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Purpose of review
This review examines in detail progress made regarding our
understanding of the presence and pathophysiology of
cognitive and behavioral morbidities among children with
sleep disorders in general. Particular focus is given to
pediatric obstructive sleep apnea.
Recent findings
In recent years, increased awareness of the morbid
consequences of respiratory sleep disturbances in children
has emerged. Evidence suggesting a causal association of
intermittent hypoxia and sleep fragmentation with
alterations in memory, attention, and intelligence has
accumulated. Research has also identified a link between
sleep disorders, and problematic and hyperactive behaviors
and mood disturbances. Furthermore, there is considerable
inter-individual variability in the presence and magnitude of
neurobehavioral morbidity at any given level of disease
severity. This further suggests that, in addition to the
disease per se, both genetic (individual susceptibility) and
environmental modifiers play a role in determining morbidity.
Summary
A more individually tailored approach to detecting morbidity
associated with sleep disorders in children, employing
biomarkers and gene-related single nucleotide
polymorphisms, may ultimately be required to allow more
rational prioritization of treatment.
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Introduction
During the past three decades our awareness of pediatric
sleep disorders, and their major implications for health
and quality of life, has increased impressively. It is only
in more recent years, however, that we have begun
to understand how sleep disorders in general, and
more specifically sleep-disordered breathing, can lead
to substantial morbidities that affect the central nervous
system (CNS), and cardiovascular and metabolic systems. Although many of these end-organ consequences
undoubtedly share common pathogenetic mechanisms,
here we focus our attention on neurobehavioral consequences of sleep disruption in pediatric populations,
facilitating a comprehensive discussion of this important
topic.

Sleep disturbances in children
Inappropriate sleep habits and resultant insufficient sleep
duration have become highly pervasive in children and
are a cause for major public health concern, particularly
among westernized societies. As a corollary to progressive
reductions in sleep hygiene, the prevalence of daytime
sleepiness and its inherent consequences for behavior
and academic performance in children have increased.
Although the Multiple Sleep Latency Test is a well
characterized method of assessing sleepiness and has
been used in children and adolescent persons [1,2], it
is labor intensive and potentially insensitive to specific
disorders such as obstructive sleep apnea (OSA) [3].
Therefore, the Multiple Sleep Latency Test is overall
a rather impractical method for extensive and frequent
assessment of sleepiness in patient populations. In
addition to voluntary or involuntary reductions in sleep
duration, circumstances that lead to fragmented sleep
also have the potential to exert an adverse effect on
daytime functioning [4].
In this review we address recent evidence derived from
clinical pediatric studies and animal models of OSA. We
emphasize the potential pathophysiologic links between
neurocognitive and behavioral dysfunction and the two
major elements of OSA, namely intermittent hypoxia and
sleep fragmentation.

Consequences of sleep restriction and sleep
fragmentation in children
The effects of experimental sleep fragmentation on daytime functioning have not yet been examined in great
detail in pediatric populations. Reciprocal relationships
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have emerged between sleep – measured either subjectively or objectively – and behavior, in that a strong correlation has been found to exist between the degree of
sleep disturbance and the degree of behavioral changes
[5–9]. Daytime hyperactivity and inattention are associated with restless sleep, and conversely improved sleep
aneliorates behavior [10,11]. Similarly, anxiety and
depressive symptoms are associated with global sleep
problems and sleep-onset and maintenance insomnia
[11]. Therefore, sleep and behavior exhibit complex interactions that may either interfere with or promote each
other in children. For example, acute sleep restriction for
one night increased inattentive behavior [12], and more
extended sleep restriction for 7 nights led to increases in
parent-reported oppositional and inattentive behaviors
[13].
Although total sleep duration may modulate behavioral
patterns, we believe that it is disruption of the sleep
process, rather than reduction in total amount of sleep,
that may be the key determinant of the behavioral
alterations that are so frequently observed in pediatric
sleep disorders. In other words, sleep fragmentation
appears to be the major factor that leads to impaired
daytime functioning [14]. Thus, fragmentation by
multiple arousals, such as is observed in OSA or in
periodic limb movement disorder of sleep, would be
expected to induce substantial neurobehavioral disturbances. This supposition recently received support from a
study that identified significant relationships between
arousals associated with periodic limb movements during
sleep and attention deficit/hyperactivity disorder [15].

