
Health, 2020, 12, 653-670 
https://www.scirp.org/journal/health 

ISSN Online: 1949-5005 
ISSN Print: 1949-4998 

 

DOI: 10.4236/health.2020.126049  Jun. 29, 2020 653 Health 
 

 
 
 

Sleep and Development 

Royi Gilad1 , Colin Shapiro1,2 

1Youthdale Child and Adolescent Sleep Center, Toronto, Ontario, Canada 
2Department of Psychiatry and Ophthalmology, University of Toronto, Toronto, Ontario, Canada 

 
 
 

Abstract 
The early years of life are characterized by significant developmental processes 
of growth and differentiation in all physical systems and especially the central 
nervous system. Sleep plays a crucial role in cerebral developmental processes 
and the accumulation of new abilities and skills. We review the current re-
search evidence regarding the relationship between sleep (and its various 
components) and cerebral and physical developmental processes. Although 
sleep is an everyday physiological necessity, the ability to recognize it as a 
critical component of development may bring a different view towards sleep 
by parents, educators, and caregivers. This change might lead to a shift in in-
dividual and social attitudes aimed at enabling the necessary time and condi-
tions for adequate sleep in children and adolescents to become the norm. 
These sets of values will then hopefully extend into adulthood, in which sleep 
also plays a crucial role in both physical and mental wellbeing. 
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1. Introduction 

The first two decades of life are characterized by tremendous, complex biological 
processes, which induce and control all the changes, which are necessary for 
highly differentiated organisms, with tissues, organs and organ systems which 
evolve from a single cell. These processes involve growth and development. 
Growth is an increase in at least one measurable dimension, e.g. by an increase 
of cell number, cell size or increase of mass of non-cellular substances. Devel-
opment is a progression from a simpler or lower stage to a more advanced or 
mature form or stage. Development comprises differentiation (cells aggregate 
into tissues, organs and organ systems) and maturation, a process leading to the 
attainment of full functional capacity [1]. One of these organ systems is the Cen-
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tral Nervous System (CNS) where among other processes, internal and external 
stimuli are integrated, responses of the body are prepared and where communi-
cation with the second great control system of the human body, the endocrine 
system, takes place. One of the complex behaviors, which are regulated by the 
brain, is the sleep-wake cycle (and within sleep, the NREM-REM sleep cycle) [1]. 

2. The Relation between Growth and Sleep 

The phase of growth and development is divided into a prenatal and a postnatal 
phase. The most dramatic changes occur prenatally. The prenatal phase is subdi-
vided into an embryonic (week 3 to 8 after conception) and a fetal (week 9 until 
birth) period. The Nervous system, including the brain, starts to develop very 
early during embryogenesis and continuous during fetogenesis. During prenatal 
life embryogenesis is vulnerable to major morphological damages while fetoge-
nesis is vulnerable to the development of functional and minor morphological 
abnormalities. 

During normal prenatal development brain volume doubles during the third 
trimester of gestation and the volume of gray cortical matter shows a fourfold 
increase [2]. From the very beginning of life differences between males and fe-
males start to emerge. Head circumference at birth, which is a proxy of prenatal 
brain growth and development is 0.6 cm larger in boys (median: 34.5 cm) than 
in girls (median: 33.9 cm) [3]. The increase in head circumference as a proxy of 
brain growth is most marked for the first year of life. Of the typical 16 cm post-
natal increase in head circumference during the first five years of life, more than 
50% is completed by six months of age and more than 80% [3] at the age of two 
years. It seems apparent that in early life the growth of neural components is far 
ahead of the general growth of the body. 

According to MRI data, brain weight shows the fastest growth in the first 
three years of life. At the age of five years 90% of adult brain weight is attained 
and between 10 and 12 years of age adult values are reached [4]. 

