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INTRODUCTION
Concerns that children are “in need of more sleep” and that 

children are “chronically sleep deprived” are contemporary 
concerns in our society.1-9 Such concerns, however, are not 
new. As our recent historical review10 reports, concerns that 
children are not getting enough sleep have persisted for the past 
century, with sleep recommendations consistently exceeding 
actual sleep time by approximately 37 min, due to declines in 
both actual and recommended sleep over time. It seems that 
children have always “needed” extra sleep, no matter how 
much sleep they were actually getting. Our review raised the 
issue of whether or not there was sufficient high level, low 
risk of bias data to support specific sleep recommendations 
and attracted the interest of various paediatric sleep experts11-13 
and institutions.14

Sleep is undoubtedly important for the health and well-being 
of children. Prospective and cross-sectional studies show that 
short sleep duration is associated with a wide range of negative 
physical, social, emotional, and cognitive outcomes including 
poor concentration,15,16 impaired academic achievement,15,17,18 
an increased risk of obesity,19,20 depression,21 suicide ideation, 
and injuries.22-24 A number of experimental studies have also 
shown that negative cognitive behavioral outcomes arise 
when sleep is restricted but improve when sleep is extended 
in both children and adolescents.25-28 There is also convincing 
evidence that children are sleeping less than they used to. A 
recent meta-analysis29 covering 690,747 children from 20 
different countries found that children’s sleep has decreased by 
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0.75 min per year over the past century, with the rate of change 
being greatest on school days, for older children, and for boys.

Although these studies suggest sleep duration is important, 
none of these observations alone provides irrefutable evidence 
that children need a specific amount of sleep (e.g., 9.5 hours or 
8.5-9.5 hours a night). Although secular declines in sleep are 
concerning given the negative outcomes associated with short 
sleep, declines may perhaps suggest that children can simply 
“cope” with less sleep now than they did 100 years ago. If 
children could indeed do better with more sleep than they are 
currently getting, just how much more is optimal?

The aim of this article is to discuss the theory, rationale, and 
empirical evidence for contemporary sleep recommendations, 
explore the concept of “optimal sleep,” and discuss future 
research directions for sleep recommendations.

SLEEP RECOMMENDATIONS
Sleep recommendations for children date as far back as 

189710 and play an important role in informing public policies, 
guidelines, interventions, and perhaps most importantly, 
informing parents and children of healthy sleep behaviors. 
Sleep recommendations are widely used in academic, clinical, 
and popular media contexts. Two normative cross-sectional 
studies30,31 have used specific sleep recommendations as a 
benchmark to assess whether children are getting sufficient 
(and therefore healthy) amounts of sleep. The results of such 
studies have led to concerns that children are sleep deprived 
and that public health interventions are needed.7,32,33 Some of 
the interventions that have been proposed to ensure adequate 
sleep among children and adolescents include delaying school 
start times and implementing education programs in schools 
regarding the importance of sleep. If sleep recommendations 
are to help us interpret normative sleep values and drive public 
policies and interventions, sleep recommendations must be 
informed by a comprehensive review of evidence and based on 
the best available evidence.

Currently there are several competing sets of sleep 
guidelines, which can recommend widely divergent sleep 
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durations (Table 1). Among school-aged children, for example, 
recommendations can differ by as much as 1.75 hours per 
night, equivalent to more than 1.5 standard deviations in 
this age group. It appears that, of these, the most commonly 
cited recommendations are those of the US National Sleep 
Foundation (NSF). However, to date, the publicly available 
information from all these recommending bodies does not 
consistently include references from which the specific sleep 
durations recommended were derived for children of different 

age groups, nor do there appear to be any details to indicate 
how these recommendations were developed. Of the references 
cited,34-38 none are able to provide strong supporting evidence 
for the specific hour-based sleep recommendations made for 
children and adolescents of different age groups. This is not to 
say that these sleep recommendations have not been based on 
research or consensus evidence, but rather the derivation or data 
supporting the recommendations are not provided. We have 
extensively searched the websites/literature for such evidence 

