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Study Objectives: Although excessive daytime sleepiness (EDS) is a common problem in children, with estimates of 15%; few studies have
investigated the sequelae of EDS in young children. We investigated the association of EDS with objective neurocognitive measures and parent
reported learning, attention/hyperactivity, and conduct problems in a large general population sample of children.

Design: Cross-sectional.

Setting: Population based.

Participants: 508 children from The Penn State Child Cohort.

Interventions: N/A.

Measurements and Results: Children underwent a 9-h polysomnogram, comprehensive neurocognitive testing, and parent rating scales. Children
were divided into 2 groups: those with and without parent-reported EDS. Structural equation modeling was used to examine whether processing
speed and working memory performance would mediate the relationship between EDS and learning, attention/hyperactivity, and conduct problems.
Logistic regression models suggest that parent-reported leaming, attention/hyperactivity, and conduct problems, as well as objective measurement
of processing speed and working memory are significant sequelae of EDS, even when controlling for AHI and objective markers of sleep. Path
analysis demonstrates that processing speed and working memory performance are strong mediators of the association of EDS with learning and
attention/hyperactivity problems, while to a slightly lesser degree are mediators from EDS to conduct problems.

Conclusions: This study suggests that in a large general population sample of young children, parent-reported EDS is associated with neurobe-
havioral (learning, attention/hyperactivity, conduct) problems and poorer performance in processing speed and working memory. Impairment due
to EDS in daytime cognitive and behavioral functioning can have a significant impact on children’s development.
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INTRODUCTION

The high prevalence of parent reported excessive daytime
sleepiness (EDS) in children has led to increased concern and
speculation about the clinical and functional implications of
daytime sleepiness. We recently reported a prevalence of 15%
for EDS in a general population sample of young children,
and that obesity was the most significant independent predic-
tor of EDS.!

Although many studies have reported on the impact of mod-
erate to severe snoring or sleep disordered breathing (SDB) on
daytime functioning in children, fewer studies have reported
on the effect of sleepiness on daytime behavior (i.e., atten-
tion, learning, behavior), and only one was a population-based
study.? Of these studies, evidence of impairment in daytime
functioning as a direct consequence of daytime sleepiness has
yielded inconsistent results.
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Studies of children with neurodevelopmental disorders such
as attention deficit hyperactivity disorder (ADHD) and autism
have demonstrated increased parent report of sleep problems
including daytime sleepiness compared to control children,
although more objective (e.g. polysomnography, actigraphy)
methods for assessing nighttime sleep of children with neu-
rodevelopmental disorders have disclosed few differences in
objective sleep relative to controls. In two studies,** however,
increased daytime sleepiness as measured by the multiple sleep
latency test (MSLT) was reported in children with ADHD. In-
terestingly, two studies analyzing parent-reported EDS within
ADHD subtypes suggests an association between EDS and
ADHD inattentive subtype but not ADHD combined type.’*
Other studies®!? have reported inconsistent evidence of impair-
ment in aspects of performance and learning including working
memory, overall cognitive ability, and attention as a direct con-
sequence of sleepiness in children.

One population-based study? reports no association between
parent-reported EDS and teacher-reported hyperactivity, con-
duct, and emotional problems. Another study® reported that
bedtime resistance was associated with conduct problems,
restless sleep was associated with hyperactivity, and EDS was
associated with emotional symptoms such as anxiety and de-
pression. Conclusions based on the existing literature are diffi-
cult to make, as there are numerous methodological issues (e.g.,
small sample sizes, inadequate control procedures, multiple
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definitions of EDS, variability between subjective and objec-
tive report, clinical versus community samples). More data are
needed to characterize impairment in daytime functioning as a
predictable response to sleepiness among children.

Our study is the first to report on the association between
EDS and objective neurocognitive measures, as well as parent-
reported learning, attention/hyperactivity, and conduct prob-
lems, while controlling for objectively measured sleep variables
in a general population of sample of children. The purpose of
this study was to identify possible sequelae of EDS.

