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Abstract

Purpose The incidence of obstructive sleep apnea (OSA) in
interstitial lung disease (ILD) has been reported at different
frequencies in several studies. The aims of our study were to
evaluate the frequency of OSA in ILD and to analyze the
relationship between polysomnography (PSG) findings and
pulmonary function, disease severity, parenchymal involve-
ment, and Epworth Sleepiness Scale (ESS) scores.
Methods ILD patients with parenchymal involvement were
evaluated. The disease severity was assessed using an index
consisting of body mass index (BMI), carbon monoxide
diffusion capacity, the Modified Medical Research Council
dyspnea scale, and the 6-min walking distance. All of the
patients had lung function, chest X-ray, PSG, ESS scoring,
and an upper airway examination. Patients with a BMI>30
or significant upper airway pathologies were excluded.
Results Of 62 patients, 50 patients comprised the study group
(14 male, 36 female; mean age 54+12.35 years, mean BMI
25.9+3.44 kg/m?) with diagnoses of idiopathic pulmonary
fibrosis (IPF; n=17), stage II-III sarcoidosis (n=15), or
scleroderma (n=18). The frequency of OSA was 68 %. The
mean apnea—hypopnea index (AHI) was 11.4+£12.5. OSA was
more common in IPF patients (p=0.009). The frequency of
rapid eye movement-related sleep apnea was 52.9 %. The
frequency of OSA was higher in patients with a disease
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severity index >3 (p=0.04). The oxygen desaturation index
and the AHI were higher in patients with diffuse radiological
involvement (p=0.007 and p=0.043, respectively).

Conclusions OSA is common in ILD. PSG or at minimum
nocturnal oximetry should be performed, particularly in
patients with functionally and radiologically severe disease.

Keywords Idiopathic pulmonary fibrosis - Interstitial lung
disease - Obstructive sleep apnea - Scleroderma - Sarcoidosis

Introduction

Obstructive sleep apnea (OSA) is estimated to occur in
aproximately 2—4 % of healthy adults [1, 2]. The morbidity
and the mortality of OSA are high especially when it occurs
concomitantly with other respiratory diseases [3]. Interstitial
lung disease (ILD) is a chronic and restrictive lung disease
with high morbidity and mortality. It is associated with
hypoxemia that progresses to respiratory failure, pulmonary
hypertension, and death [4]. There have been few studies
describing OSA in patients with ILD. The incidence of OSA
in these studies has been reported to be between 17 and
88 % [5-9]. However, some of these studies included small
numbers of patients. Additionally, important risk factors for
OSA such as obesity and upper airway pathologies were not
excluded in these studies. In the study design of these in-
vestigations, there was no upper airway examination, and
patients with Mallampati classification of 3 and 4 were
included in some of these studies. Additionally, most of
these previous studies included only patients with idiopathic
pulmonary fibrosis (IPF).

In ILD, decreased lung volumes, increased respiratory
work, decreased in the activity of intercostal muscles, in-
creased upper airway resistance, and collapse may occur
during sleep, especially during the rapid eye movement
(REM) period [6, 7, 10]. Cough-related arousals, nocturnal
desaturations, and increased respiratory drive disrupt sleep
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architecture and decrease REM sleep and sleep efficiency in
patients with ILD [5, 6]. Earlier studies that were performed
with small groups showed that the desaturation during sleep
was mild and less severe in patients with ILD than in
patients with chronic obstructive lung disease [11, 12].
Oxygen desaturations are unlikely to be of clinical impor-
tance in patients with ILD [11-13]. Therefore, the frequency
and significance of OSA in ILD are still unclear. The aims of
our study were to describe the incidence of OSA in patients
with ILD and to analyze the relationship between OSA and
ILD severity as determined by a scoring method. The sec-
ondary aim was to analyze the relationships between
polysomnography (PSG) findings with forced expiratory
volume in 1 s (FEV)), forced vital capacity (FVC), carbon
monoxide diffusion capacity (DLCO), and daytime sleepi-
ness confirmed by the Epworth Sleepiness Scale (ESS).

