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Abstract

English:

Sleep-related breathing disorders (SRBDs) significantly contribute to the quality of life (QoL) and disease progression of intersti-
tial lung disease (ILD), but have not been thoroughly addressed in ILD management. This review aims to summarise the current
literature addressing obstructive sleep apnoea (OSA), central sleep apnoea (CSA), and nocturnal hypoxaemia (NH) in patients
with ILD and to highlight existing/novel treatment strategies, as untreated SRBDs worsen symptoms such as chronic fatigue,
excessive daytime sleepiness (EDS) and dyspnoea, leading to a vicious cycle that reduces functional capacity and psychologi-
cal well-being. Validation of the possible role of SRBDs in ILD patients and the correlation of the postulated mechanisms with
disease progression will open pathways to perform studies with a larger number of subjects to establish the reliability of biomark-
ers for early diagnosis and sustained benefits from therapeutic interventions. Polysomnography (PSG) combined with validated
questionnaires should be implemented for early screening. Clinicians could address these disturbances in a multidimensional
way while minimising disease progression and improving clinical outcomes and QoL. More research is needed to define the
diagnostic criteria, implement targeted therapies and establish evidence-based recommendations for the management of sleep
disorders in patients with ILD.
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Impactul neglijat al tulburarilor respiratorii legate de
somn la pacientii cu boala pulmonara interstitiala

Rezumat

Romanian:

Tulburérile respiratorii din timpul somnului contribuie in mod semnificativ la calitatea vietii si la progresia bolii pulmonare
interstitiale (ILD), dar nu au fost abordate pe deplin in managementul ILD. Acest referat stiintific isi propune s& sistematizeze
literatura medicalad actuald care abordeaza apneea obstructiva in somn (OSA), apneea centrald in somn (CSA) si hipoxemia
nocturna (NH) la pacientii cu ILD si s& evidentieze strategiile curente si noi de tratament, intrucat SRBD netratate agraveaza
simptome precum oboseala cronicd, somnolenta diurna excesiva si dispneea, fapt ce determind crearea unui cerc vicios care
reduce capacitatea functionalé si starea de bine. Validarea posibilului rol al SRBD la pacientii cu ILD si corelarea mecanismelor
postulate cu progresia bolii va deschide cai de realizare a unor studii cu un num&r mai mare de pacienti, care ar putea sta-
bili fiabilitatea biomarkerilor pentru diagnosticul precoce si beneficiile sustinute ale interventiilor terapeutice. Polisomnografia
combinata cu chestionare validate ar trebui implementata pentru screening-ul precoce. Astfel, clinicienii ar putea aborda aceste
tulburdri intr-un manierd multidimensionala, reducand progresia bolii, imbunétatind rezultatele clinice si calitatea vietii pacientilor.
Sunt necesare mai multe cercetari pentru a defini criteriile de diagnostic, a implementa terapii directionate si a stabili recomandari
bazate pe dovezi pentru gestionarea tulburarilor de somn la pacientii cu ILD.

Cuvinte-cheie
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Introduction

Sleep disorders are a substantial and underappreciated
component of interstitial lung disease (ILD) care, affecting
quality of life (QoL) and even disease progression and
prognosis. ILD encompasses a spectrum of diseases
marked by pulmonary inflammation and/or fibrosis, resulting
in impaired gas exchange and restrictive lung physiology.
Although ILD management has long focussed on pulmonary
function and radiographic progression, newer data
emphasise the importance of extrapulmonary manifestations,
notably sleep-related breathing disorders (SRBDs) such as
obstructive sleep apnoea (OSA), central sleep apnoea (CSA)
and nocturnal hypoxaemia (NH), on clinical outcomes.
Research suggests that up to 70% of patients with ILD have
OSA, with many also experiencing NH, although not all have
overt sleep apnoea. These disturbances are caused by
decreased lung compliance, altered ventilatory control and
upper airway collapse, which are aggravated by lung fibrosis
(1). NH is independently associated with disease progression,
increased mortality and the deterioration of health-related
QoL (HRQoL) (2, 3). SRBDs may worsen daytime sleepiness,
fatigue and dyspnoea, leading to a vicious cycle that further
compromises functional capacity. Furthermore, untreated
sleep disorders could worsen cardiovascular comorbidities,
including pulmonary hypertension (PH) and right heart failure
(1,4, 5).

Current ILD management guidelines may not provide detailed
recommendations for the assessment and treatment of
SRBDs, indicating a substantial gap in clinical practice (6).
There is increasing evidence to support interventions such
as continuous positive airway pressure (CPAP) therapy
and supplemental oxygen, which would improve nocturnal
oxygenation, reduce symptoms and even slow disease
progression (1, 2).

This review aims to summarise the current literature related
to sleep disorders in ILD patients and current/novel treatment
strategies. By providing an overview of this underappreciated
aspect of ILD, this review aims to highlight the need for the
inclusion of sleep medicine in the interdisciplinary care of ILD
patients as well as propose directions for future research.

Methods and materials

We conducted a comprehensive literature review using
PubMed/MEDLINE and Google Scholar to identify studies
and publications that present evidence on the prevalence,
pathophysiological mechanisms and clinical consequences of
sleep disorders in patients with ILD. In addition, we aimed to
explore current and novel therapeutic modalities. The search
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terms were ‘sleep disorders in ILD’, ‘nocturnal hypoxemia’,
‘sleep quality’ and ‘pathophysiology’ in different combinations.
The review included observational studies, including
prospective and retrospective cohort studies, cross-sectional
studies, case series, systematic reviews, pilot studies,
randomised crossover trials and meta-analyses.

