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Sleep Disturbances in Adolescents with ADHD: A Systematic 
Review and Framework for Future Research

Jessica R. Lunsford-Avery, Ph.D.a,*, Andrew D. Krystal, M.D., M.S.a,b, and Scott H. Kollins, 
Ph.D.a

aDepartment of Psychiatry and Behavioral Sciences, Duke University Medical Center, 2608 Erwin 
Road Suite 300, Durham, North Carolina 27705

bDepartments of Psychiatry and Neurology, University of California San Francisco School of 
Medicine, 401 Parnassus Avenue, San Francisco, California 94143

Abstract

Background—Biological mechanisms underlying symptom and prognostic heterogeneity in 

Attention-Deficit/Hyperactivity Disorder (ADHD) are unclear. Sleep impacts neurocognition and 

daytime functioning and is disrupted in ADHD, yet little is known about sleep in ADHD during 

adolescence, a period characterized by alterations in sleep, brain structure, and environmental 

demands as well as diverging ADHD trajectories.

Methods—A systematic review identified studies published prior to August 2016 assessing sleep 

in adolescents (aged 10–19 years) with ADHD or participating in population-based studies 

measuring ADHD symptoms.

Results—Twenty-five studies were identified (19 subjective report, 6 using actigraphy/

polysomnography). Findings are mixed but overall suggest associations between sleep 

disturbances and 1) ADHD symptoms in the population and 2) poorer clinical, neurocognitive, and 

functional outcomes among adolescents with ADHD. Common limitations of studies included 

small or non-representative samples, non-standardized sleep measures, and cross-sectional 

methodology.

Conclusions—Current data on sleep in adolescent ADHD are sparse and limited by 

methodological concerns. Future studies are critical for clarifying a potential role of sleep in 

contributing to heterogeneity of ADHD presentation and prognosis. Potential mechanisms by 

which sleep disturbances during adolescence may contribute to worsened symptom severity and 

persistence of ADHD into adulthood and an agenda to guide future research are discussed.
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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD)1 is a common neuro-developmental 

disorder impacting approximately 7% of youth worldwide (Thomas, Sanders, Doust, Beller, 

& Glasziou, 2015). Despite its prevalence and impact on public health, the underlying 

biological mechanisms contributing to the development, variable clinical presentation, and 

course of ADHD across the lifespan are poorly understood (Tarver, Daley, & Sayal, 2014). 

Specifically, within ADHD samples, youth vary considerably in symptom manifestation, 

neurocognitive capability, and academic and social functioning (Heidbreder, 2015). In 

addition, the developmental trajectory and prognosis of ADHD is heterogeneous, with some 

individuals exhibiting persistence of ADHD into adulthood while others experience reduced 

severity or remission of symptoms over time (Faraone, Biederman, & Mick, 2006; Langley 

et al., 2010).

Sleep is a complex biological process with widespread effects on physical and mental health 

(Fernandez-Mendoza & Vgontzas, 2013; Sutton, 2014), neurocognitive performance 

(Durmer & Dinges, 2005; Fortier-Brochu, Beaulieu-Bonneau, Ivers, & Morin, 2012), and 

psychosocial functioning (Shochat, Cohen-Zion, & Tzischinsky, 2014) for individuals of all 

ages. Prior research has revealed that both self-reported and objectively-measured sleep 

disturbances are common and distressing phenomena experienced by individuals with 

ADHD (Cortese, Faraone, Konofal, & Lecendreux, 2009; Hvolby, 2015) and may increase 

ADHD symptom severity (Dahl, 1996). However, it is currently unclear how poor sleep may 

contribute to variable clinical, neurocognitive, and psychosocial presentations in ADHD, or 

to the developmental course and persistence of ADHD symptoms over the lifespan.

Importantly, relatively little is known about sleep among adolescents with ADHD. This is a 

significant gap in the literature, since adolescence is a developmental period characterized 

by significant normative changes in sleep and circadian rhythms and the brain structures and 

endocrine systems supporting their maintenance (Colrain & Baker, 2011; Darchia & 

Cervena, 2014). Adolescence is also associated with substantial increases in academic and 

social demands (Crockett & Crouter, 2014). The ability to undertake new challenges and 

succeed in these arenas is highly impacted by neurocognitive performance, which is also 

closely associated with sleep quality in adolescence (Carskadon, 2011). Finally, disparate 

developmental trajectories of ADHD may begin to diverge during adolescence (Halperin & 

Schulz, 2006), suggesting that deviations in biological processes occurring during this 

1Abbreviations
ADHD: Attention-Deficit/Hyperactivity Disorder (-C = Combined, -I = Inattentive, -H/I = Hyperactive/Impulsive presentations)
HC: Healthy Controls
NREM: Non Rapid Eye Movement Sleep
REM: Rapid Eye Movement Sleep
PLM: Periodic Leg Movements
PSG: Polysomnography
RLS: Restless Leg Syndrome
SDB: Sleep Disordered Breathing
SE: Sleep Efficiency (Percentage of time in bed spent asleep)
SOL: Sleep Onset Latency (Length of time to sleep onset)
SWS: Slow Wave Sleep
TIB: Time in Bed
TST: Total Sleep Time (Duration of sleep period)
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period may contribute to variable prognosis and clinical outcomes within the ADHD 

population. Given the significant alterations in sleep occurring during puberty, abnormalities 

in the normative developmental course of sleep changes in adolescence may have a profound 

impact on ADHD symptom trajectories.

Thus, it is plausible that disrupted sleep in adolescence is a biological mechanism 

contributing to the diverse clinical and neurocognitive presentations within ADHD as well as 

divergent developmental symptom trajectories in adolescence and adulthood. This review 

includes 1) an overview of sleep in ADHD and normative developmental changes in sleep, 

brain composition, and environmental demands during adolescence, 2) a systematic review 

of literature pertaining to sleep and ADHD in adolescent-specific samples, 3) a discussion of 

potential mechanisms by which sleep disturbances may contribute to ADHD symptom 

presentation and progression, and 4) a guide to further research in this important area.

Sleep Disturbances in ADHD across the Lifespan

Sleep problems occur in 25–55% of ADHD children (Corkum, Tannock, & Moldofsky, 

1998; Hodgkins et al., 2013; Hvolby, 2015), including longer sleep onset latency (SOL), 

frequent awakenings, non-restorative sleep, greater bedtime resistance, poorer sleep 

efficiency (SE), decreased total sleep time (TST), and greater symptoms of sleep disordered 

breathing (SDB) and periodic limb movements (PLM) (Cortese, Faraone, Konofal, & 

Lecendreux, 2009; Sadeh, Pergamin, & Bar-Haim, 2006). ADHD youth are also more likely 

to display sleep disorders (Herman, 2015), disrupted circadian rhythms (Imeraj et al., 2012), 

and daytime sleepiness (Cortese et al., 2009; Golan, Shahar, Ravid, & Pillar, 2004; 

Lecendreux, Konofal, Bouvard, Falissard, & Mouren-Simeoni, 2000) than peers. 

Importantly, sleep difficulties may exacerbate ADHD symptom severity (Dahl, 1996) and 

neurocognitive deficits (Sawyer et al., 2009).

Emerging evidence suggests a similarly high prevalence of both subjectively- and 

objectively-measured sleep problems in adults with ADHD (see Snitselaar, Smits, van der 

Heijden, & Spijker, 2013 for a review), including reduced sleep quality, increased SOL, 

more restless sleep and frequent nighttime awakenings, shorter sleep duration, greater 

difficulty awakening, and non-restorative sleep. Adults with ADHD also experience specific 

sleep disorders and daytime sleepiness more often than healthy peers. Of note, disturbed 

sleep is related to poorer collegiate academic functioning (Langberg, Dvorsky, Becker, & 

Molitor, 2014) and driving performance (Bioulac et al., 2015) among adults with ADHD.

Stimulant Medication and its Relationship to Sleep Functioning in ADHD

While researchers agree that stimulants likely impact sleep in ADHD, whether the effect is 

harmful or beneficial is disputed. In child samples, some studies suggest stimulants disrupt 

sleep (e.g., increased SOL and insomnia, reduced TST and efficiency; Corkum, Panton, 

Ironside, Macpherson, & Williams, 2008; Ironside, Davidson, & Corkum, 2010), while 

others indicate that stimulants improve sleep by reducing ADHD symptoms and bedtime 

resistance (Chatoor, Wells, Conners, Seidel, & Shaw, 1983; Coghill et al., 2013; Findling et 

al., 2011). Notably, stimulants’ impact on sleep may depend on gender, dose frequency, and 

length of time on stimulants (Kidwell, Van Dyk, Lundahl, & Nelson, 2015). In adults, results 
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are mixed but generally support a positive impact of stimulant medications on sleep (i.e, 

reduced SOL and awakenings, more restorative sleep; Snitselaar et al., 2013).

Adolescence: A Critical Developmental Period for Sleep and Circadian Rhythm Changes, 
Brain Development, and Expanding Environmental Demands

Comparatively less is known about how sleep manifests during adolescence for ADHD 

youth. Normatively, adolescence is associated with significant alterations in sleep/circadian 

rhythms, brain and hormonal systems supporting these developmental changes, and 

environmental demands (Colrain & Baker, 2011). Thus, disruptions to normative brain 

development and sleep in this critical period may have a particularly deleterious impact on 

symptom presentations and prognosis for ADHD youth.

