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COMMENTARY

The Cumulative Impact of Adolescent Sleep Loss: Next Steps
Commentary on Lo et al. Cognitive performance, sleepiness, and mood in partially sleep deprived adolescents: the need for sleep study. 
SLEEP 2016;39(3):687–698.
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It is well recognized that developmental shifts in sleep physi-
ology and societal pressures shorten the typical sleep of adoles-
cents on school nights.1 Adolescents have also shown a steeper 
decline in sleep duration over the past century than younger 
children or adults.2,3 However, the implications of these trends 
are hotly debated. Two papers published in 2012 stoked unrest 
in the pediatric sleep community. One questioned the evidence 
base underlying sleep recommendations.4 The other suggested 

“optimal” sleep durations that were much less than the prevailing 
recommendation of 9 hours,5 and instead corresponded closely 
to the average sleep of United States adolescents on school 
nights.6 There have been three primary responses to those chal-
lenges: (1) media coverage that oversimplified the conversa-
tion7; (2) re-analysis of existing data that broadened the range of 
what is considered “recommended”8; and (3) expansion of the 
scientific knowledge base to incorporate alternative analytic 
approaches and more sophisticated research designs.

In this issue, Lo and colleagues9 take the third route, and 
propel the field forward by examining, for the first time, 
day-to-day changes in the effects of experimentally induced 
chronic partial sleep restriction on adolescents’ attention, 
working memory, processing speed, subjective sleepiness, and 
mood. Although not an exact replication, the findings are remi-
niscent of work with adults published a decade ago and since 
cited nearly 1,000 times.10 As in adults, adolescents show con-
sistently worsening attention and, to a lesser degree, working 
memory after each cumulative night of restricted sleep. This 
effect shows no sign of leveling off across a full week, even 
though subjective sleepiness and mood level off (but do not 
reverse) after a few days. This disconnect between subjective 
experience and objective deficits could lead to a progressive 
underestimation of impairment,10 which could affect not only 
learning and social interactions, but also safety (e.g., automo-
bile accidents by adolescent drivers.11)

Lo and colleagues’ pioneering work9 clearly shows that there 
is a cumulative cost associated with partial sleep restriction in 
adolescents that is objectively verifiable, progressive, reflects a 
true cause-effect relationship, and may take multiple recovery 
nights to reverse (though even a single recovery night results in 
striking improvements). These are critical contributions to the 
debate over adolescent sleep recommendations. Nevertheless, 
as seems invariably true, the findings raise new questions, the 
answers to which will have very practical implications.

First, the field must determine the degree to which the 
findings can be generalized. As Lo and colleagues note, the 
elite students who participated in their study are an important 
group to understand in their own right, but they are a unique 
minority. It is hard to know whether struggling students and 
demographically dissimilar adolescents will show a greater, 
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lesser, or similar effect. For example, there are data that show 
that children from low-income or ethnic minority families in 
the United States are more vulnerable12 or less vulnerable13 to 
the effects of poor sleep on their functioning. The answer to the 
generalizability question tempers how much current findings 
impact sleep recommendations, since those are intended for 
broad populations. Further, sleep patterns differ cross-cultur-
ally (even within a country), and there may be multiple equally 
effective ways to meet sleep needs. This does not argue against 
making sleep recommendations, but rather emphasizes a need 
to be culturally sensitive in doing so.

Second, much work remains to be done to understand the 
dose-response effect of chronic sleep restriction in adolescents. 
This is enormously important to move the dialogue beyond “get 
more sleep” to supporting concrete recommendations.4,14 The 
current study did not parametrically vary sleep duration, and 
the < 5 hour nightly sleep period in the sleep restriction condi-
tion is considerably less than what most adolescents receive 
on school nights.6 To my knowledge, only one experimental 
chronic sleep restriction study has systematically varied sleep 
duration.15,16 It found dose-response effects on daytime sleepi-
ness, but not on tests of cognition, though the sample size and 
simple pre-post testing schedule may not have offered statis-
tical power to detect time-by-condition interaction effects. Lo 
and colleagues’ study9 was also longer than the conventional 
5-night school week. Although there were progressive effects 
across the first 5 nights, extending exposure beyond that time-
frame complicates interpretation of subsequent recovery.

Third, while chronic partial sleep restriction appears to be 
endemic among adolescents, there is more to the sleep story. 
For example, epidemiologic studies have suggested that vari-
ability and/or continuity in sleep have effects that are indepen-
dent of an adolescent’s average sleep duration.17–20 No pediatric 
study has systematically induced sleep variability or disrup-
tion, and such studies remain rare with adults as well. This is 
not an obscure academic issue; night-to-night sleep variability 
and/or disruption is quite common in the general population, 
is especially evident in certain clinical populations (e.g., atten-
tion deficit hyperactivity disorder21) and may be particularly 
relevant to underserved—and often understudied—low-in-
come and minority youth who more often live in environments 
that do not promote sleep continuity.19,22,23

On a related point, it can be challenging to answer very rea-
sonable parent questions about adolescent sleep on weekends. 
Given social and biological pressures towards a later sleep 
phase, yet school start times that are earlier than conventional 

“office hours,”24 what is the realistic balance between promoting 
longer sleep via “sleeping in” versus creating “jet lag” as ado-
lescents re-enter the school week? Experimental studies have 
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a unique role to play in answering this very practical question, 
because in correlational studies it is difficult to untangle the 
effects of adolescents’ weekend sleep from the carryover of 
the previous weeknights. Those experimental studies have yet 
to be done.