Table 1—Sleep recommendations issued by contemporary recommending bodies 

Reference
References 
cited

How 
recommendations 
were made Recommendationa 

Heussler43 No 
references 
cited

Not stated “By 12 months of age, most children will sleep for 14-15 hours per 24 hours; most 
of their sleep occurs at night, with usually two naps of short duration up to 2 hours 
during the day. Most children will give up daytime nap(s) on starting primary school. 
Throughout the rest of the life cycle, there is a proportional decrease in REM sleep 
and in the average total amount of sleep.  Children of 5-13 years require about 10 
hours of sleep, and those aged 14-18 years need about 8 hours”

Teufel et al.44 Sleep 
Medicine and 
Research 
Center38 
cited

Not stated “The Sleep Medicine and Research Center further specified sleep requirements 
within younger age groups. With regards to this study, those from twelve to fourteen 
years old should sleep 9.5 hours per day, those 10 and eleven years old should 
sleep 10 hours per day; and those eight and nine years of age should sleep 10.5 
hours per day (Sleep Medicine and Research Center, 2006). After age 14, the 
optimal amount of sleep remains about 9 hours.

National Heart, Lung 
and Blood Institute45 
Accessed May 17, 2012

No 
references 
cited

Not stated Sleep needs also change throughout the life cycle. Newborns sleep between 16 
and 18 hours a day, and children in preschool sleep between 11 and 12 hours a day. 
School-aged children and adolescents need at least 10 hours of sleep each night.

National Sleep 
Foundation46

Accessed May 17, 2012

Carskadon et 
al.37 cited

Expert opinion:
“Though research 
cannot pinpoint an 
exact amount of 
sleep need by people 
at different ages, 
the preceding table 
identifies the ‘rule-of-
thumb’ amounts most 
experts have agreed 
upon.”

Age Sleep needs
Newborns (0 to 2 mo) 12 to 18 h
Infants (3 to 11 mo) 14 to 15 h
Toddlers (1 to 3 y) 12 to 14 h
Preschoolers (3 to 5 y) 11 to 13 h
School-aged children (5 to 10 y) 10 to 11 h
Teens (10 to 17 y) 8.5 to 9.25 h
*Please note these recommendations differ slightly on different webpages46,47 from 
the same website

Lamm48 No 
references 
cited

Expert opinion:
“Experts recommend 
that your child get the 
following amount of 
sleep at each stage of 
growth”

Many parents are unsure of how much their child should sleep. Experts 
recommend that your child get the following amount of sleep at each stage of 
growth:

Age Sleep needs
Infants (3 to 11 mo) 14 to 15 h
Toddlers 12 to 14 h
Preschoolers 11 to 13 h
School-age children 10 to 11 h

Harvard Medical 
School49

Accessed May 17, 2012

Ferber35, 
Dijk34 and 
Ohayon36 
cited

Not stated “Newborns spend from 16 to 20 hours asleep each day. Between the ages of one 
and four, total daily sleep time decreases to about 11 or 12 hours. This gradual 
decline continues through childhood, such that an adolescent will need—though 
not necessarily get—about nine hours of sleep to function at his or her best.” 

aRecommendations were identified using a systematic process. For further details, please see Matricciani et al.10 Only contemporary recommendations were 
considered here. Contemporary recommendations were defined as any recommendation issued within the past 10 years. Emphasis in bold italics has been 
added by the authors of this paper. REM, rapid eye movement.
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and have not been able to locate any sources of evidence and/
or consensus statements describing the process used to develop 
recommendations.

Turner et al.,39 in a recent review that examined how clinical 
practice guidelines were developed, identified 14 key elements 
required in the development process. These included the 
establishment of a multidisciplinary guideline development 
group, involvement of consumers, identification of clinical 
questions or problems, systematic searches for and appraisal 
of research evidence, a process for drafting recommendations, 
consultation with others beyond the guideline development 
group, and ongoing review and updating of the clinical practice 
guidelines. It is not clear whether these processes underpin any 
or all of the currently available sleep recommendations.

