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IMPORTANCE Adenotonsillectomy (AT) is associated with improved behavior in children with
obstructive sleep apnea (OSA). However, it is unknown whether polysomnographic
parameters are superior to the parent-reported severity of sleep-disordered breathing (SDB)
in predicting behavioral changes after AT.

OBJECTIVE To ascertain whether polysomnographic parameters vs parent-reported severity
of SDB are better predictors of treatment-related behavioral changes in children with OSA.

DESIGN, SETTING, AND PARTICIPANTS This ad hoc secondary analysis of the Childhood
Adenotonsillectomy Trial (CHAT) downloaded and analyzed data from January 1 to January
31, 2020. Children aged 5 to 9 years with a polysomnographic diagnosis of OSA were enrolled
in the CHAT and subsequently randomized to undergo either early AT or watchful waiting
with supportive care. All outcome measures were obtained at baseline and at follow-up
(7 months after randomization).

INTERVENTIONS Early AT vs watchful waiting with supportive care.

MAIN OUTCOMES AND MEASURES Postrandomization changes between the baseline and
follow-up periods were derived from (1) T scores in 4 validated behavioral assessments
(Conners Global Index parent and teacher versions, Behavior Rating Inventory of Executive
Function metacognition index, and Child Behavior Checklist of total, internalizing, and
externalizing behavior subscales); (2) 8 aggregated polysomnographic parameters
representing the severity of obstruction, hypoxemia, sleep quality, and structure; and (3) the
parent-reported severity of SDB measured by the Pediatric Sleep Questionnaire–Sleep-
Related Breathing Disorder (PSQ-SRBD) scale. The treatment-related changes in each of the
behavioral outcomes attributable to changes in SDB severity (represented by the subjective
PSQ-SRBD score and objective polysomnographic parameters) were measured and
compared using mediation analysis.

RESULTS A total of 453 children were assessed at baseline, of whom 234 were girls (52%) and
the mean (SD) age was 6.6 (1.4) years. The postrandomization changes in 7 of 8 behavioral
outcome measures between the baseline and follow-up periods were partially mediated by
the changes in PSQ-SRBD scores (range of nonzero causally mediated effects, 2.4-3.5),
without contribution from any of the polysomnographic parameters.

CONCLUSIONS AND RELEVANCE This secondary analysis of a national randomized clinical trial
found that most treatment-related behavioral changes in children with OSA were mediated
by the changes in parent-reported SDB severity alone. These findings suggest that
polysomnographic parameters provide clinicians with limited means to predict the
improvement in neurobehavioral morbidity in OSA.
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S leep-disordered breathing (SDB) comprises a spectrum
of respiratory problems during sleep, the central fea-
ture of which is nocturnal upper-airway obstruction that

results in snoring and respiratory pauses.1 Although SDB con-
tinues to be the principal indication for adenotonsillectomy
(AT) performed in the United States,2 universal objective char-
acterization of SDB using polysomnography before the surgi-
cal procedure has garnered some support.3,4 The motivation
for objective testing arises, in part, from the perception that
subjective assessments of SDB may be inferior to polysom-
nography in their discriminatory ability to assess the associ-
ated morbidity. In addition, the potential for bias in subjec-
tive assessments may result in substantial variation in the
preoperative selection criteria for children undergoing AT.

Despite being the criterion standard for SDB stratification,
use of preoperative polysomnography remains below 10% prin-
cipally because of its cost and the resources needed.5 Nonethe-
less, a small number of studies, which demonstrated the dis-
cernible positive association between the polysomnographic
severity of SDB measured by the apnea hypopnea index (AHI)
and standardized outcomes such as neurobehavioral tests, pro-
vide some rationale for using polysomnography to guide
treatment.6-8 Furthermore, some guidelines recommend treat-
ment of SDB in children that is solely based on the AHI,9 rais-
ing concerns regarding the overuse of polysomnography and po-
tential inappropriate selection of surgical candidates.

