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Abstract 
 
This narrative review summarizes current evidence and clinical experience 
regarding telemonitoring across major respiratory diseases and care settings, 
including chronic obstructive pulmonary disease (COPD), asthma, interstitial lung 
diseases, obstructive sleep apnea, as well as non-invasive ventilation and 
pulmonary rehabilitation programmes. Advances in connectivity, artificial 
intelligence (AI), and wearable devices are facilitating the early detection of 
clinical deterioration, personalized interventions, and improved self-
management, thereby optimizing the use of healthcare resources. Strong 
evidence supports the benefits of telemonitoring in COPD, particularly in reducing 
exacerbations and hospital admissions, whereas results are more heterogeneous 
in asthma and emerging conditions such as interstitial lung diseases. 
Telemonitoring systems leverage AI-driven analytical frameworks and 
interoperable digital platforms to process and interpret large volumes of patient 
data, enabling both automated responses and targeted human interventions. Key 
challenges include ensuring patient engagement, addressing digital literacy and 
inequities in access, safeguarding data privacy, and integrating digital solutions 
into standard care and reimbursement frameworks. The COVID-19 pandemic 
accelerated the adoption of telemonitoring, confirming its feasibility and 
acceptability, but also revealed persistent gaps in long-term cost-effectiveness 
and implementation strategies. Future directions should focus on integrating 
telemonitoring with AI-supported, coordinated clinical decision-making, 
enhancing system interoperability, and above all, prioritizing equitable access to 
digital care. Telemonitoring is poised to become a central component of 
respiratory patient management, although its large-scale implementation will 
require overcoming existing technical, ethical, and organizational barriers to fully 
realize its clinical potential. 
Keywords: Telemedicine, Respiratory Tract Diseases, Artificial Intelligence, 
Pulmonary Rehabilitation, Continuous Positive Airway Pressure, Chronic 
Obstructive Pulmonary Disease 
 
Introduction 
 
The digital transformation is fundamentally redefining chronic respiratory 
diseases (CRDs) management, leveraging advances in connectivity, wearable 
devices, mobile apps, and artificial intelligence (AI) to shift from episodic, face-to-
face care to continuous, patient-centered management supported by health data 
transmission.1-4 Predictive algorithms, especially machine learning (ML) models, 
have shown promise in radiological diagnosis5 and prognostication of diseases 
like lung cancer,6-8 chronic pulmonary obstructive disease (COPD),9-12 and 
obstructive sleep apnea (OSA).13-15 Nonetheless, multiple methodological 
approaches coexist, and substantial room for improvement remains.16,17 Within 
this rapidly evolving landscape, telemonitoring has emerged as a leading digital 
application, enabling early detection of deterioration, personalized treatment, 
improved self-management, and optimized resource use.18 
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Strictly speaking, telemonitoring refers only to the collection, transmission, 
integration and storage of data, while its effectiveness comes from what is done 
with these data: responses can be automated, especially taking advantage of 
what AI can offer, or relying on human interventions. Usually these two 
components are combined, with automated data synthesis and first-line 
interpretation filtering with AI-mediated counselling, followed when required by 
human intervention, usually nurse-based initially followed by medical input when 
required. Initially relying on phone calls, instructions and advice can now be sent 
through apps, facilitating and accelerating communication while decreasing the 
burden for the healthcare system. The two main models of care delivery using 
data collected by telemonitoring are the asynchronous (store-and-forward) and 
the synchronous (real-time) models.19 In both cases, challenges relate to 
patient’s acceptability and engagement, data security and privacy, integration in 
care pathways, minimization of burden for healthcare professionals, and 
concerns about inequities related to health and digital literacy as well as access 
to technology and healthcare resources.20-21  

The COVID-19 pandemic accelerated telemonitoring adoption, providing insights 
into its feasibility and patient acceptance, though evidence varies across 
conditions and healthcare systems.22-25 While several interventions show benefits 
in controlled settings, questions about their long-term sustainability and cost-
effectiveness in real-world practice persist, alongside implementation barriers 
such as digital literacy and system interoperability.26-31 

This non-systematic review synthesizes perspectives from international 
respiratory experts across six conditions or treatments (COPD, asthma, OSA, 
interstitial lung diseases [ILDs], pulmonary rehabilitation [PR], and non-invasive 
ventilation [NIV]) highlighting telemonitoring’s current landscape, evidence base, 
and clinical experience (see Figure 1). The contributions reflect telemonitoring’s 
maturation in respiratory medicine and the hurdles to equitable, effective 
deployment. By integrating telemonitoring with AI-driven analytics, interoperable 
digital systems, and patient-centered care models, it seems respiratory medicine 
is moving decisively from a reactive, hospital-based framework toward a 
proactive, connected, and personalized approach. 

This manuscript is an invited and narrative review coordinated by the Editorial 
Committee of Archivos de Bronconeumología, with contributions from 
international experts in telemonitoring across respiratory medicine. Its aim was 
not to perform a systematic literature review, but to provide an expert-based 
overview of current evidence, clinical experience, and future challenges in a 
rapidly evolving field. Relevant literature was identified by each expert group 
based on domain-specific expertise, prioritising influential trials, real-world 
implementation studies, and recent clinically relevant publications. Given the 
heterogeneity of telemonitoring interventions and healthcare contexts, a formal 
systematic review methodology was not considered appropriate. The authors 
acknowledge the inherent limitations of this approach, which was nonetheless 
deemed suitable for the objectives of this invited review. 
 
Chronic pulmonary obstructive disease 
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At present, TM of COPD patients is widely used and has proven its positive 
effects in improving medical care and disease management by reducing the 
frequency of COPD exacerbations and unscheduled visits, increasing physical 
activity.32 However, 25 years ago, there was not as much evidence present in 
favor of the benefits of TM. One of the first, from de Lusignan et al., in a pilot 
study, proved that continuous home cardiopulmonary monitoring presented 
satisfactory accuracy and was well accepted by COPD patients.33 In that study, 
the authors used a recording of the respiratory rate together with blood pressure, 
heart rate and body temperature. That monitoring was compared to traditional 
onsite visits performed by a nurse. Another powerful impetus for new research 
and better implementation of TM was presented in 2006 by Paré et al., who 
highlighted financial advantages of the TM for COPD patients, with a net gain of 
15% compared to traditional home care. Authors showed that patients who 
received a telehomecare program compared to those receiving traditional home 
care had fewer home visits by nurses and a reduced number of hospitalisations. 
Despite the lower technological development in the early 2000s, cost-
minimization showed that with the advantages of wearables and Internet 
coverage, there would be more improvements in the cost-effectiveness.34 

 
Recent research confirmed benefits of TM for COPD patients, demonstrating a 
significant reduction in COPD exacerbations, hospital admissions, along with an 
improvement in health-related quality of life (HRQoL). Sánchez et al. proved that 
daily follow-up of COPD patients using an e-health system and a specific mobile 
application, performed by pulmonologists, GPs and emergency care, leads to 
44.3% reduced cases of COPD AE and 51.58% caused hospitalisations. 
Moreover, it was associated with improved life quality and reduced symptom 
burden (COPD Assessment Test).35 With the greatest confidence, this effect was 
present among the most vulnerable group, COPD patients who recently 
experienced multiple hospital readmissions. Iriberri Pascual et al. implemented a 
telemonitoring program tailored for patients with COPD and high risk of acute 
exacerbations. The program consisted of symptoms and physical activity 
assessment together with remote measurements (SaO2, RR, HR, temperature, 
and physical activity). Researchers found that such intervention reduced the 
number of admissions in such a vulnerable group by 2.5 times during the first 
year, and the results sustained even during the second year after intervention. 
The same positive effect was found in reducing the number of hospitalised days.36 

However, at the same time, some studies have found no effect of TM on 
hospitalizations for COPD exacerbations or HRQoL. Hyldgaard et al. found no 
difference in outcomes regardless of implementation of telemonitoring (SaO2, 
GR, symptoms assessment, etc.) and video consultations into the routine care of 
COPD patients in Denmark.37  

 
An important factor which could influence the effectiveness of TM is its design 
and components. To enable early prediction of COPD exacerbations, it is 
necessary to consider various factors that may cause exacerbation, including 
external factors (pollution, ambience temperature, circulating viruses) and 
patient-derived information (identification of patients with high risk of 
exacerbation). Such information can be collected via M-health solutions, 
wearables, or remote monitoring platforms.38 Wearables are the most useful tool 
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for automatically evaluating the level of physical activity and vital signs (heart rate, 
breathing frequency and pattern, cough rate, pulse oximetry, sleep patterns). 
 
It is important not only to collect various data from the patients, but also to 
effectively and precisely analyze it. The quality of such analysis is based on the 
level of training of the staff involved in this process. Digital technologies, 
especially machine learning techniques and AI, can perform a revolution in TM. 
These technologies can change the way data from patients are analyzed, 
considering their potential for uncovering relationships and patterns that are not 
visible to the human eye.39 Moraza et al. developed a machine learning model 
that learned to predict the deterioration of symptoms in COPD patients, 
anticipating exacerbations and revealed that such parameters as SaO2, HR and 
RR were the most useful parameters in predicting exacerbations.40 Another study 
showed that ML algorithms can be tailored to a patient’s profile and can learn 
from their previous experience. ML algorithm developed by Orchard et al. 
achieved an 40% sensitivity and approximately 60% specificity, which was 
superior to the best symptom-counting algorithm.41  However, in another research, 
implementing a COPD prediction algorithm in addition to TM did not show 
statistically significant improvement in hospitalizations or QoL.42 Despite such 
arguable results, implementing AI and ML predictive algorithms is considered a 
priority for the future development of TM for COPD, considering its potential. It is 
also important to present this data in an understandable form for clinicians. 
Sander et al. presented in their study that clinicians clearly highlighted their needs 
in a clear visualisation of changes in patients’ data and exacerbation notifications 
together with possible reasons for exacerbation.43  

 
Barriers to TM for COPD patients must also be considered, as these patients are 
usually from the elderly age group and may have poor digital literacy, experience 
impersonal care delivery, or have concerns regarding data privacy.44 Considering 
that some interventions show promising results in narrow clinical trials but are 
unsuitable for broader implementation in routine clinical care, another challenge 
that should be addressed is the endorsement of effective implementation 
strategies for new digital tools. Effective implementation in each clinical context 
depends on various factors, including stakeholder perspectives, level of digital 
health literacy, clinician perspective, and regulatory, policy, and socio-economic 
contexts.45  

 
Asthma 
 
As for other diseases, telemonitoring in asthma can be used for diagnosis (e.g., 
through serial measurements of symptoms and lung function to document 
variability and its determinants), follow-up and treatment adaptation and provision 
(e.g., in the field of pulmonary rehabilitation or adherence reinforcement and 
education).46 The rationale for using digital technologies in asthma to remotely 
monitor patients' symptoms, physiology and treatment is reinforced by the 
fluctuating character of symptoms and airway obstruction, the demonstration of 
insufficient disease control in treated patients, the known challenges related to 
treatment use (high rates of poor inhalation technique and/or poor adherence) 
and the subsequent need to facilitate self-management and timely therapeutic 
adjustments. Traditional models of care centered on clinic visits may fail to 
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capture early deterioration or inadequate behaviors, while telemonitoring offers 
the potential for continuous or regular assessment, patient’s empowerment and 
improved patient-clinician communication.46 Telemonitoring can be of value as a 
tool to feed predictive analytics to identify patients at risk of poor outcomes, and 
to provide data to be integrated in multimodal datasets informing precision 
medicine strategies.  
 
