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Study Objectives: To describe parental reports of sleepiness and sleep duration in children with polysomnography (PSG)-confirmed obstructive sleep apnea
(OSA) randomized to early adenotonsillectomy (eAT) or watchful waiting with supportive care (WWSC) in the ChildHood Adenotonsillectomy Trial (CHAT). We
hypothesized children with OSA would have a larger improvement in sleepiness 6 mo following eAT compared to WWSC.

Methods: Parents of children aged 5.0-9.9 y completed the Epworth Sleepiness Scale modified for children (MESS) and the Pediatric Sleep Questionnaire-
Sleepiness Subscale (PSQ-SS). PSG was performed at baseline and at 7-mo endpoint. Children underwent early adenotonsillectomy or WWSC.

Results: The mESS and PSQ-SS classified 24% and 53% of the sample as excessively sleepy, respectively. At baseline, mean mESS score was 7.4 £ 5.0
(SD) and mean PSQ-SS score was 0.44 + 0.30. Sleepiness scores were higher in African American children; children with shorter sleep duration; older
children; and overweight children. At endpoint, mean mESS score decreased by 2.0 + 4.2 in the eAT group versus 0.3 + 4.0 in the WWSC group (P < 0.0001);

mean PSQ-SS score decreased 0.29 + 0.40 in eAT versus 0.08 + 0.40 in the WWSC group (P < 0.0001). Despite higher baseline sleepiness, African
American children experienced similar improvement with adenotonsillectomy than other children. Improvement in sleepiness was weakly associated with
improved apnea-hypopnea index or oxygen desaturation indices, but not with change in other polysomnographic measures.

Conclusions: Sleepiness assessed by parent report was prevalent; improved more after eAT than after WWSC; and was not strongly predicted by sleep

disturbances identified by PSG.

Clinical Trial Registration: Childhood Adenotonsillectomy Study for Children with OSA (CHAT). ClinicalTrials.gov Identifier #NCT00560859.
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Significance

sleep-disordered breathing.

Sleepiness in children with obstructive sleep apnea improved on two commonly used sleepiness questionnaires following adenotonsillectomy
treatment. Improvement was greater in children who underwent adenotonsillectomy than watchful waiting with supportive care. Sleepiness

was higher in children who were older, overweight, African American race, and who had shorter sleep duration. An improvement in sleepiness
was weakly correlated with improvement in AHI and oxygen desaturation index on polysomnography. These findings highlight the need for
more research to better understand the complexities and measurement of sleepiness in children. Clinically, sleepiness should be evaluated

in patients with sleep-disordered breathing even if low AHI is observed on the polysomnogram to help guide treatment. The significant
improvement in sleepiness in children receiving eAT compared to watchful waiting provides further support for interventions aimed at improving

INTRODUCTION

Daytime sleepiness (DS) is a well-described component of ob-
structive sleep apnea (OSA) in adults. However, DS is often
less obvious in pediatric OSA and not well understood. A few
studies have reported on sleepiness in children with OSA,
noting a variable prevalence of sleepiness.'> As a treatment for
OSA, continuous positive airway pressure therapy and adeno-
tonsillectomy both have been shown in nonrandomized studies
to reduce parent-reported sleepiness.’® However, randomized
studies have not been performed.

It is also unknown whether subjective DS as measured
through parent report is correlated with the severity of OSA
measured by polysomnography (PSG). Prior research has not
identified consistent associations between DS and PSG vari-
ables,"” possibly due to differences in assessment of DS and
study of children across broad age ranges and disease severity.
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Furthermore, DS among some children may manifest as hyper-
activity rather than overt sleepiness.®

The Childhood Adenotonsillectomy Trial (CHAT) is a
multicenter randomized controlled trial evaluating the ef-
fects of early adenotonsillectomy (eAT) compared to watchful
waiting and supportive care (WWSC) on a range of health
and behavioral outcomes in children with OSA.>'® A prior
publication reporting the study’s primary outcomes briefly
reported improvement of DS after eAT.” The current study is
an in-depth analysis of two commonly used parent-reported
sleepiness questionnaires: the modified Epworth Sleepiness
Scale (mESS)"!" and the Sleepiness Subscale from the Pedi-
atric Sleep Questionnaire, Sleep-Related Breathing Disorder
Scale (PSQ-SS) % in CHAT participants. This study also in-
cludes analysis of the relationship of sleepiness measures to
PSG measures. Additionally, we report the sleep duration from
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parent-completed 5-day sleep journals and its relationship
to subjective sleepiness. We hypothesized that children who
underwent eAT would show a larger improvement in sleepi-
ness scores on the mESS and the PSQ-SS than children in the
WWSC group and that improvement in sleepiness would cor-
relate with improvement in sleep measures.

