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Introduction: Recent studies have reported a high prevalence of obstructive sleep apnoea (OSA) among patients with diffuse parenchymal lung disease 
(DPLD), mainly idiopathic pulmonary fibrosis (IPF). Effective OSA treatment appears to have a positive impact on morbidity and mortality in these 
patients. However, poor compliance to positive airway pressure (PAP) treatment in fibrotic DPLD patients has been reported. The aims of our study were 
to characterize patients with fibrotic DPLD and OSA and to assess their compliance to PAP treatment.
Methods: Forty-nine patients with fibrotic DPLD underwent level III polysomnography. Auto-adjusting PAP (APAP) treatment was proposed for those 
patients with moderate-to-severe OSA and those with mild OSA with daytime sleepiness and/or cardiovascular disease. The APAP treatment compliance 
was assessed after 1 month of therapy.
Results: The distribution of the 49 fibrotic DPLD patients included was as follows: 21 with chronic hypersensitivity pneumonitis, 12 with IPF, 10 with 
connective-tissue associated DPLD, 4 with stage IV sarcoidosis, 1 with idiopathic pleuropulmonary fibroelastosis, and 1 with DPLD-associated vasculitis. 
Thirty-four (69.4%) of the patients presented with OSA; 22 had mild OSA, and 12 had moderate-to-severe OSA. APAP treatment was prescribed in 17 of 
the patients. After 1 month of therapy, all patients used APAP more than 70% of the nights for more than 4 h per night.
Conclusion: We found a high prevalence of OSA among all of the patients with fibrotic DPLD (not only IPF). Despite certain difficulties, it was possible 
to achieve good APAP compliance in these patients.
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INTRODUCTION
Diffuse parenchymal lung diseases (DPLDs) are a heterogeneous group of 
disorders resulting from damage to the lung parenchyma by varying pat-
terns of inflammation and fibrosis [1, 2]. Fibrotic DPLD, namely idiopathic 
pulmonary fibrosis (IPF), is associated with high morbidity and mortality. 
Frequently, these patients have exercise intolerance and hypoxemia that can 
progress to respiratory failure, pulmonary hypertension, and death [3].

Recently published studies [4–10] have reported a 59%–90.3% prev-
alence of obstructive sleep apnoea (OSA) among patients with DPLD, 
mainly IPF. In these patients, OSA exhibits atypical features, such as a 
lack of association between severity of OSA and body mass index (BMI) 
or daytime sleepiness [4, 5]. The mechanism underlying OSA and 
fibrotic DPLD linkage is probably related to the decreased lung volumes 
in these diseases, which can reduce the upper airway stability and 
increase resistance due to decreased traction in the upper airway. These 
changes can facilitate upper airway collapse, especially during REM 
sleep, when the functional residual capacity is further reduced due to 
intercostal muscle inactivity [11–14]. Although the majority of studies 
regarding the mechanism causing OSA included only patients with IPF, 
we hypothesize that all patients with fibrotic DPLD have an increased 
risk for this sleep breathing disorder (SBD). In these patients, OSA may 
be one reason for their impaired sleep quality [4, 5] and, consequently, 

may have a negative influence on daily activities and overall quality of life 
[15–17]. In addition, underlying OSA and other SBDs, such as sleep 
oxygen desaturation, appear to have a negative influence on morbidity 
and mortality in DPLD patients [7, 8].

The timely diagnosis and management of OSA in DPLD patients 
may be an intervention that can significantly improve these patients’ 
outcomes [8, 18]. The main issue in sleep medicine is not only the recog-
nition of sleep disorders but also providing effective treatment. There 
have been few studies addressing OSA treatment in DPLD patients, and 
all of them included only IPF patients [8, 19, 20]. That population is 
associated with a high incidence of positive airway pressure (PAP) nonac-
ceptance or poor compliance, which can only be eliminated through an 
intense follow-up by a well-organized sleep centre [19, 20]. However, 
recent studies have shown that effective PAP treatment in IPF patients 
with OSA resulted in a significant improvement in daily living activities 
based on a functional outcomes of sleep questionnaire [8, 19] as well as 
quality of sleep and life [8]. PAP treatment may also influence the mor-
tality in these patients [8] despite the high incidence of nonacceptance 
and poor compliance to PAP in IPF patients with OSA [8, 19, 20].

