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ABSTRACT The prevalence of obstructive sleep apnoea (OSA) is continuously increasing in patients
with idiopathic pulmonary fibrosis (IPF) and, for the first time, the recent IPF guidelines recognise OSA
as an important associated comorbidity that can affect patient’s survival. Thus, it becomes conceivable that
clinicians should refer patients with newly diagnosed IPF to sleep centres for the diagnosis and treatment
of OSA as well as for addressing issues regarding the reduced compliance of patients with continuous
positive airway pressure therapy. The discovery of biomarkers common to both disorders may help early
diagnosis, institution of the most appropriate treatment and follow-up of patients. Better understanding of
epigenetic changes may provide useful information about pathogenesis and, possibly, development of new
drugs for a dismal disease like IPF.

@ERSpublications
It is now believed that IPF and sleep disorders can coexist in the same patient http://ow.ly/LXPSL

Introduction
Based on recent literature reporting an increased incidence of obstructive sleep apnoea (OSA) in patients
with idiopathic pulmonary fibrosis (IPF), for the first time, the most recent IPF guidelines include OSA
among IPF-associated comorbidities [1]. The paucity of studies related to continuous positive airway
pressure (CPAP) treatment in this patient group and the need to intensify research in this area were
highlighted by a European Respiratory Society (ERS)-endorsed meeting entitled “IPF and sleep: common
pathways and implications in therapy” (December, 2013; Athens, Greece). IPF is a fatal disease with
median survival of 3 years [2]. Identification and treatment of complicating comorbidities such as OSA
and pulmonary hypertension (PH) may have a significant impact on survival in this devastating disease. In
this review, we aim to highlight the progress achieved so far and underline challenges for future studies in
this field.
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Sleep in IPF
In healthy individuals, sleep represents a state of restoration covering approximately one-third of human
life. The deleterious effects of disease processes are present both during wakefulness and sleep, although
sleep is often overlooked by physicians. Sleep hypoventilation, especially during the vulnerable rapid eye
movement (REM) period, well tolerated by healthy individuals, may represent a potentially hazardous
occurrence in patients with chronic respiratory diseases [3, 4]. During REM sleep, the diaphragm remains
the only active respiratory muscle, while accessory muscles are temporarily not functional (normal
REM-related muscle paralysis).

So far, research has mainly focused on patients with chronic obstructive pulmonary disease (COPD).
Significant changes in oxygenation parameters and/or coexisting sleep disordered breathing (sometimes
called “overlap syndrome”) have been described in patients with severe COPD, particularly during the
vulnerable REM sleep period [5, 6]. Less research has been performed in patients with restrictive lung
diseases such as IPF. Although the positive findings relating to pirfenidone and nintedanib [7, 8] have
changed the outlook for patients with IPF, both drugs have been found to reduce rather than halt disease
progression, and neither has been shown to significantly improve quality of life. Sleep disturbances are
likely to play a major role in overall quality of life as well as in morbidity and mortality in this patient
group (table 1) [9–11].

Published studies related to sleep in IPF should be divided into those performed before and after
publication of the 2002 American Thoracic Society (ATS)/ERS criteria for the diagnosis for IPF [12]. The
limited number of studies from the mid-1980s to the 1990s included small numbers of patients with a
variety of restrictive lung diseases. By contrast, studies performed after the 2002 guidelines were published
mostly included only patients with a confirmed diagnosis of IPF. This is important, as IPF exclusively
affects the lungs, while other interstitial lung diseases (ILDs) can occur on a background of systemic
disease, such as connective tissue disease or sarcoidosis, affecting multiple organs/systems that may
themselves influence sleep quality and/or sleep-related disorders in a number of ways. Recent
methodological differences, including a change in the definition of hypopnoeas as well as newer and more
sensitive equipment used for event detection, also make the comparison between older and more recent
studies difficult [13].

Overall, sleep is found to be markedly disturbed across studies in patients with IPF. Most studies agree on
the findings of abnormal sleep macro- and micro-architecture, respiratory breathing patterns, and oxygen
desaturation with features of hypoventilation, especially during the vulnerable REM period. However, OSA
was reported as uncommon in the older studies, while it has instead been described as quite frequent in
the more recent reports.

BYE et al. [14], in a study from the mid-1980s that investigated patients with ILD (13 ILD patients, three
with IPF) using standard polysomnography (PSG), showed that patients with ILD had sleep breathing
frequency persistently above the normal range: seven out of nine who did not snore had marked
desaturations during REM sleep, and the other two had desaturations in both REM and non-REM sleep.