METHODS
The study was approved by the Institutional Review Board of
each participating institution. Informed consent was obtained
from caregivers, and assent from children 7 y of age or older.
The design of the CHAT study has been previously described
in detail.””

Participants

In brief, children ages 5.0-9.9 y were recruited from pediatric
sleep centers, general pediatric clinics, and otolaryngology
clinics. Inclusion criteria included parental report of snoring,
PSG showing an obstructive apnea-hypopnea index (AHI) > 2
events per hour of sleep or an obstructive apnea index > 1 per
hour, and an otolaryngology evaluation showing that the child
was a candidate for adenotonsillectomy. Exclusion criteria
included AHI > 30, obstructive apnea index > 20, oxygen
saturation < 90% for > 2% total sleep time, significant health
problems, medication use for psychiatric disorders or attention
deficit hyperactivity disorder, developmental delays requiring
school accommodations, recurrent tonsillitis, body mass index
(BMI) z-score > 3, and any known genetic, craniofacial, or
neurologic disorders likely to affect the airway, cognition, or
behavior.

Children were randomized into two groups: eAT and WWSC,
with an intervention period of 7 mo. Children underwent the
following at baseline and endpoint: standardized evaluations
with cognitive and behavioral assessments, including sleepi-
ness questionnaires, 5-day sleep journals, and PSG. Parents
provided socioeconomic information including completion of
high school education and income less than $30,000.

Sleepiness Questionnaires
See appendix A and B in the supplemental material for items
on questionnaires.

Modified Epworth Sleepiness Scale

The mESS includes eight presented situations. Parents are
asked to answer how likely their child is to fall asleep in each
of the presented situations: no chance (0 points); slight chance
(1 point); moderate chance (2 points); or high chance (3 points).
A total score (maximum score of 24) is calculated as a sum
of points from the 8 answers. The mESS was introduced in
2004 in a study on sleepiness in children with OSA." Another
version of the mESS was introduced in 2009." The difference
between the ESS for adults and the mESS for children includes
word changes in two of the situations: situation 3 has different
examples, “classroom or movie theater” in place of “theater
or a meeting” and situation 7 removes the words “without al-
cohol.” Situation 8, related to driving, assumes that the child
is a passenger in a car. However, this context is very similar to
situation 4 (“As a passenger in a car for 1 h without a break™).
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The original 8-item mESS was the primary version used in
this study. Because of the similarity of situations 4 and 8, two
additional questions on likelihood of dozing were asked in the
CHAT study (“doing homework or taking a test”; and “playing
a videogame”) to introduce other daytime experiences typi-
cally encountered in childhood. These additional questions
were used to create two additional versions of the mESS, with a
different eighth item (mESS9 and mESS10) (see supplemental
material for these analyses). A cutoff of > 10 on the original
ESS is commonly used in adults to indicate abnormal sleepi-
ness; no widely accepted cutoff exists in children.

Pediatric Sleep Questionnaire-Sleepiness Subscale

The PSQ-Sleep-Related Breathing Disorders Scale includes
a total of 22 questions on snoring, excessive daytime sleepi-
ness, and inattentive/hyperactive behaviors.'!* This scale was
previously validated in children without and with sleep-dis-
ordered breathing and correctly classified 86.4% of children,
with a sensitivity of 0.85 and specificity of 0.87 in one group,
and correctly classified 85% of children, with a sensitivity of
0.81 and specificity of 0.87 in a second group of children. The
Sleepiness Subscale (PSQ-SS) consists of four questions. The
items ask about feeling unrefreshed in the morning, being hard
to wake up in the morning, a problem with daytime sleepiness,
and sleepiness observed by a teacher. Answers are assigned a
score of 1 for “yes,” and 0 for “no.” An overall score is calcu-
lated as the total score divided by the number of non-missing
responses other than “Don’t Know.” A score higher than 0.33
is considered significant for sleepiness.