Based on the abovementioned information, the aims of our study 
were to characterize patients with concomitant fibrotic DPLD and OSA 
and to assess their compliance to PAP treatment.
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METHODS
Subjects
This prospective study was conducted at the Pulmonology Department 
of the Centro Hospitalar São João in Oporto (Portugal) from July 2015 
to March 2017. Patients who had been followed-up at the Diffuse Lung 
Disease Outpatient Clinic of the Pulmonology Department were 
assessed. All of the patients were informed about the study and voluntar-
ily signed their informed consent. This study was approved by the hospi-
tal ethics committee.

The inclusion criteria were as follows: diagnosis of fibrotic DPLD 
namely IPF, usual interstitial pneumonia (UIP)-like fibrosis, fibrotic non-
specific interstitial pneumonia (NSIP) (idiopathic or NSIP-like), idio-
pathic pleuropulmonary fibroelastosis, or stage IV sarcoidosis. In 
addition, they had to exhibit a stable disease; that is, no treatment 
change and no deterioration in the forced vital capacity (FVC) >10% 
and/or diffusing capacity of the lungs for carbon monoxide (DLCO) 
>15% for the last 3 months.

The exclusion criteria were as follows: known risk factors for sleep 
disorders (BMI ≥ 30  kg/m2, cranial-facial deformities, and benzodi-
azepine use), neuromuscular diseases, severe psychiatric disorders, other 
chronic pulmonary diseases, a partial pressure of O

2
 in the arterial blood 

(PaO
2
) < 60 mmHg at rest on room air, and previously diagnosed OSA.

Of the 65 eligible patients, 49 agreed to participate in the study. They 
underwent level III polysomnography (PSG III) and were asked to fill out 
the Epworth Sleepiness Scale (ESS). Each patient’s epidemiological data, 
co-morbidities, pulmonary function test (PFT), 6-min walk test (6MWT), 
blood gas analysis, fibrosis score, and echocardiogram results were retrieved, 
retrospectively, from their hospital records. All tests and assessments were 
carried out within a maximum period of 2 months before inclusion in the 
study and the accomplishment of the respective polysomnography.

Polysomnography
The diagnosis of OSA was based on a six-channel overnight PSG III 
study (ResMed® EmblettaTM Gold Portable Testing Device; Embla, 
Broomfield, CO, USA), which included monitoring of the heart rate, 
oronasal airflow (using a thermistor and nasal cannula), respiratory 
effort (using abdominal and thoracic strain gauges), oxygen saturation 
(using pulse oximetry), snoring, and body position. All of the sleep stud-
ies were manually scored by experienced sleep technicians, and apnoea 
and hypopnoea were defined according to the criteria of American 
Academy of Sleep Medicine (AASM) [21, 22]. Apnoea was defined as the 
reduction in airflow ≥ 90% of baseline, lasting ≥ 10 s, and hypopnoea as 
the reduction in baseline airflow ≥ 30% with ≥ 3% desaturation, lasting 
≥ 10 s. The apnoea–hypopnoea index (AHI) was calculated as the num-
ber of apnoea and hypopnoea events per hour of sleep. OSA severity is 
defined as mild for AHI ≥ 5 and < 15, moderate for AHI ≥ 15 and ≤ 30, 
and severe for AHI > 30/h [21]. The oxygen desaturation index (ODI), 
defined as the number of arterial oxygen desaturations per hour ≥ 3% 
[21], was also reported. We considered desaturation significant when 
ODI > 10/h and/or sleep time with SpO

2
 less than 90% (ST<90%) was 

more than 20% [23]. Patients with OSA and ST<90% scores greater than 
20% underwent nocturnal oximetry after beginning OSA treatment.

