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Four stages of acceptance

1. this Iis worthless nonsense!

2. this Is an interesting, but perverse, point of
view

3. this Is true, but quite unimportant

4. | always said so.....

John Haldane (1892-1964), English geneticist



Cognitive and Behavioral Consequences

L0

*  Snoring and OSA in children are associated with behavioral problems such as
hyperactivity, aggressiveness, reduced freedom from distractibility, and learning
problems.

Ali et al., 1993, 1994, 1996
Leach et al., 1992

Ferreira et al., 2000

Chervin et al., 2002

>

s In 297 poorly performing first-graders, the incidence of OSA was 6-9 fold increased.

Gozal D, Pediatrics 1998



Sleep-Disordered Breathing and School Performance in Children

Gozal D, Pediatrics 1998



e
Coming Back to Kids




Children with lower academic performance in middle school

More likely to have snored during early childhood .
More likely to required T&A for snoring .

OSA associated neurocognitive morbidity may be only partially
reversible

A may develop with OSA during early childhood
and hamper subsequent school performance.

Gozal and Pope. Pediatrics.2001




Effect of OSA on Cognitive Performance
Large Community Cohort

n=1110

All races and socioeconomic backgrounds

Snoring and non-snoring

Ages 5-7 years

Prospective recruitment from community

Polysomnography

Neurocognitive assessments :Intellectual, Attention, Memory, Language and
executive function development.

Subdivided into four severity groups based on AHI

Comparisons of cognitive function

Hunter et al. Am J Respir Crit Care Med. 2016



NEPSY

(Developmental NEuroPSYchological Assessment)

Attention, Executive function, Language, Memory, Visuospatial planning ,
Analysis and processing speed

-Children with more severe OSA appeared to have the greatest reduction
in executive function.

-Attention is more affected in primary snorers compared to non-snoring
children

Hunter et al. Am J Respir Crit Care Med. 2016



NEPSY

Non-Snoring Controls
Primary snoring
Snore+ 1< AHI <5

Snore + AHI>5

Hunter et al. Am J Respir Crit Care Med. 2016



AHI was a significant predictor of overall cognitive performance.

Race was a significant predictor of overall cognitive performance ( African
American children performed more poorly).

Asthma status, BMI, and sex were not significant predictors of overall cognitive
performance.

Children who and or perform less efficiently and with less
capability across verbal and nonverbal cognitive demands.

Hunter et al. Am J Respir Crit Care Med. 2016



Children with OSA show significant differences compared to normal children

seem to be more dependent on sleep
fragmentation.

are more affected by
respiratory disturbance and oxygenation.



Effect on Executive Function

The Tucson Children’s Assessment of Sleep Apnea (TUCASA) study:

AHI showed negative correlation with: immediate recall, Full Scale 1Q,
Performance |Q, and math achievement.

Nocturnal hypoxemia adversely affected nonverbal skills.

Kaemingk KL et al. J Int Neuropsychol Soc. 2003




Effect of OSA on Declarative Memory
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Kheirandish-Gozal L et al. European Respiratory Journal. 2010



Children with OSA compare to the controls of the same age and sex
and to learn a
pictorial-based, short-term and long-term declarative memory test

Kheirandish-Gozal L et al. Eur Respir J. 2010



Effect of OSA on Cognitive Function

The oddball paradigm is an experimental design used within psychology
research.

Presentations of sequences of repetitive stimuli are infrequently interrupted by
a deviant stimulus. The reaction of the participant to this "oddball" stimulus is
recorded.

An event-related potential (ERP) is the measured brain response that is the
direct result of a specific sensory, cognitive, or motor event.

Barnes, Et al. Sleep Medicine. 2012



Effect of OSA on Coqgnitive Function

Children with OSA:

Presented with within the prefrontal
cortex during performance of an oddball attention task.

Exhibited significantly altered event-related potentials (ERP) patterns of
neural activation and impaired neurocognitive performance.

Barnes, Gozal , Molfese . Sleep Medicine. 2012



CHAT Design

Watchful waiting

n=464

5to 9 years 7 e

Intervention



Why “CHAT” study DID NOT show any evidence of improved
cognition after treatment?