Developmental Changes in Sleep and Circadian Rhythms in Adolescence—
Adolescence is associated with dramatic shifts in sleep architecture, behaviors, and circadian 

rhythms (Carskadon, 2002a; Colrain & Baker, 2011). Specifically, adolescent sleep is 

characterized by a circadian phase shift toward eveningness, such that adolescents stay up 

later and sleep later than school age children (Jenni & Carskadon, 2005). This chronotype 

shift appears to be intrinsic, occurs irrespective of environmental influences (Roenneberg et 

al., 2004), and may be associated with delayed melatonin-secretion offset in adolescence 

(Carskadon, Acebo, Richardson, Tate, & Seifer, 1997). Sleep behavior also changes 

significantly, including SOL increases (Short, Gradisar, Lack, Wright, & Dohnt, 2013) and 

TST reductions (Olds, Maher, Blunden, & Matricciani, 2010), which contribute to increased 

daytime sleepiness (Sivertsen, Harvey, Pallesen, & Hysing, 2015). Because adolescents are 

also subjected to early rising demands through early school start times, these patterns of 

sleep behavior often result in chronic patterns of insufficient sleep for typically developing 

teens (Jenni & Carskadon, 2005).

Sleep architecture alterations also occur during adolescence (Colrain & Baker, 2011). EEG 

studies have shown that time spent in slow wave sleep (SWS; deep, non-rapid eye movement 

(NREM) sleep) declines by 40% (Carskadon, Acebo, & Jenni, 2004). In addition, typically 

developing teens display reduced slow delta wave count (number of delta waves during sleep 

period), amplitude, and slope (Feinberg, Higgins, Khaw, & Campbell, 2006; Jenni & 

Carskadon, 2004; Kurth et al., 2010), suggesting they experience a slower accumulation of 

homeostatic sleep drive (Gaudreau, Carrier, & Montplaisir, 2001; Jenni, Achermann, & 

Carskadon, 2005). Specifically, delta activity (EEG activity between 0.5 and 4.5 Hz) steeply 

drops (by 66%) beginning at age 12, while theta (6–7 Hz) declines onset earlier (age 6) and 

decline steadily across adolescence (Feinberg & Campbell, 2010). Rapid eye movement 

(REM) sleep also undergoes alterations during adolescence, including declines in total 

amount (but not percentage) of REM (Ohayon, Carskadon, Guilleminault, & Vitiello, 2004). 

As described in the next section, normative alterations in sleep architecture may be directly 

tied to developmental changes in brain structure.

Neural Development and its Relationship to Sleep Changes in Adolescence—
Significant neuro-maturational alterations in the brain’s composition and organization occur 

during adolescence (Shaw et al., 2008). Specifically, magnetic resonance imagining (MRI) 
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studies have revealed normative gray matter loss indicative of pruning beginning in dorsal 

sensorimotor areas in early puberty and spreading rostrally into “higher-order” frontal 

cortical regions during late adolescence (Gogtay et al., 2004). Concurrent with reductions in 

synaptic density, typically developing teens exhibit significant increases in cerebral white 

matter, including increases in myelination, myelin integrity, and axonal thickness (Bartzokis 

et al., 2001; Sowell et al., 2003). This pattern of white matter growth begins in inferior, 

posterior areas of the brain and spreads into superior, anterior areas over the course of 

adolescence, with significant increases in the corpus collosum, prefrontal cortex, and 

internal capsule (Barnea-Goraly et al., 2005). Notably, these neuromaturational processes 

are likely influenced by hormonal changes occurring in the pubertal period (Giedd et al., 

2006), including increased development and excretion of sex steroids in adolescence (Peper 

et al., 2009; Schulz & Sisk, 2006).

Interestingly, converging evidence suggests that neuromaturational changes in the adolescent 

brain may be closely tied to the normative developmental alterations in sleep architecture 

observed during this period (Feinberg & Campbell, 2010). For example, developmental 

declines in SWS, delta activity, and delta power appear to correspond with the pattern and 

timing of cortical thinning exhibited by adolescents, primarily in the frontal cortex (Giedd et 

al., 2010). Similar to the “back to front” synaptic pruning pattern observed in adolescence, 

longitudinal EEG studies have shown that declines in delta power originate in occipital 

regions and extend into frontal areas over the course of puberty (Feinberg, de Bie, Davis, & 

Campbell, 2011). Kurth and colleagues (2010) have similarly shown that maximal SWS 

activity undergoes a forward shift from posterior regions in childhood to anterior areas in 

adolescence. Evidence for a relationship between developmental changes in brain structure 

and sleep architecture is further supported by cross sectional work indicating reduced delta 

power in mature teens compared to pre-pubertal adolescents in frontal and posterior regions 

(Jenni, van Reen, & Carskadon, 2005).

Thus, changes in brain structure across adolescence may impact sleep; however, this 

relationship is likely bidirectional. Healthy sleep is believed to support optimal development 

and organization of brain circuitry by reversing the negative effects of waking on plastic 

neurons and reestablishing synaptic homeostasis (Tononi & Cirelli, 2012). For example, 

animal studies have shown that NREM sleep enhances cortical plasticity during critical 

developmental periods characterized by synaptogenesis and synaptic plasticity, while sleep 

loss blocks cortical plasticity enhancement (Frank, Issa, & Stryker, 2001). Thus, sleep 

disturbances in adolescence may impede, delay, or prevent healthy brain development 

trajectories (e.g., excessive or insufficient synaptic pruning; reduced white matter growth). 

Thus, it is possible that teens with neurodevelopmental disorders such as ADHD may be 

vulnerable to a vicious cycle in which neurodevelopmental abnormalities lead to sleep 

deficits, which in turn, may further hinder brain development.

Environmental Changes and Associations with Sleep Behavior in 
Adolescence—Sleep behaviors are also highly influenced by alterations in the 

environment as youth transition from childhood into adolescence (Owens et al., 2014). 

Specifically, during middle school, control over sleep habits (e.g., setting bedtime, wake 

time) shifts from parents to the teens themselves (Russo, Bruni, Lucidi, Ferri, & Violani, 
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2007). As adolescents age, they experience competing psychosocial demands on their 

evening time, and frequently stay up late to complete homework, socialize, watch television, 

use electronic media devices, and participate in after-school activities or jobs (Carskadon, 

2002a). Reduced parental monitoring paired with increased engagement in these age-

appropriate activities contributes to later bedtimes, sleep loss, and increased daytime 

sleepiness and naps (Carskadon, 1990; Short et al., 2011). Resulting in part from daytime 

fatigue, teens also display increased caffeine consumption, which likely exacerbates poor 

sleep patterns (Owens et al., 2014). Notably, both high caffeine intake (Martin et al., 2008) 

and overuse of electronics/internet (Seyrek, Cop, Sinir, Ugurlu, & Senel, 2016) have been 

associated with ADHD symptoms in adolescents, suggesting that investigation of the links 

between these factors and sleep may be particularly informative for understanding functional 

impairments in ADHD.

Early school start times observed in the U.S. also contribute to sleep loss during adolescence 

(Minges & Redeker, 2015). Specifically, school days begin progressively earlier as youth 

move from elementary to middle to high school (Allen, 1991, 1992). Because adolescents 

experience concurrent shifts in their biological circadian rhythm and increased social and 

academic demands resulting in later bedtimes, the requirement to rise earlier during high 

school results in premature termination of sleep and sleep debt as well as associated 

impairments in social and academic function as a result of chronic fatigue (Carskadon, 

Wolfson, Acebo, Tzischinsky, & Seifer, 1998). In contrast, in cultures with later school start 

times, such as Australia, reductions in sleep duration during adolescence are not as 

prominent (Olds et al., 2010). Environmental factors restricting sleep in adolescence may be 

particularly detrimental among youth at increased risk for adverse psychosocial or mental 

health outcomes (Matamura et al., 2014).

Summary

Significant biological and environmental shifts occurring during adolescence suggest that 

this period is critical for healthy sleep development, psychosocial adjustment, and mental 

health. As sleep impairments are observed in many, but not all, children and adults with 

ADHD, disruptions to sleep development during this critical period may contribute to the 

heterogeneity of symptom presentation, neurocognitive and psychosocial performance, and 

developmental course and prognosis within the ADHD population. However, as relatively 

few studies have examined sleep among ADHD youth during puberty, there is little 

information to elucidate the role of sleep development in ADHD outcomes. Although some 

studies of sleep in children with ADHD include teens in their sample (e.g.,Golan et al., 

2004; Kirov, Banaschewski, Uebel, Kinkelbur, & Rothenberger, 2007; Kirov et al., 2004), 

this ascertainment strategy is limited in its utility to shed light on sleep during adolescence 

and may mask important differences in sleep as a function of age and pubertal status. In the 

next section, we review the data available regarding sleep and ADHD in adolescent-specific 
samples. Although limited in the number of studies and methodology used, these 

investigations represent an important first step in clarifying a potential role of sleep 

disturbances in the phenomenology and course of ADHD over the lifespan.
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Sleep Disturbances in Adolescents with ADHD: A Systematic Review

Method

A systematic literature search using PsychINFO, PubMed, EMBASE, Web of Science, and 

Scopus databases was conducted to identify peer-reviewed articles published prior to 

August, 2016 including sleep data on adolescents with ADHD diagnoses or symptoms. 

Search terms included: sleep, sleep disturbances, or sleep disorders; ADHD, attention 

deficit/hyperactivity disorder, or attention deficit disorder (ADD); and adolescents, 

teenagers, or adolescence. Inclusion criteria were studies reporting on original data 

regarding sleep in adolescent-specific human samples (age range between 10 and 19, 

inclusive) 1) with an ADHD diagnosis or 2) participating in population-based or cohort 

studies that inquired about ADHD diagnosis or symptoms. Population-based studies were 

included due to 1) the relatively few number of studies assessing sleep in adolescent-specific 

samples with formally-diagnosed ADHD and 2) the provision of important information that 

may guide future studies. However, these studies are subject to limitations (e.g., non-

standardized sleep and ADHD measures) discussed below.