PFT and 6MWT
The spirometry (forced expiratory volume in the first second (FEV1), 
forced vital capacity (FVC) and FEV1/FVC ratio), static lung volume 
measurements (total lung capacity (TLC), residual volume (RV) and RV/
TLC ratio via body box plethysmography) and DLCO via single-breath 
technique were performed using the Jaeger® MasterScreen Body with the 
patient in a seated position, according to the approved standards [24].

The 6MWT was performed using the protocol approved by the 
European Respiratory Society/American Thoracic Society Task Force [25].

Fibrosis score
The radiological extent of pulmonary fibrosis was evaluated using 
the same fibrosis score as that used in the composite physiological index 
validation [26]. All patients underwent high-resolution computed tomog-
raphy (HRCT), and the images were independently evaluated by two 

thoracic radiologists (the same two radiologists evaluated all HRCTs) at 
five levels (origin of great vessels, mid-arch of aorta, carina, pulmonary 
venous confluence, and 1 cm above the right dome of diaphragm) for the 
extent of fibrosis [27]. The alterations were graded as follows: 1 = predom-
inantly fine intralobular fibrosis, 2 = predominantly microcystic honey-
combing (comprised of air spaces less than 4 mm in diameter), and 3 = 
predominantly macrocystic honeycombing (comprised of air spaces more 
than 4 mm in diameter), with a maximum score of 15 for five levels [26].

ESS
The ESS is the most widely used instrument for measuring daytime 
sleepiness in clinical practice. It is simple, self-administered, and mea-
sures the risk of falling asleep in 8 specific situations. A score higher than 
11 is associated with subjective daytime sleepiness [28].

APAP treatment and compliance
OSA treatment, with auto-adjusting continuous positive airway pressure 
(APAP), was proposed for those patients with moderate-to-severe OSA 
(AHI ≥ 15/h), and those with mild OSA with daytime sleepiness and/or 
cardiovascular disease (including arterial hypertension, diabetes melli-
tus, coronary disease, or stroke).

In Portugal, the cost of APAP treatment, which includes delivery 
and technical maintenance by domiciliary respiratory care providers, is 
completely covered by the Portuguese national health system; therefore, 
treatment is provided at no additional cost to the patient [29]. In our 
department, it is a common practice to prescribe, at least initially, APAP 
to OSA patients instead continuous positive airway pressure (CPAP) 
because it spares pressure titration.

Prior to APAP treatment, all patients received education from a sleep 
physician regarding OSA, its known effects on comorbidities, proper sleep 
hygiene, adjunctive/conservative methods to improve sleep, and the 
importance of treatment compliance. Each patient was scheduled for a 
clinical appointment with a sleep physician 1 month after starting APAP 
therapy. At that point, the clinical symptoms were evaluated as well as 
APAP compliance variables (percentage of nights of APAP use and num-
ber of hours per night), 90% night-time pressure (P90) and residual AHI 
which were assessed by analysing the data from equipment’s memory card.

The compliance to therapy was classified as good if the patient used 
APAP more than 70% of the nights and more than 4 h/night and poor 
if the usage was less than 70% of the nights and/or less than 4 h/night 
[30]. During the follow-up of these patients, whenever necessary, heated 
humidification was added, nasal corticosteroids were prescribed, and 
masks were changed according to the patient’s preference or to control 
the excessive leaking to improve the efficacy, comfort, and compliance.

Statistical analysis
The data were described as mean and standard deviation (SD) for quan-
titative variables, and compared using the Mann–Whitney U or Kruskal–
Wallis tests, as appropriate. The categorical variables were described as 
counts and proportions and compared using χ2 or Fisher’s exact tests. 
The statistical analysis was performed using SPSS version 24.0 software 
(SPSS Inc., Chicago, Illinois, USA). All of the probabilities were two-
tailed, and p values <0.05 were regarded as significant.