Monitored variables can be collected by electronic diaries or mobile applications, 
wearables and sensors (measuring, e.g., vital signs and physical activity, or 
connected to inhalers) and connected mobile devices measuring lung function 
(peak expiratory flow rate, spirometry, oscillometry),20,47 fractional exhaled nitric 
oxide or other biomarkers and levels of exposures. Some of these tools are 
readily available with varying degrees of testing and validation, while others are 
still in development. One can predict that possibilities will continue to expand 
rapidly with advances in digital technology and AI. One crucial key to success is 
to elaborate beyond the technological potential build effective and cost-effective 
organizations to optimize healthcare delivery using telemonitoring, e.g. through 
efficient telehealth integrated platforms.  
 
Surprisingly, the evidence on telemonitoring in asthma remains rather limited 
altogether,46 with only 24 clinical studies on telemonitoring or remote monitoring 
in asthma identified in the PubMed database as of August 2025, including 16 with 
a randomized design. As outlined in recent systematic reviews, the quality and 
characteristics (design, sample size, follow-up duration, training of patients and 
professionals or outcomes of interest) of studies in this area varied markedly as 
well as the goals pursued, population’s characteristics, setting, telemonitoring 
technology, feedback method and accompanying interventions.48-50 Their results 
are also highly heterogeneous. Many but not all non-randomized studies found 
beneficial effects, but of limited value given their design. In children, some 
randomized studies demonstrated improvements in terms of symptoms, lung 
function, quality of life and adherence,50,51 while others did not.52 In adults, a 
short-term (14-day) randomized study found that patient self-monitoring via a 
digital platform plus remote clinician feedback maintained high baseline ICS 
adherence and decreased SABA use.53  However, long-term benefits in terms of 
adherence are not homogeneous.54 Similarly, while some randomized studies of 
longer duration showed improvements in asthma control,55,56 other well-
conducted studies did not demonstrate any clinical nor economic benefit.57 The 
heterogeneity of results likely relates to the variability of interventions and study 
designs highlighted above. Importantly, telemonitoring tools can prove very 
useful for research and thus potentially indirectly beneficial for patients. One 
example is MASK-air, a widely available mHealth app (30 countries, >30,000 
users) designed to collect daily symptoms using visual-analogic scales, 
questionnaire data and treatment use in asthma and allergic rhinitis. This app has 
allowed the development of two digital biomarkers of asthma control and the 
assessment of patient’s behaviours. Collected data have also been used to 
identify patients’ phenotypes and trajectories, assess the impact of rhinitis and 
asthma and explore the real-world effectiveness of some treatments, informing 
the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines.58 Whether the 
use of this app directly contributes to improving asthma control remains to be 
demonstrated formally. 
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As for any medical intervention, an essential consideration is financial 
sustainability. Few studies have focused on this aspect, which may be largely 
driven by how technology is integrated into care pathways and what the burden 
of related telehealth platforms is, rather than by the cost of the technology itself. 
In that respect, the identification of economically viable reimbursement models is 
a key knowledge gap and research priority, as recently outlined by Chan et al.59 
Of note, in a study published in the early 2010’s, mobile technology-based self-
monitoring relying on regular recording and transmission of asthma symptoms 
was not shown to be cost-effective.57 Limited cost-effectiveness was also found 
in a prior study of nurse-led peak expiratory flow-based intervention in 
asthmatics.60 However, none of these studies are recent, highlighting the need 
for further research. 
 
To conclude, despite the strong clinical rationale for telemonitoring in asthma, 
available studies remain heterogeneous in terms of interventions, populations, 
and outcomes, which has limited the generation of consistent, high-quality 
evidence.50,61 Many interventions combine multiple components, such as 
symptom diaries, peak flow monitoring, inhaler sensors, and educational tools, 
making it difficult to disentangle the specific contribution of telemonitoring 
itself.1,62 In addition, asthma’s variable disease course, strong dependence on 
self-management, and generally lower baseline risk of acute events compared 
with other chronic respiratory conditions may reduce the observable impact of 
continuous remote monitoring.63 Importantly, the frequent need for additional 
devices or mobile applications to capture clinically meaningful data may increase 
complexity and limit long-term adherence.64 Future telemonitoring strategies in 
asthma may therefore benefit from more targeted, low-burden approaches 
focused on high-risk subgroups, integration with existing digital inhaler platforms, 
and clearly defined clinical response pathways. 
 
Obstructive sleep apnea 
 
Telemedicine can be used widely in OSA care, from telediagnosis to OSA 
treatment follow-up.65 The main field that has been developed is the use of 
telemonitoring in the context of continuous positive airway pressure (CPAP) 
treatment follow-up, as it is very simple to use and does not require any 
intervention from the patient to transmit device-collected data. Treating 
physicians, nurses, and home care providers (HCPs) can work together to 
support the patient with the purpose of obtaining early, adequate compliance and 
treatment effectiveness. CPAP tracking systems are built with connectivity to 
allow remote access by way of Global System for Mobile Communication or 
General Packing Radio System, providing information about daily use, patterns 
of use, respiratory events (e.g., apnea, hypopnea), type of residual respiratory 
events (e.g., central, obstructive), mask leaks, CPAP pressure, and sleep 
schedules. These data are available via a centrally secured data center (cloud) 
for healthcare professionals and HCPs or, for some devices, via an application, 
accessed directly by the patient, to stimulate self-management. Somnologists 
can access algorithms to manage residual apnea-hypopnea index.66,67 Particular 
attention should be given to patients with residual central events: detection of 
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incident Cheynes-Stokes respiration is associated with heart failure and cardiac 
arrhythmias.68  
 
When compared with traditional face-to-face OSA management, telemonitoring 
results in modest compliance improvements, 29 min per night (95% CI: 11.8–
46.7).69 However, the main focus should be on difficult patients and those who 
have just started CPAP treatment, for example by quickly identifying patients at 
risk of poor compliance. Generally, patients report good acceptance of and 
satisfaction with telemonitoring.70 Nursing time savings associated with 
telemonitoring remain controversial,70,71 but telemonitoring is likely to be cost-
effective, mainly through avoidance of travel costs and loss of workdays.72 

 
Moreover, during the pandemic, TMg enabled a fully remote diagnostic and 
treatment pathway for patients with OSA, helping to mitigate delays. In a pilot 
study conducted during the first wave of the pandemic, 300 patients underwent 
remote diagnosis using home polygraphy and home-based self-education for 
automatic PAP (APAP) treatment, with telephone support. The authors 
concluded that this approach was feasible, with 3- and 24-month adherence rates 
of 41%73 and 38%74, respectively. While this success rate was similar to that 
reported in some literature, reduced adherence could be due to contextual factors 
such as anxiety or fear of viral transmission. However, it could also be related to 
a lack of personalised CPAP treatment: all patients had the same APAP settings 
and used a naso-buccal mask. 
 
Telemonitoring is easy to use and there can be a temptation to transfer CPAP 
follow-up to less qualified healthcare workers (e.g., non-somnologists, general 
practitioners, HCPs). Indeed, beyond CPAP-collected data, physicians must 
ensure that PROMs, such as improvement of sleep-related complaints and 
comorbidities, are addressed before being confident that close management of 
the patient is no longer mandatory.75  

 
Telemonitoring exhibits some technological limitations of which physicians should 
be aware. These include the fact that the accuracy of CPAP-measured data is 
heterogeneous among the different devices, for both leaks and residual 
respiratory events. For example, it is rarely possible to exclude residual apnea-
hypopnea index measurement during periods of significant leakage, despite its 
inaccuracy.76 Monitoring schemes (e.g., daily, weekly; pro-active or passive use) 
and duration of telemonitoring (few weeks to 12 months) also remain a matter of 
debate. It seems obvious to monitor newly CPAP-treated patients, as early 
compliance is associated with long-term compliance,77 and efforts should be 
made at the start of therapy to support and educate patients, and to resolve side 
effects related to CPAP use. Moreover, most treatment adaptations (e.g., mask 
changes, pressure adjustments) appear in the first few months of treatment. Over 
the first 3 months, 43% of patients need a mask change and 35% need 
humidification adjustment.78 However, patients experiencing difficulties later 
during treatment can also benefit from telemonitoring, such as in cases where 
long-term users become non-compliant, or experience unexpected high residual 
respiratory events. No data are yet available in this population. Finally, using 
telemonitoring can put the clinician into the uncomfortable situation of being 
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highly dependent on the device manufacturer and software platform provider for 
access to patient data.75 Depersonalization can be another concern. 
 
To conclude, telemonitoring for CPAP-treated patients is feasible, acceptable, 
and cost-effective. It can even completely replace the face-to-face treatment 
pathway, when necessary, as was demonstrated during the pandemic. It helps to 
focus on difficult-to-treat patients, especially during the start-of-treatment period, 
and slightly increases CPAP compliance. However, physicians should be aware 
of the limits of CPAP data collection reliability. The effect of telemonitoring on 
CPAP compliance in different patient groups (e.g., age, sex, ethnicity, 
comorbidities) as well as different OSA phenotypes and different 
educational/socioeconomic statuses should be further studied.70  
 
Table 1 summarizes ongoing and recent studies on telemonitoring in COPD and 
OSA. At the time of manuscript preparation, no ongoing interventional 
telemonitoring trials were identified for asthma in international clinical trial 
registries. 
 
