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Abstract

Obstructive sleep apnea (OSA) is a fairly common nocturnal breathing disorder, affecting 2—4% of individuals.
Although OSA is associated with medical morbidity, its most functionally disruptive effects in adults appear to

be neuropsychological in nature. Research on the neuropsychological effects of pediatric OSA has been limited.
This study compared the neuropsychological functioning of school-aged children with OSA to that of healthy
children. The primary goal was to clarify the presence and pattern of neuropsychological morbidity associated

with pediatric OSA. Sleep was assessed with parent-report questionnaires and laboratory sleep studies.
Neuropsychological functioning was assessed by formal tests and parent- and teacher-report questionnaires. Data
indicated OSA-related cognitive and behavioral impairment that was particularly marked on measures of behavior
regulation and some aspects of attention and executive functioning. Minimal effects were observed on measures of
intelligence, verbal memory, or processing speed. Exploratory analyses failed to indicate any clear relationship
between neuropsychological functioning and objective indexes of hypoxia or sleep disruption, though the sample
was small. These data add to a growing literature which suggests that significant neuropsychological deficits are
associated with pediatric OSA. Findings suggest a pattern of neuropsychological morbidity that is similar but not
identical to that seen in adult OSAJINS 2004,10, 962-975.)
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INTRODUCTION this represents an enormous number of cases. OSA has been
associated with systemic and pulmonary hypertension, car-

Obstructive sleep apnea (OSA) is a frequent and InSum'diovr:xscular and cerebrovascular disease, arrhythmias, and

ciently recognized condition that is associated with Uppey, ;a1 apnormalities in adults (Doran et al., 2001; Har-

_airway_obstructiqn during sleep. _In this cani_tion, breat_h'ding, 2000; Punjabi et al., 2002) and cardiovascular alter-
ing during sleep is marked by periods of significant restric-4tions and hormonal abnormalities in children (Aminetal.,

tion or cessation in airflow, often interrupted by brief arousalszooz_ D. Gozal, 2001). However, many of the most func-

foroSrR _sIeeE, durtlng W:'Eh r_10trmtil resplranon IS rEStc’.rEd'tionally disruptive effects are neuropsychological rather than
IS characterized by Intrathoracic préssuré SWings,, g ic| (Beebe & Gozal, 2002). This study examines the

increased respiratory effort, sleep fragmentation, and 'nterﬁeuropsychological morbidity of pediatric OSA.

mittent hypoxemia and hypercarbia (D. Gozal, 2001). The Among adults, OSA has long been linked to excessive

i i —49 : . ) -
est|matthed prﬁval_(ejncg Eharootlmd 2 é@lfrom g‘%pre?l?to%aynme sleepiness, and recent reviews highlight a pattern
years roug mid-adulthood (e.g., Gislason ened S'ofneuropsychological deficits (Beebe & Gozal, 2002; Beebe
dottir, 1995; Young et al., 1997). On the population Ievel,et al., 2003b). In a meta-analysis of 25 studies, OSA was
found to have a negligible impact on psychometric intelli-
. o gence and verbal functioning, but a striking effect on
Reprint requests to: Dean Beebe, Ph.D., Psychology Division (MLC ttention/vigil d d te t ked i t
3015), Cincinnati Children’s Hospital Medical Center, 3333 Burnet Ave- atten '9 vigi ance. and a modera e 0 ma!r ed impact upon
nue, Cincinnati, OH 45229-3039. E-mail: dean.beebe@cchmc.org executive functioning. Data were mixed with regard to mem-
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ory functioning, probably related to methodological differ- are few naturalistic studies of children with recurrent or
ences across studies (Beebe et al., 2003b). prolonged hypoxia (which differs substantially from acute

Among children, snoring, a hallmark but nonspecific anoxia) past the neonatal period, because few childhood
symptom of OSA, has been linked to poor academic perdiseases result in significant recurrent or prolonged hyp-
formance, inattentiveness, aggression, and hyperactivitgxia. However, one such disease, sickle cell anemia, has
(e.g., Ali et al., 1993; Chervin et al., 2003; Gottlieb et al., yielded relevant findings. Even in the absence of clinical
2003; D. Gozal, 1998; Urschitz et al., 2003). Children whostroke, children with sickle cell who have low hematocrit
have been referred for adenotonsillectomy because of sutevels or diminished cerebral blood flow are at elevated risk
pected OSA also often display hyperactivity, aggressionfor poor cognitive functioning and gray matter abnormali-
and rebelliousness (Goldstein et al., 2000; Stradling et altjes, suggesting that chronic hypoxia is a key risk factor in
1990). Recently, studies using overnight sleep studies (polythis population (Kral et al., 2003; Steen et al., 1999). Though
somnography or PSG) have shown that children with veriit is risky to generalize from the animal research or from
fied OSA display inattention, poor academic achievementresearch on one disorder (sickle cell) to another (OSA),
aggression, and overall behavioral maladjustment more oftethere is reason to believe that intermittent hypoxia may
than their peers (Friedman et al., 2003; Lewin et al., 2002¢ontribute to neuropsychological deficits in pediatric OSA.
Owens et al., 2000a; but see Kaemingk et al., 2003, for Alterations in level of alertness and performance on repet-
dissenting findings). Conversely, hyperactive children disdtive cognitive tasks can be induced in healthy adults by
play far more clinical symptoms of OSA (Chervin et al., experimentally disrupting sleep (e.g., Martin et al., 1999).
1997; Simonds & Parraga, 1984), though evidence usintudies of acute total sleep deprivation of healthy adults
PSG has been mixed (O’Brien et al., 2003). have further suggested substantial declines in decision-

Only a few investigators have used neuropsychologicamaking, judgment, and emotion regulation (cf. Harrison &
tests with children with OSA. Some have reported dimin-Horne, 2000). We are aware of no published studies of exper-
ished intellectual skills (Friedman et al., 2003), but othersmental sleepdisruptionin healthy children. However, a
have reported no relationship between OSA and intelli-handful of studies have examined the effects of stesfric-
gence in children (Kaemingk et al., 2003; Lewin et al., tion, which include slowed reaction time, subjective and
2002; Owens et al., 2000a). Memory findings also haveobjective sleepiness, inattentive behaviors, irritability, and
been mixed, with some reporting diminished memorynoncompliance (Fallone et al., 2000, 2001; Sadeh et al.,
(Kaemingk et al., 2003; Rhodes et al., 1995), but contrary2003). Moreover, correlational studies have linked dimin-
findings from others (Owens et al., 2000a). In line with ished sleep time, delayed or inconsistent sleep onset, and
adult data, reports have suggested impairment on tests oéstlessness during sleep to cognitive and behavioral distur-
attention and executive functioning among children withbances in children (Gruber et al., 2000; Picchietti & Walters,
OSA (Archbold et al., 2004; D. Gozal et al., 2001b; Owens1999; Sadeh et al., 2002). The causal role of pediatric sleep
et al., 2000a), though the data have been limited. Finallydisturbance in creating or exacerbating neurobehavioral dys-
Lewin et al. (2002) noted mild but significant mental slow- function is further supported by clinical cases and group
ing within a small sample of children with untreated OSA research in which this dysfunction is ameliorated following
compared to children with treated OSA and to healthya sleep intervention (Bergman, 1976; Minde et al., 1994;
controls. Walters et al., 2000).

