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Chronic lung diseases, including asthma, chronic obstructive pulmonary disease, and interstitial lung disease, contribute 
significantly to morbidity and mortality worldwide. Telemedicine has emerged as a promising approach for addressing 
these challenges by enabling remote patient monitoring, virtual consultations, and digital health interventions. Advances in 
home spirometry, wearable devices, and mobile health applications have improved early detection of disease exacerbations, 
medication adherence, and patient self-management of chronic lung diseases. Telerehabilitation programs have demon-
strated their efficacy in enhancing exercise capacity and quality of life in patients with chronic lung diseases. Despite these 
advancements, challenges such as disparities in digital access, patient engagement, costs, and regulatory frameworks limit 
widespread adoption. As telemedicine has become an integral component of respiratory care, further research is required 
to optimize its implementation, evaluate long-term clinical outcomes, and ensure equitable access to all patients. This review 
explores the current state of telemedicine in chronic lung disease management, highlights technological innovations, and dis-
cusses future directions for enhancing its role in improving patient outcomes.
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INTRODUCTION

Chronic lung diseases, including asthma, chronic obstructive 
pulmonary disease (COPD), and interstitial lung disease (ILD), 
are the leading causes of morbidity and mortality worldwide 
[1,2]. Recent epidemiological data underscore the substan-
tial global burden of these diseases, with approximately 
450 million individuals being affected and 4 million annual 
deaths due to the disease being reported globally [2]. Giv-
en the high prevalence and significant healthcare resources 
required for its management, the economic and societal 
impacts of chronic lung disease are considerable [3,4]. This 
highlights the urgent need for targeted prevention strate-
gies, optimized disease management approaches, and equi-
table access to healthcare services to mitigate their burden 

effectively.
Despite advancements in therapeutic options, significant 

challenges remain in addressing the healthcare needs of 
patients with chronic lung disease. Limited access to spe-
cialized care, particularly in rural and underserved regions, 
remains a major barrier. Moreover, the intermittent nature 
of conventional healthcare delivery often leads to delayed 
detection of disease progression and suboptimal manage-
ment of exacerbations, ultimately compromising patient 
outcomes [5-7]. To address these accessibility issues, the 
integration of telemedicine into clinical practice presents a 
promising solution, facilitating real-time patient monitoring 
and personalized treatment modifications [8,9]. By eliminat-
ing geographical barriers and offering a cost-effective alter-
native to in-person visits, telemedicine can enhance health-
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care management for chronic lung diseases [10]. The rapid 
expansion of telemedicine during the coronavirus disease 
2019 (COVID-19) pandemic has further highlighted its role 
in ensuring the continuity of care during periods of restrict-
ed mobility [11,12]. 

Building on this foundation, this review aimed to (1) crit-
ically evaluate the clinical effectiveness of telehealth inter-
ventions across major chronic lung diseases; (2) assess the 
efficacy and accuracy of digital health tools, such as home 
spirometry, wearable devices, and smart inhalers; and (3) 
discuss key challenges in telemedicine implementation, in-
cluding regulatory frameworks, digital disparities, and pa-
tient engagement strategies.

TECHNOLOGICAL FOUNDATION OF 
TELEMEDICINE

The technological foundations of telemedicine in the man-
agement of chronic lung diseases include home spirometry, 
wearable devices, smart inhalers, and telemedicine platforms 
(Table 1). Home spirometry enables remote lung function 
assessment for early disease detection, whereas wearable 
devices provide continuous physiological monitoring. Smart 
inhalers track the real-time use of medication to enhance 
patient adherence. Telemedicine platforms integrate these 
tools for remote monitoring, data-driven interventions, and 
improved patient-provider communication (Fig. 1).

Home spirometry
Spirometry is the gold standard for diagnosing and monitor-
ing respiratory diseases [13]; however, its access has been 
significantly limited, particularly during the COVID-19 pan-
demic, thereby reducing its clinical utilization and emphasiz-
ing the need for home-based alternatives. Home spirometry 
allows patients to measure major lung function parameters 
(forced expiratory volume in one second [FEV1] and forced 
vital capacity [FVC]) without supervision, offering an alterna-
tive to clinic-based testing [13] (Table 2). Home spirometry is 
increasingly being used as a major clinical outcome measure 
in clinical trials for chronic lung diseases, including COPD 
[14], fibrosing ILD [15], idiopathic pulmonary fibrosis (IPF) 
[16,17], asthma [18,19], and bronchiectasis [20]. Its role in 
monitoring disease severity and guiding treatment decisions 
has expanded, making it an essential tool in both research 
and clinical practice. Although the COVID-19 pandemic ac-
celerated the adoption of home spirometry in routine care 
and clinical trials, evidence comparing its reliability with su-
pervised testing remains limited. 