Interstitial lung diseases 
 
Interstitial lung diseases comprise a heterogeneous group of rare disorders with 
variable clinical trajectories, a subset of which develop progressive pulmonary 
fibrosis associated with high morbidity and mortality. To date, most telemonitoring 
studies in ILDs have focused on idiopathic pulmonary fibrosis (IPF), which 
predominantly affects older adults and is often managed in specialised referral 
centres.79 Patients with IPF frequently experience dyspnoea, cough, fatigue, and 
impaired exercise tolerance, and many must travel long distances for outpatient 
follow-up. In this context, telemonitoring has been proposed as a strategy to 
reduce the burden of hospital visits while maintaining close clinical surveillance.80 

 
Telemonitoring approaches evaluated in ILDs include home spirometry, pulse 
oximetry, mobile applications incorporating electronic patient-reported outcome 
measures (PROMs), and wearable activity trackers.80 Among these, home 
spirometry has been the most extensively studied. Multiple investigations have 
demonstrated its feasibility and reliability, showing good correlation between 
home- and hospital-based forced vital capacity (FVC) measurements, relatively 
low within-patient variability, and acceptable long-term adherence, even in elderly 
populations.81-90 These findings suggest that home spirometry may enable earlier 
detection of disease progression or acute exacerbations and provide more  
granular longitudinal data than conventional clinic-based assessments, with 
potential implications for both clinical care and clinical trial design.82,91 

 
Nevertheless, experience from large multinational studies has highlighted several 
challenges. Technical issues, such as connectivity problems and device 
malfunction, as well as analytical challenges related to variability in 
measurements, have occasionally limited the interpretability of outcomes.92-94 
Proposed mitigation strategies include structured patient training, access to 
technical support in native languages, automated reminders to enhance 
adherence, and real-time alerts to healthcare providers when clinically relevant 
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deterioration is detected.80,92 These organisational components appear to be at 
least as important as the technology itself for successful implementation. 
 
Beyond lung function monitoring, additional telemonitoring modalities have been 
explored in ILDs. Wearable devices and passive monitoring tools generally show 
higher adherence than active measurements such as spirometry or PROM 
completion.95 Online PROMs have been shown to be feasible and reproducible 
over time in this elderly population and are increasingly used in both clinical trials 
and routine practice.96,97 In particular, short and simple visual analogue scales 
may represent a pragmatic approach for structured longitudinal assessment of 
symptom burden, although their optimal role in guiding clinical decision-making 
remains to be established.98 

 
The COVID-19 pandemic markedly accelerated the adoption of telemonitoring in 
ILDs, primarily to ensure continuity of care for this vulnerable group.99-101 Real-
world cohorts evaluated during this period confirmed the feasibility and reliability 
of remote monitoring and demonstrated high levels of patient satisfaction, with 
telemonitoring partially replacing in-person visits in selected patients.101,102 While 
most patients reported positive experiences and perceived improved 
communication with care teams, a minority described increased anxiety related 
to frequent self-measurement, underscoring the importance of individualised 
implementation and adequate patient support.103 

 
Despite encouraging feasibility data, the widespread integration of telemonitoring 
into routine ILD care remains limited. Key barriers include the absence of robust 
evidence demonstrating long-term clinical benefit, uncertainties regarding cost-
effectiveness, and concerns about organisational impact and clinician 
workload.104,105 Importantly, although evidence beyond IPF is still scarce, several 
ongoing studies now include patients with non-IPF fibrotic ILDs as well, aiming to 
clarify the value of telemonitoring across the broader ILD spectrum and to inform 
sustainable implementation strategies.106-109 Table 2 summarises these studies.  
 
Overall, while telemonitoring in ILDs has consistently demonstrated feasibility, 
patient acceptability, and reliable remote data capture, particularly in IPF, its 
translation into routine clinical care remains constrained by limited evidence of 
long-term clinical benefit, cost-effectiveness, and scalability, underscoring the 
need for pragmatic implementation studies. 
 
  
Non-invasive ventilation 
 
Of all patients with CRDs, those on long-term NIV can be considered as 
preferential candidates for telemonitoring solutions because the treatment is itself 
based on technology with detailed recording (most devices have built-in or 
connected data transmission capacity) and easy interconnectivity/data 
incorporation with other devices (such as oxi-capnography). Also, the large 
prevalence of OSA makes this condition a great drive for research and innovation, 
and therefore patients on NIV may benefit from technological advances and 
indirect evidence from OSA trials. Most importantly, conditions leading to long-
term NIV are chronic and often progressive diseases that require close monitoring 
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and treatment titration, with individuals that can be severely frail and with impaired 
care access due to transportation difficulties, and potential treatment dependence.  
 
Telemonitoring facilitates compliance monitoring and can potentiate prompt 
intervention to address problems and side-effects, which is crucial for improving 
clinical, physiological and patient reported outcomes.110,111 Nevertheless, robust 
evidence on the improved value of telemonitoring in NIV is still scarce.112 

 
Trials in the initiation of NIV aided by telemedicine have shown to be non-inferior 
to inpatient initiation in patients with COPD and restrictive or neuromuscular 
disorders in terms of safety, efficacy, HRQoL with significant cost reductions.112-

114 Recently published ERS guidelines have made conditional recommendations 
for telemonitoring in the adaptation to NIV in these patient populations, taken into 
consideration positive patient preferences and expectations such as fewer 
hospital visits, lower infection risks, less travelling, better remote communication 
with their physician, self-monitoring, and real time adjustments of ventilator 
settings.112,115 However due to lack of evidence, no recommendation could be 
made in patients with obesity-hypoventilation syndrome.  

 
Regarding follow-up, evidence is heterogeneous as doubts remain regarding 
effectiveness, feasibility and generalizability in the long-term. The meta-analysis 
performed for the ERS guideline showed that both interventions were equally 
effective for the outcomes analyzed, and there were no telemedicine-related 
harmful or adverse events, and thus a definite for or against recommendation 
could not be made.112 The recent eVent trial compared a telemonitoring strategy 
including automated alerts with usual care. They found similar nighttime 
transcutaneous capnography measurements but lower daytime partial pressure 
of carbon dioxide and greater percentage of ‘successful NIV’, which was defined 
as NIV with low leaks (<24L/m), good adherence (≥4 hours/day) and low AHI 
(<10) in the telemonitoring arm.116 However, sample size was quite small (27 
patients in telemonitoring arm) and 7,7 alerts per patient at 6 months were 
reported, and one can consider the costs and burden of addressing all the alerts 
in a large real-life program. 
 
Further research is needed to ascertain whether telemonitoring ultimately 
reduces or increases healthcare utilization, such as consultations, home visits, 
material consumption and dedicated healthcare workers’ time. Also, the 
challenge remains to determine if follow-up with telemonitoring translates into 
meaningful clinical benefits for patients such as reduced exacerbations, 
hospitalizations, improved HRQoL or increased survival and if this strategy is cost 
effective.112,117 
 
One research topic is the potencial of NIV telemonitoring to predict (and 
potentially prevent) exacerbations in patients with COPD. In 2015, a proof-of-
concept study showed that daily variations in respiratory rate and % of triggered 
breaths were predictors of an exacerbation.118 Later, a prospective study showed 
that a respiratory rate (for 2 consecutive days) outside the interquartile limit of the 
respiratory rate calculated over the 4 preceding days was associated with an 
increased risk of severe AECOPD of 2.8 and a standard deviation  of the daily 
use of NIV >1.0845 over a 10 days' period was associated with an increased risk 
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of severe AECOPD of 4.119 Recently, a retrospective study proposed the following 
biomarkers for AECOPD detection: 7-day mean respiratory rate, abnormal values 
of daily usage, leaks, and tidal volume.120 However, real-life studies and with 
large samples are needed to confirm feasibility, including resource allocation and 
models for automatic detection and alert delivery to healthcare teams, and impact 
on patient outcomes and/or healthcare utilization or cost reduction.  
 
Implementation challenges include reliable internet connectivity, technological 
literacy, costs, resource limitation and fragmented healthcare systems. In earlier 
studies, patients and caregivers were concerned that they might become overly 
dependent on the telemedicine system and there was a decrease in self-efficacy 
in one trial.117,121 Recent studies have shown that patients describe telemonitoring 
as a positive experience, and the approach is empowering and effective in 
promoting patients' well-being.122  
 
Research should focus on assessing the optimal monitored parameters needed 
to obtain meaningful outcomes for patients and healthcare systems (included 
comparing to outpatient setting), the potential added value of mixed models of 
monitoring, cost-effectiveness of different strategies and the role of advanced 
algorithms.116,122 Table 2 summarizes current evidence and potential research 
opportunities for future trials in this field. 
 
Pulmonary rehabilitation 
 
Pulmonary rehabilitation is a comprehensive, multidisciplinary, individually-
tailored intervention designed to overcome the deconditioning induced by 
CRDs.123 Core components include a tailored and graded exercise programme 
incorporating both endurance training and muscle strengthening in the context of 
holistic care (including management of common co-morbidities such as 
anxiety/depression,124 and nicotine dependence) as well a programme of 
education supporting disease-specific self-management, lifestyle change and 
social care.123 Typical programmes are delivered in regular supervised sessions 
a week over two to three months.125  

 
Evidence of improved exercise capacity and HRQoL is particularly strong for 
COPD,126,127 but is emerging for the role of PR in bronchiectasis,128 ILDs,129 
pulmonary hypertension,130 and asthma.131 The challenges are two-fold: 
improving provision of PR for all people with CRD who could benefit (including 
those who live in low resource or remote settings), and enhancing uptake and 
completion of the course of PR.  Telerehabilitation, being the supervision of the 
structured exercise programme and delivery of education by means of remote 
communication, potentially has a key role in addressing both these barriers to 
implementation. A Cochrane review in 2021 concluded that telerehabilitation for 
people with CRDs achieves outcomes similar to those of traditional centre‐PR, 
with no safety concerns.132 Figure 2 is a Forest plot comparing the effect of 
telerehabilitation to centre-PR on exercise capacity. 
 
Diverse models of telerehabilitation are described.  Most commonly 
telerehabilitation is delivered directly from a central PR unit to individuals at home 
via teleconferencing or audio calls,132 but a ‘hub-and-spoke’ approach has the 
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advantage of enabling professional oversight and group support, whilst reducing 
travel and not expecting patients to manage unfamiliar technology.133 Web-based 
programmes or mobile ‘apps’ with asynchronous supervision enable flexible 
access to information and the exercise programme.134  
 
Telerehabilitation has the potential to overcome barriers to attending a PR centre, 
but systematic review evidence of whether this improves completion rates varies. 
Cox et al. showed that telerehabilitation increased the proportion of people who 
completed a PR programme from 70% in centre-based PR to 93% (95% CI 80 to 
96) in remotely-delivered PR.132   In contrast, in a comparison of Home-PR and 
Centre-PR, Uzzaman et al. found no evidence that mode of delivery affected 
completion rates.133 Current challenges, limitations, and potential avenues for 
future research in telerehabilitation relate to its acceptability, implementation, 
health economics, and maintenance of benefits. Most studies describe 
telerehabilitation as an acceptable alternative to traditional centre-based PR, and 
it is even preferred by some patients. However, diverse contexts influence the 
success or failure of implementation,135 and programmes require adaptation to 
organisational routines, workforce upskilling, and support for patients in using the 
technology. Raising awareness among communities, healthcare professionals, 
service managers, and policymakers is an important strategy to facilitate 
implementation. Factors considered most favourable for adoption include 
enhancing patients’ motivation and involving high-level leaders,136 whereas 
barriers include technical difficulties and a lack of technical skills among 
stakeholders.137 Specific challenges relate to avoiding the exacerbation of digital 
inequities138 and adapting services to low-resource settings.139 Health economic 
evaluations are essential for payors considering the introduction of such services, 
who need to understand setup costs (though equipment requirements can be 
minimal)140 as well as staff workload implications. Although evidence within CRDs 
is still limited, telerehabilitation has been shown to be cost-effective in other 
clinical contexts.141 Maintaining the benefits of PR is another recognised 
challenge, and several studies have explored the potential of telerehabilitation to 
provide ongoing motivation and support.142 In a three-arm study, maintenance 
rehabilitation delivered via a web-based platform was as effective as continued 
attendance at a rehabilitation centre in preserving exercise capacity, maintaining 
quality of life, and reducing hospitalisation risk,143 suggesting this light-touch 
home-based approach is efficient and sustainable. 
 