Results

ILD-related sleep disorder pathophysiology

Hypoxaemia during sleep and fragmentation of sleep

The pathophysiology of sleep disturbances in patients with
ILD is multifactorial, including structural, mechanical and
physiological alterations. This causes nocturnal hypoxaemia
to become severe, particularly during rapid eye movement
(REM) sleep, due to decreased muscle tone and ventilatory
response during lung expansion (7). This contributes to
frequent arousals, sleep fragmentation and poor sleep quality,
worseningdaytime symptoms suchasfatigueanddyspnoea (8).
A decrease in ventilatory drive and functional residual
capacity (FRC) during sleep is a physiological phenomenon
that worsens ventilation-perfusion (V/Q) mismatching, leading
to oxygen desaturation. Fibrotic alterations towards the lung
parenchyma further raise alveolar-arterial oxygen gradients,
exacerbating hypoxaemia (2).

Physiological constraints on lung function

Another important contributor is the mechanical constraint on
lung capacity in ILD. Reduced lung compliance and increased
elastic recoil elevate the work of breathing, especially at night
when respiratory drive is diminished. This can contribute to
hypercapnia and exacerbate sleep-disordered breathing,
including OSA and overlap syndromes (9). PH, which often
accompanies ILD, also causes sleep disturbances by adding
right ventricular (RV) work and worsening gas exchange (1, 4).

OSA and CSA

The increased prevalence of OSA in individuals with ILD is
implicated in the collapsibility of the upper airway as a result
of modified respiratory mechanics and the development of
negative intrathoracic pressure during inspiration (10). The
association between OSA and ILD is complex and probably
bidirectional. ILD may predispose patients to OSA by
compromising lung volumes and airway stability, particularly
during REM sleep when muscle atonia exacerbates airway
collapse. On the other hand, OSA significantly worsens
oxidative stress, systemic inflammation and tissue injury
through a mechanism quite similar to that of lung fibrosis
involving profibrotic cytokines such as TGF-B. Hypoxic
episodes due to OSA also increase lung injury and fibrosis
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biomarkers and worsen pulmonary arterial hypertension
and adverse outcomes in patients with ILD. In addition,
CSA may also develop, particularly in advanced ILD, due to
chemoreceptor hypersensitivity and instability of ventilatory
control mechanisms. It can be worsened by chronic
hypoxaemia and hypercapnia (11).

Systemic inflammation and associated comorbidities
Systemic inflammation, a hallmark of ILD, may serve to disrupt
circadian rhythms and contribute to fatigue and insomnia,
leading to sleep disturbance (12). It is relevant that comorbid
conditions, especially gastroesophageal reflux disease
(GERD) with its very high prevalence in ILD patients, are
related to microaspiration and both nocturnal coughing and
sleep disruption. Conversely, GERD was shown to be involved
in the pathogenesis of a subset of ILD, idiopathic pulmonary
fibrosis (IPF), which further complicated the relationship
between sleep and lung disease (13—15). In addition, the
chronic and progressive nature of ILD can be complicated
by psychological disorders such as anxiety and depression.
Such conditions can induce sleep loss and poor-quality sleep,
leading to a vicious cycle that deteriorates mental health and
respiratory symptoms (13, 16).

Circadian dysregulation

There is also emerging evidence suggesting that dysregulation
of the circadian rhythm may be implicated in sleep disturbance
in ILD. Circadian clocks regulate immune response and
inflammation, and their disruption might aggravate ILD
progression and sleep disorders (12). Third, corticosteroids
and other drugs used for the management of ILDs can also
contribute to sleep disturbances by inducing insomnia or
changing sleep architecture (14).

Prevalence and clinical impact of sleep disorders in
patients with ILD

A cross-sectional study by Cho et al. (17) provides a detailed
analysis of sleep disturbances in patients with ILD. The
study analysed 101 patients who presented to a pulmonary
rehabilitation assessment clinic for evaluation, examining
various sleep quality, daytime symptoms and psychological
characteristics. The authors measured sleep quality using the
Pittsburgh Sleep Quality Index (PSQl) scale, where a score
>5 was classified as a poor sleeper. The results showed that
66% of the participants had poor sleep quality (PSQIl >5;
median PSQI: 8; interquartile range: 4-11). To investigate
potential contributing factors, the study recorded data on lung
function (measured using forced vital capacity and diffusing
capacity for carbon monoxide), demographic characteristics
and comorbid symptoms of anxiety, depression, and
sleepiness. Interestingly, poor sleep quality had no significant
association with demographic or physiological variables,

including lung function, age, sex or body mass index (BMI).
Using multivariable logistic regression, we found that poor
sleep quality was independently associated with increased
symptoms of depression (Hospital Anxiety and Depression
Scale) and greater daytime sleepiness (Epworth Sleepiness
Scale [ESS]). In addition to this, the study found that
complaints such as fatigue, difficulty maintaining sleep and
early morning awakenings were common among patients
with ILD. The results further highlighted that OSA could be an
important contributing factor to sleep disturbance.

The reported prevalence of OSA in ILD patients is widely
variable depending on the diagnostic criteria, methods used to
score hypopnea events, and patient characteristics of the study
population. Consequently, obtaining a definitive prevalence is
difficult. For instance, the prevalence of OSA in the IPF has
been shown to range from 47.2% to 88.8%, depending on
the criteria for diagnosis and population characteristics (15).
A meta-analysis estimated the prevalence of OSA in patients
with IPF to be 76.4%, much higher than the rate of 25% in
the general population (18). A meta-analysis and systematic
review including 569 ILD patients showed that 61% had OSA:
32% had mild, 17% moderate and 9% severe disease (19).
In rheumatoid arthritis and interstitial lung disease (RA-ILD)
patients, insomnia was found with a prevalence of 42.9% (RA
with ILD vs. RA without ILD). RA-ILD patients also reported
decreased sleep satisfaction, the study noted (20).