Materials and methods

This prospective study was conducted at Istanbul University,
Istanbul Medical Faculty, from November 2009 to February
2010. The study group included consecutive patients with ILD
who have been followed up at the Department of
Pulmonology. All of the patients were informed about the
study and voluntarily signed their informed consent. The study
was carried out according to the principles of the Helsinki
Declaration. The study was approved by the Istanbul Univer-
sity Istanbul Medical Faculty Institutional Board (2009/894).

The inclusion criteria were ILD with parenchymal involve-
ment, clinical stability, >18 years of age, and a PaO,>
60 mmHg at rest on room air. The diagnosis of IPF was
confirmed using the American Thoracic Society/European
Respiratory Society Consensus Statement criteria [14]. The
diagnosis of scleroderma was confirmed using the American
Rheumotology Society Consensus Statement criteria [15].
Pulmonary involvement in scleroderma patients was con-
firmed using HRCT and lung function tests (spirometry and
DLCO testing). All sarcoidosis patients had histopathologic
diagnosis, and disease staging was performed by a radiologist
via chest X-ray.

The exclusion criteria were treatment changes in the last
3 months, a diagnosis of neurological disease or severe
psychiatric disease, lower respiratory tract airway infection
in the last month, total sleep time less than 4 h on PSG, a
chronic pulmonary disease except ILD, drug usage affecting
sleep architecture (benzodiazepine, narcotic drugs), body
mass index (BMI)>30, and failure to perform spirometry.
An upper airway examination was performed in all of the
patients. Patients with high Mallampati classification scores
(3 or 4) or anatomic upper airway obstructions such as
significant nasal septal deviation, nasal polyps, concha hy-
pertrophy, or tonsillar hypertrophy were excluded.
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Assessment of clinical parameters and pulmonary function

Characteristic OSA symptoms (snoring, witnessed apnea,
excessive daytime sleepiness) were recorded. The ESS was
used to measure daytime sleepiness. An ESS score of >10
was considered to be excessive daytime sleepiness. The
BMI was calculated using Khosla and Lowe’s formula
(weight [kg]/height® [m?]) [16]. Spirometry and DLCO
testing (ZAN 74N) were performed according to approved
standards [17]. Arterial blood gas analysis was performed
on room air after 15 min of rest using Radiometer ABL 5.
The 6-min walking test was performed in accordance with
the American Thoracic Society guidelines [18].

Assessment of disease severity

The severity of ILD was determined using a scoring method
that included the BMI, DLCO results, MMRC dyspnea
score, and 6MWD. The scores ranged between 0 and 10
(Table 1). Patients with scores >3 were compared with
patients whose scores were <3.

Assessment of chest X-ray findings

Posteroanterior chest X-rays were divided into three zones for
each lung (upper, middle, and lower zones) by two crossed
lines from the second and fourth costae. Each of the three
zones contained one third of the craniocaudal distance of the
lung on a frontal radiograph and was evaluated separately.
One point was given for each zone of involved lung paren-
chyma with interstitial images. If the number of involved
zones was higher than three, it was considered to be diffuse
radiological pulmonary involvement. Patients with diffuse
radiological pulmonary involvement were compared with
the patients with nondiffuse involvement.