RESULTS
The study group included 49 patients with diagnosis of chronic hyper-
sensitivity pneumonitis (CHP) (UIP-like or fibrotic NSIP-like, n = 21), 
IPF (n = 12), connective-tissue associated DPLD (UIP-like or fibrotic 
NSIP-like, n = 10), stage IV sarcoidosis (n = 4), idiopathic pleuropulmo-
nary fibroelastosis (n = 1), and vasculitis associated DPLD (UIP-like, 
n = 1). Demographic and clinical data are shown in Table 1.

A diagnosis of OSA (AHI ≥ 5 events/h) was made in 34 (69.4%) 
patients, of those 22 (64.7%) had mild OSA and 12 (35.3%) had 
moderate-to-severe OSA. The prevalence of OSA was 83.3% in the IPF, 
76.2% in the CHP, 70.0% in the connective-tissue associated DPLD, 
and 25.0% in the stage IV sarcoidosis patients. Neither of the two 
patients with idiopathic pleuropulmonary fibroelastosis and vasculitis-
associated DPLD presented with OSA.
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PFTs and 6MWTs, blood gas analyses, fibrosis scores, ESS scores, 
and PSG parameters are shown in Table 2. Most respiratory events con-
sisted of hypopnoea rather than apnoea. ODI was higher than 10 

events/h in 23 (46.5%) of the patients, all with OSA. The mean of the 
ODI was statistically different between those patients with and with-
out  OSA (15.2 ± 11.1 events/h and 3.4 ± 2.1 events/h, respectively,  

TABLE 1
Demographic and clinical data of the patients included in this study
Variables All patients (n = 49) Patients with OSA (n = 34) Patients eligible for APAP treatment (n = 25)

Age (years) 67.2 ± 12.2 69.2 ± 11.2 71.2 ± 10.0
Gender (male/female) 26 (53.1)/23 (46.9) 16 (47.1)/18 (52.9) 10 (40.0)/15 (60.0)
Smoking history
Current smokers 4 (8.2) 2 (5.9) 1 (4.0)
Ex-smokers 16 (32.7) 10 (29.4) 6 (24.0)
Non-smokers 29 (59.2) 22 (64.7) 18 (72.0)
Diffuse parenchymal lung disease
CHP 21 (42.9) 16 (47.1) 13 (52.0)
IPF 12 (24.5) 10 (29.4) 6 (24.0)
Connective-tissue associated DPLD 10 (20.4) 7 (20.6) 5 (20.0)
Stage IV sarcoidosis 4 (8.2) 1 (2.9) 1 (4.0)
Idiopathic pleuropulmonary fibroelastosis 1 (2.0) 0 (0) 0 (0)
Vasculitis associated DPLD 1 (2.0) 0 (0) 0 (0)
Comorbidities
GERD 34 (69.4) 21 (61.8) 18 (72.0)
Arterial hypertension 23 (46.9) 18 (52.9) 15 (60.0)
Diabetes mellitus 9 (18.4) 7 (20.6) 7 (28.0)
Coronary disease and/or heart failure 7 (14.3) 5 (14.7) 5 (20.0)
Stroke 4 (8.2) 3 (8.8) 3 (12.0)
Pulmonary hypertension 6/35 (17.1) 4/22 (18.2) 4/22 (18.2)

All data are given as the mean ± SD or n (%). OSA, obstructive sleep apnoea; APAP, auto-adjusting positive airway pressure; CHP, chronic hypersensitivity 
pneumonitis; IPF, idiopathic pulmonary fibrosis; DPLD, diffuse parenchymal lung disease; GERD, gastro-oesophageal reflux disease.