The relatively broad age range was selected based on literature suggesting that puberty-

related sleep changes emerge around age 10 (Laberge et al., 2001) and continue through 

later adolescence (age 18–19; Carskadon et al., 2004; Ohayon, Roberts, Zulley, Smirne, & 

Priest, 2000). However, sleep changes in adolescence are likely tied to shifts in pubertal 

development (e.g., shifts in hormonal secretions; Carskadon et al., 2004) rather than age per 

se, and puberty and age are often confounded in sleep studies in adolescent populations 

(Colrain & Baker, 2011). While current studies have typically used age for inclusion/

exclusion criteria, it will be critical for future studies to include standardized puberty 

measures.

Exclusion criteria included 1) inclusion of children (age < 10) or adults (age > 20), 2) animal 

models or case report methodology, 3) examination of sleep and attention symptoms in 

specific medical (e.g., seizure disorder, diabetes), non-ADHD psychiatric (e.g., autism 

spectrum disorder), or intellectually disabled samples, 4) absence of original data (e.g., 

theoretical papers), and/or 5) non-peer reviewed sources (e.g., dissertation abstracts). Two of 

the authors (JRLA and SHK) independently 1) screened titles and abstracts from the initial 

search to identify articles for full-text retrieval and 2) reviewed full-text articles for inclusion 

in the review. References of identified articles were examined for additional sources.

Sleep Functioning and ADHD in Adolescent-Specific Samples

The database search yield 3381 titles and/or abstracts with 553 selected for full-text 

retrieval. Twenty-five studies met inclusion criteria; 6 were population-based or cohort 

studies, 1 was based on chart review, 1 was a descriptive study, and 17 were empirical 

studies. The most common reasons for exclusion included: inclusion of children or adults, 

examination of sleep and ADHD symptoms within other psychiatric- or medical-disordered 

samples, and absence of original data. Figure A.1 in Appendix A depicts a flowchart of the 

article search and selection process and Table B.1 in Appendix B summarizes the included 
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studies; indentions signify data obtained within a single research group and italics denote 

studies referenced in multiple sections of the table.

Sleep Disturbances in Adolescence and ADHD Symptoms in the Population—
Findings from population-based studies revealed that self-reported sleep disturbances, 

including reduced duration (Hysing, Lundervold, Posserud, & Sivertsen, 2015; Lam & Yang, 

2008) and increased SOL, time in bed (TIB), and nocturnal awake time (Hysing et al., 2015) 

were associated with increased ADHD symptoms among teens. In addition, ADHD 

symptoms during adolescence increased the odds of having a sleep disorder, including 

insomnia (Hysing et al., 2015), delayed sleep phase syndrome (Hysing et al., 2015; Sivertsen 

et al., 2015), and symptoms of SDB (Johnson & Roth, 2006) and restless leg syndrome 

(RLS) (Turkdogan, Bekiroglu, & Zaimoglu, 2011). One study did not find an association 

between “inadequate sleep” and ADHD among adolescents (Smaldone, Honig, & Byrne, 

2007a).

All of these investigations used large community samples with representative demographics 

(e.g., females and males, wide age range, racial diversity), enhancing generalizability of 

findings. In addition, these studies controlled for potential confounds, including 

demographics (e.g., age, gender, race, parental education; all studies), comorbid anxiety and 

depression (Hysing et al., 2015; Johnson & Roth, 2006; Sivertsen et al., 2015; Smaldone, 

Honig, & Byrne, 2007b), medications (Hysing et al., 2015; Johnson & Roth, 2006; Lam & 

Yang, 2008), school performance (Johnson & Roth, 2006), health problems (obesity; Lam & 

Yang, 2008), day of the week sleep was assessed (weekend vs. weekday; Hysing et al., 

2015), and electronic device use (Hysing et al., 2015). Strengths of individual studies 

included multiple informants regarding sleep (parent and adolescent; Johnson & Roth, 2006; 

Turkdogan et al., 2011) and visual inspection of sleep data to ensure validity (Hysing et al., 

2015; Sivertsen et al., 2015).

Conclusions based on these studies are limited, however, by several methodological 

concerns. Five of 6 studies relied on parent- or adolescent-report to establish ADHD 

symptoms rather than clinical interview and non-standardized sleep assessments (i.e., 

developing sleep queries for the individual study) (Johnson & Roth, 2006 is the exception). 

In addition, no studies utilized actigraphy or polysomnography (PSG), despite assessing 

syndromes that are typically diagnosed by these measures (e.g., SDB, Delayed Sleep Phase 

Syndrome). Finally, all 6 studies were cross-sectional, such that the direction of causation 

between sleep problems and ADHD symptoms could not be evaluated.

It is further notable that the only study that did not find a relationship between problematic 

sleep and ADHD symptoms in teens (Smaldone et al., 2007b) assessed sleep using only one 

question (“During the past week, on how many nights did your child get enough sleep?”) 

and coded any number of nights endorsed (1–7) as a dichotomous variable (“inadequate 

sleep”). It is likely that this strategy masked important differences across subjects and 

reduced power to detect a relationship. It also relied on parent-report of sleep difficulties, 

which is noteworthy in that adolescents are more accurate reporters of their sleep problems 

than their parents (Meltzer et al., 2014; Stoleru, Nottelmann, Belmont, & Ronsaville, 1997; 

Waters, Stewart-Brown, & Fitzpatrick, 2003). Finally, they did not assess whether sleep 
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problems were acute or chronic (i.e., only queried about the past week) or contributors to the 

sleep deficiency (e.g., choosing to stay up late to use electronics versus trying to sleep but 

failing to do so).

Prevalence of Sleep Disturbances in ADHD-Diagnosed Samples—Regarding 

ADHD-specific samples, Brook and Boaz (2005) administered clinical interviews and self-

report questionnaires to assess sociobehavioral functioning in teens with ADHD, many of 

whom displayed comorbid learning disabilities (94%). Thirty-seven percent of their sample 

described daytime fatigue and the need for more sleep. More recently, Fisher and colleagues 

(2014) employed chart review methodology to examine sleep problems in ADHD across the 

lifespan. They found that sleep problems were prevalent among ADHD adolescents (74% of 

their sample), with the most commonly endorsed difficulties including initial insomnia, 

nocturnal awakenings, and non-restorative or restless sleep (shortened duration and 

hypersomnia were less frequently endorsed). Interestingly, males reported a fewer number of 

sleep problems (1–3), while females reported a greater number (4–7), suggesting a gender 

difference in reported sleep problems among ADHD teens. Based on these 2 studies, 

prevalence rates of sleep problems in adolescent ADHD appear to be similar to or somewhat 

higher than in children.

While these studies have several strengths including relatively large sample sizes (including 

both males and females) with clinician-provided ADHD diagnoses, conclusions are limited 

by cross-sectional and non-empirical methodology (i.e., descriptive study, chart review), 

absence of healthy control (HC) comparison groups, potentially non-representative samples 

(i.e., clinic-referred patients or students in a special education school), and use of non-

standardized sleep measures (i.e., questions developed for the individual study). In addition, 

in the Brook and Boaz (2005) investigation, a single item assessed the need for additional 

hours of sleep and daytime fatigue. Failure to assess for a wide range of potential sleep 

difficulties (e.g., nocturnal awakenings, initial insomnia) may explain the relatively lower 

prevalence of sleep problems reported in their sample compared to that of Fisher and 

colleagues (2014).

Subjective Sleep Disturbances in ADHD-Diagnosed Teens compared to 
Healthy Controls—Empirical studies suggest subjectively-measured sleep deficits in 

teens with ADHD compared to healthy peers. Five studies examined sleep in a single sample 

of adolescents with ADHD, who were followed into adolescence subsequent to childhood 

diagnosis. Using the K-SADS diagnostic interview, researchers within this group found a 

higher incidence of sleep disorders in adolescents with ADHD compared to HC peers (Gau 

& Chiang, 2009; Gau, Lin, et al., 2010) and their unaffected siblings (Yang, Shang, & Gau, 

2011). Specific sleep disorders endorsed by ADHD teens varied by subtype, such that 

circadian rhythm, sleep-talking, and nightmare disorders were related to ADHD-Combined 

(ADHD-C), while hypersomnia was associated with ADHD-Inattentive (ADHD-I). In 

addition, teens with ADHD-C and ADHD-Hyperactive/Impulsive (ADHD-H/I) slept longer 

than ADHD-I and HC on school days, and ADHD-C and ADHD-I adolescents engaged in 

more napping behaviors than HC youth. Across subtypes, sleep problems were associated 

with increased ADHD symptom severity (Chiang et al., 2010).
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As this was a longitudinal study, researchers were able to compare sleep among adolescents 

with “persistent” (present since childhood) versus “non-persistent” (childhood diagnosis, 

current subthreshold symptoms) ADHD. Current and lifetime sleep disorders were more 

prevalent among adolescents with both persistent and subthreshold ADHD compared to 

healthy peers (Gau, Ni, et al., 2010), including insomnia, sleep walking, sleep terrors, 

nightmares, bruxism, and snoring. Additionally, adolescents with persistent ADHD 

displayed longer duration and more sleep talking than subthreshold ADHD and HC groups, 

and teens with subthreshold ADHD symptoms displayed hypersomnia and nightmares at a 

higher rate than HC youth. Circadian rhythm disorder, sleep-wake schedule, and napping 

behavior did not differ among the 3 groups. Across ADHD groups, specific sleep disorders 

(insomnia, nightmares) were associated with increased severity of parent- and teacher-rated 

ADHD symptoms (Gau & Chiang, 2009).

