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Abstract
In recent years, Internet of Things (IoT) technology has developed extremely
rapidly and has been widely applied in the medical field. Chronic Obstruc-
tive Pulmonary Disease (hereinafter referred to as COPD) is the most common
chronic respiratory disease in China, and how to utilize IoT technology to im-
prove clinical practice in COPD management is worth exploring. The authors
summarize the research progress of IoT technology in COPD management both
domestically and internationally. Through literature review, it was found that
current application research of IoT in COPD management remains in the ex-
ploratory stage, lacking high-quality, large-sample studies. Future studies need
to conduct more systematic real-world application evaluations of mature tech-
nological models or products, particularly regarding their impact on patients’
long-term clinical outcomes and quality of life, as well as health economic eval-
uations. Product design should align with the characteristics of COPD and
the features of the target user population, and understanding user experience,
perceptions, or attitudes through qualitative research is also noteworthy.
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Abstract

Internet of Things (IoT) technology has developed rapidly in recent years and
found widespread application in the medical field. Chronic obstructive pul-
monary disease (COPD) is one of the most common chronic respiratory diseases
in China, making it worthwhile to explore how IoT can improve clinical COPD
management practices.

Through a review of the literature, we summarized research progress on IoT
technology in COPD management both domestically and internationally. We
found that current research on IoT applications in COPD management remains
in the exploratory stage, lacking high-quality, large-sample studies. Future re-
search should conduct systematic real-world evaluations of mature models or
products, particularly regarding their impact on long-term patient outcomes,
quality of life, and health economics. Product design should align with COPD
disease characteristics and user demographics, while qualitative research inves-
tigating user experiences, perceptions, and attitudes toward such products also
warrants attention.

Keywords: Pulmonary disease, chronic obstructive; Internet of things; Disease
management; Review

Internet of Things (IoT) technology represents an important component of new-
generation information technology, essentially an “internet of interconnected
things”that extends user connectivity to enable information exchange and com-
munication between any objects [1]. As IoT has become increasingly prevalent
in medicine, the concept of the Internet of Medical Things (IoMT) has emerged,
connecting healthcare workers, patients, and various medical devices and facili-
ties intelligently and conveniently through IoT and communication technologies.
This integration comprehensively supports automatic identification, positioning,
collection, tracking, management, and sharing of medical data, facilitating in-
telligent healthcare and item management [2].

Health information collected through IoT follows specific pathways: IoT hard-
ware uploads collected data (including automatically acquired and user-entered
data) to cloud platforms, which utilize cloud computing capabilities for stor-
age, processing, and analysis before sending feedback to users’mobile phones,
computers, and other terminals [3] [Figure 1: see original paper].

Given its efficient, continuous, and convenient characteristics, IoT offers sub-
stantial advantages in chronic disease management, with related research in-
creasing annually. According to statistics, 322 foreign-language articles on IoT
applications in chronic diseases were published in the Web of Science database
between 1999 and 2020. After the first article on this topic appeared in 1999,
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publication numbers rose each year, peaking at 47 articles in 2019, demonstrat-
ing that IoT applications in chronic diseases have become a research hotspot
[3]. During the COVID-19 pandemic, IoT played a particularly important role,
enabling tracking of high-risk populations, monitoring of quarantined individu-
als, large-scale screening in general populations, and epidemic prediction. By
enabling remote data collection and real-time transmission, IoT helped reduce
pandemic spread to some extent [4-5] and facilitated effective pandemic response.
The COVID-19 pandemic also accelerated IoT development, particularly for
wearable devices [6-7].

Chronic obstructive pulmonary disease (COPD) is a common respiratory dis-
ease worldwide. WHO data indicate that 384 million people globally suffer
from COPD, with 3.17 million deaths annually [8]. COPD is also the most
common chronic respiratory disease in China, affecting 99 million people and
imposing a heavy burden on both families and the nation [9]. How to lever-
age IoT to improve COPD management has become a key research question
both domestically and internationally. As early as 2013, scholars proposed con-
structing an IoT-based comprehensive COPD management system using mobile
phones, sensors, and cloud servers [10]. SWOT analysis revealed that IoT-based
healthcare facilitates standardized, comprehensive, and intelligent COPD man-
agement, enabling both physicians and patients to obtain needed information
and improving communication efficiency. Additionally, remote medical systems
can connect medical institutions at all levels, channeling high-quality medical re-
sources to primary care facilities and achieving vertical integration of healthcare
resources [11]. This demonstrates IoT’s substantial potential value in COPD
management. This article summarizes domestic and international research and
applications of IoT in COPD management to understand the current research
status, identify advantages, and summarize challenges and difficulties, providing
insights for future research and applications.

