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Apnea (무호흡) : 10s, 90% reduction
Hypopnea (저호흡) : 30%, 3% or 4% Spo2

AHI : Apnea + Hypopnea index

RERA(Respiratory effort-related arousal)
RDI : AHI + RERA index

ODI (Oxygen desaturation index)
T90, TST90 (total sleep time, under 90%)



OSA and
Cardiovascular 
disease

Tetyana et al,   PLoS Med. 2014 Feb 4;11(2)



Short period                              Long period

Compliance ▲▲ Compliance ▲



• EDS(졸림) : Low in Heart failure, A.fib
High in asthma
AHI correlation.

• QOL(quality of life) : sleep related QOL (more improved)

• CAR crash 
Disease severity(AHI) and rates of crashes is inconclusive.

Recent, SHHS ; AHI(4% hypopnea) : OR 1.15, CI 1.07-1.26

AHI 10증가 < sleeping one hour less per night



• HTN 
Severe OSA (AHI 3%, >30)
more strongly than BMI 30, Male sex

• CHD(Coronary heart disease)

AHI>10, OR 3.1,   
(DM과 비슷,  HTN, hyperlipidemia보다 높다)  (Peker et al)

AHI >14, OR 4.5 (HTN, DM, BMI 5증가와 비슷)
(Smoking aOR 1.6 보다 높다) (Mooe et al)











R. Doug McEvoy,  NEJM, 2016

ODI : Oxygen desaturation index (4% from baseline)

T90 : SpO2 < 90%





AHI is enough?

• Hypoxic burden  =  AHI ??
• Under estimation?(prolonged hypoventilation), 
Over estimation? (hypopnea), supplemental oxygen?, Alpha intrusion?



OSA & COPD overlap syndrome



Apnea > Hypopnea??

Park S, JTD 2020



- Apnea dominant :  Apnea index / RDI > 50%
- Hypopnea dominant : Hypopnea index / RDI > 50%
- RERA dominant : RERA index / RDI > 50%

Park S, JTD 2020



Variables N=614
Coronary artery diseases Heart failure

Odds ratio,
95% confidence interval

p value
Odds ratio,

95% confidence interval
p value

Age, years 48.7±14.8 1.06 (1.04-1.08) <0.001 1.10 (1.07-1.14) <0.001

Males, (%) 472(76.9) 1.43 (0.83-2.49) 0.199 2.49 (1.25-4.97) 0.010

BMI, kg/m2 26.3±4.3 1.10 (1.04-1.16) 0.001 1.10 (1.03-1.18) 0.008

Neck circumference, cm 37.2±5.0 1.04 (0.99-1.09) 0.093 1.02 (0.95-1.10) 0.538

Smoking, pack year 10.8±17.2 1.02 (1.01-1.03) 0.002 1.00 (0.98-1.02) 0.866

Hypertension, (%) 262(42.7) 8.84 (4.54-17.23) <0.001 11.59 (4.04-33.22) <0.001

Hyperlipidemia, (%) 133(21.7) 23.30 (12.37-43.90) <0.001 14.70 (6.51-33.18) <0.001

Diabetes, (%) 97(15.8) 4.95 (2.89-8.46) <0.001 6.01 (3.00-12.06) <0.001

Apnea index 18.0±24.0 1.00 (0.99-1.01) 0.994 0.99 (0.98-1.01) 0.418

Hypopnea index 9.8±11.8 1.03 (1.01-1.05) 0.002 1.03 (1.01-1.05) 0.006

RERA index 8.44±6.5 0.98 (0.94-1.02) 0.264 0.91 (0.84-0.97) 0.005



Park S, JTD 2020



Hypopnea



Oxygen desaturation index (ODI)

Lalee et al, Sleep Sci, 2022



T90: Time spent with SpO2 <90

Ying et al, Stroke, 2019



T90: Time spent with SpO2 <90

Wenhao et al, Nature and Sciece of sleep, 2020



Wenhao et al, Nature and Sciece of sleep, 2020



Hypoxic burden

Azarbazin et al, EHR, 2019



(A)

(B)
Fig re S3  Scatter plots of h po ic b rden (HB) ers s apnea h popnea inde  (AHI) and the sleep time belo  90% o gen sat ration (TST90) for MrOS st d  (panel A) and S

Azarbazin et al, EHR, 2019



Figure S4: The modified versions of hypoxic burden to account for the impact of desaturation depth on cardio
vascular mortality. The square transform of desaturation resulted in diminished area for small desaturations a
nd exaggerated area for larger desaturations.

Azarbazin et al, EHR, 2019





Azarbazin et al, EHR, 2019



Alternative metrics

• Approximate entropy (ApEn)
• Arousal intensity
• Odds ratio product (ORP)
• Cardiopulmonary coupling(CPC)
• Apnea-hypopnea event duration



1. Approximate entropy (ApEn)

• Based on chaos theory
• ApEn : Small value  Regularity & Predictability

Large value  Complexity & Variability

• Measure of system complexibity
• Applied in clinical cardiovascular studies

• Improved by CPAP
• Acteazoamide



• Multiple system atrophy (MSA)

Nakayama et al, J Clin Sleep med, 2018



Nakayama et al, J Clin Sleep med, 2018



2. Arousal intensity & Heart rate

• Arousal from sleep  can vary in intensity 
(Not captured by traditional EEG criteria)

• Frequent arousal  ;  Cognitive impairment

• Average arousal intensity
 Positively associated with arousal duration, time to arousal

Rate of change in epiglootic pressure
Negatively with BMI

• High arousal intensity  prone to respiratory control instability





• Frequent arousal

• Arousal-related tachycardia

Azarbazin et al, Sleep 2014



3. Odds ratio product (ORP)

• Quantifies sleep depth

• Analyses of the EEG by using various power spectral measure.

• ORP : 0 ~ 1  Sleep
2~ 2.5  Wakefulness

• Overlap in ORP value and different stages of sleep.

• Night to night variability



Azarbazin et al, J Sleep Res 2020



Azarbazin et al, J Sleep Res 2020



4. Cardiopulmonary coupling
• During sleep, using a single-lead EKG signal

• Normal-to-normal sinus interbeat interval series & corresponding 
electrocardiogram-derived respiration signal.

• Fourier-based technique

• NREM sleep : spontaneous abrupt transitions; High & Low hz

• To track cardiopulmonary interaction dynamically. (NREM)



5. AHI duration

• Duration of the respiratory events & overall mortality in SHHS.

• Short respiratory event : Low arousal threshold
Unstable ventilatory control

 Mortality in men & women (HR 1.31)

• Short duration  less hypoxic burden ?



Adjusted AHI

A.Muraja et al, Sleep breath, 2014

 AHI + Event duration



A.Muraja et al, Sleep breath, 2014



Symptom

subtype

Diego et al, AJRCCM 2019



Summary

• Symptom    vs    Cardiovascular outcome

• AHI, ODI, T90
• Hypoxic burden

• Other metrics

• Subtype(Symptom, Blood test, biomarker) & Cluster analysis
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