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Abstract
Study Objectives: Obstructive sleep apnea is associated with neurobehavioral dysfunction, but the relationship between disease severity 
as measured by the apnea-hypopnea index and neurobehavioral morbidity is unclear. The objective of our study is to compare the 
neurobehavioral morbidity of mild sleep-disordered breathing versus obstructive sleep apnea.
Methods: Children 3–12 years old recruited for mild sleep-disordered breathing (snoring with obstructive apnea-hypopnea index < 3) into 
the Pediatric Adenotonsillectomy Trial for Snoring were compared to children 5–9 years old recruited for obstructive sleep apnea (obstructive 
apnea-hypopnea 2–30) into the Childhood Adenotonsillectomy Trial. Baseline demographic, polysomnographic, and neurobehavioral 
outcomes were compared using univariable and multivariable analysis.
Results: The sample included 453 participants with obstructive sleep apnea (median obstructive apnea-hypopnea index 5.7) and 459 
participants with mild sleep-disordered breathing (median obstructive apnea-hypopnea index 0.5). By polysomnography, participants with 
obstructive sleep apnea had poorer sleep efficiency and more arousals. Children with mild sleep-disordered breathing had more abnormal 
executive function scores (adjusted odds ratio 1.96, 95% CI 1.30–2.94) compared to children with obstructive sleep apnea. There were also 
elevated Conners scores for inattention (adjusted odds ratio 3.16, CI 1.98–5.02) and hyperactivity (adjusted odds ratio 2.82, CI 1.83–4.34) in 
children recruited for mild sleep-disordered breathing.
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Conclusions: Abnormal executive function, inattention, and hyperactivity were more common in symptomatic children recruited into a trial 
for mild sleep-disordered breathing compared to children recruited into a trial for obstructive sleep apnea. Young, snoring children with only 
minimally elevated apnea-hypopnea levels may still be at risk for deficits in executive function and attention.
Trial Registration: Pediatric Adenotonsillectomy for Snoring (PATS), NCT02562040; Childhood Adenotonsillectomy Trial (CHAT), NCT00560859
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Introduction

Pediatric sleep-disordered breathing (SDB) is a common 
condition that encompasses a spectrum of disorders ran-
ging from mild sleep-disordered breathing (mSDB), defined 
as primary snoring without frequent respiratory events, 
to severe obstructive sleep apnea (OSA), characterized by 
frequent apneas and/or hypopneas and oxyhemoglobin 
desaturation. Both mSDB and OSA are associated with 
neurobehavioral morbidity, but the relationship between 
disease severity, as measured by the apnea-hypopnea index 
(AHI), and neurocognitive morbidity is unclear [1–6]. A recent 
large cohort study showed that parent-reported snoring was 
associated with behavioral impairments and gray matter 
cortical thinning. However, the lack of polysomnography 
measures precluded assessment of whether the findings 
were associated with OSA severity [7]. While more severe 
neurocognitive impairment might be expected to correlate 
with more frequent respiratory disturbances, several studies 
have shown equivalent outcomes when comparing children 
with mSDB to those with OSA [1, 2, 8, 9]. One hypothesis is 
that the increased work of breathing and sympathetic acti-
vation during snoring can cause neurobehavioral deficits in 
children with mSDB even without apneas and gas exchange 
abnormalities [10, 11].

The objective of this study is to compare the neurobehavioral 
morbidity of pediatric OSA with mSDB by comparing the base-
line characteristics of participants recruited into two trials, 
the Childhood Adenotonsillectomy Trial (CHAT) [6] and the 
Pediatric Adenotonsillectomy Trial for Snoring (PATS) [12]. 
Both are multicenter randomized controlled trials that com-
pare neurobehavioral outcomes for children randomized to 
adenotonsillectomy versus watchful waiting with supportive 
care, but CHAT included children with habitual snoring and 
an obstructive apnea-hypopnea index (oAHI) between 2 and 
30, whereas PATS included children with habitual snoring 
and an oAHI under 3 [6, 12]. The study similarities provide an 
opportunity to compare the role of AHI entry criteria on the 
neurobehavioral morbidity of participants, and to consider 
other factors that may influence the characteristics of chil-
dren participating in two different trials. We hypothesized that 
neurobehavioral morbidity would be worse in the cohort re-
cruited on the basis of OSA compared to the cohort recruited 
on the basis of mSDB.