Despite variability concerns, recent studies have demon-
strated that home spirometry can provide clinically accept-
able results when standardized training and calibration 
procedures are implemented [21-24]. A meta-analysis of 
28 studies, including 17 with Bland–Altman analyses, re-
ported that home spirometry produced significantly lower 
FEV1 (-107 mL; limits of agreement [LoA]: -509 to 296; p < 
0.001) and FVC (-184 mL; LoA: -1,028 to 660; p < 0.001) 
compared to supervised clinic spirometry [21]. Similarly, a 

Table 1. Key technologies in telemedicine

Technology Key function Advantage Limitation

Home 
spirometry

Remote monitoring of lung function 
(FEV1; FVC)

Enables frequent assessment; early 
exacerbation detection; supports 
self-management

High variability in measurements; 
requires patient training and 
adherence

Wearable 
devices

Continuous tracking of SpO2; respira
tory rate; heart rate; and physical 
activity

Provides real-time monitoring and  
facilitates early detection of 
deterioration

Accuracy concerns in certain conditions 
(e.g., tachypnea); patient compliance 
required

Smart inhalers Tracks medication usage; provides 
feedback on inhalation technique

Improves adherence; optimizes 
medication use; enables remote 
monitoring

High cost; requires integration with 
healthcare systems; potential privacy 
concerns

Telemedicine 
platforms

Virtual consultations; remote 
monitoring; integration with EHR

Increases accessibility; reduces hospital 
visits; enhances continuity of care

Limited access in underserved popula
tions; regulatory and reimbursement 
challenges; data security

FEV1, forced expiratory volume in one second; FVC, forced vital capacity; SpO2, peripheral capillary oxygen saturation; EHR, Electronic 
health record.
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post hoc analysis of two randomized clinical trials (RCTs) 
involving 2,857 asthma patients found treatment-related 
FEV1 improvements in both settings, although home mea-
surements were less consistent and of a lower magnitude 
than the clinical results [22]. These discrepancies reflect 
technical limitations (e.g., calibration issues and lack of nose 
clips) and the absence of professional supervision, which 

may lead to suboptimal techniques and effort [24,25]. Thus, 
home spirometry generally yields lower and more variable 
results, requiring cautious interpretation in clinical and re-
search settings.

Although concerns remain regarding the reliability of 
home spirometry, multiple studies have shown that when 
properly standardized, it can produce results comparable to 

Table 2. Comparison of home and clinic-based spirometry

Home spirometry Clinic spirometry

Measurement 
method

Performed independently by patients at home
Uses portable spirometry devices
Often integrated with mobile apps for data tracking and 

remote transmission

Conducted in a clinical setting under professional 
supervision

Uses standardized spirometers for high accuracy
Ensures proper technique with clinician guidance

Advantage Enables frequent monitoring of lung function
Supports early detection of disease progression or 

exacerbations
Reduces hospital visits and increases accessibility
Beneficial for patients in remote or underserved areas

Provides highly accurate and standardized assessments
Ensures proper technique and maximal effort under 

supervision
Minimizes variability in measurements
Offers immediate clinician feedback for result interpretation

Disadvantage Greater variability due to differences in patient technique
Device calibration issues and lack of professional oversight
Requires patient training and adherence for consistent 

measurements

Requires in-person visits, limiting accessibility
Higher costs associated with hospital-based testing
Less frequent assessments may delay diagnosis or 

treatment adjustments

Figure 1. Integration of digital health technologies in telemedicine for chronic lung disease management. This figure illustrates the key 
digital health technologies used in telemedicine. Home spirometry enables remote monitoring of lung function. Wearable devices can 
track physiological parameters. Smart inhalers improve medication adherence through real-time tracking. Telemedicine platforms inte-
grate these tools for remote monitoring and patient-provider communication. 

Home spirometry

Wearable devices Smart inhaler

Telemedicine platform
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clinic-based measurements [16,26-30]. Wilson et al. [26] re-
ported a strong correlation between home and supervised 
clinical spirometry for both FEV1 and FVC (r = 0.97, p < 
0.001) in a cohort of 93 participants, including COPD (n = 
18), asthma (n = 22), bronchiectasis (n = 17), ILD (n = 17), 
and healthy controls (n = 19). They also showed that home 
spirometry slightly underestimated FEV1 (-0.10 L) and FVC 
(-0.03 L), with both values falling within narrow LoA [26]. 
Similarly, a U.S. RCT of beclomethasone dipropionate that 
included 713 patients with persistent asthma for 6-week ex-
hibited a strong correlation between clinic-based and daily 
home spirometry FEV1 measurements (r > 0.8), with mini-
mal outliers across all treatment groups [27]. The INMARK 
trial similarly reported consistent correlations (r = 0.72–0.84) 
between home and clinic FVC over 52 weeks, despite great-
er variability in home measurements [16]. These findings, 
replicated across COPD [28], asthma [28], and ILD cohorts 
[28-30], support the feasibility of home spirometry for 
lung function monitoring. However, widespread adoption 
depends on addressing the key barriers, including patient 
training, adherence to protocols, and device calibration. 
Standardized guidelines and large-scale studies are required 
to ensure data comparability and clinical integration.

In addition to technical limitations, the declining adher-
ence to home spirometry over time remains a significant 
challenge. In the INMARK trial, which included 346 patients 
with IPF treated with nintedanib, mean weekly adherence to 
the home spirometry gradually declined over time, but con-
sistently remained above 75% in each 4-week period over 
52 weeks [27]. Similarly, in a study involving 43 patients with 
systemic sclerosis-associated ILD, adherence decreased over 
a 12-month follow-up; however, the median adherence re-
mained high at 85% [31]. These findings indicate that, with 
proper guidance and support, home spirometry can be a 
feasible tool for real-time pulmonary function monitoring in 
clinical practice. Recent advancements in home spirometry 
technology have incorporated app-based features such as 
automated reminders for scheduled tests to improve adher-
ence and ensure consistent data collection [28,32].