METHODS

Sample

This study was designed in 2 phases, with the first phase
designed for collecting general information from the par-
ents about their child’s sleep and behavioral patterns. In the
first phase, elementary schools (kindergarten through grade
5) were selected each year, so that approximately 1500 stu-
dents were enrolled. A screening questionnaire based on the
survey published by Ali et al.,"”* validated to identify children
at high risk for SDB, was sent home to parents of every stu-
dent in these school districts (n = 7,312), with a 78.5% re-
sponse rate. In the second phase of this study, each year 200
children were selected from the questionnaires that were re-
turned that year. Using a stratification of grade, sex, and risk
for SDB, we randomly selected children from each stratum
to maintain representativeness of the original sample. Seven
hundred children completed phase 2, for a final response rate
of 70%. We contrasted the 700 subjects who completed the
PSG recordings with those who were selected and did not
complete phase 2 (n = 6612). There were no significant differ-
ences between the 2 groups on grade, sex, or risk for SDB. All
children from the second phase who completed the Pediatric
Sleep Questionnaire and the majority of psychometric tests
were included in this study. Children diagnosed with medi-
cal problems (36.0% allergies, 13.3% asthma, 1.2% juvenile
diabetes), mental health disorders (11.0% ADHD, 1.7% de-
pression/anxiety, 0.8% autism), or a learning disability (9.1%)
were not excluded from the study, so that the sample is repre-
sentative of the general population. Thus, our final sample for
this study consisted of 508 children from the Penn State Child
Cohort. This study was approved by the Institutional Review
Board of Penn State College of Medicine. Informed consent
was obtained from parents of all participants, and assent was
obtained from all children prior to participation.

Procedures

Sleep laboratory

During their visit in the laboratory, all subjects underwent a
series of subjective and objective measurements. A thorough
medical assessment, including physical examination, and par-
ent-completed questionnaires and rating scales (e.g., behavior,
sleep, and child development) were completed for each subject.
Height and weight were recorded for each child, and body mass
index (BMI) was calculated.

All subjects were then evaluated for one night in sound-at-
tenuated and temperature-controlled rooms. During this time,
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the child’s sleep was continuously monitored for 9 h (24 analog
channel and 10 dc channel TS amplifier using Gamma soft-
ware, Grass-Telefactor Inc). A 4-channel electroencephalogram
(EEG), a 2-channel electrooculogram (EOG), and a single-
channel chin and anterior bilateral electromyogram (EMG)
were recorded. Throughout the night, respiration was moni-
tored by thermocouples at the nose and mouth (model TCTIR,
Grass Instrument Co., Quincy, MA), nasal pressure (Validyne
Engineering Corp), and thoracic and abdominal strain gauges
(model 1312 Sleepmate Technologies Midlothian, VA). All-
night recordings of hemoglobin oxygen saturation (Sp0O,) were
obtained using a cardiorespiratory oximeter (model 8800, No-
nin Medical, Inc., Plymouth, MN) attached to the finger. Snor-
ing sounds were monitored by a sensor attached to the throat
(Sleepmate model, 1250). Our records were screened for sleep
apnea using criteria that are currently used clinically.'*'* An
obstructive apnea was defined as cessation of airflow > 5 sec
and an out-of-phase strain gauge movement. A hypopnea was
defined as reduction of airflow of approximately 50% with an
associated decrease in oxygen saturation (Sp0O,) > 3% or an as-
sociated arousal. Based on these data, an apnea-hypopnea index
(AHI) was calculated [(apnea+hypopnea)/hours of sleep].