TABLE 1 Sleep in idiopathic pulmonary fibrosis

Sleep macro- and micro-architecture Increased stage 1 sleep
Decreased REM and slow-wave sleep
Decreased sleep efficiency
Increased WASO
Increased arousal index

Respiratory pattern Increased respiratory frequency during sleep
Rapid and shallow breathing (especially during REM sleep)

Nocturnal oxygenation parameters Episodic desaturation during REM sleep
Desaturation during NREM sleep
Desaturation due to respiratory events (apnoeas and hypopnoeas)

Sleep disordered breathing Increased incidence of obstructive sleep apnoea
Other sleep problems Increased periodic leg movements during sleep

Insomnia
Nocturnal cough

REM: rapid eye movement; WASO: wake time after sleep onset; NREM: non-REM.

328 DOI: 10.1183/16000617.00009114

IPF AND SLEEP | S. SCHIZA ET AL.



As stated by those authors, OSA was an unexpected feature in two out of four patients who snored.
PEREZ-PADILLA et al. [15], in a study from the same time period, observed that patients with ILD (11 ILD
patients, seven patients with IPF) had poor sleep quality with less time in REM sleep, increased stage 1
sleep and marked sleep fragmentation compared with age- and sex-matched controls. The apnoea–
hypopnoea index (AHI), defined as the number of apnoea and hypopnoea events per hour of sleep, was
found to be low even though hypoxaemia and obesity were noted in several of these patients. ILD patients
had a higher respiratory frequency than controls, during both wakefulness and sleep. Respiratory
frequency during sleep showed no significant change in IPF patients in contrast to the noted decrease in
the control group. The authors hypothesised that the lack of change might be due to the maintenance of
reflexes causing rapid, shallow breathing during sleep. The same breathing pattern was observed in a more
recent study by MERMIGKIS et al. [16] including 15 IPF patients with diagnosis based on the 2002 ATS/ERS
criteria and 15 matched control subjects. In contrast, MCNICHOLAS et al. [17], in an older study including
seven patients (five with IPF, two with farmer’s lung), demonstrated that respiratory frequency declined
significantly between wakefulness and sleep in ILD patients. However, the authors do acknowledge a
possible confounding effect in their own study due to anxiety in the period preceding the study when the
respiratory frequency was measured for the period of wakefulness.

OSA is a condition characterised by cessation of regular breathing during sleep. Apnoea is a complete
cessation of respiration and hypopnoea is partial or reduced respiration. For the diagnosis of sleep apnoea,
each apnoeic or hypopnoeic event must last a minimum of 10 s. Each respiratory event generally results
in repeated arousals from sleep as well as nocturnal hypoxaemia. OSA is considered mild if the AHI is
⩾5 events per hour but <15 events per hour, moderate if ⩾15 events per hour but <30 events per hour,
and severe if ⩾30 events per hour.

The first study reporting the need for a high awareness for OSA in IPF population was a retrospective
study by MERMIGKIS et al. [18] in 18 patients with IPF who had been referred for overnight PSG to
investigate complaints suggestive of sleep disordered breathing. OSA was confirmed in 11 patients and the
rest were diagnosed with upper airway resistance syndrome or primary snoring. The authors pointed out
that despite growing awareness of OSA among healthcare providers, treating physicians may defer sleep
testing because IPF is characterised by such a rapidly progressive course, leading them to focus on more
acute problems such as dyspnoea and limitations in daily activities. This may be the case as among 875
patients with IPF admitted to the Cleveland Clinic (Cleveland, OH, USA) from 2001 to 2005, only 18 were
referred to the sleep centre. Obesity and the magnitude of the pulmonary function test impairment were
recognised as predictor factors for OSA. Restrictive pulmonary diseases are characterised by decreased lung
volumes that can reduce the upper airway stability and increase resistance due to a 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 [19–22].
However, this is not enough to draw the conclusion that OSA is a direct consequence of IPF as multiple
factors are possibly involved in the pathogenesis of OSA in IPF, an area that demands intense future
research. Another significant finding of this study was the increased frequency of restless-leg syndrome
and periodic leg movements during sleep in this population. The first prospective study on the topic OSA
in IPF was performed in the USA by LANCASTER et al. [23], including 50 IPF patients. OSA was diagnosed
in 88% of subjects. 10 (20%) subjects had mild OSA and 34 (68%) had moderate-to-severe OSA. Neither
the Epworth Sleepiness Scale nor the Sleep Apnoea Scale of Sleep Disorders Questionnaire, alone or in
combination, was a strong screening tool, making an evaluation by a sleep physician necessary. The study
did not demonstrate an inverse relationship between forced vital capacity (FVC) and AHI, contrary to the
previously described theory that decreased lung volumes predispose to OSA by reducing the upper airway
stability and increasing resistance due to a decreased traction on the upper airway. The authors claimed
that the lack of inverse correlation between the pulmonary function testing (PFT) data and the severity of
sleep apnoea may be explained by the use of PFTs performed with the patient in the upright or standing
position. FVCs obtained with the patient in the supine position may be more accurate at predicting sleep
lung volumes, and may better display interdependence between the upper airway and lung volumes during
sleep. A limitation of the study was the fact that the included patients were receiving corticosteroids or
other treatments for IPF. This was excluded in a multicentre study from Greece by MERMIGKIS et al. [24] in
which PSG was performed in 34 treatment-naïve patients soon after the diagnosis of IPF. 15 (44%)
subjects had mild and five (15%) had moderate-to-severe OSA, while 14 (41%) subjects were normal. The
last study showing again that OSA is a common comorbidity in IPF was a study from Turkey by PIHTILI