Assessment of polysomnographic findings
All-night PSG was performed using a 44-channel
Compumedics E instrument. The following recordings were

made using a computerized workstation: multiple channels
of the electroencephalogram (central and occipital), two

Table 1 Severity index

Score

0 1 2 3
DLCO (%) >80 8060 59-41 <40
6MWT (m) >350 349-250 249-150 <149
MMRC 1 2 3 4
BMI (kg/m?) <25 >25
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channels of the electrooculogram, two channels of the elec-
tromyogram, the oronasal flow (using a thermistor and a
nasal pressure transducer), the respiratory effort (using ab-
dominal and thoracic strain gauges), the oxygen saturation
(using pulse oximetry), snoring sounds (using a micro-
phone), submental and anterior tibialis monitoring, and bod-
y position [19]. The PSG findings were scored in 30-s
windows following the recommended criteria of the Amer-
ican Academy of Sleep Medicine 2007 guideline [20]. Re-
cordings with more than 4 h of sleep time were evaluated.
The sleep efficiency, percentage of time in different sleep
stages, apnea index (Al), hypopnea index (HI), apnea—
hypopnea index (AHI), arousal index, oxygen desaturation
index (ODI), REM AHI, REM ODI, percentage of total
sleep time with O, saturation <90 %, mean oxygen satura-
tion, and lowest oxygen saturation levels were evaluated.
Obstructive apnea was defined as a cessation of airflow
>90 % compared with baseline for >10 s, while there was
evidence of a persistent respiratory effort. Hypopnea was
defined as an amplitude reduction of >30 % in airflow for
>10 s that was associated with an oxygen desaturation of
>4 % [20]. PSG records were scored by a trained technician
and controlled by a sleep specialist. OSA was diagnosed if
the AHI was >5/h. The OSA severity was graded as mild
(AHI 5-15/h), moderate (AHI 15-30/h), or severe (AHI
>30/h) [1, 20]. REM-related OSA was considered present
when the AHI was >5, the NREM AHI was less than 15, and
the REM/NREM AHI was >2 [1, 20]. An ODI higher than
10 was considered as pathologic [21].

Statistical analysis

Means and standard deviations were calculated for the nor-
mally distributed continuous variables, while medians and
intraquartile ranges were calculated for the variables without
normal distributions. All of the data are presented as mean =+
SD. Categorial variables are reported as percentages. Com-
parison analyses were assessed using the chi-squared test,
the Wilcoxon test, Fisher’s exact test, and the Mann—Whit-
ney U test. The Pearson correlation coefficient was used to
examine the relationship between the PSG data and the
pulmonary function test results. All p values were two
tailed, and values less than or equal to 0.05 were considered
statistically significant.

Results

A total of 62 patients were enrolled in the study. Four patients
with upper airway pathologies [nasal septal deviation (one),
nasal polyps (one), concha hypertrophy (one), high
Mallampati classification score (one)] and eight obese patients
(BMI>30) were excluded. The study group included 50

patients with diagnoses of IPF (n=17), sarcoidosis (n=15),
or scleroderma (n=18). Thirty-six (72 %) of the patients were
female. The mean age was 53.92+12.19 years, and the mean
BMI was 25.94+2.32 kg/m?. At the time of study, 48 % (n=
24) of the patients were receiving prednisolone, 22 % (n=11)
were receiving azathioprine, and 14 % (n=7) were receiving
methotrexate therapy. The following comorbidities were
reported in 30 % (n=15) of the patients: hypertension, ische-
mic heart disease, and diabetes mellitus.

Sleep-related symptoms, ESS scores, and pulmonary
function

The mean percentages of FVC, FEV,, and DLCO were
normal for the whole group (Table 2). Ten patients (one
sarcoidosis, two scleroderma, and seven IPF) were using
supplemental oxygen therapy only during exercise due to
exercise-induced desaturation. The patients had complaints
of sleep-related symptoms such as snoring (40 %),
witnessed apneas (6 %), and excessive daytime sleepiness
(10 %). The mean ESS score was 5.42+3.26. ESS scores>
10 were found in only five patients. In comparing the IPF
patients to the other study participants, they were mostly
male, were older, had lower PaO, measurements, had lower
predicted FVC, and DLCO percentages (»<0.001, »p<0.002,
p=0.001, p=0.03, and p=0.001, respectively) (Table 2).