Parent rating scales

For the purposes of this study, the Pediatric Sleep Question-
naire developed by R.D. Chervin'® was completed by a parent to
assess excessive daytime sleepiness (EDS) in our study popula-
tion. Children were classified as having EDS when the parent
reported “yes” for either “Does your child have a problem with
sleepiness during the day?” and/or “Has a teacher or other su-
pervisor commented that your child appears sleepy during the
day?” Within those children with EDS, 42.1% endorsed parent
only, 26.1% endorsed teacher only, and 31.9% endorsed both
parent and teacher. In addition, a parent completed the Pediat-
ric Behavior Scale (PBS),"” a 165-item rating scale developed
to evaluate behavior and learning problems, and ADHD. Three
scales were calculated: Attention/Hyperactivity (e.g., attention,
impulsivity, and hyperactivity subscales), Conduct (e.g., dis-
obedient, overreactive, explosive, irritable), and Learning prob-
lems (e.g., difficulty learning, failure to complete schoolwork,
low grades, careless and disorganized schoolwork). Test scores
were converted to T scores with a mean of 50 and a SD of 10.

Neurocognitive assessment

All children underwent a 2.5-h neurocognitive evaluation
prior to their overnight stay in the sleep laboratory at approxi-
mately the same time each afternoon. The standardized tests
were administered individually to each child by a trained psy-
chometrist over one session. Tests in the neurocognitive battery
were chosen because they measure intelligence and key neuro-
cognitive functions including attention, executive functioning,
memory, processing speed, and visual-motor skill.

Wechsler Abbreviated Scales of Intelligence (WASI): The
WASI™ consists of 4 subtests corresponding to the same sub-
tests on the WISC-IV (Block Design, Matrix Reasoning, Vo-
cabulary, and Similarities).

Digit Span: WISC-III" Digit Span has been used as a mea-
sure of attention and working memory in several neuropsycho-
logical studies.”
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Developmental Test of Visual-Motor Integration (VMI):
The VMI*' has validity as a measure of dysgraphia or difficulty
with handwriting.”

Coding: The WISC-III Coding subtest is a measure of pro-
cessing speed which is low in children with neurological disor-
ders such as ADHD, autism, and learning disability."”

Symbol Search: The Symbol Search is the second subtest
from the WISC-III that measures processing speed.'*

Stroop Color and Word Test Children’s Version (Stroop):
The Stroop test is a measure of executive functioning.** It is
most often described as measuring ability to shift cognitive in-
hibition and ability to inhibit an overlearned dominant response
in favor of an unusual one.”

Wisconsin Card Sorting Test-64 Card Version (WCST-
64): The WCST-64% is a shortened version of the well-regarded
128-card version that measures executive functioning.

Statistical Analyses

The primary objective of the analysis was to evaluate
the associations between parent-reported EDS and various
sequelae in a general population of young children. Com-
parisons of the distribution of demographics and risk factors
according to group membership (no EDS v. EDS) were made
with independent t or y* tests. A series of univariate logistic
regression analyses was performed to assess the relationship
between each of the variables and each of the 2 groups. The
initial unadjusted analysis was repeated 3 times: (1) adjusting
for AHI and sleep efficiency; (2) adjusting for AHI, sleep du-
ration, and sleep latency; and (3) adjusting for AHI, % REM
and SWS, and sleep latency. Associations between sequelae
and EDS are expressed as effect size (Cohen’s d), P values,
and odds ratios (ORs) + 95% confidence intervals (Cls). A
cutoff T-score of 65 was used for all psychological risk fac-
tors to create binary variables. The statistical confidence lev-
el selected for all analyses was P < 0.05. All analyses were
performed using Predictive Analytics Software (PASW, Inc,
Chicago, IL) Version 17.0.

In order to investigate the mediating effect of objective neu-
rocognitive functioning, defined as a latent variable comprised
of working memory and processing speed, we employed struc-
tural equation modelling (SEM) using AMOS 7.0.*” Observa-
tions with missing values were omitted from the sample. As
EDS is a dummy variable and these kinds of variables are not
normally distributed, an asymptotic distribution free (ADF) es-
timation was used.”

