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The literature on the effects or consequences of
sleep loss and sleep disruptions in children has dramatically increased over the last two decades [1–4].
In this article the term ‘‘consequences’’ relates to affected or associated domains and covers such areas
as neurobehavioral functioning (NBF), academic
achievements, behavior problems, and emotion
regulation. Highly related topics, such as the consequences of sleep-disordered breathing, are reviewed
in the article by Gozal and colleagues in this issue
and the links to psychopathology are reviewed in
the article by Dahl in this issue. This article is based
only on papers published in peer-reviewed scientific
journals [1–4]. Expanded review of additional work
in this area can be found in the cited review papers.
When addressing the links between sleep and cognitive, emotional, and behavioral domains, it is very
important to distinguish between correlative studies,
which constitute most studies in this field and research based on experimental manipulations. Professionals from the sleep research or sleep medicine
disciplines often tend to consider behavioral areas
associated with insufficient or poor sleep as ‘‘consequences.’’ It is crucial to realize that these links are often bidirectional, however, and although there is
convincing theoretical framework for such interpretation, causal relationships cannot be inferred from
such correlative studies. Experimental studies, which

-

Temperament
Mood and emotion regulation
Summary
References

are still relatively rare in children, provide strong evidence regarding the consequences of poor or insufficient sleep with undisputable causal relationships.
There are two basic underlying mechanisms by
which insufficient or disrupted sleep may adversely
impact cognitive functioning and behavior in general. The first one relates to the active role of sleep
in brain maturation, information processing, memory consolidation, learning, and other brain maintenance functions [5–9]. It is assumed that insufficient
sleep, and particularly rapid eye movement sleep,
prevents or reduces necessary brain activities required for brain maturation, affect regulation, memory consolidation, and learning. The second
mechanism is related to the reinvigorating role of
sleep and the fact that insufficient or disrupted sleep
leads to increased daytime sleepiness and reduced
alertness and possibly to compromised daytime
functioning of specific brain areas (most commonly
specified: the prefrontal cortex), which in turn leads
to many areas of compromised cognitive function
and behavior regulation [10–15].
The literature on the effects of sleep deprivation
or sleep disruptions rarely addresses these underlying mechanisms and mostly focuses on demonstrating the links between sleep characteristics and
the presumably affected (or at least associated)
behavioral domains.
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Daytime sleepiness
Undoubtedly, the most common consequence of
insufficient or disrupted sleep is daytime sleepiness
and reduced alertness [16]. The definition of daytime sleepiness is problematic and various objective
and subjective measures do not necessarily converge [17]. The most common methods to assess
sleepiness are the Multiple Sleep Latency Test
(MSLT) [18] and subjective reports [17].
Experimental studies on sleep deprivation or
sleep restriction in children have indicated that increased daytime sleepiness is a direct and consistent
result [19–24]. Using the MSLT, these studies have
shown dramatic increase in daytime sleepiness (ie,
decreased sleep latency) as a direct result of acute
(ie, total sleep deprivation) or more moderate sleep
restriction (ie, restricting sleep to 4 hours) [19–22].
For instance, Carskadon and colleagues [19] have
shown that after 1 night of sleep deprivation, sleep
latencies on the MSLT dropped from an average
level above 15 minutes to an average below 5 minutes, which indicates severe sleepiness. Similarly,
Randazzo and colleagues [21] have shown a dramatic drop in sleep latencies following sleep restriction to 4 hours. Similar findings were demonstrated
in sleep restriction studies using subjective reports
and teachers’ ratings [19,22–24].
Field studies and surveys have repeatedly shown
that increased sleepiness is associated with the maturational tendency to delay sleep onset and shorten
sleep during the second decade of life [25–28]. Variations in school starting time also affect sleep duration and daytime sleepiness in children. Studies
have shown that earlier school start time is associated with shorter sleep and increased daytime sleepiness and fatigue as measured by subjective reports
and MSLT [29–31]. Furthermore, other correlative
studies have shown association between sleep problems and insufficient sleep and daytime sleepiness
[32–36].
The conclusion from these studies and others is
that daytime sleepiness is a very prominent and
consistent consequence of sleep problems and insufficient sleep. The behavioral manifestations of
sleepiness in children and particularly young children are complex and sometimes misleading because children often become very agitated and
hyperactive when they are overtired [16].