Disease severity and chest X-ray findings

The mean disease severity index score was 3.24+2.25. Dis-
ease severity scores were higher in the patients with IPF than
either scleroderma or sarcoidosis patients (p=0.043, and p=
0.000, respectively). Diffuse parenchymal involvement on
chest X-ray was found in 18 patients (IPH=11, sarcoidosis=
4, and scleroderma=3). The demographic characteristics, pul-
monary function test results, ESS scores, and severity index
scores of the study groups are presented in Table 2.

Polysomnographic data

The percentages of sleep efficiency, slow-wave sleep, and
REM sleep were found to be decreased in all 50 patients
with ILD. The arousal index was higher than 10 in 64 % of
the patients. A diagnosis of OSA was made in 68 % (n=34)
of the patients (19 mild, 11 moderate, and 4 severe). The
AHI was 11.41+12.52. Most of the respiratory events were
hypopneas rather than apneas. REM-related sleep apnea was
determined to be present in 52.9 % (n=18/34) of the pa-
tients. Oxygen desaturation was significant during REM.
The ODI was higher than 10 in 52 % (n=26) of the patients.
The OSA diagnosis rate was higher in male patients than in
female patients (92.8 and 58.3 %, respectively, p=0.02).
There were no significant differences for smoking history,
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Table 2 Demographics, pulmonary functions, ESS, and disease severity of the study groups

All patients IPF Scleroderma Stage II-1I1I sarcoidosis p value®
Age 53.92+12.19 60.94+8.11 55+12.41 46.4+11.73 <0.002
Gender (male female) (%) 28/72 70.5/29.4 5.5/94.4 6.6/93.3 <0.001
BMI (kg/mz) 25.94+2.32 26.35+£2.02 25.16+2.83 26.4+1.8 NS
Comorbidity (%) 30 23.5 333 333 NS
FVC (%) 85.28423.08 71.29421.07 88.38+19.71 97.4+21.88 0.03
FEV| (%) 86.06+21.9 79423.9 86.5+£17.75 93.06+23.18 NS
FEV/FVC 83.26+6.68 85.31+8.14 82.39+5.59 81.87+6.22 NS
DLCO (%) 71.55+25.36 56.76+18.41 71.05+£23.43 90.14+24.1 0.001
PaO, (mmHg) 76.78+12.31 65.59+8.31 82.72+12.75 82.33+8.72 0.001
ESS score 5.42+3.26 6.76+3.28 5.44+3.29 3.86+2.64 0.04
Severity index score 3.24+2.29 4.58+2.12 2.88+2.63 2.13£1.06 0.02

BMI body mass index, FVC forced vital capacity, FEV; forced expiratory volume 1 s, DLCO carbon monoxide diffusing capacity, PaO, partial

oxygen saturation, £SS Epworth sleepiness scale, NS not significant

# Comparison among groups with IPF, scleroderma, and sarcoidosis in the ANOVA

comorbidities, immunosuppressive therapy usage, charac-
teristic symptoms of OSA, ESS score, lung function be-
tween patients with and without an OSA diagnosis. Half
of the patients with OSA were receiving corticosteroid ther-
apy. The PSG data did not differ between the patients who
were using corticosteroids and the patients who were not.
There was no correlation between age and the AHI. There
was a weak correlation between the BMI and the AHI (r=
0.404, p=0.004). The AHI and the ODI showed no correla-
tion with lung function. There were no significant differ-
ences for the AHI between the patients who were using
oxygen during exercise and the patients who were not.
However, 70 % of the patients (n=7/10) who were using
oxygen during exercise had an OSA diagnosis.

The ODI was statistically different between patients with
and without OSA (17.4+3.4 and 3.3+0.7, respectively, p=
0.001). There was a strong correlation between the ODI and
the AHI (»=0.883, p=0.000). There was a weak positive
correlation between the ODI and the BMI (»=0.351, p=
0.012). The PSG data and nocturnal oximetry parameters
are given in Table 3.