The findings emphasise the crucial role of the diagnosis of
sleep disorders in patients with ILD, as well as the multifactorial
relationships between psychological factors, OSA and sleep
disturbances in patients with ILD.

Specialised research investigating OSA in ILD

OSA is a common comorbidity in patients with ILD that
negatively impacts sleep quality and health outcomes.
Hagmeyer et al. (1) evaluated the prevalence and effect of OSA
in IPF, one of the specific subtypes of ILD, by using overnight
polysomnography (PSG). The authors found that nearly 81%
of patients with IPF had OSA, which was associated with
significant nocturnal hypoxaemia and sleep fragmentation.
The results underscore the need to incorporate screening
for OSA and treatment options (e.g., CPAP therapy) for IPF
patients, as OSA may be contributing to disease progression
via intermittent hypoxia and systemic inflammation.

In agreement with these results, Kim et al. (21) performed a
post hoc longitudinal analysis within the Multi-Ethnic Study of
Atherosclerosis (MESA) cohort to investigate the association
between OSA severity and progression of ILD. By using PSG
to determine apnoea—hypopnoea index (AHI) and using
computed tomography (CT) scans to assess high-attenuation
areas (HAAs) as potential markers for interstitial lung
abnormalities, the researchers found that participants with
moderate to severe OSA (AHI >15 events/hr) had significantly
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greater increases in HAAs, greater declines in lung volumes
and forced vital capacity over time. These associations
remained significant when adjusting for potential confounders,
including body habitus, suggesting that OSA might play
a role in the early stages of ILD development. Taking into
account body habitus, they concluded that a greater burden
of hypoxia associated with obstructive events during sleep
was associated with increased lung densities over time and a
more rapid decline in lung volumes. The study results indicate
that OSA could play a role in the early development of ILD.
These studies emphasise the instrumental role of PSG in
the diagnosis of OSA or other SRBDs in ILD patients. They
propose regular sleep evaluations with timely intervention,
namely CPAP therapy, to ameliorate nocturnal oxygenation
and minimise sleep fragmentation, all to attenuate disease
progression and ultimately improve health outcomes and QoL
for patients with ILD.

Nocturnal hypoxemia in ILD

Although OSA can contribute to overnight desaturation, many
IPF patients will desaturate significantly without this condition.
Papadogiannis et al. (22) found that there is a significant
desaturation during sleep among well-characterised |IPF
patients without OSA, with common desaturations <90%.
Similarly, a systematic review was conducted by Khor et al.
(7), which included fifty-three studies with a total of 2590
participants, found that the most common definition for
clinically significant nocturnal hypoxaemia was >10% of total
sleep time with an oxyhaemoglobin saturation <90%, with a
pooled prevalence of 37%.

Nocturnal hypoxaemia is common in patients with IPF
and other forms of ILD, presenting as severe nocturnal
oxygen desaturation. A retrospective survey conducted by
Margaritopoulos et al. (23) studied the presence of significant
nocturnal desaturation (SND) (>10% of total sleep time
with oxygen saturation <90% measured by pulse oximetry)
and non-invasive PH markers in 397 newly ILD-diagnosed
patients. The results showed that SND was associated with
increased mortality. SND was observed in non-IPF ILD across
the whole spectrum of disease severity, in contrast with IPF,
where SND was not observed in milder disease. Moreover,
SND was associated with non-invasive markers of PH and
with a high echocardiographic probability of PH in non-IPF
ILDs. The obtained results emphasise the need for future
studies to be done, which would identify SND as an early
marker of pulmonary vasculopathy and determine whether
treatments addressing SND might improve ILD outcomes.
Myall et al. (3) conducted a study of nocturnal hypoxemia (NH)
in 102 patients with progressive fibrotic ILD. PSG was used to
diagnose OSA in 31.4% of patients, with 19.6% having SND
(TST <90%). NH was an independent risk factor for increased
PH and higher mortality, suggesting that nocturnal hypoxemia
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may contribute to disease progression and poor prognosis in
individuals with ILD.

A prospective study by Lowery et al. (5) examined the
relationship between sleep-related hypoxaemia and RV
dysfunction in patients with PH. The study reported that
higher nocturnal hypoxemia was significantly associated with
increased RV systolic pressure (RVSP), a cardiovascular
response to stress reflected in both cardiac capacity and
workload that is associated with PH. Specifically, RVSP
increased by a mean of 2.52 mm Hg for every 10% increase
in percent sleep time (T90) with oxygen saturation <90%. T90
was also inversely correlated with RV ejection fraction and
positively correlated with mean pulmonary artery pressure.
There are also data that indicate that nocturnal hypoxemia
is responsible for RV dysfunction and may have negative
implications for outcomes in patients with PH.

Early diagnosis and assessment of biomarkers

Early diagnosis of sleep disorders in ILD patients becomes
essential for preventing the future progression of the disease
and for managing the related complications. All sleep
disturbances (e.g., OSA, nocturnal hypoxaemia, etc.) are
common in the course of ILD and may aggravate symptoms
such as hypoxia, fatigue, and systemic inflammation, resulting
in poorer clinical outcomes. Recognising and managing these
disorders early may optimise respiratory function, enhance
QoL and decrease mortality risk. Additionally, early intervention
may be relevant to the avoidance of PH development and
other cardiovascular comorbidities that are often found to
be associated with sleep-related hypoxaemia. Routine sleep
screening and focussed therapeutic intervention are important
considerations to be included in a multidisciplinary care model
to improve the long-term outlook of ILD patients.