The Childhood Adenotonsillectomy Trial (CHAT) was a ran-
domized clinical trial that assessed early AT compared with
watchful waiting with supportive care (WWSC) for the treat-
ment of obstructive sleep apnea (OSA), the most severe form
of SDB.10,11 In this trial, early AT was associated with statisti-
cally significantly greater improvements in the domains of be-
havior and quality of life, thus supporting surgical procedure
as the first line of treatment of pediatric OSA. However, few
studies have assessed the underlying mechanism of the treat-
ment outcome beyond the potential changes in the severity of
upper-airway obstruction as measured by polysomnography.

Although previous studies showed that most OSA-
related outcomes that spanned the domains of cognition, be-
havior, quality of life, blood pressure, metabolism, and auto-
nomic function were not causally associated with the
treatment-related changes in the AHI,12,13 it remains un-
known whether the polysomnographic parameters represent-
ing the severity of hypoxemia or sleep disruption could pre-
dict the treatment-related changes in outcomes. Therefore,
given that childhood behavior may be affected by sleep dis-
ruption with or without intermittent hypoxemia,14 we exam-
ined in the present study whether any of the polysomno-
graphic parameters representing these physiological measures
are superior to parent-reported symptoms of SDB in assess-
ing the changes in behavioral outcomes after OSA treatment.

Methods
Study Design
The CHAT design has been reported elsewhere, and a pri-
mary analysis and a series of secondary analyses have been

published.10,11 The data use agreement for the current study
was obtained by the first author (A.I.) from the National
Sleep Research Resource.15 Local institutional review board
approval was not sought for this study given that the terms
of use of the deidentified data were governed by the
National Sleep Research Resource and the institutional
review board of the Brigham and Women’s Hospital. Patient
consent was not obtained given that no identifiable infor-
mation was used and that all fields were anonymized at
source. The data set was downloaded and analyzed in Janu-
ary 2020.

Briefly, children aged 5 to 9 years were enrolled in CHAT
after a polysomnographic diagnosis of OSA, defined as an AHI
of 2 or more events per hour or an obstructive apnea index of
1 or more events event per hour with clinical symptoms of SDB.
These children were subsequently randomized to undergo
either early AT or WWSC. All outcome measures were ob-
tained at baseline and at follow-up (7 months after random-
ization). Children with an AHI of 3016 were excluded because
they needed urgent treatment. The complete inclusion and ex-
clusion criteria are described in Redline et al.10

Outcome Variables
The 4 behavioral measures used in the current ad hoc second-
ary analysis were the Conners Global Index parent and teacher
versions17-19 (parent version score range: 21-90; teacher ver-
sion score range: 41-90); the parent- and teacher-reported
Behavior Rating Inventory of Executive Function (BRIEF) meta-
cognition index (MI)20 (parent version score range: 32-91;
teacher version score range: 39-104); and the parent-
reported Child Behavior Checklist of total, internalizing, and
externalizing behavior subscales (total score range: 24-81; in-
ternalizing subscale score range: 33-89; externalizing sub-
scale score range: 33-79).21 For each subscale, higher scores in-
dicate worse behavior.

These validated, standardized, and widely used instru-
ments provided estimates of children’s psychological diffi-
culty in the emotional, social, and behavioral domains. The raw
scores were converted to T scores based on age- and sex-
based normative data.

Key Points
Question Are polysomnographic parameters superior to
parent-reported symptoms of upper-airway obstruction in
predicting posttreatment behavioral outcomes in children with
obstructive sleep apnea (OSA)?

Findings In this secondary analysis of the Childhood
Adenotonsillectomy Trial involving 453 children, parent-reported
symptoms of upper-airway obstruction were better indicators of
most changes in children’s behavior than were polysomnographic
parameters.

Meaning Results of this secondary analysis suggest that most
treatment-related behavioral changes in children with OSA were
mediated by the changes in parent-reported sleep-disordered
breathing severity alone.