As shown in Table 1, sleep recommendations appear to have 
been developed by consensus of a group of experts, presumably 
based on a combination of research evidence and clinical 
experience. Although this is a good step toward informing sleep 
recommendations, this approach cannot ensure guidelines are 
based on the “best available evidence.” When considering the 
hierarchy of evidence for questions of intervention (Figure 1), 
it becomes clear that efforts to support contemporary sleep 
recommendations with high level, low risk of bias evidence 
are needed. Ideally, the next logical steps are to progress from 
anecdotal experience, move on from observational and quasi-
experimental studies, and to conduct high level, low risk of bias 
studies, such as well-designed randomized controlled trials, for 
which few currently exist in the area of sleep needs for children. 
At the same time, there is also a need to review, synthesize, and 
appraise the existing body of evidence in an attempt to gain 
a better understanding of children’s sleep needs and to better 
inform contemporary sleep recommendations.

CAN WE DEFINE OPTIMAL SLEEP?
Sleep recommendations aim to reflect children’s “sleep need” 

or “optimal sleep” duration. Although the term “optimal sleep” 
is widely used in the literature, it has been operationalized in 
a number of different ways. Ferrara and De Gennaro50 define 
optimal sleep as “the daily amount of sleep that allows a subject 
to be fully awake (i.e., not sleepy) and able to sustain normal 
levels of performance during the daytime” whereas Engle-
Friedman et al.51 define optimal sleep as “the amount of sleep 
required to feel refreshed in the morning.” Other studies52,53 
with impressive circularity define optimal sleep as the amount 
recommended by authorizing bodies. These definitions, 
however, may be considered inadequate. As Horne54,55 suggests, 
feelings of sleepiness do not necessarily indicate a need for more 
sleep nor does feeling refreshed immediately after awakening 
in the morning.

Although sleep duration is a necessary component of “optimal 
sleep,” we acknowledge that other factors such as sleep quality, 
timing, architecture, consistency, and continuity also play an 
important role. Indeed, it has recently been shown that sleep 
timing may be even more important than sleep duration in 
predicting children’s physical activity and body mass status.56 
Nevertheless, sleep recommendations are issued to help guide 
optimal sleep on the basis of duration.

We conceptualize “optimal sleep” as the amount of sleep 
required to optimize some desirable outcome, such as academic 

performance, or aspects of mental or physical health. The 
notion of optimal sleep therefore reflects dose-response 
relationships. If there is an optimal amount of sleep, and sleep 
recommendations capture this optimum, then dose-response 
relationships should show an inverted U pattern, with a peak (the 
optimal outcome) close to the recommended sleep durations, or 
at least will have a clear deflection point showing a zone of 
diminished returns. Alternatively, dose-response relationships 
may show monotonically increasing benefits for one outcome 
coupled with monotonically increasing deficits for another, so 
that the recommendation represents an optimal tradeoff. It is 
inconceivable that recommendations should be issued for an 
optimal drug dosage, for example, without such consideration 
of dose-response relationships (Figure 2).

WHAT KINDS OF STUDIES COULD INFORM CHILDREN’S SLEEP 
NEED?

There are four main ways in which we could gain insight 
into children’s sleep needs and in turn, sleep recommendations. 
The simplest is to see how much children are sleeping, observe 
that they are sleepy or report wanting more sleep or feeling 
sleepy, and add on “a bit” of extra sleep time. This appears 
to have been the method adopted for most of the 20th century. 