The reviewed literature highlights a significant emphasis on
routine sleep assessment in IPF patients, especially early in
the disease course, as this would allow for timely interventions
(24). Additionally, possible pathophysiological links between
the two disease processes are outlined, such as the role
of intermittent hypoxia, oxidative stress and pulmonary
vasculature remodelling (25). The authors emphasise the
need for further assessment regarding biomarkers, epigenetic
changes and targeted therapies to improve the management
of sleep disorders and related comorbidities in IPF. The
obtained data emphasise the value of a collaborative team
approach to managing IPF needs, including both respiratory
and sleep conditions, for enhanced care delivery and
prognostic outcomes.

Biomarkers are used as important clinical tools in the
diagnosis and treatment of diseases such as IPF and OSA,
being used as indicators of biological processes or responses
to treatment. The ideal biomarkers should be sensitive and
specific to the disease, correlated with severity, involved in
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causal pathways and detectable early in the disease course
at low cost. However, there is currently no common biomarker
for both IPF and OSA, and it remains a major challenge to
identify ideal markers for both diseases (26, 27).

In addition, CCL18, which is a prognostic biomarker for IPF,
has recently been associated with hypercapnia during sleep
in patients with SDB, suggesting an important link between
hypoventilation and disease progression. Unfortunately,
the identification of validated biomarkers is complicated
by confounding factors such as smoking, age, obesity,
cardiovascular diseases and metabolic disorders that can
change biomarker levels in both conditions (28, 29).

Many studies have documented that patients with OSA have
higher exhaled nitric oxide (eNO) levels than healthy people,
including fractional exhaled NO (FeNO) and airway NO flux
(J’'awNO), as well as lower alveolar NO concentration (CaNO).
CPAP therapy restores these parameters to normal levels,
indicating their potential as biomarkers of treatment response.
Although OSA is highly prevalent among ILD patients, there
are no data on eNO parameters in this population. Considering
the potential impact of OSA on eNO and its known negative
impact on prognosis, sleep quality assessment should be
prioritised in ILD patients in order to realise better outcomes
and treatment stratification (30).

In a cross-sectional study of 1690 community-dwelling adults
from the MESA, Kim et al. (31) investigated the association
between OSA and subclinical ILD. Obstructive AHI (oAHI)
was assessed by in-home PSG and HAAs and interstitial lung
abnormalities by thoracic CT. After adjusting for demographics
and smoking status, the study found that an oAHI >15 events/
hr was linked to a 4.0% increase in HAA and a 35% higher
likelihood of interstitial lung abnormalities. These associations
were stronger in those who had a BMI <25 kg/m?. Moreover,
increased oAH| was associated with increased serum
surfactant protein-A and matrix metalloproteinase-7 — two
biomarkers of alveolar epithelial injury and extracellular matrix
remodelling. Moderate to severe OSA appears to play a role
in the early development of ILD, especially in those who are
of normal weight.

Current research on biomarkers in IPF and OSA s significantly
limited due to small cohort size, retrospective designs,
mixed cohorts and the absence of independent validation
or longitudinal data. However, new multicentric studies with
larger cohorts and enhanced methodologies bring hope for
the discovery of reliable biomarkers. Such pivotal advances
may help in early diagnosis, predict the disease course and
enable individualised therapeutic strategies for both sleep
disorders and ILD (26).

New therapeutic approaches
Supplemental oxygen to address nocturnal hypoxemia and
its associated complications holds potential clinical value,

particularly in delaying the progression of PH, as emphasised
in the literature (5). The availability of evidence remains
limited, particularly as there have not been large trials that
demonstrate the effect of nocturnal oxygen therapy (NOT) on
survival and QoL in patients with ILD. Khor et al. (7) found
two small short-term intervention studies which demonstrated
that supplemental oxygen of 1-3 L/min corrected nocturnal
hypoxaemia, with improved heart rate control during in-
laboratory observation and increased serum antioxidant
levels after 1 month of therapy in ILD patients with SND.

In a recent randomised crossover frial, Han et al. (32)
assessed OSA in patients with ILD before and after 1-night
oxygen therapy. It showed that oxygen therapy had beneficial
effects on SDB, sleep architecture, heart rate and nocturnal
oxygenation by reducing AHI scores. The study highlights
the importance of further randomised trials to evaluate long-
term outcomes and develop effective treatment for sleep
in this cohort. Although there are theoretical arguments
suggesting that supplemental oxygen could contribute to
increased oxidative stress, these concerns are outweighed by
the potential benefits. NOT may be a reasonable empirical
treatment option; however, it has been suggested for patients
with severe nocturnal desaturation. Further studies are
required to better define treatment thresholds and long-term
outcomes. More comprehensive and well-designed research
is urgently needed to determine whether correcting nocturnal
hypoxemia will improve the survival and QoL of patients with
ILD, especially in patients with IPF (7).

Whether CPAP adherence actually improves outcomes in ILD
patients with OSA remains an open question. Hoffman and
Grutters (33) detail the ‘treatable traits’ framework as it relates
to progressive pulmonary fibrosis as well as OSA as a target
for medical management. Data were collected retrospectively
using a localised OSA database, and all patients were treated
with CPAP therapy for OSA. It emphasises the CPAP role in
the correction of repetitive nocturnal hypoxemia underlying
PH and fibrosis, thus addressing a component of disease
progression initiated by persistent nocturnal hypoxemia. The
article highlighted the need for additional research to assess
the benefits of treatment for OSA specifically in individuals
with ILD.