The microarchitecture of sleep is composed of 2 distinct sleep stages, Non-REM 
sleep and REM (Rapid Eye Movement) Sleep. Non-REM sleep is differentiated 
by three sleep stage (N1, N2, N3) [5]. The first stage (N1), is the typical transi-
tion from wakefulness to sleep. It is characterized by low amplitude mixed EEG 
frequencies in the theta range (4 to 7 Hz) for at least 50 percent of the epoch. Eye 
movements are typically slow and rolling. Stage N1 is the lightest stage of sleep; 
patients awakened from it usually do not perceive that they were actually asleep. 
Stage N1 sleep typically accounts for 5 to 10 percent or less of the total sleep time 
in young adults. The second stage (N2), generally comprises the largest percen-
tage of total sleep time in a normal middle-aged adult, typically 45 to 55 percent 
of the night. It is characterized by theta EEG frequency. There are two distinct 
features of NREM sleep that appear for the first time on the EEG during stage 
N2: sleep spindles and K-complexes. Sleep spindles are generally short (though 
at least 0.5 seconds) and have an EEG frequency of 11 to 16 Hz (most commonly 
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12 to 14 Hz). They occur most prominently in the central (vertex) EEG leads. 
K-complexes are well-delineated, negative, sharp waves immediately followed by 
a positive component that stand out from the background EEG and have a total 
duration of ≥0.5 seconds. A K-complex usually has maximal amplitude in the 
frontal regions of the EEG. The third stage of non-REM sleep (N3) sleep is fre-
quently referred to as “deep sleep” or “Slow Wave Sleep” (SWS). It is characte-
rized by low frequency (0.5 to 2 Hz), high amplitude delta EEG waves with an 
amplitude > 75 microvolts, comprising at least 20 percent of a given sleep epoch. 
Stage N3 sleep typically accounts for 10 to 20 percent of the total sleep time in 
young to middle age adults and decreases with age. Stage N3 tends to occur 
more in the first half of the night and particularly at the beginning of the night, 
since slow wave activity during sleep represents the homeostatic drive to sleep, 
which is maximal after the waking period [5]. It is often more difficult to arouse 
sleepers during stage N3 sleep compared with stages N1 and N2, and stage N3 is 
a typical time for NREM-parasomnias to occur. 

REM sleep (stage R), is characterized by three primary features that require 
EEG, electro-oculography (EOG) and electromyography (EMG) to capture. EEG 
demonstrates a low voltage, mixed EEG pattern. Sawtooth waves are a common 
finding during REM sleep; these 2 - 6 Hz wave patterns are sharply contoured 
and occur in brief bursts. Rapid eye movements are the defining feature of the 
stage. These are defined on EOG by conjugate, irregular, sharply-peaked eye 
movements with an initial phase less than 500 milliseconds. EMG demonstrates 
atonia, indicating inactivity of all voluntary muscles (except the extraocular 
muscles and the diaphragm). Atonia is the result of direct inhibition of alpha 
motor neurons [6]. 

REM sleep is sub-segmented into phasic REM sleep and tonic REM sleep. 
Phasic REM sleep is the portion of REM sleep during which there are bursts of 
rapid eye movements, which may be associated with brief bursts of EMG activity 
(sometimes called twitching) and/or sudden increases in sympathetic activity. 
Tonic REM sleep is the portion of REM sleep that exists between the phasic 
bursts, in which low muscle tone is consistent [6]. REM sleep has typically been 
associated with vivid dreaming, based on early studies in which patients were 
awoken out of REM sleep. Although REM sleep accounts for less than a quarter 
of total sleep time (ranging from 18 to 23 percent), the function of this stage of 
sleep is still an area of debate. 

