perhaps to a greater degree than

their peers.

Concluding Thoughts on the Interrelations of Sleep

and ADHD

The research and clinical relevance of the aforementioned

biological, psychosocial, and contextual factors seem clear.

However, it remains that these important biopsychosocial

and contextual factors have yet to receive adequate

empirical attention in adolescents with ADHD. Given the

range of factors that may be related to sleep functioning

and sleep variability in youth with ADHD, applying a

biopsychosocial and contextual framework to this area of

research would be instrumental in teasing apart what

mechanisms exert the strongest influence in the develop-

ment of sleep problems among youth with ADHD and

whether distinct developmental processes link sleep prob-

lems to adverse outcomes among teens with ADHD in

comparison to other teens.

In addition, we have touched on only some of the most

salient aspects of sleep and ADHD that warrant further

empirical investigation. Consistent with a developmental

psychopathology framework (Cicchetti and Rogosch

2002), there is a need for studies that do not simply com-

pare adolescents with and without ADHD in their sleep

functioning but seek to unearth the developmental pro-

cesses that lead to group differences in sleep functioning.

For example, a recent study of 75 children (ages 7–11) with

and without ADHD found that children with ADHD had a

stronger circadian evening preference in comparison to

other children (Gruber et al. 2012). Although this study

was conducted with school-age children it has clear

implications for examining sleep and ADHD in adoles-

cence. A stronger eveningness preference, especially when

occurring at a younger age than other youth, may put youth

with ADHD at even greater risk for negative correlates of

eveningness preference in adolescence including poor

academic performance (Short et al. 2013), increased sen-

sation seeking (Muro et al. 2012), and externalizing

behaviors (Susman et al. 2007). These possibilities point to

critical questions in need of empirical attention. For

instance, does ADHD confer unique risk for sleep prob-

lems or are sleep problems part and parcel of ADHD for at

least a subset of youth with ADHD and what are the roles

of neurobiology and sleep architecture in teasing apart

these possibilities? In addition, it is clear that sleep prob-

lems adversely affect the functioning of typically devel-

oping adolescents, so are associations in teens with ADHD

qualitatively different (with unique mechanisms and mod-

erators) or are associations simply quantitatively different?

Answers to questions such as these are critical for

informing models of sleep as they relate to both ADHD and

typical development in adolescence.

Overview of Special Issue Contributions

We now turn to the nineteen empirical studies included in

this Special Issue and briefly comment on their contribu-

tions, focusing in particular on how these studies are

informed by the biopsychosocial and contextual model of

sleep in adolescence proposed in this introductory article.

Three articles in this Special Issue focus on the identi-

fication of physical and physiological characteristics that
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may relate to both sleep and adjustment in adolescents and

college students. First, Peach et al. (2015) examined body

mass index (BMI) as a possible mediator of the association

between sleep problems and hypertension risk in a sample

of sixth grade students (ages 11–13 years). Interestingly,

sex-specific patterns emerged: whereas school-night sleep

duration, weekend night sleep duration, and daytime

sleepiness were each associated with boys’ BMI which was

in turn associated with hypertension risk; only daytime

sleepiness was associated with girls’ BMI and had a sig-

nificant indirect effect on hypertension risk. The study by

Jarrin et al. (2015) also focuses on obesity and found

sympathovagal imbalance to mediate the association

between poor sleep (and later sleep timing and sleep-dis-

ordered breathing in particular) and obesity indices in a

sample of 564 young adolescents (ages 10–12 years) at-

risk obesity. Shifting gears to the CAR, Sladek and Doane

(2015) used daily sleep diaries and actigraphy in college

students to examine the interrelations of sleep, loneliness,

and the HPA axis. The authors found that feeling more

socially connected was associated with more time spent in

bed and more time asleep for college students high in trait

loneliness but associated with a longer sleep onset latency

for students low in trait loneliness. In addition, for all

students (regardless of trait loneliness level), increases in

daily social connection were linked to an enhanced CAR

the next day, providing intriguing evidence that social

connection can influence college students’ sleep while also

promoting biological readiness for the next day’s activities.

These studies underscore the value and importance of

including biological measures in studies examining ado-

lescents’ sleep patterns and functioning. In addition,

although not focused on physical and physiological char-

acteristics, the Tavernier and Willoughby (2015) study in

this issue complements the Sladek and Doane (2015) study

by examining the bidirectional associations between sleep

problems and social connectedness. In a 3-year longitudi-

nal study of 942 university students Tavernier and Wil-

loughby (2015) found that sleep quality was prospectively

associated with more positive social ties and that this

association was mediated by emotion regulation. In addi-

tion, cascading processes emerged, as positive social ties

contributed to more effective emotion regulation which in

turn contributed to fewer sleep problems.