The fit of the structural models was assessed with various y*
indices. Because this index is sensitive to sample size, we also
used other goodness of fit indices: the root-mean square error
of approximation (RMSEA), the Comparative Fit Index (CFI),
and the goodness-of-fit index (GFI). If the RMSEA is < 0.05,
it is indicative of a satisfactory approximate fit of the theoreti-
cal model.® For the other indices (CFI and GFI), values > 0.90
(and preferably > 0.95) are considered to indicate a good fit.*®
To compare the different models we followed a model com-
parison procedure where Ay* and Adf between models were
tested. Differences between models were also evaluated using
the Akaike measure (AIC).*” Regarding this index, Burnham
and Anderson®' have suggested specific guidelines for compari-
son of models. According to these authors, AIC differences of
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Table 1—Sample characteristics

No EDS EDS

n=431 n=77 P
Gender (% male) 51 53 0.80
Age (yrs) 85 8.7 0.36
Race (%minority) 24 25 0.05
Professional status (%) 45 41 0.53
Waist (cm) 64.7 69.2 <0.01
BMI %ile 62 70 0.02
AHI 0.76 0.87 0.54
Full Scale 1Q 108 105 0.11
Sleep latency (min) 285+1.2 292+27 0.67
Total sleep time (min) 4569+ 24 458.3+4.9 0.33

Sleep efficiency (%) 85.8 £ 0.41 86.1+0.85 045
REM latency (min) 160.1+£3.2 152.4+6.6 0.36
Stage 1 (%) 36+0.16 35+035 076
Stage 2 (%) 456+ 0.56 474413 0.92
Slow wave (%) 31.2+054 295+13 0.79
REM (%) 19.7+£0.27 19.7+58 0.92
Arousal index 3.1+0.12 30+026 042
0, low*(%) 94.1+0.18 9384029 0.18

Mean and standard error for sleep characteristics. *Mean percentage of
desaturation during respiratory events.

0-2 show little difference between competing models, whereas
differences > 4 show considerably more support for the model
with the lowest AIC.

RESULTS

Sample Description

The final sample of 508 children consisted of 431 children
without EDS and 77 children with EDS. The age range was
6-12 years, with an average age of 102.0 + 0.08 months. Ap-
proximately one quarter of our sample was non-Caucasain,;
51.8 % were boys, and 45% were from professional families
(Table 1).

Primary Analyses

Most strikingly, parent-reported symptoms of learning prob-
lems had a 7 times increased odds of EDS. Parent-reported
symptoms of attention/hyperactivity and conduct problems,
as well as on objective neurocognitive measures of process-
ing speed and working memory were also significantly associ-
ated with EDS. No association was found between EDS and
Full Scale IQ, VMI, or on measures of executive functioning
(e.g., WCST, Stroop). When we controlled for various objec-
tive sleep variables AHI, sleep efficiency, sleep duration, sleep
latency, and % REM and %SWS, the pattern of associations did
not change (Table 2).