During the first two decades of life the ratio between sleep and wakefulness 
changes dramatically. The amount of sleep during a 24-hour period decreases 
and the ratio between REM sleep and NREM sleep changes; the amount of REM 
sleep decreases with increasing age. Within NREM sleep, the age-related changes 
mainly affect the Slow Wave Sleep (N3) [7]. Another sleep related change from 
the ontogenetic perspective is the development of the sleep-wake-cyclicity dur-
ing a 24-h day. This develops from multiple sleep phases during the day in in-
fancy into two distinct sleep phases (night sleep and a nap in the afternoon in 
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Kindergarten children), to one sleep phase during the night in school-age child-
ren (in most societies). With development, the architecture of sleep during the 
night changes. The number of sleep cycles decreases, the length of cycles in-
creases and many variables characterizing sleep macrostructure show age related 
changes. REM sleep latency, sleep efficiency index, stage N2 and number of stage 
shifts increase with age, while total sleep time, wake after sleep onset, stage N3, 
and REM decrease with age [8]. These changes in sleep architecture have shown 
relatively low sex dependent differences. Aside from physiological changes there 
are also cultural and sociological influences on the sleep patterns over the deve-
lopmental years, mainly regarding the amount of sleep. In a meta-analysis based 
on data from 23 countries, results indicate that sleep time varies between school 
days and non-school days. On non-school days, time in bed is longer in all age 
groups. In 9 to 18-year-old children and adolescents, sleep time declines with 
age by an amount of 14 minutes a day, per year of age, on school days and by 7 
minutes on weekend days, while large differences in sleep habits and rituals ex-
ists between countries and societies [9]. 

Sleep difficulties are common in infants and children. About 20% - 30% of 
children aged 1 - 3 years, experience sleep problems; frequent night awakenings 
and insufficient sleep duration are most commonly reported [10]. Pediatric sleep 
problems were shown to adversely influence children’s health-related outcomes 
such as growth, body mass index, and blood pressure [11]. In adults, the risk for 
health-related problems, both physical and mental, show a U-shape curve pat-
tern displaying more illness in the very short and very long sleepers [12] [13] 
[14] [15].  

A population-based study in 1724 adolescents aged 10 - 19 years reported 
both short and long sleep duration to be associated with lower academic per-
formance scores [16], whereas lack of consolidated sleep (e.g., frequent awaken-
ings) in 6 - 36 months infants, a proxy for maturation of sleep patterns, has been 
related to deficits in neurobehavioral tasks (e.g. reaction time, sustained atten-
tion, and working memory). Larger cohorts have not only pin-pointed a rather 
high incidence of sleep disturbances in children (20% - 30%) [17] but also a 
strong association between disturbed sleep and learning difficulties as well as 
diminished academic success [18] [19] [20]. 

In a recent study on 2800 children in the Netherlands [21], sleep and other 
developmental measurements were recorded by maternal interviews and ques-
tionnaires at 24 months and intelligence exams (both verbal and nonverbal) 
were conducted at the age of 6. It was shown that sleep fragmentation at 24 
months (mainly frequent awakenings i.e. >3 times per night), were indepen-
dently associated with lower nonverbal intelligence, but not with verbal com-
prehension. Furthermore, the data suggests that both short (<11 hours in 
24-hour period) and long sleep duration (>14 hours in 24-hour period) in 
24-month-old toddlers were risk factors for unfavorable cognitive outcomes at 6 
years of age [21].  
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3. The Role of Non-REM Sleep on Brain Development 

