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수면호흡장애

• 잠을 자는 동안 상기도의 저항이 증가하면서 일어나는 호흡의 이상

• 단순코골이 (Simple snoring)

• 저산소증(Sleep-related hypoxemia or nocturnal hypoxemia)

• 수면무호흡증후군(Sleep apnea syndrome)
- 폐쇄성 수면무호흡증 (Obstructive sleep apnea, OSA)
- 중추성 수면무호흡증 (Central sleep apnea, CSA)  → 호흡노력없음

• 수면 관련 저환기증후군(sleep-related hypoventilation syndromes)

J Sleep med, 2022;19(3):133-138
Circulation. 2021;144:e56–e67

https://doi.org/10.1161/CIR.0000000000000988


Obstructive sleep apnea (폐쇄성 수면무호흡증)

• 수면 중 상기도의 반복적인 폐쇄

: Partial or Complete cessation of breathing

• Obstructive sleep apnea (OSA)
: 20-30% of men, 10-15% of women
→ 점차 증가하고 있다.

• Untreated OSA 
: Cardiovascular disease,
Metabolic syndrome
Cognitive impairment, depression

J Sleep med, 2022;19(3):133-138
Circulation. 2021;144:e56–e67



P Fiedorczuk et al, J. Clin. Med. 2023, 12(1),

Chronic intermittent hypoxia



Risk factor

Male
Older age
Obestiy

Race (Asian,African-american)

Family history

Yerem et al, Circulation, 2021



Chest. 2018;153(3):744-755.
Curr Sleep Med Rep 2018;4:231–242

Anatomical factor

→CPAP, Surgery, Oral appliance
Positional therapy, Weight loss

Non-anatomical factor

약 70%

Pathophysiology



Apnea (무호흡) : 10s, 90% reduction

Hypopnea (저호흡) : 30%, 3% Spo2 저하

AHI : Apnea + Hypopnea index
무호흡/저호흡지수 (시간당 몇번)

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

ODI (Oxygen desaturation index)

T90, TST90 (total sleep time, under 90%)



Polysomnography (수면다원검사)
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수면무호흡증의 중증도 분류

* 무호흡-저호흡지수(Apnea-hypopnea index, AHI)

1시간동안 발생하는 무호흡 + 저호흡

경증(mild)            : 5 이상 15미만
중등도(moderate)  : 15이상 30미만
중증(severe)         : 30이상

RDI(Respiratory disturbance index) : AHI + RERA index.   

ODI (Oxygen desaturation index) :  산소포화도가 떨어진 횟수

T90, TST90, TSao90 (total sleep time, under 90%) (시간)

11Azarbazin et al, EHR, 2019





OSA & Cardiovascular disease
• Hypertension

- 30-50% have comorbid OSA
- Resistant hypertension → 80% may have OSA
- CPAP adherence → Nocturnal BP reduction

• Atrial fibrillation
- OSA(Independent risk factor) : Hypoxia & hypercapnia → intrathoracic pressure change

→ sympathetic tone increasing → autonomic dysregulation
→ Atrial remodeling, atrial fibrosis

- CPAP → improved A.fib burden

• Pulmonary HTN
- OSA prevalence 70-80%
- Hypoxia induced pulmonary arteriolar vasoconstriction
- PAP 25~30mmHg (35 이상은 다른 질환이 대부분 동반)

J Am Heart Assoc. 2019;8:e010440
JAMA. 2013;310:2407–2415
Am J Respir Crit Care Med. 2006



OSA & Cardiovascular disease

• Coronary artery disease
- Repetitive hypoxemia & reoxygenation → oxidative stress
- Coronary artery calcification, Plaque instability, Plaque vulnerability → CV event & death 2배

• Cerebrovascular disease
- Independent risk factor incident Stroke / Stroke recurrence
- CPAP tiral after stroke → recovery & secondary prevention (no high level)

• Heart failure
- Symtomatic HF → 40-60% Sleep-disordered breathing
- Central sleep apnea dominant (70%)
- CPAP → No significant effects on either LV EF & hospitalization

Eur J Heart Fail. 2007;9:251–257
J Am Heart Assoc. 2018
J Clin Sleep Med. 2019;15:301–334Am J Respir Crit Care Med. 2016;194:613–620.