To summarize, PR is an effective intervention that improves health outcomes,123 
but is inaccessible to 98% of the global population with CRDs.144 Whilst there is 
still a need for evidence on implementation, telerehabilitation is an approach that 
could support wider provision.  
 
Cross-cutting challenges and shared implementation considerations 
 
Across respiratory diseases, several common themes emerge when 
telemonitoring is translated from research settings into routine clinical care. 
Patient engagement consistently appears as a key determinant of success, 
influenced by digital literacy, perceived usefulness, and the burden of self-
measurement rather than by the underlying disease alone.145 Across conditions, 
passive monitoring strategies generally achieve higher adherence than active 
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data entry, while overly intensive monitoring may increase anxiety or 
disengagement in selected patients, underscoring the need for individualized 
approaches.103 Technology acceptance and usability represent another shared 
challenge. Telemonitoring systems that are intuitive, minimally intrusive, and 
seamlessly integrated into patients’ daily routines are more likely to be sustained 
over time.146 In contrast, technical complexity, connectivity problems, and 
insufficient user support remain recurrent barriers, particularly among older or 
vulnerable populations, raising concerns about the potential exacerbation of 
digital health inequities.147 

 
From a healthcare system perspective, clinician workload and organisational 
impact are critical considerations across all disease domains. Although 
telemonitoring may reduce face-to-face encounters, it can simultaneously 
generate new demands related to data review, alert management, and patient 
communication.148,149 Without clearly defined workflows, task delegation, and 
decision-support tools, telemonitoring risks shifting rather than reducing workload. 
Interoperability and data governance challenges also cut across respiratory 
conditions. Fragmented digital ecosystems and limited integration with electronic 
health records hinder scalability and continuity of care, while concerns regarding 
data security, privacy, and regulatory compliance remain central to both patient 
and clinician acceptance.150,151 

 
Finally, uncertainty surrounding cost-effectiveness and reimbursement remains a 
major barrier to large-scale implementation. Across diseases, economic 
outcomes appear to depend less on the technology itself than on how 
telemonitoring is embedded within care pathways and funded within specific 
healthcare systems, highlighting the need for pragmatic implementation studies 
that jointly assess clinical, organisational, and economic outcomes. 
 
Conclusions  

Digital transformation is a strategic priority of the European Respiratory Society 
(ERS),152 reflecting the key role of telemonitoring within contemporary respiratory 
care, enabling continuous, data-driven, and patient-centered management 
across a range of chronic respiratory diseases. Although its feasibility and clinical 
potential have been reasonably demonstrated, its long-term role, cost-
effectiveness, and large-scale implementation remain to be fully elucidated and 
are the focus of the ERS Clinical Research Collaboration CONNECT.45 Future 
research should prioritize the integration of telemonitoring with AI, the 
interoperability of digital systems, and equitable access strategies, to facilitate its 
transition from a technological innovation to a core element of personalized 
respiratory medicine. 

 
 
 
Funding 

This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

Artificial intelligence involvement 



Page 15 of 31

Jo
ur

na
l P

re
-p

ro
of

No generative artificial intelligence tools were used in the preparation, writing, or editing 
of this manuscript. 

 

Conflict of interest: Daniel López-Padilla, Vitalii Peberozhetz, Catharina Moor, Marie 
Bruyneel, Carla Ribeiro, and Hilary Pinnock have no conflicts of interest that may be 
considered to influence directly or indirectly the content of the manuscript. Nicolas Roche 
is a member of the scientific committee of Biosency, coordinator of clinical studies of the 
Boracare® telemonitoring device in COPD.  

 

Ética de la publicación 

1. ¿Su trabajo ha comportado experimentación en animales?: 

No 

2. ¿En su trabajo intervienen pacientes o sujetos humanos?: 

No 

3. ¿Su trabajo incluye un ensayo clínico?: 

No 

4. ¿Todos los datos mostrados en las figuras y tablas incluidas en el manuscrito se recogen en el 
apartado de resultados y las conclusiones?: 

Sí 

 

 
 
 

References 
 

1. Blakey JD, Bender BG, Dima AL, Weinman J, Safioti G, Costello RW. 
Digital technologies and adherence in respiratory diseases: the road 
ahead. Eur Respir J. 2018;52:1801147.  

2. Quach S, Michaelchuk W, Benoit A, Oliveira A, Packham TL, Goldstein R, 
et al. Mobile heath applications for self-management in chronic lung 
disease: a systematic review. Netw Model Anal Health Inform Bioinform. 
2023;12:25.  

3. Park HY, Kong S, Lee M, Ryu H, Hamakawa Y, Luppi F, et al. Digital health 
technologies for improving the management of people with chronic 
obstructive pulmonary disease. Front Digit Health. 2025;7:1640585.  

4. Agusti A, Vila M. Artificial Intelligence in COPD. Arch Bronconeumol. 
2025;61:257-8.  

5. Fulop A, Gil J, Rozsas A, Solymosi D, Bogos K, Ferencz B, et al. Machine 
Learning-enhanced X-ray-based Radiomics in the Identification of Post-
COVID Patients. Arch Bronconeumol. 2025;61:232-4.  



Page 16 of 31

Jo
ur

na
l P

re
-p

ro
of

6. Adams SJ, Mikhael P, Wohlwend J, Barzilay R, Sequist LV, Fintelmann 
FJ. Artificial Intelligence and Machine Learning in Lung Cancer Screening. 
Thorac Surg Clin. 2023;33:401-9.  

7. De Luca GR, Diciotti S, Mascalchi M. The Pivotal Role of Baseline LDCT 
for Lung Cancer Screening in the Era of Artificial Intelligence. Arch 
Bronconeumol. 2025;61:359-67.  

8. Baeza S, Gil D, Sanchez C, Torres G, Carmezim J, Tebé C, et al. 
Radiomics and Clinical Data for the Diagnosis of Incidental Pulmonary 
Nodules and Lung Cancer Screening: Radiolung Integrative Predictive 
Model. Arch Bronconeumol. 2024;60 Suppl 2:S22-30.  

9. Kaplan A, Cao H, FitzGerald JM, Iannotti N, Yang E, Kocks JWH, et al. 
Artificial Intelligence/Machine Learning in Respiratory Medicine and 
Potential Role in Asthma and COPD Diagnosis. J Allergy Clin Immunol 
Pract. 2021;9:2255-61.  

10. 10. Smith LA, Oakden-Rayner L, Bird A, Zeng M, To MS, Mukherjee S, 
et al. Machine learning and deep learning predictive models for long-term 
prognosis in patients with chronic obstructive pulmonary disease: a 
systematic review and meta-analysis. Lancet Digit Health. 2023;5:e872-
81.  

11. Casal-Guisande M, Represas-Represas C, Golpe R, Fernández-García A, 
González-Montaos A, Comesaña-Campos A, et al. Clinical and Social 
Characterization of Patients Hospitalized for COPD Exacerbation Using 
Machine Learning Tools. Arch Bronconeumol. 2025;61:264-73.  

12. 12. Rueda R, Fabello E, Silva T, Genzor S, Mizera J, Stanke L. Machine 
learning approach to flare-up detection and clustering in chronic 
obstructive pulmonary disease (COPD) patients. Health Inf Sci Syst. 
2024;12:50.  

13. Schwab RJ, Erus G. We Can Use Machine Learning to Predict Obstructive 
Sleep Apnea. Am J Respir Crit Care Med. 2024;210:141-3.  

14. Belmonte T, Benitez ID, García-Hidalgo MC, Molinero M, Pinilla L, 
Mínguez O, et al. Synergic Integration of the miRNome, Machine Learning 
and Bioinformatics for the Identification of Potential Disease-Modifying 
Agents in Obstructive Sleep Apnea. Arch Bronconeumol. 2025;61:348-58.  

15. Araujo MLD, Winger T, Ghosn S, Saab C, Srivastava J, Kazaglis L, et al. 
Status and opportunities of machine learning applications in obstructive 
sleep apnea: A narrative review. Comput Struct Biotechnol J. 
2025;28:167-74.  

16. Gorospe L. Why do Artificial-Intelligence Based Chest Radiograph 
Applications Ignore the Lateral View? Arch Bronconeumol. 2025;61:510-
1.  

17. Takefuji Y. Reevaluating Feature Selection in Machine Learning Models 
for Identifying Disease-Modifying Agents in Obstructive Sleep Apnea. Arch 
Bronconeumol. 2025;61:502-3.  

18. Farias FAC de, Dagostini CM, Bicca Y de A, Falavigna VF, Falavigna A. 
Remote Patient Monitoring: A Systematic Review. Telemed J E Health. 
2020;26:576-83.  

19. Aggelidis X, Kritikou M, Makris M, Miligkos M, Papapostolou N, 
Papadopoulos NG, et al. Tele-Monitoring Applications in Respiratory 
Allergy. J Clin Med. 2024;13:898.  



Page 17 of 31

Jo
ur

na
l P

re
-p

ro
of

20. Fan D, Shen A, Wang Q, Peng L, Xia R, Zhou H. Home spirometry 
telemonitoring in pediatric patients with asthma: a mixed study. Front 
Pediatr. 2025;13:1554921.  

21. Salmi EM, Basile FW, Khan FA, Watt L, Song R, Bijker EM. Facilitators 
and barriers affecting the implementation of e-health for chronic 
respiratory diseases in remote settings: a qualitative evidence synthesis. 
BMC Health Serv Res. 2025;25:19.  

22. Shah NM, Kaltsakas G. Telemedicine in the management of patients with 
chronic respiratory failure. Breathe (Sheff). 2021;17:210008.  

23. Blackstock FC, Roberts NJ. Using Telemedicine to Provide Education for 
the Symptomatic Patient with Chronic Respiratory Disease. Life (Basel). 
2021;11:1317.  

24. Sculley JA, Musick H, Krishnan JA. Telehealth in chronic obstructive 
pulmonary disease: before, during, and after the coronavirus disease 2019 
pandemic. Curr Opin Pulm Med. 2022;28:93-8.  