Sleep is a homeostatic process that is assumed to support the brain’s information 
processing in two different ways. Firstly, the encoding of information during 
wakefulness leads to widespread synaptic potentiation in neuronal networks, 
sleep mediates a global synaptic downscaling and renormalization of these net-
works, thereby renewing the brain’s encoding capacity for the learning of new 
information [22] [23]. Secondly, sleep supports the formation and consolidation 
of long-term memories [24] [25]. More specifically, sleep aids the episodic 
memory system that encodes consciously experienced events into explicit mem-
ory and thereby essentially relies on circuitry connecting the hippocampus and 
prefrontal cortical networks [26] [27]. Of the EEG phenomena that characterize 
sleep, slow waves activity (SWA) and sleep spindles have been mostly used to 
characterize brain maturation. Both of these oscillatory phenomena occur dur-
ing Non-REM sleep and notably, both phenomena have also been related to 
synaptic plasticity processes underlying memory consolidation during sleep [28] 
[29] [30]. In most mammalian species studied in detail, sleep duration is highest 
during the neonatal period, the phase of life that is characterized by rapid brain 
development and synaptic plasticity [31] [32] [33]. Synaptic plasticity during 
development has been correlated in single neuron recording studies in animal 
models; In Vitro studies have shown Long-Term Synaptic Potentiation (LTP) 
and Long-Term Synaptic Depression (LTD) [reviewed in [34] [35]]. LTP and 
LTD refer to use dependent, persistent alterations in synaptic weights that 
strengthen or weaken, specific synapses respectively [36]. Specifically, the in-
crease in SWA after periods of extended wakefulness is assumed to reflect a 
global network increase in synaptic strength (mainly as an increase in LTP) be-
cause of extended information uptake into these networks. The decrease in SWA 
across subsequent sleep reflects downscaling in global synaptic strength (mainly 
with LTD recording being more prominent) [23]. The changes in SWA charac-
terizing early development appear to be, in much the same way, paralleled by 
changes in synaptic connectivity. Global synaptic connectivity shows an over-
whelming increase during the initial years of life, reaching a plateau around pu-
berty, before it starts to decrease during adolescence. Unlike synaptogenesis, 
other indicators of brain maturation, such as fiber myelinization, show mostly 
linear rather than inverted U-shaped trajectories across childhood and adoles-
cence, suggesting that the developmental link to SWA is specific to the forma-
tion of synaptic connectivity [37]. Cortical maturation is reflected in changes of 
the sleep electroencephalogram (EEG), specifically within nonrapid eye move-
ment (NREM) sleep [37]-[43]. Dominant brain oscillations during NREM sleep, 
slow wave activity (SWA) and sleep spindles, have been associated with perfor-
mance on measures of cognitive performance, “IQ” (e.g. children 7 - 11 years of 
age who had lower sleep spindle frequency displayed better performance on the 
perceptual reasoning and working memory in Wechsler Intelligence Scale for 
Children-IV (WISC-IV)) [44]-[49], learning efficiency [50] [51], memory con-
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solidation [25] [52] [53] [54] [55] [56], and motor skill development (e.g. in a 
study of 30 primary school children asked to complete finger sequence tapping 
tasks in a repeated-measures design, spanning 4 days, children performed better 
if they had less slow spindles, more fast spindles and faster slow waves) [41] [57] 
[58].  

SWA further likely reflects synaptic density because more and stronger syn-
apses benefit synchronization [59] [60]. SWA changes dramatically during de-
velopment, peaking before puberty and gradually declining thereafter. These 
maturation dynamics follow the trajectory of cortical development, such as the 
formation and pruning of synapses [61] [62]. 

The presence of NREM sleep regulation in both neonatal rats [63] and hu-
mans [64] [65] suggests that NREM sleep may be important for all developing 
animals. The maturation of NREM sleep not only coincides with the formation 
of thalamocortical and intracortical patterns of innervation and periods of 
heightened synaptogenesis, but it is also associated with important processes in 
synaptic remodeling [66] [67].  

During NREM sleep, waking patterns of neuronal activity are reactivated, 
suggesting that information acquired during wakefulness is further processed 
during this sleep state. Buzsaki et al. (1996) suggested that sharp wave bursts in-
itiated in the hippocampus during slow-wave sleep (SWS) and associated with 
theta and gamma oscillations may provide the mechanism by which “quanta” of 
information may be relayed back to the neocortex during memory consolidation 
[68]. His group further demonstrated a correlation between neocortical and 
hippocampal activity during SWS, which suggests that these hippocampal pat-
terns are coupled selectively to the neocortical cell groups that participate in the 
triggering of the bursts [29]. It is therefore possible that NREM sleep contributes 
to synaptic remodeling by providing an endogenous source of repetitive, syn-
chronized activity within specific neuronal pathways [69].  