Methods

Study design

CHAT and PATS are both multicenter, single-blind randomized 
controlled trials. Children meeting inclusion criteria were ran-
domly assigned to adenotonsillectomy or watchful waiting. 
Children underwent baseline assessments that included clinical 
evaluation, polysomnographic testing with scoring at a central-
ized sleep reading center with the same scoring staff, and parent 
behavior ratings. The study protocols were similarly developed, 
largely by the same group of investigators, and data similarly 
monitored and processed.

Written informed consent was obtained from caregivers and 
assent obtained for children over 7 years old at the start of the 
study. Independent data and safety monitoring boards reviewed 
interim data on study safety and quality. The studies were ap-
proved by the institutional review boards at each participating 
site (Supplementary Table 1). CHAT was conducted between 
2007 and 2012, and PATS is an ongoing study that enrolled parti-
cipants between 2016 and 2020.

Inclusion criteria

In CHAT, inclusion criteria included: 1)  age 5 to 9  years old; 
2)  tonsillar hypertrophy (> Brodsky 1+, or obstructing at least 
25% of the airway); 3)  caregiver-reported snoring at least 3 
nights per week; 4) surgical candidacy; 5) English proficiency; 
6)  polysomnography showing oAHI between 2 and 30 events 
per hour or obstructive apnea index between 1 and 20 events 
per hour. Children were excluded from the study if they had 
recurrent tonsillitis, a body mass index (BMI) z-score > 3, ar-
terial oxyhemoglobin under 90% for over 2% of total sleep 
time, or use of attention-deficit/hyperactivity disorder (ADHD) 
medication.

In PATS, inclusion criteria included: 1) age 3 to 12 years old; 
2) tonsillar hypertrophy (Brodsky > 2+, or obstructing at least 50% 
of the airway); 3) caregiver-reported snoring at least 3 nights per 
week; 4) surgical candidacy; 5) polysomnography showing oAHI 
under 3 events per hour and obstructive apnea index under 1 
event per hour. They were excluded from the study if they had 
recurrent tonsillitis, a BMI z-score > 3, or any arterial oxyhemo-
globin desaturations under 90% in conjunction with obstructive 
events. Use of ADHD medication was not an exclusion criterion.

Statement of Significance

Obstructive sleep apnea is associated with neurobehavioral dysfunction, but the relationship between disease severity as measured by 
the apnea-hypopnea index and neurobehavioral morbidity is unclear. We compared baseline characteristics of 861 children recruited 
into two randomized controlled trials, the Pediatric Adenotonsillectomy Trial for Snoring (apnea-hypopnea index < 3) and the Childhood 
Adenotonsillectomy Trial (apnea-hypopnea index 2–30). Among symptomatic children who were adenotonsillectomy candidates, there 
were more abnormalities in executive function, inattention, and hyperactivity in the cohort with lower apnea-hypopnea levels. Snoring 
children without frequent apneas may still be at risk for deficits in executive function and attention, which suggests that snoring is a be-
havioral risk factor for neurobehavioral morbidity.

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac035#supplementary-data
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Both studies enrolled only families willing to accept surgery 
or watchful waiting as possible treatment options for the dur-
ation of the trial (7 months for CHAT and 12 months for PATS), 
and excluded children with severe comorbidities (eg, cardiopul-
monary diseases, bleeding disorders, epilepsy, severe diabetes, 
poorly-controlled asthma), Down syndrome or developmental 
delay.

Outcome assessments

We analyzed the neurobehavioral measures that were common 
to both trials, which are the Behavior Rating Inventory of 
Executive Function (BRIEF), the Child Behavior Checklist (CBCL), 
and the Conners 3rd edition. The BRIEF (PAR Inc, Lutz, Florida) is a 
caregiver-completed assessment of executive function [13]. The 
Global Executive Composite (GEC) T-score comprises age- and 
gender-adjusted summary measures of behavioral regulation 
and metacognition. A higher score indicates worse functioning, 
and a T-score above 65 is considered abnormally elevated. The 
BRIEF 2nd edition was administered for children 6 years and older 
or 5  years old and in kindergarten, while the BRIEF Preschool 
version (BRIEF-P) was administered for children 3-4 years old or 
5 years old and in preschool.