et al. [25]. Based on these studies, the incidence of OSA is high in IPF patients, even though it should be
mentioned that IPF is known to occur mostly in those over the age of 60 years, an age where OSA
increases even among normal people. Data from the Sleep Heart Health Study (SHHS) show, in the
60–69-year age group, prevalences of mild and moderate-to-severe OSA of 32% and 19%, respectively [26].
Based on these data, 51% of people in the 60–69-year age group had an AHI above 5 events per hour, the
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upper normal value based on current criteria. In comparison, the studies by LANCASTER et al. [23] and
MERMIGKIS et al. [24] reported an AHI >5 events per hour in 88% and 59% of the included IPF patients,
respectively. These percentages are higher than those seen in this age group in the SHHS. The main
difference between the studies in IPF patients is the fact that LANCASTER et al. [23] found the majority of
patients (68%) had moderate-to-severe OSA (AHI >15 events per hour), while MERMIGKIS et al. [24]
reported mostly (44%) mild OSA (AHI 5–15 events per hour). These differences may be related to the fact
that MERMIGKIS et al. [24] included only treatment-naïve patients while LANCASTER et al. [23] included
patients treated with corticosteroids, which may increase OSA as a result of fat deposition in the neck area.
In addition, the body mass index (BMI) of included patients in the study by MERMIGKIS et al. [24] was
significantly lower than the BMI of patients in the study by LANCASTER et al. [23].

The role of underlying OSA in the general health status of IPF patients is probably more important than
has been recognised. There are a few published studies [27, 28] reporting that some features related to
OSA, such as increased gastro-oesophageal reflux, exaggerated intrathoracic mechanical strains or
intermittent hypoxia with oxidative stress, could somehow favour the development of IPF or impact the
progression of the disease. In addition, it is well known that OSA has been increasingly linked to
cardiovascular and cerebrovascular morbidity and mortality, and this association makes OSA a serious,
potentially life-threading condition [29, 30]. IPF patients with OSA are obviously not an exception to such
issues. It is not a surprise that the most recent IPF guidelines [1] include OSA among the IPF-associated
comorbidities. Furthermore, they recognise the paucity of studies related to CPAP treatment in this patient
group and reinforce the need for intense research in this field. MERMIGKIS et al. [31] recognised that CPAP
initiation in this population may be problematic for a variety of reasons, with high incidence of CPAP
unacceptance or poor compliance, factors that can only be eliminated through intense follow-up by a
well-organised sleep centre. The authors claimed that it would be easy to give up after a CPAP titration
has been unsuccessful for multiple reasons, such as cough, claustrophobia or insomnia, and to characterise
these patients as ineligible to receive CPAP therapy. However, the next step is simply to accept the
well-known course of the disease that leads to disability and, finally, death. There are always solutions such
as heated humidification even from the first CPAP initiation during the titration study, which may
improve one of the most disabling symptoms, namely dry nocturnal cough. In addition, one crucial issue
is to recognise sleep disorders in IPF patients in the early stages of the disease and not when they are close
to the death when the possibility of CPAP unacceptance dramatically rises. The first study in this field
[32] included 12 IPF patients with moderate-to-severe OSA started on CPAP therapy. Effective CPAP
treatment in IPF patients with OSA resulted in a significant improvement in daily living activities based
on the Functional Outcome of Sleep Questionnaire (FOSQ), a specific follow-up instrument that assesses
the daily effects of poor sleep caused by sleep disorders. A statistically significant improvement was
observed in the FOSQ at 1, 3 and 6 months after CPAP initiation. The authors recognised the need for
further studies to assess not only the negative influence of untreated OSA on the quality of life of IPF
patients, but also the possible contribution of OSA to IPF progression and mortality. Another study by
KOLILEKAS et al. [33] in a cohort of 31 treatment-naïve, newly diagnosed, consecutive IPF patients reported
that intermittent sleep oxygen desaturation significantly exceeds that of maximal exercise and is associated
with survival in IPF patients. Among the included subjects, 12 (38.7%) patients had mild and 16 (51.6%)
patients had moderate-to-severe OSA. The main limitation of this study was that only four patients were
treated with CPAP. Even though it was interesting and they were all alive at the reporting of the study, one
could speculate that CPAP might have offered a survival benefit. In a very recent multicentre study by
MERMIGKIS et al. [34], CPAP therapy was initiated in 92 treatment-naïve, newly diagnosed, consecutive IPF
patients with moderate-to-severe OSA. Patients were divided into a poor and a good CPAP compliance
group. All subjects completed multiple quality-of-life and sleep instruments (FOSQ, Pittsburgh Sleep
Quality Index, Epworth Sleepiness Scale, Fatigue Severity Scale, Short Form 36 Health Survey and Beck
Depression Inventory) before CPAP initiation and 1 year after the start of CPAP treatment. The good
CPAP compliance group showed statistically significant improvement in all used quality-of-life and sleep
instruments after 1 year’s CPAP treatment. However, the poor CPAP compliance group showed
significant, smaller changes only in a minority of the used instruments. Interestingly, during the 24-month
follow-up period after CPAP initiation, three patients from the poor CPAP compliance group died,
whereas all patients from the good CPAP compliance group remained alive. This is the first study to
report that effective CPAP treatment in IPF patients with comorbid moderate-to-severe OSA results in a
significant improvement in daily living activities, and quality of sleep and life. In addition, it provides the
first evidence that treatment of comorbidities such as OSA may also influence mortality in IPF, a fatal
disease (IPF is not a cancer but acts like a cancer) with no effective treatment so far.