While the findings of these 5 studies were strengthened by their longitudinal method, 

relatively large sample sizes, clinical diagnosis of ADHD based on multiple informants, and 

inclusion of covariates (i.e., demographics, comorbidities, and medications) in primary 

analyses, the sample was potentially non-representative (81–86% male, clinic-referred) and 

only 2 studies incorporated standardized sleep measures (i.e., Sleep Disturbance 

Questionnaire) in addition to the K-SADS clinical interview of sleep disorders. Continued 

assessment into adulthood with this sample has not yet been reported, so it is currently 

unclear how sleep problems during adolescence may contribute to adult symptom 

presentation and prognosis.

Several cross–sectional studies in adolescent ADHD have utilized validated subjective sleep 

scales. Using the Children Sleep Behavior scale, Mick and colleagues (2000) found that 

teens with ADHD exhibited greater nocturnal waking, restless sleep, initial insomnia, and 

sleep talking and were less likely to go to bed willingly and fall asleep/wake easily than HC. 

They found no group differences in sleep disorders, napping, sleepiness, duration, 

nightmares, or walking, sitting up, or grinding teeth during sleep. Importantly, significant 

group differences disappeared after covarying for comorbid anxiety and stimulant use. 

Results of this study should be interpreted with caution, however, as the Children Sleep 

Behavior Scale is normed in younger children and is based on parent rather than adolescent 

report. Use of a non-representative (all-male, Caucasian) sample may also reduce the 

generalizability of these findings.

Using a relatively small sample (30 ADHD, 28 HC), Lufi and Tzischinsky (2014) used a 

standardized self-report measure (Sleep Schedules Questionnaire) and found greater initial 

insomnia and difficulty awakening among ADHD teens compared to healthy peers, but no 

significant differences in daytime sleepiness. However, this study did not control for 

comorbidity and relied on parent-reported history of ADHD diagnosis rather than a current 

clinical assessment. Finally, Weinstein and colleagues (2015) found that adolescent males 

with ADHD were more likely to report later bedtimes (after 12 am) than HC. Both of these 

studies were comprised of medicated (currently or past) and largely or entirely male samples 

and completed data collection in school settings, and neither controlled for important 

covariates, such as interventions (behavioral or pharmacological), intelligence, and 

demographics.
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Objective Sleep Disturbances in ADHD-Diagnosed Teens compared to Healthy 
Controls—While studies utilizing subjective measures provide important information 

about sleep behaviors in adolescent ADHD, they are limited by potential recall bias and/or 

cognitive distortions. To date, 3 studies have utilized an objective measure to characterize 

sleep patterns and physiology among teens with ADHD. As part of a larger community 

cohort study, Moore and colleagues (2011) used actigraphy to evaluate associations between 

the amount and variability of TST and various health outcomes. They did not find an 

association between amount/variability of TST and ADHD diagnosis, but noted limited 

power due to the nature of their sample (i.e., community based, stable health without 

significant disease, parent-reported diagnosis, oversampling of African American, low 

income, and preterm children, 41% overweight) and low base rate of ADHD diagnosis. In 

addition, the study did not examine the full range of sleep variables of interest typically 

available from actigraphy (awakenings, SE, circadian rhythms).

Mullin and colleagues (2011) conducted a pilot study comparing sleep among ADHD-C 

(non-medicated), bipolar (medicated), and HC adolescents using 4 nights of actigraphy. 

Controlling for gender, they detected no differences in sleep between ADHD and HC 

adolescents, but noted low power due to small sample size. In addition, authors did not 

control for whether sleep data were collected on weekdays (restricted by environmental 

demands such as school start time) versus weeknights (unrestricted sleep). Importantly, the 

ADHD group displayed non-significant reductions in TST compared to HC and bipolar 

groups via sleep diary and actigraphy, despite having more weekend nights of recording 

compared to the other groups (when sleep periods should be longer as they are unrestricted). 

Researchers hypothesized that if the study was sufficiently powered to covary for weekday/

weekend assessment, the ADHD group would have exhibited greater TST reductions relative 

to other groups. Finally, the study did not include ADHD-I or ADHD-H/I subtypes, and thus 

was unable to examine sleep across the ADHD spectrum.

A second pilot study conducted by Prehn-Kristensen et al. (2011) utilized PSG and found 

that non-medicated adolescents with ADHD displayed shorter SWS latency, increased SOL, 

reduced SE, and more REM than HC. No differences were observed in TIB, TST, number of 

awakenings or arousals, REM latency or density, time in sleep stages, non-REM amount, 

number of eye movements, or spindle density. As the only PSG study comparing ADHD and 

HC teens, this study provides important initial information about sleep physiology in this 

population, and the validity of its findings is strengthened by clinical diagnosis of ADHD 

and exclusion of teens with comorbidities. However, it was comprised of a small (12 ADHD, 

12 HC), entirely male sample.

Sleep Disturbances and Comorbidity in Adolescents with ADHD—Several of the 

studies described above also investigated relationships between poor sleep and comorbid 

disorders in adolescent ADHD samples. Specifically, increased sleep disturbances and 

daytime sleepiness have been shown to be correlated with more sensory problems (i.e., 

movement, vision, touch, sensory sensitivity, and sensation seeking) in adolescents with 

ADHD but not controls (Lufi & Tzischinsky, 2014). In addition, associations between 

subjective sleep problems and internalizing symptoms, such as depression and anxiety, have 

been observed in adolescents with ADHD (Mick et al., 2000; Stein et al., 2002). Finally, 
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later bedtimes and higher rates of internet addiction were observed in the same sample of 

ADHD teens compared HC (Weinstein et al., 2015). The relative strengths and weaknesses 

of these studies are detailed above.

Sleep Disturbances and Neurocognition in Adolescents with ADHD—Two of the 

reviewed studies have demonstrated links between sleep disturbances and impaired 

neurocognition. Using chart review (described above), Fisher and colleagues (2014) found 

associations between self-reported sleep disturbances and deficits in sequencing, cognitive 

flexibility, slow- and fast-paced input, divided attention, and whole brain functioning; 

however, they collapsed across adolescent and adult subgroups of their sample for this 

analysis. In their PSG study, Prehn-Kristensen et al. (2011) assessed declarative memory 

consolidation in non-medicated (48 hour washout) ADHD versus HC across sleep (learning 

performed in the evening, memory tested after sleep) and wake (learning conducted in the 

morning, memory tested after a day of wakefulness) conditions. They found that NREM 

duration and slow oscillation power during NREM correlated with improved memory in HC 

but not ADHD youth, suggesting a breakdown in biological processes supporting sleep-

dependent memory consolidation in adolescents with ADHD. Notably, in follow-up studies 

from this group, application of slow oscillating transcranial direct current stimulation 

resulted in increased slow oscillations during NREM sleep among ADHD adolescents, 

improving declarative memory to a level observed in HC (Prehn-Kristensen et al., 2014) and 

improved behavioral inhibition (Munz et al., 2015). Both studies used small, male, younger 

adolescent (10–14 years old) samples and one (Munz et al., 2015) did not include a HC 

group.

Sleep Disturbances and Functional Outcomes in Adolescents with ADHD—
Only 1 study has assessed sleep difficulties and functional impairment in adolescents with 

ADHD. Langberg and colleagues (2013) found that self-reported sleep duration was not 

associated with academic functioning in middle schoolers (ages 10–14). However, higher 

Pediatric Daytime Sleepiness Scale scores were associated with greater parent-rated 

academic and homework impairment and reduced teacher-rated academic competence after 

controlling for ADHD symptom severity. ADHD subtype and comorbidity (anxiety/

depression) were not associated with sleep duration or daytime sleepiness. Importantly, this 

study did not include a HC group, so it is unclear whether relationships between sleepiness 

and academic functioning are specific to ADHD. Additionally, sleep disturbances other than 

duration (e.g., nocturnal awakenings) were not examined. It is also unclear whether 

“daytime sleepiness” stems from a specific sleep disturbance (e.g., insomnia) or a response 

to environment demands (e.g., early school start times). Notably, longitudinal research 

examining specific sleep problems in childhood ADHD and risk for poor high school 

performance is underway (Zendarski, Sciberras, Mensah, & Hiscock, 2016).

Impact of Sleep Disturbances on Prognosis among Adolescents with ADHD—
There is little information to inform how sleep problems during adolescence may contribute 

to prognosis in ADHD. In their chart review, Fisher and et al. (2014) split their sample into 

cohorts (child, adolescent, and adult) and found that sleep problems became more prevalent 

across the lifespan (i.e., more common in adolescents than children, more common in adults 
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than teens). While this suggests that sleep disturbance may amplify over the lifespan among 

individuals with ADHD, due to its cross-sectional cohort design, the study was unable to 

shed light on how problematic sleep may confer risk for continued symptoms into adulthood 

for affected teens. To date only one longitudinal study has examined relationships between 

sleep difficulties during the adolescent period and clinical outcomes over time among 

ADHD teens (Becker, Langberg, & Evans, 2015). This study administered the Children’s 

Sleep Habits Questionnaire to parents of ADHD youth aged 10–14. Researchers found that 

sleep problems endorsed at clinical intake predicted greater Oppositional Defiant Disorder 

(ODD)/externalizing behaviors and depression a year later after controlling for 

demographics, comorbidity, ADHD symptom severity, and baseline internalizing/ODD/

externalizing symptoms. Sleep problems at intake were not predictive of anxiety symptoms 

at follow-up among adolescents with ADHD. It is notable that this study utilized a young, 

largely male sample and a parent-report sleep measure, did not differentiate among types of 

sleep problems endorsed, and did not include a HC comparison group.

Impact of Stimulant Medications on Sleep Functioning among Adolescents 
with ADHD—Several of the aforementioned studies provided information about the effect 

of stimulants on self- or parent-reported sleep among ADHD teens, with 2 studies finding no 

relationship between medications and self-reported sleep problems (Becker, Langberg, & 

Evans, 2015; Gau & Chiang, 2009) or disorders (with the exception of Bruxism; Gau & 

Chiang, 2009) while another study indicated an adverse effect of stimulants on parent-

reported risk of restless sleep, nocturnal awakenings, sleep talking, fear of the dark, and 

nighttime bathroom use (Mick et al., 2000). Methodological differences between these 

studies (parent versus adolescent report, differing sleep measures) may contribute to this 

discrepancy in findings.