The next two articles both touch on an important psy-

chosocial domain: family functioning. Two large, nation-

ally representative samples of adolescents in Georgia

(N = 6,992) and Switzerland (N = 5,575), Vazsonyi et al.

(2015) tested whether sleep quality and quantity accounts

for the association between parental warmth and problem

behaviors (i.e., alcohol use, illegal drug use, deviant

behaviors). This hypothesis was largely supported and

results were remarkably consistent across the two samples,

pointing to the importance of positive parenting behaviors

for promoting sleep behaviors and in turn reducing risk for

engaging in problematic behaviors. Using a phone diary

interview methodology, Kuo et al. (2015) examined the

family context (in addition to school, work, and peer

contexts) in a sample of 246 Mexican-American adoles-

cents. The authors found that more time spent working, at

school, or with peers was associated with obtaining less

sleep. In addition, the authors found that conflict with

mothers (but not fathers) was associated with increased

sleep variability whereas intimacy with parents was not

associated with either sleep duration or sleep variability in

this sample. The authors propose some intriguing cultur-

ally-nuanced possibilities in discussing these findings,

including discussing how the role of mothers in traditional

Mexican-American families might interact with sleep

functioning.

The next group of articles broadly focuses on the

interrelations of sleep functioning with internalizing

symptoms and externalizing behaviors. Consistent with

previous research, Winsler et al. (2015) examined sleep in

a sample of over 27,900 students in 8th, 10th, and 12th

grades and found that, on average, students report obtain-

ing fewer than 7 h of sleep on weekdays, with high school

students (10th and 12th graders) obtaining an hour less of

sleep than middle school students (8th graders). Moreover,

obtaining just 1 h less of weekday sleep was associated

with increased odds of hopelessness, suicidal ideation,

suicide attempts, and substance use. These findings are

consistent with those of Pieters et al. (2015) who found that

sleep problems prospectively predicted increased substance

use, internalizing symptoms, and externalizing problems

1 year later in a sample of 555 adolescents (ages

11–16 years), even after controlling for baseline levels of

adjustment, age, sex, and pubertal development. Of note,

no evidence was found for reverse associations of sub-

stance use, internalizing symptoms, or externalizing prob-

lems predicting later sleep problems, with the exception of

alcohol use predicting increased sleep difficulties 1 year

later. Doane et al. (2015) also examined the bidirectional

association of sleep with internalizing symptoms. In a

three-wave, multi-method study using both actigraphy and

self-report ratings across the transition from high school to

college, subjective sleep quality predicted anxiety which in

turn predicted subsequent sleep problems. In contrast, ini-

tial levels of depressive symptoms in the spring of the

senior year of high school predicted increased subjective

sleep problems and actigraphy-measured sleep onset

latency and sleep start variability in the fall of the first year

of college. In considering these results alongside the find-

ings of Pieters et al. (2015), it is possible that a develop-

mental progression occurs whereby sleep problems confer

risk for depressive symptoms in early-to-mid adolescence
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whereas the presence of depressive symptoms in late

adolescence impacts subsequent sleep.

Intriguingly, Lemola et al. (2015) found electronic

media use before bed to be associated with teens’ depres-

sive symptoms, with reduced sleep duration accounting for

this association. Although the cross-sectional design pre-

cludes making causal inferences, these findings nonetheless

point to the importance of considering adolescent-salient

contextual factors when examining the concurrent and

longitudinal link between sleep and depression. The study

by Yip (2015) points to ethnic/racial discrimination as

another important factor for consideration, as adolescents

reporting high levels of ethnic/racial discrimination

(regardless of ethnic background) reported a decrease in

self-esteem and an increase in depressive symptoms over a

3-year period.

Four longitudinal studies point to the role of sleep

problems in understanding externalizing behaviors in

adolescence. First, Lin and Yi (2015) use three waves of

data from the Taiwan Youth Project to examine the con-

current and longitudinal associations of sleep problems

with conduct problems. Among other findings, the inves-

tigators found poor academic performance to longitudi-

nally mediate the association between short weekend sleep

and conduct problems. Second, Thomas et al. (2015) found

sleep functioning to remain relatively stable from early

childhood (age 2) through adolescence (age 15). In addi-

tion, although no direct association emerged between sleep

problems (at any age) and risk-taking in late adolescence

(age 18), some evidence was found for working memory (a

component of executive functioning) being a mechanism

linking adolescent sleep problems to risk-taking. These two

studies underscore the importance of both academic and

cognitive factors for understanding possible developmental

pathways linking sleep to adolescent behavior problems

and risk-taking. Third, Meldrum et al. (2015) found the

association between sleep problems and delinquency (a

latent factor comprised of substance use, non-violent

delinquent behaviors, and violent behaviors) to be medi-

ated by low self-control, even after accounting for prior

delinquency, neighborhood context, parenting practices,

unstructured peer socialization, and depression. Fourth,

using Add Health data, McGlinchey and Harvey, (2015)

found a late bedtime in adolescence (Mage = 16) to predict

cigarette use, alcohol abuse, illicit drug use, criminal

activity, and emotional distress 6 years later

(Mage = 21.8), with all but one of these associations

(alcohol abuse) still significant when controlling for par-

ent–child attachment and peer delinquency. In contrast to

some previous studies (e.g., Liu 2004; Winsler et al. 2015;