Evidence from treatment studies further supports a link Correlational studies on adults with OSA have revealed
between pediatric OSA and neuropsychological functiontelationships between cognitive functioning and both sleep
ing. Adenotonsillectomy is effective in treating breathing arousals and hypoxic episodes. However, most of these stud-
problems in most children with OSA and seems to contrib-ies have employed large correlation matrices without sta-
ute to academic, intellectual, and behavioral improvementtistical correction, and many presented contradictory findings
post treatment (Ali et al., 1996; Friedman et al., 2003; Gold{Engleman et al., 2000). The picture is even less clear for
stein et al., 2000; D. Gozal, 1998). However, in the onlychildren with OSA, many of whom have normal sleep archi-
published study of long-term outcome, Gozal and Popeéecture (Goh et al., 2000) and display no excessive daytime
(2001) reported poorer academic performance among cusleepiness on conventional measures (D. Gozal et al., 2001c).
rently nonsnoring teenagers who had snored as young chikaemingk and colleagues’ (2003) recent epidemiological
dren than among those who had not snored when they weitudy of children yielded a matrix of 165 correlations
younger. between PSG indexes and cognitive test scores, of which

The mechanism by which OSA may impart neuropsycho-only 18 reached the .05 level of significance, and no corre-
logical morbidity remains unclear. Two potential contribu- lation exceeded .22 in magnitude. Friedman et al. (2003)
tors have received the most attention: intermittent hypoxidound no significant relationship between intellectual func-
and sleep disruption (Beebe & Gozal, 2002). Rat pupgioning and indexes of sleep disruption or hypoxia.
exposed to intermittent hypoxia during sleep show more Although advancing rapidly, research on pediatric OSA
learning and behavior problems, as well as greater evidenamntinues to have significant limitations. Only a handful of
of neural death, than their mature counterparts (D. Gozadtudies of neuropsychological functioning have used the
etal., 2001a; E. Gozal et al., 2001; Row et al., 2002). Theraliagnostic gold standard of PSG; those that did often relied
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heavily upon parent report of the child’s behavioral func-matched children who were recruited via door-to-door
tioning, rather than objective test data. Only three groupsolicitation in the neighborhoods in which a clinical child
(Archbold et al., 2004; O'Brien et al., 2003; Owens et al., lived (cf. Fitzgerald et al., 1993). A pair of research associ-
2000a) have assessed executive functioning, despite evates drove to the home of a child in the clinical sample, then
dence that this domain is sensitive to OSA in adults (Beebd&egan to canvass the nearby neighborhood, starting approx-
et al., 2003b) and the recent publication of a theoreticalmately 1-2 blocks away (or as close as possible in rural
model that suggests that executive functioning is particuareas) and focusing on dwellings that were similar in nature
larly vulnerable (Beebe & Gozal, 2002). Although produc- (e.g., hous&s apartment) to that of the index clinical child.
ing rigorous research, Gozal and O’Brien’s team has focusedt each home, they summarized the rationale and methods
on 5-7-year-old children, raising questions about the genef the study, provided a descriptive brochure, and asked if
eralizability of findings to older children. Neither Arch- the adult answering the door knew of any children of the
bold’s nor Owens’ studies used a control group, comparingame sex and aged within 1 year of the index child whose
clinical scores only to published norms. Indeed, few studieparents might be interested in participating. At no point was
of pediatric OSA have attempted to account for demo-the index child identified by the research associates. Once
graphic variables when recruiting a control group or inter-an interested parent was identified, the associates asked
preting their findings, a design flaw which also pervadespreliminary screening questions regarding child health and
the adult research (Beebe et al., 2003b). asked if the first author could call to discuss the project
This study compared the neuropsychological functioningfurther. In most cases, one or more interested parents could
of school-aged children with OSA to that of community- be found within a few hours. However, sometimes a control
recruited healthy controls. Th@imary goalwas to clarify  child could not be located, primarily due to a lack of com-
the presence and pattern of neuropsychological morbiditparable dwellings nearby, lack of children in the neighbor-
evident in school-aged children with OSA. It was hypoth-hood, or later refusal, no-show, or inability to contact parents
esized that children with OSA would demonstrate cognitivewho had initially said they were interested. The result was a
impairment on objective tests and behavioral impairmentontrol group that was smaller than the total clinical sample
reported by parents and teachers. In line with the adult litand could not be matched one-to-one with clinical patients,
erature, it was further hypothesized that children would havésut could be analyzed as a group.
greater impairment of attention and executive functioning Exclusion criteria for all children included neurological
than intellectual functioning, memory, or general mood. Thecomorbidity (e.g., history of head injury with loss of
secondary goabf this study was to further explore the consciousness), craniofacial syndromes, conditions involv-
relationship between neuropsychological functioning andng daytime hypoxia, and prior treatment for OSA (e.g.,
various PSG-defined sleep indexes in children. adenotonsillectomy). Children who were found to have
developmental delay (estimated KQ60) during the study
were dropped from analyses due to concerns regarding

METHODS the validity of neuropsychological tests. Children who
used psychiatric medications were excluded, with a key
Research Participants exception: those taking psychostimulants were included

if their parents agreed to discontinue medication 48 hr

Forty-nine children participated in this study. Of these, 32prior to PSG and 24 hr prior to cognitive testing. The
children aged 6-12 were recruited from consecutive referrationale for including the latter group was that it was
rals to a regional pediatric sleep center for overnight PS&omprised of children who had been diagnosed with
because of clinical symptoms of OSA (e.g., chronic loudattention-deficif hyperactivity disorder (ADHD). ADHD
snoring). Following prior research (Amin et al., 2002; does not have reliable medical markers, but rather is de-
Owens et al., 2000a), this clinical sample was divided intdfined by the very behaviors that have been associated with
three groups: children with an apneahypopnea index the clinical symptoms of pediatric OSA in prior research.
(AHI) < 1 during PSG were defined asmple snorers As such, following Owens et al. (2000a), it was felt that
(n = 17); those with an AHI of 1-5 were defined as hav- excluding these children would artificially suppress mean-
ing mild OSA(n = 9); those with an AHE> 5 were defined  ingful effects and risk nonrepresentativeness in the clinical
as havingmoderate to severe OS = 6). Because the sample. Thus, they were included, but were not taking
definition of childhood OSA remains controversial (Rosen,medication at the time they were assessed. These exclu-
2004), analyses were also re-run using two alternative grougsion criteria were applied to children in both the clinical
ing strategies: AHK 1 (n = 17)versusAHI > 1 (n=15) and control groups to promote comparability (i.e., to avoid
and apnea index: 1 (n = 24) versus> 1 (n = 8). How-  spurious effects that were due to different entry criteria
ever, the overall findings, including multivariate effects, across groups). In addition, children included in the
did not differ substantially from the three-group resultscontrol group could not snore regularly or loudly, nor dis-
reported here. play other breathing difficulties during sleep, per parent