Clin Sleep Med. 2011;7:616–621.



OSA & Cardiovascular disease

Yerem et al, Circulation, 2021

MACE (Major adverse cardiovascular event)



Sleep to sleep variation

Ideal Metrics(Biomarker) Comment

Sensitive for disease Screening test, Diagnostic utility

Specific for disease Few false positives avoid unnecessary PSG

Dose responsive, correlates with disease 
severity

Could quantify disease burden, Prioritize 
therapy

Treatment responsive Use as a metric for adequacy of therapy or 
adherence to CPAP

Involvement in important causal pathway Reliable surrogate outcome measure, 
predicting disease complications

Easily measured Would not require major expertise to assess

Inexpensive Allow high throughput in clinic or research

Panel of metrics Assess multiple pathway, e.g. inflammation, 
oxidative stress, autonomic

SB montesi et al, CHEST, 2012 Jul;142(1):239-245

What is Ideal metrics?



A: Mortality                                     B: CPAP 치료환자는 제외

• Wisconsin cohort

• 1,522 patients
→ 18yrs f/u

• AHI correlation

• Severe OSA!

SLEEP. 2008 Aug 1;31(8):1071–1078. 

OSA(AHI) → Cardiovascular disease



AHI & Cardiovascular disease

Naresh et al, PloS Med, 2009

• Sleep Heart health study

• Prosepctive corhort

• 1995-1998 in New York

• 40세 이상, 6,441 patients

• 6,294 patient 
(53.3% women)



In Old age group

AHI → No correlation 
with comorbidity

Naresh et al, PloS Med, 2009



OSA and
Cardiovascular 
disease

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

● Canada
● 1990-2010

● Myocardial infarction, 
Stroke, Heart failure, 
resvascularization
procedure, Any cause of 
deah



Fully adjusted model               Multivariable Cox regression model               

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



OSA & Myocardial infarction?

Lowest SpO2 → (ST-Depression MI)

J Clin Sleep Med. 2011;7:616–621
Chest . 2000;Jun;117(6)

AHI > 30,  ST-Elevation MI



NEJM, 2016
Lancet 2020 
AJRCCM 2016





PAP therapy (positive airway pressure)

• High quality of evidence

Reduces frequency of respiratory events during sleep

Decrease daytime sleepiness

Improve systemic blood pressure

Lower the risk of traffic accidents

Improve quality of life

But) Unsuccessful → primary or secondary cardiovascular outcomes!



Positive airway pressure therapy (PAP therapy) 
: Adherence 40~60%



AHI & ODI is enough?

• Cardiovascular event  Chronic intermittent hypoxia =  AHI ??

• Under estimation?(prolonged hypoventilation), (Supplemental oxygen?) 
Over estimation? (hypopnea), Alpha intrusion?



AHI is not enough

• AHI : Anthropometric / Demographic variables
Underlying disease

Severity of individual respiratory events 
(duration & depth) & Sleep fragmentation

• Longer & Deeper respiratory events
→ Larger acute cardiovascular response

(Surges in Heart rate & Blood pressure)

→ Longer & deeper oxygen desaturation.



Oxygen desaturation index (ODI)

Lalee et al, Sleep Sci, 2022Time, Depth 반영이 안된다

COPD  + OSA

OSA
COPD



T90: Time spent with SpO2 <90

Ying et al, Stroke, 2019
Depth 반영이 안된다



Wenhao et al, Nature and Sciece of sleep, 2020



• Area under the oxygen desaturation curve from a pre-event 
baseline saturation. (%mintue) / per hour of sleep)

Hypoxic burden

Azarbazin et al, EHR, 2019



Azarbine et al, 2023, Animed

(A) HB : based on Respiratory  event

(B) Subject-specific 
search window

Peak SpO2 (Event 전/후)

(C) Summation

(D)Event 깊이, 지속시간,면적



Example) Hypoxic burden (algorithm)

• 한시간에 20번의 Event

• 평균적으로 SpO2 8% 만큼 30초간 감소

→½ x 0.5 x 8 = 2%분

시간당 20번의 이벤트 → HB = 2 x 20 = 40%min/hour

SpO2 로 확인하는 지표 → Useful in Home sleep test!