In their pilot study, Bordaz-Martines et al. (11) explored the
impact of CPAP and NOT in the treatment of SDB in IPF
patients. In a cohort of 50 newly diagnosed IPF patients, PSG,
lung function tests, blood analyses and QoL questionnaires
were performed at baseline and one year later. SDB was
identified in 70% of participants, including 36% with OSA, 22%
with CSA and 12% with sleep-sustained hypoxaemia (SSH).
Adherence to treatment was high, with CPAP use averaging
6.74 h per night. Significantly, following treatment, there was
a marked reduction in the level of matrix metalloproteinase-1
(MMP-1), a biomarker of lung fibrosis in OSA and CSA
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patients. CPAP and NOT are well tolerated in IPF patients,
and physicians should consider regular monitoring of SDB.
Likewise, Papadogiannis et al. (22) reported that CPAP
treatment was associated with marked improvement of
sleep quality, decreased sleepiness and fatigue, reduction
of exacerbations and mortality in IPF patients. Adherence to
CPAP was closely associated with better survival and quality-
of-life outcomes (34).

Sleep and QoL in ILD patients

Over the past few years, QoL among patients with ILD has
continued to be an area of interest. Many of these studies
(10, 16, 24) seek to confirm the necessity of applying all the
existing mechanisms that can offer an objective measurement
of how this chronic pathology affects the everyday life of the
sick. The aim is that this will make it easier for them to be
incorporated into specialised pulmonary rehabilitation courses
that would help improve their QoL.

The medical literature indicates that sleep quality is an
important aspect of health status for patients with ILD. OSA,
nocturnal hypoxemia and insomnia are common sleep
disorders that contribute to more fatigue, cognitive problems,
decreased exercise ability and worsening of dyspnoea, all of
which can mean a major reduction in QoL (6, 35). The findings
highlight the importance of early detection and appropriate
treatment of sleep disorders in ILD, which could enhance
symptoms, lung function and QoL.

There are different perspectives from which sleep quality
and its effect on health can be measured. While sleep quality
cannot always be solely self-assessed, sleep satisfaction does
refer to the patient’'s experience with sleep regarding quality,
duration and restfulness. Insomnia is defined by trouble falling
and/or staying asleep, which can leave you feeling tired and
unrested. Hypersomnia is excessive daytime sleepiness
(EDS) that can disrupt daily life and one’s overall QoL. People
with hypersomnia may sleep more than they need to, yet still
feel constant tiredness and drowsiness during the day (36).
Silva et al. (6) investigated the association between sleep
duration and daily physical activity in patients with IPF. They
showed that patients with IPF had more limited profiles of
physical activity than healthy control subjects. In addition,
these patients had fewer daily steps and less moderate-to-
vigorous physical activity. The study suggests that poor sleep
may impair physical activity in patients with IPF and serve as
a potential mediator of worse health and QoL status.

In a cross-sectional study (21), sleep quality was studied
in 101 patients with different types of ILDs, including IPF,
connective tissue disease-associated ILDs, non-specific
interstitial pneumonitis, combined pulmonary fibrosis and
emphysema, asbestosis and sarcoidosis. They found that
66% of the patients had poor sleep quality, most highly
associated with symptoms of depression and sleepiness, and
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not with physiological or anthropometric variables. Patients
with poor sleep quality reported frequent awakenings,
difficulty falling asleep, decreased sleep duration and more
sensitivity to disturbances (such as pain, temperature,
noise and light). However, overall, patients with poor sleep
quality had no impairments in the sleep architecture. Most
patients had normal ESS values despite higher sleepiness
scores. Poor sleep was found to be associated with higher
depression scores and longer sleep latency, highlighting
the potential for clinical interventions such as cognitive
behavioural therapy (CBT) to improve the quality of sleep,
which may have a positive impact on their mental health and
overall well-being. Comorbid OSA was cited as a potential
contributor, impacting 59%—90% of ILD patients. PSG was
not undertaken; however, there were elevated scores when
using subjective measures (e.g. PSQI), which correspond
with earlier research findings.

Myall et al. (3) found that NH was associated with a more rapid
decline in both QoL as measured by the King’s Brief Interstitial
Lung Disease questionnaire and higher all-cause mortality at
1 year. Among 102 ILD participants, 19.6% demonstrated
prolonged NH and 31.4% showed OSA.

The Mena-Vazquezetal. (20) study described patients with RA-
ILD having significantly poorer sleep quality than those without
ILD. These patients had a higher prevalence of insomnia and
hypersomnia and lower overall sleep satisfaction. The study
also found that ILD was an independent predictor of sleep
problems in RA patients. Older age, higher disease activity
(measured by DAS28-ESR), multiple comorbidities and
the usual interstitial pneumonia (UIP) pattern on radiologic
examination were associated with lower sleep satisfaction.
Compared to the non-ILD group, insomnia had the following
associations: increased disease activity, lower resilience,
Charlson index, hypersomnia, older age and limited emotional
independence. These findings highlight the important role of a
multidisciplinary evaluation that would be able to identify and
manage potential sleep disorders that may affect QoL and
worsen disease progression in RA-ILD patients.