Predictors of Behavioral Changes After Adenotonsillectomy in Pediatric Obstructive Sleep Apnea Original Investigation Research

jamaotolaryngology.com (Reprinted) JAMA Otolaryngology–Head & Neck Surgery October 2020 Volume 146, Number 10 901

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 10/25/2020

http://www.jamaotolaryngology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2020.2432


Mediator Variables and Covariates
Standard overnight polysomnographic parameters were me-
diators collected according to the American Academy of Sleep
Medicine guidelines.15 A mediator is an intermediate variable
between the dependent and independent variables to which
the changes in the primary outcome variable can be attrib-
uted. These mediators included sleep stage, thoracoabdomi-
nal movement, oronasal airflow, oxygen saturation as mea-
sured by pulse oximetry (SpO2), leg and chin movement, body
position, and cardiac rhythm, and they were collected from
each study site and scored at a centralized reading center. The
key variables were minimum SpO2 (lowest oximetry value dur-
ing sleep), total sleep time below 92% (sleep time with SpO2

below 92%), sleep duration (determined from sleep onset to
awakening), sleep efficiency (percentage of total study time
spent asleep), percentage of rapid-eye-movement (REM) sleep
(calculated from REM and total sleep duration), and percent-
age of stage 3 or 4 sleep (calculated from stages 3 and 4 of sleep
and total sleep duration). The AHI was the total number of ob-
structive apnea and hypopnea events per hour. The arousal in-
dex was the number of arousal events per hour. An obstruc-
tive apnea was at least a 90% reduction in oronasal thermal
airflow signal lasting a minimum of 2 breaths during baseline
breathing despite respiratory effort. A hypopnea was a de-
crease in airflow of at least 30% for a minimum of 2 breaths
with either an arousal or a 3% decrease in SpO2.

Another set of mediator variables was the parent-reported
SDB severity. The severity of SDB was measured using the Pedi-
atricSleepQuestionnaire–Sleep-RelatedBreathingDisorder(PSQ-
SRBD) scale, a validated, popular, and widely available instru-
ment, comprising 22 items (score range: 0.46-0.95, with higher
scores indicating worse SDB).22 This parent-completed tool as-
sesses prominent symptom clusters, including snoring, daytime
sleepiness, and attention or hyperactivity.23

Demographic covariates included the child’s age (in years),
biological sex at birth, self-selected race/ethnicity, and body
mass index (BMI) percentile score; the caregiver educational sta-
tus; and the total household income before taxes (US dollars).
The BMI was calculated as weight in kilograms divided by height
in meters squared, and the BMI percentile was determined by
comparison with the age- and sex-based BMI charts from the
Centers for Disease Control and Prevention.24 A BMI in the 95th
percentile or higher was considered a criterion for obesity. The
maternal educational status was dichotomized into high school
graduate or more or less than high school.

Adjustment for Missing Data
Children were excluded if most of their outcome data or co-
variates were missing. If less than 30% of data were missing,
a multiple-imputation procedure was performed by probabi-
listically filling the missing fields, accounting for the associ-
ated uncertainty. Multiple imputation was performed using the
expectation-maximization with bootstrapping approach imple-
mented by Amelia II, an R-based package.25

Statistical Analysis
Baseline characteristics were described by proportions (No. [%])
for categorical variables and mean (SD) for continuous vari-

ables. Study covariates included age, sex, race/ethnicity, BMI
percentile, household income, and caregiver educational sta-
tus. The changes in behavioral measure outcomes between
baseline and follow-up were compared between the study
groups (those who received early AT vs those randomized to
WWSC) using analysis of covariance after adjustment for co-
variates. The effect size associated with each comparison was
subsequently calculated using Cohen d, providing an esti-
mate of the mean standardized difference in the outcome mea-
sure between the trial groups. Effect size thresholds by estab-
lished conventions were Cohen d = 0.2 (small), Cohen d = 0.5
(medium), and Cohen d = 0.8 (large).26

The association between each of the polysomnographic
parameters and the behavioral measures was assessed using
a generalized linear model because of the expected skew in OSA
severity attributed to the inclusion criteria. This model takes
into consideration the underlying asymmetry in the distribu-
tion of the AHI data owing to the substantially fewer children
exceeding the median value of the AHI in the CHAT.27 The
change in the proportion of variance (adjusted R2), represent-
ing the effect size associated with the predictor, was mea-
sured between the baseline covariates-only model and the
baseline model with an added predictor variable.