1. Search Strategy

We searched PubMed, Wanfang, CNKI, and other databases from inception to
April 30, 2023. Chinese search terms included: Internet of Things, internet,
internet plus, telemedicine, remote management, wearable devices, artificial in-
telligence, COPD, chronic obstructive pulmonary disease. English search terms
included: Internet of Things Technology, IoT, wearable device, Tele-health, Tele-
medicine, AI, artificial intelligence, COPD, Chronic Obstructive Pulmonary Dis-
ease. Inclusion criteria comprised studies on IoT applications in COPD man-
agement. Exclusion criteria included: irrelevant topics, unavailable full texts,
and studies that mentioned“Internet of Things”without actually applying true
IoT technology.

From Chinese databases (CNKI, Wanfang), we retrieved 243 articles, excluding
65 duplicates, 83 irrelevant articles, 19 dissertations, 38 reviews, 4 scientific
achievements, 7 conference papers, 11 non-academic journal articles, and 7 non-
IoT articles, leaving 9 articles for analysis. From English databases (PubMed),
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we retrieved 3,117 articles, excluding 8 duplicates, 3,038 irrelevant articles, 24
reviews, 2 commentaries, 2 qualitative studies, 1 guideline, 7 articles without full
text, 3 study protocols, and 6 non-IoT articles, leaving 26 articles for analysis
(16 on device development and 10 on clinical application). The literature search
results are visualized in Supplementary Table 1 .

2. Applications of IoT in COPD Management

2.1 Disease Screening China has a large COPD patient population, and
screening is recommended. Studies have validated the accuracy of screening
tools such as the COPD Diagnostic Questionnaire (CDQ), CAPTURE ques-
tionnaire, and portable spirometers [12], but these tools suffer from low uti-
lization and suboptimal screening efficiency. How to identify COPD patients
more efficiently represents a domestic research priority. In a mobile internet
information platform established in a Shanghai community, a COPD screening
questionnaire was embedded, identifying 218 COPD patients and automatically
grading disease severity while providing treatment guidance information [13].
This application demonstrates how IoT platforms can improve screening tool
accessibility, expand screening coverage, and enhance efficiency. Other studies
have used IoT to collect physiological indicators (such as activity levels, heart
rate, respiratory rate, and oxygen saturation) for COPD screening, providing
more objective data [14-16]. However, the number of physiological indicators
directly related to COPD that can be monitored remains limited, and the cor-
relation between these indicators and COPD requires further investigation.

2.2 Condition Monitoring Effective disease monitoring constitutes an es-
sential component of COPD management. IoT provides convenient conditions
for continuous patient follow-up and treatment adjustment while promoting
self-monitoring and improving treatment adherence [17]. A small domestic ran-
domized controlled trial used Bluetooth-enabled devices for pulmonary function
monitoring and breathing exercises in stable COPD patients, with data trans-
mitted in real-time to mobile apps and WeChat mini-programs. The system
also monitored medication usage (timing, frequency, adverse reactions), while
wearable hardware such as respiratory trainers, blood pressure monitors, and
pulse oximeters continuously monitored physiological indicators and automati-
cally transmitted data to cloud platforms. After six months of follow-up, all 16
patients in the IoT management group maintained standardized treatment, com-
pared to only 8 of 15 patients in the conventional care group, with one patient
discontinuing treatment independently [18]. Although this study demonstrated
IoT’s positive impact on adherence, the small sample size and limited quanti-
tative measures reduced study validity.

Acute exacerbation represents a critical aspect of COPD management. Estab-
lishing exacerbation prediction models using IoT-collected data and machine
learning techniques constitutes a common research focus. In a small-sample
study from Taiwan, researchers collected patients’home lifestyle data, environ-
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mental parameters, and symptoms using wearable devices, air quality sensors,
and mobile apps to build a COPD exacerbation prediction model. The model
achieved 92.1% accuracy in predicting exacerbation events within one week, with
94.0% sensitivity, 90.4% specificity, and an area under the ROC curve (AUC)
exceeding 90% [19]. However, the study only collected four months of patient
data, providing insufficient evidence for model stability, and lacked external
validation and real-world clinical application evidence. Changes in lung sounds
may indicate exacerbations, and IoT can help collect such subtle clinical infor-
mation. FERNANDEZ-GRANERO et al. [20] used a stethoscope with remote
auscultation capabilities to monitor lung sound changes, predicting 75.8% of
exacerbation events an average of (5.0$±$1.9) days in advance, though only 16
patients participated without large-scale application.