Despite some limitations, home spirometry has demon-
strated reliability across various respiratory conditions, with 
results comparable to those of clinical measurements. The 
integration of supportive digital tools may further enhance 
their clinical utility and facilitate their broader adoption in 
both research and routine practice.

Wearable monitoring devices
Wearable monitoring devices are increasingly recognized as 
valuable tools in respiratory medicine, providing continuous, 
real-time assessments of key physiological parameters [33]. 
These devices measure peripheral capillary oxygen satura-
tion (SpO2), respiratory rate, heart rate, and physical activity 
levels, facilitating the comprehensive monitoring of patients 
with chronic respiratory diseases. Compared with traditional 
assessments that rely on periodic clinic visits, wearable devic-
es enable longitudinal monitoring, offering deeper insights 
into disease progression and treatment efficacy [33,34].

Currently, various wearable devices are used in clinical 
and home settings [35]. Pulse oximeters, which are often 
worn on the wrist or fingers, are widely used to monitor 
oxygen saturation and detect hypoxemia [36,37]. In patients 
with COPD (n = 20), a 7-day continuous SpO2 monitoring 
with wearable finger pulse oximeters identified significant 
fluctuations in oxygen levels both within and between day-
time and nighttime periods, emphasizing the importance of 
continuous monitoring for accurately assessing nocturnal 
desaturation and daily oxygen [38]. Respiratory bands and 
chest straps, which measure chest wall movements and re-
spiratory rates, are useful for sleep apnea and pulmonary 
rehabilitation (PR) [39]. Multifunctional wearables such as 
Hexoskin (Carré Technologies Inc., Montreal, QC, Canada) 
or BioHarness (Zephyr Technology, Annapolis, MD, USA) 
collect data on respiration, heart rate, activity, and sleep, 
offering a comprehensive view of health [40,41]. Smart tex-
tiles with embedded sensors also allow long-term, noninva-
sive respiratory monitoring and expand clinical applications 
[42].

Recent advancements in smartwatch technology have 
brought respiratory health monitoring to the forefront. De-
vices such as the Apple Watch Series 6 (Apple Inc., Cuper-
tino, CA, USA) incorporate SpO2 tracking, respiratory rate 
monitoring, and irregular heart rhythm detection, and offer 
a convenient and widely accessible tool for continuous phys-
iological assessment [43,44]. Their ease of use, wide avail-
ability, and integration with smartphone applications allow 
for real-time data sharing with healthcare providers.

Several studies have evaluated the accuracy and reliability 
of smartwatch-based respiratory-monitoring methods. Pipek 
et al. [45] demonstrated strong positive correlations bet
ween the Apple Watch Series 6 and commercial oximeters 
for heart rate (r = 0.995, p < 0.001) and SpO2 measurements 
(r = 0.81, p < 0.001) in patients with COPD (n = 23), ILD (n = 
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61), and healthy adults (n = 16), with no significant impact 
of skin color, wrist circumference, wrist hair, or enamel nails 
on measurement accuracy (p > 0.05). Similarly, a prospective 
study including patients with acute exacerbation of COPD 
(n = 167) reported a strong correlation in SpO2 between 
the Apple Watch Series 6 and medical-grade pulse oximetry 
(r = 0.89, intraclass correlation coefficient = 0.940), with a 
mean error of 0.458%, compared with arterial blood gas 
analysis. However, patients with tachypnea require multiple 
attempts to obtain accurate readings [46]. Another COPD 
study (n = 10) found that the device was user-friendly, but 
less reliable during respiratory distress [47,48]. These find-
ings support the potential of smartwatches for accessible re-
spiratory monitoring, although motion artifacts and sensor 
displacement may reduce the accuracy during daily activities 
or sleep. Further improvements in sensor stability and signal 
processing are required.

In addition to accuracy, wearable technology has been 
investigated for its role in disease management and patient 
engagement in chronic lung diseases. A meta-analysis of 37 
studies on wearable technology in COPD revealed signifi-
cant increases in daily step counts (mean difference [MD] 
850 steps/day, 95% confidence interval [CI] 494–1,205) 
and six-minute walk distance (MD 5.81 m, 95% CI 1.02–
10.61), particularly when combined with health coaching or 
PR [49]. However, these benefits are short-lived, with limited 
impact on the quality of life (QoL) and inconsistent effective-
ness in managing exacerbations [49]. 

Digital health tools that combine wearables with mobile 
applications have shown potential for COPD management. 
Finney et al. [50] demonstrated the feasibility of using the 
MoreCare app (MoreCare, London, UK) on an Android tab-
let and the Garmin Vivofit 2 (Garmin Ltd., Olathe, KS, USA) 
in patients with COPD (n = 25), finding a moderate correla-
tion between daily active minutes and FEV1 % predicted (ρ 
= 0.62, p = 0.005) and identifying multiple predictors of 
exacerbations, including sputum color and step count. A 
qualitative study (n = 14) further suggested that wearables 
and self-management applications could support real-time 
monitoring and early exacerbation detection, although us-
ability, cost, data accuracy, and patient control remain key 
considerations [51]. 