The CBCL and Conners are caregiver-completed assessments 
of child behavior [14, 15]. The CBCL/1.5–5 (ASEBA, Burlington, 
VT) was administered for children 5 years and younger in age, 
while the CBCL/6–18 was administered for children 6  years 
and older. The total score combines the internalizing and ex-
ternalizing scores. Higher T-scores indicate worse function, 
and a T-score of 64 or higher is considered clinically abnormal. 
The Conners Pearson Assessments, San Antonio, TX) long form 
was administered in CHAT, while the short form was adminis-
tered to children 6 years and older in PATS. The subscales with 
the highest correlations were compared across the two studies 
(Supplementary Table 2) [15]. Higher T-scores on the Conners in-
dicate worse functioning, and a T-score of 65 or higher is con-
sidered elevated.

Analysis

The mSDB group was comprised of PATS trial participants (oAHI 
< 3), while the OSA group was comprised of CHAT trial parti-
cipants (oAHI 2–30). Baseline demographic characteristics, BMI 
percentile, ADHD history, OSA-18 scores (a validated disease-
specific quality of life instrument [16]), behavior ratings, and 
polysomnography features were compared between the groups 
using t-tests for continuous parametric data, Wilcoxon tests for 
nonparametric continuous data, and chi-squared tests for cat-
egorical data. The oAHI was defined as all obstructive apneas 
plus hypopneas with 3% desaturation or arousal divided by 
total sleep time. Spearman correlation was used to assess the 
correlation with behavioral measures. To assess differences in 
neurobehavioral morbidity, univariable and multivariable lo-
gistic regression was performed to estimate the odds ratio of 
abnormal BRIEF, CBCL, and Conners scores given group (PATS, 
CHAT) using the cutoffs described above after adjusting for age, 
gender, race, low maternal education (defined as high school 
or less), BMI percentile, ADHD (defined as reported history of 
known ADHD), and recruitment source (otolaryngology, sleep 
clinic, or other). All statistical analysis was performed with SAS 
(SAS, Cary, NC). Alpha < 0.05 was considered significant.

Results

Sample characteristics

Sample characteristics of the 453 CHAT participants and 459 
PATS participants are described in Table 1. Participants in 
CHAT had a higher mean age and BMI percentile compared to 
those in PATS, and were more likely to be Black, come from 
a low-income family, and have a mother with a high school 
education or lower. These characteristics are consistent with 
findings from the screening data from the CHAT study that 
demonstrated that Black children were more likely to be eli-
gible based on an elevated AHI compared to those screened 
for the study and found to have a lower AHI [17]. Consistent 
with the study designs, CHAT participants also were less likely 
to have a history of ADHD. The disease-specific quality of life 
measured by the OSA-18 survey was similar with an average 
score of 51.9 (95% CI 50.4-53.4) in PATS compared to 53.6 (95% 
CI 51.9-55.3; p = 0.142) in CHAT.

Polysomnography characteristics

As expected, children in CHAT had evidence of more severe SDB 
compared to the PATS sample, including higher percentage of 
sleep time with oxyhemoglobin saturation < 90% and sleep time 
with end-tidal carbon dioxide > 50 mmHg; higher arousal index; 
and worse sleep efficiency (Table 1). Children in PATS had lower 
percentage of rapid eye movement (REM) sleep at 17.3% (95% 
CI 16.9-17.8%) compared to children in CHAT at 18.4% (95% CI 
85.2–86.7%; p = 0.0002).

Neurobehavioral outcomes

The mean baseline BRIEF score for the children in PATS was 
higher at 55.6 (95% CI 54.5–56.7), compared to 49.9 (95% CI 
48.9–51.0; p  <  0.0001) for the children in CHAT. There was a 
higher frequency of abnormal BRIEF scores for the children 
in PATS at 23.7% (95% CI 19.8–27.7%) compared to 11.7% (95% 
CI 8.7–14.7%; p < 0.0001) for the children in CHAT, as seen in 
Figure 1.

The results of multivariable logistic regression for elevated 
neurobehavioral measures are seen in Table 2. Adjusted for age, 
gender, race, low maternal education, BMI percentile, history of 
ADHD, and recruitment source, the odds of an abnormal BRIEF 
score was 1.96 (95% CI 1.30–2.94) in the children in PATS com-
pared to the children in CHAT. The adjusted odds of an elevated 
Conners hyperactivity/impulsivity score was 2.82 (95% CI 1.83–
4.34) and an elevated Conners inattention score was 3.16 (95% 
CI 1.98–5.02) in PATS compared to CHAT. CBCL scores did not 
significantly differ by group.