We used causal mediation analysis to estimate an inter-
mediate pathway, which provided a mechanistic explanation
for the observed changes in the outcomes of interest. The gen-
eral outline of mediation analysis is shown in Figure 1, includ-
ing the potential pathways of the mediators (Figure 1A) and the
estimated direct and causally mediated effects (Figure 1B). A
detailed explanation of causal mediation analysis applied to
the CHAT was provided in a previous publication.12 Briefly,
causal mediation28 is a conceptual extension of mediation
analysis described by Baron and Kenny.29 A mediator is an in-
termediate variable between the dependent and indepen-
dent variables to which the changes in the primary outcome
variable can be attributed. We performed causal mediation
analysis by jointly modeling 2 separate regressions. The first
regression estimated the association between the change in the
mediator and the covariates of interest after including the pre-
treatment value of the primary outcome. The second regres-
sion estimated the association between the postrandomiza-
tion value of the primary outcome and the covariates, including
the change in the putative mediator. The causally mediated ef-
fect was the product of the 2 regression coefficients, and the
associated 95% CIs were estimated using bootstrapping with
1000 replicates.

Causal mediation analysis infers sequential ignorability.
This premise was achieved in part by the CHAT design, which
randomly produced the changes in the mediator. Another
premise of sequential ignorability was satisfied by mitigating
the implication of potential unmeasured confounders by in-
cluding all of the covariates in the analysis. The robustness of
this assumption is measured by a sensitivity analysis that es-
timates the threshold of potential confounding from unmea-
sured competing variables, at which the mediation effect be-
comes null.

The sample size of CHAT was adequate for an additional
secondary analysis, including mediation analysis12: 453 pa-
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tients yielded more than 80% power, with a type I error rate
of 5% for detecting mediation effects.30

All statistical analyses were performed in R, version 3.6 (R
Foundation for Statistical Computing), and the R-based me-
diation package.31 Data analysis was conducted from January
1, 2020, to January 31, 2020.

Results
A total of 453 children were assessed at baseline and 407 chil-
dren were assessed at follow-up. The mean (SD) age was 6.6
(1.4) years, 234 participants were girls (52%) and 219 were boys
(48%), and 249 self-identified as Black individuals (55%). Obe-
sity was reported in 150 children (33%). A total household in-
come less than $30 000 was reported for 182 children (40%),
and a maternal educational status of less than high school was
reported for 140 children (31%). Baseline characteristics are
summarized in Table 1.

The proportion of missing data was less than 5% for all vari-
ables except the teacher-reported behavioral outcomes and the
household income values that approached 30%. These out-
comes were, therefore, imputed before further analysis of the
379 children included based on the threshold for missing data.
Regression models revealed a positive association between the
baseline PSQ-SRBD score and the parent-reported severity of
behavioral impairment (Figure 2 and Table 2). However, no dis-
cernible associations could be identified between any of the
polysomnographic parameters, including the AHI, and the be-
havioral outcomes (Figure 2 and Table 2). For example, parent-
reported Conners Global Index scores were better predicted
by PSQ-SRBD scores (regression coefficient for PSQ-SRBD, 37.0
[95% CI, 29.7-39.8]; regression coefficient for AHI, 0.0 [95%
CI, –0.4 to 0.4]). The regression plots in Figure 2A-D illustrate
the associations between the severity of upper-airway ob-
struction represented by the PSQ-SRBD score and the AHI and

the covariate-adjusted behavioral outcomes. Figure 2E shows
the changes in overall variance (adjusted R2) associated with
the baseline model with the added predictor variable vs the
baseline covariates-only model. For example, addition of PSQ-
SRBD was associated with an adjusted R2 of 0.3 vs an ad-
justed R2 of 0.0 for the addition of AHI to the baseline covar-
iates-only model. Specifically, these results demonstrate that
the parent-reported severity of SDB measured by the PSQ-
SRBD scale predicted the baseline behavioral outcomes with-
out contribution from any of the polysomnographic param-
eters.