Although wearable devices have demonstrated signifi-
cant potential, some challenges remain unresolved. Usabil-
ity during respiratory distress, variability in measurement 
accuracy, affordability, and patient adherence remain key 

barriers to widespread adoption [52,53]. Managing large 
volumes of biometric data requires secure storage and clear 
ownership policies. Compliance with regulations such as the 
HIPAA (in the U.S.) and GDPR (in the EU) is essential for 
protecting privacy and enabling responsible data sharing. 
Large-scale real-world studies are needed to validate the 
effectiveness and support for integration into routine care. 

Smart inhalers
Smart inhalers with digital sensors offer significant advanc-
es in managing asthma and COPD by enabling real-time 
monitoring of inhaler use, adherence, and techniques [54]. 
The features include dose counters, audiovisual reminders, 
app connectivity, and feedback systems to optimize use. 
They support data-driven personalized treatment decisions 
[54,55]. 

Several studies have demonstrated the efficacy of smart 
inhalers for the management of airway diseases. In an RCT 
of 77 children with poorly controlled asthma, smart inhalers 
with electronic adherence monitoring and feedback signifi-
cantly improved adherence (70% [smart inhaler] vs. 49% 
[control], p < 0.001) and were associated with reduced oral 
steroid use (p = 0.008) and hospital admissions (p < 0.001) 
[56]. Similarly, a 6-month cluster RCT of adults with mod-
erate-to-severe asthma found that inhaler reminders signifi-
cantly improved adherence (73% vs. 46%, p < 0.0001) and 
reduced severe exacerbations (11% vs. 28%, p = 0.013) 
[57]. The CONNECT-2 trial, a 24-week RCT including 391 
patients with asthma, demonstrated that smart inhalers 
improved asthma control compared to standard care, with 
a 35% greater likelihood of achieving well-controlled asth-
ma [58]. The study also reported increased clinician-patient 
interactions focused on inhaler technique, high adherence 
rates (79.2% at 1-month, 68.6% at 6-month), and a 38.2% 
reduction in reliever inhaler use [58]. These findings under-
score the potential of smart inhalers to provide clinically ac-
tionable data, including medication usage patterns and in-
halation techniques, thereby enabling clinicians to optimize 
treatment plans and improve therapeutic outcomes.

Despite their potential, challenges remain for the wide-
spread adoption of smart inhalers. High cost, data privacy 
concerns, and the need for patient training in device use are 
significant barriers [59,60]. A qualitative study involving 24 
stakeholders identified the key factors for successful imple-
mentation: clinical effectiveness, user-friendly design, inte-
gration with workflows, reimbursement policies, and data 
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security [59]. While RCTs have shown improved short-term 
adherence and symptom control, evidence of long-term 
cost-effectiveness is limited. Future studies should assess 
the real-world cost benefits, including device costs, mainte-
nance, and reimbursement models.

Telemedicine platforms
Telemedicine platforms enable real-time communication 
between patients and providers, thereby supporting remote 
healthcare delivery [61]. In chronic respiratory diseases, they 
facilitate continuous monitoring, timely interventions, and 
improved patient-provider communication, contributing to 
better disease management [62-64]. 

Several telemedicine platforms have been developed to 
support the management of respiratory diseases. Web-
based tools, such as Doxyme (Doxyme LLC, Rochester, NY, 
USA) and Zoom for Healthcare (Zoom Video Communica-
tions, Inc., San Jose, CA, USA), along with mobile health ap-
plications, including AsthmaMD (AsthmaMD Inc., Los Ange-
les, CA, USA) and MyCOPD (My Health Ltd., Bournemouth, 
UK), provide functionalities for real-time symptom moni-
toring, treatment adjustments, medication reminders, and 
direct communication with healthcare providers. Virtual PR 
has shown comparable effectiveness to in-person programs, 
improving lung function and QoL while reducing access bar-
riers [65,66]. 

However, several challenges remain, including limited 
digital literacy, disparities in internet access, data security 
concerns, and inherent limitations of virtual assessments 
in complex clinical cases [67]. Addressing these challenges 
is crucial for maximizing the effectiveness of telemedicine 
platforms. As these technologies continue to evolve, they 
are expected to play an increasingly integral role in respira-
tory care by enhancing accessibility, continuity of care, and 
patient outcomes across diverse populations.

CURRENT APPLICATIONS OF TELEMEDICINE 
IN CHRONIC LUNG DISEASE 

Telemedicine has emerged as a pivotal tool in the manage-
ment of chronic lung disease, allowing remote monitoring, 
early detection of disease progression, and timely therapeu-
tic interventions. In COPD, ILD, asthma, and bronchiectasis, 
telemedicine facilitates objective symptom tracking, medi-
cation adherence monitoring, and virtual consultations, 
thereby enhancing patient engagement and optimizing clin-
ical decision-making (Table 3). By integrating digital health 
technologies, telemedicine offers a structured approach to 
disease management, improving accessibility to care while 
supporting evidence-based personalized treatment strate-
gies.