Slow waves peak regionally over occipital regions in 2- to 5-year-old children 
but show a clear maximum over frontal regions in adults. The underlying shift 
from more posterior to frontal regions may reflect the development of more so-
phisticated cognitive processes that children develop with age [41]. Sleep spin-
dles (10 - 16 Hz) consisting of a waxing and waning of the EEG lasting between 
0.5 and 2 s [70] represent thalamocortical derived activity [71] and also reflect 
maturational and regional differences during NREM sleep and are observed in 
infants as young as 1 - 2 months [72]. Slow (11 - 13 Hz) and fast spindles (13 - 
16 Hz) are formed at around 24 months [73], slower frequencies are located over 
frontal regions and are more pronounced during slow wave sleep, whereas faster 
frequencies are located over centroparietal regions and are more prominent 
during stage 2 sleep [58] [71] [74].  

There are also remarkable changes in sleep spindle characteristics in the first 
few months of life [75] [76] [77] [78] [79]. Alterations of sleep spindle characte-
ristics are thought to reflect the maturation of the thalamocortical system [71]. 
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Slow wave activity which represents δ power band during NREM sleep, has 
been shown to regionally mature from toddlerhood to adulthood from posterior 
to anterior brain regions closely mirroring cortical maturation, specifically grey 
matter [39] [40] [57] [80]. 

In a study measuring EEG in daytime naps of thirty healthy 12 - 30 
months-old infants that completed developmental assessment (Mullen Early 
Scales of Learning (MSEL) and the Vineland Adaptive Behavior Scales—2nd 
Edition (VABS-2)), low δ waves and high θ were specifically predictive for skill 
maturation, whereas general low activity seemed to increase gradually in the 
frontal areas of the brain with age [81]. It was shown that absolute δ power in-
creases globally before puberty and thereafter consistently decreases with age. 
The anabolic effects of Slow Wave Sleep (SWS) have been described in conjunc-
tion with the peak in Growth Hormone (GH) secretion in the first two hours of 
sleep, mainly during SWS [82]. 

Studies in both infants and children have revealed robust effects of sleep bene-
fiting hippocampus-dependent memory consolidation. As a prominent charac-
teristic, sleep-dependent memory consolidation during early development is ex-
pressed particularly in the transformation of hippocampus-dependent represen-
tations, such that the abstraction of invariant and generalized memories is facili-
tated, rather than in stabilizing representations in the form in which they were 
encoded. Thus, in infants, sleep supports the abstraction of grammatical rules 
from a learned artificial language rather than strengthening the representations 
of the words. In children, the most profound effect of sleep was on the abstrac-
tion of explicit knowledge from implicitly trained materials [37]. 

Synaptic connectivity assumes a leading role for the prefrontal-hippocampal 
memory system that during wakefulness rapidly encodes episodes, whereby the 
hippocampus keeps the episodic nature of the representation by binding an ex-
perienced event into its unique spatiotemporal context. During subsequent SWS, 
repeated neuronal reactivation of newly encoded representations (or parts of 
them) in hippocampal networks is thought to promote a transformation of these 
representations such that they become largely redistributed to extrahippocampal 
networks (mainly neocortical and striatal networks), which serve as long-term 
stores [26]. 

As the hippocampal-frontal connectivity mainly correlates with a development of 
semantic and lexical memory and in contrast to procedural tasks, children between 
7 and 14 years of age have been found to exhibit robust sleep-dependent consol-
idation on various declarative tasks like word-pair learning, lexical integration of 
novel words, and emotional episodic memory tasks [55] [83] [84] [85] [86] [87]. 
The presence of competitive interactions between hippocampus-dependent and 
procedural memory systems during sleep-dependent consolidation is also sug-
gested by studies in children with attention deficit hyper-activity disorder 
(ADHD) [88] [89] [90]. Children diagnosed with ADHD displayed distinct 
overnight gains in finger sequence-tapping skill compared to healthy controls 
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but with impaired sleep-dependent consolidation on declarative types of task. 
Children with ADHD are characterized by a malfunction of the prefrontal cortex 
and exhibit a less mature topography of SWA [91]. It has been speculated that 
their slow oscillations, specifically those originating from the prefrontal cortex, 
are dysfunctional (or not yet matured) in controlling the consolidation of hip-
pocampus-dependent memory and the accompanying interactions with other 
memory systems [92] [93].  

