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Abstract
Objective: Primary snoring (PS) and obstructive sleep ap®&A) not only affect the

quality of sleep in a large number of young chifgrieut have also been repeatedly
associated with a variety of behavioral and cogaiproblems. However, little is known
about the potentially differing relationships ohlagioral and cognitive pathology within
the sleep disordered breathing (SDB) spectrum.

Method: This study examined data from an enriched forisgarommunity sample of
631 children aged between 4 and 10 years. Mulatamixed models were used to
assess the relationship between both snoring andpthea-hypopnea index (AHI).
Numerous cognitive and behavioral variables weeslughile adjusting for several
important demographic variables. These were foltbiwe univariate analyses of
individual measures and sensitivity analyses.

Results: Results indicated that snoring status is a sicguifi predictor of general
behavioral p=0.008) and cognitivgpE€0.013) domains, even after adjusting for baseline
covariates and AHI severity. More frequent snomrgs associated with poorer outcomes
independent of AHI. However, AHI did not emergeaasgnificant predictor of the
overall cognitive functioning domaip£0.377). Additionally, although AHI was a
significant predictor of the general behavioraldtioning domain§=0.008), the
significance pattern and nature of its relationshih individual behavioral measures
were inconsistent in post-hoc analyses.

Conclusion: The findings of this study suggest that generbbl®ral and cognitive
function may decline with greater snoring sevetyrther, snoring should not simply be
assumed to represent a lower severity level of SBshould be examined as a

potential predictor of relevant outcomes.
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Introduction
Sleep disordered breathing (SDB) is characterizeloréathing abnormalities resulting

from increased collapsibility of the upper airwaitjmately affecting the quality of sleep.
Sleep disordered breathing can range from primaoyiisg (PS), indicating the presence
of snoring, but absence of gas exchange abnoresadtiring sleep, to obstructive sleep
apnea (OSA), the more severe condition wherebyditian to habitual snoring, gas
exchange abnormalities and sleep fragmentatioprasent to a lesser or greater degree
[1]. Prevalence estimates for SDB in children wargely, and are often contingent on
the method of assessment. A recent review of sudielving large cohorts suggested
that 1.5-27.6% of children may suffer from habitsabring [1], although median
estimates worldwide are around 11-12% [2-4], whéch finding that is also corroborated
by surveys in the US population [5]. These souatss estimate OSA prevalence of 1.2-
5.7% [1,2,4].

Clinical definitions of OSA often vary, but overhigdetection of the presence of
apneas and hypopneas during polysomnographic analfsich is reported as the apnea-
hypopnea index (AHI), is generally considered thkl gtandard for OSA diagnosis and
provides severity estimates of SDB [6]. Commontedirisk factors for SDB include:
obesity [7,8]race [8,9], prematurity [1,3], tobacco smoke expe$l0], and asthma
[11,12]. Interestingly, it remains unclear whetgender differences exist in child SDB
prevalence [13], which contrasts with the well-kmolawgher SDB prevalence in males in
the adult population [14].

Cognitive and behavioral problems are among thst mpi@minent symptoms in
children with SDB. The presence of behavioral fiorehg problems, often involving

impulsivity, anxiety, aggression, hyperactivity dagheficits in emotional regulation,



alertness, or attention to tasks, occur more fretippgamong both children with PS and
those with OSA [15-20]. Additionally, the specifissociation between attention deficit
hyperactivity disorder (ADHD) and sleep problems baen the topic of numerous
studies, which have resulted in conflicting conias in meta-analyses examining this
association [21-23]. Cognitive functioning problehzs/e also been frequently reported
in children with SDB [24-28]. These deficits oft@wvolve measures of intelligence,
executive functioning, problem-solving, languagsj amemory. However,
demonstrations of cognitive impairments have olieen less robust than those reported
when assessing behavioral outcomes, with someest@@iiing to detect significant
differences between children with and without S2B][ For example, the only
randomized clinical trial to date that examinedélfects of adenotonsillectomy (T&A)
treatment for SDB found significant improvementdé&havioral functioning after 7
months compared to children assigned to a watetsiting treatment arm, but
cognitive/executive-functioning changes were sraadl less consistent [30,31].