Wong and Brower 2012), the authors did not find sleep

duration in adolescence to increase risk for suicidality in

young adulthood, and there is clearly a need for more

longitudinal work in this area. The study by Barnes and

Meldrum (2015) also points to the importance of consid-

ering genetic and environmental factors. In their study of

monozygotic twin pairs in the Add Health sample, the

associations of sleep duration with several outcomes

including suicidal ideation, delinquency, and drug use were

reduced to non-significance when genetic and shared

environmental factors were accounted for in the model.

Importantly, the association between sleep duration and

lowered self-control and increased depressive symptoms

remained significant when accounting for genetic and

shared environmental factors. Although more studies are

certainly needed to replicate and extend these findings

(particularly given the cross-sectional design and limited

measurement of sleep and outcome domains), this study

offers an important reminder to researchers to not overstate

findings from any single study that is unable to consider all

potential confounds.

Studies by Kliewer and Lepore (2015) and Umlauf et al.

(2015) draw our attention to ways in which exposure to

violence can impact sleep functioning. Among 362 young

adolescents (ages 11–14 years) who witnessed or experi-

enced community violence, both victimization and wit-

nessing violence were longitudinally correlated with sleep

problems (Kliewer and Lepore 2015). However, path

modeling conducted using four measurement points over

an 18-month period indicated that witnessing violence (but

not victimization) reported at the first time-point was

associated with more social constraints in talking about

violence at the second time-point which was associated at

the third time-point with having more intrusive thoughts

related to the violence experienced. These intrusive

thoughts were associated with poorer sleep quality at the

final time-point. These findings provide compelling support

for the role of social-cognitive processes in understanding

how violence exposure can impact sleep functioning. In

another longitudinal study, Umlauf et al. (2015) extended

previous work with the Mobile Youth Survey (Umlauf

et al. 2011) by showing violence exposure and hopeless-

ness to have independent and multiplicative effects on

adolescent sleep trajectories, with trauma-exposed females

at particular risk for subsequent sleep problems related to

traumatic stress. These studies provide excellent examples

of integrating the community context into models of ado-

lescent sleep.

Finally, the study by Logan et al. (2015) examines

changes in sleep habits across adolescent pain rehabilita-

tion. Not only did sleep habits improve over the course of

rehabilitation treatment (with continued improvements at a

1-to-3-month follow-up), but better sleep habits at the end

of rehabilitation were correlated with lower pain intensity

ratings and also predicted global and school functioning at

follow-up. While this Special Issue has a theoretical focus
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on the development and consequences of sleep problems in

adolescence, this study is a reminder that work in this area

should ultimately be used to inform prevention and inter-

vention efforts, as well as public policy. This is critically

important and helps ensure that scientific endeavors are not

merely theoretical exercises but are ultimately useful for

fostering optimal development and improving the lives of

children and adolescents.

Conclusion

The articles included in this Special Issue together provide

an excellent example of how the study of sleep in adoles-

cence can be grounded in developmental science and a

developmental psychopathology framework. In line with

the developmental focus of the Journal of Youth and

Adolescence, manuscripts that were theoretically-grounded

and used a longitudinal design and/or large sample size

were especially well-suited for this Special Issue. None-

theless, it is important to note that the broader examination

of sleep in adolescence will continue to benefit from

studies using a range of methodologies, including multi-

informant perspectives, multi-method measurement of

sleep functioning (including laboratory-based measures),

and both clinical and nonclinical samples. Given the

amount of financial and other resources necessary for

executing longitudinal studies or studies using objective,

laboratory-based measures such as PSG, it is difficult for

any single study to be both longitudinal and multi-method

and also have an adequate sample size for testing devel-

opmentally-focused hypotheses (e.g., moderation, media-

tion, developmental cascades). In many cases, investigators

must work towards building certain strengths into their

study (e.g., representative sample, longitudinal design)

while acknowledging that this may in turn mean sacrifices

in other areas (e.g., limited measure of sleep functioning).

Ultimately, a range of studies using a multitude of meth-

odologies are needed to inform our understanding of sleep

in adolescence. Indeed, as noted above, although we have

already learned much about the development, importance,

and impact of sleep in adolescence, there is much that

remains to be understood. Studies using diverse method-

ologies and samples, including the studies included in this

Special Issue, will ensure that our understanding of sleep in

adolescence continues to advance ‘‘bit by bit.’’
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