Sleep Duration

Parents completed a sleep journal for their child for 5 nights
at each time point overlapping with the baseline and endpoint
visits. Parents were asked to record on a daily basis what time
their child went to bed, woke up, the number of awakenings,
and the number of naps. Average sleep duration was calculated
over the 5-night period for each child.

Polysomnography

Each child underwent a standardized in-laboratory overnight
PSG at baseline and endpoint, performed in an American
Academy of Sleep Medicine (AASM)-accredited sleep center,
certified for all CHAT study procedures; this has been de-
scribed in detail in previous papers.”!” The PSGs were scored
at a central Sleep Reading Center (Case Western Reserve Uni-
versity; Brigham and Women’s Hospital) following pediatric
scoring recommendations of the AASM" by registered poly-
somnologists who were blinded to all clinical data. Hypopneas
were scored as a > 50% reduction in airflow accompanied by
a cortical arousal or > 3% desaturation. Interscorer and intra-
scorer reliability for key PSG parameters exceeded intraclass
correlation coefficients of 0.90.

Statistical Analysis

Descriptive statistics were calculated for the participants and
for subgroups defined by age, sex, race (Caucasian, African
American vs. Other), ethnicity (non-Hispanic vs. Hispanic),
and weight status (overweight/obese vs. other). Differences
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Table 1—Modified Epworth Sleepiness Scale and Pediatric Sleep Questionnaire-Sleepiness Scale scores by baseline characteristics.
Overall Modified ESS PSQ-SS
n(%) Mean (SD) P2 Mean (SD) P2
Sex
Male 226 (48.7) 74(5.0) 0.87 0.44 (0.3) 0.48
Female 238 (51.3) 7349 0.42(0.3)
Race <0.0001 0.89
Caucasian 160 (34.5) 5.7(3.9) 0.42(0.3)
African American 254 (54.7) 8.5(5.2) 0.44 (0.3)
Other 50 (10.8) 6.9 (5.1) 0.42(0.3)
Ethnicity 0.38 0.81
Hispanic 39 (8.4) 6.7 (4.2) 0.44 (0.3)
Non-Hispanic 425 (91.6) 7.4 (5.0 0.43(0.3)
Overweight 0.04 0.18
BMI < 85% 241 (51.9) 6.9 (4.7) 0.41(0.3)
BMI = 85% 223 (48.1) 7.8(5.1) 0.45(0.3)
Obese 0.96 0.39
BMI < 95% 308 (66.4) 7.3(4.9) 0.42(0.3)
BMI = 95% 156 (33.6) 4 (4.9) 0.45(0.3)
?|ndependent samples t-test/analyses of variance. BMI, body mass index; SD, standard deviation.

in mESS and PSQ-SS for each characteristic were analyzed
using independent samples f-tests or analyses of variance
with Bonferroni post hoc tests when appropriate. Bivariate
associations were assessed with the Pearson rank correlation.
Changes from baseline to endpoint sleepiness scores were ana-
lyzed separately for the eAT group and the WWSC group using
paired t-tests. The effect of the interaction of time and group
was assessed on mESS and PSQ-SS with a two-way analysis
of variance. Multiple linear regression analysis was performed
to determine associations of baseline and endpoint mESS with
age, sex, race, BMI z-score, AHI, and sleep duration (by sleep
diary) for the entire sample. Multiple linear regression analysis
was performed to determine associations of socioeconomic
status in relation to sleepiness. All analyses were done using
SAS version 9.4 (Cary, NC) and significance levels were set at
P <0.05.

RESULTS

Participants

The mean =+ standard deviation (SD) age of the group at baseline
was 7.0 £ 1.4 y. At baseline, the mean AHI + SD was 6.9 5.7,
with a median AHI (interquartile range) of 4.7 (2.7-8.8). Af-
rican American children, in comparison to non-African Amer-
ican children, had an AHI of 7.6 £ 5.9 vs. 6.0 £ 5.3; P = 0.003).
See Table 1 for a summary of baseline clinical characteristics
and sleepiness questionnaires results.

Sleepiness Measures at Baseline
Modified Epworth Sleepiness Scale
At baseline, mean + SD mESS score was 7.3 £ 4.9; 24.4% of

children had a score of > 10 and 17 (3.2%) of children had
a score of 0. African American children, in comparison to
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non-African American children, had a higher mean mESS
score (8.5 £ 5.2 vs. 6.0 = 4.2; P <0.0001). No sex or ethnicity
differences were observed. The mean mESS scores in under-
weight/normal weight children were less than in overweight
children (P < 0.05) (see Table 1). After adjusting for age, sex,
race, ethnicity, and overweight status, the association of in-
creased sleepiness with African American race remained a
significant predictor of mESS (P < 0.0001 for African Ameri-
cans compared to Caucasians). After adjusting for AHI, Af-
rican American race remained a significant predictor of mESS
(P <0.001).