Most existing studies used fairly small sampleagsess psychological
functioning, and many either reported snoring orl Akithe SDB measure of interest, but
did not examine both. Two recent analyses of cognjB82] and behavioral [33]
functioning in a large sample of school-aged chkitdindicated that significant increases
are detectable in the magnitude of behavioral groblat any level of SDB severity, and
that reductions in cognitive functioning are depamtn the level of SDB severity.
However, to ensure coherence with common clinia&loéfs these two studies combined
snoring and AHI measures into a single four-lev@BSactor. The amalgamation of

SDB into categorical clusters precluded estimatgmtentially different dose-response



relationships between snoring and AHI severity, emghitive or behavioral outcomes.
This is particularly relevant, considering thatisng may not simply reflect reduced
severity of SDB, but may represent a unique andptexphenotype of SDB [34].

The current study extended previous finds by r@r@ring previously published
data from the aforementioned large pediatric cof82{33]. However, rather than
combining snoring and AHI into a single factor egenting severity of SDB, both of
these variables were examined as initially meas(ies@rdinal (snoring) and ratio (AHI)
in scale) using multivariate mixed effects modakt @allow for omnibus tests of multiple
cognitive and behavioral outcomes, despite somsinggiata in several individual

outcome measures.

Participants and Methods

Participants
Between 2006 and 2014, 1097 children were recrtiited the Louisville and Chicago

areas. Children from Louisville were recruited tgh collaboration with public schools,
and children from Chicago were recruited througimewnity announcements and
distribution of materials in the University of Chgo medical center. Participating
children had not been previously identified asesrfig from, or otherwise clinically
referred for assessment of, sleep-related patholdgyever, invitation for complete
evaluation in this study purposefully oversampledthose children whose
guestionnaires revealed the presence of snorirgemtichment procedures were
conducted randomly, whereby a 3:1 snoring vs namisg approach was routinely

applied to enable oversampling of habitually sr@children under the estimated



prevalence of habitual snoring at 10-12% of alldren in this age bracket [5]. Children
were aged between 4 and 10 years. Demographicatbastics of the sample are
outlined in Table 1.

Although strength of the current multivariate asiahl approach was the ability
to accommodate missing outcome data, only partitgpaith information on age, race,
sex, asthma status, BMI, snoring status, and AHewluded in the analyses.
Additionally, because a very small number of cla@ldwho reported race other than
Caucasian or African-American existed, due to pavegrsiderations, only children from
these two racial groups were utilized for the cor@nalysis. The resulting active sample
retained for the present analysis was 631 childfers study was approved by University
of Louisville (protocol #474.99), and the Univeysitf Chicago (protocol 09-115-B)

Human Research Ethics Committees.

Measures

Behavioral assessments
The Conners’ Parent Rating Scales-Revised (CPRSHRand Child Behavior Checklist

(CBCL) [36] utilize parent ratings to determine thexurrence and severity of a variety
of problematic behaviors in children. Three domdiom the CPRS-R (Hyperactivity,
Inattention, and Psychosomatic) and two domains fitee CBCL (Internalizing and
Externalizing) were utilized for the current stuérther information about these scales
can be found in the online supplemental materiztsh the CBCL and CPRS-R have
shown acceptable psychometric properties upon exaion. Estimates of internal
consistency are strong for all subscales of the &RR0.77-0.93) [35] and the CBCL

(0.71-0.89) [37]. Since both scales were desigisesteeens for clinical use, a wealth of



research has examined, and generally supportaduteefor detecting a variety of
childhood conditions involving emotional or behaaioproblems [38-40]. A recent meta-
analysis has also suggested moderately strong-ghselesitivity of 0.75 and 0.77 and
specificity of 0.75 and 0.73 for the CPRS-R and CB@spectively, for detecting

ADHD in children and adolescents [41].

Cognitive assessment
Both verbal and nonverbal scores on the Differéitmlity Scale (DAS) [42] were used

to assess intellectual functioning areas of thenitivg domain. More detailed
information regarding cognitive assessment scar@xiuded in online supplemental
materials. Internal reliability estimates for thA®are >0.70 for all subtests, and inter-
rater reliability estimates are >0.90 [42]. Ovef2AS performance is moderately-to-
strongly associated with other measures of gemaedlectual functioning such as the
Wechsler scale and Kaufman test [43]. Empiricatlence is more supportive of the
clinical utility of overall cluster scores, rathian individual subscores for the DAS
[44,45]. For this reason, only verbal and nonvedbadter scores were utilized for this
analysis.