25. Okafor NM, Thompson I, Venkat V, Robinson C, Rao A, Kulkarni S, et al. 
Evaluating the feasibility, adoption, cost-effectiveness, and sustainability 
of telemedicine interventions in managing COVID-19 within low-and-
middle-income countries (LMICs): A systematic review. PLOS Digit 
Health. 2025;4:e0000771.  

26. Eze ND, Mateus C, Cravo Oliveira Hashiguchi T. Telemedicine in the 
OECD: An umbrella review of clinical and cost-effectiveness, patient 
experience and implementation. PLoS One. 2020;15:e0237585.  

27. van Eijk J, Trappenburg J, Asselbergs FW, Jaarsma T. Integrating 
telemedicine in routine heart failure management: Experiences of 
healthcare professionals - A qualitative study. Digit Health. 
2024;10:20552076241272570.  

28. Baek SJ, Choi JA, Noh JW, Jeong HS. A Cost-Minimization Analysis of 
Teleconsultation Versus In-Person Care for Chronic Diseases and 
Rehabilitation in Medically Underserved Areas of South Korea. Healthcare 
(Basel). 2025;13:445.  

29. Shinoda M, Hataji O, Miura M, Kinoshita M, Mizoo A, Tobino K, et al. A 
Telemedicine Approach for Monitoring COPD: A Prospective Feasibility 
and Acceptability Cohort Study. Int J Chron Obstruct Pulmon Dis. 
2022;17:2931-44.  

30. Pinnock H, Murphie P, Vogiatzis I, Poberezhets V. Telemedicine and 
virtual respiratory care in the era of COVID-19. ERJ Open Res. julio de 
2022;8:00111-2022.  

31. Sanchez-Ramirez DC, Normand K, Zhaoyun Y, Torres-Castro R. Long-
Term Impact of COVID-19: A Systematic Review of the Literature and 
Meta-Analysis. Biomedicines. 2021;9:900.  

32. Poberezhets V, Kasteleyn MJ. Telemedicine and home monitoring for 
COPD - a narrative review of recent literature. Curr Opin Pulm Med. 1 de 
julio de 2023;29:259-69.  

33. de Lusignan S, Althans A, Wells S, Johnson P, Vandenburg M, Robinson 
J. A pilot study of radiotelemetry for continuous cardiopulmonary 
monitoring of patients at home. J Telemed Telecare. 2000;6 Suppl 1:S119-
122.  



Page 18 of 31

Jo
ur

na
l P

re
-p

ro
of

34. Paré G, Sicotte C, St-Jules D, Gauthier R. Cost-minimization analysis of a 
telehomecare program for patients with chronic obstructive pulmonary 
disease. Telemed J E Health. 2006;12:114-21.  

35. Sánchez FM, Bommatty MS, Haro MQ, Ruiz FO, Del Mar Pérez Luque M, 
Bernáldez CB, et al. Telemonitoring in patients with COPD: A prospective 
study with results from the AIRE project. Respir Med. 2025;248:108307.  

36. Iriberri Pascual M, Echevarria Guerrero E, Sobradillo Ecenarro P, Garcia 
Echeberria L, Marina Malanda N, Tabernero Huguet E. Real-world 
Outcomes of a Telemonitoring Program (telEPOC) for Patients With 
COPD With Frequent Hospital Readmissions. Open Respir Arch. 
2024;6:100437.  

37. Hyldgaard C, Ringbæk T, Andersen FD, Hansen EF, Jensen MS, Fenger-
Grøn M, et al. Effect of Telemonitoring on Moderate and Severe 
Exacerbations in Patients with COPD: Pooled Analysis of Two 
Randomized Controlled Trials in Denmark. Int J Chron Obstruct Pulmon 
Dis. 2025;20:2361-9.  

38. Pépin JL, Degano B, Tamisier R, Viglino D. Remote Monitoring for 
Prediction and Management of Acute Exacerbations in Chronic 
Obstructive Pulmonary Disease (AECOPD). Life (Basel). 2022;12:499.  

39. Jacobson PK, Lind L, Persson HL. Unleashing the Power of Very Small 
Data to Predict Acute Exacerbations of Chronic Obstructive Pulmonary 
Disease. Int J Chron Obstruct Pulmon Dis. 2023;18:1457-73.  

40. Moraza J, Esteban-Aizpiri C, Aramburu A, García P, Sancho F, Resino S, 
et al. Using machine learning to predict deterioration of symptoms in 
COPD patients within a telemonitoring program. Sci Rep. 2025;15:7064.  

41. Orchard P, Agakova A, Pinnock H, Burton CD, Sarran C, Agakov F, et al. 
Improving Prediction of Risk of Hospital Admission in Chronic Obstructive 
Pulmonary Disease: Application of Machine Learning to Telemonitoring 
Data. J Med Internet Res. 2018;20:e263.  

42. Kronborg T, Hangaard S, Laursen SH, Hæsum LKE, Egmose J, Bender 
C, et al. Impact of Telemonitoring With Exacerbation Prediction Algorithm 
Versus Telemonitoring Alone on Hospitalizations and Health-Related 
Quality of Life in Patients With COPD. Respir Care. 2025;70:954-61.  

43. Sander MD, Madsen RL, Laursen SH, Hangaard S. A Study on 
Optimization and Evaluation of the Visualization of Complex Algorithm 
Results in Remote Monitoring of COPD. Stud Health Technol Inform. 
2023;309:23-7.  

44. Ramachandran HJ, Oh JL, Cheong YK, Jiang Y, Teo JYC, Seah CWA, 
et al. Barriers and facilitators to the adoption of digital health interventions 
for COPD management: A scoping review. Heart Lung. 2023;59:117-27.  

45. van Boven JFM, Drummond D, Chan AHY, Hew M, Hui CY, Adejumo I, 
et al. ERS «CONNECT» Clinical Research Collaboration - moving multiple 
digital innovations towards connected respiratory care: addressing the 
over-arching challenges of whole systems implementation. Eur Respir J. 
noviembre de 2023;62:2301680.  

46. Almasi S, Shahbodaghi A, Asadi F. Efficacy of Telemedicine for the 
Management of Asthma: A Systematic Review. Tanaffos. 2022;21:132-45.  

47. Fossati A, Challier C, Dalhoumi AA, Rose J, Robinson A, Perisson C, et al. 
Telehome Monitoring of Symptoms and Lung Function in Children with 
Asthma. Healthcare (Basel). 2022;10:1131.  



Page 19 of 31

Jo
ur

na
l P

re
-p

ro
of

48. Kew KM, Cates CJ. Home telemonitoring and remote feedback between 
clinic visits for asthma. Cochrane Database Syst Rev. 3 de agosto de 
2016;2016:CD011714.  

49. Fadaizadeh L, Velayati F, Sanaat M. Telemonitoring in patients with 
asthma: a systematic review. J Asthma. 2024;61:92-104.  

50. Pais-Cunha I, Fontoura Matias J, Almeida AL, Magalhães M, Fonseca JA, 
Azevedo I, et al. Telemonitoring of pediatric asthma in outpatient settings: 
A systematic review. Pediatr Pulmonol. 2024;59:2392-413.  

51. Chan AHY, Stewart AW, Harrison J, Camargo CA, Black PN, Mitchell EA. 
The effect of an electronic monitoring device with audiovisual reminder 
function on adherence to inhaled corticosteroids and school attendance in 
children with asthma: a randomised controlled trial. Lancet Respir Med. 
2015;3:210-9.  

52. Kenyon CC, Gruschow SM, Quarshie WO, Griffis H, Leach MC, Zorc JJ, 
et al. Controller adherence following hospital discharge in high risk 
children: A pilot randomized trial of text message reminders. J Asthma. 
2019;56:95-103.  

53. Mosnaim GS, Stempel DA, Gonzalez C, Adams B, BenIsrael-Olive N, 
Gondalia R, et al. The Impact of Patient Self-Monitoring Via Electronic 
Medication Monitor and Mobile App Plus Remote Clinician Feedback on 
Adherence to Inhaled Corticosteroids: A Randomized Controlled Trial. J 
Allergy Clin Immunol Pract. 2021;9:1586-94.  

54. Schulte MHJ, Aardoom JJ, Loheide-Niesmann L, Verstraete LLL, 
Ossebaard HC, Riper H. Effectiveness of eHealth Interventions in 
Improving Medication Adherence for Patients With Chronic Obstructive 
Pulmonary Disease or Asthma: Systematic Review. J Med Internet Res. 
2021;23:e29475.  

55. Nemanic T, Sarc I, Skrgat S, Flezar M, Cukjati I, Marc Malovrh M. 
Telemonitoring in asthma control: a randomized controlled trial. J Asthma. 
2019;56:782-90.  

56. van der Meer V, Bakker MJ, van den Hout WB, Rabe KF, Sterk PJ, Kievit 
J, et al. Internet-based self-management plus education compared with 
usual care in asthma: a randomized trial. Ann Intern Med. 2009;151:110-
20.  

57. Roubos LAC, Westland H, Hulstein-Brink NL, Visser RC, van den Berg 
JWK, Leenen JP. Real-World Comparison of Telemonitoring Versus 
Conventional Care in Patients With Chronic Obstructive Pulmonary 
Disease and Those With Asthma-Impact on Clinical Outcomes and Patient 
Characteristics: Retrospective Cohort Study. J Med Internet Res. 
2025;27:e66743.  

58. Sousa-Pinto B, Fonseca JA, Bousquet J. Contribution of MASK-air® as a 
mHealth tool for digitally-enabled person-centred care in rhinitis and 
asthma. J Investig Allergol Clin Immunol. 2024 May 14:0. doi: 
10.18176/jiaci.0994. 

59. Chan AHY, Drummond D, Moor CC, van Boven JFM. Digital Respiratory 
Technologies Across the Lifespan: An Overview of Opportunities and 
Challenges From Children to Older Adults. Chest. 2025 Sep 6:S0012-
3692(25)05159-1. doi: 10.1016/j.chest.2025.08.019. In press. 

60. Willems DCM, Joore MA, Hendriks JJE, Wouters EFM, Severens JL. Cost-
effectiveness of a nurse-led telemonitoring intervention based on peak 



Page 20 of 31

Jo
ur

na
l P

re
-p

ro
of

expiratory flow measurements in asthmatics: results of a randomised 
controlled trial. Cost Eff Resour Alloc. 2007;5:10.  

61. Mosnaim G, Safioti G, Brown R, DePietro M, Szefler SJ, Lang DM, et al. 
Digital Health Technology in Asthma: A Comprehensive Scoping Review. 
The Journal of Allergy and Clinical Immunology: In Practice. 2021;9:2377-
98.  