Unique randomized controlled trial
Mild clinical sample with few showing cognitive morbidity on testing
Restrictions on specific SDB severity limits

Did not report analyses of the effect of treatment in the subset of children with cognitive
deficits

Taylor et al in a subsequent post-hoc secondary analysis showed improvements in
selected NC tasks

Pediatrics 2016




Normalization of Polysomnographic Findings.

The NEW ENGLAND
JOURNAL o MEDICINE



Baseline Characteristics of Patients Who Completed the Study.

The NEW ENGLAND
JOURNALof MEDICINE




Outcome Measures.

cb1 The NEW ENGLAND
%255 JOURNALof MEDICINE
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As compared with a strategy of watchful waiting,
surgical treatment for the obstructive sleep apnea
syndrome in school-age children did not
significantly improve attention or executive
function as measured by neuropsychological
testing but did reduce symptoms and improve
secondary outcomes of behavior, quality of life,
and polysomnographic findings, thus providing
evidence of beneficial effects of early
adenotonsillectomy.

o =3 T NEW ENGLAND
He/ JOURNALof MEDICINE




Children with conduct problems or school discipline referrals, in comparison
to peers, have increased symptoms of OSA

Bullies enjoy seeing others in pain:

Brain scans show disruption in natural
empathetic response O'Brien et al. Sleep Med, 2011

Decety et al. Biological Psychology, 2008




em-pa-thy

‘empoTHe/

Noun

The ability to understand and share the feelings of another




Normal individuals show
activation of the amygdala
In response to the
perception of intentional
harm to others.



Effect of OSA on Empathy-Research Desi

Snoring Children
Ages 7-11 Years
PSG in Pediatric Sleep Center

The morning after sleep study:
 Neurocognitive Battery of Tests (DAS-NEPSY)
» Child Behavior Checklist-Revised

Peabody Picture Vocabulary Test-Il

IQ-screening tool
Children select one of four pictures that best correspond to the word the tester read.
Mean of 100 and a standard deviation of 15.




Congruent Incongruent

Stroop Task:

Presenting three color words with letters in red, green, or blue font.

Participants were shown a word and asked to indicate the color of the letters by pressing
one of three buttons on a button box.

Congruent and incongruent trials were presented randomly .

While in the scanner, participants were shown 96 color-word combinations.




Empathy Task-Test

Participants viewed 60 dynamic visual scenarios.

Participants were instructed to lie still and pay attention to the people in the
scenes.

30 scenes : Neutral actions that did not involve harm

30 scenes : Interpersonal harm

Kheirandish-Gozal et al.Sleep 2014
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Kheirandish-Gozal et al. Sleep 2014

AHI vs. Peak Voxel in Left Amygdala for Harm>Action

Left amygdala: (-22, 4, 16)

Normally developing
children have activation
of the amygdala in
response to the
perception of intentional
harm to others.

Children with sleep
apnea showed greater
recruitment of regions of
their brain (implicated in
cognitive control, conflict
monitoring, and
attentional allocation ) in
order to perform at the
same level as children
without sleep apnea.

AHI predicted neural
responses in left
amygdala.

Increased respiratory
disturbance during sleep
may lead to reduced

empathy.




Normally developing children have activation of the amygdala in response to the
perception of intentional harm to others.

Children with OSA showed in order to perform at
the same level as children without sleep apnea.

Severity of OSA measured by AHI predicted neural responses in left amygdala.

Increased respiratory disturbance during sleep may be related to reduced
sensitivity in the amygdala.



Brain Volume
Reductions?

In multiple MR imaging studies in adult OSA patients, the presence of
significant neural and axonal injury has been inferred along with their
potential reversibility with treatment

Kumar et al. J Neurosci Res 2012

Fatouleh et al. Neurolmage Clinical 2015
Macey et al.Sleep 2012

Canessa et al. Am J Respir Crit Care Med 2011
Macey et al. Sleep 2008

Cross et al. Sleep 2008

Macey et al. Am J Respir Crit Care Med 2002




Children with OSA showed significantly reduced attention and visual-fine motor coordination
scores compared with controls. Grey matter volume deficit was observed in prefrontal and
temporal regions of cases with moderate-to-severe OSA only.