In addition to these clinically derived groups, a commu-report on a standardized sleep questionnaire (Owens et al.,
nity control groupwas comprised of 17 age- and gender-2000b).
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Procedure Neuropsychological tests (dependent measures)

Parents were contacted via telephone or seen during a clinigl| children underwent a 1.5 hr cognitive evaluation, begun
visit by the first author, who explained the procedures thatpproximately between 2:00 and 4:00 p.m. to minimize cir-
would be used and answered any parent questions. Formegadian effects. Children in the clinical group were tested
parent consent and child assent to participate were obtaineglther the afternoon prior to the PSG or on a day other than
at the time the family arrived for neuropsychological eval-that immediately following the PSGDN = 6 days post
uation. Each family was compensated $40 for participatingPSG). Performance was converted to age-referenced stan-
plus teachers received $5 for returning questionnaires. Allard scores (highet better) based upon published norms.
procedures were approved by the local Institutional Review Intelligencewas screened using the two-subtest compos-
Board. ite of the Vocabulary and Block Design subtests of the Wech-
sler Intelligence Scale for Children (WISC-III; Sattler, 2001;
Wechsler, 1991).

Verbal memoryvas screened by the Verbal Learning sub-
Children in the clinical group underwent inpatient full- test of the Wide Range Assessment of Memory and Learn-
night clinical PSG with a parent or guardian present.ing (WRAML; Sheslow & Adams, 1990), a validated
Children were not deprived of sleep prior to the PSG andnemory battery for children. An Immediate Memory index
were not given any sedative, though parents were asked twas based on the sum of the child’s recall after each of four
withhold naps and caffeine that day. The following PSGlist-learning trials. The Delayed Memory index was deter-
parameters were monitored using a computerized systemined by his or her free recall about 10 min later.
(Astro-Med Grass System; Heritage, West Warwick, Rl): Processing speedas assessed by the Word Reading and
Electroencephalogram (EEG3@.,, C,-A1, O1-A,, O-A;),  Color Naming trials of the Stroop Test (Golden, 1978). Often
right and left electroculogram (EOG), submental electro-used solely as comparisons for the Color-Word trial (see
myogram (EMG), tibial EMG, electrocardiography (ECG), below), these are timed tasks for overlearned skills, and
nasa)oral airflow through a three pronged thermistor, end-may thus be considered measures of simple processing speed.
tidal CO, (at the nose via infrared capnometry), snoringTo ensure adequate reading skills, these tasks were given
microphone, @ saturation by pulse oximeter, oximeter pulse only to children aged 8 and up.
waveform, actigraphy to measure limb movements, infra- Attention and executive functiongere assessed with
red video monitoring, and rib cage and abdominal volumethe following instruments. The Digit Span subtest from
changes (computer-assisted respiratory inductance plethydie WISC-III asks the test-taker to repeat back strings of
mograph). All data were digitized and stored on compactigits, first forward, then in reverse. This working mem-
disk for later reference. ory task is highlighted in influential and empirically derived

Sleep staging was scored according to standardized crinodels of attention (Mirsky, 1996). Exploratory analysis
teria (Rechtschaffen & Kales, 1968). Consistent with con-of the forward and backward trials separately yielded the
ventional standards (American Thoracic Society, 1996same results as the combined task, so we report results
Marcus et al., 1992; Uliel et al., 2004), obstructive apnea®nly on the latter. The Gordon Diagnostic System (GDS;
were defined as a greater than 80% decline in airflow oveGordon, 1983) is a validated measure of visual vigilance.
two breaths, despite continued chidtdominal wall move- For the GDS vigilance task, the test-taker is asked to push
ment. Obstructive hypopneas were defined as a decrease afbutton whenever they see a predefined number pair flash
50-80% in airflow that lasted at least two breaths, wasn sequence, but to inhibit responding to other stimuli.
accompanied by paradoxical respiration, and was either ass@mission errors reflect diminished vigilance, while com-
ciated with oxyhemoglobin desaturatiom4%) or fol-  mission errors reflect poor inhibition. The NEPSY Visual
lowed by arousal. Arousals were coded by American Sleepttention subtest (Korkman et al., 1998) requires the test-
Disorders Association standards (American Sleep Disortaker to scan an array of pictures and to mark only those
ders Association, 1992). Desaturation was defined as oxythat match a predetermined target. Such cancellation tasks
hemoglobin decline of at least 4%. The obstructive apne&ave a long-standing history in the measurement of selec-
index (Al), apnea+ hypopnea index (AHI), respiratory tive attention and inhibition (Lezak, 1995). The NEPSY
arousal index (RAI) and desaturation index (DI) were eachverbal Fluency subtest requires rapid generation of novel
computed as the sum of relevant events divided by hoursords that start with a given letter or fall in a given cat-
slept during PSG. egory. Such tests, which require mental flexibility in shift-

Children who do not snore regularly and whose parentsng within phonemic (first letter) and semantic (category)
have not withessed breathing pauses are at extremely logroups, also have an established history in the measure-
risk for OSA (Chervin et al., 2000). Given this, and becausement of executive functioning (Lezak, 1995). These mea-
of concerns that asking community parents to have theisures were given to all participants.
child come in for an overnight evaluation would result in  Two additional measures were administered only to chil-
poor recruitment rates and substantial recruitment bias, cordren aged 8 and over because of concerns about their valid-
trol subjects did not undergo PSG. ity in younger children. The Color-Word Interference score

Polysomnograph (PSG)
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from the Stroop Test (Golden, 1978) compares the testsignificance threshold of .05 was retained unless otherwise
taker’s performance when naming the color of the ink instated.

which a different color word is printed (e.qg., “red” printed

in blue ink) to their performance on simpler word-reading

and color-naming trials. The Interference score, which isPreliminary Analyses

thought to reflect selective attention and inhibition, has a

rich history in the examination of outcome following brain The distributions of all dependent (cognitive and behav-
injury (Lezak, 1995). Finally, the Wisconsin Card Sorting ioral) measures were first inspected for outliers and devia-
Test (WCST; Heaton et al., 1993) requires the child to matcliions from normality. Because the distribution of GDS

a series of designs witharget or key designs, based on commission errors was severely skewed, it was truncated at
corrective feedback. Theerseverative errorsnonpersev- 3 standard deviations from the mean, assigning that value
erative errors and percent conceptuaindexes from the to four outlying scores (2 simple snorers, 1 mild OSA, 1
WCST have been validated as measures of mental flexibilmoderate—severe OSA). No other transformations appeared
ity and visual reasoning (Heaton et al., 1993). necessary, as deviations from normalcy were mild. Two
subjects were examined closely because of their relatively
marked degree of OSA (AH+ 15, 35), but were retained
because they appeared similar to others in the Moderate—
severe OSA group in demographic characteristics and depen-

Two questionnaires were completed by each child’s caredent measure scores.