Figure 1—Schematic diagram of hierarchy of evidence, adapted 
from Jackson et al.,40 the National Collaborating Centre for Methods 
and Tools,41 and National Institute for Clinical Excellence.42 Although 
there is no universally accepted hierarchy of evidence, for questions 
of intervention efficacy, there is general agreement that experimental 
randomized controlled trial research designs are stronger than quasi-
experimental studies (case-control and cohort studies), which are 
stronger than observational studies (uncontrolled case studies and 
cross-sectional studies) and expert opinion and anecdotal experience. 
Within each of the levels of evidence, available evidence can be further 
ranked as ‘limited’, ‘moderate’ or ‘strong’ depending on whether or not 
a systematic review or meta-analysis has been conducted with studies 
where the risk of methodological bias is low. Key: Strong: Supporting 
evidence from at least one published systematic review or meta-analysis 
with an appropriate target population and a low risk of bias. Moderate: 
Supporting evidence from at least one published systematic review or 
meta-analysis with an appropriate target population and a moderate 
to high risk of bias. Low: No supporting evidence from any published 
systematic review or meta-analysis.

Experimental 
study design

Quasi-experimental 
study design

Observational study design

Ideas, opinions, editorials

Strong
Moderate
Low
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However, this method is problematic because we are unable to 
determine whether the extra sleep recommended will produce 
any improvements, or if so, exactly how much extra sleep 
will produce optimal results. Furthermore, because sleep is an 
appetitive behavior, wanting more sleep and/or feeling sleepy 
may not necessarily indicate a need for more sleep54,57 but may 
indicate a choice for more sleep. This method is analogous to 
seeing how much children eat, observing that they often say 
they are hungry, and deciding that they need to eat “a bit more.”

A second method is to use unconstrained sleeping, that is, 
letting healthy children sleep for as long as they feel necessary, 
and assuming that this represents optimal sleep. The seminal 
study of this kind was conducted by Carskadon et al.,37,58 and is the 
most often cited source of evidence for sleep recommendations 
in North America. This longitudinal study consisted of a small 
sample (n = 19) of North American children initially age 10-
12 years who enrolled to take part in the study in the 1970s. 
These children stayed at the Stanford University sleep camp 
for three days each year for 5-6 years, during which time their 
sleep was monitored. The investigators on this study reported 
that when adolescents were allowed to control the amount of 
sleep they obtained between 10:00 and 08:00, all children slept 
approximately 9 hours, regardless of their age. During the 1970s 
this innovative study was a large and singlehanded move toward 
understanding children’s sleep needs; however, the very small 
and selective nature of the sample, its cultural homogeneity, the 
35 years that have elapsed between that study and currently, and 
the ecologically abnormal context of the summer camp limits the 
inferences that can be drawn from this study. Furthermore, the 
study design does not allow inferences to be made concerning 
sleep duration and health outcomes; that is, would these children 
have performed better (or worse) with less or more sleep than 
they chose. Given these considerations, perhaps the least 
plausible conclusion from this study is that optimal sleep does 
not change with age among adolescents.

A third method is to examine cross-sectional data and derive 
dose-response relationships (Figure 2). Like all cross-sectional 

studies, we cannot infer causation, but such data are at least 
suggestive and may be the best available evidence currently. 
This approach has most commonly been used in relation to the 
link between sleep and obesity in children and adolescents. To 
our knowledge, with a single exception,59 none of the studies 
investigating associations between sleep duration and health 
outcomes finds an inverted U relationship, a clear deflection 
point, or concurrently increasing benefits and deficits. The 
risk of being overweight or obese, for example, consistently 
decreases as sleep duration increases. In some cases, the highest 
sleep category is equivalent to or less than the recommended 
duration.60,61 In those studies where the highest sleep category 
is greater than recommended, optimal sleep in relation to 
minimizing obesity risk is greater than recommended.62-66

A more recent study59 explored the relationship between sleep 
and student performance for children age 10-19 years, with a 
focus on estimating the optimal hours of sleep to maximize 
test score performance on a select group of neurocognitive 
measures. Using the Panel Study of Income Dynamics dataset, 
this study did in fact find an inverted U relationship between 
sleep duration and standardized academic test scores, with 
optimal hours of sleep for the optimal test performance on 
those selected tests being approximately 1 hour less than the 
recommended 9.25 hours and decreasing with age. Interestingly, 
and in contrast to the studies by Carskadon et al.,37,58 this study 
found that optimal sleep decreased with age.