Selected individual subtest scores from both th® 8 and the NEPSY-II [46]
were also used as part of the cognitive assessmenpture potential deficits in a variety
of neurocognitive domains. The NEPSY is a neurdpsiagical assessment measure
consisting of numerous cognitive tasks acrossisigtional domains. Three were utilized
in the present studyttention/Executive-Functioning, Language Ability, andVisuospatial
Processing domains. Thée\ttention/Executive-Functioning tests chosen for this research

were theVisual Attention andTower subtests from the original NEPSY.



Psychometric properties of the NEPSY have been dstraied to be strong.
Internal consistency and split-half reliability iesates for the NEPSY subtests used here
range from 0.79-0.91, and inter-rater reliabilisgimates are >0.97 [47,48]. Subtests have
also been found to have moderate-to-large assowgatvith relevant subtests of other
established measures, such as Wechsler Intelligestseand Delis-Kaplan Executive
Functions System (D-KEFS) [48]. Assessments inadirsamples, such as children with
traumatic brain injury, intellectual disability, ttem, or disorders of functioning in
cognitive-specific domains, have also supportedattikty of the NEPSY to identify

cognitive problems in clinical samples [48].

Procedure
All children were assessed overnight through stahdacturnal polysomnography

(NPSG). Estimates for AHI were scored accordingitwerican Academy of Sleep
Medicine guidelines by pediatric sleep expertgjescribed in previous research [32,33]
and detailed in the online supplement for this refggcorers were blind to cognitive and
behavioral test results. During the morning, foliogPNPSG assessment, children were
asked to complete the cognitive tasks outlined apard parents responded to
standardized surveys concerning sleep habits amavimal outcomes. Snoring status
was reported by a parent as “never,” “rarely” (opee week), “occasionally” (twice per
week), “frequently” (three times per week), andriakt always” (more than four times
per week) as part of a validated and commonly gsedtionnaire [49]. Prior research
examining parent-reported snoring status in rakettoPSG analysis of snoring has
demonstrated high sensitivity (0.66-0.94) and matgeto high specificity (0.20-0.73),

depending on specific snoring cut-off values usedhalyses [49,50].



Analytic strategy
All cognitive and behavioral measures were condetitez-scores to ensure equivalence

of scale. Additionally, because behavioral measwere not normally distributed, a
Box-Cox transformation [51] was utilized prior tormaputing standard scores for
behavioral measures. This transformation was ofdima:

YO - -
in which (7 values ranged between —2.40 and 1.02 for theb#mavioral measures.
Additionally, because of strong positive skew asd af interaction terms in modeling, a
log transformation was applied to AHI, which wasrimedian centered.

The method of constructing this multivariate mixaddel dataset required
dummy coding for the dependent variables (behalvand cognitive measures) and
running the analysis by treating the dummy codasiadom effects in the model. In
essence, each dependent was allowed measure ta déferent intercept, and these
intercepts were treated as random effects. That@dea two-level model, despite the lack
of clustering (aside from the dependent measumsngitudinal data. In the current
models, nine cognitive outcome measures and fihaeral outcome measures were
obtained from each individual. Although not utilize the current analysis, multivariate
mixed models can also include clustering, whicbvadl for random intercepts and/or
random slopes. In such an analysis, correlatiohsdsn the dependent measures could
be analyzed to determine to what extent unexplatoecklations depend on the group or
individual level.

Following separate omnibus multivariate testscfognitive and behavioral
measures, post-hoc univariate analyses for eachureeavere conducted to assess

relationships between sleep pathology variablesradididual cognitive or behavioral



measures. Covariates and/or interaction terms imeheded based on results of omnibus
significance tests. Due to the inability for omrsbuaultivariate tests to sufficiently

control the increase in Type | (familywise) errdnem conducting follow-up univariate
tests [52], Rom’s recent modification of Hochbersfsp-up procedure [53] was used to
correct for familywise error for all omnibus comans following likelihood ratio tests

to compare multivariate models. Like Hochberg’'pate procedure [54], this approach
controls Type | error levels by modifying the sifigance level criterion based on
number of statistical tests, but has been shoviae tslightly more powerful than
Hochberg's or Bonferroni’s corrections [53]. Alla@gses were completed using
Supermix statistical software (Scientific Softwémternational), and figures were created

in Sigmaplot (Systat Software).