In IPF, sleep is probably not a restorative state but a marathon made up of 100-m races every time patients
go into REM sleep. Obviously, PSG is expensive and cannot be advised in all IPF patients. In addition, in
this population, OSA cannot be accurately predicted by questionnaires [23] or based on symptoms that
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most non-sleep physicians look for, such as excessive daytime sleepiness [18, 19]. The main complaint in
IPF patients with OSA is daytime fatigue, a complaint with a multifactorial profile that is difficult to assess
[11, 24]. In addition, based on the recent PSG studies in this population, the majority of the respiratory
events are hypopnoeas and the accurate recognition of these needs special equipment and follows new
terminology [13, 23–25].

Sleep apnoea and PH
OSA is associated with repetitive nocturnal arterial oxygen desaturation and hypercapnia. In animal
models, intermittent hypoxia has been shown to cause PH, pulmonary arteriolar remodelling and right
ventricular hypertrophy [35–37]. Exposure to cyclic intermittent hypoxia decreases endothelial nitric oxide
synthase (eNOS) expression and nitric oxide level, and increases endothelin-1 expression in pulmonary
arteries in rats, thus predisposing the vasculature to increased tone, altered remodelling, proliferation and
endothelial injury [38].

PH is relatively common in patients with OSA and is thought to be associated with pulmonary vascular
remodelling. The prevalence of PH in OSA without clinically identifiable cardiopulmonary disease has
been found to be 20–40% [39].

A retrospective analysis of 83 patients with OSA who underwent right heart catheterisation showed PH in
58 (70%) patients [40]. Among these, 18 patients had pulmonary arterial hypertension (PAH). No
significant differences were observed between the PH and non-PH groups regarding AHI. The PH group
experienced significantly more frequent nocturnal desaturation than the non-PH group; patients with PAH
had the longest duration of nocturnal desaturation. Most patients had mild or moderate elevations in
pulmonary arterial pressure (PAP); however, a total of 27 patients had severe PH (mean PAP (mPAP)
⩾40 mmHg). Patients with severe PH had more nocturnal desaturation, worse haemodynamics and greater
mortality than patients with mild or moderate PH or no PH. Right ventricular systolic pressure, BMI,
female sex and duration of nocturnal desaturation were the strongest correlates of PH. Given the
retrospective nature of the study, a selection bias can cause the prevalence estimate of PH in association
with OSA to be high. In addition, several comorbidities that might have an effect on the presence of PH
could not be properly excluded.

A 3–6-month trial of nocturnal CPAP treatment has been shown to decrease PAP, as derived by Doppler
echocardiography [41, 42].

A recent prospective study on patients with a diagnosis of PH confirmed by right heart catheterisation
analysed the prevalence and characteristics of sleep disorders by polygraphy. Among 169 patients with PH,
45 (26.6%) PH patients were found to suffer from sleep disorders. Of these, 27 (16%) patients had OSA
and 18 (10.6%) patients had central sleep apnoea (CSA). The severity of sleep apnoea was mild to
moderate, with a mean AHI of 20 events per hour. OSA mainly occurred in patients with chronic
thromboembolic PH (CTEPH) and COPD-associated PH; most patients with CSA were seen in idiopathic
PAH, CTEPH and “other” diagnoses of PH [43].