Sensitivity analyses

Sensitivity analyses restricted to non-overlapping oAHI, 
overlapping ages, shared sites, adjusted for income in partici-
pants with known income, or excluding children with ADHD 
history or ADHD medications were all consistent with worse 
BRIEF, inattention, and hyperactivity scores in the PATS cohort 
compared to the CHAT cohort (Supplementary Table 3).

The correlation between percentage of REM sleep and BRIEF 
scores was –0.042 (p = 0.201).

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac035#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac035#supplementary-data
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Discussion
We compared the baseline neurobehavioral and 
polysomnographic data from two cohorts of children, selected 
using AHI for participation in randomized controlled trials 
targeting children with different SDB severity levels. We found 
an increased frequency of abnormal executive function in the 
snoring children recruited on the basis of snoring (mSDB) com-
pared to children recruited on the basis of OSA. There were also 
more abnormal inattention and hyperactivity scores in the chil-
dren with little or no sleep apnea.

Differences in behavioral measures between the two cohorts 
may be due to participant demographics, polysomnogram find-
ings, study design, or disease type. With regard to participant 
demographics, the two cohorts differed in age, race, parental 

education, and household income. However, BRIEF T-scores, 
which are already adjusted externally for gender and age, were 
additionally adjusted for these characteristics in our statistical 
models. The addition of these covariates to the models did not 
substantively change the odds of an abnormal BRIEF score in the 
PATS as compared to the CHAT sample. In fact, CHAT partici-
pants were more likely to be from lower socio-economic house-
holds, which would tend to bias the findings toward greater 
impairment in that sample [18]. Therefore, it is unlikely that par-
ticipant demographics account for the higher neurobehavioral 
morbidity in the sample selected on the basis of mSDB.

With regard to polysomnography parameters, lower levels 
of oxyhemoglobin saturation, higher end-tidal carbon dioxide 
values, and greater sleep fragmentation were observed in CHAT 

Table 1. Study characteristics

Characteristic 
Overall  
(N = 912) 

Study

P-value 
PATS (N = 459, 
50.3%) 

CHAT  
(N = 453, 49.7%) 

Age (years), mean ± SD 6.3 ± 1.9 6.1 ± 2.3 6.6 ± 1.4 0.0005
Male, n (%) 448 (49.1%) 229 (49.9%) 219 (48.3%) 0.640
Race  
  White non-Hispanic, n (%)  
 Black, n (%)  
  Hispanic, n (%)  
  Other, n (%)

  
377 (41.4%)  
367 (40.3%)  
112 (12.3%)  
55 (6.0%)

  
236 (51.5%)  
121 (26.4%)  
75 (16.4%)  
26 (5.7%)

  
141 (31.1%)  
246 (54.3%)  
37 (8.2%)  
29 (6.4%)

<0.0001

Mother with high school diploma or lower, n (%) 226 (25.0%) 86 (18.8%) 140 (31.3%) <0.0001
Annual household income <$60,000 512 (63.0%) 232 (54.7%) 280 (72.0%) <0.0001
BMI Percentile, mean % ± SD 66.8 ± 31.1 63.6 ± 31.1% 70.2 ± 31.8% 0.0013
ADHD History, n (%) 58 (6.4%) 45 (9.8%) 13 (2.9%) <0.0001
OSA-18 Score, mean ± SD 52.8 ± 17.6 51.9 ± 16.6 53.6 ± 18.6 0.142
BRIEF GEC T-score, mean ± SD 52.8 ± 12.1 55.6 ± 12.2 49.9 ± 11.3 <0.0001
CBCL T-score, mean ± SD  
  Internalizing  
 Externalizing  
  Total

  
51.8 ± 11.2  
51.4 ± 11.1  
53.1 ± 11.0

  
52.0 ± 11.2  
51.1 ± 11.3  
53.2 ± 11.1

  
51.5 ± 11.1  
51.6 ± 10.9  
52.8 ± 10.8

  
0.508  
0.510  
0.672

Conners T-score, mean ± SD  
 Defiance  
  Executive Functioning  
  Peer Relations  
  Hyperactivity/Impulsivity  
  Inattention