Secondary Analyses

In the mediated model, EDS predicts processing speed and
working memory, which in turn predicts attention/hyperactiv-
ity, learning and conduct problems. In this model, the relation-
ship between EDS and different problems would be mediated
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Table 2—Models of the associations between children with and without EDS: (1) unadjusted; (2) adjusted for sleep efficiency and AHI; (3) adjusted for sleep
duration, sleep latency, and AHI; and (4) adjusted for sleep latency, % REM, % slow wave sleep, and AHI
Adjusted for
Adjusted for Adjusted for AHI, % SWS, % REM,
Unadjusted AHIl and SE AHI, 8D, and SL and SL
OR cl ES P ES P ES P ES P
Objective Neurocognitive
WASI Full Scale 1Q 102 097,10 0.20 0.1 0.19 0.19 0.19 0.1 0.20 0.10
WISC-IIl Digit Span 1.02  0.96,99 0.26 0.04 0.25 0.05 0.25 0.05 0.25 0.05
WISC-IIl Processing Speed 103 097,099 041 0.01 0.41 0.007 0.41 0.007 0.41 0.01
WCST errors 1.00 098102 0.06 0.73 0.06 0.72 0.06 0.69 0.06 0.66
Stroop Color-Word 1.02 096,102 025 0.35 0.26 0.10 0.26 0.13 0.26 0.1
VMI 1.01 096,100 0.16 0.07 0.15 0.24 0.15 0.24 0.15 0.24
Learning, Attention and Conduct (PBS)
Attention cluster 4.0 2468 098  <0.001 067  <0.001 066  <0.001 067  <0.001
Inattention 4.2 2570 072  <0.001 067  <0.001 067  <0.001 068  <0.001
Impulsivity 2.7 1.5,4.6 044  <0.001 042  <0.001 041  <0.001 042  <0.001
Hyperactivity 29 1.749 051  <0.001 050  <0.001 042  <0.001 050  <0.001
Conduct cluster 22 165.3 046  <0.001 042  <0.001 041  <0.001 041 <0.001
School Problems 7.1 4.2,12.1 1.01  <0.001 093  <0.001 094  <0.001 093  <0.001
Processing Speed = Coding + Symbol Search/2. Effect size (ES) = Cohen's d.
0.16 and neurocognitive function-
J, ¢ ing directly predict problems,
present as a worse fit to the
Processing Working data (y*(4)=14.36; GFI=0.07,
Speed Memory CFI = 0.96, RMSEA = 0.06,
AIC = 48.20). Thus, the me-
Attention/Hyperactivity | . diated model was supported
Problems since the fit was significantly
better than the alternative
0.141 | model (Ay? = 6.04, Adf = 2,
Excessive 037 Objecliv-e. P <0.05).
Daytime ———» Neurocognitive Learning Problems | <« We also tested an alter-
Sleepiness Functioning native mediational model
0.52 where EDS was the mediator
' of the relationship between
Conduct Problems | <— neurocognitive deficits and
the parent-reported prob-
lems. This mediational model
Figure 1—Structural Equation Model showing all significant and nonsignificant paths with standardized beta showed a poor fit to the data
coefficients. ((6) = 43.95; GFI = 0.83,

CFI = 0.77, RMSEA = 0.11,

by neurocognitive functioning. These analyses showed that
this model fit very well to the observed data (¥*(6) = 8.32;
GFI = 0.98, CFI = 0.98, RMSEA = 0.03, AIC = 38.32). As
can be seen in Figure 1, EDS was significantly related to ob-
jective neurocognitive functioning (f = -0.37, P < 0.01). At
the same time, objective neurocognitive functioning predicts
attention/hyperactivity (f = -0.63, P < 0.01), learning (f =
-0.90, P < 0.01), and conduct (f = -0.44, P < 0.01) problems.
Our mediation prediction would be supported if the fit of the
model would not be improved by the addition of direct paths
from EDS to attention/hyperactivity, school, and conduct prob-
lems. This non-mediated alternative model, where both EDS
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AIC = 73.95) and was worse
than the original model (Ay* = 35.69, AAIC = 35.63).

DISCUSSION

This study is the first to evaluate simultaneously a wide range
of potential sequelae (e.g., parent report of learning, attention/
hyperactivity, and conduct problems), objective measurement
of working memory and processing speed, and association with
EDS in a general population of young children (The Penn State
Child Cohort). Similar to findings in adults in which sleepiness
has been shown to be a strong predictor of certain aspects of
neurobehavioral functioning, increased sleepiness in young
children was associated with parent-reported learning, atten-
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tion/hyperactivity, and conduct problems, and significantly
lower scores on objective indices measuring processing speed
and working memory. Thus, this study has three main findings.
First, excessive daytime sleepiness in young children was as-
sociated with increased parent-reported learning, attention/
hyperactivity, and conduct problems. Second, the data were
consistent with a theoretical model in which EDS affects learn-
ing, attention/hyperactivity, and conduct problems via its im-
pact on processing speed and working memory. The fact that
this model shows the best fit as compared to other theoretical
models further supports this paradigm. Third, poor objective
sleep (PSG-measured AHI, sleep latency, sleep efficiency, sleep
duration, % REM, or %SWS) was not associated with EDS and
the potential effects on learning, attention/hyperactivity, and
conduct problems.