The clinical spectrum of obstructive sleep
apnea in children
The clinical condition termed OSA is estimated to affect
1–3% of the younger (<8 years old) pediatric population
[16]. Habitual snoring, even in the absence of obstructive
apneic events, is extremely frequent (affecting a median of
11–12% of all prepubertal children). It may lead to sleep
fragmentation through respiratory effort-induced arousals,
even if hypoxemia is absent. Conversely, intermittent
oxyhemoglobin desaturations can occur without arousals,
such that separation of these two disruptive elements,
namely hypoxia and arousals, within the context of their
respective consequences constitutes a rather futile enterprise. Furthermore, we do not know whether it is important to quantify these events, particularly as they relate to
outcomes (see below). Therefore, until we know better
we must continuously monitor through the night as many
potentially relevant physiologic parameters as possible.
Despite the fact that OSA and its associated manifestations were first described as long ago as 1880 [17], it
was only in 1976 that Dr Christian Guilleminault and
colleagues ‘rediscovered’ OSA as a clinical pediatric

condition [18]. OSA in nonobese children differs greatly
from the prototypic presentation in adults, and it is
frequently diagnosed in association with adenotonsillar
hypertrophy [19]. The evolving epidemic of obesity in
Western societies, however, has generated a phenotypic
pattern of OSA in children that is remarkably similar
to that found in adults, and in which significantly
lesser contributions from upper lymphadenoid tissue
are needed to elicit airway obstruction/increased upper
airway resistance during sleep [20]. Notwithstanding
such considerations, both obese and nonobese children
with OSA exhibit increased upper airway collapsibility
[21], and surgical removal of hypertrophic adenotonsillar
tissues is ‘curative’ in only a fraction of pediatric OSA
patients [22,23]. Hence, milder residual OSA is not
infrequent after surgery and appears to respond favorably
to anti-inflammatory therapy [24].