Early AT was associated with statistically significant im-
provements in both mediator variables (polysomnographic
parameters and parent-reported SDB severity). The mean (SD)

Figure 1. General Causal Mediation Analysis and Magnitude of Changes in Behavior After Treatment of Obstructive Sleep Apnea

Magnitude of effect

Magnitude of the ACME, ADE, and total effect BGeneral outline of the causal mediation analysis A

BetterNone
ADE

Change in
behavior

OutcomeIntervention

Early AT

WWSC

or

Change in AHI Change in PSQ-SRBD ACME
AHI
PSQ-SRBD

ADE
AHI
PSQ-SRBD

Total effect

+

A, The average causal mediation effect (ACME) were the changes in a mediator
variable (eg, Apnea Hypopnea Index [AHI] or the Pediatric Sleep
Questionnaire–Sleep-Related Breathing Disorder [PSQ-SRBD] score) after the
intervention (early adenotonsillectomy ([AT] vs watchful waiting with
supportive care) was provided. The magnitude of ACME was obtained from the
products of the coefficients of the 2 regressions (mediator modeled by the
intervention and outcome modeled by the mediator) after controlling for

potential confounders. The average direct effect (ADE) was the outcome of
treatment that was not attributable to the putative mediation pathways. The
ACME and ADE provided the total effect, which was estimated as the size of the
intervention effect. B, The magnitude of the ACME, the ADE, and the total
effect is shown with the error bars representing the associated bootstrapped
measure of uncertainty (95% CIs).

Table 1. Baseline Study Characteristics of Children Enrolled
in the Childhood Adenotonsillectomy Trial

Variablea No. (%)
Age, mean (SD), y 6.6 (1.4)

Sex

Male 219 (48)

Female 234 (52)

Race/ethnicityb

White 156 (35)

Black 249 (55)

Other 48 (11)

BMI percentile for age, mean (SD)c 70.2 (30.8)

Obesity 150 (33)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared).
a Continuous variables are described as mean (SD), and categorical variables as

numbers (%).
b Race/ethnicity was self-selected by the primary caregiver.
c A BMI in the 95th percentile or higher was considered a criterion for obesity.
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decrease in the AHI score was 5.2 (6.3) for those who under-
went early AT and was 0.7 (6.4) for those randomized to WWSC
(Cohen d = 0.6) between the baseline and follow-up periods.
A greater mean (SD) decrease was identified for PSQ-SRBD
scores in the early AT group vs WWSC group (0.3 [0.2] vs 0.0
[0.3]), also resulting in a greater effect size (Cohen d = 1.5).

The changes in behavioral outcomes are listed in Table 2.
Although the parent-reported BRIEF MI score demonstrated
the greatest improvement (Cohen d = 0.5) in the early AT group,
smaller improvements were identified for other parent-
reported behavioral outcomes. For example, the effect size for
parent-reported Conners Global Index score was 0.3 in the early
AT group. No statistically significant changes, as shown by the
effect sizes, were identified for the teacher-reported BRIEF MI
or the Conners Global Index scores. For example, the effect

sizes for teacher-reported Conners Global Index and BRIEF MI
scores were 0.1 for each outcome.

Figure 3A compares the mediation effects of the PSQ-
SRBD score and the AHI in capturing the treatment-related
changes in each of the behavioral measures (eTable in the
Supplement). Seven of 8 treatment-related changes in behav-
ioral measures were causally attributable to the changes in PSQ-
SRBD score (range of nonzero average causal mediation ef-
fects [ACME], 2.4-3.5; ACME represents the change in the
mediator for unit change in the outcome variable and is there-
fore unitless). In contrast, the change in only 1 outcome
(teacher-reported BRIEF MI score) was causally attributable to
the changes in the AHI (ACME; 95% CI, –0.7 to –3.0). Figure 3B
shows that the treatment-related changes in PSQ-SRBD score
predicted the postrandomization changes in behavioral out-

Figure 2. Comparison of Polysomnographic Parameters to Parent-Reported Severity of Sleep-Disordered Breathing
in Predicting Baseline Behavioral Outcomes
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Shown are results of a generalized linear model fitted to 2 representative
behavioral outcome measures (Conners Global Index parent and teacher
versions) and the Pediatric Sleep Questionnaire–Sleep-Related Breathing
Disorder (PSQ-SRBD) score (panels A and C) and the Apnea Hypopnea Index
(AHI) (panels B and D), after adjustment for all covariates, including
demographic and socioeconomic characteristics. The model was fitted with a
smoothing spline, with the error bars spanning 1 SD for the horizontal extent of
the distribution. Eight polysomnographic parameters were compared with the
PSQ-SRBD score in predicting the various baseline behavioral outcomes (panel