A recent study in Respiratory Medicine (37) investigated the
effect of SDB on sleep quality and HRQoL in patients with IPF.
A total of 34 subjects with the diagnosis of IPF participated
in the study, all of them underwent overnight PSG and filled
out validated questionnaires: PSQIl, ESS, and St. George’s
Respiratory Questionnaire (StGQ). Patients were divided into
three groups based on their diagnostic evaluation findings: no
SDB, OSA without sleep-related hypoxaemia, and OSA with
concomitant sleep-related hypoxaemia. The study showed
that poor sleep quality is very common, with pathological
PSQI scores found in 47% of patients. The most detrimental
effects on sleep fragmentation and QoL occurred among
patients with both OSA and hypoxaemia. Sleep fragmentation
severity was correlated with greater respiratory disturbance
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index (RDI) and worsening PSQl and StGQ scores.
Multivariate regression revealed independent predictors
of QoL, which explained 75% of its variability: PSQI, ESS,
FVC% and DLco%. The study emphasises the implications of
SDB in sleep quality and QoL, highlighting the need for better
identification and management of SDB in patients with IPF.
Ouyang et al. (35) showed that fatigue and EDS are more
prevalent in patients with ILD than in the general population.
This cross-sectional study assessed fatigue and EDS in
108 ILD patients as compared to 92 healthy controls using
the Fatigue Assessment Scale (FAS) and ESS. Fatigue
was associated with impaired pulmonary diffusion function,
reduced exercise capacity and lower QoL. Fatigue was
related to chest discomfort and decreased exercise capacity,
while age, particularly >60 years, was one of the most
important predictors of EDS. Despite its high prevalence,
many patients with ILD do not report fatigue, reflecting
inadequate awareness and detection by health care
providers. Routine assessment with validated tools such as
the FAS is recommended to better identify and manage this
symptom. As discussed previously, fatigue causes decreased
exercise capacity by decreasing physical activity, which in
turn leads to further deconditioning. Pulmonary rehabilitation,
which includes exercise training, has also shown benefits in
fatigue, exercise capacity and potentially EDS. The interplay
between EDS and depression highlighted the requirement for
assessment and treatment of psychological features in ILD
patients. Side effect profiles for drugs such as pirfenidone,
nintedanib and corticosteroids can also lead to fatigue and
sleep disruption, which must also be addressed.

Discussions

This systematic review draws attention to the considerable
but often overlooked burden of sleep-related disturbances
in patients with ILD. The pathophysiology of these
disturbances is multifactorial, involving mechanical limitations
of lung function, systemic inflammation, circadian rhythm
dysregulation, psychological factors and co-morbid conditions
including nocturnal hypoxaemia, OSA, CSA, PH and GERD.
Untreated sleep disorders aggravate symptoms such as
chronic fatigue, daytime sleepiness and dyspnoea, creating
a vicious cycle that additionally reduces functional capacity
and psychological well-being. A crucial goal for upcoming
research is the unidirectional link between OSA and ILD,
and the potential mechanisms (such as intermittent hypoxia,
oxidative stress and systemic inflammation) that drive this
relationship on both sides. This interdependence emphasises
the importance of early diagnosis and targeted interventions.
Validation of the potential role of sleep abnormalities in ILD

patients, and association of the explained mechanisms with
disease progression, will pave the way for conducting studies
with a larger number of subjects to ascertain the reliability of
biomarkers for early diagnosis as well as long-term benefits
from therapeutic interventions. Despite current evidence
suggesting that interventions such as CPAP therapy and
supplemental oxygen may improve nocturnal oxygenation,
reduce symptom burden and even slow the disease’s
progression, a major limitation is the absence of large-
scale randomised controlled trials. These investigations are
important to develop specific guidelines for the management
of sleep disorders in ILD patients based on evidence.
Thus, this illustrates that sleep medicine should be part of
the multidisciplinary approach for ILD patients to optimise
clinical outcomes. Standardisation of a regimen, including
PSG and validated questionnaire measurements (PSQIl and
ESS), should be included in the scope of care to promote
early screening and treatment of sleep disorders. Moreover,
psychological factors are prevalent among ILD patients and
are likely to contribute to sleep disruptions and need to be
addressed to enhance the QoL and overall well-being in the
face of ILD, which is highly debilitating.

Conclusions

Sleep disturbances are an important but modifiable problem in
the treatment of ILD. Clinicians armed with knowledge on the
dual-headed nature of ILD can address these disturbances
in a multifaceted manner, optimising clinical outcomes and
improving quality-of-life measures while minimising disease
progression. Further studies are needed to validate diagnostic
criteria, develop focussed therapies and importantly, set
evidence-based guidelines for those at highest risk who
experience sleep-related disturbances.

Funding

None.

Informed consent statement

No informed consent was necessary.

Data availability statement

Data used to support the findings of this study are available
from the corresponding author upon request.

65



Pneumologia

Conflicts of interest statement

The authors declare no conflict of interest.

References

10.

66

Hagmeyer L, Herkenrath SD, Treml M, Pietzke-Calcagnile A,
Anduleit N, Randerath W. Sleep-related breathing disorders in
idiopathic pulmonary fibrosis are frequent and may be associ-
ated with pulmonary vascular involvement. Sleep and Breathing.
2023;27(3): 961-971. doi:10.1007/s11325-022-02686-z.
Mackintosh JA, Keir G, Troy LK, Holland AE, Grainge C,
Chambers DC, et al. Treatment of idiopathic pulmonary fibrosis
and progressive pulmonary fibrosis: a position statement from
the Thoracic Society of Australia and New Zealand 2023 revision.
Respirology. 2024;29(2): 105-135. doi:10.1111/resp.14656.
Myall KJ, West AG, Martinovic JL, Lam JL, Roque D, Wu Z,
et al. Nocturnal hypoxemia associates with symptom progres-
sion and mortality in patients with progressive fibrotic interstitial
lung disease. Chest. 2023;164(5): 1232—1242. doi:10.1016/j.
chest.2023.05.013.

Alhamad EH, Cal JG, Alrajhi NN, Alharbi WM. Predictors of
mortality in patients with interstitial lung disease-associated
pulmonary hypertension. Journal of Clinical Medicine.
2020;9(12): 3828. doi:10.3390/jcm9123828.

Lowery MM, Hill NS, Wang L, Rosenzweig EB, Bhat A, Erzurum
S, et al. Sleep-related hypoxia, right ventricular dysfunction, and
survival in patients with group 1 pulmonary arterial hypertension.
Journal of the American College of Cardiology. 2023;82(21):
1989-2005. doi:10.1016/j.jacc.2023.09.806.

Silva H, Mantoani LC, Aguiar WF, Gongalves AFL, da Silva TG,
Zamboti CL, et al. The impact of sleep duration on physical
activity in daily life in patients with idiopathic pulmonary fibrosis.
Physiotherapy Theory and Practice. 2024;40(4): 736-745.
doi:10.1080/09593985.2022.2160679.