The OSA diagnosis rate was higher in the patients who had
severity index>3 (p=0.04). Additionally, the severity index
score was correlated with the sleep efficiency, percentage of
REM sleep, mean oxygen saturation, and time spent with
saturation <90 % (r=—0.308, p=0.03; »=0.310, p=0.028; r=
—0.502, p=0.000; and »=0.370, p=0.008, respectively).

Diffuse parenchymal pulmonary involvement as deter-
mined by chest X-ray was related to a higher AHI, increased
stage 2 sleep, decreased stage 3 sleep, and higher REM AHI
when compared to the nondiffuse involvement (p=0.043, p=
0.026, p=0.012, and p=0.013, respectively). In addition, the
mean nocturnal saturation was significantly lower, and the
total sleep time with O, saturation <90 % and the ODI were
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significantly higher in subjects with diffuse radiological in-
volvement (p=0.002, p=0.024, and p=0.007, respectively).

Comparison of PSG data in ILD subgroups

An OSA diagnosis was observed at a rate of 82.3 % (n=14)
in the IPF patients, 55.5 % (n=10) in the scleroderma
patients, and 66.6 % (n=10) in the sarcoidosis patients.
The frequency of OSA was higher in the IPF patients (p=
0.009). When we compared PSG data of the three groups,
only the mean saturation was significantly decreased in the
IPF patients (p=0.03) (Table 3). Snoring was mostly
reported in the IPF group (p=0.04), but it was not related
to an OSA diagnosis. Other sleep-related symptoms were
not different between the ILD subgroups.

There was no correlation between the disease severity
scores and the PSG data in the patients with IPF. However,
the disease severity index score was correlated with sleep
efficiency, mean oxygen saturation, and time spent with satu-
ration <90 % in the scleroderma patients (»=—0.586, p=0.01;
r=—0.705, p=0.001; and =0.665, p=0.003, respectively). In
the sarcoidosis patients, disease severity was only correlated
with time spent with saturation <90 %.

Discussion

Our study revealed a high prevalence of OSA (68 %) in
patients with ILD. The prevalence of OSA was 82.3 % in the
IPF patients, 55.5 % in the scleroderma patients, and 66.6 %
in the sarcoidosis patients. The OSA severity was mostly
mild. The respiratory events were predominantly hypopneas
rather than apneas. The percentages of sleep efficiency and
REM sleep were decreased.
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Table 3 PSG data and nocturnal oximetry parameters of the study groups

All patients IPF Scleroderma Stage II-1I1I sarcoidosis p value®
Sleep efficiency (%) 72.35+8.55 71.67+6.76 71.04+10.92 74.69+7.08 NS
Total sleep time (min) 351.44+51.88 353.64+47.98 344.94+60.89 356.73+46.88 NS
Stage I (%) 7.74+6.38 9.04+6.47 9.1£7.74 4.64+2.69 NS
Stage II (%) 51.34+11.04 48.31+12.74 52.16+8.78 53.8+11.34 NS
Stage III (%) 27.08+11.21 28.4+14.48 24.52+9.87 28.64+8.3 NS
REM (%) 13.65+5.22 14.25+5.27 13.71+5.47 12.9+5.11 NS
AHI 11.41£12.52 11.12+6.1 9.1148.75 14.5+19.89 NS
NREM AHI 9.76+12.94 9.62+6.41 6.95+7.2 13.3£21.27 NS
REM AHI 20.36+16.99 20.21+9.42 21.53+20.56 19.11+£19.81 NS
Al 3.63+7.06 2.31+2.16 4.21+4.91 443+11.7 NS
HI 7.78+7.79 8.81+4.84 4.89+6.33 10.08+10.92 NS
Arousal index 16.6+7.91 17.3+£7.81 14.72+6.48 18.06+9.54 NS
SpO, (%) 93.54+2.99 92.11+1.76 94.72+2.96 93.73+3.57 0.03
Minimum SpO, (%) 85.42+6.37 83.88+5.33 85.77+7.54 86.73+5.98 NS
ODI 13.92+16.78 13.4+5.66 9.6+11.29 19.69+27.09 NS
ODI NREM 11.92+£17.12 10.47+5.92 7.66+10.09 18.66+28.07 NS
ODI REM 23.94+21.36 26+13.6 22.11£22.47 23.8427.63 NS
Sp0,<90 % 5.96+14.67 8.98+18.38 4.13+13.26 4.73+11.67 NS