Results
The measures for cognition and behavior were sagmfly correlated (alp-values

<0.01), supporting the possibility of underlyinggoditive and behavioral constructs (see
Tables 2 and 3; see online supplemental mateoalseéhavioral and cognitive measure
sample means). Supermix software output variangar@nce matrices closely
approximated initial estimates. Initial screenindicated that none of these covariates
moderated the relationship between sleep variarid$ehavior or cognition. Therefore,
interaction terms were not included in the reporesilts. Snoring and AHI were
significantly (but only moderately) related £0.24,p<0.01), as a high proportion of both
low AHI children (AHI<1; 57.5%) and high AHI chilen (AHI>5; 88.3%) snored at

leastfrequently.



Behavioral outcomes
When compared to an empty model, models includéxgesid asthma status fitted data

significantly better (see Table 4). Females anttodm without asthma had better
behavioral functioning overall, although age, rang] BMI status were not significant
predictors of behavior. However, because of thepadrtant role in prior studies, the
present study adjusted for all five of these deraplgic variables in analyses examining
sleep variable§ Sensitivity analyses suggested that the pattesigafficance for sleep
variables was the same, regardless of their irmusi

A model including AHI was a significantly better yhen compared to a model
containing only demographic covariatesdeviance(5) = 15.55<0.01). The addition of
snoring status also resulted in significantly geedit relative to the model that included
AHI (T1deviance(20) = 38.51<0.01). However, the inclusion of AHI by snoringtsts
interaction terms did not significantly improve naebdit ((1deviance(20) = 11.68,
p=0.93). These results indicate that AHI and snositagus significantly predict overall
behavioral pathology independently, and even wltfunséing for the other in modeling.
When inserting snoring status into the multivartadavioral model first, the addition of
AHI significantly improves model fit as welp€0.01). Fig. 1 illustrates behavioral
measure trends by snoring and AHI status.

Follow-up univariate analyses examining behaviorahsures separately used the
aforementioned modified Hochberg step-up approackamilywise error correction.
Results indicated that snoring status categaxessionally, frequently, andalmost
always were associated with significantly greater beh@liftunctioning problems

compared taever snoring across all five behavioral measures (sd®el5). Snoring



rarely was associated with significantly more behaviabpems thamever snoring only
for psychosomatic problems. Varying the snoringmefice category revealed that no
significant differences existed between snoringegéy/frequency levels among children
who snored at leasérely in any behavioral measure.

Although AHI significantly predicted overall behaval functioning in the
multivariate analysis, AHI was not a significanégictor of psychosomatic,
internalizing, or externalizing problems in followg univariate analyses. Surprisingly,
higher levels of AHI were actually associated vaitnificantly fewer behavior problems
in hyperactivity B = —0.02;p<0.01) and inattentiorB(= —0.03;p<0.01). Thus, greater
levels of parentally reported behavioral problexisted across all measures among
children according to snoring status, but higherd Mds associated with fewer problems

in hyperactivity and inattention.

Cognitive outcomes
When compared to an empty model, models includgeg sex, race, and asthma status

fitted data significantly better (see Table 6). @Idhildren, females, white children, and
children without asthma generally performed bettecognitive tasks. Although BMI
was not a significant predictor of cognition, itsvacluded in subsequent models using
sleep variables to predict cognition, due to itsnginence in prior research.

Adjusting for the (baseline) covariates notedvah@dding AHI did not result in
significantly better model fit in the multivariateodel predicting cognitive functioning
(LJdeviance(9) = 9.6§=0.38). However, adding snoring status did resu#ignificantly
better model fit relative to a model with baseloowariates and AHI(deviance(36) =

57.43,p=0.01). The addition of AHI by snoring status imigtfon terms also did not



result in greater model fit (deviance(36) = 36.9%=0.42). These findings suggest that
snoring status, but not AHI, is a significant prtdr of overall cognition, even when
adjusting for age, sex, BMI, race, asthma statog,AHI. However, none of these
variables moderate the relationship between snamagcognition. Fig. 2 illustrates the
general trend toward reduction in overall cognit&rnigher levels of snoring severity,
although some heterogeneity exists across indiVichgnitive measures.