Hypoxic burden / Traditional metrics correlation

Home sleep apnea test

Azarbazin et al, EHR, 2019

(A)

(B)
Figure S3: Scatter plots of hypoxic burden (HB) versus apnea-hypopnea index (AHI) and the sleep time below 90% oxygen saturation (TST90) f

or MrOS study (panel A) and SHHS study (panel B). The association between hypoxic burden and AHI weakens as AHI increases. Also, the hyp

oxic burden and TST90 are poorly correlated in both studies.





Hypoxic burden → OSA predictive models

• Shanghai 2019-2020

• 2,303 patients

• Test (n=1,200)
Validation (n=1,103)

• Sensitivity/Specificity
75.7% / 90.1%

• Mild OSA    (AUC 0.878)
Moderate    (AUC 0.938)
Severe        (AUC 0.959)



• Two cohort
(1) MrOS sleep study
(2) Sleep Heart Health Study

• (1) 2743 men
(2) 5111(중년이상, 52.8% women)

• All-cause mortality
CVD-related mortality

• (1)  HR  1.81 (CI 1.25-2.62)  Q3
2.73 (CI 1.71-4.36)  Q4

• (2)  HR 1.96 (CI 1.1 – 3.43)   Q4 Azarbazin et al, EHR, 2019

Hypoxic burden → CV risk prediction?



● Pays de la Loire Sleep cohort : 5,358 patients
● HR 1.27 (1.19-1.36)  :  1.21 (1.07-1.38)

Trzepizur W et al, Am J Respir Crit Care Med. 2022

Hypoxic burden → CV risk prediction?
Men Women



Manually & Automatically calculated HB

Neda Esmael et al, AJRCCM. 2023



Hypoxic burden & Blood pressure

• Especially uncontrolled or resistant form

Kim et al(2019) ; 
High DBP (1SD HB → 0.9% increase DBP)
Not SBP

Not-using anti-hypertensive drug
: 1SD increase → 1.1% increase SBP

1.9% increasd DBP
 



Hypoxic burden & Stroke
• Inconclusive (variation in mean age & nature of prevention)

 

ERJ 2021



AHI base CPAP therapy → No benefit (CV risk)

• ISAACC trial

• Spain, 15 hospitals

• AHI 15이상 환자를 대상

• Non-sleepy patients (ESS <10)\

• CPAP 633 / Usual care 631

• F/U : 3.35yr

• HR 1.01 (0.76 – 1.35)

Manuel et al, Lancet Respiratory medicine, 2020



Hypoxic burden → CPAP treatment?

• RCT

• Post hoc analysis of 
ISAACC trial

• High HB / Low HB
73.1%min/h

Lucia Pinilla et al, ERJ, 2023 62(6) : 2300828



Lucia Pinilla et al, ERJ, 2023 62(6) : 2300828



New Metrics for OSA & Comorbidity



Hypoxic burden
• 1) Index-based hypoxic burden measure : AHI, ODI

(Oxygen desaturation index)

• 2) Time based hypoxic burden measures : T90
(Time below SpO2 90%)

• 3) Area based hypoxic burden measures : Hypoxic burden

Duratio & Depth
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Hypopnea



Ventilatory burden

• Proportion of overnight breaths with less than 50% normalized 
amplitude

Parekh et al, AJRCCM, 2023



• A : Normal group

• B : CPAP / Suboptimal CPAP / Off CPAP (2일 뒤)

Parekh et al, AJRCCM, 2023



A : All-cause mortality                     B : Cardiovascular mortality

SHHS(Sleep heart health study) cohort

Parekh et al, AJRCCM, 2023



• 전체 사망률: AHI(0.77) < HB(0.78) < VB(0.79) ≈ VB+HB(0.79)

• 심혈관질환 사망률: AHI(0.83) < HB(0.85) ≈ VB(0.85) < VB+HB(0.86)
Parekh et al, AJRCCM, 2023



AHI + AHI duration combination

• AHI : Event / Hour
→ Ignore hypoxemia depth & sleep fragmentation

• Short event 
→ Greater arousability d/t low arousal threshold

Increased sensitivity of the respiratory chemical control system

• Short-duration event → Hypersensitivity &  Hyperarousability

• SHHS / 5,712 patients
→ 11yrs f/u

Am J Respir Crit Care Med. 2019 Apr 1;199(7):903-912



Am J Respir Crit Care Med. 2019 Apr 1;199(7):903-912



Intermittent hypoxia 
→ Cardioprotective effect?