2.3 Pulmonary Function Monitoring Pulmonary function monitoring is
crucial in COPD management, and portable spirometer intelligence represents
the main development trend under IoT. China has developed portable spirom-
eters with intelligent software that can transmit data to computers or mobile
phones via network or USB connections, or directly to cloud servers. Validation
studies have demonstrated high consistency between these devices’parameters
and diagnostic spirometry results, making them suitable for COPD screening
[21]. These portable spirometers have shown good practicality in large-scale pop-
ulations. Between 2017 and 2018, nearly 90,000 residents in a Chinese region
underwent pulmonary function testing using this device, with 61,624 residents
providing acceptable data (70% efficiency), effectively detecting obstructive, re-
strictive, mixed, and small airway ventilation dysfunction and greatly improving
screening efficiency [22]. Portable spirometers with remote data transmission
also provide convenience for patients in remote areas. Bosnian researchers de-
veloped a similar Bluetooth-enabled portable spirometer, achieving 97.3% accu-
racy compared to manual diagnosis when validated in 780 COPD and asthma
patients from remote areas [23]. Such products are relatively mature and suit-
able for promotion in economically underdeveloped regions to improve diagnosis
of chronic airway diseases.

Mobile phones are the most commonly used mobile devices. Korean researchers
developed a mobile phone-based pulmonary function testing application. In
this study, users could perform pulmonary function tests through a remote
monitoring app, cloud platform, and smartphone microphone without external
devices. During testing, the phone displayed flow-volume curves and measured
forced expiratory volume in one second (FEV1), forced vital capacity (FVC),
peak expiratory flow (PEF), and FEV1/FVC ratio, with data uploaded to the
cloud platform for remote monitoring. This application allowed patients to mea-
sure pulmonary function freely without time or space constraints while enabling
physicians to monitor patients’lung function in real-time [24]. Currently, the
application remains in the development stage, having only been validated in
small healthy populations without widespread clinical application. The mea-
surement accuracy remains uncertain and requires consistency comparison with
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diagnostic spirometry results. Notably, pulmonary function interpretation re-
quires both numerical values and flow-volume curves, particularly the curves,
which are primary quality indicators. While portable spirometers demonstrated
good practicality in the aforementioned studies, quality control of graphical data
received little attention. Graphical interpretation represents a key technical is-
sue requiring attention in future intelligent spirometer development.

2.4 Respiratory Rehabilitation Guidance Respiratory rehabilitation is
an important non-pharmacological treatment for COPD, but implementation
in China remains suboptimal due to resource constraints, with low penetration
rates and most programs limited to large tertiary hospitals [25]. Studies show
that home-based rehabilitation is equally effective as facility-based training [26-
27]. IoT provides technical support for respiratory rehabilitation implementa-
tion, particularly for home-based programs, helping patients benefit from reha-
bilitation training. Systematic reviews demonstrate that mobile smart devices
can promote physical activity, improve quality of life and self-management capa-
bilities, enhance rehabilitation adherence, and even facilitate early exacerbation
identification, thereby reducing rehospitalization rates and medical costs [28].
However, this review included only foreign studies, reflecting the current state
of respiratory rehabilitation implementation in China. High-quality domestic
research on IoT applications in respiratory rehabilitation is urgently needed, as
current studies are small-scale exploratory trials.

In a study of COPD patients admitted to a Chinese tertiary hospital, the IoT
rehabilitation group used IoT-enabled respiratory training equipment. Patients
logged into personal accounts via smartphone apps or mini-programs and con-
nected rehabilitation devices via Bluetooth or wireless networks. The apps
allowed patients to select training types and intensity based on rehabilitation
protocols, while the equipment collected pulmonary function data, training fre-
quency, and effectiveness information transmitted via Bluetooth or wireless net-
works. Physicians could remotely monitor rehabilitation progress and issue
rehabilitation prescriptions, which patients then implemented at home. After
four weeks of training, maximum inspiratory pressure (MIP), an indicator of
maximum inspiratory muscle strength, improved in both groups but increased
more significantly in the IoT rehabilitation group (6.43 vs. 5.06). In terms
of daily living capacity, activities of daily living (ADL) scores improved more
markedly in the IoT group (22.61 vs. 12.08). Regarding rehabilitation adher-
ence, 22.9% (11/48) of patients in the conventional rehabilitation group showed
fair or poor adherence compared to only 2% (1/48) in the IoT group [29]. The
rehabilitation equipment used in this study demonstrated certain intelligence,
automatically collecting and transmitting patient data to help healthcare staff
comprehensively understand patient progress. However, high development costs
raise questions about applicability to broader community populations, requiring
future validation.