giver during the neuropsychological evaluation, and analo- Next, the three clinical groups and the control group
gous forms were mailed with a postage-paid return envelop@ere compared on demographic characteristics (Table 1).
to the teacher who was judged by the family to know theAnalysis of variance (ANOVA) indicated no differences
child best. The Behavioral Assessment Scale for Childre@Cross groups in age or family incomg(B,46) < 1.7,
(BASC) is a broad measure of psychopathology which ha® > -10], and chi-square indicated no differences across
been extensively validated (Reynolds & Kamphaus, 1992)9roups in gender compositionyf(3) = 3.7, p > .10].
The following subscales were recordétyperactivity, Con- However, ANOVA with Scheffépost-hoctests indicated a
duct Problems, Aggression, Attention, DepressamdAnx- significant difference across groups in parental education
iety. The Behavior Rating Inventory for Executive Functions [F(3,46) = 8.2, p < .001], with children in the two OSA
(BRIEF) is the only validated questionnaire measure ofdroups having parents with less education than those in
daily behaviors associated with executive dysfunction inthe control group. Moreover, despite the fact that the clin-
children (Gioia et al., 2000). All eight subscales were enteredc@l sample as a whole did not differ from controls in
into analysesinhibit, shift, emotional control, initiation, €thnic composition, Fisher's Exagt =.20, an ethnicity
working memory, planninfprganization, organization of effect was found when the clinical sample was divided
materials andself-monitoring Raw scores were compared into three groups ¥#(3) = 10.2,p = .017]. The mild and

against published age-based norms, with higher scores inditoderate OSA groups had about twice the proportion of
catingworsereported functioning. minorities as the other two groups. Overall, 13 of 15 minor-

ities were African American; one was Asian American (mild
o . OSA) and one was Hispanic (control). To determine the
Descriptive information potential impact of these demographic differences on cross-

To better describe the clinical symptoms of subjects, pargroup analyses, ethnicity and parent education were corre-

ents completed the Child Sleep Habits Questionnairéated with each dependent measure using point-biserial
(CSHQ: Owens et al., 2000b), and raw scores orSieep- (ethnicity dichotomized to whitgs minority) or Pearson’s
Disordered Breathingind Sleepinessubscales were com- correlations (education), with a two-tailed alpha set at 01
puted. Finally, parent questionnaires yielded information?€cause of the large number of analyses. Both ethnicity
regarding medical history and the demographic features ¢i'd parent education correlated with the WISC—III Vocab-
ethnicity/race, yearly family income, and highest parentaltlary: Block Design, and 1Q scores (> .43, p < .003),
education. Such demographic features are rarely considut not with any other dependent measure. As such, eth-
ered in sleep research, despite their known reIationshiB'C'ty and parent education were entered as covariates in

with cognitive test performance in the United States (Beeb&©SS-group analyses involving the WISC—II, but not those
et al., 2003b). involving other variables.

Finally, although we had complete data for all neuropsy-
chological tests, some questionnaire data were missing. Three
RESULTS parents (6%; 2 mild OSA, 1 control) failed to complete
guestionnaires adequately (e.g., skipping items). All three
All analyses were conducted with SPSS for Windows Releashad a high school education or less and headed low-income
11.5.0 (SPSS Incorporated, Chicago). Because of concermsinority families. It is not clear what effect, if any, these
about statistical power and subtle but meaningful effects, anissing data had on parent questionnaire analyses. Eleven

Parent and teacher behavior questionnaires
(dependent measures)
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sets (22%) of teacher questionnaires were not returned aft@rimary Goal: Clarify the Presence and

two mailings. Chi-square and independent-grotigests  Pattern of Neuropsychological Morbidity in

indicated no difference in subjects whose teachers did opgdiatric OSA

did not return questionnaires on any of the following vari-

ables (ps > .30): study group, age, ethnicity, sex, family Cross-group comparisons

income, parent education, and behavioral functioning on

parent-report questionnaires. Table 2 compares the mean performance across groups on
neuropsychological tests. The main analyses were multi-
variate in nature, but univariate results are provided for

Comparisons of Sleep Across Groups completeness of presentation. Five sets of main analyses
were conducted, with the dependent measures grouped on

As seen in Table 1, ANOVA indicated a clear difference inconceptual and pragmatic grounds. The first dealt with

parent-reported symptoms of sleep-disordered breathing andtelligence and involved a multivariate analysis of covari-

sleepinessK > 8.3, p < .001), with the two OSA groups ance (MANCOVA) with Vocabulary and Block Design as

faring worst and the control group scoring very similar to dependent measures, and ethnicity and parent income as

published norms (Owens et al., 2000b). Because of markedovariates. The multivariate effect of group was nonsignif-

skew on PSG data, Kruskal-Wallld tests were used to icant [F(6,86)= 1.1,p > .20]. Because Estimated 1Q was

compare the clinical groups on PSG indexes. These indiderived from these subtests, it was not entered into the

cated that, in addition to the grouping index of AHI, the MANCOVA, but no significant effect was found on uni-

clinical groups differed in Al, RAI, percent of sleep spent in variate ANCOVA. The second main analysis, which exam-

Stage 1 (very light sleep), and multiple indexes gfdatu-  ined memory involved a multivariate analysis of variance

ration [y?(2) > 8.2,p < .05]. Overall, these data indicate a (MANOVA) with the WRAML Immediate and Delayed

clear progression in sleep pathology across the groups. recall indexes as dependent measures. The effect of group

Table 1. Demographic and sleep characteristics

Controls Simple snorers  Mild OSA Moderate—Severe OSA

Characteristic (n=17) (n=17) (n=9) (n=16) Sig. Post-hoc tests
Demographics

Age in years 10.0 (2.2) 10.0 (2.2) 9.1(2.3) 10.6 (2.3) nps>(.10)

% Boys 59% 7% 44% 33% n.s.

% White 82% 82% 33% 50% .026

% Taking stimulants 12% 47% 0% 0% .007

Incomex 1000 US$ 55.3 (26.3) 42.9 (28.9) 32.2(30.3) 35.7 (31.0) n.s.

Parent education 15.9 (2.4) 14.5(2.1) 12.3(1.4) 12.2 (2.6) <.001 A>C,D

CSHQ sleep D.O. breathing 3.1(0.3) 4.9 (1.3) 6.8 (1.6) 6.8 (2.2) <.001 A<B,C,D

CSHQ sleepiness 9.7 (2.3) 14.6 (4.4) 16.0 (4.1) 15.4 (3.0) <.001 A<C,D
PSG Data

Obstructive AHI 0.1(0.3) 2.4(1.2) 13.4 (11.2) <.001

Obstructive Al 0.1(0.1) 0.7 (0.8) 3.4(2.1) <.001

RAI 0.3(0.4) 0.9 (0.4) 6.5(6.9) <.001

Desaturation Index 0.8(1.1) 2.3(3.3) 8.0 (6.6) .001

Duration of obstructions (s) 9.8 (2.4) 17.6 (8.7) 13.4 (3.3) .015

Mean G, saturation 94.0 (2.5) 93.0 (3.0) 92.4 (3.1) n.s.