Significant negative correlations were found between the visual-fine motor coordination
score and the ratio of grey matter volume over total brain volume.

Chan et al. Sleep Medicine ,2014

Maximum intensity projection (MIP) of the statistical map showing
areas of grey matter deficits in patients with moderate-to-severe
obstructive sleep apnea.

The MIP is projected on a glass brain in three orthogonal planes.
Corresponding brain regions: C1, left superior frontal gyrus;
C2-4, right superior frontal gyrus; C5, left occipital gyrus; C6, right
supramarginal gyrus; C7, left superior temporal gyrus.




In children with OSA, even when
cognitive deficits are not detectable
by psychometric tests, there are
detectable gray matter losses.

Philby et al. Scientific Reports, 2017



In a cohort of 7—11 year-old children clinically and PSG diagnosed with OSA,
extensive regionally-demarcated grey matter volume reductions are present.

These regional brain changes were not correlated with the severity of
respiratory disturbance during sleep and there were no trends indicative of
an association with cognitive ability.

Since determining OSA duration is not practically possible, subjects may
have experienced OSA for several years, and these findings may either
reflect delayed neuronal development or disease induced neuronal damage.

The nature of the grey matter volume changes is unclear. ( atrophy arising
from neuronal damage?)
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Structural Equation Model in 922 Non-Obese Children
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Some Good News!

O Prospective detection of low SES young children
(3-4 years) who habitually snored uncovered not
only that they were more likely to have cognitive
deficits but also that if treated for OSA, the

cognitive deficits would completely reverse.
(Montgomery Downs et al, 2005)

o Similar findings by Friedman et al (sleep, 2003) In a
general pediatric population



-
Early Detection and Intervention

0 What is the impact of T&A In preschool-age
children with OSA in a highly vulnerable, at-
risk community population diagnosed
prospectively through screening?



_—
Methods

0 Validated questionnaire to parents of Jump Start students
Presence of snoring
>3 days/week
> Medium-Loud

O PSG
Diagnostic
>3 months Post-operative

0 Cognitive Assessment

Montgomery-Downs et al., 2005



Methods

Normal / Habitual Snoring/UARS

CLirv v/ y 4
\ e 273 Snorers / T&A not recommended
(32.8%) forPSG ™\ 39 T&A Recommended
25 5 9
T&A No Treatment No Contact

5 1

No-Shows Refused -

Montgomery-Downs et al., 2005



Differential
Ability

Scales

Mean = 100
SD =15
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GCA Scores
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Montgomery-Downs et al., 2005
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Summary

1 Sleep-disordered breathing in children
displays dose-dependent adverse effects on
several neurobehavioral measures.

1 Attention deficits seem to be more
dependent on sleep fragmentation, while
both behavior and mental processing (pre-
frontal cortex executive function) are more
affected by respiratory disturbance and
oxygenation.
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Summary

Sleep disordered breathing in children displays
dose-dependent adverse effects on several
neurobehavioral measures.



Problem |
Children with:
e (OSA: AHI> 2, Sa02 nadir <92%; respiratory arousal index >2
e PS: snoring, AHI <1, SaO2nadir>92%, respiratory arousal index <2
« CO No snoring, normal sleep study as in PS
Matched for :
 Age
o Gender
o Ethnicity

e BMI z score
e maternal education

Test for behavioral and cognitive function



Behavioral Measures

PS OSA Control

(n=150) (n=150) (n=150)
CBCL
(Child behavior Check List)
Withdrawn 56.0 + 8.1 55.1+ 6.8 543 + 6.8
Somatic Complaints 59.0 + 8.2* 61.2 + 9.5* 55.7 + 6.3
Anxious / Depressed 575+8.0 57.2+9.8 5.2 + 6.2
Social Problems 57.8 + 8.8* 58.9+95 544 + 6.7
Thought 579 + 8.3 56.9 + 8.4 55.8 + 6.4
Attention 61.1 + 10.6* 59.7 + 94 573 +77
Delinquency 57.5 +7.9* 59.2 + 8.6* 542 +5.8
Aggression 58.5 + 10.3* 59.2 +9.6 555+6.1
Internalizing 56.3 + 10.9* 56.4 + 11.6* 51.0 + 11.3
Externalizing 55.7 + 11.9 56.7 + 13.0 52.3+95
Total 59.0 + 11.6* 59.1+ 117 53.7 + 111