Pediatric Sleep Questionnaire-Sleepiness Subscale

At baseline, the mean + SD baseline PSQ-SS composite score
was 0.4 + 0.3, with a range of 0—1, with higher values indi-
cating increased sleepiness. Of 458 completed questionnaires,
246 (53%) had a composite score higher than 0.33. The PSQ-
SS was statistically different by age (P = 0.01), with 5 y olds
having a lower score than those 6 y and older. Five-y-old chil-
dren, in comparison to children age 6 y or older, had a mean
BMI z-score of 0.6 + 1.3 vs. 1.0 £ 1.3 (P < 0.0001). There was
no difference in AHI between the two groups, as 5-y-old chil-
dren had a mean AHI of 6.9 + 5.3 and children 6 y or older had
amean AHI of 6.9 = 5.9 (P = 0.99). Sex, weight, race, and eth-
nicity were not significantly associated with the PSQ-SS score
(see Table 1).

Change In Sleepiness Measures Over the Intervention Period

Modified Epworth Sleepiness Scale

Within the eAT group, the mean mESS improved from 7.2 +£4.7
to 5.1 £ 4.4; P <0.001. In contrast, within the WWSC group,
the mean mESS did not significantly change (7.5 + 5.2 to
7.1 £5.1; P = 0.36). Between the eAT and WWSC groups, the
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Figure 1—Change in modified Epworth Sleepiness Scale scores
for early adenotonsillectomy and watchful waiting with supportive
care groups. ®Paired t-test. ® Analysis of variance two-way interaction.
There was a significant change in baseline and endpoint mESS scores
in the eAT group. In addition, there was a significant difference in change
between groups over time (P = 0.01; analysis of variance). eAT, early
adenotonsillectomy group; mESS, modified Epworth Sleepiness Scale;
WWSC, watchful waiting with supportive care group.

improvement in scores was significant (mean change in mESS
was —2.0 + 4.2 for the eAT group and —0.3 + 4.0 for the WWSC
group; P = 0.01 for the interaction of time and group) (see
Figure 1). At endpoint, there were 76 of 464 (16.4%) children
with mESS > 10. Of these, 22 of 210 (9.5%) had mESS > 10
in the eAT group, vs. 54 of 232 (23.3%) in the WWSC group
(P <0.0001).

Pediatric Sleep Questionnaire-Sleepiness Subscale

Within the eAT group, the mean PSQ-SS improved from
0.42 + 0.3 to 0.13 £ 0.2; P < 0.0001. Within the WWSC group,
the mean PSQ-SS improved from 0.44 + 0.3 to 0.36 + 0.3;
P =0.002. Similar to mESS, a greater change was observed for
the eAT group compared to the WWSC group (mean change
in PSQ-SS was —0.3 + 0.4 for the eAT group and —0.1 + 0.4
for the WWSC group; P < 0.0001) (see Figure 2). At endpoint,
there were 138 of 402 children (34.2%) with PSQ-SS > 0.33. Of
those, 35 of 198 (17.7%) had PSQ > 0.33 in the eAT group, vs.
103 of 204 (50.4%) in the WWSC group (P = 0.0001).

Associations between Sleepiness Measures and PSG
Parameters
At baseline, a mESS score > 10 was found in 24.7% of children
with an AHI of 2-4.9, 21% with an AHI of 5-10, and 27.0%
with an AHI > 10. At baseline, a PSQ-SS score higher than
0.33 was found in 52% children with an AHI of 2-4.9, 52%
with an AHI of 5-10, and 56% with an AHI > 10. These differ-
ences were not significant.

No significant associations were observed between baseline
PSG parameters and baseline mESS or PSQ-SS scores other
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Figure 2—Change in Pediatric Sleep Questionnaire - Sleepiness
Subscale scores for early adenotonsillectomy and watchful waiting with
supportive care groups. 2 Paired t-test. ® Analysis of variance two-way
interaction. There was a significant change in baseline and endpoint
modified Epworth Sleepiness Scale scores in the eAT group (n = 198)
and in the WWSC group (n = 204). In addition, there was a significant
difference in change between groups over time (P < 0.0001; analysis
of variance). eAT, early adenotonsillectomy group; PSQ-SS, Pediatric
Sleep Questionnaire - Sleepiness Subscale; WWSC, watchful waiting
with supportive care group.
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than a negative association between mESS and baseline stage
N3 sleep (r=—0.10; P = 0.03) (see Table 2).

