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Sleep characteristics in ILD

Poor sleep quality in patients with ILD compared to the 
normal population

- disturbed sleep architecture

- frequent arousals and sleep fragmentation

- nocturnal hypoxemia 

Sleep changes in ILD 

- affect sleep quality and contribute to daytime fatigue

Mermigkis C et al. Chest 2017



Sleep characteristics in ILD

Characteristics Abnormality Patient group

Respiratory rate Unchanged
Decreased

ILD, IPF
ILD

Stage 1,2 sleep Increased ILD
IPF

REM sleep Reduced ILD
Scleroderma
IPF

Slow wave sleep Reduced ILD
IPF

Arousal index Increased ILD
IPF

Sleep efficiency Reduced ILD
IPF



Sleep characteristics in ILD

ILD patients have rapid, shallow breathing pattern

- Increased elastic loading of respiratory muscles 

- Stimulation of peripheral mechanoreceptors

Javaheri S et al. Thorax 1992

Maintain eucapnia until very advanced stage
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Prevalence 

Prevalence of OSA in IPF patients markedly exceed that 
reported in healthy age-matched populations

- 41-90% depending on the population studied

OSA prevalence seems to be higher in IPF than other ILDs

Mermigkis C et al. Chest 2017
Schiza SE et al. Curr Opin Pulm Med 2020



Prevalence 
Reference Population Prevalence Age Included patients

Mermigkis 2007 IPF 11/18 (61%) 68.1 Retrospective study; patients with 
symptoms of SDB 
Type 1 PSG

Lancaster 2009 IPF 44/50 (88%) 64.9 Unselected patients
Type 1 PSG

Mermigkis 2010 IPF 20/34 (59%) 65.0 Newly diagnosed IPF 
Type 1 PSG

Kolilekas 2013 IPF 28/31 (90%) 68.0 Newly diagnosed IPF 
Type 1 PSG

Pihtili 2013 Overall 
IPF  
Sarcoidosis
Scleroderma

34/50 (68%)
14/17 (82%)
10/15 (67%) 
10/18 (56%)

53.9 Prospective study; excluded obese 
subjects (BMI ≥ 30) 
Type 1 PSG

Mermigkis 2015 IPF 78/92 (85%) 70.3 Newly diagnosed IPF 
Type 1 PSG

Bosi 2017 IPF 25/35 (71%) 68.2 Room air breathing IPF outpatient  
Type 2 PSG

Gille 2017 IPF 40/45 (89%) 68.8 Newly diagnosed IPF 



Prevalence 
Reference Population Prevalence Age Included patients

Mavroudi 2017 Overall
IPF  
Sarcoidosis II/III

17/41 (41%)
15/19 (79%)
12/21 (52%)

69.8
53.8

Prospective study
Type 1 PSG

Pereira 2019 Overall
IPF
CTD-ILD
CHP
Sarcoidosis IV 
PPFE 
Vasculitis

34/49 (70%)
10/12 (83%)
7/10 (70%) 
16/21 (76%)
1/4 (25%)
0/1 (0%)
0/1 (0%)

67.2 49 patients with FLD and BMI less than 
30 
Type 3 PSG



Raghu H et al. AJRCCM 2011
Raghu H et al. AJRCCM 2018
Raghu H et al. AJRCCM 2022

Sleep apnea as a common comorbidity in IPF



Lee JH et al. PLos One 2020

Prevalence 

국내 데이터

Variable Overall OSA No OSA P-value

Patient, No. 86 46 40

IPF 57 (66.3) 37 (80.4) 20 (50.0) 0.004

NSIP 5 (5.8) 2 (4.3) 3 (7.5)

CTD 14 (16.3) 4 (8.7) 10 (25.0)

COP 5 (5.8) 0 (0.0) 5 (12.5)

HP 4 (4.7) 3 (6.5) 1 (2.5)

Retrospective analysis of 86 patients who underwent respiratory polygraphy (level IV)

53.5%
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Pathophysiological relationship

Why SDB is increased in patients with ILD? 

ILD SDB

Does OSA contribute to ILD? 



Pathophysiological relationship

Why SDB is increased in patients with ILD?