Behavioral and cognitive issues
To make matters more complicated, ‘primary snoring’
(i.e. the presence of habitual snoring in the absence of gas
exchange abnormalities or impaired sleep macroarchitecture) may not be as benign a condition as was previously
believed. Indeed, we and others recently showed that
primary snoring may in fact be associated with disrupted
sleep microarchitecture, the latter being assessed using
the more refined approach consisting of quantification of
the cyclic alternating pattern [25,26]. Consistent with
these findings, we also reported that there is increased
probability of neurobehavioral deficits in primary snoring
children, albeit of lesser severity than those found in
children with OSA [27]. Furthermore, daytime parental
reports of child sleepiness, behavioral hyperactivity,
learning problems, and restless sleep are all significantly
more common in habitual snorers as well as in children
with frank OSA [28–31]. In addition, both pediatric OSA
and habitual snoring are associated with poor quality of
life [32,33], depressed mood [33], and increased health
care utilization [34].
In support of a causal relationship between neurobehavioral manifestations and sleep disordered breathing in
children, improvements in behavior and cognition have
been reported following treatment [35–37], suggesting
that timely treatment will lead to reversibility of such
deficits [38]. Also, a dose-dependent response has emerged
from large cohort studies, with the degree of hypoxemia
correlating preferentially with deficits in executive function, whereas the magnitude of sleep fragmentation
(measured using the Sleep Pressure Score [39]) appears
to account more for the variance in attention [40].
Taken together, polysomnographic measures account
for approximately 40% of the neurobehavioral phenotypic variance (Gozal D, unpublished observations,
2006). This raises the possibility that other factors
may modulate the mechanisms whereby intermittent
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hypoxia and sleep fragmentation operate and effect
CNS dysfunction.
The deficits in executive performance found in children
with OSA could reflect frontal lobe dysfunction [40],
although many other brain regions are likely also to be
affected [41]. Anatomic evidence supporting ‘neurodegenerative’ processes within the context of pediatric OSA is
now emerging [42]. Furthermore, evidence for abnormal
vascular reactivity in the brains of children with mild OSA
but with cognitive deficits implies that the interaction
between endothelial and neuronal compartments elicits
functional alterations [43]. When several functional
domains are assessed, the global conclusion that emerges
from the cumulative datasets is that pediatric OSA is
associated with deficits in behavior and emotional regulation, academic performance, and problems with sustained
and selective attention, as well as alertness [44]. There is
also evidence that sleep disordered breathing has minimal
association with expressive language skills, visual perception, and working memory, while findings are thus far
inconclusive regarding some aspects of intelligence, memory, and executive functioning [44]. We are hopeful that
thorough assessments of larger pediatric cohorts with a
wide spectrum of disease severity, along with carefully
designed interventional studies, we will ultimately
decipher the code governing the precise magnitude of
the link between disturbances in polysomnographic
measures and neurobehavioral manifestations.
A word of caution is necessary, however; it is possible that
delayed diagnosis and treatment of OSA may not lead to
complete reversibility of the deficits associated with
OSA. To examine this possibility further, we surveyed
a large population of middle school students (age 13–
14 years) for the presence of habitual snoring during early
childhood, and specifically focused on two groups of
students who were closely matched and who only differed in scholastic performance (i.e. either in the upper or
lower quartile of their class) [38]. We found that those
children who reported early childhood habitual snoring
were at significantly greater risk for lower academic
performance. This suggests that components of OSAinduced learning deficits may not be fully reversible, or
that partial recovery may reflect a ‘learning debt’ that can
be palliated only through supplemental teaching assistance [38]. Based on our findings in a rodent model of
OSA, we now believe that the processes that underlie the
learning deficits induced by OSA will somehow permanently modify selective neuronal pathways [45], thereby
restricting particular learning skills.

between the individual effects of these two hallmark
characteristics of OSA on behavior and cognition is unfeasible in patients. To overcome such limitations, we and
others have developed animal models that should permit
improved definition of the specific effects on the CNS
of intermittent hypoxia and sleep fragmentation. This
approach has thus far contributed greatly to our understanding of the contribution made by intermittent hypoxia
to prefrontal cortex and hippocampal anatomic and functional deficits throughout life [46–49,50]. Interestingly,
male rats exposed to intermittent hypoxia during sleep also
exhibit increased locomotor activity and reduced duration
of social interactions, which may represent a form of
hyperactivity and lack of sustained attention, both of
which are exhibited by children with OSA.
The mechanisms that underlie CNS vulnerability
to either intermittent hypoxia or sleep disruption are
now beginning to unravel. For example, oxidative stress
as induced by intermittent hypoxia during sleep
promotes neuronal cell loss and decreased cognitive
function [51–53]. Similarly, activation of inflammatory
cascades occurs, involving platelet-activating factor,
cyclo-oxygenase-2, and inducible nitric oxide synthase,
all of which ultimately modulate neuronal cell loss
[54–56]. Apolipoprotein E is an additional factor that
has been found to modify susceptibility to sleep
fragmentation or hypoxia during sleep [57], probably
though complex raft signaling pathways within cellular
membranes. Other factors include activation of survival
transcription factors [58,59], as well as capacity for stem
cell migration and differentiation into damaged brain
regions [60]. It is therefore likely that gene polymorphisms within multiple genes of interest may underlie
the differential susceptibility to cognitive dysfunction
in children with OSA. In support of these assumptions,
the magnitude of the C-reactive protein response to OSA
or the presence of the apolipoprotein E e4 allele have
emerged as important modifiers of cognitive dysfunction
in children with OSA [61,62].
In addition to the aforementioned intrinsic factors of
vulnerability, we should also pay attention to extrinsic
factors that may modify end-organ susceptibility. Thus
far, the degree of intellectual environmental enrichment
[63], nutritional intake characteristics, and physical
activity patterns [64] all appear to be important players
in the complex interactions between disease and
morbidity. Thus, in addition to OSA severity, the extent
of neurobehavioral morbidity may be dictated by specific
gene polymorphisms or by lifestyle patterns and environmental conditions.