Table 3. Clinical outcomes of telemedicine interventions in chronic lung diseases

Disease Telemedicine intervention Clinical outcome

COPD Telemonitoring
Tele-rehabilitation
Smart inhalers

Reduced hospitalization rates
Improved quality of life
Increased medication adherence
Enhanced exercise capacity

Asthma SMS reminders
Video consultations
Smart inhalers

Improved medication adherence
Better asthma control
Reduced symptom burden
Fewer exacerbations

ILD Telemonitoring
Virtual pulmonary rehabilitation

Early detection of disease progression
Improved exercise capacity
Enhanced quality of life

Bronchiectasis Telemonitoring
Tele-rehabilitation

Early detection of exacerbations
Improved exercise capacity
Reduced infection risk

Lung transplantation Telemonitoring
Teleconsultation

Early detection of allograft dysfunction
Improved medication adherence
Reduced medical cost burden

COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease.
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COPD
Telemedicine is increasingly being used in the management 
of COPD, offering innovative approaches that extend be-
yond traditional care. Several studies have shown that tele-
medicine interventions, including telemonitoring and telere-
habilitation, can significantly improve patient outcomes. A 
meta-analysis of seven COPD studies found that telemed-
icine interventions significantly reduced COPD-related hos-
pitalization rates (odds ratio [OR] 0.74, 95% CI 0.60–0.92) 
and mortality (OR 0.71, 95% CI 0.54–0.93) compared with 
usual care [68]. However, no significant improvements were 
observed in other outcomes, including acute exacerbation 
rates, dyspnea severity, and QoL [68]. Similarly, another 
RCT demonstrated that the telemonitoring group (n = 53) 
had a lower risk of first COPD-related readmission and few-
er all-cause readmissions and emergency room visits than 
the usual care group (n = 53) [69]. Another RCT, including 
281 patients with severe COPD (86% classified as Global 
Initiative for Chronic Obstructive Lung Disease stage 3 or 4), 
also reported that telemonitoring was associated with a sig-
nificant improvement in health-related QoL questionnaire 
scores after 6 months [70]. Despite these promising results, 
some studies have failed to identify significant benefits [71], 
highlighting the variability in the efficacy of telemedicine.

Home-based tele-rehabilitation programs have demon-
strated efficacy comparable to traditional in-clinic rehabilita-
tion programs for COPD. An 8-week home-based tele-reha-
bilitation program not only reduced dyspnea symptoms but 
also improved the six-minute walk distance, diaphragmatic 
mobility during deep breathing, and psychological well-be-
ing in patients with severe stable COPD (n = 174) [66]. In 
addition, an unblinded RCT involving patients with COPD 
and heart failure (n = 112) found that tele-rehabilitation im-
proved exercise capacity and QoL while reducing dyspnea 
and disability over 4 months [72]. 

While telemedicine has shown promise in reducing hos-
pitalizations and mortality, and enhancing QoL and exer-
cise capacity in selected cases [66,68-70,72], variability in 
outcomes underscores the need for further research. The 
standardization of telemedicine protocols, improvements in 
digital literacy, and cost-effectiveness analyses are essential 
for fully integrating telemedicine into routine COPD care.

Asthma
Telemedicine has emerged as a valuable tool in asthma 
management, addressing challenges such as poor adher-

ence to inhaled corticosteroids, inadequate symptom moni-
toring, and the need for inhaler technique education [73]. A 
systematic review of 33 studies highlighted the potential of 
tailored digital interventions [74]. 

Both asynchronous and synchronous telemedicine ap-
proaches have been used to enhance asthma care. Asyn-
chronous tools, including SMS reminders and web-based 
platforms, have been widely implemented to improve med-
ication adherence, with studies demonstrating increase in 
inhaled corticosteroid use and reduced symptom burden 
in patients receiving telemedicine-based interventions [74]​
. Meanwhile, synchronous methods, such as video consulta-
tions, have been shown to facilitate real-time treatment ad-
justments and patient education, leading to better asthma 
control​ [73,74]​. A meta-analysis of 22 studies further sup-
ported these findings, reporting that tele-case management 
significantly improved asthma control compared with usual 
care (standardized MD 0.78, 95% CI 0.56–1.01) [75]. 

Despite these benefits, the impact of telemedicine on re-
ducing healthcare costs remains uncertain as studies have 
reported mixed results regarding hospitalization and emer-
gency department visits among patients with asthma [76]. 
Barriers to its widespread implementation include techno-
logical limitations, digital access disparities, and variability in 
patient engagement. To optimize telemedicine-based asth-
ma management, future models should integrate personal-
ized features, such as interactive inhaler training, real-time 
symptom alerts, and environmental trigger monitoring, to 
enhance treatment adherence and disease control.

ILD
ILD encompasses a diverse group of chronic respiratory 
diseases characterized by lung parenchymal inflammation 
and fibrosis that require continuous monitoring and tailored 
rehabilitation strategies. With the growing integration of 
telemedicine, recent studies have examined its potential to 
enhance ILD care by improving access to monitoring tools, 
reducing healthcare burden, and supporting PR.