Khor YH, Ng Y, Sweeney D, Ryerson CJ. Nocturnal hypoxae-
mia in interstitial lung disease: a systematic review. Thorax.
2021;76(12): 1200-1208. doi:10.1136/thoraxjnl-2020-216749.
Yasuda Y, Nagano T, Izumi S, Yasuda M, Tsuruno K, Tobino K, et al.
Analysis of nocturnal desaturation waveforms using algorithms in
patients with idiopathic pulmonary fibrosis. Sleep and Breathing.
2022;26(3): 1079-1086. doi:10.1007/s11325-021-02456-3.

Lee JH, Jang JH, Park JH, Lee S, Kim JY, Ko J, et al. Prevalence
and clinical impacts of obstructive sleep apnea in patients with idio-
pathic pulmonary fibrosis: a single-center, retrospective study. PloS
One. 2023;18(9): €0291195. doi:10.1371/journal.pone.0291195.
Adly Abdel-Gwad W, Mohamed Abd-ElAall E, Abdallah Moursi H.
Health related quality of life among patients with interstitial lung
disease. Journal of Nursing Science Benha University. 2022;3(2):
447-460. doi:10.21608/jnsbu.2022.244499.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bordas-Martinez J, Salord N, Vicens-Zygmunt V, Carmezim J,
Pérez S, Prado E, et al. Treating sleep-disordered breathing of
idiopathic pulmonary fibrosis patients with CPAP and nocturnal
oxygen treatment. A pilot study: sleep-disordered breathing
treatment in IPF. Respiratory Research. 2024;25(1): 247.
doi:10.1186/512931-024-02871-6.

Giri A, Wang Q, Rahman |, Sundar IK. Circadian molecular
clock disruption in chronic pulmonary diseases. Trends in
Molecular Medicine. 2022;28(6): 513-527. doi:10.1016/j.
molmed.2022.04.002.

Bagir M, Vasirreddy A, Vu AN, Moua T, Chamberlain AM, Frank
RD, et al. Idiopathic pulmonary fibrosis and gastroesophageal re-
flux disease: a population-based, case-control study. Respiratory
Medicine. 2021;178: 106309. doi:10.1016/j.rmed.2021.106309.
Kahlmann V, Moor CC, Wijsenbeek MS. Managing fatigue in
patients with interstitial lung disease. Chest. 2020;158(5): 2026—
2033. doi:10.1016/j.chest.2020.04.047.

Lee B, Lee SH. Exploring the interaction between obstructive
sleep apnea and idiopathic pulmonary fibrosis. Chronobiology
in Medicine. 2024;6(3): 116—120. doi:10.33069/cim.2024.0028.
Yohannes AM. Depression and anxiety in patients with inter-
stitial lung disease. Expert Review of Respiratory Medicine.
2020;14(9): 859-862. doi:10.1080/17476348.2020.1776118.
Cho JG, Teoh A, Roberts M, Wheatley J. The prevalence of poor
sleep quality and its associated factors in patients with interstitial
lung disease: a cross-sectional analysis. ERJ Open Research.
2019;5(3): 00062-2019. doi:10.1183/23120541.00062-2019.
Karuga FF, Kaczmarski P, Szmyd B, Biatasiewicz P, Sochal M,
Gabryelska A. The association between idiopathic pulmonary
fibrosis and obstructive sleep apnea: a systematic review and
meta-analysis. Journal of Clinical Medicine. 2022;11: 5008.
doi:10.3390/jcm11175008.

Cheng Y, Wang Y, Dai L. The prevalence of obstructive sleep
apnea in interstitial lung disease: a systematic review and
meta-analysis. Schlaf and Atmung. 2021;25(3): 1219-1228.
doi:10.1007/s11325-020-02282-z.

Mena-Vazquez N, Redondo-Rodriguez R, Cabezudo-Garcia P,
Garcia-Studer A, Ortiz-Marquez F, Borregon-Garrido P, et al.
Interstitial lung disease is associated with sleep disorders in
rheumatoid arthritis patients. Clocks and Sleep. 2023;5: 755-769.
doi:10.3390/clockssleep5040049.

Kim JS, Azarbarzin A, Podolanczuk AJ, Anderson MR, Cade
BE, Kawut SM, et al. Obstructive sleep apnea and longitudinal
changes in interstitial lung imaging and lung function: the MESA
study. Annals of the American Thoracic Society. 2023;20(5):
728-737. doi:10.1513/AnnalsATS.202208-7190C.
Papadogiannis G, Bouloukaki I, Mermigkis C, Michelakis S,
Ermidou C, Mauroudi E, et al. Patients with idiopathic pulmonary
fibrosis with and without obstructive sleep apnea: differences
in clinical characteristics, clinical outcomes, and the effect of
PAP treatment. Journal of Clinical Sleep Medicine: JCSM:



Stirbu et al.: Sleep-disordered breathing in interstitial lung disease

23.

24.

25.

26.

27.

28.

29.

30.

Official Publication of the American Academy of Sleep Medicine.
2021;17(3): 533-544. doi:10.5664/jcsm.8932.

Margaritopoulos GA, Proklou A, Trachalaki A, Badenes Bonet
D, Kokosi M, Kouranos V, et al. Overnight desaturation in
interstitial lung diseases: links to pulmonary vasculopathy
and mortality. ERJ Open Res. 2024;10(1): 0740-2023.
doi:10.1183/23120541.00740-2023.