Gozal D, et al unpublished



Neurocognitive Measures

PS OSA Control
(n=150) (n=150) (n=150)
DAS
(Differential Ability Scales)
Verbal 96.5 +13.0** | 929 +11.3** 105.4 + 13.2
Non-Verbal 99.1+13.0 96.1 + 12.6* 103.3 +13.7
Overall 979 +12.9** | 942 +10.6** 1052 +12.4
NEPSY

Attention / Executive 105.2 + 16.1* 103.7 + 16.4 1109 + 14.8
function

Language and communication 98.2 + 17.3* 95.7 + 16.2* 105.6 + 17.6
VisuospatialFunctions 102.6 + 15.2* 100.2 + 14 2* 108.6 + 13.3
Learning and Memory 108.2 + 16.0 108.6 + 16.7 110.8 + 13.9

Gozal D, et al unpublished



Effect of OSA on Behavior
Large Community Cohort

« n=1022

» All races and socioeconomic backgrounds
* Snoring and non-snoring

 Ages 5-7 years

* Prospective recruitment from community
* Polysomnography

» Behavioral assessments

Divided into 4 groups:

* Group 1: Non-snoring and AHI <1
e Group 2: Snoring and AHI <1

* Group 3: Snoring and AHI 1-5

* Group 4: Snoring and AHI >5

Smith et al. Pediatric Pulmonology & Sleep. 2016



The Child Behavior Checklist — Revised (CBCL)

Parent report scale for (5-17 years) measuring problem behaviors and mood challenges in children. yields T-scores with a
meanzSD of 50+10
Subscales:

Withdrawn
Somatic Complaints

Anxious/Depressed r Internalizing problems

Social Problems
Thought Problems
Attention-Hyperactivity Problems

Delinquent Behavior .
Externalizing problems

1.
2.
3.
4.
5.
6.
7.
8.

Aggressive Behavior

The Conners’ Parent Rating Scales — Revised (CPRS-R)

Parent report scale, for 93-17 years) examining the presence and severity of problem behaviors observed in children.
Subscales:

1. Oppositional
. Cognitive Problems
. Inattention

. Hyperactivity

Perfectionism

2
3
4
5. Anxious-Shy
6
7. Social Problems
8

Psychosomatic ratings




Behavior Is at its worst In
“Primary Snoring Group”
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All 10 behavioral variables differed significantly between Group 1 (no snore,
AHI<1) and all other groups.

Post hoc comparisons indicated that snore only Group was the most impaired
for most behavioral measures.

This study suggests that OSA during early childhood is a significant contributor
to challenges with attention and behavioral regulation, as rated by parents.



Barnes et al, 2009
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Single layer of cells lining the blood vessels

fluorescence confocal microscopy of the blood-brain barrier.
Credit: Wyss Institute at Harvard University






24-hour ambulatory BP synchronized at sleep onset

e e

The absence of sleep onset BP dipping
The more severe the OSA the more increases in BP occurred.

Amin et al. Hypertension 2008



................... Control

00:06: 00 00:07: 30 00:02: 00 00: 03:20

00 06:20 00:07:00

00: 0500

00:09: 30

OSA

00: 06: 00 00:06: 30 00:07:00 O0:07:30 00:0:5: 00 00:03:30 00:0:3:00

Age (years)
Gender (male, %)

AHI (events/ hour)

Peak hyperemic response (sec)

00:03: 30

S7 Y
16.7+£5.5 17.3+8.4

33.2+4.1* 47.8+2.0*

Kheirandish-Gozal et al. CHEST 2013



NO OSA




WHY
At any given AHI,

only some children present with
?
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A tiny vesicle created and released firom the plasma membrane of various types of cells, especially immune cells, and capable of inducing
antigen-specific immune responses

Secreting Cell

Exosomes

Specialized membranous nano-sized vesicles

Vehicle for cell-free intercellular communication.