  
51.0 ± 11.5  
54.5 ± 11.8  
51.1 ± 10.6  
57.6 ± 13.2  
55.0 ± 13.1

  
52.1 ± 11.2  
57.0 ± 12.4  
52.2 ± 11.3  
62.4 ± 15.1  
60.9 ± 14.8

  
51.5 ± 11.7  
53.0 ± 11.1  
50.4 ± 10.1  
55.0 ± 11.2  
51.7 ± 10.8

  
0.072  

<0.0001  
0.045  

<0.0001  
<0.0001

Polysomnogram Characteristics, mean ± SD  
  Obstructive apnea-hypopnea index  
  Percentage of sleep time with end-tidal CO2 > 50 mmHg  
  Arousal index  
 Central apnea index  
  Percentage of sleep time with SpO2s < 90%  
 Average SpO2  
  Sleep efficiency  
  Wake after sleep onset (min)  
 N1 sleep percent  
 N2 sleep percent  
 N3 sleep percent  
 N REM percent  
 Average heart rate

  
4.3 ± 5.5  

6.3% ± 16.0  
7.1 ± 3.0  
0.8 ± 1.1  

0.1% ± 0.2  
97.4% ± 1.1  
87.2% ± 8.4  

41.2 ± 39.2  
8.0% ± 3.9  

31.1% ± 7.6  
31.1% ± 7.6  
17.8% ± 4.5  

82.6 ± 9.3

  
0.8 ± 0.7  

2.3% ± 8.8  
5.7 ± 1.9  
0.5 ± 0.7  

0.0% ± 0.0  
97.5% ± 1.1  
88.4% ± 7.9  

34.5 ± 35.4  
7.4% ± 3.5  

44.6% ± 7.8  
30.7% ± 7.8  
17.3% ± 4.7  

81.0 ± 9.3

  
7.8 ± 5.9  

10.8% ± 20.5  
8.5 ± 3.2  
1.0 ± 1.3  

0.1% ± 0.3  
97.4% ± 1.0  
86.0% ± 8.6  

47.9 ± 41.8  
8.6% ± 4.1  

41.4% ± 7.7  
31.6% ± 7.4  
18.4% ± 4.3  

84.2 ± 9.1

  
<0.0001  
<0.0001  
<0.0001  
<0.0001  
<0.0001  

0.079  
<0.0001  
<0.0001  
<0.0001  
<0.0001  

0.081  
0.0002  

<0.0001

Race missing for 1 participant. Education missing for 8 participants. Income missing for 99 participants. CBCL missing for 23 participants. Conners limited to n = 704 

children > age 5; with 4 participants > age 5 with missing data.
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versus PATS. In contrast, REM sleep was modestly lower in PATS 
than CHAT. REM sleep has been implicated in memory consoli-
dation and emotional regulation [19–21] and was reported to be 
inversely correlated with Conners score [22]. While intriguing, 
this finding does not readily explain the group differences since 
we did not find a significant correlation between percentage of 
REM sleep and BRIEF scores, and the magnitude of difference 
was small.

With regard to study design, parents and clinicians may differ 
in their comfort in participation in trials that challenge the cur-
rent dogma of treating OSA with adenotonsillectomy, and there 

may also be secular differences resulting from the timing of the 
two studies. Differential referral patterns could also contribute 
as all children had to have some symptoms to present to a clin-
ician, and they also had to be adenotonsillectomy candidates 
and be willing to participate in a trial in order to be included. 
A key factor in surgical trials is that both the clinician and the 
family have equipoise—i.e., feel that the child would do equally 
well with either surgery or watchful waiting. We cannot exclude 
the possibility that PATS clinicians had equipoise for random-
izing more symptomatic children, while CHAT clinicians had 
equipoise for randomizing less symptomatic children. This 
is challenging to investigate because equipoise is difficult to 
measure and can change over time [23]. However, the children 
had comparable quality of life scores at baseline and did not 
significantly differ in withdrawal or screen failure rates. Yet un-
measured selection bias may still have contributed to families 
being more willing to participate in PATS if their children were 
more symptomatic.