The fourth method that could determine children’s sleep 
needs is sleep extension/restriction interventions that monitor 
relevant outcome variables. The changes in outcomes can 
be plotted against the various titrations of sleep to generate 
dose-response relationships. This is a solid and appropriate 
methodology, but such studies are relatively rare in children in 
ecologically valid contexts.

Unfortunately, most studies using this methodology have 
only considered two sleep durations, so an optimum cannot be 
determined.26-28,67-70 The available studies have used very small, 
mainly North American samples, and have examined a small 

Figure 2—Models of dose-response curves from which an optimal dosage can be determined. The left panel shows an inverted U pattern, where there is 
a clear local optimum. The middle panel shows a deflection point beyond which there is no further gain. The right panel shows two outcomes with opposite 
dose-response relationships, so that the optimum is a tradeoff.
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range of acute outcome variables, typically neurobehavioral 
functioning. In most cases, sleep has been restricted to levels 
far below the NSF recommendations (Figure 3). These 
studies are fairly consistent in finding only modest deficits in 
neurobehavioral function, motor performance, and mood, even 
with very large sleep restrictions (mean effect size typically 
< 0.2). More critically, only one finds optimal performance 
to coincide with the most commonly cited recommendations, 
those of the NSF (Figure 3). The only study reporting on three 
sleep durations25 failed to find a local optimum. Although these 
studies do suggest that children will do somewhat better with 
more sleep, they do not provide confirmation of the specific 
NSF sleep guidelines.

CURRENT EVIDENCE BASE FOR SLEEP RECOMMENDATIONS
Although there are a number of ways in which we could 

gain insight into how much sleep children need, there are no 
studies, to our knowledge, that currently exist that directly 
align with contemporary sleep recommendations for children. 
Although sleep extension/restriction studies and dose-response 
relationships established from cross-sectional studies exist, the 
results of these studies do not provide a consistent evidence 
base for any of the specific hour-based sleep recommendations 
issued. Indeed, the results of these studies either fail to show an 
‘optimum’ or else indicate an optimum that differs from values 
recommended.

Furthermore, as noted in our recent historical review,10 the 
publicly available information provided by recommending 
bodies does not report the basis or the consensus process 
from which the guidelines are derived to support each of 
the recommendations made for children of different ages. 
It has been argued that “current sleep recommendations are 
founded on solid science and decades of observation and 
research”71 and that “current expert recommendations for the 
sleep needs of children may not be perfect or immutable, but 
they are based on sound and rigorous science”71 but despite 
these assertions, several authors have recognized that the 
ideal sleep duration still remains unknown.46,53,72 Although 
these explanations may well be true, the difficulty remains 
for anyone outside the recommending body (general public, 
clinicians, researchers, etc.) to know which research is 
included or excluded and the consensus process by which the 
recommendations are derived.

Our conception of optimal sleep raises a number of questions. 
The first is whether there is a generalized optimum, or whether 
there are different optima for different outcomes. The second 
relates to interindividual variability, which can be so great that 
generalized recommendations may not be of much practical 
use. The third relates to intraindividual variability; that is, 
whether behavioral adaptations and environmental contexts can 
alter sleep requirements. If adaptability is high, then any given 
child (or adult) may cope equally well with a wide range of 
habitual sleep durations.

Generalized Optimum Versus Different Optima for Different 
Outcomes

Current sleep recommendations tend to suggest a 
“generalized optimum” exists. That is, a certain amount of 
sleep will optimize all physical, cognitive, and behavioral 

outcomes. However, it is possible that different optima exist for 
different health outcomes. With physical activity, for example, 
there is evidence that dose-response curves differ according 
to the outcome, such as psychologic versus physical health,73 
and indeed according to the nature of the activity.74,75 Similarly, 
Eide and Showalter’s data59 suggest that different cognitive 
tasks require different optimal sleep needs. It may indeed be 
that optimal sleep durations are different for different physical, 
cognitive, and behavioral outcomes.