Neurobehavioral functioning, learning,
and academic performance
For brevity, the term NBF is used to refer to all cognitive domains. There is a rapidly growing literature
on the effects of sleep problems and insufficient
sleep on NBF. Most of this literature is correlative

in nature, particularly the literature on sleep disruptions, demonstrating associations between sleep
problems and insufficient sleep and compromised
NBF. The consequences of sleep loss or insufficient
sleep have been demonstrated, however, in a small
number of experimental studies on the effects of
sleep deprivation or restriction [19–24]. The results
of these studies are not always straightforward. Carskadon and colleagues [19] assessed the effects of
a full-night sleep deprivation and a 4-hour sleep restriction [20] on NBF. They found compromised
functioning on the Wilkinson Addition Test and
the Williamson Word Memory Task following the
full-night sleep deprivation. In the study on
4-hour sleep restriction, no significant effects were
found on NBF and the authors concluded that partial sleep restriction may not be sufficient to produce significant consequences [20]. Recent studies
challenge these findings, however, and suggest
that sleep restriction does lead to detectable deficits
in NBF, and that tracking these consequences may
be dependent on the level of complexity of the
tested domain. For example, Randazzo and colleagues [21] compared the performance of children
following sleep restriction to 5 hours in bed with
performance of a control group after 11 hours in
bed. Performance of the sleep-restricted group was
significantly poorer on measures of verbal creativity
and on the Wisconsin Card Sorting Test. No differences were found on less complex memory tasks
[21]. More conflicting results were obtained by Fallone and colleagues [22], who compared NBF in
children and adolescents (8–15 years of age) after
a night of optimized sleep (based on their normal sleep habits) with NBF in children after their
sleep was restricted to 4 hours. The sleep-restricted
children were more sleepy and inattentive as
manifested by their behaviors. There were no significant group differences, however, on tests of response inhibition and sustained attention.
Sadeh and colleagues [23] explored the accumulative effects of minimal sleep restriction or extension for 3 consecutive nights on NBF in school
children. The children were asked to sleep according to their regular schedule for 2 nights and their
NBF was assessed in the morning of the first day.
On the third afternoon they received a telephone
call asking them to go to sleep either 1 hour earlier
or later (according to random assignment) during
the following 3 nights. After the third night of sleep
restriction or extension, which was verified by actigraphy, their NBF was assessed again in the morning
of the sixth day. The study revealed that the children
in the sleep-restricted group shortened their sleep
by an average of 41 minutes each night, and children in the sleep extension group extended their
sleep by an average of 35 minutes. These
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accumulated variations in sleep time led to significant effects on their NBF as measured by simple reaction time task; the continuous performance test
(assessing sustained attention); and working memory tasks. No significant effects were found on other
less-demanding motor tasks [23].
The results of these studies show that experimental sleep loss does have significant effects on NBF in
children. The findings of Sadeh and colleagues [23]
suggest that even a very moderate (eg, ‘‘one more
television show’’), but accumulated, sleep loss
may have significant effects on children’s cognitive
performance. The results also suggest that more
complex neurobehavioral domains, particularly
those related to executive functioning and associated with the prefrontal cortex, are more vulnerable
to sleep loss. These results are consistent with the
adult literature on the effects of sleep loss on NBF
[11,12,37].
These causal links between sleep loss and compromised NBF gain additional support from correlative studies demonstrating the links between sleep
duration or sleep quality and NBF [29,38–40]. For
example, Steenari and colleagues [38] assessed
sleep using actigraphy and memory function using
the n-back task in 60 school-age children. They
found that lower sleep efficiency and longer sleep
latency were associated with more errors on the
memory task. They also found that shorter sleep
was correlated with poorer performance only at
the highest load level. Sadeh and colleagues [39]
performed a similar study in 135 school children,
using actigraphy to assess naturalistic sleep patterns
and a battery of computerized tests to assess NBF.
Children with fragmented sleep (frequent night
wakings, lower sleep efficiency) had compromised
NBF on more complex tasks associated with executive functioning including the continuous performance test and a symbol-digit substitution test.
The correlations between sleep and NBF were significantly higher in younger children (second grade
in comparison with fourth and sixth grade), suggesting that younger children might be more
vulnerable to sleep disruptions. No significant correlations were found between sleep duration and
NBF in this study. More recently, Buckhalt and colleagues [40] have used actigraphy to assess sleep
and a standard battery of cognitive tests (Woodcock-Johnson III) in a sample of 176 normal children (aged 7–11 years). Their findings included
very modest correlations between sleep and cognitive measures. When race and socioeconomic status
were controlled as moderating factors, stronger
links were found between cognitive performance
and the quality and quantity of sleep. The negative
correlations between cognitive performance and
shorter sleep and unstable sleep schedule were