One promising application is telemonitoring, which en-
ables continuous assessment of disease progression. Gillett 
et al. demonstrated that a 3-month telemonitoring program 
incorporating home spirometry and portable oximetry was 
well-received by patients with ILD (n = 60), with 89% rec-
ognizing its importance in clinical care, 90% accepting re-
mote spirometry, and 98% approving pulse oximetry use 
[77]. Furthermore, a global survey of 207 clinicians revealed 
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that 39% had already used telemedicine to monitor pa-
tients with ILD, and 78% of them found it quite effective or 
very effective [64]. The most common applications includ-
ed identifying disease progression (70%), monitoring QoL 
(63%), tracking medication and oxygen use (63%), and 
reducing unnecessary in-person visits (63%) [64]. Clinicians 
identified smartphone applications, wearable sensors, and 
home spirometry with data transmission as the most useful 
telemonitoring tools, with symptoms (93%), oxygen satu-
ration (74%), and physical activity (72%) as the most com-
monly tracked parameters [64].

In addition to monitoring, telemedicine is increasingly 
applied in PR. A 12-week telemonitoring-enabled home PR 
for patients with lymphangioleiomyomatosis (n = 15), a rare 
ILD, demonstrated high adherence (≥ 87%), safety, and fea-
sibility [78]. Participants with LAM experienced significant 
improvements in 6-minute walk distance (+36 ± 34 m, p = 
0.003), cardiopulmonary exercise test duration (p = 0.04), 
muscular endurance (p = 0.008), QoL (p = 0.009–0.03), and 
fatigue (p = 0.001–0.03), while safely self-adjusting exer-
cise intensity and oxygen use without adverse events [78]. 
Similarly, an eight-week virtual home-based PR program for 
patients with ILD (n = 14) found that both video-confer-
ence-led and self-directed interventions were feasible, safe, 
and well-accepted; however, the self-directed group expe-
rienced a higher dropout rate, emphasizing the need for 
structured support in remote exercise programs [79].

Despite these promising findings, significant barriers re-
main to the wider implementation of telemedicine in ILD 
care. The challenges in telemonitoring include technical 
difficulties with spirometry, communication of results, and 
data interpretation. A global clinician survey identified tech-
nical issues (47%), lack of training (45%), and organiza-
tional constraints (43%) as major obstacles to telemedicine 
adoption [64]. In addition, patient-related barriers, including 
lack of awareness (60%) and limited smartphone proficien-
cy (49%), also hinder telemedicine adoption [64]. Further-
more, a survey of patients with ILD during the COVID-19 
pandemic revealed that while 78% were satisfied with 
telemedicine-based care, 37% faced challenges related to 
missed respiratory assessments, limited access to PR, and 
dissatisfaction with telephone-based consultations, indicat-
ing the need for more comprehensive telemedicine strate-
gies [80].

To address these limitations, recent studies have explored 
alternative models of PR tailored to patients with ILD. A sys-

tematic review of telemedicine-driven PR in post-COVID-19 
patients demonstrated encouraging results, suggesting its 
potential application in ILD management [81]. Recognizing 
the need for disease-specific programs, a telemedicine-based 
PR model was developed using an experience-based co-de-
sign, incorporating inputs from patients, caregivers, and 
healthcare professionals to enhance desaturation safety, 
facilitate peer support, and adapt ILD-focused education, 
including palliative care guidance [82]. In support of the fea-
sibility of telemedicine-based PR, an RCT is currently assess-
ing its impact on functional capacity, QoL, and psychological 
well-being, positioning it as a cost-effective and accessible 
alternative to center-based PR [83]. A 4-week unsupervised 
telemedicine-based PR program further demonstrated sig-
nificant short-term benefits, with improvements in function-
al capacity (6-minute walk distance: +14.2 m, p ≤ 0.001) 
and QoL (St. George’s Respiratory Questionnaire score: 
+3.75, p ≤ 0.001), reinforcing its viability as a substitute for 
traditional center-based PR [84].

Although telemedicine offers a significant potential for 
ILD management, its long-term implementation requires ad-
dressing technical barriers, enhancing clinician and patient 
training, and integrating structured support systems. How-
ever, evidence regarding the effectiveness of telemedicine 
in ILD remains limited and mixed, highlighting the need for 
further research to evaluate its impact on various clinical and 
patient-centered outcomes [85]. Recent RCTs have provided 
robust evidence in this field. For example, an 8-week home-
based telerehabilitation-assisted inspiratory muscle train-
ing program led to significant improvements in inspiratory 
muscle strength, exercise capacity, and dyspnea in patients 
with IPF [86]. In another RCT, a nurse and social worker-led 
palliative telecare intervention significantly improved QoL 
and mental health outcomes in patients with ILD, COPD, 
and heart failure [87]. Conversely, a comprehensive eHealth 
home monitoring program for IPF did not yield significant 
improvements in overall health-related QOL but showed 
benefits in psychological well-being and individualized med-
ication adjustment [88]. These findings suggest that, while 
telemedicine can positively impact specific aspects of care, 
further studies are needed to define optimal implemen-
tation strategies and identify patient populations that are 
most likely to benefit.