REM rapid eye movement, NREM nonrapid eye movement, 4HI apnea—hypopnea index, 4/ apnea index, HI hypopnea index, ODI oxygen

desaturation index, Sp oxygen saturation calculated by pulse oxymeter

# Comparison among groups with IPF, scleroderma, and sarcoidosis in the ANOVA

In the literature, there are few studies about sleep-related
breathing disorders in ILD [5-9, 22]. The incidence of OSA
in these studies was between 17 and 88 % [5—7, 9]. Most of
these studies investigated sleep-related breathing disorders
in IPF. However, these studies had some methodological
problems such as including only patients with IPF and not
excluding patients with obesity (BMI>30) or upper airway
pathologies that could cause OSA. Anatomical defects of
the upper respiratory tract and obesity are important risk
factors for OSA. OSA has been considered to be related to
obesity and a high Mallampati classification score in IPF
patients [6, 7, 23]. In contrast, Aydogdu et al. studied 37
patients with ILD, and they did not find a relationship
between OSA diagnosis and BMI, even though they did
not exclude obese patients [5]. Lancaster et al. reported a
weak correlation between OSA and BMI in IPF patients.
They noted that only 5 of 44 OSA patients had a normal
BMI [7]. In addition, Mermigkis et al. found a positive
correlation between AHI and BMI in IPF patients [6]. To
exclude the possible effects of these factors, we excluded
patients with BMI>30 and upper airway pathologies that
could cause OSA. In our study, there was a weak correlation
between the AHI and the BMI. In light of these data, the
effect of obesity on OSA in ILD patients is still unknown.
There may be different mechanisms for OSA in this popu-
lation other than obesity. The role of inflammation as a
factor in OSA has been speculated upon in previous studies

[24-27]. Corticosteroid may increase the risk for OSA by
causing obesity. Nearly half (n=24) of our study population
was on corticosteroid treatment, but there was no significant
difference for OSA diagnosis between patients receiving
corticosteroids and patients not receiving corticosteroids.
In addition, the AHI and the ODI were similar between
these groups. Therefore, it seems that the high incidence of
OSA in our study could not be related to corticosteroid
usage and obesity. Restrictive pulmonary diseases are char-
acterized by decreased lung volumes that can reduce upper
airway stability and increase resistance due to decreased
traction on the upper airway. These changes can facilitate
upper airway collapse, especially during REM sleep when
functional residual capacity is further reduced due to the
inactivity of the intercostal muscles [28-30]. A study in 20
rabbits demonstrated that increases in lung volume resulted
in caudal tracheal traction that mediated a decrease in upper
airway collapsibility due to a decrease in upper airway
extraluminal tissue pressure [31]. Based on this theory,
pulmonary function impairment has been concluded to be
a predictor of OSA in ILD [9]. In the literature, there have
been conflicting reports on this subject [6, 7]. In a previous
study, a negative correlation between the FVC and the AHI
was found [6]. Mermigkis et al. found that the REM AHI
was significantly correlated with total lung capacity (p=
0.03, »=—0.38) [32]. In addition, DLCO was correlated with
mean oxygen saturation during sleep (p=0.02, »=0.39) [32].
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The authors concluded that obese IPF patients with signif-
icantly decreased pulmonary function parameters may have
an increased risk for OSA, particularly during REM sleep
[32]. In contrast to these findings, Lancaster et al. did not
find any correlation between FVC, lung volumes, and
DLCO [7]. Moreover, we did not find any relationship
between the AHI and pulmonary function parameters in
our nonobese IPF, sarcoidosis, and scleroderma patients,
which supports the data of Lancester et al. A technical
problem may explain these results. The respiratory function
tests were applied in a sitting position when patients were
awake, but the PSG data are recorded in a lying position
during sleep. Thus, these tests were not applied under the
same conditions.