As in adults, hippocampus-dependent memory consolidation in children has 
been linked to SWS and slow oscillations. Some studies in children revealed pos-
itive correlations between overnight consolidation of hippocampus-dependent 
memory and slow oscillation power or measures of spindle activity during 
post-learning Non-REM sleep [50] [51] [55] [88]. However, in a direct compar-
ison between children and adults, the magnitude of the sleep effect on the con-
solidation of word-pair associations appeared to be of similar magnitude in both 
age groups, although in these experiments the children showed an approximate-
ly twofold greater amount of SWS than the adults [83]. 

This view is corroborated by a study that tested the effect of sleep in 8 - 
11-year-old children and adults, on the abstraction of explicit knowledge from 
an implicitly trained motor task, the “button-box task” (which is a coarse motor 
version of a serial-reaction task) [94]. When asked immediately after training or 
after a retention period of daytime wakefulness, the children had only little ex-
plicit knowledge about the trained sequence. However, when asked after a night 
of sleep, the children had developed almost perfect explicit sequence knowledge, 
with this specific increase in explicit knowledge being strikingly more pro-
nounced than in adults. Notably, in both children and adults, sleep-dependent 
gains in explicit sequence knowledge were associated with increased SWA dur-
ing Non-REM sleep.  

Sleep supports the consolidation of memory from early on and this consolida-
tion appears to be closely linked to signs of SWS. Compared with adults, the 
sleep-dependent consolidation of hippocampus-dependent memory and its link 
to SWS is expressed most prominently in tasks requiring the abstraction of new 
schemata and invariants, rather than in a mere stabilization of representations in 
the same form in which they were encoded. Thus, children outperform adults in 
generating explicit sequence knowledge from an implicitly trained serial reac-
tion-time task [94] whereas the benefit from sleep for paired word associations is 
equivalent to that in adults. Additionally, sleep in infants even seems selectively 
to support the abstraction of grammatical rules from sentences of an artificial 
language while simultaneously speeding the forgetting of single words presented 
during encoding [95]. In a study [96] of one hundred sixty two 6 - 8 months old 
infants, the infants were exposed to new words as labels for new object catego-
ries. In the memory test about an hour later, generalization to novel category 
exemplars was tested with quantified EEG measuring the response. The infants 
differed in the amount of sleep they usually spend during daytime napping. The 
study showed that after a longer nap (~50 minutes), infants reached a higher 
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developed stage than after a short nap (~30 minutes). The observed effect of 
sleep time on the quality of memory was linked only to the duration of NREM 
stage 2 (N2). The more time an infant spent in N2, the fewer EEG markers ex-
isted for perceptual associative memory alone, and the greater EEG markers in-
dicating genuine lexical-semantic memory. It seems that the consolidation of 
object-word pairings during sleep parallels developmental stages of lexical 
memory formation. These new findings suggest that sleep-dependent system 
consolidation during development plays an essential role in establishing entire 
memory systems with separate stores for longer-term memories in different do-
mains. 

4. The Role of REM Sleep on Brain Development 

It seems paradoxical that CNS maturational processes in the late prenatal and 
neonatal periods are highly active at the time that extrinsic sensory stimulation 
is quite limited. During these periods, a large percentage of time is spent in REM 
sleep, characterized by endogenous, intense, generalized neuronal firing in most 
areas of the brain [97], consequently it was suggested by early investigators that 
the primary purpose of REM sleep was to act as an inducer of CNS development 
in the fetus and the neonate [33]. Based on the early myelination of the sensory 
processing areas in the CNS, it was further proposed that REM sleep provided 
endogenous stimulation to these areas. Studies of REM sleep deprivation have 
provided consistent support to the role of REM sleep in brain maturation and 
especially on subsequent visual development [98]-[103]. 