An important difference between the eligibility criteria of 
the two studies is the exclusion from the CHAT study of partici-
pants taking ADHD medication. The association between ADHD 
history and an elevated BRIEF score is well-established [24–26]. 
Neurobehavioral differences were found in our primary ana-
lyses adjusting for ADHD history, as well as in secondary ana-
lyses excluding those children from analysis.

We consider the effect of disease type on neurobehavior. Both 
mSDB and OSA are associated with neurobehavioral morbidity 
[2, 3, 8, 9], as well as with functional MRI brain changes [27–31]. 
The mechanisms mediating the neurobehavioral effects of OSA 
are considered, most likely, to be through effects of nocturnal 
hypoxemia and arousal-related sleep disruption. While hypox-
emia is exclusive to children with OSA and arousals are more 
severe in those children, some studies have shown equivalent 
morbidity and neurobehavioral deficits in children with habitual 
snoring compared to OSA [1, 2, 8, 9]. A  few studies have simi-
larly found poorer behavioral functioning in mSDB compared 

Figure 1. Distribution of BRIEF scores in PATS (mSDB cohort) compared to CHAT 

(OSA cohort).

Table 2. Frequencies and odds ratios for abnormal neurocognitive scores for PATS (mSDB cohort) compared to CHAT (OSA cohort)

Neurocognitive Measure 
Frequency in 
mSDB (95% CI) 

Frequency in  
OSA (95% CI) 

Unadjusted  
odds of abnormal 
score (95% CI) P-value 

Adjusted odds of  
abnormal score (95% CI)b P-value 

Abnormal BRIEF (>65), 
n = 903b

23.7%(19.8–27.7%) 11.7% (8.7–14.7%) 2.35 (1.64–3.36) <0.0001 1.96 (1.30–2.94) 0.0012

Clinically Abnormal CBCL 
(>64), n = 889c  

  Internalizing  
 Externalizing  
  Total

  

15.4% (12.0–18.7%)  
13.4% (10.2–16.5%)  
17.6% (14.1–21.1%)

  

15.5% (12.1–18.9%)  
14.1% (10.8–17.4%)  
16.8% (13.3–20.3%)

  

0.99 (0.66–1.43)  
0.94 (0.64–1.38)  
1.06 (0.75–1.50)

  

0.971  
0.753  
0.759

  

0.80 (0.53–1.21)  
0.85 (0.54–1.33)  
0.95 (0.64–1.41)

  

0.292  
0.480  
0.947

Elevated Conners (>65), 
n = 698d  

  Defiance  
  Executive Functioning  
 Peer Relations  
  Hyperactivity/ Impulsivity  
  Inattention

  

14.3% (10.0–18.6%)  
26.6% (21.1–32.1%)  
13.9% (9.6–18.2%)  
39.8% (33.7–45.9%)  
36.1% (30.1–42.1%)

  

12.8% (9.7–15.9%)  
16.3% (12.9–19.8%)  
8.8% (6.2–11.5%)  

20.3% (16.6–24.0%)  
13.7% (10.5–16.9%)

  

1.14 (0.73–1.78)  
1.86 (1.28–2.70)  
1.67 (1.03–2.70)  
2.60 (1.85–3.65)  
3.57 (2.46–5.17)

  

0.579  
0.001  
0.038  

<0.0001  
<0.0001

  

0.97 (0.55–1.68)  
1.50 (0.94–2.40)  
1.53 (0.85–2.75)  
2.82 (1.83–4.34)  
3.16 (1.98–5.02)

  

0.904  
0.087  
0.153  

<0.0001  
<0.0001

aAdjusted for age, gender, race, low maternal education, BMI percentile, ADHD, recruitment source.
bCovariates missing for 9 patients.
cCBCL missing for 23 participants.
dConners limited to n = 704 children > age 5; with 6 participants > age 5 with missing data.
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to more severe disease [8, 32, 33]. Different hypotheses exist for 
the behavioral sequelae associated with snoring, including both 
mechanistic pathways as well as environmental factors [34]. 
First, even without apneas, snoring may cause increased work 
of breathing and sympathetic activation [10, 11]. There is also a 
complex relationship between oxygenation and cognition; the 
changes in cerebral oxygenation during obstructive and central 
events are similar [35], and mild intermittent hypoxia may in-
crease cerebral circulation and possibly be neuroprotective [36–
39]. Finally, some studies have found elevated proinflammatory 
markers like interleukins and urinary leukotrienes in children 
with mild OSA compared to children with more severe disease 
[40, 41], which may also be relevant to neurocognition.