The mean predicted FVC percentages and DLCOs of our
scleroderma and sarcoidosis patients were normal. The pul-
monary function tests in our IPF patients were slightly
affected (FVC=71£21.73 %, DLCO=55.53+19.33 %).
There was no relationship between pulmonary function
and the AHI. However, the number of subjects in our study
was not sufficient to make a broad inference. This relation-
ship should be evaluated in a larger series. The inclusion of
patients with mild disease might be the reason for not
finding any relationship between pulmonary function and
the AHI. However, the FVC of our IPF patients was similar
to previous studies, and the DLCO was slightly higher than
in previous studies [6, 7, 32].

The severity of OSA was predominantly found to be mild
in ILD patients in previous studies [5, 32]. Aydogdu et al.
studied a mixed group with different diagnoses of ILD, and
they reported an OSA diagnosis rate of 64.8 % in ILD
patients [5]. The severity of OSA was also mostly mild in
their study. In a recent study, 34 IPF patients were evaluated
and the frequency of OSA was 59 %, and mild OSA was
common (44 %) [32]. However, there are two studies in
which OSA severity was reported as predominantly severe
[6, 7]. Mermigkis et al. reported a 61 % OSA rate in IPF
patients, and 45 % of their OSA patients had severe OSA
[6]. However, this study was retrospective and included only
patients referred to the sleep laboratory due to a high clinical
suspicion for OSA. These circumstances could be the reason
for the high rate of severe OSA. In addition, Lancaster et al.
reported an OSA diagnosis rate of 88 % in their IPF sub-
jects, and 68 % of these patients had severe OSA [7]. In our
study, OSA severity was predominantly mild (55.8 %), and
the prevalence of mild OSA was 50 % (n=7) in the IPF
patients, 55.5 % (n=5) in the scleroderma patients, and 70 %
(n="7) in the sarcoidosis patients.

Disturbance of sleep architecture and the increase in OSA
in ILD especially occur during REM sleep [6, 7, 10, 32, 33].
REM-related sleep apnea was found in 52.9 % of the pa-
tients with OSA. This high rate is consistent with previous
reports [6, 7].
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Previous studies have mostly investigated OSA only in
IPF patients [6, 7, 32]. The remaining studies included a
mixed population with different diagnoses of ILD in small
numbers [5, 8]. Therefore, in these studies, there was no
chance to compare the data from different types of ILD. Our
study was designed to investigate OSA not only in patients
with IPF, a disease affecting only the lungs, but also sclero-
derma and sarcoidosis, which affect multiple organ systems.
Therefore, we had the chance to compare different types
ILD. Similar to our study, Aydogdu et al. included different
diagnoses of ILD such as IPF (n=18), sarcoidosis (n=7),
and other interstitial lung diseases (n=12) in small numbers,
and they reported an OSA diagnosis rate of 64.8 % in ILD
patients [5]. Aydogdu et al. compared the PSG findings from
patients with IPF and a mixed group of different ILDs.
There were only seven patients with sarcoidosis in their
population, but there were no patients with scleroderma.
They did not find any differences in the PSG data between
IPF and the other diagnoses [5]. When we compared pa-
tients with IPF and the other study populations (patients
with scleroderma and sarcoidosis with pulmonary involve-
ment), the frequency of OSA was higher in our IPF patients.
The mean saturation was found to be decreased in IPF
patients. Nocturnal hypoxemia in IPF could be explained
by the fibrosis in the alveolar—arterial gas transfer unit. The
IPF patients were predominantly male, while scleroderma
and sarcoidosis patients were predominantly female in our
study. The mean age of the IPF patients was higher than that
of the scleroderma and sarcoidosis patients. Being male and
older could explain the higher frequency of OSA in our IPF
patients. However, the frequency of OSA was also high in
our scleroderma and sarcoidosis patients with parenchymal
involvement which consisted mostly of nonobese, middle-
aged women with low ESS scores. Previously, sleep apnea
was reported to be frequent in sarcoidosis patients, possibly
due to factors such as steroid usage, neurosarcoid, or upper
airway obstruction [10, 23, 34]. In a study by Turner et al.,
OSA was reported to occur in 17 % of sarcoidosis patients,
which was significantly higher than the prevalence in con-
trols [10]. In our scleroderma group, a 55 % diagnosis rate
of OSA was found. In a previous study, decreased sleep
efficiency and REM sleep and increased Al and slow-
wave sleep were reported in scleroderma patients, but the
frequency of OSA was not found to be increased [35]. There
are no other studies in the literature against which to com-
pare our data in scleroderma patients.

