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How do we diagnose a child with 

obstructive sleep apnea?



Who needs a study?

• Feeling sleepy during day
• Snoring loud
• Stop breathing during sleep
• Morning headaches
• Behavioral issues 
• Bed wetting 
• Parasomnias (nightmares, night terrors,..)
• Bruxism
• Mood swings
• Asthma
• Recurrent otitis media
• Mouth breathing

Snore +



Evaluation in sleep clinic

• Symptoms in children might be different than adults

• Getting a good history from the patient is very important

• Physical exam

• Questionnaires



PSG - The Gold Standard





Current diagnostic test: Polysomnography

Marcus et al, Pediatrics 2012; 130(3):576-84. 





Normal Mild-moderate Moderate Severe

Child AHI <1 1<AHI<5 5<AHI<10 AHI>10

Adult AHI <5 5<AHI<15 15<AHI<30 AHI>30

The Gold Standard gives us many things 
but 
we really use only one to diagnose OSA:



Not enough 
pediatric sleep 
specialists to 

diagnose all the 
kids at risk of 

SDB!!!



Thorax, 2014



History and Physical



Questionnaires

Using 6 questions based on:
Spruyt and Gozal, CHEST 
2012; 142:1508-15.  

A cumulative score >2.8 leads to a 
sensitivity of 83%, specificity of 
64%, PPV of 28% and NPV of 96% 



Please answer to the following questions considering your child’s sleep during past 6 months

Never Rarely
(once per week)

Occasionally
(twice per week)

Frequently
(3-4 times per 

week)

Almost Always
(more than 4 times per week)

Does your child stop breathing 
during sleep?

Does your child struggle to 
breathe while sleep?

Do you ever shake your child to 
make him/her breathe again 
when sleep?

How often does your child 
snore?

Do you have any concerns 
about your child’s breathing 
while asleep?

How loud does your child 
snore?

Mildly 
Quiet

Medium Loud Loud Very Loud Extremely Loud

Subject ID:
Age Date of Birth

Sex Male Race & Ethnicity White Non-Hispanic

Female African American Hispanic

Weight Lbs Kg Asian

Height Ft                                  Inch Alaska Native / American Indian

Cm More than one race



Questionnaires

Using 6 questions based on:

Spruyt and Gozal, CHEST 
2012; 142:1508-15.  



PSG Oximetry



For detection of OSA (OAHI>1event/h) 
using a threshold of a total score 
greater than or equal to 5/15 for the 5 
questions, sensitivity is 46/ 58 (79%) 
and negative predictive value 19/31 
(61%), with specificity of 19/54 (35%) 
and positive predictive value of 46/81 
(57%). 

For detection of moderate/severe OSA 
(OAHI≥5events/h), the sensitivity is
27/33 (82%) and negative predictive 
value 25/31 (81%), however, the 
specificity remains low at 25/79 (32%) 
and positive predictive value is also low 
at 27/81 (33%).



Too many proposals

reinforce the concept that

no single tool is good enough







HomeSleep Center

Must allow channels that allow direct
calculation of an AHI or RDI as the
result of measuring airflow or
Thoraco-abdominal movement. 

Must include the following channels: 
2 respiratory movement/airflow 
1 ECG/heart rate 
1 oxygen saturation

Must include the following channels: 
EEG 
EOG 
ECG/heart rate 
EMG 
Airflow 
Respiratory effort 
Oxygen saturation

Must include the following channels: 
EEG 
EOG 
ECG/Heart rate 
Chin EMG 
Limb EMG 
Respiratory effort at thorax and
abdomen 
Air Flow from nasal canula thermistor
and/or X-Flow

Attended studies are performed
with the oversight of a sleep technologist
with full sleep staging with the use of EEG
electrodes

Type I Type IVType IIIType II
Home sleep test (HST) with Type IV 
portable monitor, unattended; minimum 
of 3 channels.

Home sleep test (HST) with Type III 
portable monitor, unattended with a 
minimum of 4 channels.

Home sleep test (HST) with Type II portable
Monitor unattended (sleep studies that are
performed without the oversight of a sleep
technologist), with a minimum of 7 channels.





Respiratory Polygraphy Rather Than 
Polysomnography

Great correlation between PSG and RP in the sleep laboratory



Polygraphy Rather Than 
Polysomnography

AHI is underestimated in RP, and the disparity in AHI-RP and AHI-PSG 
can significantly affect clinical management decisions, particularly in 
children with mild and moderate OSA (1<AHI<10/hrTST). 