TABLE 2
Pulmonary function test results, fibrotic scores, ESS scores, and polysomnographic parameters of the included patients
Variables All patients (n = 49) Patients with OSA (n = 34) Patients eligible for PAP treatment (n = 25)

AHI (events/h) <5 – 15 patients
5–14 – 22 patients
≥15 – 12 patients

5–14 – 22 patients
≥15 – 12 patients

5–14 – 13 patients
≥15 – 12 patients

Pulmonary function tests
FEV1 (% predicted) 89.3 ± 23.9 94.8 ± 23.6 96.3 ± 26.4
FVC (% predicted) 86.1 ± 18.9 89.8 ± 18.4 91.2 ± 20.4
FEV1/FVC (%) 80.3 ± 9.6 81.6 ± 9.3 81.1 ± 10.5
TLC (% predicted) 84.4 ± 14.8 85.5 ± 14.5 87.3 ± 15.3
DLCO (% predicted) 65.8 ± 18.6 67.5 ± 18.8 61.3 ± 15.9
Six-minute walk test
Distance (meters) 405.0 ± 124.8 401.8 ± 113.9 373.2 ± 94.4
SpO

2
 before (%) 95.5 ± 2.5 95.7 ± 2.2 95.7 ± 1.5

SpO
2
 after (%) 87.4 ± 6.1 87.5 ± 5.8 86.5 ± 6.4

Blood gas analysis
PaO

2
 (mmHg) 79.6 ± 10.7 79.1 ± 10.9 78.2 ± 10.5

PaCO
2
 (mmHg) 38.7 ± 5.1 39.2 ± 5.3 39.2 ± 5.9

Fibrosis score 9.3 ± 3.4 8.5 ± 3.1 8.8 ± 3.3
ESS 6.7 ± 5.2 6.6 ± 4.6 8.1 ± 4.7
>11 9 (18.4) 5 (14.7) 5 (20.0)
<11 40 (81.6) 29 (85.3) 20 (80.0)
Polysomnography III
AHI (events/h) 11.3 ± 9.9 15.0 ± 9.8 17.1 ± 10.5
Apnea index (events/h) 4.4 ± 5.1 5.8 ± 5.5 5.9 ± 6.3
Hypopnoea (events/h) 7.0 ± 7.3 9.2 ± 7.8 11.2 ± 8.0
ODI (events/h) 11.5 ± 10.7 15.2 ± 11.1 17.5 ± 11.5

 >10 events/h 23 (46.9) 23 (67.6) 20 (80.0)
 <10 events/h 26 (53.1) 11 (32.4) 5 (20.0)

Minimum SpO
2
 (%) 83.0 ± 6.9 81.5 ± 7.6 80.1 ± 7.4

Average SpO
2
 (%) 92.9 ± 2.9 92.7 ± 3.0 92.1 ± 3.0

ST<90% (%) 14.4 ± 24.7 16.9 ± 27.5 21.9 ± 30.0
 >20% 12 (24.5) 10 (29.4) 10 (40.0)
 <20% 37 (75.5) 24 (70.6) 15 (60.0)

All data are given as the mean ± SD or n (%). ESS, Epworth sleepiness score; OSA, obstructive sleep apnoea; PAP, positive airway pressure; AHI, apnoea-
hypopnoea index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity of lung for carbon 
monoxide; ODI, oxygen desaturation index; ST<90%, sleep time with SpO

2
 below 90%.
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p = 0.009). Twelve patients (24.5%) exhibited more than 20% of their 
ST<90%, from which 10 (83.3%) had OSA. Despite the lack of statistical 
significance, the mean percentage of ST<90% was substantially higher in 
OSA patients than in those without this comorbidity (16.9 ± 27.5% and 
8.4 ± 15.7%, respectively, p = 0.06). There were no significant differences 
concerning age, gender, smoking history, comorbidities, PFTs, 6MWTs, 
blood gas analyses, fibrosis scores, and ESS scores between patients with 
and without OSA (Table 3).

Among OSA patients, 25 were eligible for APAP treatment according 
to the criteria described above. Of these, 4 patients refused APAP treat-
ment (none of these had excessive daytime sleepiness), 2 patients died 
before starting treatment, and 2 others reported APAP intolerance due 
to claustrophobia and/or insomnia and were excluded 1 week after 
unsuccessful attempts. APAP treatment was prescribed for the remaining 
patients. Supplemental oxygen was not added to any of these patients.