Fourth, while Lo and colleagues9 used a number of different 
cognitive tests, they simply could not test all possible outcomes. 
Even within the realm of one-on-one cognitive tests, there are 
domains left untapped, and current findings hint at effects that 
warrant explication. For example, adolescents in the control 
condition made steady day-to-day gains on tests of processing 
speed. This “practice effect” reflects learning, probably both 
procedural (without conscious awareness) and declarative (e.g., 
verbalizable “tricks” learned from prior practice) in nature. Be-
cause the test scores changed very little day-to-day in the sleep 
restriction condition, it is hard to know how much the observed 
cross-condition effect on those tests reflects slowed processing 
versus suppression of the practice effect during sleep restric-
tion. One night of recovery sleep led to a score jump that was 
equivalent to several days of practice in the control condition, 
so some form of “latent” learning seems to have occurred that 
had been suppressed during sleep restriction. This may par-
tially explain Voderholzer and colleagues’ findings of a lack 
of effect of chronic sleep restriction on adolescents’ memory 
test scores,16 as their post-testing was done after recovery sleep.

Further, the extensive literature on pediatric sleep apnea 
provides an important lesson: in youth, real-world outcomes 
such as quality of life and classroom functioning are often far 
more sensitive than office-based tests, possibly because the 
structure and support offered during one-on-one testing, cou-
pled with the brief and interactive nature of test stimuli, tend 
to mitigate sleepiness.25–28 Results from the smaller number of 
pediatric sleep experiments suggest a similar pattern,27 so it is 
important to consider real-world and office-based measures to 
be complementary, not equivalent. The answer to the question 
of optimal sleep need may depend on the outcome measure. 
Even within an applied setting, it stands to reason that more 
sleep might be needed to maintain vigilance to a dry lecture 
than an engaging, interactive classroom activity. And optimal 
sleep for either might differ from the optimal level to prevent 
obesity in the general population. Further, inadequate sleep 
might have effects that are uniquely relevant to certain popula-
tions, such as youth with asthma.29

Lo and colleagues are to be commended for executing a lo-
gistically challenging and carefully designed study, the results 
of which clearly demonstrate that chronic partial sleep restric-
tion causes adolescents to have progressively worsening atten-
tion, even after effects on subjective sleepiness and mood level 
off. They have done the field a service. It now is incumbent for 
the field to build upon this progress to better understand the 
causal impact of different aspects of sleep, at different doses, 
in different populations, and with different outcome measures. 
The results are not academic; they directly inform practical 
recommendations with real-world health consequences.

CITATION
Beebe DW. The cumulative impact of adolescent sleep loss: 
next steps. SLEEP 2016;39(3):497–499.

REFERENCES
1.	 Owens J, Adolescent Sleep Working Group, Committee on 

Adolescence. Insufficient sleep in adolescents and young adults: an 
update on causes and consequences. Pediatrics 2014;134:e921–32.

2.	 Matricciani L, Olds T, Petkov J. In search of lost sleep: secular trends 
in the sleep time of school-aged children and adolescents. Sleep Med 
Rev 2012;16:203–11.

3.	 Bin YS, Marshall NS, Glozier N. Secular trends in adult sleep 
duration: a systematic review. Sleep Med Rev 2012;16:223–30.

4.	 Matricciani LA, Olds TS, Blunden S, Rigney G, Williams MT. Never 
enough sleep: a brief history of sleep recommendations for children. 
Pediatrics 2012;129:548–56.

5.	 Eide E, Showalter M. Sleep and student achievement. East Econ J 
2012;38:512–24.

6.	 National Sleep Foundation. Summary of Findings: 2006 Sleep In 
America Poll. Washington, DC: National Sleep Foundation, 2006.

7.	 Rubin R. How much sleep do teens really need? Maybe less than you 
think. Today Show: Health and Wellness Web Edition February 19, 
2012.

8.	 Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep 
Foundation’s updated sleep duration recommendations: final report. 
Sleep Health 2015;1:233–43.

9.	 Lo JC, Ong JL, Leong RL, Gooley JJ, Chee MW. Cognitive 
performance, sleepiness, and mood in partially sleep deprived 
adolescents: the need for sleep study. Sleep 2016;39:687–98.

10.	Van Dongen HP, Maislin G, Mullington JM, Dinges DF. The 
cumulative cost of additional wakefulness: dose-response effects on 
neurobehavioral functions and sleep physiology from chronic sleep 
restriction and total sleep deprivation. Sleep 2003;26:117–26.