Another factor that differentiates our study from previous
studies is the evaluation of the relationship between the AHI
and the disease severity of ILD. There is only one study that
evaluated the relationship between the AHI and the disease
severity of ILD [5]. In that study, the authors combined
several clinical, radiological, and physiological parameters
and created a scoring system (the CRP scoring system).
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They did not find a relationship between their CRP scoring
system and the AHI. In our study, we created a disease
severity index and evaluated the relationship between this
severity index and the AHI. Similar to that previous study,
we did not find a relationship between the AHI and disease
severity. In contrast, our findings showed that the frequency
of OSA increased when the disease severity score was
higher than 3. Additionally, the severity index score was
inversely correlated with sleep efficiency, the percentage of
REM sleep, and mean oxygen saturation levels and posi-
tively correlated with the time spent with saturation <90 %.
There was no correlation between the disease severity score
and the PSG data in patients with IPF. However, the disease
severity index score was correlated with sleep efficiency, the
mean oxygen saturation level, and the time spent with
saturation <90 % in scleroderma patients. In sarcoidosis
patients, the disease severity was only correlated with the
time spent with saturation <90 %.

Additionally, the AHI and ODI were significantly higher
in subjects with diffuse radiological involvement in our
study. In the English language literature, we could not find
any study that had evaluated the relationship between PSG
parameters and radiological involvement in ILD.

Krishnan et al. reported excessive daytime sleepiness and
worse sleep efficiency in IPF patients [36]. However, they
did not confirm this finding by PSG. In our study, sleep
efficiency was decreased according to the PSG data, espe-
cially in IPF patients. The ESS scores did not differ between
patients with or without OSA, and they were also not
correlated with the AHI in our study, which is in agreement
with the results of Lancester et al. [7].

One of the important limitations of our study is that we
could not repeat PSG to minimize the first-night effect of
PSG. Another limitation is in the comparison of sarcoidosis
patients and IPF patients because there is too much disparity
between the two populations with respect to their sex ratios
and mean ages that may affect the frequency of OSA.
However, in our study population, only the sex ratio and
mean age were statistically different between patients with
IPF and patients with sarcoidosis.

In conclusion, although we excluded obese patients and
patients with upper airway pathologies causing OSA, we
found a high frequency of OSA in patients with ILD. Re-
spiratory disturbance was worse during REM sleep. A high
disease severity index score was related to an OSA diagno-
sis. A higher AHI was related to diffuse radiological in-
volvement. The ODI was high in our study group, especially
in IPF and sarcoidosis patients. In light of these data, we
suggest that PSG studies should be performed in patients
with radiologically or clinically advanced ILD. Such data
may facilitate early recognition of clinically significant
OSA, while treatment may reduce morbidity and improve
quality of life.
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