Nadir O, saturation 90.2 (3.7) 87.4(8.5) 73.2 (13.0) .007

% of night with O, < 90 0.0 (0.0) 1.5(3.2) 8.2 (5.3) .007

% of night with O, < 80 0.0 (0.0) 1.3(2.7) 3.4(5.1) .022

Total sleep time 402 (41) 378 (49) 365 (31) n.s.

Sleep efficiency post onset 90.4 (7.9) 87.8 (11.5) 81.3(10.7) n.s.

REM latency post onset 205 (76) 169 (69) 190 (58) n.s.

Stage 1 sleep % 4.1(2.1) 6.7 (3.4) 7.4(4.2) .028

Stage 2 sleep % 49.5 (9.6) 49.1 (9.4) 46.7 (11.5) n.s.

Stage 34 sleep % 30.5(7.9) 29.7 (7.3) 34.0 (12.4) n.s.

REM sleep % 15.9 (6.0) 14.6 (5.0) 11.9 (4.8) n.s.

% of night end-tidal C@ > 50 19.6 (28.2) 17.1 (25.0) 2.4 (3.2) n.s.

Unless otherwise noted, data are presented as means, with standard deviations in parentheses. “Sig.” refers to the significance level #ssociated wi
chi-square tests (% boys, % white, % taking stimulants), ANOVAs (all other demographic features), and Kruskat\Wéstis (PSG data) Post-hoc

tests” refers to the results of Schefiést-hocanalyses following statistically significant ANOVA results. CSHQhild Sleep Habits Questionnaire,

AHI =ApneatHypopnea Index, AE Apnea Index, RAl= Respiratory Arousals Index.
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Table 2. Performance on neuropsychological tests across groups

Moderate-severe

Test performance Controls Simple snorers Mild OSA OSA Group effect Trend analysis
Intelligence (ethnicity- and income-adjusted) n= 17 n=17 n=29 n==6
Vocabulary M = 10,SD = 3) 10.3 9.3 10.4 9.2 n.sp(>.10) n.s. o> .10)
Block Design M = 10,SD= 3) 10.7 115 8.9 10 n.s. n.s.
Estimated IQ 1 = 100,SD= 15) 103 102 98 98 n.s. n.s.
Verbal memory 1 = 10,SD= 3) n=17 n=17 n=9 n==6
Immediate recall 11.1 (3.2) 10.6 (2.2) 10.6 (2.4) 10.7 (2.6) n.s. n.s
Delayed recall 10.6 (3.2) 9.0 (2.9) 9.7 (2.7) 10.4 (2.6) n.s. n.s
Processing speedA = 50, SD= 10) n=17 n=17 n=29 n==6
Word reading speed 49.5 (6.1) 44.1 (6.0) 44.4 (9.1) 44.2 (5.4) n.s .035
Color naming speed 45.0 (9.5) 42.9 (7.0) 44.4 (10.2) 42.8 (9.2) n.s n.s.
Attention and executive functioning n=17 =17 n=29 n==6
(n=50;M = 10,SD= 3)
Digit span 8.2 (2.1) 9.1(2.1) 9.2 (2.6) 10.3(2.3) n.s. n.s.
GDS omission errors 9.4 (3.6) 10.2 (2.5) 9.3(2.9) 8.3(3.4) n.s. n.s.
GDS commission errors 9.7 (2.1) 8.5 (4.0) 7.4 (4.2) 6.8 (4.7) n.s. .057
NEPSY visual attention 10.5(2.8) 8.5(2.9) 7.8 (4.2) 7.2 (2.9) .072 .002
NEPSY verbal fluency 11.2 (3.2) 8.7 (2.5) 8.0(2.2) 9.0 (2.7) .014 .007
Attention and executive functioning n=12 n=12 n=>5 n=>5
(n=34;M = 100,SD= 15)
WCST perseverative errors 100 (14) 109 (11) 102 (19) 100 (10) n.s. n.s.
WCST Non-perseverative errors 99 (10) 102 (9) 92 (23) 90 (18) n.s. n.s.
WCST % conceptual 102 (12) 109 (12) 98 (21) 96 (17) n.s. n.s.
Stroop interferenceM = 50, SD= 10) 50 (5.7) 51 (4.7) 45 (4.5) 50 (5.0) n.s. n.s.

Note Group data represent means, with standard deviations in parentheses. Only adjusted means are provided for intelligence measures due to shared
variance with ethnicity and parent education. There were no missing data, though the bottom set of analyses was based upon the subgroup af subjects age
8 and over. “Group effect” refers to the statistical significance associated with ANOVA results. “Trend analysis” refers to the statisticarsignifi
associated with bivariate Spearman’s rank-order correlations between group status and each dependent measure.

was nonsignificant F(6,90) = 0.7, p > .20]. The third sivity, aggression, appropriate task initiation, and ability to
analysis examinegrocessing speedia a MANOVA with ~ adapt to change, as well as smaller differences on other
the Stroop Word Reading and Color Naming indexes asndexes of behavior regulation and executive functioning.
dependent measures; this was also nonsignifidaf@®,p2)=  The multivariate effect on teacher report did not reach
1.0,p > .20]. significance F(42,63) = 1.3, p > .10], but univariate
The fourth main analysis examinattention and execu- analyses suggested group differences in aggression, con-
tive functioningwithin the full sample. A MANOVA with  duct, and emotional control similar to those reported by
Digit Span, GDS omissions and commissions, and thearents.
NEPSY subtests yielded a significant multivariate effect
[F(15,114)=1.9,p=.027]. Follow-up ANOVAs indicated Tr
that this was largely due to a group difference in Verbal
Fluency [F(3,45)= 4.0,p = .014], and a smaller effect on MANOVA combines related dependent measures into a more
the Visual Attention subtestH(3,45)= 2.5,p=.072]. The reliable test of effects, but it treats the independent variable
fifth main analysis examined attention and executive func-as categorical. Across groups in this study, a rank order may
tioning on tests administered to ages 8 andmp-(35). A be assumed, with the controls at one end of the sleep-
MANOVA with the three WCST indexes and Stroop Inter- disordered breathing spectrum, and the moderate-severe OSA
ference index as dependent variables was nonsignificargroup at the other. Given this, we conducted a trend analy-
[F(12,74)=1.3,p > .20]. sis, comprised of a series of one-tailed Spearman rank-
Table 3 presents group comparisons on parent- andrder correlations between the sample grouping and each
teacher-report questionnaires. To account for reporter vardependent measure. The results of this analysis are summa-
ance, two MANOVAs were conducted, one each with parentrized in the final column of Tables 2 and 3. On cognitive
report and teacher-report scales as dependent variables. fests, the trend analyses confirmed categorical findings and
above, univariate effects are also presented. The multivafurther suggested effects on the GDS commission index,
iate effect on parent report was significai(§i2,87) = re= —.23,p = .057, and word reading speed,= —.31,
2.1,p = .002]. Follow-up ANOVAs indicated that parents p=.035. Trend analyses also largely confirmed categorical
reported few differences across groups in mood or attenfindings on parent-report questionnaires, and revealed sev-
tion. However, they endorsed marked differences in impuleral modest relationships between teacher-reported func-

end analyses
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Table 3. Parent- and teacher-report questionnaire results across group