Follow-up univariate analyses examining individoagnitive measures
separately using Rom’s modified Hochberg step-weguiure were performed as
outlined above. Since the study was interestelerability of snoring status to predict
cognitive outcomes in the presence of, and adjg$tin AHI, AHI was included as a
covariate in all models, despite lack of significaimn omnibus multivariate analyses. The
same baseline covariates noted above in the ommlbdsl were also adjusted for in
follow-up univariate analyses. Results suggestatidhly NEPSY Comprehension of
Instructions was consistently lower among snorimiédeen relative to non-snorers,
although this effect existed foccasionally, frequently, andalmost always snorers, but
not those who snored ontgrely (see Fig. 3). Additionally, varying the snoringer@nce
category revealed that differences in Comprehensidnstructions did not exist between

snoring severity levels for children who snored¢kastrarely.

Sensitivity analyses
Several sensitivity analyses were conducted fdn bognitive and behavioral outcomes

beyond those discussed above. The first involvediacting standard multivariate
multiple regression analysis, which required lis¢ewdeletion of individuals missing any

cognitive or behavioral outcome. This resultedossl of 47 participants from analyses.



However, the results aligned very closely to tholsgined in the mixed model, as
reported above. Among cognitive outcomes, onlyiggastatus was a consistently
significant predictor, and in univariate analydss effect was again primarily in regards
to NEPSY Comprehension of Instructions. Among béraloutcomes, the same pattern
of results found above was obtained in this anslgsiwelloccasionally or more

frequent snoring was significantly related to moedavioral pathology on all measures,
and AHI was negatively associated with parent-ratatiention and hyperactivity.

The present study also examined snoring as a dictots variable, initially
grouping all children who snore at any frequenoy emmparing them to children who do
not snore. The cutoff was then varied to refletfedent severity levels of snoring (eg,
occasionally and greater snoring severity comparedewer orrarely). As might be
expected from examining Fig.1 and Fig. 3, snorioggarisons were significant when
comparingnever snorers to angver snoring group, or when groupingever andrarely
snoring and comparing them to those with more featjsnoring (at leasiccasional
snoring). However, higher cutoffs, such as inclgaiocasional snorers in the low
snoring severity group comparedftequently andalmost always snorers, resulted in
inconsistent significance patterns when comparnogigs, as this comparison was
significant only for psychosomatic and internalgiroblems following adjustment for
multiple comparisons.

Finally, AHI was examined as a categorical vagalding commonly utilized
AHI cutoffs of 1 and 5/hour total sleep time (TSGyoup 1 consisted of children with
AHI <1/hour TST, and represented children who wawtlbe categorized as suffering

from OSA. Group 2 consisted of children with AHItlween 1 and 5/hour TST, which



represented children with mild OSA. Group 3 comsistf children with AHI >5/hour

TST, representing moderate to severe OSA. Thiseminalization was similar to
previously published work [32,33], but allowed tor examination of an AHI variable
isolated from snoring status, as well as the p@ketfects of AHI when adjusting for
snoring status. Results aligned with the findingted above; when adjusting for baseline
covariates and snoring status AHI level was nogaificant predictor of overall

cognitive functioning =0.55), but was a significant predictor of behaaidunctioning
(p=0.04). However, as identified above, higher AHidls were generally associated with

fewer behavioral problems.

Discussion
The current study findings support and expand ypewmious research that has generally

illustrated a relationship between SDB and cogeiind behavioral outcomes. The
significance of snoring status as a predictor didvéoral outcomes, even when adjusting
for AHI, is a particularly salient and clinicallglevant finding resulting from the present
analyses. Across all behavioral measures, whichrsgghnumerous clinically relevant
domains using empirically validated measures, clildvho snored frequently were
more impaired than non-snoring children. Sensitigihalyses supported the robustness
of these findings to differing characterizationstgfep pathology and snoring status.
The lack of significant AHI effects may initiallyppear to contradict recent

findings [32,33], which suggested that higher skyégevels of SDB were associated with
poorer cognitive outcomes, while the increase imaleral pathology was generally

prominent among all snorers with a leveling-ofbehavioral problems at higher levels



of SDB severity. However, it should be noted ti& ¢onceptualization of the sleep
pathology variables differed in those analysesnasing and AHI were combined to
represent established clinical categories. Addailgnthe reduction in behavioral
problems with increased AHI is not without precadémdeed, prior research has
demonstrated reductions in numerous behavioral gd@wath increasing AHI [55,56].
The current analysis expands on these findingepgrately examining snoring and AHI,
and indicates that behavioral pathology increasgsfwequency of snoring up to
occasional snoring, but does not increase basédbseverity. It may, in fact, slightly
decrease for some measures with increasing AHI.