Stein and colleagues (2002) also examined associations between stimulant use and sleep 

problems experienced among adolescents with ADHD. They found greater sleep 

disturbances (i.e., total score on the Mini Sleep Questionnaire) among medicated 

adolescents with ADHD symptoms compared to non-medicated youth, who did not differ 

from HC. They did not observe specific differences in sleep duration between non-

medicated and medicated groups on weekends or weekdays. Although ADHD was well 

diagnosed (multiple informants) in early childhood, it is notable that a significant portion of 

their teens did not exhibit “full blown” ADHD at the time of study. Individuals displaying 

subthreshold ADHD were less likely to be in the medicated group, suggesting a potentially 

significant confound.

These first 4 studies utilized correlational or quasi-experimental designs wherein youth 

either reported on medication use (Becker, Langberg, & Evans, 2015; Gau & Chiang, 2009; 

Mick et al., 2000) or were prescribed medication based on clinical judgment rather than 

random assignment (Stein et al., 2002). A fourth study randomly assigned adolescents with 

ADHD (aged 10 – 17) to receive mixed amphetamine salts or dexmethylphenidate in a 

double-blind, randomized, placebo-controlled, crossover, dose-response study (Santisteban, 

Stein, Bergmame, & Gruber, 2014). Higher doses of both medications resulted in longer 

actigraphic-measured SOL and shorter TST; there were no differences between medications 

on sleep parameters. In addition, no difference was observed between medications and 
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placebo regarding nocturnal awakenings. It is notable that this study was relatively brief in 

duration and excluded adolescents with comorbid sleep disorders. Thus it is possible that 

sleep would have stabilized with ongoing treatment, and that the impact on medications on 

sleep may differ among subgroups of teens within the ADHD population (i.e., those with/

without a prior history of sleep disturbances).

All of the studies reviewed in this section utilized standardized subjective or objective 

(actigraphy) measures of sleep and formally assessed for ADHD diagnosis (during 

childhood or currently) and most excluded or controlled for demographics and/or 

comorbidity (Santisteban et al., 2014 is the exception). However, the relatively small 

samples were all or mostly male and clinic- or school-referred, limiting generalizability. No 

studies have used PSG to examine the relationship between medication use and sleep 

physiology in adolescent ADHD.

Summary—Studies investigating sleep and ADHD in adolescent-specific samples suggest 

that specific sleep disturbances (e.g., greater SOL, TIB, nocturnal waking) and disorders 

(e.g., RLS, SDB, delayed sleep phase, insomnia) are associated with ADHD symptoms in 

the population. In addition, teens diagnosed with ADHD may exhibit greater self-reported 
sleep problems (e.g., difficulties falling asleep/waking) and disorders (e.g., insomnia, 

hypersomnia, circadian rhythm disorder) than healthy peers, which appear to be associated 

with poorer mental health, cognitive and functional performance, and prognosis. Results 

from objective sleep studies in adolescents are sparse and mixed, with 1 PSG study 

suggesting abnormalities in SOL, SWS latency, REM amount, and SE in adolescent ADHD 

and 2 actigraphy studies finding no associations between sleep and ADHD in teens. The 

impact of stimulants on sleep in adolescent ADHD is also unclear, with some studies finding 

an adverse impact (at least in the short-term) and others finding no effect. Taken together, 

research to date suggests careful clinical assessment of specific sleep difficulties (e.g., sleep 

latency, nocturnal awakenings) and sleep-based intervention may have the potential to 

improve functional outcomes in ADHD youth; however, additional study is warranted 

(described below).

While the reviewed studies provide important information about sleep and ADHD during 

adolescence, the reported results should be considered in the context of several significant 

limitations. Specifically, population-based studies typically relied on non-standardized 

measures of sleep and ADHD and cross-sectional methodology. Limitations of empirical 

studies frequently included non-representative (e.g., males only) and/or small samples, 

excluded potentially confounding covariates from analyses, and did not incorporate a HC 

group. In addition, these studies largely relied on subjective measurements of sleep. 

Subjective sleep assessments provide important information not captured by objective 

measures. For example, among ADHD children, self- and parent-reports have revealed 

difficulties with sleep quality and behaviors not captured by actigraphy or PSG (Owens et 

al., 2009). However, these measurements are vulnerable to cognitive and memory biases 

(Lockley, Skene, & Arendt, 1999), do not assess disturbances occurring during sleep (e.g., 

brief awakenings outside of an individual’s awareness), and cannot detect breathing-related 

sleep disorders.
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Studies using objective measures are critical for enhancing understanding of sleep in 

adolescent ADHD, including circadian rhythms (best measured by actigraphy), sleep 

architecture (e.g., REM versus NREM; PSG-measured), and breathing-related sleep 

disorders (requires PSG). Two of the 3 objective studies comparing sleep in teens with 

ADHD versus HC to date were limited by extremely small sample size, which resulted in 

low power and/or limited capacity to control for confounds (e.g., weekday versus 

weeknight). The third study drew from a non-representative population and only measured 

one aspect of sleep (i.e., duration). In general, limitations of current research on this topic 

render any conclusions about sleep in adolescent ADHD preliminary. Future research using 

complimentary measures (subjective and objective) and incorporating actigraphy and/or 

PSG with large, representative samples is essential to characterize sleep in adolescent 

ADHD and associations with symptom manifestation and prognosis.

It further notable that relationships between sleep disturbances and ADHD symptoms in 

adolescence are likely complex (Becker, Langberg, & Byars, 2015). For example, there is 

substantial symptom overlap among adolescents who are sleep deprived and those with 

ADHD (e.g., inattention; Owens et al., 2013), sleep problems are associated with other 

psychiatric disorders often comorbid with ADHD (e.g., anxiety, depression; Becker, 

Langberg, & Byars, 2015), and some sleep disturbances in ADHD may result from stimulant 

intervention (Stein, Weiss, & Hlavaty, 2012). Studies to date, many of which did not control 

for comorbidity and medication use, do not provide sufficient information to disentangle 

these complex associations. Additionally, population-based studies, which relied on parent- 

or self-report of ADHD symptoms rather than careful clinical diagnosis, are particularly 

vulnerable to conflation of adolescents who suffer from sleep deprivation, ADHD, other 

mental illnesses, or a combination. Additional longitudinal studies that carefully diagnose 

adolescents with ADHD and consider confounding factors are critical for clarifying the 

nature of sleep-ADHD relationships in teens.

Potential Relationships of Disturbed Sleep to ADHD Symptom Presentation 

and Prognosis in Teens

As sleep disturbances may occur in higher rates in teens with ADHD compared to their 

healthy peers, it is possible that problematic sleep patterns and disruptions to normative 

developmental changes in sleep may contribute to greater functional impairments and 

worsened prognosis for at least a subset of adolescents with ADHD. In particular, disrupted 

sleep may contribute to neuromaturational abnormalities, neurocognitive deficits, and 

increased stress during a critical developmental period, which in turn may worsen ADHD 

core symptoms and support the persistence of ADHD into adulthood.

Delayed Neural Development in ADHD and Potential Associations with Disrupted Sleep

Longitudinal studies of individuals with ADHD have provided evidence for 

neuromaturational delays across adolescence (Rubia, Alegria, & Brinson, 2014). 

Specifically, peak cortical thickness and surface area is delayed by 2 to 5 years, particularly 

in frontal, temporal, and parietal areas (Shaw et al., 2007; Shaw et al., 2013). Less is known 

about white matter tract development in adolescents with ADHD, although emerging 
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evidence supports a global delay in the development of white matter integrity and 

connectivity (Nagel et al., 2011; Pavuluri et al., 2009) as well as slower maturation of 

specific fiber tracts (e.g., caudate nucleus; Silk, Vance, Rinehart, Bradshaw, & Cunnington, 

2009).

As noted above, normative neuromaturational processes such as synaptic pruning and 

myelination may be tied to SWS declines occurring in adolescence (Feinberg & Campbell, 

2010). Among adolescents with ADHD, neurodevelopmental delays may contribute to 

abnormal trajectories of the SWS declines expected to occur during puberty. Supporting this 

hypothesis, a preliminary EEG study examining ADHD children on the cusp of adolescence 

(mean age: 11.9) revealed higher SWS power over central areas compared to HC, suggesting 

that a neuromaturational delay in ADHD youth may disrupt normative developmental SWS 

declines (Ringli et al., 2013). Perhaps concurrently, SWS abnormalities may also actively 

interfere with normative neurodevelopment in ADHD. Given its role in supporting cortical 

plasticity and homeostasis (Tononi & Cirelli, 2012), SWS abnormalities may drive a vicious 

cycle in which optimal neurodevelopment is further impeded by disrupted SWS 

developmental processes.

Magnetic resonance imaging (MRI) studies focusing on specific regions of interest (ROI) of 

the brain lend additional support for a potential link between neural development and sleep 

problems in ADHD. For example, studies have shown abnormalities in sleep-dependent 

areas of the brain (e.g., thalamus) in ADHD youth (Batty et al., 2015; Ivanov et al., 2010; 

Xia et al., 2012), as well as brain areas commonly impacted in insomnia, including the 

anterior cingulate cortex (ACC) and orbitofrontal cortex (OFC; Cubillo, Halari, Smith, 

Taylor, & Rubia, 2012). These brain differences are similarly present in adults with ADHD 

(Proal et al., 2011), suggesting persistence of abnormalities in brain areas supporting sleep 

across development. Diffusion tensor imaging (DTI) studies focusing on white matter 

integrity have also shown decreased fractional anisotropy (FA) in adults with childhood-

onset ADHD in the posterior thalamic radiation, independent of remission status (Cortese et 

al., 2013). Additionally, abnormalities in the anterior thalamic radiation are present in 

healthy siblings of youth with ADHD (Lawrence et al., 2013), suggesting a potential 

biomarker for the disorder. Future longitudinal research with adolescents with ADHD may 

shed light on the potentially bidirectional relationships between these sleep phenomena (e.g., 

SWS) and brain development and their potential impact on ADHD core symptoms.