Tan et al, SLEEP 2014;37:255-60



Only 20 subjects



Home Polygraphy Rather Than 
Polysomnography?

AHI is underestimated in HRP,
the optimal AHI-HRP corresponding to the 
PSG-defined OSAS criterion was 
established as > 5.6/h. The latter 
exhibited a sensitivity of 90.9% (95% 
CI, 79.6%-100%) and a specificity of 
94.1% (95% CI, 80%-100%).





What about nocturnal 
oximetry?

The answer my friends 
is blowing in the wind…..







A, this nomogram shows the pretest probability (60%), likelihood ratios, and posttest probabilities for OSA scores 
predicting OSA (positive), inconclusive, or predicting no OSA (negative). 

B, this nomogram shows the pretest probability (60%), likelihood ratios and posttest probabilities for pulse 
oximetries interpreted as positive and for those read as inconclusive/negative.



ROC curve of desaturation index (DI) for the 
prediction of (A) mild, (B) moderate and (C) 
severe OSAS. 
(A) For mild OSAS prediction, the best cutoff value of 
DI was 2.05 (sensitivity 77.7%; specificity 88.9%). 
The area under ROC curve is 0.859.
(B) For moderate OSAS prediction, the best cutoff 
value of DI is 3.50 (sensitivity 83.8%; specificity 
86.5%). The area under ROC curve is 0.911. 
(C) For severe OSAS prediction, the best cutoff value 
of DI predicting severe OSAS is 4.15 (sensitivity 
89.1%; specificity 86.0%). The area under ROC 
curve is 0.942.













Center Participants Age Male (%)
BMI

(kg/m2)

AHÍ

(/hrTST)

OSA for AHI = 

1 e/h (%)

OSA for AHI = 

5 e/h (%)

OSA for AHI = 

10 e/h (%)

UofC1 981 6.1 ± 3.4 61.4 19.7 ± 7.3 9.3 ± 17.2 82.2 41.3 23.3

UofTn2 611 11.5 ± 21.4 54.6 23.3 ± 10.1 5.8 ± 11.3 68.1 29.6 17.7

HUBU3 578 4.1 ± 2.2 61.8 17.1 ± 4.2 5.9 ± 11.3 64.5 26.3 15.2

BCH4 558 6.3 ± 5.3 66.3 17.8 ± 3.7 5.8 ± 11.7 65.1 27.4 17.0

MSU5 499 6.5 ± 5.0 55.5 17.8 ± 11.2 6.2 ± 9.3 85.8 22.0 14.8

CGMH6 283 9.9 ± 3.2 72.4 19.5 ± 4.6 4.3 ± 10.0 72.4 21.9 8.1

Uof HK7 202 10.0 ± 2.4 62.9 18.7 ± 4.6 4.9 ± 7.5 70.3 26.2 10.4

PUCC8 183 5.4 ± 4.8 52.5 17.8 ± 4.2 3.7 ± 9.1 60.1 18.6 7.6

UofA9 130 11.7 ± 3.1 37.7 30.3 ± 5.7* 3.2 ± 7.1 63.1 22.3 10.0

SJDCH10 60 8.4 ± 4.8 58.3 19.5 ± 5.2 4.2 ± 6.1 76.7 25.0 11.6

ASCH11 51 7.0 ± 3.4 66.7 20.6 ± 6.4 10.6 ± 13.8 90.2 54.9 37.2

UofTu12 36 10.4 ± 3.5 61.1 21.0 ± 8.0 6.9 ± 12.9 72.2 27.8 16.7

HSM13 19 6.5 ± 3.8 47.4 19.1 ± 6.8 11.0 ± 15.2 73.7 47.4 36.8

ALL 4,191 7.4 ± 9.3 60.0 20.0 ± 7.0 6.4 ± 12.5 72.9 29.6 16.8

Machine Classification and AI-Based Neural Network Approaches to 
Automated Nocturnal Oximetry Diagnostics 

Hornero et al,  AJRCCM 2017
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Estimated AHI and ODI3% from 
oximetry measurements

Features 
extraction

AI-based Machine Learning Algorithm 
for Automatic  Diagnosis of OSA Using 
Overnight Home-Based (Pick your 
favorite sensor(s)):



All 
Participants

(n=432)