1) Upper airway collapsibility 

ILD (characterized by reduced lung volume)
→ Reduce upper airway stability and increase resistance due 

to reduced caudal taction of upper airway
→ Especially during REM sleep as FRC is further reduced

Khor YH et al. Sleep Medicine Reviews 2021
Bouloukaki I et al. Breath 2022



Schwartz AR et al. J Appl Physiol 2012
Schwab RJ et al. Am J Respir Crit Care Med 2003



Pathophysiological relationship

Why SDB is increased in patients with ILD?

1) Upper airway collapsibility 

ILD (characterized by reduced lung volume)
→ Reduce upper airway stability and increase resistance due to 

reduced caudal taction of upper airway
→ Especially during REM sleep as FRC is further reduced

Khor YH et al. Sleep Medicine Reviews 2021
Bouloukaki I et al. Breath 2022

Q. Inverse correlation between lung volume and AHI ??



Pathophysiological relationship

Why SDB is increased in patients with ILD?

2) Ventilatory control system instability

Chronic hypoxia 
→ Enhance chemoreceptor responsiveness, exacerbating 

ventilatory instability in susceptible individuals

Khor YH et al. Sleep Medicine Reviews 2021
Bouloukaki I et al. Breath 2022



Pathophysiological relationship

Why SDB is increased in patients with ILD?

3) Respiratory arousal threshold

Increased work of breathing during sleep secondary to respiratory 
loading may cause patients to reach arousal threshold more often

Khor YH et al. Sleep Medicine Reviews 2021



Pathophysiological relationship

Does OSA contribute to ILD? 

1) Repetitive forced inspirations against a closed airway

Breathing against a closed upper airway may lead to alveolar injury 
via local traction

During apneas and hypopneas 
→ Swings in pleural pressures, resulting in regional alveolar 

pressure differences
→ Repetitive local tractional stress and stretch on alveolar 

epithelium which can cause alveolar cellular injury and 
inflammation

Adegunsoye A et al. Chest 2020
Bouloukaki I et al. Breath 2022



Pathophysiological relationship

Does OSA contribute to ILD? 

2) Gastroesophageal reflux

OSA is associated with increased nocturnal gastroesophageal reflux 
- negative pleural pressure and subsequent raised 
transdiaphragmatic pressure facilitates reflux of gastric contents 
into the esophagus

GERD → contributing or a disease modifying factor in ILD

Adegunsoye A et al. Chest 2020
Khor YH et al. Sleep Medicine Reviews 2021

Bouloukaki I et al. Breath 2022



Pathophysiological relationship

Does OSA contribute to ILD? 

3) Intermittent hypoxia

Induce oxidative stress with accumulation of reactive oxygen 
species in lung tissues and systemic circulation

Adegunsoye A et al. Chest 2020
Khor YH et al. Sleep Medicine Reviews 2021

Bouloukaki I et al. Breath 2022



Khor YH et al. Sleep Medicine Reviews 2021



Kim JS et al. Ann ATS 2017 

MESA cohort 
→ Prospective cohort designed to investigate subclinical 

cardiovascular disease

→ Patients with polysomnography + HRCT (n = 1152)



Kim JS et al. Ann ATS 2017 

Adjusted for age, sex, race, educational attainment, height, smoking status, cigarette pack-years, glomerular 
filtration rate, study site, percent emphysema, radiation dose, and total volume of imaged lung



Kim JS et al. Ann ATS 2017 



Kim JS et al. Ann ATS 2017 

SP-A: alveolar epithelial injury 
MMP-7: fibrogenesis and extracellular remodeling 

*Adjusted mean percent increment in each biomarker per 5-unit absolute increase in obstructive AHI, 5% absolute 
decrement in nadir saturation, or 1-unit increase in central sleep apnea index.



Mermigkis C et al. Chest 2017
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Clinical presentation

No typical symptoms 

- Daytime somnolence (~20%)

- Witness apnea (13-29%)

- Snoring (38-48%)

Frequent complaints

- Daytime fatigue (43-75%)

- Insomnia (52-67%)

- Nocturnal cough (48-56%)

Bouloukaki I et al. Breath 2022



PSG characteristics

Frequent hypopnea > apnea

Mermigkis C et al. Chest 2017
Bouloukaki I et al. Breath 2022
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Clinical outcomes

OSA and IPF overlap

→ poor prognosis

1) Poor quality of life

2) Increased morbidity of ischemic heart disease

3) Poor survival ? 