Wearable devices offer good accessibility and have applications in respiratory re-
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habilitation. In a study using wearable devices to guide elderly COPD patients
through pulmonary rehabilitation, patients wore devices daily to record and
upload dietary habits, home oxygen therapy data, and rehabilitation training
implementation, receiving monthly follow-up reports. After 12 months, patients
showed significant improvements in pulmonary function, COPD Assessment
Test (CAT) scores, modified Medical Research Council (mMRC) dyspnea scores,
and quality of life [30]. However, this study required patients to actively enter
information into wearable devices and manually upload data, compromising in-
formation accuracy and requiring daily monitoring, review, and interpretation
by healthcare staff. The insufficient device intelligence still relied on intensive
human resources. Since COPD patients are predominantly elderly with varying
abilities to use wearable devices, manual data entry may create burdens leading
to device abandonment. Active monitoring and automatic health information
upload may better ensure effectiveness and data accuracy.

While diverse IoT devices show feasibility for respiratory rehabilitation, exist-
ing studies have been conducted in tertiary hospital patients with small sam-
ples and short observation periods. Large-scale, long-term clinical trials are
needed to fully validate the effectiveness and cost-benefit of various device types.
Given China’s suboptimal respiratory rehabilitation implementation, domestic
research on IoT applications is scarce, particularly high-quality studies, leav-
ing substantial room for exploration. In 2021, China published guidelines for
respiratory rehabilitation based on IoT [31], aiming to promote respiratory re-
habilitation implementation and maximize its therapeutic role in COPD.

2.5 Medication Guidance Inhaled medication represents an important com-
ponent of COPD treatment. Smart inhaler devices have attracted considerable
attention, using sensors attached to or integrated into inhalers that primarily
connect via Bluetooth to mobile device applications. These devices not only
remind patients to use inhalers but also provide personalized feedback based on
usage timing and inhalation technique. This information helps detect and cor-
rect patient medication habits while guiding physicians in adjusting treatment
[32-33]. Initially developed to monitor medication adherence, these devices have
shown improved adherence, reduced exacerbation frequency, and improved lung
function in COPD and asthma patients [34-36]. As device development becomes
more sophisticated, their applications have expanded. A U.S. study installed
sensors on short-acting bronchodilator (albuterol) inhalers to collect usage in-
formation, identifying characteristics and usage patterns in frequent albuterol
users and providing reference information for patient assessment and precision
treatment [37].

However, despite technological advances reducing costs, price remains a consider-
ation, with most clinical studies conducted in developed countries. Due to high
development costs, these products have mostly been tested in small samples,
and their application effectiveness requires validation in larger populations. Al-
though some studies demonstrate good cost-effectiveness for smart inhalers, evi-
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dence regarding long-term cost-effectiveness in daily patient life remains lacking
[38]. Additionally, since these devices typically require smartphone connectivity,
patients need smartphones and operational skills, which may limit promotion
among predominantly elderly COPD patients.

2.6 Non-invasive Ventilator Therapy Non-invasive ventilation is an effec-
tive COPD treatment, particularly for patients with hypercapnia. Integrating
IoT with non-invasive ventilators promotes their application in COPD manage-
ment. IoT-based home non-invasive ventilators enable remote monitoring of
gas exchange and ventilation parameter adjustment, reducing hospitalization
time for ventilator titration [39-41]. A Chinese COPD study showed that af-
ter six months of using such ventilators, patients demonstrated improved FEV1
and FVC, reduced mMRC and CAT scores, increased superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) levels (indicators related to oxida-
tive stress), and decreased serum lipid peroxide (LPO) and malondialdehyde
(MDA) levels. Additionally, rehospitalization and acute exacerbation rates de-
creased [42].

Adherence is a crucial factor affecting non-invasive ventilation efficacy. Research
conclusions on remote monitoring of ventilator adherence vary between domes-
tic and international studies. Chinese research shows that COPD patients using
IoT-based non-invasive ventilators had significantly higher usage days and dura-
tion than conventional ventilator patients, demonstrating improved adherence
[43]. However, foreign studies indicate that while remote ventilator monitor-
ing reduces treatment costs and improves survival, it does not improve adher-
ence [44-45]. Other foreign studies show positive effects of remote non-invasive
ventilators on adherence [46-47]. These studies were conducted in obstructive
sleep apnea (OSA) patients, a common COPD comorbidity, but differences in
treatment dependence between populations may contribute to conflicting re-
sults. Currently, few studies have examined IoT-based non-invasive ventilators
in COPD patients. Although OSA studies provide some reference value, large-
scale multicenter studies are needed to validate application effects in COPD
patients, particularly regarding safety, efficacy, and health economics of remote
ventilator monitoring.