Sleep Disturbances and Impaired Neurocognitive Performance

In typically developing teens, sleep disturbance is associated with impaired neurocognition, 

including deficits in attention, memory, and motivation (Carskadon, 2011). Further, 

insufficient sleep is commonly correlated with impaired executive functioning (Dahl, 1996; 

Nilsson et al., 2005), emotional regulation (van der Helm, Gujar, & Walker, 2010), reward-

based decision making (Dijk, 2011), and memory (Stickgold, 2013) in individuals of all 

ages. As mentioned above, there is significant overlap in the neurocognitive deficits 

associated with poor sleep and those observed in ADHD. Specifically, deficits in attention, 

vigilance, working memory, memory consolidation, emotion regulation, reward/risk-based 

decision making, and executive function are common in both ADHD and sleep-disordered 
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populations, and may be tied to brain-based abnormalities observed in ADHD, including 

altered structure and/or function of regions of the cortex, striatum, and limbic system 

(Owens et al., 2013).

Neurocognitive impairment associated with poor sleep in typical adolescents may be 

amplified in youth with ADHD. For example, children with ADHD and poor sleep display 

greater distractibility than youth with either disorder alone (Sawyer et al., 2009), and self-

reported sleep problems among children with ADHD are related to working memory deficits 

(Sciberras, DePetro, Mensah, & Hiscock, 2015). Specific sleep deficits are also related to 

impaired neurocognition in youth with ADHD. For example, REM abnormalities are 

associated with language, visual spatial, attention/executive functioning, and memory 

deficits (O’Brien et al., 2003) in children with ADHD, and as reviewed above, reduced 

functionality of slow oscillations in NREM interfere with consolidation of declarative 

memory (Prehn-Kristensen et al., 2011) in adolescents with ADHD. However, the direction 

of effect for associations between sleep and neurocognitive performance in ADHD is 

currently unknown. Poor sleep may disrupt neurocognition through its impact on brain 

plasticity; in turn, neurocognitive deficits may contribute to poor sleep habits by increasing 

environmental demands restricting sleep (e.g., requiring more time to complete homework 

may result in later bedtimes). Alternatively, abnormalities in biological systems (e.g., neural 

circuity) may underlie both sleep and neurocognitive deficits in ADHD (Owens et al., 2013).

Sleep Disturbances, Psychosocial Stress, and Emotional/Behavioral Outcomes

Sleep disturbance during adolescence is regularly associated with broader functional 

impairment, including poorer academic and social performance (Shochat et al., 2014). For 

example, later bedtimes and reduced duration are associated with lower grades, decreased 

concentration during lectures, dozing in class, and lower social competence (Acebo & 

Carskadon, 2002; Giannotti & Cortesi, 2002). Disrupted sleep may also result in increased 

risky behaviors (Shochat et al., 2014), such as more frequent use of legal and illegal 

substances (e.g., caffeine, cigarettes, alcohol, cannabis; Pasch, Latimer, Cance, Moe, & 

Lytle, 2012) and unsafe driving behaviors (Carskadon, 2002b). Importantly, these 

relationships between poor sleep and impaired functioning among typically developing 

adolescents, particularly in the academic arena, may be mediated by the adverse impact of 

sleep loss on neurocognition and learning (Carskadon, 2011). Sleep disturbances are also 

associated with worsened emotional and behavioral outcomes for typically developing 

adolescents, including increased stress (Sadeh & Gruber, 2002), interference with the 

development of coping skills, increased anxiety and depression, and poorer self-esteem 

(Acebo & Carskadon, 2002; Giannotti & Cortesi, 2002; Shochat et al., 2014).

Although increased stress is typical in adolescence, largely due to the pressure of enhanced 

environmental demands, the association between poor sleep and stress is likely exacerbated 

in adolescents with ADHD. Indeed, because executive functioning problems are associated 

with increases in social and academic impairment among ADHD youth (Langberg et al., 

2013; Marshall, Evans, Eiraldi, Becker, & Power, 2014), increased difficulties in these areas 

as a result of sleep loss may contribute to even greater stress and poorer mental health 

outcomes in teens with ADHD than for healthy peers. This hypothesis is supported by the 
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literature reviewed above, which revealed relationships between sleep and circadian rhythm 

problems, greater neurocognitive impairment (Fisher et al., 2014; Prehn-Kristensen et al., 

2011), and greater severity of both core ADHD symptoms (Chiang et al., 2010; Gau & 

Chiang, 2009) and depression and anxiety (Mick et al., 2000; Stein et al., 2002) in 

adolescents with ADHD. Again, it is important to note that it is not yet possible to draw 

causal inferences. Sleep difficulties may result in increased stress and worsened clinical 

outcomes or vice versa, or perhaps more likely, this relationship may be bidirectional. Future 

research is needed to clarify these relationships.

Summary

ADHD is characterized by neuromaturational delay, neurocognitive deficits, and 

psychosocial stress, and these factors likely interact to result in functional impairment for 

affected youth. Evidence from typically developing adolescents has shown that unhealthy 

sleep is associated with similar brain-based and functional deficits, suggesting a potential 

role of sleep disturbances in exacerbating these processes in ADHD. The reviewed literature 

suggests greater sleep disturbances in ADHD adolescents compared to healthy peers and 

provides preliminary evidence for associations between sleep and neurocognitive and 

psychiatric health in this population. However, it is notable that sleep disturbances are not 

universal in ADHD, and the mechanisms and extent to which disrupted sleep and circadian 

patterns contribute to heterogeneous clinical presentations and symptom trajectories are 

currently unclear.

Conclusions and Agenda to Guide Future Research

Adolescents with ADHD endorse greater sleep disturbance than typically developing peers. 

Although puberty is characterized by changes in brain organization, sleep patterns, and 

environmental demands for all youth, the adverse impact of sleep disturbances on 

neurocognitive and psychosocial functioning may be particularly pronounced among ADHD 

teens, who already experience deficits in these areas. While prevalent, sleep disturbances do 

not affect all youth with ADHD, and it is currently unclear which adolescents are at risk for 

sleep difficulties and the mechanisms by which disrupted sleep and circadian rhythms may 

contribute to symptom and functional heterogeneity during puberty and over time as teens 

transition into adulthood. Future research should clarify specific sleep deficits occurring 

during adolescence for youth with ADHD, mechanisms by which abnormal sleep may 

contribute to worsened clinical presentations and prognosis, and potential tools for early 

identification, prevention, and intervention to target sleep problems as well as core ADHD 

symptoms in this population. Based on review of existing literature, below are presented 5 

priority areas to help guide future research in this area.

Question 1: Does objectively-measured sleep behavior, sleep physiology, and circadian 
functioning differ between ADHD youth and healthy controls during the adolescent 
period?

Despite ample research to support the presence of sleep disturbances in school-aged children 

and adults with ADHD, relatively few studies have characterized sleep and circadian 

rhythms of affected adolescents. The studies that have addressed this question have relied 
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primarily on subjective measures, which are subject to cognitive biases and memory recall 

issues. In addition, actigraphy and PSG studies with ADHD teens to date have been limited 

by small or non-representative samples. Future studies should expand on prior work using 

gold-standard objective measures (PSG and actigraphy) to characterize the sleep behavior, 

physiology, and circadian rhythms of adolescents with ADHD. Given normative changes in 

sleep and circadian rhythms during adolescence, studies using these designs have the 

potential to clarify how sleep problems manifest in ADHD within a developmental context.

Both PSG and actigraphy provide important information about TST, SOL, efficiency, 

nocturnal awakenings, sleep movements, and circadian rhythms. In addition, due to its EEG 

technology, PSG may shed light on potential abnormalities in sleep physiology, such as 

REM, NREM/SWS, sleep spindles (i.e., rapid bursts of rhythmic brain wave activity during 

stage 2 NREM), and sleep EEG frequency content. Importantly, PSG has also been critical 

to identifying phenotypes that differ in etiology, severity, adverse health outcomes, and 

treatment response among adults with insomnia. Specifically, evidence suggests that adults 

with insomnia with PSG-measured TST less than 6 hours are at significant risk for 

hypertension (Bathgate, Edinger, Wyatt, & Krystal, 2016) and mortality (Sivertsen et al., 

2014; Vgontzas et al., 2010), while this is not the case for insomnia patients with self-

reported TST under 6 hours (Bathgate et al., 2016) or those with PSG-measured TST greater 

than or equal to 6 hours (Vgontzas & Fernandez-Mendoza, 2013). Further, this shortened 

PSG-measured TST phenotype is less responsive to cognitive behavioral therapy for 

insomnia (CBT-I) compared with longer sleeping adults with insomnia (Bathgate, Edinger, 

& Krystal, under review), suggesting that shortened PSG-measured TST may represent the 

most severe insomnia phenotype (Vgontzas, Fernandez-Mendoza, Liao, & Bixler, 2013).

PSG studies may be particularly beneficial for clarifying sleep abnormalities in ADHD. 