E). The null-effect model included a regression comprising the covariates only
and the baseline behavioral outcome of interest. The effect size was measured
by estimating the change in proportion of variance (adjusted R2) by adding the
clinical or polysomnographic parameter to the covariates-only model. BRIEF MI
indicates Behavior Rating Inventory of Executive Function metacognition index;
CBCL, Child Behavior Checklist; DSM-IV, Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition); REM, rapid-eye-movement sleep;
SpO2, oxygen saturation as measured by pulse oximetry; and TST, total sleep
time.
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comes. For example, the change in PSQ-SRBD score pre-
dicted the change in parent-reported Conners Global Index
score, whereas the change in AHI did not make such a predic-
tion (ACME for PSQ-SRBD: 3.4 [95% CI, 2.2 to 4.9]; ACME for
AHI: 0.29 [95% CI, –0.40 to 0.92]). None of the polysomno-
graphic parameters representing sleep structure, obstruc-
tion, or hypoxemia mediated the treatment-related changes
in outcomes. For example, the ACME for REM sleep was 0.0
(95% CI, –0.4 to 0.1). The sensitivity analysis (eFigure in the
Supplement) also demonstrated that the mediation effects as-
sociated with the parent-reported behavioral outcomes were
more robust than those reported by the teacher. No interac-
tions were found between the 2 groups for any of the out-
comes. For example, the ACME for PSQ-SRBD was 3.4 (95% CI,
1.3-5.3) in the WWSC group and was 3.4 (95% CI, 1.9 to 5.1) in
the early AT group when the parent-reported outcomes were
compared between the trial groups for Conners Global Index
score. This finding indicates that the mediation effects asso-
ciated with the changes in the AHI and the PSQ-SRBD score
were not changed by the trial group to which children were ran-
domized.

Discussion
In this secondary analysis of behavioral outcomes in the
CHAT, the parent-reported severity of SDB measured by the
PSQ-SRBD scale predicted most of the baseline behavioral
measures in children with OSA. The results of this study
demonstrated that the treatment-related changes in behav-
ioral outcomes were causally attributable solely to the
changes in parent-reported SDB severity. Furthermore, the

lack of identifiable associations between any of the poly-
somnographic parameters and the baseline or postrandom-
ization behavioral measures suggested that polysomno-
graphic parameters cannot be used in isolation to gauge the
behavioral morbidity associated with pediatric OSA or its
treatment-related changes.

The lack of a statistically significant association between
polysomnographic severity of SDB and behavioral morbidity
is a departure from the findings in some,32,33 but not all,6,34

previous studies. For example, Smith et al35 reported that par-
ent-reported frequency of snoring was a stronger predictor of
neurobehavioral outcomes than the AHI. This result may be
explained by the differences in demographic and socioeco-
nomic characteristics, the age range, and the subsets of chil-
dren (eg, those with primary snoring). Other investigators also
hypothesized that polysomnographic parameters, such as sleep
structure or hypoxemia, may explain the lack of dose depen-
dence between behavioral problems and the AHI.11 There-
fore, the results from the current study are particularly illu-
minating because no discernible associations were found
between any of the polysomnographic parameters and behav-
ioral outcomes.

This analysis demonstrated an association between
PSQ-SRBD scores and parent-reported behavioral outcomes,
which was not replicated for the teacher-reported out-
comes. This discordance was observed at baseline (Figure 2)
and some of the treatment-related mediation effects
(Figure 3). In the current study, the effect sizes were minus-
cule for the teacher-reported BRIEF MI and the Conners
Global Index scores, potentially because of the extent of
familiarity with a child.36 The large CIs may explain the lack
of precision in the data collected from the teacher, although

Table 2. Summary of Changes in Behavioral Outcomes in the Childhood Adenotonsillectomy Trial