Bosi M et al. Res Med 2019

Prospectively enrolled IPF patients (n=34) who received a full-night PSG

No SDB OSA without 

nocturnal 

hypoxemia

OSA with 

nocturnal 

hypoxemia

P-value

ESS (median) 2.0 5.0 8.0 ns

PSQI (median) 4.0 5.0 8.5 ns

SGRQ (median) 35.4 49.5 64.0 0.04

ESS >10 (%) 0.0 0.0 37.5 0.02

PSQI ≥ 5 (%) 44.4 29.4 62.5 ns

SGRQ>95percentile (%) 22.2 58.8 62.5 ns



Gille T et al. Eur Respir J 2017

Newly diagnosed IPF patients (n=45)



Gille T et al. Eur Respir J 2017



Gille T et al. Eur Respir J 2017

8-OH-DG: DNA oxidative damage



IPF patients (n=35)

→ 25 patients (71.5%) diagnosed with OSA

mild: 40% 

moderate: 20%

severe: 11.5%  

→ 8/25 patients (32%) presented sleep-related hypoxemia 

Bosi M et al. Lung 2017



Frequent hypopneas

No OSA
OSA without 

hypoxemia

OSA with 
hypoxemia

Bosi M et al. Lung 2017



No OSA
OSA without 
hypoxemia

OSA with 
hypoxemia

Bosi M et al. Lung 2017



Cox proportional hazards multiple regression analysis for mortality
→ presence of OSA associated with sleep-related hypoxemia 

(HR 6.7; 95% CI 1.2–36.3; p=0.029). 

Bosi M et al. Lung 2017

*adjusted for FVC, DLCO, 6MWD, GAP score, AHI, T90



Bosi M et al. Lung 2017

Cox proportional hazards multiple regression analysis for disease progression
→ presence of SDB 

(HR 3.1; 95% IC 1.4–6.3; p=0.003)
→ presence of OSA associated with sleep-related hypoxemia 

(HR 9.0; 95% CI, 1.8–644.9; p=0.007)

*adjusted for FVC, DLCO, 6MWD, GAP score, AHI, T90



Lee JH et al. PLos One 2020

Log-rank test p=0.319

No significant difference



Valecchi D et al. Pulm Ther 2023

Prospective observational study
Type III polygraphy



Multivariate analysis for disease progression (death of FVC decline >10%)
→ presence of exertional desaturation 

(HR 8.23; 95% CI 1.82–36.54; p=0.006)
→ presence of severe OSA 

(HR 7.53; 1.83–30.64; p=0.005)

Valecchi D et al. Pulm Ther 2023

*Adjusted for composite physiologic index
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Screening and diagnosis

No guidelines for screening for OSA in patients with ILD

ESS and other tools do not reliably predict the severity of 
sleep-related breathing disorders

STOP-BANG may be helpful for screening

PSG remains the gold standard diagnostic test for OSA
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Treatment

CPAP

→ Treatment of choice in patients with OSA 

→ Improved QOL and sleep-related outcomes



Good compliance 
→ Improved sleepiness and QoL



Adegunsoye A et al. Chest 2020

10-year retrospective observational multicenter cohort study

Patients with ILD & OSA (n=160)
- No/mild OSA (n=66)
- Mod/severe untreated OSA (n=51) 
- Treated OSA (n=43) 

*treated OSA: CPAP use ≥4h/night on ≥70% of days during the first 30 days 



Adegunsoye A et al. Chest 2020

CPAP use → no survival benefit



Among those with supplemental oxygen requirement

Adegunsoye A et al. Chest 2020



Papadogiannis G et al. J Clin Sleep Med 2021

Newly diagnosed IPF patients (n=45), followed up for 7 years
with OSA (n=29) vs. without OSA (n=16) 

OSA

No OSA

CPAP<4h

CPAP>4h CPAP>6h

CPAP<6h



Summary

Limitations of studies to date

- Small number of patients included

- No large prospective data

- Not all studies employed level-1 sleep study

- Lack of concrete data on the treatment benefit

Hypopnea rule
EEG for arousal determination and nasal pressure transducer    
device in addition to a thermistor for airflow measurement 



Summary

1. OSA is prevalent in patients with ILD

2. Bidirectional relationship exists between OSA and ILD

3. Fatigue is common rather than typical symptoms suggestive of OSA 

4. OSA is associated with worse clinical outcomes

- poor quality of life 

- increased morbidity of IHD

- survival (?): poor survival in case of nocturnal desaturation

5. CPAP is the treatment of choice, but its clinical benefit should be 

further investigated
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