Alternatively, it may be that different sleep durations and 
patterns are associated with differences in sleep architecture, 
which in turn influence various physical, cognitive, and 
behavioral outcomes differently. Accordingly, further 
polysomnography studies are also needed to better understand 
how sleep duration and timing influence sleep architecture and 
whether sleep architecture is associated with different physical, 
cognitive and behavioural outcomes.

Interindividual Variability
Alongside most sleep recommendations is a statement 

suggesting that “sleep needs may vary among children.”45,46 
The standard deviation for school day sleep is approximately 
60 minutes, and approximately 90 minutes for weekend 
sleep.76 It is possible that we will see similar variability in 
optimal sleep.

Interestingly, children from different parts of the world have 
radically different habitual sleep durations. At any given age, 
children from Asia sleep 60-120 minutes less each day than 
children from Europe, and 40-60 minutes less each day than 
children from the United States76 (Figure 4). Either there are 
genetic differences in sleep needs, or sleep needs can be modified 
by sociocultural context, or Asian children are catastrophically 

Figure 3—Mean effect size changes (relative to best performance) 
after sleep restriction/extension in six studies. The horizontal axis 
shows the hours of sleep relative to National Sleep Foundation (NSF) 
recommendations; the vertical axis shows the mean effect size difference 
in outcomes. 1, Carskadon et al., 198167; 2, Randazzo et al., 199826; 3, 
Fallone et al., 200127; 4, Gruber et al., 201168; 5, Berger et al., 201169; 6, 
Sadeh et al., 2003.25
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sleep deprived. Interestingly, when self-reported sleep needs are 
compared, children from Asian countries not only sleep less than 
children other countries, but also report needing less sleep.77-81 
This brings into question the idea of a generalized biological 
optimum. Further research is needed to better understand the 
biological and nonbiological factors contributing to differences 
in sleep duration across demographic groups.

Intraindividual Variability
It is also possible, though rarely stated, that there may 

be intraindividual variability, depending, for example, 
on the amount of physical activity in which the child has 
participated, or the timing of growth and maturation. Can 
behavioral adaptations, such as diet, physical activity, 
external stimuli, and sleep patterns, alter sleep requirements? 
To answer this question, studies are needed to quantify the 
change in sleep duration associated with various increments 
and decrements of potentially modifying factors of sleep 
(e.g., light exposure and physical activity). Such studies 
would assist the interpretation of sleep restriction studies 
conducted in an ecologically valid setting.

CONCLUSION
As van Vugt82 explains, “people worry whether they 

get sufficient sleep, especially if they sleep less than the 
magic number,” and although recommending bodies45,46 do 
acknowledge that there is in fact no so-called magic number 
and that sleep needs may vary from person to person, a 
number is nevertheless provided. We conclude that there is 
currently insufficient high level, low risk of bias data to support 
specific sleep recommendations for children. Current sleep 
recommendations appear to be based largely on expert opinion 
and there do not appear to be any publicly available consensus 
statements outlining how recommendations were formulated or 
any strong sources of evidence that align with contemporary 
recommendations.

If sleep is to be treated as a therapeutic intervention, then 
consensus guidelines, statements, and evidence-based best-
practice documents are needed to underpin sleep recommenda-
tions for children. In no other therapeutic arena would health 
professionals be content to adopt recommendations where the 
information from which the recommendations are derived is 
not explicit or provided in an easily accessed format.

This article, which explores concepts concerning children’s 
sleep need, discusses the theory, rationale, and empirical evi-
dence for contemporary sleep recommendations that will 
hopefully drive future research. There are many challenges 
associated with conducting studies that aim to determine chil-
dren’s sleep needs and there is universally good will and altru-
ism to gain a greater understanding of children’s sleep needs. 
Further efforts that build on past research are now needed for 
recommendations to be reconsidered and reevaluated. Ideally, 
the next steps to ensure sleep recommendations are evidence-
based will involve a rigorous guideline development process 
with experts in the field and a comprehensive systematic review 
of the evidence with the aim of developing a consensus paper 
outlining the current best available evidence.
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