Secreted by many cell types including B cells, T cells
dendritic cells , mast cells, platelets , and tumor cells .

In response to physiological and/or pathological signals.
Secreted in biological fluids (blood/urine/plasma/breast
milk/saliva).

Contain functional mMRNA , miRNA (function as post-
transcriptional regulators of gene expression) , proteins, and
lipids.

May be exploited as biomarkers in the diagnosis of disease.



EXOSOMes are the

FedEx /DHL courier in our bodies




OSA
+

Normal Endothelial
Function

Vascular endothelial adhesion
CD 144

Tight junction protein

Intra cellular Adhesion molecule 1
CD54

Vascular cell adhesion molecule 1
CD106




Exosome-mediated in vivo effects on vascular function in mice

OSANEF EXOSOMES

Post occlusive reperfusion kinetics
5 min occlusion time
mouse injected once daily for 3 days

OSAED EXOSOMES



In vivo Evans Blue BBB permeability assessments in mice injected IV with :

- PBS /No exosomes
- Exosomes from healthy control children (CONTROL)
- Exosomes from children with OSA and neurocognitive deficit (OSA NC +)
- Exosome from children with OSA but no cognitive deficits (OSA NC -)

There Is significant increased in blood brain barrier
permeability induced by exosomes from exosomes of
children with OSA associated with cognitive deficits

(n=15/group)

Khalyfa et al, 2022,2023



PS and Cardiovascular Morbidity

Children with OSA were found to have higher daytime and nocturnal diastolic blood pressure
than subjects with PS, and those with PS greater daytime systolic and diastolic BP compared

to healthy controls without snoring.
Marcus CL et al. Am J Respir Crit Care Med 1998
Kwok KL et al. Chest 2003

No difference in systolic and diastolic pressure during sleep between children with OSA and

PS were detected.
Amin R, et al. Am J Respir Crit Care Med 2004

Children with PS have been shown to have elevated systemic blood pressures as well as

abnormalities in arterial wall rigidity.
Kaditis AG et al. Pediatr Pulmonol 2005
Amin R, et al. Hypertension 2008
Li AM et al.J Pediatr 2009



Of note PS may also increase BP

Table III. Daytime and nighttime BP measurements in patients with SDB
Controls (n = 56) PS (n= 46) AHI1 to 3 (n = 62) AHl = 3 (n = 26) P (trend)
Daytime BP measurements
SBP, mmHg 1075 +68 1104+ 7.4 1099 4+ 7.8 108 +£53 042
DBP, mmHg B96 +£3.9 1.7+ 52 1.2 +43 726 +45* 008
MAP, mmHg 823 +441 842+ 54 838 +47 853 +41* 014
SBP z-score -0.67 £ 0.85 -0.23 4+ 1.02 033 +£1.04 023 +£0.76 042
DBP #score 0.41 £ 063 -0.06 4+ 0.87 015 +£072 0.09 £ 075 008
MAP z-score -0.31 £ 058 -0.01 4+ 0.84 -0.10 £ 0.71 011 £ 064 019
Systolic hypertension, n (%) 0 2 (4.3) 4 (6.5) 0(0) .39
Diastolic hypertension, n (%) 0oy 2 (4.3) 1(1.6) 1(3.8) 49
Nighttime BP measurements
SBP, mmHg 954 £6.9 976+ 749 982 4+78 1018 +88" 0009
DBP, mmHg 565 +4.9 064 50" 50.0 £+ 4.5* 61.7 + 647 0001
MAP, mmHg 09 +47 7324+ 58 132447 76.3 +6.0° 0001
SBP z-score -0.26 £ 0.85 0.06 + 0.96 014 +£0.99 054 +1.08" 0005
DBP z-score 0.19 +0.82 0.75 + 0.09" 065+ 077 1.05 + 1.09 L0001
MAP z-score 0.28 £0.M1 0.64 + 0.82 0.64 + 0.69* 1.03 +0.86F < 0001
Systolic hypertension, n (%) 1(1.8) 1(2.2) 4 [6.5) 4 (15.4) 013
Diastolic hypertension, n (%) 1(1.8 9 (19.6)° 5 (8.1) 8 (30.8)° 005
Nocturnal dipping
SBP dipping, % 112 £47 1.5+ 57 106+ 56 81+56 038
DBP dipping, % 188 £59 166+ 7.7 170+ 56 150 +£7.7 021
MAP dipping, % 13.8 £4.4 1294+ 6.2 12.5 £ 5.0 10.5 £ 65" 013
SBP nondipper, n (%) 28 (50.0) 18(39.1) 23 (37.1) 15 (57.7) 43
DBP nondipper, n (%) 3(5.4) 9 (19.6) 8129 5(19.2) A3
MAP nondipper, n (%) 11 (19.6) 13(28.3) 20 (32.3) 11 (423 029