Linz, Dominik et al. CJC, 2020, 
V36, Issue 6, 809 - 812



Peak Troponin-T   &  OSA

Sleep Breath (2013) 17:819–826



수면다원검사(Polysomnography)
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ΔHR → SBP reduction prediction

• HeartBEAT trial (Heart Biomarker Evaluation in Apnea 
Treatment)

• 2010-2011, USA

• RCT, 168 patients

3개월의 CPAP치료 vs Nocturnal supplemental oxygen(NSO)

Ludovico et al, Hypertension, 2024



Ludovico et al, Hypertension, 2024

High ΔHR
→ Predicted a more favorable BP response to therapy

Greater reduction Hypoxic burden 
→ Improvement in SBP



ΔHR → Cardiovascular comorbidity

- MESA cohort

- SHHS cohort

Modreate-Severe OSA

Azarbazin et al, AJRCCM 2019



High ΔHR → CPAP benefit?

• RICACADSA RCT

• Post hoc analysis

• CPAP-related protection

• Primary outcome
- Repeat revascularization
- Myocardial infarction
- Stroke
- Cardiovascular mortality

Azarbazine et al, AJRCCM, 2021



Azarbazine et al, AJRCCM, 2021

• Patients with higher ΔHR exhibit greater cardiovascular benefit 
from CPAP therapy.





Cluster analysis : Symptom subtype?

CHEST, 2021
AJRCCM. 2022





Diego et al, ERJ, 2025



Diego et al, ERJ, 2025



OSA → Heterogenous subtype

• Cluster analysis (K-means)
• Determining Risk of Vascular 
Events by Apnea Monitoring 
(DREAM) study cohort
2041 Veterans

• 2000-2004 → 2012

• 271 patients
: ACS, TIA, Stroke, Death

• PLMS
(Periodic limb movement during 
sleep)

Zinchuk et al, Thorax 2018;73:472-480





Cluster analysis in WSCH sleep cohort

Unpublished



Unpublished



Estimate Std. Error z value Pr(>|z|)

(Intercept) -5.477 0.587586 -9.3212 1.15E-20

cluster2 0.021842 0.514694 0.042437 0.96615

cluster3 0.701385 0.415249 1.68907 0.091206

cluster4 0.601557 0.384931 1.562766 0.118108

cluster5 0.634783 0.308389 2.058383 0.039553

AGE 0.048926 0.008927 5.480971 4.23E-08

PY 0.018479 0.003939 4.691903 2.71E-06 Unpublished

Cluster analysis in WSCH sleep cohort



Estimate Std. Error z value Pr(>|z|)

(Intercep
t)

-5.477 0.587586 -9.3212 1.15E-20

cluster2 0.601557 0.384931 1.562766 0.118108

cluster3 0.701385 0.415249 1.68907 0.091206

cluster4 0.634783 0.308389 2.058383 0.039553

cluster5 0.021842 0.514694 0.042437 0.96615

AGE 0.048926 0.008927 5.480971 4.23E-08

PY 0.018479 0.003939 4.691903 2.71E-06
Unpublished

Cluster analysis in WSCH sleep cohort



Summary

• Sleep apnea 
- 진단 & 중증도 → AHI, T90, ODI  
- Cardiovasculr risk, CPAP treatment benefit → inconsistent result 

• New metrics
→ Hypoxic burden, Ventilatory burden, Heart rate response

• Heterogenous group
d/t Race? Underlying disease?, Sex? 
→ Personalized treatment!

Anatomical factor

→CPAP, Surgery, Oral appliance
Positional therapy, Weight loss

Non-anatomical factor

약 70%



감 사 합 니 다
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