What have we learned so far from animal
models?

Conclusion

Deficits in cognitive functioning correlate with both sleep
fragmentation and with hypoxemia. Reliable distinction

Sleep disorders in general, and more specifically OSA, are
accompanied by sizeable behavioral and neurocognitive
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dysfunction in children. Both sleep fragmentation/restriction and intermittent hypoxia are probably involved
in the pathophysiology of neurobehavioral morbidity.
The mechanisms recruited appear to involve multiple
biologically plausible pathways, especially oxidative stress
and inflammation. Despite evidence for reversibility
after effective treatment, the ultimate prognosis remains
uncertain, particularly if delays occur in the recognition
and management of this frequent pediatric disorder.

Acknowledgement
Work by the author and cited in this review was supported by grants
from the National Institutes of Health (HL69932 and HL65270), The
Children’s Foundation Endowment for Sleep Research, and
The Commonwealth of Kentucky Research Challenge Trust Fund.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:

of special interest
 of outstanding interest
Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 550).
1

Carskadon MA, Dement WC. Sleepiness in the normal adolescent. In:
Guilleminault C, editor. Sleep and its disorders in children. New York: Raven
Press; 1987. pp. 53–66.

2

Carskadon MA, Harvey K, Duke P, et al. Pubertal changes in daytime
sleepiness. Sleep 1980; 2:453–460.

3

Gozal D, Wang M, Pope DW Jr. Objective sleepiness measures in pediatric
obstructive sleep apnea. Pediatrics 2001; 108:693–697.

4

Sadeh A, Raviv A, Gruber R. Sleep patterns and sleep disruptions in school
age children. Dev Psychol 2000; 36:291–301.

5

Ali NJ, Pitson D, Stradling JR. Sleep disordered breathing: effects of
adenotonsillectomy on behaviour and psychological functioning. Eur J Pediatr
1996; 155:56–62.

6

Aronen ET, Paavonen EJ, Fjallberg M, et al. Sleep and psychiatric symptoms in
school-age children. J Am Acad Child Adolesc Psychiatry 2000; 39:502–508.

7

Chervin RD, Hedger K, Dillon JE, Pituch KJ. Pediatric sleep questionnaire
(PSQ): validity and reliability of scales for sleep-disordered breathing, snoring,
sleepiness, and behavioral problems. Sleep Med 2000; 1:21–32.

8

9

Chervin RD, Archbold KH. Hyperactivity and polysomnographic findings in
children evaluated for sleep-disordered breathing. Sleep 2001; 24:313–
320.
O’Brien LM, Holbrook CR, Mervis CB, et al. Sleep and neurobehavioral
characteristics in 5–7-year-old hyperactive children. Pediatrics 2003; 111:
554–563.

10 Minde K, Faucon A, Falkner S. Sleep problems in toddlers: effects of
treatment on their daytime behavior. J Am Acad Child Adolesc Psychiatry
1994; 33:1114–1121.