Data are expressed as mean + SO for parametric data and as number (%) for categorical data,

*Tukey honestly significant difference (HSD) test, P < .05, significantly different from nonsnoning healthy controls.,
FTukey HSD test, P .00, significantly different from nonsnarng healthy contrals.

fTukey HSD test, P« 001, significantly different from nonsnoring healthy controls.,

EFisher exact test, P < 005, significantly different from nongnoring healthy controls.



PS and Enuresis

Brain natriuretic peptide levels
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Polysomnographic and metabolic characteristics of the second follow-up cohort

PS (n=87)

Control (n=65)

Glucose (mg/dl)

78.8+2.4

78.5%1.75

Insulin (LIU/ml)

8.3+1.30

6.1+0.72

HOMA-IR

2.2+0.5

1.2+0.2

Triglycerides (mg/dl)

75.9+4.8

70.0+3.61

Cholesterol (mg/dl)

168.1+3.9

161.9+3.5

HDL (mg/dl)

55.5+1.6

52.2+1.2

LDL (mg/dl)

97.4+2.9

93.7+£3.0

hsCRP (mg/I)

2.1+0.7

1.2+0.3

SpO, nadir (%)

90.7+0.5

91.8+0.5

Mean SpO, (%)

97.3+0.1

97.5+0.1

Total arousal index (/hr TST)

14.3+1.3

13.3+1.0

OAHI (/hr TST)

0.8+0.1

0.4+0.1

BMI z-score

1.0+0.2

0.9+0.1

Age (years)

6.7+0.2

6.8+0.3

Male (n)

45

32

African American (n)

22

16




Summary

PS is associated with increased risk for neurocognitive and
behavioral disturbances, increased cardiovascular risk,
Increased risk for enuresis, and increased risk for insulin
resistance



Based on these findings,
we should treat all children
with primary snoring, in that case
sleep studies would not be needed!!!



Problem 11

At any given level of OSA severity based on polysomnographic

measures, there are children with neurocognitive deficits and
otherwise age, gender, ethnicity, maternal education, and BMI-
matched children who do not have neurocognitive deficits!



CRP and Cognitive Function in Children

278 Gozal et al., AJRCCM 2007
children

Non Snoring -
Snoring N=205 OSA (-)Nl:|g5beflcﬂ's CRP
N=73 0.21+0.08

N 102

CRP
0.36 £ 0.11

OSA (+) NC Deficits

N=57 CRP
0.48 + 0.12

CRP \
0.18 +0.05 ﬁ
OSA

Habitual Snoring

N=103

0.19+ 0.07
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Triple Risk SDB Morbidity Model

Environment SDB Severity
Food
Exercise
Pollution
Literacy
ApoE Prematurity?
f)
TNFo Individual Age’

FABP4 Susceptibility

U Obesity?

Polymorphisms



Problem |11

Some children not fulfilling statistical criteria for ““disease” may be
symptomatic and display measurable morbidity while other children
who fulfill statistical criteria for “disease’ may not exhibit end-organ
morbidity. Should we treat a snoring child if no evidence of damage is
present?
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