IPF and PH
The prevalence of PH complicating the course of patients with IPF has been reported as occurring in
32–85% of patients. These widely varying estimates reflect differing patient populations and disease
severity among different studies. In one study, 36% of patients assessed at the time of transplantation
evaluation had PH but 85% of the same patient cohort had PH at the time of transplantation [44]. The
presence of PH in IPF is associated with higher mortality and its development contributes to the
deterioration of IPF patients [45, 46]. Moreover, in severe diffuse lung disease, pulmonary vascular
resistance has been shown to strongly predict death within 1 year independent of disease severity or
diagnosis of IPF [47]. Noninvasive diagnostic tests such as echocardiography, 6-min walking distance,
distance-saturation product and oxygen saturation measured by pulse oximetry (SpO2) seem to perform
poorly in detecting PAH in IPF patients [48]. However, PH is mild in most IPF patients. In one series,
only about 10% of patients with IPF listed for transplantation had severe PH, as defined by a mPAP
>40 mmHg. To date, there is not sufficient evidence that the drugs currently used for PAH are safe and
effective in patients with PH associated with IPF [49]. Thus, the use of drugs currently approved for PAH
in patients with IPF is not recommended until further data are available; lung transplantation is still the
best option for these patients.

Nocturnal hypoxia and supplemental oxygen in IPF
As mentioned in the previous sections, nocturnal oxygen desaturation is frequent in patients with IPF and,
more generally, in patients with ILD [50–52]. CORTE et al. [51] found that 36% of 139 patients with ILD
had arterial oxygen saturation (SaO2) <90% for >10% of their sleep. An elevated desaturation index
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(number of desaturation events of >4% per hour of sleep) was a significant independent predictor of worse
survival and significantly correlated with PH in patients with limited (diffusing capacity of the lung for
carbon monoxide >35%) fibrosis. Interestingly, only a loose correlation was found between nocturnal
hypoxaemia and daytime hypoxia (at rest or during exercise) [15, 51]. Furthermore, several studies have
reported that nocturnal desaturation in ILD is only loosely correlated, if at all, with the severity of lung
function impairment [50, 51]. The possible link with PH was also reported by KOLILEKAS et al. [33] in a
recent prospective study of 31 patients with IPF, where the lowest sleep SpO2 was linked to survival and
estimated right ventricle systolic pressure (RVSP). In another recent prospective study of 33 patients with
IPF, RVSP correlated with mean SaO2 during sleep, but not with FVC. Again, no significant correlation
was observed between nocturnal saturation and day time arterial oxygen tension [53].

Although overnight desaturation events in patients with ILD can be a consequence of OSA, it is clear that
they can also occur in the absence of sleep disordered breathing. As stated in the previous sections, there
is a wide variability in the reported prevalence of OSA in ILD patients, from 17% to 88%, probably
depending on a range of differences in the populations studied, including different referral patterns,
prevalence of obesity, ethnicity and corticosteroid treatment [18, 23, 25, 54, 55]. However, a significant
proportion of patients with IPF have overnight oxygen desaturation independently of the presence of OSA.
MERMIGKIS et al. [31] reported sleep oxygenation abnormalities in a group of 34 IPF patients and found
evidence of mild OSA syndrome in 15 and severe OSA syndrome in five patients. However, even in the 14
IPF patients with no evidence of OSA, a mean±SD of 12.4±22.7% of total sleep time was spent with a SaO2

<90%, with an average oxygen desaturation nadir of 85%, not significantly different from patients with
evidence of OSA. In the study by PITSIOU et al. [53], all patients were reported to have significant
nocturnal desaturation: 23 out of the 33 prospectively investigated IPF patients had a normal AHI
<5 events per hour, with eight having an AHI (between 5 and 15 events per hour) and only two patients
with an AHI >15 events per hour. Further, larger studies in different patient populations, allowing
stratification for potential covariates such as ethnicity and BMI, are required to study the prevalence of the
different patterns of overnight desaturation in IPF and the mechanisms involved.

The most compelling reason to treat nocturnal hypoxia would be the prevention of PH. The development
of PH in ILD is a strong predictor of poor survival [46, 56, 57]. Unfortunately, the use of anti-PH
treatments in this group of patients has not generated much optimism to date, as outlined in the previous
sections and by a recent placebo-controlled trial of bosentan in patients with idiopathic interstitial
pneumonias and PH [58]. The mechanisms thought to contribute to PH in ILD vary, and include hypoxic
vasoconstriction, vascular remodelling, vessel ablation, vascular occlusion and compression. Nocturnal
desaturation could play a significant role in PH development, although very few data are available in ILD
patients. In COPD, episodes of sleep-related oxygen desaturation are frequent and more severe than
daytime hypoxia. In the majority of cases, these are not due to OSA but to alveolar hypoventilation and/or
ventilation–perfusion mismatching [59, 60], and are often accompanied by rises in PAP of as much as
15–20 mmHg from its baseline value, at a level similar to that observed during exercise [61–65]. In COPD,
long-term oxygen treatment (LTOT) for ⩾18 h a day has been linked to improved survival and
stabilisation or reduction in rate of progression of PH [66–69].