18 Guilleminault C, Eldridge F, Simmons FB, Dement WC. Sleep apnea in eight
children. Pediatrics 1976; 58:28–31.
19 Carroll JL, McLoughlin GM. Diagnostic criteria for obstructive sleep apnea in
children. Pediatr Pulmonol 1992; 14:71–74.
20 Dayyat E, Kheirandish-Gozal L, Gozal D. Childhood OSA: the argument for
2 distinct disease entities. Clin Sleep Med 2007 (in press).
21 Gozal D, Burnside MM. Increased upper airway collapsibility in awake children
with obstructive sleep apnea. Am J Respir Crit Care Med 2004; 169:163–
167.
22 Tauman R, Gulliver TE, Krishna J, et al. Persistence of obstructive sleep apnea
 syndrome in children after adenotonsillectomy. J Pediatr 2006; 149:803–
808.
This prospective study shows that the efficacy of tonsillectomy and adenoidectomy
may be far less than was previously believed.
23 Lipton AJ, Gozal D. Treatment of obstructive sleep apnea in children: do we
really know how? Sleep Med Rev 2003; 7:61–80.
24 Kheirandish L, Goldbart AD, Gozal D. Intranasal steroids and oral leukotriene

modifier therapy in residual sleep-disordered breathing after tonsillectomy and
adenoidectomy in children. Pediatrics 2006; 117:e61–e66.
Anti-inflammatory therapy may be helpful for residual OSA after tonsillectomy and
adenoidectomy in children.
25 Kheirandish-Gozal L, Miano S, Bruni O, et al. Reduced NREM sleep instability

in children with sleep disordered breathing. Sleep 2007; 30:450–457.
Sleep microarchitecture but not sleep macroarchitecture is disrupted in children
with OSA.
26 Lopes MC, Guilleminault C. Chronic snoring and sleep in children: a demon stration of sleep disruption. Pediatrics 2006; 118:e741–e746.
Sleep microarchitecture reveals sleep disruption even in ‘primary snoring’ children.
27 O’Brien LM, Mervis CB, Holbrook CR, et al. Neurobehavioral implications of
habitual snoring in children. Pediatrics 2004; 114:44–49.
28 Weissbluth M, Davis A, Poncher J, Reiff J. Signs of airway obstruction during
sleep and behavioral, developmental and academic problems. J Dev Behav
Pediatr 1983; 4:119–121.
29 Owens J, Opipari L, Nobile C, Spirito A. Sleep and daytime behavior
in children with obstructive sleep apnea and behavioral sleep disorders.
Pediatrics 1998; 102:1178–1184.
30 Chervin RD, Archbold KH, Dillon JE, et al. Inattention, hyperactivity, and
symptoms of sleep disordered breathing. Pediatrics 2002; 109:449–456.
31 Ferreira AM, Clemente V, Gozal D, et al. Snoring in Portuguese primary school
children. Pediatrics 2000; 106:E64.
32 Rosen CL, Palermo TM, Larkin EK, Redline S. Health-related quality of life and
sleep-disordered breathing in children. Sleep 2002; 25:648–657.
33 Crabtree V, Varni JW, Gozal D. Quality of life and depressive symptoms in
children with suspected sleep-disordered breathing. Sleep 2004; 27:1131–
1138.
34 Tarasiuk A, Greenberg-Dotan S, Simon-Tuval T, et al. Elevated morbidity and

health care use in children with obstructive sleep apnea syndrome. Am J
Respir Crit Care Med 2007; 175:55–61.
OSA in children is associated with both increased health care use and respiratory
morbidity, which are reversible upon treatment.
35 Gozal D. Sleep-disordered breathing and school performance in children.
Pediatrics 1998; 102:616–620.

11 Lavigne JV, Arend R, Rosenbaum D, Smith A. Sleep and behaviour problems
among preschoolers. J Dev Behav Pediatrics 1999; 20:164–169.

36 Stradling JR, Thomas G, Warley ARH, et al. Effect of adenotonsillectomy on
nocturnal hypoxaemia, sleep disturbance, and symptoms in snoring children.
Lancet 1990; 335:249–253.

12 Fallone G, Acebo C, Arnedt TA, et al. Effects of acute sleep restriction on
behavior, sustained attention, and response inhibition in children. Percept Mot
Skills 2001; 93:213–229.