Primary 
Snoring

AHIPSG≤1 
event/hr
( n = 89 )

OSAS
AHIPSG>1 
event/hr

( n = 343 )

OSAS
AHIPSG>5 
events/hr
( n = 171 )

p value

Age, years 6.3 ± 2.5 6.5 ± 2.4 6.3 ± 2.6 6.4 ± 2.5
Male,  % 65.3 % 62.8% 69.4 % 64.5 %
BMI (% 
obese)

17.8 ± 4.5
(26.3)

16.6 ± 3.9
(23.2)

18.3 ± 4.7
(26.7)

19.2 ± 5.4
(33.1%)*

*-p<0.01 vs. 
all other

Total Sleep 
Time (min)

474.1± 54.4 460.4± 72.2 478.1± 47.8 471.7± 48.4

Sleep 
efficiency 
(%)

83.5 ± 8.6 83.7 ± 8.9 83.5 ± 8.6 82.2 ± 8.8

AHI, events/ 
h
(median; 
IQR)

10.0 ± 21.3
(3; 8.1))

0.5 ± 0.3
(0.5; 0.5)

11.4 ± 23.3
(4.5, 9.6)

22.3 ± 29.6
(12.2; 16.4)

**p<0.0001 
vs. primary 

snoring

ODI3%, 
events/ h

6.7 ± 16.2 0.2 ± 0.7 8.3 ± 17.7 14.8 ± 21.4 ** p<0.0001 
vs. primary 

snoring

SpO2 nadir, 
(range)  

89.8 ± 7.2 94.3 ± 2.0 88.6 ± 7.6 85.2 ± 9.0 ** p<0.0001 
vs. primary 

snoring

Cloud Algorithm-Driven Oximetry-Based Diagnosis of 
Obstructive Sleep Apnea in Symptomatic Habitually-Snoring 
Children.           Xu et al, ERJ 2019



Xu et al, ERJ 2019



So, how do we go about diagnosing OSA?
Adapt, Adapt, Adapt!!!



Clinical diagnosis of OSA:  Still Stuck with 
PSG

Polysomnography
• Gold-standard method
• Expensive
• Labor intensive
• Interpretation by expert
• Very limited throughput

At home sleep tests
• E.g. Multichannel
• ‘Less expensive’
• Less accurate
• Limited throughput



OSA associates with numerous co-
morbidities

• Molecular/Cellular abnormalities
 Inflammation
 Oxidative stress
 Endothelial dysfunction
 Immune cell modulation
 Neurological dysfunction

• End-Organ Adverse Consequences
 Neurocognitive abnormalities
 Dyslipidemia
 Hypertension and Atherosclerosis
 Insulin Resistance
 Depression
 Enuresis



Biomarker Discovery 
Phases

Five phases have been proposed by the National Institutes of Health (NIH) ‘Early Detection Research 
Network’ in the process of evaluating biomarkers:

• Phase I includes exploratory studies in which biomarkers are discovered through knowledge-
• based profiling (genes or proteins) to distinguish between diseased and normal samples.
• Phase II has two important components, namely development of an assay and validation for 

reproducibility and portability to other laboratories. 
• Phase III, the sensitivity and specificity of the test are appraised in a cohort of individuals who have not 

yet been diagnosed, a time consuming and usually onerous process, as blinded phenotyping of the cohort 
is needed in order to properly evaluate the biomarker panel. 

• Phase IV should then evaluate the sensitivity and specificity of the test in a prospective cohort, in order 
to ascertain the false referral rate for treatment based on the tested biomarkers. 

• Phase V evaluates the overall benefits and risks of the new diagnostic test on the screened population. 

• In general, an ideal set of biomarkers should be safe, easy, inexpensive to measure, should track the 
success or failure of therapy, and should be consistent across sexes and ethnic groups. Furthermore, it 
should be sensitive and specific and have a high predictive value, which can be assessed using the 
diagnostic odds ratio (DOR) 

 DOR=(sensitivity/1-specificity)/(1-sensitivity/specificity) as well as by negative and positive 
likelihood ratios. 

Evaluation of biomarkers and surrogate endpoints in chronic disease. In: Micheel CM, Ball JR, eds.; 
Committee on Qualifications of Biomarkers and Surrogate Endpoints in Chronic Disease; Institute of Medicine, 
The National Academies Press, 2010.