Given the normative developmental changes in SWS typically observed in teens, 

investigation of EEG variables such as delta power and delta slope overnight (i.e., 

physiological markers of homeostatic sleep drive; Merica, Blois, & Gaillard, 1998; Perlis et 

al., 2001) may be particularly vital for elucidating divergent developmental trajectories of 

sleep in adolescents with ADHD compared to healthy peers. Sleep spindle activity may 

represent another area for future research in ADHD, as sleep spindle deficits are associated 

with reduced neurocognitive capacity in healthy children (Chatburn et al., 2013; Hoedlmoser 

et al., 2014) and adults (Lustenberger, Maric, Durr, Achermann, & Huber, 2012; Schabus et 

al., 2006). Finally, the adult insomnia literature suggests that PSG studies may be 

particularly well suited to identifying sleep-related phenotypes among adolescents with 

ADHD, and future studies should examine this possibility.

Question 2: What is the relationship between sleep and neurocognitive performance 
among adolescents with ADHD? Does sleep disturbance represent a biomarker for 
subtypes of ADHD?

The substantial overlap in neurocognitive deficits seen in ADHD and sleep-disordered 

children is well-documented, and sleep-related impairments in neurocognition appear to be 

exacerbated in ADHD. In a recent review, Owens and colleagues (2013) highlighted 

neurocognitive features common to ADHD and sleep disturbances and suggested that 
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investigation of this overlap may elucidate biological mechanisms contributing to difficulties 

with focus, vigilance, and arousal/alertness. It is possible that specific disruptions in neural 

circuitry and neurotransmitters supporting sleep may contribute to the severity of core 

symptoms and neurocognitive deficits in individuals with ADHD, but this has yet to be 

examined. As highlighted by these researchers, future studies investigating the following 

areas may be particularly informative for clarifying biological mechanisms underlying 

ADHD: 1) alterations in neural circuitry and neurotransmitter function supporting sleep and 

wakefulness in ADHD, 2) phenotypic similarities between neurocognitive, emotional, and 

behavioral manifestations of ADHD and sleep loss, and 3) interrelationships between sleep/

circadian disturbance and genetic/environmental factors in ADHD (e.g., genetic 

vulnerability to sleep dysregulation, differential response to external sleep-wake signals).

These research avenues may be particularly relevant to understanding clinical heterogeneity 

and identifying phenotypic subgroups within adolescent ADHD. Neurocognitive deficits in 

children and teens with ADHD are not universal (Willcutt, Doyle, Nigg, Faraone, & 

Pennington, 2005) and researchers have suggested that impaired executive functioning may 

represent an endophenotype for ADHD subgroups (Bidwell, Willcutt, Defries, & 

Pennington, 2007; Gau & Shang, 2010). Similarly, poor sleep is common to many, but not 

all, children with ADHD (Corkum, Davidson, & Macpherson, 2011). As noted above, 

biological mechanisms contributing to sleep difficulty and impaired neurocognition in some 

individuals with ADHD but not others are poorly understood. Sleep disturbance may 

represent one biological process contributing to neurocognitive and functional impairments 

observed in phenotypic ADHD subgroups. Future studies should examine associations 

between disrupted sleep and variable clinical and cognitive outcomes in ADHD teens to 

evaluate 1) whether sleep disturbances during adolescence characterize a phenotypic 

subgroup within ADHD, and 2) genetic and environmental influences conferring risk for 

sleep disturbances and related neurocognitive and academic/social deficits among 

adolescents with ADHD.

Question 3: Do adolescents with ADHD exhibit delays in normative sleep development 
trajectories (e.g., SWS declines)? If so, are these lags associated with neuromaturational 
delays in ADHD? Do hormonal abnormalities contribute to anomalies in sleep, 
neuromaturation, and their interaction in ADHD?

Normative reductions in SWS occur during adolescence and appear to reflect developmental 

brain changes (synaptic pruning; Feinberg & Campbell, 2010). A preliminary study in 

children with ADHD (age 11) suggested that SWS declines may be delayed (Ringli et al., 

2013); however, this study was limited by small sample size and cross-sectional design. 

Future longitudinal studies should examine SWS developmental trajectories across 

adolescence and associations with neuromaturational processes in teens with ADHD. These 

studies may clarify whether adolescents with ADHD exhibit abnormalities in SWS 

developmental trajectory, and if so, whether this disruption may 1) result from 

neuromaturational delays characteristic of ADHD, 2) actively interfere with brain 

development in ADHD, or 3) contribute to a bidirectional cycle in which SWS and 

neuromaturational delays interact to exacerbate ADHD core symptoms. As developmental 

trajectories of sleep and brain functioning may be more closely related to pubertal 
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development rather than age, future studies should include a measure of pubertal status at 

each time point. If SWS abnormalities are found to contribute to or interact with delays in 

brain development across adolescence for individuals with ADHD, this specific sleep 

disturbance may represent a target for early identification and prevention strategies in this 

population (see Question 5 below).

Relatedly, future longitudinal studies of sleep and circadian functioning and neuromaturation 

in adolescent ADHD would be strengthened through inclusion of hormonal measures. 

Specifically, developmental shifts in hormonal secretions, such as melatonin and cortisol, 

have been linked to both shifts in sleep/circadian functioning (e.g., Carskadon et al., 2004; 

Rea, Figueiro, Sharkey, & Carskadon, 2012) and brain development during puberty (Giedd 

et al., 2006). Both melatonin (Novakova et al., 2011) and cortisol (Isaksson, Nilsson, 

Nyberg, Hogmark, & Lindblad, 2012) abnormalities are observed in children and teens with 

ADHD. Elucidation of abnormal patterns of hormonal secretion across development in 

ADHD adolescents would significantly enhance our understanding of the interplay between 

sleep functioning, neuromaturation, and symptom manifestation in this population.

Question 4: Are sleep disturbances predictive of persistence of ADHD into adulthood?

ADHD persists into adulthood for some, but not all, individuals and continues to impair 

functioning (Faraone et al., 2006; Langley et al., 2010). At present, mechanisms contributing 

to disparate symptom trajectories and the persistence or remission of ADHD over the 

lifespan are poorly understood. Although factors such as severity of childhood ADHD, 

childhood treatment, and neurocognition have preliminary support as predictors (Biederman, 

Petty, Clarke, Lomedico, & Faraone, 2011; Kessler et al., 2005; van Lieshout, Luman, 

Buitelaar, Rommelse, & Oosterlaan, 2013), causal mechanisms underlying these 

associations are unclear. Identifying those at risk for persistent ADHD is a high priority, as it 

may allow for targeted prevention and intervention efforts and more positive outcomes for 

affected youth.

Sleep disturbance in adolescence is one biological process than may contribute to 

persistence of ADHD. First, developmental changes in sleep are characteristic of 

adolescence (Colrain & Baker, 2011; Darchia & Cervena, 2014), a time in which 

developmental trajectories of ADHD symptoms also begin to diverge (Halperin & Schulz, 

2006). Second, among typically developing teens, sleep dysfunction is associated with 

neuromaturational abnormalities, neurocognitive deficits (e.g., attention, vigilance), and 

difficulty meeting increased environmental demands (Carskadon, 2011). Although not yet 

fully examined (see Question 2), this process may be amplified in at least a subset of ADHD 

youth (e.g., those with sleep deficits), who are already experiencing impairments in these 

areas. It is plausible that disrupted sleep occurring in a subset of adolescents with ADHD 

may lead to a vicious cycle, in which syndrome-related neural developmental, cognitive, and 

psychosocial impairments are compounded by poor sleep in adolescence to result in 

worsened clinical trajectories and maintenance of core symptoms into adulthood.
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Question 5: If sleep and circadian functioning is disrupted in ADHD adolescents compared 
to healthy peers, do behavioral and/or pharmacological treatments targeting sleep reduce 
1) sleep disturbances and/or 2) core symptoms of ADHD in this population?

Clarification of sleep problems in adolescent ADHD may be particularly relevant to 

developing effective behavioral and/or pharmacological interventions. Several interventions 

have shown to be effective in targeting sleep deficits and disorders (e.g., insomnia) in 

adolescents, including sleep hygiene, behavioral therapies, and pharmacology (Nunes & 

Bruni, 2015). Depending on the specific sleep deficits identified in adolescents with ADHD, 

these treatments may be adapted for ADHD youth and serve as either stand-alone or 

supplemental therapies implemented in addition to standard care for ADHD. For example, 

sleep hygiene strategies focus on implementing consistent bed- and wake times/routines, 

reducing caffeine intake, and limiting activating activities such as electronic use before bed 

(Mindell & Owens, 2015). As ADHD in adolescence is associated with inconsistent 

routines, high caffeine intake (Martin et al., 2008), and overuse of electronic media (Weiss, 

Baer, Allan, Saran, & Schibuk, 2011), these techniques may be particularly potent in 

reducing sleep problems in teens with ADHD. Indeed, a recent randomized control trial with 

school-aged children with ADHD (5–12 years old) found that enhancing sleep hygiene and 

implementing behavioral strategies (behavioral sleep management, bedtime fading) 

improved sleep behaviors, reduced ADHD symptom severity, and improved social and 

family functioning, classroom behavior, quality of life, and working memory performance 

(Hiscock et al., 2015).

Regarding behavioral therapy, CBT-I increases sleep efficiency and TST, reduces SOL and 

nocturnal awakenings, and results in a more rapid decline in delta power overnight in adults 

(Krystal & Edinger, 2010; Trauer, Qian, Doyle, Rajaratnam, & Cunnington, 2015). With 

adolescents, emerging literature has suggested that CBT-I improves TST, SOL, nocturnal 

awakenings, and efficiency (de Bruin, Oort, Bogels, & Meijer, 2014) as well as psychiatric 

outcomes (Clarke et al., 2015). If adolescents with ADHD evidence deficits in these specific 

areas of sleep, CBT-I may be effective for reducing both sleep disturbances and ADHD 

symptoms. Finally, pharmacological treatments used in clinical settings target sleep 

disorders and disturbances in children and adolescents (with or without neurodevelopmental 

disorders such as ADHD), including antihistaminic agents, alpha-2 adrenergic agonists, 

melatonin, iron supplements, benzodiazepines, and tricyclic anti-depressants (Barrett, Tracy, 

& Giaroli, 2013; Bruni et al., 2015; Hollway & Aman, 2011). These agents may have utility 

in reducing severe sleep problems in teens with ADHD; however, widespread use in 

pediatric populations is not recommended due to lack of empirical investigations and side 

effects (Nunes & Bruni, 2015).