37 Chervin RD, Ruzicka DL, Giordani BJ, et al. Sleep-disordered breathing,
behavior, and cognition in children before and after adenotonsillectomy.
Pediatrics 2006; 117:e769–e778.

13 Fallone G, Seifer R, Acebo C, Carskadon MA. Prolonged sleep restriction in
11- and 12-year-old children: Effects on behavior, sleepiness, and mood
[abstract]. Sleep 2000; 23 (Suppl 2):A28.

38 Gozal D, Pope DW. Snoring during early childhood and academic performance at age thirteen to fourteen years. Pediatrics 2001; 107:1394–
1399.

14 Stores G. Practitioner review: assessment and treatment of sleep disorders in
children and adolescents. J Child Adolesc Psychol Psychiatry 1996;
37:907–925.

39 Tauman R, O’Brien LM, Holbrook CR, Gozal D. Sleep pressure score: a new
index of sleep disruption in snoring children. Sleep 2004; 27:274–278.

15 Crabtree VM, Ivanenko A, O’Brien LM, Gozal D. Periodic limb movement
disorder of sleep in children. J Sleep Res 2003; 12:73–81.
16 Hulcrantz E, Lofstarnd TB, Ahlquist RJ. The epidemiology of sleep related
breathing disorders in children. Int J Pediatr Otorhinolaryngol 1995; 6
(Suppl):S63–S66.
17 McKenzie M. A manual of diseases of the throat and nose, including the
pharynx, larynx, trachea, oesophagus, nasal cavities, and neck. London, UK:
Churchill; 1980.

40 O’Brien LM, Tauman R, Gozal D. Sleep pressure correlates of cognitive and
behavioral morbidity in snoring children. Sleep 2004; 27:279–282.
41 Macey PM, Henderson LA, Macey KE, et al. Brain morphology associated with
obstructive sleep apnea. Am J Respir Crit Care Med 2002; 166:1382–1387.
42 Halbower AC, Degaonkar M, Barker PB, et al. Childhood obstructive sleep
 apnea associates with neuropsychological deficits and neuronal brain injury.
PLoS Med 2006; 3:e301.
This study identifies cognitive deficits in children with OSA, along with altered
neural metabolic markers in prefrontal cortex and hippocampal region.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Sleep disorders Gozal and Kheirandish-Gozal 509
43 Hill CM, Hogan AM, Onugha N, et al. Increased cerebral blood flow velocity in

children with mild sleep-disordered breathing: a possible association with
abnormal neuropsychological function. Pediatrics 2006; 118:e1100–e1108.
This paper reports initial observations on the potential correlation between
abnormal endothelial and vascular brain function and cognitive dysfunction in
children with mild OSA.
44 Beebe DW. Neurobehavioral morbidity associated with disordered breathing
 during sleep in children: a comprehensive review. Sleep 2006; 29:1115–1134.
This is an excellent review and meta-analysis of the published data on OSA and
behavioral and cognitive effects.
45 Kheirandish L, Gozal D, Pequignot JM, et al. Intermittent hypoxia during
development induces long-term alterations in spatial working memory, monoamines, and dendritic branching in rat frontal cortex. Pediatr Res 2005;
58:594–599.
46 Gozal D, Daniel JM, Dohanich GP. Behavioral and anatomical correlates of
chronic episodic hypoxia during sleep in the rat. J Neurosci 2001; 21:2442–
2450.
47 Payne RS, Goldbart AD, Gozal D, Schurr A. Effect of intermittent hypoxia on
long-term potentiation in rat hippocampal slices. Brain Res 2004; 1029:195–
199.
48 Gozal D, Row BW, Kheirandish L, et al. Increased susceptibility to intermittent
hypoxia in aging rats: changes in proteasomal activity, neuronal apoptosis and
spatial function. J Neurochem 2003; 86:1545–1552.
49 Row BW, Kheirandish L, Neville JJ, Gozal D. Impaired spatial learning and
hyperactivity in developing rats exposed to intermittent hypoxia. Pediatr Res
2002; 52:449–453.
50 Row BW, Kheirandish L, Cheng Y, et al. Impaired spatial working memory and