62. Gerriko JG, Simoneau T, Gaffin JM, Ortúzar Menéndez M, Fernandez-
Montero A, Moreno-Galarraga L. Impact of Telemedicine on Asthma 
Control and Quality of Life in Children and Adolescents: A Systematic 
Review and Meta-Analysis. Children (Basel). 2025;12:849.  

63. Mosnaim G, Carrasquel M, Ewing T, Berty A, Snedden M. Remote 
monitoring in asthma: a systematic review. Eur Respir Rev. 
2025;34:240143.  

64. Bocian IY, Chin AR, Rodriguez A, Collins W, Sindher SB, Chinthrajah RS. 
Asthma management in the digital age. Front Allergy. 2024;5:1451768.  

65. Texereau J, Bailly S, Borel JC, Sabil A, Pépin JL; IMPACT-PAP 
Contributors. National Implementation of CPAP Telemonitoring and a Pay-
for-performance Scheme for Homecare Providers in France Leads to 
Prioritisation of Resources to Individuals with Low Therapy Adherence: 
The IMPACT-PAP Cohort Study. Arch Bronconeumol. 2024 Jun 
21:S0300-2896(24)00228-X. doi: 10.1016/j.arbres.2024.06.008. In press. 

66. Verbraecken J. Telemedicine in Sleep-Disordered Breathing: Expanding 
the Horizons. Sleep Med Clin. 2021;16:417-45.  

67. Prigent A, Gentina T, Launois S, Meurice JC, Pia d’Ortho M, Philippe C, 
et al. [Telemonitoring in continuous positive airway pressure-treated 
patients with obstructive sleep apnoea syndrome: An algorithm proposal]. 
Rev Mal Respir. 2020;37:550-60.  

68. Prigent A, Pellen C, Texereau J, Bailly S, Coquerel N, Gervais R, et al. 
CPAP telemonitoring can track Cheyne-Stokes respiration and detect 
serious cardiac events: The AlertApnée Study. Respirology. 2022;27:161-
9.  

69. Labarca G, Schmidt A, Dreyse J, Jorquera J, Barbe F. Telemedicine 
interventions for CPAP adherence in obstructive sleep apnea patients: 
Systematic review and meta-analysis. Sleep Med Rev. 2021;60:101543.  

70. Verbraecken J, Amodio E, Basoglu OK, Bellazzi R, Bradicich M, Bruyneel 
M, et al. European Respiratory Society statement on advanced 
telemedicine for obstructive sleep apnoea (e-Sleep). Eur Respir J. 
2025;66:2500557.  

71. Anttalainen U, Melkko S, Hakko S, Laitinen T, Saaresranta T. 
Telemonitoring of CPAP therapy may save nursing time. Sleep Breath. 
2016;20:1209-15.  

72. Pei G, Ou Q, Lao M, Wang L, Xu Y, Tan J, et al. APAP Treatment 
Acceptance Rate and Cost-Effectiveness of Telemedicine in Patients with 
Obstructive Sleep Apnea: A Randomized Controlled Trial. Nat Sci Sleep. 
2023;15:607-22.  

73. Bikov A, Khalil S, Gibbons M, Bentley A, Jones D, Bokhari S. A Fully 
Remote Diagnostic and Treatment Pathway in Patients with Obstructive 
Sleep Apnoea during the COVID-19 Pandemic: A Single Centre 
Experience. J Clin Med. 2021;10:4310.  



Page 21 of 31

Jo
ur

na
l P

re
-p

ro
of

74. Bikov A, Bentley A, Csoma B, Smith N, Morris B, Bokhari S. Long-Term 
Adherence to Continuous Positive Airway Pressure in Patients with 
Obstructive Sleep Apnoea Set Up in a Complete Remote Pathway: A 
Single-Centre Service Evaluation Project. J Clin Med. 2024;13:2891.  

75. Dusart C, Andre S, Mettay T, Bruyneel M. Telemonitoring for the Follow-
Up of Obstructive Sleep Apnea Patients Treated with CPAP: Accuracy and 
Impact on Therapy. Sensors (Basel). 2022;22:2782.  

76. Vidal C, Mallet JP, Skinner S, Gilson R, Gaubert O, Prigent A, et al. 
Concerns arising from the calculation of the apnea-hypopnea index during 
CPAP-telemonitoring of patients with obstructive sleep apnea. Respir Res. 
2025;26:244.  

77. Sucena M, Liistro G, Aubert G, Rodenstein DO, Pieters T. Continuous 
positive airway pressure treatment for sleep apnoea: compliance 
increases with time in continuing users. Eur Respir J. 2006;27:761-6.  

78. Hoet F, Libert W, Sanida C, Van den Broecke S, Bruyneel AV, Bruyneel 
M. Telemonitoring in continuous positive airway pressure-treated patients 
improves delay to first intervention and early compliance: a randomized 
trial. Sleep Med. 2017;39:77-83.  

79. Wijsenbeek M, Suzuki A, Maher TM. Interstitial lung diseases. Lancet. 
2022;400:769-86.  

80. Wijsenbeek MS, Moor CC, Johannson KA, Jackson PD, Khor YH, Kondoh 
Y, et al. Home monitoring in interstitial lung diseases. Lancet Respir Med. 
2023;11:97-110.  

81. Russell AM, Adamali H, Molyneaux PL, Lukey PT, Marshall RP, Renzoni 
EA, et al. Daily Home Spirometry: An Effective Tool for Detecting 
Progression in Idiopathic Pulmonary Fibrosis. Am J Respir Crit Care Med. 
2016;194:989-97.  

82. Johannson KA, Vittinghoff E, Morisset J, Lee JS, Balmes JR, Collard HR. 
Home monitoring improves endpoint efficiency in idiopathic pulmonary 
fibrosis. Eur Respir J. 2017;50:1602406.  

83. Moor CC, van Leuven SI, Wijsenbeek MS, Vonk MC. Feasibility of online 
home spirometry in systemic sclerosis-associated interstitial lung disease: 
a pilot study. Rheumatology (Oxford). 2021;60:2467-71.  

84. Moor CC, Wapenaar M, Miedema JR, Geelhoed JJM, Chandoesing PP, 
Wijsenbeek MS. A home monitoring program including real-time wireless 
home spirometry in idiopathic pulmonary fibrosis: a pilot study on 
experiences and barriers. Respir Res. 2018;19:105.  

85. Moor CC, van den Berg CAL, Visser LS, Aerts JGJV, Cottin V, Wijsenbeek 
MS. Diurnal variation in forced vital capacity in patients with fibrotic 
interstitial lung disease using home spirometry. ERJ Open Res. 
2020;6:00054-2020.  

86. Veit T, Barnikel M, Crispin A, Kneidinger N, Ceelen F, Arnold P, et al. 
Variability of forced vital capacity in progressive interstitial lung disease: a 
prospective observational study. Respir Res. 2020;21:270.  

87. Noth I, Cottin V, Chaudhuri N, Corte TJ, Johannson KA, Wijsenbeek M, 
et al. Home spirometry in patients with idiopathic pulmonary fibrosis: data 
from the INMARK trial. Eur Respir J. 2021;58:2001518.  

88. Marcoux V, Wang M, Burgoyne SJ, Fell CD, Ryerson CJ, Sajobi TT, et al. 
Mobile Health Monitoring in Patients with Idiopathic Pulmonary Fibrosis. 
Ann Am Thorac Soc. 2019;16:1327-9.  



Page 22 of 31

Jo
ur

na
l P

re
-p

ro
of

89. Khan F, Howard L, Hearson G, Edwards C, Barber C, Jones S, et al. 
Clinical Utility of Home versus Hospital Spirometry in Fibrotic Interstitial 
Lung Disease: Evaluation after INJUSTIS Interim Analysis. Ann Am 
Thorac Soc. 2022;19:506-9.  

90. Althobiani MA, Ranjan Y, Russell AM, Jacob J, Orini M, Sankesara H, 
et al. Home monitoring to detect progression of interstitial lung disease: A 
prospective cohort study. Respirology. 2024;29:513-7.  

91. Miedema JR, Moor CC, Veltkamp M, Baart S, Lie NSL, Grutters JC, et al. 
Safety and tolerability of pirfenidone in asbestosis: a prospective 
multicenter study. Respir Res. 2022;23:139.  

92. Maher TM, Schiffman C, Kreuter M, Moor CC, Nathan SD, Axmann J, et al. 
A review of the challenges, learnings and future directions of home 
handheld spirometry in interstitial lung disease. Respir Res. 2022;23:307.  

93. Maher TM, Corte TJ, Fischer A, Kreuter M, Lederer DJ, Molina-Molina M, 
et al. Pirfenidone in patients with unclassifiable progressive fibrosing 
interstitial lung disease: a double-blind, randomised, placebo-controlled, 
phase 2 trial. Lancet Respir Med. 2020;8:147-57.  

94. Wijsenbeek MS, Bendstrup E, Valenzuela C, Henry MT, Moor CC, 
Jouneau S, et al. Disease Behaviour During the Peri-Diagnostic Period in 
Patients with Suspected Interstitial Lung Disease: The STARLINER Study. 
Adv Ther. 2021;38:4040-56.  

95. Althobiani MA, Ranjan Y, Jacob J, Orini M, Dobson RJB, Porter JC, et al. 
Evaluating a Remote Monitoring Program for Respiratory Diseases: 
Prospective Observational Study. JMIR Form Res. 2023;7:e51507.  

96. Moor CC, van Manen MJG, Tak NC, van Noort E, Wijsenbeek MS. 
Development and feasibility of an eHealth tool for idiopathic pulmonary 
fibrosis. Eur Respir J. 2018;51:1702508.  

97. Aronson KI, Danoff SK, Russell AM, Ryerson CJ, Suzuki A, Wijsenbeek 
MS, et al. Patient-centered Outcomes Research in Interstitial Lung 
Disease: An Official American Thoracic Society Research Statement. Am 
J Respir Crit Care Med. 2021;204:e3-23.  

98. Moor CC, Mostard RLM, Grutters JC, Bresser P, Wijsenbeek MS. The use 
of online visual analogue scales in idiopathic pulmonary fibrosis. Eur 
Respir J. 2022;59:2101531.  

99. Nakshbandi G, Moor CC, Wijsenbeek MS. Home monitoring for patients 
with ILD and the COVID-19 pandemic. Lancet Respir Med. 2020;8:1172-
4.  

100. Nakshbandi G, Moor CC, Johannson KA, Maher TM, Kreuter M, 
Wijsenbeek MS. Worldwide experiences and opinions of healthcare 
providers on eHealth for patients with interstitial lung diseases in the 
COVID-19 era. ERJ Open Res. 2021;7:00405-2021.  

101. Nakshbandi G, Moor CC, Magrì T, Veltkamp M, Nijman SFM, 
Overbeek MJ, et al. Online home spirometry in national pulmonary fibrosis 
care: insights from daily practice. ERJ Open Res. 2025;11:01234-2024.  