The APAP treatment compliance after 1 month is described in 
Table 4. All of the patients used APAP for more than 70% of the nights 
and for more than 4 h/night. Those patients with previous ST<90% 
scores greater than 20% (n = 8) underwent nocturnal oximetry while 

TABLE 4
APAP compliance of 17 included patients* after 1-month 
follow-up

Variables
Patients under APAP 

treatment (n = 17)

Baseline AHI (events/h) 5–14 (8 patients)
≥15 (9 patients)

% nights used each month (%) 97.6 ± 3.2
Hours per night, on nights APAP was used (h) 6.2 ± 1.1
% nights >4 h per night (%) 85.4 ± 14.5
Minimum pressure (mmHg) 6.8 ± 1.65
Maximum pressure (mmHg) 13.86 ± 2.7
Pressure P95 (mmHg) 10.5 ± 1.7
Residual AHI (events/h) 2.3 ± 3.3

All data are given as the mean ± SD. APAP, auto-adjusting positive airway 
pressure; AHI, apnoea-hypopnoea index.
*Of the 25 patients eligible for treatment: 4 refused treatment, 2 died before 
initiating treatment, and 2 abandoned the treatment in the first week.

TABLE 3 
Comparison between patients with and without OSA
Variables (units) Patients without OSA (n = 15) Patients with OSA (n = 34) p

Age (years) 62.5 ± 13.4 69.2 ± 11.2 NS
Gender (male/female) 10 (66.7)/5 (33.3) 16 (47.1)/18 (52.9) NS
Smoking history
Current smokers 2 (13.3) 2 (5.9) NS
Ex-smokers 6 (40.0) 10 (29.4) NS
Non-smokers 7 (46.7 22 (64.7) NS
Comorbidities
GERD 13 (86.7) 21 (61.8) NS
Arterial hypertension 5 (33.3) 18 (52.9) NS
Diabetes mellitus 2 (13.3) 7 (20.6) NS
Coronary disease and/or heart failure 2 (13.3) 5 (14.7) NS
Stroke 1 (6.7) 3 (8.8) NS
Pulmonary hypertension 2/13 (15.4) 4/22 (18.2) NS
Pulmonary function tests
FEV1 (% predicted) 77.0 ± 20.3 94.8 ± 23.6 NS
FVC (% predicted) 77.9 ± 17.9 89.8 ± 18.4 NS
FEV1/FVC (%) 77.5 ± 9.9 81.6 ± 9.3 NS
TLC (% predicted) 81.9 ± 15.7 85.5 ± 14.5 NS
DLCO (% predicted) 62.1 ± 18.4 67.5 ± 18.8 NS
Six-minute walk test
Distance (m) 411.7 ± 148.8 401.8 ± 113.9 NS
SpO

2
 before (%) 95.1 ± 3.0 95.7 ± 2.2 NS

SpO
2
 after (%) 87.2 ± 6.8 87.5 ± 5.8 NS

Blood gas analysis
PaO

2
 (mmHg) 80.8 ± 10.7 79.1 ± 10.9 NS

PaCO
2
 (mmHg) 37.5 ± 4.8 39.2 ± 5.3 NS

Fibrosis score 9.9 ± 2.9 8.5 ± 3.1 NS
ESS 6.5 ± 6.6 6.6 ± 4.6 NS
>11 4 (26.7) 5 (14.7) NS
<11 11 (73.3) 29 (85.3) NS
Polysomnography III
AHI (events/h) 3.0 ± 1.4 15.0 ± 9.8 0.002
Apnea index (events/h) 1.2 ± 1.4 5.8 ± 5.5 0.004
Hypopnoea (events/h) 1.9 ± 1.4 9.2 ± 7.8 0.020
ODI (events/h) 3.4 ± 2.1 15.2 ± 11.1 0.009