Our data suggest that EDS impairs young school aged chil-
dren’s ability to pay attention (e.g., concentration, listening,
distractibility) and level of activity (e.g., overactivity), and that
this effect is large enough to be detected and reported by par-
ents. In addition, EDS can make learning difficult.** Learning
problems were reported by 57% of the parents whose children
had EDS, suggesting that the sleepier you are, the higher the
risk for difficulty learning, incomplete and disorganized school-
work, low grades, and trouble with reading, writing, and arith-
metic. Our findings are supported by several studies suggesting
that children with ADHD and/or learning disabilities have in-
creased parent report of sleepiness.’** This study suggests that
the dominance of processing speed (B = 0.41) may be the key
mechanism by which EDS influences attention and learning
outcomes, since the association between EDS and attention/hy-
peractivity and learning problems was mediated by processing
speed. Sleepiness can slow down thought processes or ability to
process information in a quick and efficient manner that can led
to lower alertness and concentration. Working memory showed
a slightly weaker effect on learning and attention outcomes as
compared to processing speed, but was nevertheless significant.
Indeed, previous research shows that both learning and atten-
tion depend on working memory. In addition to learning and
attention/hyperactivity problems, conduct problems (e.g., irri-
tability and aggression) are associated with EDS. The results
are in keeping with a study by Chervin et al.** and commonly
reported in children with SDB.

Another interesting finding of our study is that in young chil-
dren, parent-reported EDS and subjective (learning, attention/
hyperactivity, and conduct problems) and objective (processing
speed and working memory) associations are not related to poor
objective sleep (PSG measured AHI, sleep latency, sleep effi-
ciency, sleep duration, % REM or %SWS). This is contrary to
the commonly held assumption that EDS is always associated
with objectively defined disturbances in the quality or quantity
of nighttime sleep. Rather, as previously reported,'” it appears
that EDS is a manifestation of obesity, ADHD-inattentive type,
depression/anxiety symptoms, parent-reported trouble falling
asleep, and asthma. Perhaps parents are better “identifiers” of
sleepiness or possess “ecological validity” (child’s actual func-
tioning in daily life) or that PSG markers of sleep lack sensi-
tivity. Thus, the use of a more sensitive measure of daytime
sleepiness such as the multiple sleep latency test (MSLT) might
yield different results and can be considered a limitation of our
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study. On a pragmatic level, such findings raise the question
about the utility of conventional PSG indexes in diagnosing
EDS in young children.

In secondary analysis, employing SEM, we tested the hy-
pothesis that working memory and processing speed, objective
markers of neurocognitive functioning, would have mediation-
al and differential effects on the relationship between EDS and
parent-reported learning, attention/hyperactivity, and conduct
problems. We found that EDS affects learning, attention/hy-
peractivity, and conduct problems via its impact on processing
speed and working memory. It appears that parents who report-
ed increased sleepiness in their children, also “accurately” re-
ported increased attention/hyperactivity, learning, and conduct
problems. Interestingly, when we tested whether EDS was the
mediator between neurocognitive functioning, learning, and
neurobehavioral problems, the model was not supported.

These data add to the growing research literature on the neu-
ropsychological effects of EDS. Results of our study suggest
that impairment due to parent- and/or teacher-reported EDS in
daytime cognitive and behavioral functioning is significantly
related to development. From a clinical standpoint, profes-
sionals who evaluate and treat children should be cognizant
of the role of metabolic factors such as obesity'*” and inflam-
matory markers®*** that contribute to the mechanism of EDS,
the potential relevance of parent/teacher information regard-
ing learning and attention/hyperactivity problems, and the me-
diating effects of processing speed and working memory on
daytime sleepiness. Thus, when children are referred for neu-
robehavioral problems, they should be assessed for potential
risk factors of EDS and objectively evaluated for neurocogni-
tive weaknesses (low processing speed and working memory).
The recognition and treatment of EDS can offer new strategies
to address some of the most common neurobehavioral chal-
lenges in this age group.
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