Correction of nocturnal hypoxia with supplemental oxygen would therefore seem to be a simple adjunct
to treatment in patients with ILD. However, there is a dearth of studies addressing this question in
patients with IPF or with ILD at large. The only randomised controlled trial of LTOT in ILD was aimed at
patients with resting hypoxia (37 patients randomised to receive oxygen and 25 no oxygen) and, therefore,
with advanced-stage fibrotic ILD, and is unpublished (A. Braghiroli, S. Maugeri Foundation, IRCCS,
Veruno, Italy; personal communication) [70]. No difference in survival at 1, 2 and 3 years was observed
between the two groups, although the absence of further data makes this finding difficult to interpret.
Furthermore, no study has investigated the effects of treating nocturnal hypoxia in patients with less
advanced disease, in whom there may be more scope to prevent irreversible changes to the pulmonary
vasculature. Similarly, data are needed as guidance on which threshold of desaturation and duration of
desaturation events should be used to trigger use of supplemental oxygen.

A potential benefit of recognising and correcting nocturnal hypoxaemia with supplemental oxygen would
be the improvement of daytime fatigue, with the potential to significantly improve quality of life in these
patients. Fatigue is one of the most frequently reported symptoms in ILD and has a marked impact on
patients’ wellbeing [71]. MERMIGKIS et al. [16] reported a significant correlation between mean nocturnal
SaO2 and fatigue scores in patients with IPF and found that nocturnal hypoxia explained up to 45% of the
variance on fatigue scores. Although, as reported in the previous section, a benefit in sleep-related quality
of life was reported following institution of CPAP for patients with IPF and OSA, studies are needed to
assess the hypothesis that the use of supplemental oxygen could beneficially affect fatigue and quality of
life in patients with ILD.
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In summary, the effects of nocturnal supplemental oxygen on functional respiratory parameters,
ventilatory patterns, pulmonary vasculature and quality of life in IPF patients are unknown at present.
Furthermore, it is not known whether correction of nocturnal hypoxia prolongs survival. However, in this
group of patients, in whom only limited benefits are provided by available treatments, the major crime
would be to miss an opportunity. In patients with significant overnight desaturation, there is a sound
theoretical basis for suspecting a benefit of supplemental oxygen on quality of life and pulmonary
vasculature. There is the outside possibility that treatment with supplemental oxygen could tip the
oxidant/antioxidant balance in favour of increased oxidation/oxygen radicals in the fibrotic lungs, with
potentially deleterious effects. However, unlike high-dose corticosteroids, it seems highly unlikely that
nocturnal supplemental oxygen would lead to significantly increased morbidity and mortality in patients
with IPF. Overall, it seems reasonable to use overnight oxygen empirically in patients with significant
overnight hypoxia, so as not to risk losing an opportunity. However, large, well-designed studies
investigating the prevalence of overnight desaturation (with and without OSA), and assessing the impact of
nocturnal supplemental oxygen in patients with IPF and other ILDs, are urgently needed.

Biomarkers in IPF and OSA
A biological marker or biomarker is a characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathological processes or biological responses to a therapeutic
intervention [72]. The ideal biomarker should 1) be sensitive and specific for the disease, 2) correlate with
disease severity, 3) be involved in causal (possibly multiple) pathways, and 4) be measured early in the
course of the disease and inexpensively [73]. Plainly, the ideal biomarkers of IPF and OSA still do not
exist and this is the challenge for the future.

Unfortunately, until now, there are still no common biomarkers in IPF and OSA and, thus, we will focus
on each disease separately. In recent years, there has been a burst of publications regarding the quest for
the ideal biomarker in IPF [74], which has been driven mainly by two main issues. Firstly, there is an
imperative need for a definite and early diagnosis of IPF, as both have prognostic implications [75].
Moreover, a definite diagnosis in IPF is achievable in only 50% of cases. In the rest, surgical lung biopsy is
warranted but it is not always feasible because of the severe condition of the patient and the presence of
comorbidities [76]. Secondly, because the disease has a completely unpredictable course characterised by
stability or slow progression over a period of years, rapid deterioration or even periods of relative stability
punctuated by events of rapid decline, the knowledge of who is going to progress or not is important for
the stratification of the disease. Recently, there was an attempt to combine biomarkers with demographic
(age and sex) and functional (FVC) characteristics [77, 78], as it was observed that this combination
provides better outcome prediction.

We have passed into a new era of the therapy of IPF, with two IPF-specific drugs [7, 8, 79, 80], and a third
issue has emerged in the quest for the ideal biomarker for IPF. Future studies need to focus on the search
for biomarkers with the property of identifying who is going to respond or not to these drugs.

To date, a number of potential markers of IPF have been identified and can be divided in three groups:
diagnostic, disease susceptibility and prognostic (table 2).