Bronchiectasis
Bronchiectasis, which is characterized by permanent bron-

www.kjim.org


39

Yoon HY and Song JW. Telemedicine in chronic lung disease

www.kjim.orghttps://doi.org/10.3904/kjim.2025.081

chial dilation, presents unique challenges in long-term 
management and requires continuous monitoring, timely 
intervention, and effective airway clearance strategies [89]. 
Telemedicine has introduced novel approaches for address-
ing these challenges by enhancing patient access to care, 
improving exacerbation management, and reducing health-
care costs [90,91]. 

During the COVID-19 pandemic, the University of Con-
necticut Center for Bronchiectasis Care reported positive 
experiences with telemedicine-based visits, finding them 
effective in managing mild exacerbations, monitoring pa-
tients undergoing treatment for nontuberculous myco-
bacterial infections, and facilitating telerehabilitation to 
improve exercise capacity and QoL [92]. However, further 
research is needed to determine their impact on reducing 
exacerbations and overall healthcare costs [92]. Similarly, 
a qualitative study on telemedicine physiotherapy for pa-
tients with bronchiectasis (n = 13) revealed initial skepticism 
but overall acceptance, with reported benefits, including 
continued access to treatment and reduced infection risk 
[90]. However, limitations in physical assessments and pa-
tient preferences suggest that telemedicine should comple-
ment rather than replace in-person care [90]. A survey of 
patients with bronchiectasis and physiotherapists (n = 48) 
in the United Kingdom highlighted the underutilization of 
telemedicine in physiotherapy despite its perceived potential 
[93]. While 56% of physiotherapists had already integrated 
digital tools, a substantial proportion did not, although both 
physiotherapists and patients expressed strong interest in 
remote and digital methods for follow-up care, emphasiz-
ing the need for further research on implementation and 
acceptability [93].

However, despite its potential, the complete effect of tele-
medicine on bronchiectasis remains unclear. Although ben-
efits, such as shorter appointment times, increased clinical 
review frequency, and cost savings, have been observed in 
cystic fibrosis-associated bronchiectasis [94], evidence sup-
porting similar outcomes in bronchiectasis remains limited. 
Further studies are required to evaluate its effectiveness 
in reducing exacerbations and infections and optimizing 
healthcare utilization.

Lung transplantation
Lung transplantation is a life-saving intervention for patients 
with end-stage lung disease requiring long-term monitor-
ing to ensure graft survival and patient well-being [95]. 

Telemedicine has emerged as a transformative tool in both 
pre- and post-transplant care, offering innovative solutions 
for improving patient outcomes and optimizing healthcare 
delivery [96]. A systematic review by Gholamzadeh et al. an-
alyzed 27 studies, identifying telemonitoring (55.6%) as the 
most frequently used intervention, followed by teleconsulta-
tion (14.8%) and telerehabilitation (14.8%). These interven-
tions primarily focused on early detection of allograft dys-
function, improving medication adherence, and minimizing 
the need for in-person clinic visits, highlighting the growing 
role of telemedicine in lung transplantation [97].

In the pre-transplantation phase, telemedicine has de
monstrated effectiveness in improving patient monitoring, 
communication, and self-management, although its impact 
on clinical outcomes remains uncertain. DeVito Dabbs et al. 
[98] conducted an RCT with lung transplant recipients (n = 
201), demonstrating that a mobile health intervention sig-
nificantly increased self-monitoring (OR 5.11, 95% CI 2.95–
8.87), adherence to medical regimens (OR 1.64, 95% CI 
1.01–2.66), and reporting of abnormal health indicators (OR 
8.9, 95% CI 3.60–21.99) compared with usual care. How-
ever, there was no significant difference in rehospitalization 
or mortality, highlighting the need for further research on 
long-term clinical benefits. Mullan et al. [99] similarly eval-
uated an electronic diary-based telemonitoring system in 
119 lung transplant candidates and found high adherence 
and improved communication with the transplant team, 
but no significant differences in hospital stay or survival at 
4 months compared with standard telephone reporting. In 
addition, Wilkinson et al. [100] assessed telemedicine in 16 
patients with cystic fibrosis awaiting lung transplantation 
and reported that while telemedicine did not significantly 
alter clinical outcomes, it improved body image perception 
and was highly valued for enhancing specialist support.

In the post-transplant phase, telemedicine plays a critical 
role in facilitating rigorous monitoring to detect complica-
tions, such as rejection, infection, and immunosuppressive 
therapy-related side effects. Studies have supported its feasi-
bility as a scalable solution for remote patient management, 
particularly under healthcare-resource constraints. An RCT 
(n = 65) compared a computer-based Bayesian algorithm 
with manual nurse triage for lung transplant recipients using 
home spirometry [101]. After 1 year, there were no signifi-
cant differences in FEV1 or QoL (SF-36) scores between the 
groups, although both approaches demonstrated efficacy 
in detecting changes in spirometry and symptoms [101]. 
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These findings highlight the potential of automated triage 
systems to support remote monitoring while alleviating the 
clinical workload. Similarly, Sengpiel et al. [102] evaluated 
home spirometry using Bluetooth-enabled data transfer in 
an RCT (n = 56), reported high adherence (97.2%). While 
the intervention did not significantly reduce the time to 
physician consultation compared with standard home spi-
rometry, patients in the Bluetooth group reported lower 
anxiety levels (mean 1.5 [intervention] vs. 4.0 [control], p 
= 0.04), suggesting potential psychological benefits [102]. 
In a broader cohort, Sidhu et al. [96] assessed telemedi-
cine-based follow-up in lung transplant recipients (n = 204) 
residing outside major transplant centers and found no sig-
nificant differences in mortality outcomes compared with 
in-person visits. However, telemedicine substantially reduces 
patient travel burden and financial costs, reinforcing its role 
in expanding access to specialized transplant care without 
compromising patient safety [96]. Furthermore, Geramita et 
al. [103] followed up on an RCT evaluating Pocket PATH, a 
mobile health intervention for lung transplant recipients (n 
= 105), and found that while it initially reduced nonadher-
ence to lifestyle requirements (p < 0.05), its effects were not 
sustained beyond 3.9 years post-transplant. Younger age, 
acute rejection, anxiety, and prior nonadherence have been 
identified as key risk factors for long-term nonadherence, 
underscoring the need for strategies to sustain the benefits 
of digital health interventions [103].