102. Barth S, Edwards C, Saini G, Haider Y, Williams NP, Storrar W, 
et al. Feasibility and acceptability of remotely monitoring spirometry and 
pulse oximetry as part of interstitial lung disease clinical care: a single arm 
observational study. Respir Res. 2024;25:162.  

103. Mandizha J, Lanario JW, Duckworth A, Lines S, Paiva A, Elworthy 
V, et al. Patient perspectives on home-spirometry in interstitial lung 



Page 23 of 31

Jo
ur

na
l P

re
-p

ro
of

disease: a qualitative co-designed study. BMJ Open Respir Res. 
2023;10:e001837.  

104. Althobiani M, Alqahtani JS, Hurst JR, Russell AM, Porter J. 
Telehealth for patients with interstitial lung diseases (ILD): results of an 
international survey of clinicians. BMJ Open Respir Res. 2021;8:e001088.  

105. Hoffman M, Corso SD, Bremner J, Holland AE. Factors affecting 
clinical trial participation in people with interstitial lung disease – a 
qualitative study. ERJ Open Research 2025 Sep 9. 00645-2025; 
DOI: https://doi.org/10.1183/23120541.00645-2025. In press. 

106. Naqvi M, Borton R, Lines S, Dallas J, Mandizha J, Almond H, et al. 
Home Monitoring in Interstitial Lung Disease: Protocol for a Real-World 
Observational Study. JMIR Res Protoc. 2025;14:e65339.  

107. Barth S, Edwards C, Borton R, Beever D, Adams W, Jenkins G, 
et al. REMOTE-ILD study: Description of the protocol for a multicentre, 12-
month randomised controlled trial to assess the clinical and cost-
effectiveness of remote monitoring of spirometry and pulse oximetry in 
patients with interstitial lung disease. BMJ Open Respir Res. 
2024;11:e002067.  

108. Krauss E, Claas LH, Tello S, Naumann J, Wobisch S, Kuhn S, et al. 
European ILD registry algorithm for self-assessment in interstitial lung 
diseases (eurILDreg ASA-ILD). PLoS One. 2025;20:e0316484.  

109. Nakshbandi G, Moor CC, Antoniou K, Cottin V, Hoffmann-Vold AM, 
Koemans EA, et al. Study protocol of an international patient-led registry 
in patients with pulmonary fibrosis using online home monitoring: I-FILE. 
BMC Pulm Med. 2023;23:51.  

110. Borel JC, Palot A, Patout M. Technological advances in home non-
invasive ventilation monitoring: Reliability of data and effect on patient 
outcomes. Respirology. 2019;24:1143-51.  

111. Le Mao R, Gut Gobert C, Texereau JB, Kremer F, Goret M, 
Chekroun Martinot A, et al. Effect of telemonitoring on the rate of dropout 
during home non-invasive ventilation: a retrospective study using a home 
care provider database. BMJ Open. 2024;14:e088496.  

112. Duiverman ML, Ribeiro C, Tonia T, Hazenberg A, van Meerloo S, 
van Meerloo H, et al. European Respiratory Society clinical practice 
guideline on telemedicine in home mechanical ventilation. Eur Respir J. 
2025;66:2500094.  

113. Duiverman ML, Vonk JM, Bladder G, van Melle JP, Nieuwenhuis J, 
Hazenberg A, et al. Home initiation of chronic non-invasive ventilation in 
COPD patients with chronic hypercapnic respiratory failure: a randomised 
controlled trial. Thorax. 2020;75:244-52.  

114. van den Biggelaar RJM, Hazenberg A, Cobben NAM, Gaytant MA, 
Vermeulen KM, Wijkstra PJ. A Randomized Trial of Initiation of Chronic 
Noninvasive Mechanical Ventilation at Home vs In-Hospital in Patients 
With Neuromuscular Disease and Thoracic Cage Disorder: The Dutch 
Homerun Trial. Chest. 2020;158:2493-501.  

115. Ando H, Ashcroft-Kelso H, Halhead R, Chakrabarti B, Young CA, 
Cousins R, et al. Experience of telehealth in people with motor neurone 
disease using noninvasive ventilation. Disabil Rehabil Assist Technol. julio 
de 2021;16:490-6.  

https://doi.org/10.1183/23120541.00645-2025


Page 24 of 31

Jo
ur

na
l P

re
-p

ro
of

116. Prigent A, Texereau JB, Schmitz C, Ropars C, Degreef JM, Teulier 
M, et al. Real-world telemonitoring and remote support for home non-
invasive ventilation to improve therapy effectiveness: the exploratory, 
multicentre randomised eVENT study. Thorax. 2025;80:720-9.  

117. Chatwin M, Hawkins G, Panicchia L, Woods A, Hanak A, Lucas R, 
et al. Randomised crossover trial of telemonitoring in chronic respiratory 
patients (TeleCRAFT trial). Thorax. 2016;71:305-11.  

118. Borel JC, Pelletier J, Taleux N, Briault A, Arnol N, Pison C, et al. 
Parameters recorded by software of non-invasive ventilators predict 
COPD exacerbation: a proof-of-concept study. Thorax. 2015;70:284-5.  

119. Blouet S, Sutter J, Fresnel E, Kerfourn A, Cuvelier A, Patout M. 
Prediction of severe acute exacerbation using changes in breathing 
pattern of COPD patients on home noninvasive ventilation. Int J Chron 
Obstruct Pulmon Dis. 2018;13:2577-86.  

120. Jiang W, Chao Y, Wang X, Chen C, Zhou J, Song Y. Day-to-Day 
Variability of Parameters Recorded by Home Noninvasive Positive 
Pressure Ventilation for Detection of Severe Acute Exacerbations in 
COPD. Int J Chron Obstruct Pulmon Dis. 2021;16:727-37.  

121. Masefield S, Vitacca M, Dreher M, Kampelmacher M, Escarrabill J, 
Paneroni M, et al. Attitudes and preferences of home mechanical 
ventilation users from four European countries: an ERS/ELF survey. ERJ 
Open Res. 2017;3:00015-2017.  

122. Segovia-Kueny S, Delorme M, Stalens C, Lejeune J, Lofaso F, 
Prigent H, et al. Tele-medicine experiences and expectations from 
patients with neuromuscular diseases treated with non-invasive 
ventilation. Respir Med Res. 2025;87:101160.  

123. Rochester CL, Vogiatzis I, Holland AE, Lareau SC, Marciniuk DD, 
Puhan MA, et al. An Official American Thoracic Society/European 
Respiratory Society Policy Statement: Enhancing Implementation, Use, 
and Delivery of Pulmonary Rehabilitation. Am J Respir Crit Care Med. 1 
de diciembre de 2015;192:1373-86.  

124. Pollok J, van Agteren JE, Esterman AJ, Carson-Chahhoud KV. 
Psychological therapies for the treatment of depression in chronic 
obstructive pulmonary disease. Cochrane Database Syst Rev. 6 de marzo 
de 2019;3:CD012347.  

125. Holland AE, Cox NS, Houchen-Wolloff L, Rochester CL, Garvey C, 
ZuWallack R, et al. Defining Modern Pulmonary Rehabilitation. An Official 
American Thoracic Society Workshop Report. Ann Am Thorac Soc. mayo 
de 2021;18:e12-29.  

126. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. 
Pulmonary rehabilitation for chronic obstructive pulmonary disease. 
Cochrane Database Syst Rev. 2015;2015:CD003793.  

127. Puhan MA, Gimeno-Santos E, Cates CJ, Troosters T. Pulmonary 
rehabilitation following exacerbations of chronic obstructive pulmonary 
disease. Cochrane Database Syst Rev. 2016;12:CD005305.  

128. Lee AL, Hill CJ, McDonald CF, Holland AE. Pulmonary 
Rehabilitation in Individuals With Non-Cystic Fibrosis Bronchiectasis: A 
Systematic Review. Arch Phys Med Rehabil. 2017;98:774-782.e1.  



Page 25 of 31

Jo
ur

na
l P

re
-p

ro
of

129. Dowman L, Hill CJ, Holland AE. Pulmonary rehabilitation for 
interstitial lung disease. Cochrane Database Syst Rev. 
2014;(10):CD006322.  

130. Morris NR, Kermeen FD, Jones AW, Lee JY, Holland AE. Exercise-
based rehabilitation programmes for pulmonary hypertension. Cochrane 
Database Syst Rev. 2023;3:CD011285.  

131. Osadnik CR, Gleeson C, McDonald VM, Holland AE. Pulmonary 
rehabilitation versus usual care for adults with asthma. Cochrane 
Database Syst Rev. 2022;8:CD013485.  

132. Cox NS, Dal Corso S, Hansen H, McDonald CF, Hill CJ, Zanaboni 
P, et al. Telerehabilitation for chronic respiratory disease. Cochrane 
Database Syst Rev. 2021;1:CD013040.  

133. Uzzaman MN, Agarwal D, Chan SC, Patrick Engkasan J, Habib 
GMM, Hanafi NS, et al. Effectiveness of home-based pulmonary 
rehabilitation: systematic review and meta-analysis. Eur Respir Rev. 
2022;31:220076.  

134. Kwon H, Lee S, Jung EJ, Kim S, Lee JK, Kim DK, et al. An mHealth 
Management Platform for Patients with Chronic Obstructive Pulmonary 
Disease (efil breath): Randomized Controlled Trial. JMIR Mhealth Uhealth. 
2018;6:e10502.  

135. Barberan-Garcia A, Vogiatzis I, Solberg HS, Vilaró J, Rodríguez 
DA, Garåsen HM, et al. Effects and barriers to deployment of telehealth 
wellness programs for chronic patients across 3 European countries. 
Respir Med. 2014;108:628-37.  

136. Stampa S, Thienel C, Tokgöz P, Razum O, Dockweiler C. Factors 
Facilitating and Inhibiting the Implementation of Telerehabilitation-A 
Scoping Review. Healthcare (Basel). 2024;12:619.  

137. Chaplin E, Hewitt S, Apps L, Bankart J, Pulikottil-Jacob R, Boyce S, 
et al. Interactive web-based pulmonary rehabilitation programme: a 
randomised controlled feasibility trial. BMJ Open. 2017;7:e013682.  

138. Latulippe K, Hamel C, Giroux D. Social Health Inequalities and 
eHealth: A Literature Review With Qualitative Synthesis of Theoretical and 
Empirical Studies. J Med Internet Res. 2017;19:e136.  

139. Habib GMM, Uzzaman N, Rabinovich R, Akhter S, Sultana M, Ali 
M, et al. Delivering remote pulmonary rehabilitation in Bangladesh: a 
mixed-method feasibility study. J Glob Health. 2025;15:04002.  

140. Holland AE, Mahal A, Hill CJ, Lee AL, Burge AT, Cox NS, et al. 
Home-based rehabilitation for COPD using minimal resources: a 
randomised, controlled equivalence trial. Thorax. 2017;72:57-65.  