A decrease in AHI over the intervention period was asso-
ciated with improvement in sleepiness scores measured by
both the mESS and PSQ-SS. Similar findings were observed
for change in oxygen desaturation index > 3% with change in
mESS (see Table 3).

Among the 258 children whose AHI normalized to less than
2 at endpoint, regardless of study arm, a greater decrease in
mean mESS score was observed as compared to the children
whose PSG showed residual OSA (—1.5 = 4.0 vs. —0.6 £ 4.6;
P =0.03, for combined group analysis). Similar results were ob-
served for the mean PSQ-SS score (—0.18 + 0.36 vs. —0.08 £ 0.4;
P =0.01).

Association between Sleepiness Measurements and Parent-
Reported Sleep Duration by Sleep Journals

There were 376 sleep journals returned at baseline and 349
sleep journals returned at endpoint. To eliminate outliers, 8
sleep journals were excluded due to the average sleep dura-
tion being outside three SD of the mean. Children were re-
ported to sleep an average duration of 9.48 = 1.24 h at baseline
and 9.46 + 1.11 h at endpoint. Sleep duration at baseline was
negatively and weakly correlated with a higher mESS score
(r=-0.12, P = 0.02); however, it was not correlated with PSQ-
SS (P = 0.45). Change in sleep duration over the intervention
period was not associated with change in either sleepiness
measurement.
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Table 2—Correlations of selected sleep measures at baseline and endpoint with sleepiness scale scores at baseline.
mESS PSQ-SS
r2 P r2 P
Baseline
Sleep duration by sleep diary -0.12 0.02 0.04 0.45
mESS - - 0.36 <0.0001
Obstructive AHI 0.06 0.18 0.02 0.72
Oxygen desaturation index = 3% 0.07 0.13 -0.0002 0.99
%TST < 92% saturation 0.02 0.60 0.05 0.31
Baseline CO, during sleep 0.02 0.72 0.008 0.88
% time CO, > 50 mmHg 0.05 0.31 0.05 0.36
Arousal index 0.04 0.36 0.03 0.50
Wake after sleep onset 0.02 0.60 0.01 0.80
Sleep latency (min) -0.08 0.10 0.04 0.37
% time in REM sleep -0.04 0.45 -0.03 047
% time in Stage N1 0.07 0.13 0.03 0.47
% time in Stage N2 0.08 0.09 0.04 0.39
% time in Stage N3 -0.10 0.03 -0.002 0.96
Stage shifts from N2 to N1 0.07 0.12 0.03 0.57
Average periodic limb movements per hour of sleep -0.04 0.45 -0.004 0.93
Endpoint

mESS 0.63 <0.0001 0.021 <0.0001
PSQ-SS 0.21 <0.0001 0.28 <0.0001
Obstructive AHI 0.02 0.71 0.03 0.54
Oxygen desaturation index = 3% 0.03 0.51 0.02 0.67
Sleep duration by sleep journal -0.16 0.002 -0.04 0.44
Stage shifts from N2 to N1 0.07 0.12 0.03 0.57

@ Pearson correlation coefficient. AHI, apnea-hypopnea index; mESS, modified Epworth Sleepiness Scale; PSQ-SS, Pediatric Sleep Questionnaire -

Sleepiness Subscale; REM, rapid eye movement; TST, total sleep time.

Multivariable Modeling of Sleepiness

A linear regression model predicting mESS score at baseline
from age, sex, race, BMI z-score, AHI, and sleep duration
(by sleep diary) showed African American race was the only
variable significantly associated with mESS (P < 0.0001) (see
Table SI in the supplemental material). Findings were similar
for predicting mESS scores at endpoint (data not shown).

The role of socioeconomic status in relation to mESS
showed higher caregiver income, African American race, and
intervention arm of eAT predicted change in mESS scores; no
interaction was observed between income and education (data
not shown; all P <0.01).