Despite this promise, barriers to widespread telemed-
icine adoption for lung transplantation persist. Suhling et 
al. [104] reported that while 78.2% of solid organ trans-
plant recipients owned smartphones, only 70.5% used the 
Internet daily, indicating barriers to telemedicine adoption. 
Moreover, Fadaizadeh et al. [105] found that 15% of lung 
transplant patients faced technical difficulties with home spi-
rometry monitoring, underscoring the need for user-friendly 
platforms and robust technical support. Addressing these 
limitations is essential to maximize the impact of telemedi-
cine on peri-transplant care, ensuring equitable access, sus-
tained patient engagement, and long-term clinical benefits.

CHALLENGES AND LIMITATIONS 

Despite the rapid expansion of telemedicine, several lim-
itations hinder its integration into routine care. Regulato-
ry inconsistencies, including fragmented licensure systems 

and unclear liabilities in cross-state care, remain substantial 
barriers [106,107]. Reimbursement frameworks, particularly 
for Medicaid and commercial insurance, are often restric-
tive and lack payment parity for in-person care [107]. Data 
security and privacy concerns are growing as telehealth 
platforms collect and transmit sensitive health information 
without standardized safeguards [108]. Interoperability 
challenges and the limited integration of patient-generat-
ed data into electronic health records further reduce clini-
cal utility [106]. Usability issue such as complex interfaces, 
insufficient training, and device fragmentation, impede 
patient and provider engagement [109,110]. During the 
COVID-19 pandemic, the absence of regulatory and infra-
structure readiness in many countries has highlighted global 
disparities in telemedicine implementation and emphasized 
the need for formal integration into national health systems 
[11]. Although telehealth enabled remote triage and conti-
nuity of care in high-risk settings during this period [107], 
the sustainable integration of telemedicine requires coordi-
nated investment in policy reform, system interoperability, 
and evidence-based implementation strategies that reflect 
patient needs and support long-term value, as highlighted 
in systematic reviews of patient satisfaction and outcome 
optimization [111].

FUTURE CONSIDERATIONS

The future of telemedicine in the management will depend 
on both short-term adaptation and long-term strategic 
development. In the short-term, efforts should focus on 
enhancing accessibility, usability, and immediate clinical in-
tegration. This includes the deployment of app-based plat-
forms with interactive self-management tools, expansion 
of home-based rehabilitation programs, and integration of 
wearable devices for real-time monitoring of oxygen satu-
ration, respiratory rate, and lung function [112,113]. These 
tools can reduce the dependence on in-person visits and im-
prove day-to-day disease management. Addressing current 
disparities, especially among older adults, rural populations, 
and those with limited digital literacy, will require targeted 
interventions such as multilingual interfaces, simplified user 
designs, and standardized telemedicine training for patients 
and providers [62,114].

Telemedicine is expected to evolve over the long term 
through AI-driven predictive models and machine learning 
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algorithms that can anticipate exacerbations, optimize ther-
apy, and personalize care pathways [115]. Comprehensive 
data integration from continuous monitoring platforms can 
support automated triage and remote decision-making. 
To support sustainable adoption, robust regulatory frame-
works must be developed to standardize protocols, protect 
patient data, and streamline reimbursement [116]. Future 
large-scale RCTs should focus on evaluating the long-term 
clinical outcomes, cost-effectiveness, and patient-reported 
benefits to further solidify the role of telemedicine as an 
integral component of chronic lung disease management. 
Establishing evidence-based guidelines and refining imple-
mentation strategies are essential for maximizing the poten-
tial of telemedicine in respiratory care.

CONCLUSION

Telemedicine has demonstrated significant potential in the 
management of chronic lung diseases by offering improved 
access to care, early detection of disease progression, and 
enhanced patient self-management. Clinical evidence sup-
ports its role in reducing hospitalization, optimizing treat
ment adherence, and facilitating long-term disease monitor-
ing. However, barriers such as disparities in digital literacy, 
limited access to reliable Internet, and the need for stan-
dardized regulatory frameworks remain challenges for 
widespread implementation. Future research should focus 
on implementing telemedicine in real-world clinical settings 
by integrating it with existing electronic health records, ad-
dressing reimbursement policies, and ensuring seamless cli-
nician-patient communication through AI-driven automated 
triage systems.
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