Importantly, the traditional AHI may not be a good predictor 
of behavioral and cardiovascular outcomes. For instance, the 
AHI does not correlate with quality of life or parent-reported 
symptomatology in children [42–44]. Our results suggest that 
risk stratification based on AHI does not identify children with 
higher neurobehavioral morbidity. The identification of metrics 
that better predict neurobehavior remains a research need [45]. 
For instance, cyclic alternating pattern was shown in CHAT to 
be associated with BRIEF and Conners scores [46]. Respiratory 
cycle-related EEG changes may also be useful, for example, in 
the identification of sleepiness [47–49]. Future investigation of 
more detailed indices of sleep macro- and microarchitecture 
may further elucidate whether biomarkers of cognition asso-
ciate with SDB.

In both cohorts, we found elevated frequency of abnormal 
BRIEF scores, consistent with the neurobehavioral effects of 
both mSDB and OSA. Based on the T-score distribution, 6.7% of 
children overall would be expected to have an elevated BRIEF 
score, although this varies slightly based on age and gender. 
We found 23.7% of children in the mSDB cohort and 11.7% of 
the children in the OSA cohort had an elevated BRIEF score. 
The mean BRIEF score in the mSDB cohort was 55.6 and in the 
OSA cohort 49.9. By comparison, other studies report a mean 
BRIEF score of 48-61.4 for mSDB, with 3 of 4 studies reporting 
elevated BRIEF scores [32, 50–52]. For OSA, the mean BRIEF score 
reported in the literature ranges from 51-62, with all 3 studies 
reporting elevated BRIEF scores [1, 32, 51]. Two studies present 
BRIEF scores by disease severity, neither of which found signifi-
cant differences across the range of AHI [32, 51]. However, power 
in these studies was limited by the relatively small sample sizes 
in the different disease severity groups.

We also found differences in the Conners subscales of ex-
ecutive functioning, hyperactivity/impulsivity, and inatten-
tion, but no differences in the CBCL scores between the two 
groups. Findings indicating study differences on the BRIEF 
but not on the CBCL or OSA-18 may reflect differences in item 
content. The BRIEF assesses a broader range of behaviors re-
lated to difficulties in behavioral, emotional, and cognitive 
self-regulation than the other two scales; thus, it is more likely 
to tap into the wide range of weaknesses exhibited by chil-
dren with mSDB [34]. Inattention and executive functioning 
may be more sensitive than other emotional and behavioral 
characteristics to sleep disruption. Clinical, epidemiological, 
and imaging studies have shown that attention and executive 
function are particularly sensitive to SDB and its treatment 
in young children [4, 5, 53]. These are clinically important do-
mains that affect behavior and are of importance to families 
and teachers.

These results must be interpreted in the context of study de-
sign. As discussed previously, differential referral patterns and 
the exclusion of children with ADHD in CHAT could have con-
tributed to differences in group composition between the two 
studies. One limitation is that the Conners long form was ad-
ministered in CHAT, while the short form was administered in 
PATS, though subscales with high correlation were chosen as 
comparators across studies. Additionally, little data were avail-
able for children who were screened but not randomized or who 
were found to be ineligible, which limited our analysis of pos-
sible selection biases. The study strengths include the relatively 
large sample size with inclusion of children from geographically 
diverse sites. The prospectively collected data with consistency 
in study investigators, study outcomes, and polysomnogram 
scoring facilitates comparison across studies.

In summary, this analysis of two cohorts of children repre-
senting a wide spectrum of SDB with similar sites, sleep study 
scoring, and outcome measurement found a higher frequency 
of abnormal scores for executive function, attention, and hyper-
activity in the children recruited on the basis of mSDB compared 
to those enrolled in a trial that targeted OSA. The differences 
were partially explained by differences in trial exclusion cri-
teria (i.e., ADHD history). Our findings suggest that traditional 
polysomnography metrics used to measure disease severity in 
SDB do not align with or predict neurobehavioral morbidity. 
Children with mild disease (eg, oAHI < 3 in the mSDB trial) 
may have significant neurobehavioral problems that are under-
recognized. Our results emphasize the need for measures of SDB 
that are more sensitive to neurobehavioral outcomes and that 
can better identify the children who are most at risk.
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