Outcome measure

T score
at baseline,
mean (SD)a

Baseline regression coefficient (95% CI)b

Postrandomization change
in T score by treatment group,
mean (SD)c

Effect
sizedAHI PSQ-SRBD

Early AT
(n = 184)

WWSC
(n = 195)

Parent-reported Conners Global Index 52.5 (11.7) 0.0 (–0.4 to 0.4) 37.0 (29.7 to 39.8) –2.8 (10.2) –0.3 (9.4) 0.30

Parent-reported Conners DSM-IV 60.0 (16.7) 0.1 (–0.3 to 0.8) 38.7 (33.6 to 43.8) –3.1 (8.6) –0.6 (9.2) 0.30

Teacher-reported Conners Global Index 50.3 (11.4) 0.6 (0.0 to 1.2) 10.3 (0.9 to 19.7) –3.5 (19.6) –1.6 (20.4) 0.01

Parent-reported BRIEF MI 59.1 (16.8) –0.1 (–0.5 to 0.3) 34.7 (29.2 to 40.1) –3.7 (8.1) 0.3 (9.0) 0.50

Teacher-reported BRIEF MI 59.6 (20.8) 0.2 (–0.4 to 0.8) 2.8 (–6.8 to 12.4) –1.0 (22.8) 0.0 (23.5) 0.01

Parent-reported CBCL internalizing problem
subscale

52.0 (11.6) –0.1 (–0.5 to 0.3) 24.6 (18.5 to 30.7) –4.0 (11.3) –0.7 (9.5) 0.39

Parent-reported CBCL externalizing problem
subscale

51.6 (11.3) –0.3 (–0.7 to 0.1) 30.6 (24.9 to 36.3) –2.3 (8.5) –1.3 (7.9) 0.14

Parent-reported CBCL total problems 53.1 (11.0) –0.1 (0.3 to 0.5) 36.2 (31.1 to 41.3) –4.2 (8.7) 1.1 (8.3) 0.37

Abbreviations: AHI, Apnea Hypopnea Index; AT, adenotonsillectomy;
BRIEF, Behavior Rating Inventory of Executive Function (parent version score
range: 32-91; teacher version score range: 39-104; higher scores indicate worse
behavior); CBCL, Child Behavior Checklist (total score range: 24-81; internalizing
subscale score range: 33-89; externalizing subscale score range: 33-79; higher
scores indicate worse behavior); DSM-IV, Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition); MI, metacognition index; PSQ-SRBD,
Pediatric Sleep Questionnaire–Sleep-Related Breathing Disorder (score range:
0.46-0.95, with higher scores indicating worse sleep disordered breathing);
WWSC, watchful waiting with supportive care.
a Mean T scores for each of the behavioral outcomes were calculated by

comparing the raw scores with the age- and sex-based normative data at
baseline (n = 453).

b Regression coefficients with the 95% CIs are provided for the association
between the severity of sleep-disordered breathing represented by the AHI or
the PSQ-SRBD score.

c The relative magnitude of the postrandomization change in the behavioral
outcomes and the associated effect size using Cohen d were calculated from
the analysis of covariance adjusted for baseline values (n = 379).

d Effect size conventions were based on thresholds of Cohen d = 0.2 (small),
Cohen d = 0.5 (medium), and Cohen d = 0.8 (large).
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it is also possible that the expectations of the parents were
modified by their participation in a randomized clinical
trial.

Although the association of OSA with morbidity spans mul-
tiple domains, the most widely reported adverse association
of OSA is with childhood behavior,37 potentially affecting class-
room performance and overall psychosocial functioning. A pro-
posed model37 links the severity of SDB to behavior through
the structure and function of the prefrontal cortex, a key sub-
strate for neurobehavioral function. This model supports a
mechanistic hypothesis that polysomnography may contain
useful information that captures, at least in part, this associa-
tion by measuring the severity of both episodic hypoxia as well
as sleep fragmentation.14 This model also led the investiga-
tors of the CHAT to hypothesize that the changes in neurobe-
havioral and other outcome measures after treatment of OSA
were causally attributable to the changes in severity of OSA or
the resolution of OSA as measured by polysomnography.10

Some treatment guidelines suggest that the principal surro-
gate end point associated with the treatment of OSA is the im-
provement in the AHI, with all children with an AHI higher than
5 requiring treatment, and postoperative polysomnography
necessary for the implicit characterization of treatment

response.9 The results from the current secondary analysis, as
well as 2 other studies12,13 that also used the CHAT data set,
instead support an approach in which polysomnographic data
should not be used independent of the parent-reported symp-
toms of SDB.