DISCUSSION

This study extends findings of the CHAT study by further eval-
uating the prevalence of sleepiness and correlates of change
in sleepiness to PSG parameters, sleep duration, and inter-
vention effects at baseline and over the intervention period.
In this sample of children with a range of OSA, who did not
have prolonged oxyhemoglobin desaturation, and were oth-
erwise healthy, we observed a high prevalence of sleepiness
measured on two standardized questionnaires. Baseline sleepi-
ness (measured by either the mESS or PSQ-SS) was higher in
children who were older. Increased sleepiness, as measured by
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the mESS, also was associated with being overweight, short
sleep duration, and African American race. However, after
considering these factors, only African American race was
significantly associated with sleepiness. Of the PSG measures,
baseline mESS scores were negatively correlated with stage
N3 sleep, but not with baseline AHI or other PSG parameters.
Sleepiness, measured by either questionnaire, improved more
with eAT than with WWSC. Improvement in sleepiness was
associated weakly with improvement in AHI or oxygen desatu-
ration index but not associated with change in other PSG mea-
sures or sleep duration. Furthermore, regardless of treatment
arm, OSA resolution was associated with improved sleepiness.

Early literature has emphasized differences between child-
hood and adult OSA, including a rarity of complaints about
sleepiness among children.*!¢ However, inquiry about sleepi-
ness more systematically, as in the current study and a previous
report,” suggests that the frequency of parental awareness
about sleepiness in their children with OSA may be higher
than is commonly realized.

The higher mESS scores among African American chil-
dren (at both baseline and follow-up) are similar to previ-
ously reported findings in adults.”!® It is unclear why African
American children, compared to other children, had higher
sleepiness scores on the mESS, but not on the PSQ-SS in our
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Table 3—Correlation of changes in sleepiness scores with changes in selected polysomnography variables (over 6-mo intervention period).
A mESS A PSQ-SS
r2 p r2 P
A sleep duration (h) by sleep journal 0.08 0.18 0.03 0.62
A mESS - - 0.33 <0.0001
A obstructive AHI 0.13 0.01 0.11 0.03
A oxygen desaturation index 0.1 0.02 0.09 0.06
A %TST < 92% saturation -0.05 0.32 0.02 0.72
A baseline CO, during sleep 0.06 0.35 0.02 0.74
A % time CO, > 50 mmHg 0.02 0.78 0.09 0.14
A arousal index 0.09 0.06 0.07 0.19
A wake after sleep onset -0.01 0.83 -0.04 0.38
A sleep latency (min) 0.04 0.37 0.14 0.005
A % time in REM sleep 0.01 0.84 0.08 0.12
A % time in Stage N1 0.05 0.33 0.05 0.35
A % time in Stage N2 -0.04 0.41 -0.10 0.04
A % time in Stage N3 0.01 0.85 0.03 0.51
A stage shifts from N2 to N1 0.03 0.52 0.07 0.17
A average periodic limb movements per hour sleep -0.01 0.82 -0.03 0.53
2Pearson correlation coefficient. Changes were calculated as the difference of the baseline value from the endpoint value for each variable. AHI, apnea-
hypopnea index; mESS, modified Epworth Sleepiness Scale; PSQ-SS, Pediatric Sleep Questionnaire - Sleepiness Subscale; REM, rapid eye movement;
TST, total sleep time.

study, suggesting the questionnaires may assess sleepiness
differently (PSQ-SS addresses morning sleepiness in addition
to daytime sleepiness, and the mESS assesses daytime situ-
ational sleepiness) or that the questions may be interpreted dif-
ferently. A prior study found that AA children nap more, but
have less nocturnal sleep than non-African American children,
with the same total amount (diurnal plus nocturnal) of sleep';
thus, it is possible the timing of sleep may affect parental in-
terpretation of sleepiness. Alternatively, African American
children may experience more evident sleepiness in reference
to specific situations. Furthermore, as we reported before, Af-
rican American children, compared to other children, have
a higher baseline AHI, lower rates of normalization of PSG
findings, and less relative improvement in caregiver-reported
measures of behavior.” When age, sex, race, BMI z-score, AHI,
and sleep duration were jointly analyzed in a linear regression,
only African American race predicted higher sleepiness scores.
There are a number of possible reasons for increased sleepi-
ness among African American children that may relate to OSA
severity, usual patterns of diurnal vs. nocturnal sleep, and par-
ents’ expectations or perceptions of sleepiness and behavior.
Given the importance of sleepiness on attention and cognition,
further research is needed to elucidate the specific contributors
to sleepiness in children.