stronger in the children with African American
origins compared with children with EuropeanAmerican origins.
A large number of studies have also shown that
children who suffer from sleep-related breathing
problems (eg, sleep apnea, snoring) are more likely
to suffer from significant deficits in NBF. This topic
is reviewed in the article by Gozal and colleagues in
this issue.
Academic performance is the outcome of complex interplay between multiple factors including
the child’s intelligence; NBF; motivation for
achievement; temperament; and external influences, such as socioeconomic status, parental education, and family atmosphere [4]. Perhaps the
only published experimental study that assessed
sleep restriction on direct teachers’ ratings on academic performance was the one conducted by
Fallone and colleagues [24]. Restricting sleep
(8 hours of time in bed per night for second grade
students and 6.5 hours for older students) during
one school week led to a significant increase in academic problems. These academic problems were
rated by the teachers and included quality of child’s
school work, percent of work completed, pace of
learning, difficulty in recalling material, and carelessness and hastiness in school work.
A relatively large number of studies on sleep and
academic performance in children and adolescents
have been published over the last two decades [2–
4]. These were mostly correlative studies linking academic performance and sleep patterns, insufficient
sleep, sleep schedule, and sleep problems
[29,33,41–47].
For example, Kahn and colleagues [41] surveyed
sleep in 1000 elementary school children. In this
study, school achievement difficulties were more
likely to occur in poor sleepers. Wolfson and Carskadon [33] surveyed reported sleep and academic
achievements in 3120 adolescents. Their results indicated that students with better academic record
(mostly As and Bs) slept significantly longer than
students with poorer academic performance
(mostly Cs, Ds, and Fs). In a survey assessing the effects of early school start time on children’s sleep
and functioning, Epstein and colleagues [29] found
that compared with children who started school at
a regular time,‘‘early risers’’ (who started school earlier) obtained significantly less sleep and they complained more about attention problems and
difficulty concentrating. Other school surveys reflected associations between sleep problems and
compromised school performance [43,44,46,47].
Although the links between sleep and academic
performance have been repeatedly demonstrated,
these links do not necessarily reflect causal relationships and additional evidence is still required to
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make a strong case that compromised school performance is a consequence of sleep loss or sleep disruptions. Other factors (eg, parental control or
authority) could play a significant role in determining both sleep duration and academic performance
[4,48].

Behavior, temperament, and mood
The effects of sleep loss and sleep disruptions on
temperament, mood, and manifested behavior (as
opposed to tested NBF) have rarely been studied
with experimental designs. Most of the literature
in this area is based on correlative studies with
only a few exceptions.

Behavior
One of the most widely addressed consequence of
sleep problems or insufficient sleep is related to attention regulation and attention problems [10,49].
Many of the findings described in the section on
NBF are related to tests that measure attention regulation or are considered sensitive to attention
problems (eg, continuous performance tests). The
fact that sleep disruptions and insufficient sleep
lead to attention-deficit–hyperactivity disorder–
like symptoms has been systematically addressed
in the literature [50–53]. The links between sleep
disruptions and attention-deficit–hyperactivity disorder as a diagnostic entity are described in the article by Dahl in this issue. The links between sleep
and attention regulation, however, have also been
documented in normal, nondiagnosed children.
In their experimental studies on sleep restriction,
Fallone and colleagues [22,24] described increased
attention difficulties in response to both acute and
moderate-accumulated sleep restriction. In the
study on the effects of early school start time (described previously), higher level of attention and
concentration problems were reported by the ‘‘early
risers’’ who obtained less sleep [29]. Other studies
documented associations between sleep problems
and attention problems in normal children and adolescents [42,45,54,55].
Beyond the attention-regulation domain, behavior problems have often been associated with insufficient or disrupted sleep. This topic is related to the
topic of sleep and psychopathology, covered in the
article by Dahl in this issue, but it is important to
emphasize that insufficient and disrupted sleep
have consistently been associated with behavior
problems in normal, undiagnosed children
[36,39,42,56–63]. From a different angle, a unique
study assessed the effects of behavioral intervention
for sleep-disturbed toddlers on their interactive
behavior following the intervention [64]. It was
found that following the intervention and the

improvement in sleep, the behavior of the toddlers
significantly improved, although maternal behavior
remained stable. A causal interpretation, however, is
not straightforward. One tempting interpretation is
that the improvement in sleep led to the improvement in child behavior. The alternative interpretation is that the acquired new training experiences
of the parents that led to the improvement in sleep
were also responsible for the changes in child interactive behaviors [64]. Regardless of the ‘‘true’’ interpretation, this study shows how the dynamics of
sleep and behavior regulation are interwoven and
interdependent.