Questionnaire result Controls Simple snorers Mild OSA Moderate—Severe OSA Group effect Trend analysis

Parent report n=16 n=17 n=7 n==6
BASC Hyperactivity 48 (11) 65 (11) 60 (18) 55 (8) .013 .014
BASC Aggression 49 (11) 64 (9) 67 (16) 59 (6) .003 .001
BASC Conduct Problems 48 (7) 60 (11) 65 (22) 57 (7) .014 .002
BASC Anxiety 50 (9) 55 (11) 54 (11) 59 (11) n.g ¢ .10) .072
BASC Depression 49 (10) 62 (18) 58 (16) 62 (11) n.s. .016
BASC Attention 54 (13) 66 (13) 58 (12) 62 (6) .062 .036
BRIEF Inhibition 50 (9) 66 (11) 65 (14) 63 (15) .003 .001
BRIEF Shift 49 (10) 70 (12) 57 (16) 60 (14) .001 .026
BRIEF Emotional Control 48 (9) 66 (12) 60 (10) 72 (8) <.001 <.001
BRIEF Initiation 50 (7) 64 (8) 63 (10) 61 (4) <.001 <.001
BRIEF Working Memory 51 (9) 69 (10) 61 (15) 67 (16) .001 .004
BRIEF Planning 51 (9) 66 (10) 59 (17) 59 (13) .012 .045
BRIEF Org. of Materials 49 (10) 60 (11) 58 (9) 62 (8) .020 .002
BRIEF Self-Monitoring 53 (11) 65 (10) 61 (13) 60 (7) .033 .057

Teacher report n=12 n=12 n=238 n=>5
BASC Hyperactivity 51 (12) 54 (14) 62 (17) 49 (11) n.s. ng> .10)
BASC Aggression 48 (10) 53 (13) 66 (20) 55 (17) .075 .042
BASC Conduct Problems 47 (5) 52 (10) 64 (20) 51 (8) .022 .019
BASC Anxiety 49 (6) 51 (12) 57 (12) 52 (9) n.s. n.s.
BASC Depression 48 (8) 49 (9) 59 (14) 55 (14) n.s. .032
BASC Attention 50 (10) 56 (10) 60 (10) 51 (9) n.s. .084
BRIEF Inhibition 55 (16) 59 (14) 73 (16) 59 (21) n.s. .060
BRIEF Shift 54 (11) 56 (10) 65 (16) 66 (21) n.s. .044
BRIEF Emotional Control 51 (11) 57 (14) 71 (21) 62 (20) .056 .020
BRIEF Initiation 56 (12) 55 (9) 63 (13) 55 (13) n.s. n.s.
BRIEF Working Memory 54 (12) 61 (13) 66 (13) 61 (11) n.s. .031
BRIEF Planning 52 (10) 57 (11) 62 (12) 58 (9) n.s. .033
BRIEF Org. of Materials 52 (15) 55 (13) 65 (16) 59 (14) n.s. .019
BRIEF Self-Monitoring 57 (12) 61 (13) 69 (19) 65 (19) n.s. .060

Note NormativeM = 50,SD= 10, with higher scores indicating pathology. Columns are as presented in Table 2. Missing data issues are addressed in the
“Preliminary Analyses” section of “Results.”

tioning and severity of sleep-disordered breathige; .28—  of materials|rs| = .56—.74,p = .004—.00002. Scatterplots

.34,p = .044-.019. indicated that these five correlations were not clearly
affected by extreme or outlier scores. No other PSG index
significantly correlated with more than one dependent

Secondary Goal: Explore the Relationship measure.

between Neuropsychological Functioning
and Sleep

This goal was considered secondary because of the mode[s)tlSCUSSIOI\I

size of the clinical sample upon whom PSG data wereThese data were consistent with some, but not all, of our
available. Rank-order correlations were run between eacpredictions. Pediatric OSA was associated with dimin-
PSG index listed in Table 1 and each dependent measurished verbal fluency and visual attention, as well as greater
This resulted in a matrix of 748 correlations. In an attemptlevels of parent-reported behavior problems and executive
to minimize false-positive (Type |) errors without ex- functioning deficits. Further, there was evidence of a
tremely restricting statistical power, we set a two-tailedsubtler effect of OSA on impulse control and teacher-
significance threshold of .005. Nine effects exceeded thiseported behavior and executive functions. In this study,
threshold, more than twice as many as would be prepediatric OSA had no reliable effect on overall intelli-
dicted by chance if all effects were independent. Thoughgence or verbal memory, and its effect on mood was rela-
many of the observed correlations may have been spurtively small. However, not all findings matched expectations;
ous, it is noteworthy that five related to the percentin particular, many tests of attention and executive func-
of time spent in slow-wave sleep. Higher percentages ofioning failed to yield group effects. Finally, exploratory
slow-wave sleep were associated with better teacheranalyses failed to indicate a clear relationship between
reported emotional control, initiation of activities, work- measures of neuropsychological functioning and 17 objec-
ing memory, planning and organization, and organizatiortive sleep indexes.
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Lack of Effects of OSA on Intelligence, Findings on Tests of Attention and Executive
Verbal Memory, or Basic Processing Speed Functioning