Clinical diagnosis of OSA:
Biochemical testing (surrogate biomarkers)

• Simple and inexpensive
• High throughput
• May serve as a rapid initial screening tool to select 

candidates for subsequent PSG analysis
• Requires development and validation:

Transcriptional profiling
& Epigenetics Proteomics Metabolomics



Problem 

 Some children not fulfilling NPSG statistical criteria for “disease” may be 
symptomatic and display measurable morbidity 

 while

 Other children who fulfill NPSG criteria for “disease” may not exhibit end-organ 
morbidity



Example: Rheumatic Fever
• The following Duckett Jones criteria are applied stringently for the diagnosis of ARF:
• Major criteria 

• Carditis 
• Polyarthritis 
• Chorea 
• Erythema marginatum 
• Subcutaneous nodules

• Minor criteria 
• Arthralgia 
• Fever 
• Elevated ESR or CRP 
• Prolonged PR interval 
• Evidence of preceding group A streptococcal infection–like from positive results on throat cultures or rapid antigen test 
• Elevated or rising streptococcal antibody titer

• If supported by evidence of preceding group A streptococcal infection, the presence of 2 major manifestations or 1 major and 2 minor 
manifestations indicates a high probability of ARF. 

• Failure to fulfill the Jones criteria should make the diagnosis doubtful, except in situations in which rheumatic fever is first discovered after a 
long latent period, eg, Sydenham chorea or indolent carditis.



Major Minor 
Obstructive apnea and hypopnea index >2 events/hour of sleep 

(/hrTST)
CRP > 0.4 μg/ml

Respiratory arousal index > 2/hrTST HDL < 40 mg/dl

Nadir SpO2 < 90% LDL > 80 mg/dl

Excessive Daytime Sleepiness Fasting insulin > 20 μIU/ml

Elevated norepinephrine/creatinine ratio (>85th percentile) 

Academic Difficulties Recurrent otitis media and/or s/p tympanostomy tubes

Hyperactive Behaviors > 5 visits to Primary Care Physician/year for respiratory 
symptoms

Arterial Blood Pressure > 85th percentile Adenoids > +1

Enuresis Tonsils  > +1

Obesity (BMI z score>1.67) Asthma and/or allergic rhinitis

Adenoids >+2 and/or tonsils >+2 Family history of OSAS

Nadir SpO2 >90% but < 93% *

Tentative OSA Criteria:

If supported by a history of habitual snoring, we could propose the use of any 5 major criteria or of any 3 
major and any 3 minor criteria as potentially and  reliably indicating the presence of OSA that  requires 

referral for treatment. 

Gozal and Kheirandish-Gozal, Curr Opin Ped, 2008; Sleep Medicine 2010



>7,000 clinically referred children with habitual snoring and 
symptoms of OSA

PSG shows oAHI>1 e/hTST

When Gozal criteria are applied

oAHI>2 e/hTST

oAHI>5 e/hTST



Blood Biomarkers



PSG

OSA Controls

RNA extraction from WBC

Blood Drawing

mRNA purification and ds DNA synthesis

cRNA transcription and Labeling

Agilent Human Genome
Microarray (27,000 genes)



Infogram of gene expression
pattern between each group.
Increased expression: brighter yellow
Decreased expression: darker blue

All genes that passed quality control



Infogram of gene expression
pattern between each group.
Increased expression: brighter yellow
Decreased expression: darker blue

Only genes that have false discovery 
rate <0.01

Quantitative RT- PCR was performed on 
selected genes: agreement with the 
microarray results

Gozal et al, Thorax 2014



Hierarchical clustering of all the experiments. 
Using genes that had at least a FDR <0.01 in TNoM 
(242 genes)

Gozal et al, Thorax 2014



Khalyfa et al, Sleep Medicine, 2009







Cortese et al, ERJ 2023



Cortese et al, ERJ 2023

(96% accuracy)



Summary

The high prevalence of OSA in adult and pediatric populations 
and the onerous nature of current diagnostic methods make this 
disease a strong candidate for biomarker-based diagnostic or 
screening approaches.

Since only a proportion of OSA patients exhibit end-organ 
morbidity, which is usually not routinely assessed in clinical 
practice, biomarkers may offer opportunities for risk 
stratification, prioritization for therapy, and potentially enable 
more personalized therapeutic algorithms adjusted for resource 
availability settings.





Is a PSG strictly necessary for the diagnosis of OSA in children?

SI NO



Thank you for your 
attention!
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