Temperament
The concept of temperament in early childhood is
a very problematic one [65]. In practice it is used
as an organizing concept for behavior typology or
traits mostly in infants and toddlers, but sometimes
also with older children. The relationships between
sleep and temperament have been a topic for many
years of research without conclusive results. Most of
the research conducted to date is correlative and
based on parental ratings of child temperament.
Most of these studies indicated that poor or insufficient sleep is associated with difficult temperament
[66–72]. There are good reasons to assume that the
relationships between sleep and temperament (as it
is measured in most studies) are bidirectional. For
instance, after finding low sensory threshold in
sleep-disturbed infants Carey [66] proposed that
perhaps sleep is more vulnerable in these babies because of their inability to block external and internal stimuli that disrupt sleep. The intuitive notion
is that sleep-deprived babies become cranky, irritable, and difficult to manage, and it is easy to accept
the idea that insufficient or disturbed sleep could
lead to difficult temperament. The research in this
area is insufficient, however, to postulate that difficult temperament is indeed a consequence of insufficient or disrupted sleep.

Mood and emotion regulation
In a comprehensive meta-analytic review on the
effects of sleep-deprivation in adults, Pilcher and
Huffcutt [73] concluded that the effects of sleep
deprivation on mood were more profound than
its effects on cognitive or motor performance. These
studies in adults lay the groundwork for the hypothesis that insufficient or disrupted sleep could
lead to a negative mood or difficulty in emotion
regulation in children.
In contrast to the adult literature, there is a striking lack of experimental findings on the effects of
sleep deprivation on mood and emotion regulation
in children. There are multiple correlative studies
demonstrating links between shorter or disrupted
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sleep and negative mood and poor emotion regulation [33,55,68,74–83]. These studies associate poor
or insufficient sleep with negative mood and symptoms of depression, anxiety, and other signs of poor
emotion regulation. The relative lack of strong experimental evidence does not permit any conclusion about the role of sleep in mood and emotion
regulation in children at this time. Additional evidence for these links exist in the literature on sleep
and psychopathology, covered in the article by Dahl
in this issue.
Although sleep loss and sleep disruption may
lead to negative mood in normal individuals, sleep
deprivation or sleep restriction can lead to improvement in depressive symptoms in clinically
depressed children [84,85]. The underlying mechanism for this clinical improvement (also seen in
adults) is still unclear [86–88] but it does challenge
the notion that more sleep is always beneficial. Furthermore, there is strong support to the conceptualization of sleep problems as a consequence of
dysfunctional emotion regulation [10,89] or of
stressful life events [90]. More experimental research is needed to establish the specific role of insufficient or disrupted sleep in the development of
poor emotion regulation.

Summary
The literature on the consequences of sleep loss and
sleep disruptions in children is significantly lagging
behind the literature on adults. The number of experimental studies on sleep deprivation or sleep restriction in children is very small and they mostly
cover the area of NBF or cognitive performance.
The findings of these studies, however, are generally
in line with those obtained in adults. There is converging evidence that daytime sleepiness and fatigue are a direct and consistent consequence of
sleep loss and sleep disruptions. This conclusion
is supported by experimental and correlative studies
in children (and in adults). There is reasonable support for a conclusion that compromised NBF is
a consequence of sleep loss. This seems to be particularly true for neurobehavioral tasks that challenge
executive control, attention regulation, and working memory. This conclusion is also supported by
experimental and correlative studies in children
(and in adults). There is also substantial correlative
data to support the hypothesis that sleep disruptions may also lead to compromised NBF.
In the behavior regulation domain there is reasonable support to consider difficulty in attention
regulation as a consequence of sleep loss. There
are many studies correlating sleep disruptions
(very often breathing-related or periodic movement
in sleep) with attention problems and attention-

deficit–hyperactivity disorder. The etiologic mechanisms underlying these associations, however, do
not necessarily justify considering these attention
problems as a direct result of a sleep loss.
The evidence for consequences in the domains of
mood and emotion regulation is very limited. There
are numerous correlative studies demonstrating the
links between sleep problems or insufficient sleep
and behavior problems and emotion regulation.
The lack of experimental studies in this area, however, is striking. This is probably the most needed
and challenging area for future research in the exploration of the consequences of insufficient or disrupted sleep in children.
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