Other correlates of baseline sleepiness included shorter
sleep duration and overweight status. Sleep duration is a well-
recognized determinant of daytime alertness and function in
children.? In comparison, the relationship between pediatric
overweight/obesity and sleepiness is not as well understood.”
Research from adults suggests that obesity, independent from
OSA, is associated with sleepiness,*” and that visceral fat and
release of cytokines may contribute to sleepiness.”** While
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acknowledging the importance of treating OSA, our findings
also highlight the importance of sleep duration and healthy
weight.

The predictors of change in sleepiness with interventions in
children are not well understood. The significant improvement
in sleepiness in children receiving eAT compared to watchful
waiting provides further support for interventions aimed at im-
proving sleep-disordered breathing. Although African Amer-
ican children had higher mESS scores, the relative decrease
in mESS scores following adenotonsillectomy was similar be-
tween African American and other children, thus supporting
the use of adenotonsillectomy for treatment of OSA in both
groups of children.

The generally poor correlation among objective measure-
ments of sleep recorded by PSG and subjective sleepiness we
observed parallel other research showing that subjective sleep-
iness is not strongly correlated with objective measurements
of sleepiness in children® or adults.”® These findings indicate
the importance of evaluating for sleepiness during the clinical
evaluation. If sleepiness is of concern for the child, treatment
even in situations of low AHI may result in substantial im-
provement of daytime functioning of the child. Of interest,
a weak association was observed at baseline between an in-
crease in stage N3 sleep and lower score on the mESS, which is
consistent with evidence that stage N3 sleep is “restorative.”
Sleepiness as determined by multiple sleep latency tests, as op-
posed to subjective measures, may be more sensitive to pedi-
atric OSA severity as reflected by standard polysomnographic
measures *° or esophageal pressure monitoring.?” These results
highlight the complexity of existing constructs for sleepiness,
its measures, and its causes, all of which still remain poorly
understood.

Sleepiness in Children with OSA—Paruthi et al.



A challenge in the use of subjective measurements of sleepi-
ness also is the absence of a widely agreed upon “cutoff” score
on the mESS to indicate excessive daytime sleepiness in chil-
dren. Using a value > 10, as is used in adults, 24.4% of the
children in our sample were identified as having excessive day-
time sleepiness. A lower pediatric cutoff may be appropriate,'
but further age-specific research is required to establish
this. In contrast to the mESS, use of a PSQ-SS cutoff > 0.33
(answering two or more of four sleepiness questions) classified
53% of our sample with excessive daytime sleepiness. We also
observed that the mESS and PSQ-SS were only modestly cor-
related with each other (rtho = 0.36; P < 0.0001), and each cor-
related somewhat differently with other measures. The lack of
closer correlation, however, is not surprising given previous
observations that the manner in which subjective sleepiness
is assessed can have strong influence on the answers. For ex-
ample, among adults evaluated for OSA, scores on the ESS
and answers to the simple question “How great a problem do
you have with sleepiness (feeling sleepy, or struggling to stay
awake) in the daytime?” also were only moderately associated
(rtho = 0.49).?® Further research is needed to better understand
how to best assess sleepiness in children, considering issues of
age, development, and parent-reporting.

Study strengths included a large sample, wide geographic
and racial diversity, and use of standardized methods to as-
sess baseline and follow-up measures. The study was limited
by lack of a control group of children without OSA, and ab-
sence of objective measurements of sleepiness and daily sleep
patterns.

CONCLUSIONS

In this randomized controlled trial of adenotonsillectomy for
the treatment of pediatric OSA, we observed a significant
improvement in parental reports of sleepiness on two easily
administered sleepiness questionnaires, the mESS and the
PSQ-SS, in children who underwent adenotonsillectomy com-
pared to those who underwent watchful waiting with supportive
care. Although African American children with OSA had
higher sleepiness scores at baseline and endpoint on the mESS,
their sleepiness scores improved with adenotonsillectomy in-
tervention, similar to those of non-African American children.
As sleepiness may have a profound effect on academic perfor-
mance, sports performance, and personal relationships, these
findings may be informative to parents of sleepy children with
OSA who present for evaluation and treatment. Sleepiness was
not well predicted by level of AHI or other clinical or physi-
ological parameters and suggests the importance of evaluating
sleepiness even in situations of a low AHI.
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