The quest for biomarkers in OSA is justified by: 1) the need to diagnose the disease accurately as
frequently signs and symptoms may be under-recognised or not recognised at all by non-experts, and
consequently, PSG, the most important diagnostic tool, is not used; 2) the need to follow-up patients and
evaluate their adherence to treatment; and finally, 3) the need to find adequate end-points for future
clinical trials. A number of biomarkers suggested for OSA is shown in table 3 [99, 100].

The use of these biomarkers has been justified by: 1) the enhancement of inflammation by sleep
deprivation, hypoxaemia and excess adipose tissue in obese patients; 2) the activation of the sympathetic
nervous system due to apnoea and oxygen desaturation, which leads to the development of arterial
hypertension; 3) the association between OSA and diabetes mellitus; and 4) the production of reactive
oxygen species due to episodes of hypoxaemia and subsequent desaturation.

As stated earlier, there have been very few studies on biomarkers in patients with both diseases. Recently,
it was observed that in patients with IPF and sleep disordered breathing, CCL18, a prognostic biomarker
of IPF [90], was associated with increased carbon dioxide during sleep, suggesting the presence of
hypoventilation [100].

An issue that should be stressed is that the presence of confounding factors in both disorders that may
affect the discovery of the ideal biomarker. Smoking status, age and coexistence of other chronic lung
diseases can alter the levels of some biomarkers in IPF, and the same can happen with the presence of
obesity, type 2 diabetes, cardiovascular diseases, the metabolic syndrome, insulin resistance and smoking
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in OSA [101]. Thus, these conditions must be taken into account when evaluating the strength of a
potential biomarker.

Until now, most of the studies regarding biomarkers in IPF have been hampered by a number of
limitations such as small size of retrospective cohorts, inclusion of mixed populations, lack of independent
validation and absence of longitudinal sampling. However, recent studies have taken advantage of
multicentric studies with bigger cohorts and modern validation methods.

Epigenetic and microRNA signatures in IPF and OSA
Apart from the major control of gene expression at the level of initiation of transcription, which is exerted
by transcription factors, human cells exploit additional mechanisms, such as epigenetic modifications and
microRNA (miRNA) expression, to achieve restricted expression at a variety of spatial and temporal levels
[102, 103]. The epigenetic information is conveyed through a large number of chemical modifications,
including DNA methylation, reversible histone modifications and ATP-dependent nucleosomal
remodelling [104]. Chromatin modifications are multiple, functionally linked and cross-regulated while
they are dynamically modulated in the course of various biological processes [105–107], generating a

TABLE 2 Biomarkers in idiopathic pulmonary fibrosis

Diagnostic biomarkers KL-6 [81]
SP-A and SP-D [81]
YKL-40 [81]
MMP-1 and MMP-7 [81]
CXCL13 [82]

Disease susceptibility biomarkers Telomerase genes [83–85]
Telomere length [86]
MUC5B [87, 88]
TOLLIP–SPPL2C [89]

Prognostic biomarkers KL-6 [81]
CCL-18 [90]
YKL-40 [81]
Circulating fibrocytes [91]
CD28 [92]
CD28/ICOS/Lck/ITK [77]
MMP-7/ICAM-1/IL-8/VCAM-1/S100A12 [78]
MUC5B [93]
Cilium-associated genes [94]
Antibodies against periplakin [95]
Antibodies against HSP-70 [96]
LOXL2 [97]
CXCL13 [82]
TLR-3 [98]

SP: surfactant protein; MMP: matrix metalloproteinase; MUC: mucin; TOLLIP: Toll-interacting protein;
SPPL: signal peptide peptidase-like; CD: cluster of differentiation; ICOS: inducible T-cell costimulatory;
Lck: lymphocyte-specific protein tyrosine kinase; ITK: interleukin-2-inducible T-cell kinase; ICAM:
intercellular adhesion molecule; IL: interleukin; VCAM: vascular cell adhesion molecule; HSP: heat shock
protein; LOXL: lysyl oxidase-like; TLR: Toll-like receptor.

TABLE 3 Biomarkers in obstructive sleep apnoea

Inflammatory markers (CRP, IL-6, TNF-α, fibrinogen, CCL-18)
Systemic hypertension
Carotid intimal–medial thickness
Metabolic markers (HbA1c)
Markers of oxidative stress (8-isoprostane, IL-6, nitric oxide)
Others (cysteine)

CRP: C-reactive protein; IL: interleukin; TNF: tumour necrosis factor; HbA1c: glycated haemoglobin.
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complex code that is superimposed on the genetic code [108]. Factors such as the environment, diet or
ageing may influence these modifications [109].

Recent experimental evidence has emerged that DNA methylation is an important mechanism involved in
IPF [110–112]. A comparative analysis of global DNA methylation examining 27578 CpG islands combined
with gene expression patterns from IPF and normal samples revealed that both DNA methylation and
expression profiles were altered in IPF [113]. The mechanistic role of DNA methylation in IPF was further
supported by the inverse correlation between the expression levels of 16 IPF-associated genes and their
corresponding DNA methylation status. Moreover, the expression levels of DNA methyltransferase
(Dnmt)-3a and Dnmt-3b were increased in IPF samples, further supporting the role of DNA methylation in
the disease. A different study highlighted an additional epigenetic signature in IPF samples, as they presented
an intermediate DNA methylation profile, compared with normal and lung cancer samples [114].