 >10 events/h 0 (0) 23 (67.6) NS
 <10 events/h 15 (100) 11 (32.4) NS

Minimum SpO
2
 (%) 86.1 ± 3.9 81.5 ± 7.6 NS

Average SpO
2
 (%) 93.1 ± 2.6 92.7 ± 3.0 NS

ST<90% (%) 8.4 ± 15.7 16.9 ± 27.5 NS
 >20% 2 (13.3) 10 (29.4) NS
 <20% 13 (86.7 24 (70.6) NS

All data are given as the mean ± SD or n (%). OSA, obstructive sleep apnoea; NS, not statistically significant; GERD, gastro-oesophageal reflux disease; FEV1, 
forced expiratory volume in 1 second; FVC, forced vital capacity; TLC, total lung capacity; DLCO, diffusing capacity of lung for carbon monoxide; ESS, Epworth 
sleepiness score; AHI, apnoea-hypopnoea index; ODI, oxygen desaturation index; ST<90%, sleep time with SpO

2
 below 90%.
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under APAP, and all of them presented with resolved desaturation 
(mean SpO

2
: 94.3 ± 1.6% and mean ST<90%: 4.5 ± 2.8%). The most 

frequent complaints related to APAP treatment were sleep onset and 
maintenance insomnia (n = 3, 17.6%) and dry mouth despite heated 
humidification (n = 3, 17.6%).

DISCUSSION
In this study, even after excluding obesity and other risk factors for 
OSA,  a high prevalence of this condition was found in fibrotic 
DPLD patients (69.4%), mainly in IPF (83.3%) and CHP (76.2%) cases. 
In addition, there was good compliance with the APAP treatment in 
fibrotic DPLD patients. In this study group, OSA severity was mostly 
mild, as reported in some studies of DPLD patients [5, 6] but in contrast 
with others [4, 7, 8, 19].

Fibrotic DPLD is characterized by a decreased lung volume that can 
reduce the upper airway stability and increase resistance due to decreased 
traction in the upper airway [11–14]. Based on this information, a signifi-
cant correlation was expected between AHI/OSA severity and PFTs 
values, such as FVC and TLC. However, we did not find significant 
differences in the PFTs between patients with and without OSA. 
Additionally, there have been conflicting reports on this subject in liter-
ature, with most studies failing to demonstrate this relationship [4–6]. 
The lack of an inverse correlation between PFTs and OSA severity may 
be explained because PFTs were obtained with the patient in a seated 
position and not in a supine position [4–6]. The FVC and TLC obtained 
with the patient in a supine position may be more accurate at predicting 
sleep lung volumes and may better display the interdependence between 
upper airway and lung volumes during sleep [4–6]. Nevertheless, other 
explanations can also be addressed, including the small number of 
patients included in these studies as well as the existence of other mech-
anisms increasing OSA incidence in DPLD, such as proinflammatory 
cytokines released due to underlying lung inflammation with subse-
quent oedema and swelling of the upper airway that would increase the 
likelihood of OSA [28].

The respiratory events were predominantly hypopnoea rather than 
apnoea, as observed in previous reports [4, 6]. The ODI and percentage 
with an ST<90% were the parameters that exhibited greater differentia-
tion in patients with and without OSA. Oxygen desaturation during 
sleep, measured as ODI [6] and minimum SpO

2
 [4, 7, 31], showed a 

correlation with AHI in several reports. In contrast, in this study, ESS 
score did not differ between patients with and without OSA, which is in 
agreement with previous studies [4–7, 31]. Based on these results, in the 
absence of other OSA screening tools in fibrotic DPLD patients and 
understanding that PSG is an expensive procedure to be performed in 
all patients, the authors suggest that nocturnal oximetry should help in 
recognizing those patients at risk of OSA.