Due to the modest sample size, it is risky to accept the nulAlthough attention and executive functioning have been
hypothesis that pediatric OSA does not affect conventionsuggested as areas of specific weakness in adult OSA (Beebe
ally defined intelligence, verbal memory, or basic process& Gozal, 2002; Beebe et al., 2003b), these domains are
ing speed. Our statistical power to detect anything othequite heterogeneous. As such, it was probably simplistic to
than a very large effect was less than .70 in multivariateexpect a homogeneous effect in children. Present findings
analyses (Stevens, 1992). Even so, to our knowledge, n@were mixed, and may help to highlight a specifiztternof
published study has reported below average IQ (i.e., meadeficit. The NEPSY Visual Attention and Verbal Fluency
sured intelligence markedly below published norms) insubtests displayed the strongest relationship to OSA. To our
children with OSA. Some have reported a lower IQ amongknowledge, only Owens and colleagues (Owens et al., 2000a)
children with sleep-disordered breathing than controlshave reported scale-specific data on similar measures among
(Friedman et al., 2003; Kennedy et al., 2004; Lewin et al.children with OSA; these children displayed an unusual
2002), but in each case the controls werabbveaverage rate ofimpairment compared to norms on cancellation tasks,
intelligence. Volunteer control groups are often non reprebut had relatively normal scores on a measure of verbal
sentative of the general population, necessitating close demfluency. Cancellation tasks such as the NEPSY Visual Atten-
graphic matching ompost-hocstatistical accounting for tion subtest are believed to assess selective attention, scan-
demographic differences across groups. More importantlyning, and inhibition (Baron, 2004; Lezak, 1995). Verbal
each of these studies foundrmalintelligence among chil-  fluency task performance is also multiply determined, reflect-
dren with OSA when compared to age-based norms. This isg lexical retrieval and organization, mental flexibility,
in agreement with present findings, as well as those fronworking memory, and inhibition (Baron, 2004). As timed
the recent study by Kaemingk et al. (2003), who reportedasks, both share a processing speed component, but the
no significant 1Q difference between children with OSA above finding of minimal processing speed effects adds con-
and controls in the largest relevant study to date. Thus, téidence to the interpretation of NEPSY findings as indica-
date there is little evidence that OSA causes gross intelledors of deficit in at least selected aspects of attention and
tual deficit in school-aged children. This is consistent withexecutive functioning.
the adult literature, in which there have been variable find- Trend analyses further suggested OSA-related deficits
ings across studies, but which has suggested that, overalhy impulse controfbehavioral inhibition, as measured by
adults with OSA show minimal effect on psychometrically the commissions index of the GDS (Baron, 2004; Gordon,
defined intellectual ability (Beebe et al., 2003b). 1983), though unusually high variability in the clinical
The prediction of a minimal effect on memory was basedsubjects’ scores likely affected analyses. Impressively, the
upon adult data, which has only inconsistently reportedmoderate—severe OSA group averaged over 1 standard devi-
effects (Beebe et al., 2003b). Similarly, memory findings ination from published norms on this index, despite the fact
children have been mixed. Rhodes et al. (1995) reportethat it had been truncated at 3 standard deviations from the
below-average memory performance compared to controlsiean. Two other groups have reported that children who
and to norms in a very small sample € 5) with severe are clinically referred because of concerns about breathing
OSA (M AHI = 33). Using larger samples with less severeduring sleep performed poorly on continuous performance
sleep pathology, objectively normal memory scores werdests (CPT) similar to the GDS, despite having relatively
obtained by several groups (Kaemingk et al., 2003; Kenmild findings on PSG (Archbold et al., 2004; Kennedy
nedy et al., 2004; Owens et al., 2000a), though two of theet al., 2004). Present data are generally in agreement with
three reported that controls scored even higher. Present dataese prior findings, but suggest that impulsivity is more
did not yield evidence of OSA-related memory impair- prominent than poor sustained attention among school-
ment. Indeed, the moderate—severe OSA group and the coaged children with OSA.
trol group had similar scores on a verbal list-learning task, No significant effects were found on the Digit Span
performing slightly better than published norms. subtest of the WISC-III. Prior studies of children with
Mental processing speed was investigated in this studgleep-disordered breathing have been mixed, with some
because there is preliminary evidence of mental slowing imeporting a weakness on measures of immediate memory
children with OSA (Lewin et al., 2002). The ability to rap- span (Blunden et al., 2000) and others finding no such
idly process simple stimuli is particularly important when effect (Kaemingk et al., 2003). Similarly mixed findings
examining attention and executive functioning, as slowedvere reported in a review of the adult literature presented
responding may preclude the application of higher-levelat a recent conference (Beebe et al., 2003a). Diminished
attention or executive skills (Lezak, 1995; Verstraeten &working memory (the ability to mentally manipulate and
Cluydts, 2004). Present data did not indicate a marked effeatpdate multiple pieces of information at once) has been
on basic processing speed, though there was a subtle trefidked to OSA (Beebe & Gozal, 2002). However, this effect
towards difficulties in the clinical groups that may be worthy may be less marked than first supposed or digit span tasks
of further investigation. may lack sensitivity.
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Finally, present data did not yield significant effects on (Beebe & Gozal, 2002). However, these dissociations in
the Stroop Interference index or indexes from the WCSTparent-reported functioning involve comparisonsreifa-
The sample sizes were small, however, with as few as fve effect size. In fact, parents reported a wide variety of
children in one group. To our knowledge, no publishedconcerns.
research has given the WCST or Stroop to children with The simple snoring group often displayatbre parent-
OSA. These instruments have been used clinically with chilreported pathology than the two OSA groups, a counterin-
dren ages 8 and up, but some have suggested that the cdnitive finding that is nevertheless consistent with results
structs measured in children differ from those in adultsfrom other clinic-referred samples (Lewin et al., 2002;
(Baron, 2004). Among adults with OSA, WCST findings Owens et al., 2000a). In clinic, we have seen astute par-
have varied from substantial (Naegele et al., 1995) to minents whose main concerns were behavioral, not medical,
imal (Redline et al., 1997). Stroop interference trial find- but who had sought sleep evaluation after being exposed
ings have similarly varied across studies of adult OSA (Beebé&o the recent popular press on the possible behavioral impact
et al., 2003a), and few authors have accounted for processf OSA. As a group, such children would be assumed to
ing speed when interpreting their data. have less sleep pathology than those whose parents sought
out medical assistance because of primary concerns about
sleep. Indeedall of the children in our clinical sample
who had been prescribed stimulants fell in the simple snor-
ing group, raising questions about a possible refgrral
Office-based tests of attention and executive functioningacquisition bias in that group. Alternatively, an anonymous
have been criticized as correlating poorly with a child’sreviewer of this paper questioned whether the children
actual functioning in daily life (“ecological validity”; taking stimulants failed to develop compensatory strat-
e.g., Silver, 2000). As a result, parent- and teacher-reporgies, and therefore looked worse when medication-free
questionnaires have been developed to more closely refle¢parents and teachers were asked to rate “unmedicated”
a child’s actual daily functioning, albeit from the subjec- behaviors whenever possible). A third and equally intrigu-
tive perspective of the reporter (Gioia et al., 2000). In thising possibility was raised by O'Brien et al. (2003) who
study, a substantial gap emerged between the clinicalsed parent questionnaires to classify community-recruited
and control groups on parent reports of impulsivity, con-children as havingsignificant ADHD (>2 SDs above
duct problems, and the metacognitive skills of self-norms),mild ADHD (1-2 SDs above norms), orcontrols’
initiation of activities, working memory, planning, (<1 SDabove norms). The significant ADHD group scored
organization, and self-monitoring. The groups did not dif-equivalent to controls on PSG indexes of breathing obstruc-
fer as clearly in parent-reported attention problems. Thigion, sleep disruption, and blood oxygenation, but i
dissociation between marked impulsivitpnduct prob- ADHD group showed a higher rate of PSG abnormalities.
lems and fewer problems sustaining attention reported byrhus, snoring may be a risk marker for behavioral pathol-
parents converges with the finding of greater effects on agy, butseverepsychopathology may not be solely attrib-
GDS index of impulse control than sustained attentionuted to OSA.
Although there are frequent allusions to ADHD in the pedi- To our knowledge, the current study was the first to col-
atric sleep literature, it may be that, among grade schodkect teacher-report data on children with PSG-verified sleep
children with sleep-disordered breathing, problems withpathology. Such data can be of critical importance, as teach-
behavior regulation are more common @gadmore severe ers are typically unaware of a child’s medigsleep status,
than attention problemper se However, this finding and may therefore be less prone to rating bias. Moreover,
requires replication. Moreover, given that this behavioralteachers see children in a different setting than do parents,
presentation of children is quite different from that of adultsproviding unique information (Gioia et al., 2000; Reynolds
(e.g., less impulsivity in adults), neurodevelopment may& Kamphaus, 1992). Statistical tests that treated the groups
play a substantial moderating role in determining the behavas categorical yielded few effects on teacher-report mea-
ioral phenotype associated with OSA (Beebe & Gozal,sures, but tests that assumed a rank ordering of the groups
2002). indicated a broader picture. Teachers of children with sleep-