Kittens with normal binocular vision subjected to REM sleep deprivation 
during the second week of a 2-week monocular deprivation (MD) period 
(blindfolding one eye), had further anatomically and functionally deleterious ef-
fects on the lateral geniculate nucleus (LGN) relative to MD alone [98]. Further, 
it was demonstrated that the elimination of ponto-geniculo-occipital wave phas-
ic activity during REM sleep (a method that preserves sleep and wake propor-
tions as well as other REM features) similarly yielded enhanced plasticity effects 
in the LGN [101], and REM sleep deprivation delayed the development of syn-
aptic plasticity in the LGN [102] and retarded the maturational reduction of 
long-term potentiation (LTP) in visual cortex of immature rats [103], as was the 
case for rats reared in darkness [104]. 

These results emphasize that REM sleep is also an important part of visual 
development after birth, stimulating neurons in a fundamentally different way 
from that derived from visual experience [105]. Moreover, since REM sleep ex-
cites neural components elsewhere in the brain, not just in the visual system, it 
also might help other areas of the brain develop. 

Studies in rats show that 1 week of REM sleep deprivation prolongs the criti-
cal period for the developmentally regulated form of LTP in vitro [103]. That is, 
after REM sleep deprivation, LTP can be induced at ages when this form of plas-
ticity is normally no longer present. A similar extension of the critical period was 
not seen in cortical slices from control rats. Conversely, REM sleep deprivation 
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had no effect on a non-developmentally regulated form of LTP evoked by layer 
IV stimulation. Subsequent studies from these investigators showed that this 
plasticity could be partially rescued if REM sleep deprivation was administered 
near (or overlapping) the end of the critical period [106] [107]. 

More recent findings show that the effects of REM sleep deprivation can be 
prevented by chronically infusing brain-derived neurotrophic factor (BDNF) 
into the visual cortex. This indicates that REM sleep may normally promote 
BDNF synthesis [108]. 

A large number of studies also show that in vitro hippocampal LTP (either the 
incidence or maintenance) is reduced in rodents that undergo varying amounts 
of REM sleep deprivation, total sleep deprivation, or sleep restriction [109]. 

The underlying mechanisms mediating the effects of sleep loss on LTP and 
LTD are not well understood. However, they do not appear to be simply due to 
indirect effects of the sleep deprivation procedures, these effects can be related to 
changes in stress hormones, decrements in hippocampal NMDA receptor func-
tion and ERK/MAPK activation possibly in combination with reductions in 
plasticity-related mRNAs or proteins and elevated concentrations of PDE4 and 
extracellular adenosine [109]. 

REM sleep deprived animals have a reduced brain size, hyperactivity, anxiety, 
attention and learning difficulties, increased voluntary alcohol consumption and 
reduced masculine sexual behavior. Moreover, while environmental enrichment 
has been shown to enhance cortical maturation, this was no longer possible in 
the REM sleep deprived rats [110].  

The mounting empirical evidence from both animal model and in vitro stu-
dies points to a massive importance of REM sleep in maturation of neuronal 
systems, mostly in the visual cortex but also in more frontal cortical areas. 

5. Conclusion 

“Sleep is of the brain, by the brain and for the brain” [111] and it seems that 
even though much more research is required in order to further the under-
standing of the role of sleep in brain and bodily development, research so far has 
shown the vital role that sleep, in its different aspects, plays a decisive role in 
brain development, especially in early life. It is therefore no wonder that in the 
first decade of life, where the rate of growth and development is at its peak, the 
child should spend half of the day and sometimes more, sleeping. This under-
standing should light the way to all who take part in childcare towards viewing 
sleep not merely as a physiological necessity in the daily schedule, but as an ac-
tive process of brain development, and by that, facilitating sleep promoting in 
children and adolescents and ensuring that the needed amount of time and sleep 
environment has an honorable place in the daily schedule. 
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