141. Nicolas B, Leblong E, Fraudet B, Gallien P, Piette P. 
Telerehabilitation solutions in patient pathways: An overview of systematic 
reviews. Digit Health. 2024;10:20552076241294110.  

142. Silva L, Maricoto T, Costa P, Berger-Estilita J, Padilha JM. A meta-
analysis on the structure of pulmonary rehabilitation maintenance 
programmes on COPD patients’ functional capacity. NPJ Prim Care 
Respir Med. 2022;32:38.  

143. Vasilopoulou M, Papaioannou AI, Kaltsakas G, Louvaris Z, 
Chynkiamis N, Spetsioti S, et al. Home-based maintenance tele-
rehabilitation reduces the risk for acute exacerbations of COPD, 



Page 26 of 31

Jo
ur

na
l P

re
-p

ro
of

hospitalisations and emergency department visits. Eur Respir J. 
2017;49:1602129.  

144. Desveaux L, Janaudis-Ferreira T, Goldstein R, Brooks D. An 
international comparison of pulmonary rehabilitation: a systematic review. 
COPD. 2015;12:144-53.  

145. Khor YH, Poberezhets V, Buhr RG, Chalmers JD, Choi H, Fan VS, 
et al. Assessment of Home-based Monitoring in Adults with Chronic Lung 
Disease: An Official American Thoracic Society Research Statement. Am 
J Respir Crit Care Med. 2025;211:174-193.  

146. Wiegel J, Seppen B, van der Leeden M, van der Esch M, de Vries 
R, Bos W. Adherence to Telemonitoring by Electronic Patient-Reported 
Outcome Measures in Patients with Chronic Diseases: A Systematic 
Review. Int J Environ Res Public Health. 2021;18:10161.  

147. Dunn J, Coravos A, Fanarjian M, Ginsburg GS, Steinhubl SR. 
Remote Digital Technologies for Improving the Care of People with 
Respiratory Disorders. Lancet Digit Health. 2024;6:e291-8.  

148. Al Rajeh A, Steiner MC, Aldabayan Y, Aldhahir A, Pickett E, Quaderi 
S, et al. Use, utility and methods of telehealth for patients with COPD in 
England and Wales: a healthcare provider survey. BMJ Open Respir Res. 
2019;6:e000345.  

149. Metting E, Dassen L, Aardoom J, Versluis A, Chavannes N. 
Effectiveness of Telemonitoring for Respiratory and Systemic Symptoms 
of Asthma and COPD: A Narrative Review. Life. 2021;11:1215.  

150. Mucchi L, Jayousi S, Gant A, Paoletti E, Zoppi P. Tele-Monitoring 
System for Chronic Diseases Management: Requirements and 
Architecture. Int J Environ Res Public Health. 13 de julio de 2021;18:7459.  

151. Conduah AK, Ofoe S, Siaw-Marfo D. Data privacy in healthcare: 
Global challenges and solutions. Digit Health. 
2025;11:20552076251343959.  

152. Gappa M, Ryan S, Garcia-Aymerich J, Wijkstra P, Roche N, 
Pinnock H, et al. The future of the European Respiratory Society: strategy 
update 2025. Eur Respir J. 2025;65:2402327. 

 
 
 
 
 
 
 
 
 
 
 
 
 



Page 27 of 31

Jo
ur

na
l P

re
-p

ro
of

Table 1. Ongoing and recent studies on telemonitoring in chronic obstructive pulmonary disease and obstructive sleep apnea. 

 
Expected completion dates are reported according to information available in international clinical trial registries at the time of manuscript 
preparation. Trials listed without associated publications are cited by registry identifier only. COPD: chronic obstructive pulmonary disease; OSA: 
obstructive sleep apnea; CPAP: continuous positive airway pressure. 
 
 
 

 

Study 
(Identifier) 

Study design Population Telemonitoring intervention Main aims Key endpoints 
Expected 

completion 

NCT06331416 
Prospective 

interventional 
study 

Patients with 
COPD 

Home telemonitoring 
combining symptom reporting 
and physiological monitoring, 
integrated into clinical follow-

up 

To evaluate feasibility 
and clinical impact of a 

telemonitoring-supported 
care model in COPD 

COPD exacerbations; 
healthcare utilisation; 

patient-reported 
outcomes; adherence to 

monitoring 

2026-09 

NCT07027852 
Prospective 

interventional 
study 

Patients with 
COPD 

Digital health intervention 
incorporating remote 

monitoring and clinician-
supported telefollow-up 

To assess the 
effectiveness of 

telemonitoring-supported 
management compared 

with standard care 

Exacerbation frequency; 
hospital admissions or 

unscheduled healthcare 
contacts; health-related 

quality of life 

2026-06 

NCT03043716 
Randomized 

controlled trial 

Patients with 
obstructive 

sleep apnea 
treated with 

CPAP 

Telemonitoring-supported 
CPAP management using 

remote transmission of device-
generated data and clinician 

feedback 

To evaluate whether 
telemonitoring improves 
CPAP adherence and 

treatment management 

CPAP adherence and 
usage patterns; 

treatment effectiveness; 
patient-reported 

outcomes 

2025-12 

NCT04759456 
Prospective 

interventional 
study 

Patients with 
obstructive 

sleep apnea 
initiating 

CPAP therapy 

Fully remote CPAP setup 
combined with telemonitoring-

based follow-up 

To assess feasibility, 
safety, and patient 

acceptance of complete 
remote CPAP initiation 

Feasibility of remote 
setup; CPAP 

adherence; early 
treatment effectiveness; 

patient satisfaction 

2026-07 
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Table 2. Ongoing and recent studies on telemonitoring in interstitial lung diseases 
Study 

(Identifier) 
Study design Population 

Telemonitoring 
intervention 

Main aims Key endpoints 
Expected 

completion 

NCT04304898 
(I-FILE) (109) 

Multinational 
prospective 

observational 
registry 

Patients with 
pulmonary 

fibrosis (IPF 
and non-IPF 
fibrotic ILDs) 

Patient-led home 
monitoring including 
online data capture, 

home spirometry, and 
PROMs 

To evaluate feasibility of a 
multinational home-

monitoring registry and 
characterise long-term 

disease trajectories 

Changes in FVC; adherence to 
home-based measurements; 
PROMs on health status and 

symptoms; correlation between 
home and hospital spirometry 

2026-07 

NCT06883448 
(SUITS) 

Multicentre 
randomized 

controlled trial 

Patients with 
pulmonary 

fibrosis 

Partial replacement of 
hospital visits with 

home monitoring and 
video consultations 

To evaluate the impact of 
home monitoring on 

patient self-management 
and healthcare outcomes 

Patient activation; healthcare 
utilisation; PROMs; lung function 
parameters; cost-effectiveness 

2026-09 

NCT06732674 
(RMD-mILDer) 

Multinational 
randomized 

controlled trial 

Patients with 
rheumatic 
disease–

associated 
ILD 

Home monitoring of 
FVC and PROMs 

compared with usual 
care 

To assess the value of 
home monitoring in 
detecting disease 

progression 

Time to disease progression; 
lung function decline; PROMs on 

health status and symptoms 
2028-02 

NCT05662124 
(REMOTE-ILD) 

(107) 

Multicentre 
prospective 

interventional 
study 

Patients with 
fibrotic ILD 

Remote monitoring 
using home spirometry 

and pulse oximetry 

To evaluate safety, 
feasibility, and 

effectiveness of home 
monitoring in routine care 

Detection of disease progression 
or acute exacerbations; 

healthcare use; adherence and 
acceptability 

2025-04 

DRKS00028968 
(eurILDreg ASA-

ILD) (108) 

Multicentre 
prospective 

observational 
study 

(Germany) 

Patients with 
ILD 

Digital home monitoring 
incorporating lung 

function measures and 
patient-reported 

outcomes 

To assess feasibility and 
clinical utility of 

telemonitoring in ILD care 

Adherence; correlation with 
hospital-based assessments; 
PROMs; healthcare utilisation 

2028-02 

IRRID: DERR1-
10.2196/65339 

(106) 

Prospective 
observational 

study 
(protocol / 
registered 

report) 

Patients with 
interstitial 

lung 
diseases 

Home monitoring 
program incorporating 
digital data capture, 

lung function 
measurements, and 

patient-reported 
outcomes 

To evaluate the safety, 
feasibility, acceptability, 

and clinical utility of home 
monitoring in routine ILD 

care 

Detection of disease progression 
or acute exacerbations; 

healthcare utilisation; adherence 
and patient acceptability 

2025-12 

Expected completion dates are reported according to information available in clinical trial registries at the time of manuscript preparation. Trials listed without 
associated publications are cited by registry identifier only. RRID: International Registered Report Identifier. ILD: interstitial lung disease; IPF: idiopathic 
pulmonary fibrosis; FVC: forced vital capacity; PROMs: patient-reported outcome measures
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Table 3. Current evidence and future research opportunities for telemonitoring in 
non-invasive ventilation 
 
 What do we know? What do we need to know? 
Initiation of 
NIV with 
telemonitoring 

­ Non-inferior to inpatient 
in COPD and 
restrictive/neuromuscular 
diseases with cost 
reductions 

 

­ Data on remaining populations 
such as OHS 

­ Comparison with outpatient 
adaptation 

­ Comparison with using 
automatic modes without 
titration period 

­ Cost-effectiveness 
­ Caregiver burden 

Follow up of 
NIV with 
telemonitoring 

­ Equally effective 
comparing to standard of 
care  

­ Potential to detect early 
exacerbations 

 

­ Added value of telemonitoring in 
meaningful clinical benefits for 
patients such as reduced 
exacerbations, hospitalizations, 
improved quality of life or 
increased survival 

­ Impact on healthcare utilization  
­ Optimal parameters and timing 

to monitor  
­ Added value of mixed models 

(telemonitoring + in-person) 
­ Impact of advanced data 

processing algorithms 
­ Cost-effectiveness 
­ Generalizability in the long term 
­ Caregiver burden 
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Figure 1. Telemonitoring across respiratory diseases: evidence maturity and 
integration into routine care. Panel A presents the conceptual overview showing 
the relative strength of evidence (Y-axis) and degree of integration into clinical 
practice (X-axis) for telemonitoring across respiratory diseases. Axes represent 
a qualitative, expert-based assessment of evidence strength and degree of 
integration into routine clinical practice, and are intended as a conceptual rather 
than quantitative representation. Panel B summarizes the telemonitoring pathway 
from data collection to patient outcomes, emphasizing the growing role of AI-
driven analytics. 
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Figure 2. Comparison of telerehabilitation vs centre-based pulmonary 
rehabilitation on exercise capacity (6-minute walk test) at the end of the 
intervention. (Reproduced with permission from Cox et al.(132)) 
 