Surprisingly, the hypothesis that epigenetic changes might be associated with OSA has not been
investigated in adults with OSA. Intriguingly though, the same hypothesis has been tested in two recent
studies in paediatric OSA exploring the association between epigenetic modifications and divergent
inflammatory phenotypes. The first study reported that the FOXP3 gene, which regulates expression of
T-regulatory lymphocytes, exhibited a higher probability for high methylation levels in children with OSA
who manifest an inflammatory phenotype. The prevalence of FOXP3 DNA hypermethylation was
dose-dependently increased in relation to the severity of OSA, as defined by the AHI. Moreover, FOXP3
DNA methylation levels not only correlated with inflammatory biomarkers and serum lipids, such as
high-sensitivity C-reactive protein, myeloid-related protein-8/14 and apolipoprotein B, but were also
associated with AHI and BMI z-scores [115]. The hypothesis of epigenetic modifications in children with
OSA was further supported by KHEIRANDISH-GOZAL et al. [116], who showed that a promoter region of the
eNOS gene displayed significantly higher methylation levels in the OSA-abnormal group than the
OSA-normal or control groups. This hypermethylation pattern was nicely coupled with significantly
reduced eNOS mRNA expression levels in the OSA-abnormal group in comparison with the OSA-normal
group, further supporting the association between DNA methylation and the OSA phenotype.

In terms of histone modifications, there is no information available on either IPF or OSA so far, mainly due
to technical limitations in the number of cells and the chromatin immunoprecipitation experiments required.

Further studies characterising epigenomic profiles, particularly employing next-generation
sequencing-based methods, should be carried out, not only associating epigenetic alterations with clinical
parameters of the disease but also identifying epigenetic signatures serving as potential molecular
biomarkers. Moreover, the very promising studies in OSA and childhood should be expanded in adults
with this particular sleep disorder.

A substantially greater amount of information has been obtained over the past few years regarding the role
of miRNAs in the pathogenesis of IPF [110, 117–119]. miRNAs comprise a set of noncoding RNAs,
regulating the expression of specific genes at the post-transcriptional level and determining fundamental
properties of the cells [120]. The first report revealing the potential role of miRNAs in IPF demonstrated
impressively by array analysis that 10% of the miRNAs were significantly different between IPF and
control samples [121]. A series of elegant studies followed evaluating the miRNAs expression levels in IPF,
such as the downregulation of members of Let-7, miR-29, miR-30, miR-31, miR-200, miR-326 and the
miR-17–92 cluster, and the upregulation of miR-155 and miR-21 [121–127].

More intriguingly, the effects of the altered miRNA expression levels detected in IPF specimens were clearly
correlated to key features of the disease, such as the epithelial–mesenchymal transition in lung epithelial
cells or the regulation of transforming growth factor-β1, Wnt, sonic hedgehog, p53 and vascular endothelial
growth factor pathways, and complex regulatory networks. Both DNA methylation and miRNA
mechanisms are able to crosstalk, as a feedback loop is formed between Dnmt-1 and the miR-17–92 cluster
resulting in the upregulation of hallmark genes in IPF [125].

Further research on the role of epigenetic markers will hopefully create exciting possibilities not only for
the understanding of IPF pathogenesis in depth but also the improvement in clinical diagnosis and
treatment of patients with IPF. The detection of specific miRNA alterations in serum samples of IPF
patients suggests that miRNA could be used as a noninvasive screening tool for IPF in routine clinical
practice, establishing more reliable biomarkers [126, 128]. Novel treatment strategies based on epigenetic
drugs, such as 5-aza-2′-deoxycytidine and decitabine [129], or exogenous administration of miRNAs,
could also prove beneficial for management of IPF patients. Finally, studies on specific miRNAs in relation
to OSA would bring into light potential pathogenetic mechanisms of OSA, identify individuals with
increased susceptibility to OSA and provide useful information for the development of novel therapeutic
strategies.
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Conclusion
It is now believed that IPF and sleep disorders can coexist in the same patient, possibly sharing some
common pathogenetic pathways. With regards to IPF, the current recommendation is immediate referral
to a specialised centre upon suspicion for definite diagnosis of the disease itself as well as of the associated
comorbidities. Management of comorbidities by specialists is equally important because if left untreated,
they can be the cause of deterioration of the underlying IPF. Moreover, referral to specialists can lead to
the inclusion of patients in clinical trials and research studies, such as on epigenetic changes and
biomarkers, which can provide useful insights into the pathogenesis and, consequently, the management
of both IPF and sleep disorders.
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