Future investigations may examine sleep-related interventions in reducing sleep disturbances 

in adolescents with ADHD. Given the overlap between attentional and neurocognitive 

deficits observed in sleep disorders and ADHD, future studies may also investigate the 

benefit of these therapies in targeting core ADHD symptoms. Importantly, intervention 

studies may also elucidate cause and effect relationships between sleep problems, ADHD 

symptoms, and neurocognition. If sleep-specific interventions improve ADHD symptoms 

and neurocognition in adolescents in the absence of other ADHD-specific treatments, this 
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would support a causal role of sleep disturbances in worsened clinical and cognitive 

outcomes. Finally, stimulant medications appear to improve sleep in adults with ADHD. The 

impact of stimulant medication on sleep in adolescents is currently unclear and may 

represent a target for future research.

Appendix A

Figure A1. 
Flowchart of selection process

Appendix B

Table B1

Studies examining sleep and ADHD in adolescent-specific samples

Study Study Type Timeframe Sample Size Sleep Measurement ADHD Dx (Y/N) Age Range

Associations of Sleep Disturbances and ADHD Symptoms in the Population

Hysing et 
al., 2015 Population-Based Cross-sectional 9,846 Self-Report N 16–19
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Study Study Type Timeframe Sample Size Sleep Measurement ADHD Dx (Y/N) Age Range

 Sivertsen 
et al., 2015 Population-Based Cross-sectional 9,338 (306 Delayed Sleep 

Phase) Self-Report N 16–19

Turkdogan 
et al., 2011 Population-Based Cross-sectional 4,346 (119 RLS) Self-Report; Clinical Interview N 10–19

Lam & 
Yang, 2008 Population-Based Cross-sectional 1,429 Self-Report N 13–17

Smaldone et 
al., 2007 Population-Based Cross-sectional 34,120 Parent-Report N 12–17

Johnson & 
Roth, 2006 Population-Based Cross-sectional 1,014

Sleep Wake Activity Inventory 
(Self-Report); Clinical 

Interview
Y 13–16

Prevalence of Sleep Disturbances in ADHD 
Samples

Fisher et al., 
2014 Chart Review Cross-sectional 218 Physical Complaints Checklist 

(Self-Report) Y 15–17

Brook & 
Boaz, 2005 Descriptive Cross-sectional 308 Comorbid ADHD/LD Self-Report Y 12–18

Subjective Sleep Disturbances in ADHD-Diagnosed Teens compared to 
Healthy Controls

Weinstein et 
al., 2015 Empirical Cross-sectional 50 ADHD; 50 HC 

(Males) Self-Report Y 13–15

Lufi & 
Tzischinsky, 
2014

Empirical Cross-sectional 30 ADHD (90% Male); 
28 HC (50% Male)

Sleep Schedules Questionnaire 
(Self-Report) Y (Past diagnosis) 13–17

Yang et al., 
2011 Empirical Longitudinal

136 ADHD (85% Male); 
136 HC (85% Male); 47 
Aff. Sib (58% Male); 89 
Unaff. Sib (37% Male)

KSADS Y

Not 
reported; 
mean = 

12.8 
(ADHD)

 Gau, Lin, 
et al., 2010 Empirical Longitudinal

46 Persistent ADHD/47 
Subthreshold ADHD 
(83% Male); 93 HC 
(gender matched)

K-SADS Y 11–16

 Gau, Ni, 
et al., 2010 Empirical Longitudinal

186 Persistent ADHD/110 
Subthreshold ADHD 
(86% Male); 185 HC 

(72% Male)

K-SADS Y 11–17

 Chiang et 
al., 2010 Empirical Longitudinal 325 (81.5% Male); 257 

HC (60% Male)

K-SADS; Sleep Disturbance 
Questionnaire; Sleep/Nap 

Schedule (Self-Report)
Y 10–17

 Gau & 
Chiang, 
2009

Empirical Longitudinal

145 Persistent ADHD/136 
Subthreshold ADHD 
(86% Male); 185 HC 

(73% Male)

K-SADS; Sleep Disturbance 
Questionnaire; Sleep/Nap 

Schedule (Self-Report)
Y 11–17

Mick et al., 
2000 Empirical Longitudinal 122 ADHD; 105 HC 

(Males)
Children Sleep Behavior Scale 

(Parent-Report); DICA Y (Past Diagnosis) 12–17

Objective Sleep Disturbances in ADHD-Diagnosed Teens compared to Healthy 
Controls

Prehn-
Kristensen 
et al., 2011

Empirical Cross-sectional 12 ADHD; 12 HC 
(Males) Polysomnography Y 10–16

Mullin et 
al., 2011 Empirical Cross-sectional 14 ADHD; 13 BD; 17 HC Actigraphy; Sleep Diary Y 11–17
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Study Study Type Timeframe Sample Size Sleep Measurement ADHD Dx (Y/N) Age Range

Moore et al, 
2011 Community Cohort Cross-sectional 247 Actigraphy; Sleep Diary Y (Per Parent 

Report) 13–16

Associations between Sleep Disturbances and Comorbidity, Neurocognition, and/or Daytime Functioning in ADHD-Diagnosed 
Adolescent Samples

Weinstein et 
al., 2015 Empirical Cross-sectional 50 ADHD; 50 HC 

(Males) Self-Report Y 13–15

Lufi & 
Tzischinsky, 
2014

Empirical Cross-sectional 30 ADHD (90%Male); 28 
HC (50%Male)

Sleep Schedules Questionnaire 
(Self-Report) Y (Past Diagnosis) 13–17

Fisher et al., 
2014 Chart Review Cross-sectional 218 Physical Complaints Checklist 

(Self-Report) Y 15–17

Langberg et 
al., 2013 Empirical Cross-sectional 100 Pediatric Daytime Sleepiness 

Scale (Self-Report) Y 10–14

Prehn-
Kristensen 
et al., 2011

Empirical Cross-sectional 12 ADHD; 12 HC 
(Males) Polysomnography Y 10–16

 Prehn-
Kristensen 
et al., 2014

Empirical Cross-sectional 12 ADHD; 12 HC 
(Males) Polysomnography Y 10–14

 Munz et 
al., 2015 Empirical Cross-sectional 14 ADHD (Males) Polysomnography Y 10–14

Stein et al., 
2002 Empirical Cross-sectional

32 Non-medicated ADHD 
(15% “Full Blown” 

ADHD); 35 Medicated 
ADHD (60% “Full 

Blown” ADHD); 77 HC 
(Males)

Mini Sleep Questionnaire 
(Self-Report) Y (Past Diagnosis) 13–16

Mick et al., 
2000 Empirical Longitudinal 122 ADHD; 105 HC 

(Males)
Children Sleep Behavior Scale 

(Parent-Report); DICA Y (Past Diagnosis) 12–17

Contribution of Sleep Disturbances to Prognosis in ADHD-Diagnosed Samples

Becker et 
al., 2015 Empirical Longitudinal 81 (75% Male) Child Behavior Checklist 

(Parent-Report) Y 10–14

Fisher et al., 
2014 Chart Review Cross-sectional 218 Physical Complaints Checklist 

(Self-Report) Y 15–17

Impact of Interventions on Sleep with ADHD-
Diagnosed Adolescents

Becker et 
al., 2015 Empirical Longitudinal 81 (75% Male) Child Behavior Checklist 

(Parent-Report) Y 10–14

Santisteban 
et al., 2014 Empirical Cross-sectional 37 (73% Male) Actigraphy; Sleep Diary Y 10–17

Gau & 
Chiang, 
2009

Empirical Longitudinal

145 Persistent ADHD/136 
Subthreshold ADHD 
(86% Male); 185 HC 

(73% Male)

K-SADS; Sleep Disturbance 
Questionnaire; Sleep/Nap 

Schedule (Self-Report)
Y 11–17

Stein et al., 
2002 Empirical Cross-sectional

32 Non-medicated ADHD 
(15% “Full Blown” 

ADHD); 35 Medicated 
ADHD (60% “Full 

Blown” ADHD); 77 HC 
(Males)

Mini Sleep Questionnaire 
(Self-Report) Y (Past Diagnosis) 13–16

Mick et al., 
2000 Empirical Longitudinal 122 ADHD; 105 HC 

(Males)
Children Sleep Behavior Scale 

(Parent-Report); DICA Y (Past Diagnosis) 12–17
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Abbreviations: ADHD (Attention-Deficit/Hyperactivity Disorder); ODD (Oppositional Defiant Disorder); LD (Specific 
Learning Disorder); KSADS (Kiddie Schedule for Affective Disorders and Schizophrenia); DICA (Diagnostic Interview for 
Children and Adolescents); RLS (Restless Leg Syndrome); Aff. Sib (Affected Sibling); Non-aff. Sib (Non-Affected 
Sibling)

Note: Indentions represent data collected within a research group. Italics denote studies previously referenced in an above 
section of the table.
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Highlights

• Sleep disturbances in adolescent-specific samples with ADHD symptoms are 

reviewed.

• Self-reported sleep disturbances are associated with ADHD symptoms in 

adolescence.

• Mechanisms by which sleep may impact ADHD symptoms and prognosis are 

outlined.

• A guide to inform future research of sleep in adolescents with ADHD is 

proposed.
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