Parents reported few differences across groups on BAS@isordered breathing tended to report difficulties with behav-
anxiety and depression subscales, but reported a markeor regulation, mental flexibility, emotional control, and
effect on the BRIEF emotional control subscale. Whereasnetacognitive skills. These effects were generally in line
the BASC scales were intended to measure relatively stawith those on parent report. Moreover, examination of the
ble aspects of emotional functioning (Reynolds & Kam-teacher-report data in Table 3 indicates a number of areas of
phaus, 1992), the BRIEF emotional control subscaleapparent concern, especially in the mild OSA group, that
measures more dynamic aspects of emotion regulatiormay not have been detected in categorical analyses due to
such as the tendency to overreact to minor events (Gioibow statistical power. It will be important to conduct future
et al., 2000). The latter skills are much more closely tiedresearch in larger samples and to consider teacher input,
to executive functioning, consistent with theoretical mod-rather than relying exclusively upon parent-report or office-
els of the impact of OSA on cognition and behavior based tests.

Effects on Parent- and Teacher-Report
Questionnaires
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Correlations Between PSG and sleep-disordered breathing, but entering normal PSG val-
Neuropsychological Data ues into analyses may have expanded the range of scores
and helped to detect subtle correlations between PSG indexes
Present data did not reflect a clear correlation between anynq neuropsychological test data. Conversely, even in our
neuropsychological index and 17 PSG indexes of sleep archijinical sample, severe OSA was rare; only 2 subjects had
tecture, severity of hypoxia, or frequency of obstructivegn AHI over 10. Children with very severe pathology may
events, hypoxic events, or sleep disruption. Although Oulisplay greater degree and breadth of morbidity.
sample was small, it is important to note that numerous pespite efforts to recruit a control sample that was demo-
studies of adults, including some with substantial Samp|§]raphically matched to the clinical sample, this matching
sizes, have failed to produce a clear picture of the causes Qfas only partially successful. Controls were reasonably
neuropsychological dysfunction in OSA (cf. Engleman et al.,matched to simple snorers, but children with OSA were
2000). In pediatric studies, some have reported small colqgre likely to be minorities (especially African Ameri-
relations between AHI and neuropsychological outcome (D¢ans), with less-educated and less wealthy parents. African
Gozal et al., 2001b; Kaemingk et al., 2003), but others have\merican children are at elevated risk for OSA (Rosen et al.,
reported that habitually snoring children are at higher risk2003), suggesting that the lack of match between controls
for adverse behavioral outcomes regardless of AHI (Blundenq osA subjects in the present study may reflect natural
etal., 2000). Various authors have suggested that percent Qfriation in the incidence of OSA across demographic
REM sleep, percent of Stage 1 sleep, movement-relategroyps. Within the region in which this study took place,
arousals, or hypoxia may account for the adverse effects qieing a minority dramatically increases the risk for lower
pediatric OSA (Chervin et al., 2002; Kaemingk et al., 2003;parent education and family income, so these variables may
O'Brien et al., 2003; Picchietti & Walters, 1999), but find- 350 have been impacted by epidemiological factors. Such
ings have conflicted. Present data hinted at a relatlonshlgisparities highlight the importance of considering demo-
between slow-wave sleep and behavioral symptoms, bWraphic information when studying the neuropsychological
this finding requires replication. effects of pediatric sleep disorders such as OSA.

Our lack of correlational results underscores the finding |ndeed, the present study’s consideration of demographic
that there was considerable overlap in the cognitive anghformation beyond age and gender was a strength. In addi-
behavioral functioning of children who were labeled simpletign, this study used a wider range of executive functioning
snorers using conventional criteria versus those labeled ggsts than have been previously reported in studies of pedi-
having OSA. On a pragmatic level, such findings raise quesatric OSA, incorporating these with measures of reported
tions about the utility of conventional PSG indexes in diag-executive functioning in daily life. The inclusion of teacher
nosing OSA or predicting morbidity. We maintain that PSGyeports of daytime functioning is unprecedented in the pub-
remains the gold standard in diagnosing OSA, and note thajshed OSA research literature, and adds an important dimen-
medical morbidity can be predicted by conventional PSGsjon to the understanding of these children. Finally, this
indexes in children (e.g., Amin et al., 2002). However, westdy is one of only a handful of controlled studies that
concur with Lewin et al. (2002) that more sophisticatedpaye included both objective measures of sleep (PSG) and
indexes may need to be developed to capture the aspects @d,ropsychological functioning. In doing so, this research
OSA that predict neuropsychological dysfunction in chil- gjjowed for more confident and detailed interpretation of
dren. Beyond the biological insult or challenge posed byne neuropsychological functioning, especially the atten-

sleep pathology, it is also likely that a number of factorstion and executive functioning, of children with objectively
influence morbidity, including developmental stage, dura-defined OSA.

tion of symptoms, and sources of personal or environmen-
tal reserve (Dennis, 2000). As noted earlier, the pediatric i . )
research literature has been progressing rapidly, and we lodkOnclusions and Future Directions

forward to further clarity on these issues in the comingThese data add to the growing research literature on the
years. neuropsychological effects of OSA. Among school-aged chil-
dren, it appears that OSA contributes to significant neuro-
psychological morbidity, most notably in the areas of
selective attention, mental flexibility, impulse control, behav-
Conclusions that can be drawn from the present study ar®r and emotional regulation, and metacognition. This cog-
tempered by several design limitations. Two of these, samnitive profile shares points of similarity and dissimilarity
ple size and potential referral bias, have been discussadlith adult findings, suggesting further examination of devel-
already. In addition, although the time of day during which opmental and neurodevelopmental moderators of the effects
testing occurred was controlled, we did not gather data olof OSA. Beebe and Gozal (2002) proposed several ways in
the child’s sleep schedule in the days leading up to thevhich development may moderate the neuropsychological
evaluation. Of greater note, although control subjects wer@mpact of OSA, but these await direct test. Indeed, certain
screened for clinical signs of OSA, they did not undergopopulations (e.g., adolescents), have been all but ignored in
PSG. It is unlikely that any controls displayed significant the OSA literature.

Design Limitations and Strengths
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Even as the short-term effects of pediatric OSA and itsSREFERENCES
treatment become better established, longer-term follow-up
studies are badly needed. Studies of the short-term impad¥li, N.J., Pitson, D.J., & Stradling, JR. (1993). Snoring, sleep
of adenotonsillectomy evoke considerable optimism. How- disturbance, and behaviour in 4-5 year oldichives of Dis-
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