These findings suggest that snoring status shailchbefully considered when
studying any effects of SDB on cognition or behav&leep pathology groupings that
primarily utilize AHI may be effective and sens#iin relating sleep pathology to
outcomes, and may be necessary in small-sampleestdde to power considerations.
However, this large cohort analysis indicates #imatring status may occasionally be a
more effective predictor, particularly of behaviovatcomes, and those children who
snoreoccasionally or more (at least 2 nights per week) are at pdatiaisk, regardless of
AHI measurements. Further, the relationship betveseming and AHI, although
significant, was not particularly strong & 0.24), such that ignoring snoring status or
assuming it is adequately captured through AHI mesments could neglect potentially
interesting and informative findings. Indeed, aer@aneta-analysis that classified
severity exclusively via AHI found no severity-riedd differences in executive function

in children [57].



The importance of snoring beyond what may be obththrough AHI has been
previously suggested, but the mechanisms that mdgriie any potential causal effect of
snoring on cognitive or behavioral outcomes ardaarcdCurrent theories on the
mechanisms through which SDB affects psychologtcames generally involve
deleterious effects of hypoxic insults and resglitress or inflammation in the brain or
repeated sleep disruption through arousals [15%8:bwever, since neither of these
features is consistently found among PS childrdi, [@echanisms through which
snoring possibly affects behavior or cognition remessentially unknown. Some authors
have suggested that arousals and consequent seeptidn may underlie this
association, but that current guidelines and caitlar scoring arousals and attendant
sleep disruption may not be sufficiently sensitveletect sleep fragmentation in children
with PS [60]. This could involve slight changesiectroencephalographic (EEG) signals
that are not scored as arousals [61], or refldotcgutical activations without surface
EEG arousals [62]. Further research is neededtarrdae whether these or other factors
may mediate the currently identified relationsHygsveen snoring and cognitive and
behavioral functioning. It should also be pointed that the oversampling strategies to
enhance the proportion of habitually snoring cleidmay have potentially created some
degree of bias, even if uncertainty exists asémtture and impact of such putative
assumption.

Future randomized clinical trials involving SDBeémntention, such as T&A, and
longitudinal examination of cognitive and behaviaraicomes, as they relate to changes
in both PS and AHI, may prove particularly inforimatin better understanding this

relationship. The only existing randomized clinitédl demonstrated significant



improvement in behavior, but only some degree @rovement in a subset of cognitive
domains after seven months [30,31]. Whether siggifi changes in cognitive
functioning should be expected after such a stalgydfollowing treatment, or whether
permanent deficits may occur as a consequencet@fiaad periods without restful sleep
and gas exchange abnormalities during formativesyeamains to be fully resolved.
Numerous interventional studies that did not ineladntrols have reported
improvements in various behavioral and cognitivecomes following T&A [63,64]. One
recent meta-analysis has suggested that T&A mayresllt in improvement of
cognitive functioning in pre-school-aged childré&5], though not all longitudinal studies
have identified a relationship between improvememHI and cognitive or behavioral
outcomes in this age group [66]. This may suggesnpnent effects of early SDB, or the
presence of an SDB-cognitive phenotype.

Although a substantial proportion of childhood casESDB will naturally remit
prior to adolescence [67], opinions differ on tipp@priate approach and urgency of
SDB treatment, given the potential risk for adverslical and psychological outcomes
if SDB is left untreated [68]. Indeed, as illus&@tn the current analysis, various forms
of behavioral and cognitive problems that may dffearning and school functioning
often accompany both OSA and PS. A recent metaysisaxamining the potential
impact of SDB on academic performance in childremctuded that SDB was associated
with poorer educational outcomes across multiplaalas, although results concerning
dose-response relationships were inconclusive [B8.authors cited differing
definitions and measures of SDB across studiespaseatial cause for the lack of a

graded impact of SDB severity. The results of tineent analysis support this assertion



by demonstrating the importance of how SDB is otier&zed. Any relevant reduction in
academic performance across multiple areas couhpally reflect the results of
behavioral problems, such as inattention or impitigior alternatively reflect a true
reduction in cognitive functioning. Researchersehswggested that behavioral problems
may mediate the relationship between sleep pathi@ad cognitive functioning or
school performance [26]. Future research shoulthéurexamine this potentially dynamic
and informative set of relationships that may dbuote to lower academic achievement
in this population.