Uzer F, Cilli A, Hanta I, Coskun F, Sevinc C, Ursavas A, et al.
Assessment of quality of life in IPF patients: a multicenter ob-
servational study. Sarcoidosis, Vasculitis, and Diffuse Lung
Diseases: Official Journal of WASOG/World Association of
Sarcoidosis and Other Granulomatous Disorders. 2024;41(3):
€2024043. doi:10.36141/svdld.v41i3.15805.

Davis LC. The role of hypoxia in idiopathic pulmonary fibrosis
(Doctoral Dissertation). University of Birmingham: University of
Birmingham Repository, 2024.

Bouloukaki I, Michelakis S, Tsitoura E, Vasarmidi E, Koutoulaki
C, Tzanakis N, et al. KL-6, ET-1 and S100A9 levels in patients
with idiopathic pulmonary fibrosis and obstructive sleep ap-
nea. Experimental and Therapeutic Medicine. 2024;29(1): 16.
doi:10.3892/etm.2024.12766

Alfaro TM, Robalo Cordeiro C. Comorbidity in idiopathic
pulmonary fibrosis-what can biomarkers tell us? Therapeutic
Advances in Respiratory Disease. 2020;14: 1753466620910092.
doi:10.1177/1753466620910092.

Singh V, Ulasov |, Gupta S, Singh A, Roy VK, Kharwar RK.
Idiopathic pulmonary fibrosis: where do we stand and how far to
go. Discovery Medicine. 2024;36: 22—-47. doi:10.24976/Discov.
Med.202436180.3.

Alharbi A. Sleep disordered breathing in patients with interstitial
lung disease: a systematic review. Pakistan Journal of Chest
Medicine. 2022;28(1): 106—114.

Cameli P, Bargagli E, Bergantini L, d’Alessandro M, Pieroni M,
Fontana GA, et al. Extended exhaled nitric oxide analysis in

31.

32.

33.

34.

35.

36.

37.

interstitial lung diseases: a systematic review. International
Journal of Molecular Sciences. 2020;21(17): 6187. doi:10.3390/
ijms21176187.

Kim JS, Podolanczuk AJ, Borker P, Kawut SM, Raghu G,
Kaufman JD, et al. Obstructive sleep apnea and subclinical in-
terstitial lung disease in the multi-ethnic study of atherosclerosis
(MESA). Annals of the American Thoracic Society. 2017;14(12):
1786—1795. doi:10.1513/AnnalsATS.201701-0910C.

Han T, Xiang BY, Liu ZL, Guo XR, Mao LS, Liu X, et al. A ran-
domized, crossover trial of one night of oxygen therapy for ob-
structive sleep apnea in patients with fibrotic interstitial lung
disease. Schlaf and Atmung. 2025;29(1): 75. doi:10.1007/
$11325-025-03251-0.

Hoffman TW, Grutters JC. Towards treatable traits for pulmonary
fibrosis. Journal of Personalized Medicine. 2022;12(8): 1275.
doi:10.3390/jpm12081275.

Cardoso CG, Valente C, Serino M, Rodrigues I, Carvalho A,
Coelho DB, et al. Obstructive sleep apnea in patients with fibrotic
interstitial lung disease (non-idiopathic pulmonary fibrosis): what
should be offered? Jornal Brasileiro de Pneumologia: Publicacao
Oficial da Sociedade Brasileira de Pneumologia E Tisilogia.
2024;50(5): €20240058. doi:10.36416/1806-3756/e20240058
Ouyang X, Shen Q, Zhou S, Zhou P, Song M, Guo T, et al.
Evaluating fatigue and excessive daytime sleepiness: a com-
parative analysis of prevalence and correlating factors in inter-
stitial lung disease patients and healthy controls. Annali Medici.
2024;56(1): 2398729. doi:10.1080/07853890.2024.2398729.
Cetin F, Guldiken YC. Classification of sleep disorders. In: Demir H,
editor. Modern Medical and Health Sciences. Lyon: Livre de Lyon;
2023. p. 57.

Bosi M, Milioli G, Parrino L, Fanfulla F, Tomassetti S, Melpignano
A, et al. Quality of life in idiopathic pulmonary fibrosis: the impact
of sleep disordered breathing. Respiratory Medicine. 2019;147:
51-57. doi:10.1016/j.rmed.2018.12.018.

67



	_GoBack
	NumCit_1
	NumCit_2
	NumCit_3
	NumCit_4
	NumCit_5
	NumCit_6
	NumCit_7
	NumCit_8
	NumCit_9
	NumCit_10
	NumCit_11
	NumCit_12
	NumCit_13
	NumCit_14
	NumCit_15
	NumCit_16
	NumCit_17
	NumCit_18
	NumCit_19
	NumCit_20
	NumCit_21
	NumCit_22
	NumCit_23
	NumCit_24
	NumCit_25
	NumCit_26
	NumCit_27
	NumCit_28
	NumCit_29
	NumCit_30
	NumCit_31
	NumCit_32
	NumCit_33
	NumCit_34
	NumCit_35
	NumCit_36
	NumCit_37
	NumCit_38
	NumCit_39
	NumCit_40
	NumCit_41
	NumCit_42
	NumCit_43
	NumCit_44
	NumCit_45
	NumCit_46
	NumCit_47
	NumCit_48
	NumCit_49
	NumCit_50
	NumCit_51
	NumCit_52
	REF_1
	REF_2
	REF_3
	REF_4
	REF_5
	REF_6
	REF_7
	REF_8
	REF_9
	REF_10
	REF_11
	REF_12
	REF_13
	REF_14
	REF_15
	REF_16
	LE_Ignored_4
	REF_18
	REF_19
	REF_20
	REF_21
	REF_22
	REF_23
	REF_24
	REF_25
	LE_Ignored_1
	REF_27
	REF_28
	LE_Ignored_2
	REF_30
	REF_31
	REF_32
	REF_33
	LE_Ignored_3
	REF_35
	REF_36