altered choline acetyltransferase (CHAT) immunoreactivity and nicotinic
receptor binding in rats exposed to intermittent hypoxia during sleep.
Behav Brain Res 2007; 177:308–314.
This paper reports novel findings that show involvement of working memory and
cholinergic systems in a rodent model of OSA.
51 Row BW, Liu R, Xu W, et al. Intermittent hypoxia is associated with oxidant
stress and spatial learning deficits in the rat. Am J Respir Crit Care Med 2003;
167:1548–1553.
52 Xu W, Chi L, Row BW, et al. Increased oxidative stress is associated with
chronic intermittent hypoxia-mediated brain cortical neuronal cell apoptosis in
a mouse model of sleep apnea. Neuroscience 2004; 126:313–323.
53 Ramanathan L, Gozal D, Siegel JM. Chronic hypoxia leads to oxidative stress
in the rat cerebellum and pons. J Neurochem 2005; 93:47–52.

54 Li RC, Row BW, Gozal E, et al. Role of cyclooxygenase 2 in intermittent
hypoxia-induced learning deficits in the rat. Am J Respir Crit Care Med 2003;
168:469–475.
55 Row BW, Kheirandish L, Li RC, et al. Platelet-activating factor receptor
deficient mice are protected from experimental sleep apnea-induced spatial
learning deficits. J Neurochem 2004; 89:189–196.
56 Li RC, Row BW, Kheirandish L, et al. Nitric oxide synthase and intermittent
hypoxia-induced spatial learning deficits in the rat. Neurobiol Dis 2004;
17:44–53.
57 Kheirandish L, Row BW, Li RC, et al. Apolipoprotein E-deficient mice exhibit
increased vulnerability to intermittent hypoxia-induced spatial learning deficits.
Sleep 2005; 28:1412–1417.
58 Goldbart A, Row BW, Kheirandish L, et al. Intermittent hypoxic exposure
during sleep induces changes in CREB activity in the rat CA1 hippocampal
region: Water maze performance correlates. Neuroscience 2003; 122:585–
590.
59 Goldbart A, Cheng Z, Brittian KR, Gozal D. Intermittent hypoxia induces timedependent changes in Akt signaling pathway in the hippocampal CA1 region
of the rat. Neurobiol Dis 2003; 14:440–446.
60 Gozal D, Row BW, Gozal E, et al. Temporal aspects of spatial task performance during intermittent hypoxia in the rat: evidence for neurogenesis. Eur J
Neurosci 2003; 18:2335–2342.
61 Gozal D, Crabtree VM, Sans Capdevila O, et al. C reactive protein, obstructive
 sleep apnea, and cognitive dysfunction in school-aged children. Am J Respir
Crit Care Med 2007; 176:188–193.
This is the first comprehensive study to link the magnitude of the systemic
inflammatory response to OSA with the presence of cognitive dysfunction.
62 Gozal D, Sans Capdevila O, Kheirandish-Gozal L, et al. Apolipoprotein E e4
 allele, neurocognitive dysfunction, and obstructive sleep apnea in schoolaged children. Neurology 2007; 69:243–249.
This study shows that apoliprotein E is involved in the risk and morbidity associated
with OSA in children.
63 Row BW, Goldbart A, Gozal E, Gozal D. Spatial pretraining attenuates hippocampal impairments in rats exposed to intermittent hypoxia. Neurosci Lett 2003;
339:67–71.
64 Goldbart AD, Row BW, Kheirandish L, et al. High fat/refined carbohydrate diet
 enhances the susceptibility to spatial learning deficits in rats exposed to
intermittent hypoxia. Brain Res 2006; 1090:190–196.
This study shows that dietary elements may modulate the susceptibility to cognitive
deficits in a rodent model of OSA.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