OSA in fibrotic DPLD patients may be one reason for impaired sleep 
quality and, consequently, may have a negative influence on daily activi-
ties and overall quality of life [15–17]. In addition, underlying OSA and 
other SBDs such as sleep oxygen desaturation appear to have a negative 
influence on mortality in fibrotic DPLD patients, namely IPF [7, 8]. 
Recent studies have shown that effective PAP treatment (good compli-
ance) in IPF patients with OSA resulted in a significant improvement in 
the daily living activities, as well as quality of sleep and life, and may also 
influence the mortality in these patients [8, 19]. Therefore, OSA treat-
ment in fibrotic DPLD patients appears to be emergent. As such, the 
most common difficulties in compliance should be identified, and solu-
tions should be found to improve treatment acceptance.

There are a few studies about OSA treatment in DPLD, and all of 
them included only IPF patients [8, 19]. In our study, we included other 
fibrotic DPLDs, namely CHP, which is common in Portugal and like IPF 
is often associated with a poor prognosis [32].

High incidences of nonacceptance and poor compliance to PAP in 
IPF patients with OSA have been reported [8, 19, 20]. The following 
main therapeutic difficulties have been noted [20]: frequent complaints 
of a nocturnal, dry, and irritating cough; discomfort and claustrophobia 
associated with the use of facial or oronasal masks; sleep problems such 

as sleep onset and maintenance insomnia; depression; and low inci-
dence of excessive daytime sleepiness. In our study, 4 patients that were 
eligible for OSA treatment refused APAP therapy. The authors consid-
ered that this rate of treatment refusal was the most important problem 
in this group of patients. Some possible reasons for this could be related 
to the lack of excessive daytime sleepiness as well as the presence of other 
comorbidities with consequent follow-ups in multiple medical appoint-
ments. These patients may have viewed APAP treatment as just another 
problem rather than a solution with added benefits. This attitude could 
be diminished if physicians involved in the management and follow-up 
of fibrotic DPLD patients were sensitive to this comorbidity. At the 
beginning of treatment, they should explain that some of the symptoms, 
like daytime fatigue, could be related to OSA and clarify the potential 
benefits of the treatment.

Two patients started APAP treatment but reported intolerance 
(claustrophobia and/or insomnia) in the first week and left the treat-
ment. In the remaining patients (n = 17) that started APAP treatment, 
the compliance was good enough to correct AHI and oxygen desatura-
tion without supplemental oxygen therapy. Oxygen desaturation during 
sleep has a negative association with survival in fibrotic DPLD, namely 
IPF [7]. Consequently, an oxygen desaturation correction with APAP 
treatment may contribute to achieve better results in the survival of these 
patients. The good compliance in this study group was possible due to a 
well-organized sleep clinic that was able to deal with and to overcome 
difficult cases. Furthermore, APAP treatment may be more comfortable 
for patients than CPAP treatment as reported previously [33].

Our study had several limitations, such as the small size and hetero-
geneity of DPLD cases. In addition, the use of PSG III instead of PSG I 
could have underestimated OSA severity. Moreover, it did not provide 
any information about sleep architecture. On the other hand, the OSA 
impact and of treatment compliance in patients’ quality of life and mor-
tality is one of the most important outcomes in this population. 
However, in this study we had too small a sample and short follow-up 
period for this assessment. This evaluation should be included in future 
studies.

CONCLUSION
In conclusion, we found a high prevalence of OSA among patients with 
fibrotic DPLD, including IPF, CHP, connective-tissue associated DPLD, 
and stage IV sarcoidosis. The ODI and percentage of ST<90% were the 
more differentiated parameters between patients with and without OSA. 
Therefore, nocturnal oximetry should be performed in all patients 
with  fibrotic DPLD to determine those that require a more thorough 
evaluation with PSG. In patients with fibrotic DPLD and OSA, APAP 
treatment could be sufficient to correct oxygen desaturation. Through 
recognition of these comorbidities by physicians involved in the manage-
ment/follow-up of fibrotic DPLD patients and their articulation with 
the sleep clinic, it would be possible contribute to a good APAP compli-
ance and a possible positive impact on survival.
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