In addition to highlighting the importance of smgistatus, this analysis also
illustrated the unique advantages that are inhecetfite use of a mixed model framework
to accommodate multivariate tests, despite missuigome data for some participants.
In assessing multiple cognitive or behavioral oates, or using similar applications in
which outcome measures are correlated and an ymaedonstruct or linear
combinations of outcomes are of interest, this tmayparticularly useful. This statistical
method allows for the application of multivariateadyses, and thus permits a potentially
more powerful omnibus test and examination of lir@anbinations of interest, without
having to resort to list-wise deletion or use ofltiple imputation methods. The utility of
this method is illustrated here in the significan€snoring status as a predictor of
overall cognition in multivariate results, as a gt reduction in cognition existed with
greater intensity of snoring, although individualvariate analyses with familywise error
correction lacked sufficient power to detect ti@duction. Power considerations in the

selection of SDB measurements for analysis shdattgpically be acknowledged in



study planning, though sensitivity analyses heraatestrated the robustness of the
results to different characterizations of SDB.

Several limitations should be noted in the presardy. The most salient may be
the inherent difficulty in drawing causal conclussovhen dealing with observational
data. Despite the wealth of research linking sfespology with cognitive and
behavioral outcomes, much of this research, inolgithe current analysis, has not
adequately manipulated the underlying SDB to assemsges in measured outcomes.
Although a recent clinical trial has supported plogential causal effects of SDB on
behavioral outcomes [31], questions remain conogrthie appropriate age of such
interventions, and when deleterious effects offslggthology may begin or peak.
Additionally, although the current analysis adjdsfer variables such as race, age, sex,
and BMI, other variables that were not measurech si3 socioeconomic status, likely
account for some variability in both behavioral @ednitive measures, and could
confound these relationships.

Another potential limitation of the current anasysvolves use of parent reports
for both behavioral outcomes and snoring status.gdossible that parents who are aware
of a possible link between SDB and behavioral gotsl could provide biased estimates
of either measure. However, prior research usimgnsonity samples has suggested
strong associations between parent-reported amtttdl®gly measured snoring [49] and
shown that parents are generally unaware of arciag®m between SDB and psychiatric
outcomes [70]. Thus, the potential for such biag ielikely low. Additionally, the use
of community-based sampling reduces the likelihobieferral bias as an explanation for

the association between SDB and reported outcomes.



Conclusions
The present analysis represents a unique multteaagproach to examining the potential

effects of SDB on behavior and cognition. The fingdi indicate that snoring status is an
effective predictor of a general problem behaviamdin, which included behavioral
outcomes involving parent-rated hyperactivity, ieation, psychosomatic problems,
internalizing problems, and externalizing problemsen after adjusting for AHI and
other variables of interest. Snoring was also aiggnt predictor of the overall

cognitive functioning domain, though follow-up uaniate analyses were significant only
for the NEPSY Comprehension of Instructions taslkcdntrast, the
polysomnographically-derived AHI was often non-giigant as a predictor of cognition
and behavior, and was negatively related to belhavablems in some measures. This
emphasizes the importance of examining and inctudimoring status in assessments of

potential cognitive and behavioral outcomes of atidi SDB.



Footnote

a.High BMI was also examined as a categorical variable, wsmg-off BMI Z-score of
1.64. This variable was also non-significant asesligtor of all cognitive measures and

all but one behavioral measure when adjusting der, aex, race, and asthma status. Since
characterizing BMI in this manner did not alterrsfigance pattern of results for any

existing analyses, results when using continuou$ Bigcores were reported here.
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Tables

Table 1. Sample demographic characteristizs1(055)

Characteristic M (SD) or n (%)?
Age 6.94 (1.30)
Sex (male %) 608 (55.42%)
Race (black %) 420 (38.25%)
BMI Z-scoré 0.757 (1.56)
Asthma (yes %) 165 (20.52%)
AHI¢ 3.04 (6.89)
Snoring status
Never 107 (12.47%)
Rarely 77 (8.97%)
Occasionally 128 (14.92%)
Frequently 184 (21.45%)
Almost always 362 (42.19%)

@ Some covariates contained missing values, so piges may not reflect the entire sample.

P Due to very small representation of other raciabigs, only black and white children were
included in this analysis.