11.	 Garner AA, Miller MM, Field J, Noe O, Smith Z, Beebe DW. Impact 
of experimentally manipulated sleep on adolescent simulated driving. 
Sleep Med 2015;16:796–9.

12.	 Staton L, Hinnant JB, Buckhalt J, El-Sheikh M. Sleep and cognitive 
performance: the role of income and respiratory sinus arrhythmia 
reactivity. Dev Psychobiol 2014;56:1528–40.

13.	 Garetz SL, Mitchell RB, Parker PD, et al. Quality of life and 
obstructive sleep apnea symptoms after pediatric adenotonsillectomy. 
Pediatrics 2015;135:e477–86.

14.	 Matricciani L, Blunden S, Rigney G, Williams MT, Olds TS. 
Children’s sleep needs: is there sufficient evidence to recommend 
optimal sleep for children? Sleep 2013;36:527–34.

15.	Voderholzer U, Piosczyk H, Holz J, et al. The impact of increasing 
sleep restriction on cortisol and daytime sleepiness in adolescents. 
Neurosci Lett 2012;507:161–6.

16.	Voderholzer U, Piosczyk H, Holz J, et al. Sleep restriction over several 
days does not affect long-term recall of declarative and procedural 
memories in adolescents. Sleep Med 2011;12:170–8.

17.	 He F, Bixler EO, Liao J, et al. Habitual sleep variability, mediated by 
nutrition intake, is associated with abdominal obesity in adolescents. 
Sleep Med 2015;16:1489–94.

18.	 He F, Bixler EO, Berg A, et al. Habitual sleep variability, not sleep 
duration, is associated with caloric intake in adolescents. Sleep Med 
2015;16:856–61.

19.	 Kuo SI, Updegraff KA, Zeiders KH, McHale SM, Umana-Taylor 
AJ, De Jesus SA. Mexican American adolescents’ sleep patterns: 
contextual correlates and implications for health and adjustment in 
young adulthood. J Youth Adolesc 2015;44:346–61.

20.	 Kjeldsen JS, Hjorth MF, Andersen R, et al. Short sleep duration and 
large variability in sleep duration are independently associated with 
dietary risk factors for obesity in Danish school children. Int J Obes 
(Lond) 2014;38:32–9.

21.	 Gruber R, Sadeh A, Raviv A. Instability of sleep patterns in children 
with attention- deficit/hyperactivity disorder. J Am Acad Child 
Adolesc Psychiatry 2000;39:495–501.

22.	 Bagley EJ, Kelly RJ, Buckhalt JA, El-Sheikh M. What keeps low-SES 
children from sleeping well: the role of presleep worries and sleep 
environment. Sleep Med 2015;16:496–502.



SLEEP, Vol. 39, No. 3, 2016 499 Commentary—Beebe

23.	 El-Sheikh M, Bagley EJ, Keiley M, Elmore-Staton L, Chen E, 
Buckhalt JA. Economic adversity and children’s sleep problems: 
multiple indicators and moderation of effects. Health Psychol 
2013;32:849–59.

24.	Wheaton AG, Ferro GA, Croft JB. School start times for middle 
school and high school students - United States, 2011-12 School Year. 
MMWR Morb Mortal Wkly Rep 2015;64:809–13.

25.	 Marcus CL, Moore RH, Rosen CL, et al. A randomized trial of 
adenotonsillectomy for childhood sleep apnea. N Engl J Med 
2013;368:2366–76.

26.	 Beebe DW. Neurobehavioral effects of childhood sleep-disordered 
breathing (SDB): a comprehensive review. Sleep 2006;29:1115–34.

27.	 Beebe DW. Cognitive, behavioral, and functional consequences of 
inadequate sleep in children and adolescents. Pediatr Clin North Am 
2011;58:649–65.

28.	 Beebe DW, Ris MD, Kramer ME, Long E, Amin R. The association 
between sleep disordered breathing, academic grades, and cognitive 
and behavioral functioning among overweight subjects during middle 
to late childhood. Sleep 2010;33:1447–56.

29.	 Meltzer LJ, Faino A, Szefler SJ, Strand M, Gelfand EW, Beebe 
DW. Experimentally manipulated sleep duration in adolescents 
with asthma: feasibility and preliminary findings. Pediatr Pulmonol 
2015;50:1360–7.

SUBMISSION & CORRESPONDENCE INFORMATION
Submitted for publication January, 2016
Accepted for publication January, 2016
Address correspondence to: Dean W Beebe, PhD, Cincinnati Children’s 
Hospital Medical Center, Division of Behavioral Medicine and Clinical 
Psychology, 3333 Burnet Avenue, MLC 7039, Cincinnati, OH 45229; Tel: (513) 
636-3489; Fax: (513) 636-7756; Email Address dean.beebe@cchmc.org

DISCLOSURE STATEMENT
Dr. Beebe has indicated no financial conflicts of interest. 