Most of the 500 000 ATs performed each year in the US
are solely based on clinical symptoms of SDB.5 Pediatric
polysomnography, which is used in less than 10% of the
children undergoing AT, is promoted for its objective char-
acterization of SDB and the associated cardiopulmonary
variation. In some guidelines, a protocol of stepwise escala-
tion of management has been suggested until the polysom-
nographic resolution of SDB.9 This present study demon-
strated that the association between parent-reported
symptoms of SDB and childhood behavior had no obvious
polysomnographic basis. The key practical implication of
these results is that surgical candidacy for AT that is solely
based on polysomnographic severity of SDB as measured by
the AHI or other parameters is an unreliable predictor of
behavioral outcomes. Instead, standardized symptom-
based questionnaires, such as the PSQ-SRBD scale, should
be considered as a useful adjunct in predicting and monitor-
ing behavioral outcomes in children undergoing AT.

Figure 3. Comparison of Treatment-Related Changes in Behavioral Outcomes vs Parent-Reported Symptoms
of Sleep-Disordered Breathing and Polysomnographic Parameters in Predicting Postrandomization
Behavioral Outcomes

Conners Global Index-parent score

Parent-reported Conners DSM-IV score

Conners Global Index-teacher score

Parent-reported BRIEF MI score
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CBCL internalizing subscale score

CBCL externalizing subscale score

CBCL total score

ACME

Treatment-related behavioral outcomes vs 
polysomnographic variables 

BTreatment-related behavioral outcomes vs 
parent-reported PSQ-SRBD score and AHI number

A
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Exact values illustrated in panel A are
reported in the eTable in the
Supplement. ACME indicates average
causal mediation effect (ACME is
unitless, as it is the change in the
mediator variable resulting from a
unit change in the outcome variable);
AHI, Apnea Hypopnea Index;
BRIEF MI, Behavior Rating Inventory
of Executive Function metacognition
index; CBCL, Child Behavior
Checklist; DSM-IV, indicates
Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition);
PSQ-SRBD, Pediatric Sleep
Questionnaire–Sleep-Related
Breathing Disorder;
REM, rapid-eye-movement sleep;
SpO2, oxygen saturation as measured
by pulse oximetry; and TST, total
sleep time.
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Strengths and Limitations
This study has some strengths, which are mainly associated
with the analysis of a national, diverse, and rigorous data set.
Causal mediation analysis is a robust approach for interrogat-
ing the mechanistic basis of treatment-related outcomes of
OSA, specifically using bias mitigation efforts such as random-
ization, standardized follow-up, and central interpretation of
polysomnographic studies. Thus, causal mediation analysis
provides good generalizability.

This study has some limitations, including the narrow
range of age and the AHI as well as the short duration of follow-
up. In addition, parental reporting may be biased or inflated
because of treatment-related expectations. Furthermore, the
shared variance across behavioral questions in the PSQ-SRBD
scale may account for some of the baseline and the mediation
associations between PSQ-SRBD scores and behavioral out-
comes. Among the various outcome measures, the nonre-
sponse rate for the teacher-reported questionnaires, repre-

senting a relatively unbiased measurement, was high at
approximately 30%.

Conclusion
This study reported the highest-quality evidence of the associa-
tion between polysomnographic parameters and behavioral out-
comes in children with OSA. Given that bad behavior is the most
consistently reported adverse effect of untreated upper-airway
obstruction, we demonstrated that clinical assessment of SDB
remains the sole outcome measure of treatment-related changes
in behavioral morbidity. Data from the CHAT, the only national
randomized clinical trial in the domains of behavior and qual-
ity of life, appear to suggest that polysomnographic thresholds,
including their relative change over the course of treatment, pro-
vide clinicians with limited means to predict the improvement
in neurobehavioral morbidity in OSA.
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