°BMI refers to body mass index, computed as weikgiy/kieight (in§. Z-score computation used
age norms.

4 AHI represents apnea-hypopnea index, as desdrittbé manuscript. Log transformed AHI
was used for analyses, due to strong positive skéllscores ranged from 0-77.56.

°® Rarely represents an estimate of snoring 1 night per ywameksionally 2 nights per week,
frequently 3 nights per week, aralmost always >4 nights per week.



Table 2. Correlation matrix of behavioral measures.

Measure CPRS-R CPRS-R CPRS-R CBCL CBCL
hyperactivity psychosomatic inattention internalizing  externalizing

CPRS-R hyperactivity --

CPRS-R 0.36 --

psychosomatic

CPRS-R inattention 0.73 0.40 --

CBCL internalizing 0.46 0.63 0.48 -

CBCL externalizing 0.71 0.39 0.59 0.60 -

Note. All correlations are significant p&0.05



Table 3. Correlation matrix of cognitive measures.

Measure NEPSY NEPSY NEPSY NEPSY NEPSY NEPSY NEPSY DAS DAS
design  phon. tower naming arrows v-attn. comp. verb  nonv

NEPSY -

design

NEPSY phon. 0.48 --

NEPSY tower 0.28 0.55 --

NEPSY 0.43 0.34 0.24 -

naming

NEPSY 0.32 0.33 0.30 0.28 --

arrows

NEPSY v- 0.41 0.39 0.33 0.28 0.29 -

attn.

NEPSY comp. 0.34 0.44 0.43 0.24 0.32 0.30 --

DAS verbal 0.27 0.31 0.22 0.18 0.20 0.34 0.19 --

DAS 0.50 0.41 0.34 0.33 0.31 0.43 0.32 0.27

nonverbal

Note. All correlations are significant p&0.05



Table 4. Baseline covariate significance tests for behaVioutcomes.

Characteristic 1 Jdeviance® df P

Age 10.74 5 =0.057
Sex 41.21 5 <0.001*
Race 4.27 5 =0.511
BMI 5.66 5 =0.341
Asthma status 19.78 5 =0.001*

@ reflects change in —2*log likelihood of model caining the covariate relative to the empty
model, which includes no covariates.

* covariate is a significant predictor of cognitiatp<0.05.



Table 5. Predicted behavioral measure change from non+smahildren.

B (SE) for snoring status grolp

Measure Rarely Occasionally Frequently Almostaglsv
CPRS-R hyperactivity 0.13 (0.16) 0.48 (0.14)*  .39(0.13)* 0.40 (0.12)*
CPRS-R psychosomatic 0.41 (0.16)* 0.48 (0.14)* 0.52 (0.13)* 0.50 (0.12)*
CPRS-R inattention 0.15 (0.16) 0.46 (0.14)* 703.13)* 0.40 (0.12)*
CBCL internalizing 0.34 (0.16) 0.53 (0.14)* 0.0.13)* 0.58 (0.12)*
CBCL externalizing 0.27 (0.16) 0.43 (0.14)* 36(0.13)* 0.38 (0.12)*

*comparison withnever snorers is significant following Hochsberg’'s stgpprocedure.

& numeric values represent slope coefficients fergitedicted change in behavioral measure for
snoring group from baseline categorynefer snoring while adjusting for baseline covariates
and AHI.

Standard errors are reported in parentheses.



Table 6. Baseline covariate significance tests for cogaitutcomes.

Characteristic [ deviance® df P

Age 23.50 9 =0.005*
Sex 68.60 9 <0.001*
Race 101.11 9 <0.001*
BMI 5.33 9 =0.804
Asthma status 27.27 9 =0.001*

@ reflects change in —2*log likelihood of model caining the covariate relative to the empty
model, which includes no covariates.
* covariate is a significant predictor of cognitiatp<0.05.



Figures

Figure 1: Behavioral measure scores by snoring and AHI status
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Figure 2: Cognitive measure scores by snoring status
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Figure 3: NEPSY Comprehension of Instructions by snoring status
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Highlights

- Multivariate mixed models examined sleep disordered breathing (SDB) as a predictor of child
behavior/cognition.

- Snoring and apnea-hypopneaindex (AHI) both significantly predicted the behavioral
functioning domain.

- Only snoring significantly predicted overall cognitive functioning.

- Snoring should be independently examined when assessing children with sleep pathol ogy.