2.7 Remote COPD Management A 2012 Cochrane systematic review and
meta-analysis examined remote healthcare effectiveness in COPD management,
finding that telemedicine did not improve quality of life or reduce mortality
risk but decreased emergency visits and hospitalization risk [48]. As IoT has
evolved, clinical evidence has shown subtle changes. A 2018 Spanish RCT on
COPD remote management had patients self-measure blood pressure, oxygen
saturation, heart rate, and vital capacity at home while wearable devices
collected respiratory rate and oxygen usage data, all transmitted via IoT.
After 12 months of follow-up, all-cause mortality was similar between IoT
remote management and conventional management groups (12 vs. 13 cases),
with no significant reduction in emergency visits or hospitalizations (60%
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vs. 53.5%, P>0.05), differing from previous research conclusions. Regarding
healthcare resource utilization, remote management costs were significantly
lower than conventional management (€7,912 vs. €8,918). Although dif-
ferences were not statistically significant, hospitalization duration and ICU
treatment time were markedly shorter in the remote management group
[(18.9$±16.0)𝑑𝑎𝑦𝑠𝑎𝑛𝑑(6.0±4.6)𝑑𝑎𝑦𝑠𝑣𝑠.(22.4±19.5)𝑑𝑎𝑦𝑠𝑎𝑛𝑑(13.3±$11.1) days]
[49]. As technology continues advancing, collected data will become more
diverse and accurate, suggesting the need for dynamic evaluation of remote
COPD management effectiveness.

2.8 Assisting in Implementation of Graded Diagnosis and Treatment
Due to healthcare system differences, graded diagnosis and treatment has only
received deserved attention in China in the past decade, particularly for chronic
diseases like COPD where IoT provides technical support. As early as 2014,
Chinese scholars proposed leveraging IoT platforms to maximize general prac-
titioners’role in COPD management while extending specialized services from
large hospitals to communities, using IoT as a medium to facilitate communi-
cation between general and specialist physicians [50]. A Shanghai community
study on IoT-based COPD management connected community general prac-
titioners with patients via terminal apps, allowing emergency communication
with tertiary hospital respiratory specialists through the platform. The respira-
tory team could access patient information and condition updates in real-time,
conducting remote consultations, referrals, or hospitalizations when necessary,
forming a collaborative management model between general and respiratory
specialists [51]. Although this small-scale exploratory trial did not yield quan-
titative results and used relatively simple IoT devices, it demonstrated that
patients received standardized, professional medical guidance and treatment
at community health institutions, achieving homogeneous management while
saving patients’time and simplifying care processes. The study particularly
demonstrated resource sharing and real-time communication between commu-
nity and tertiary hospitals, providing reference value for IoT applications in
COPD graded diagnosis and treatment.

Early small-scale explorations have shown IoT’s potential to provide platforms
and pathways for implementing COPD graded diagnosis and treatment. As
technology advances, IoT will play greater roles in this area. In Xiamen’s
Haicang District, an intelligent wireless transmission cloud platform based on
IoT records basic information and pulmonary function data for all study par-
ticipants, enabling referral of screened moderate-to-severe airway obstruction
patients through green channels to higher-level hospitals. This IoT medical
technology effectively integrates regional medical information resources, laying
foundations for implementing COPD graded diagnosis and treatment [52].

2.9 Application of Wearable Devices in COPD Management Using
wearable devices for COPD management represents a research hotspot, primar-
ily applied in remote monitoring, disease prediction, patient education, and con-
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sultation, collecting physiological indicators such as respiratory rate, heart rate,
activity tracking, and oxygen saturation. Domestic and international studies
show that wearable devices help improve clinical symptoms, pulmonary func-
tion, quality of life, and self-management capabilities while reducing medical
costs, hospitalization rates and duration, mortality risk, and healthcare resource
utilization [53]. However, no studies have shown that these technologies reduce
acute exacerbation risk, possibly due to study populations being predominantly
stable patients with short observation periods insufficient to detect exacerba-
tion events, limiting conclusions about exacerbation management impact. Some
clinical trials have used wearable devices to remotely monitor vital signs and
oxygen saturation for condition assessment but achieved unsatisfactory results,
likely because COPD lacks daily monitoring indicators as closely disease-related
as blood pressure or blood glucose. Oxygen saturation has low sensitivity and
specificity, requiring further research on more specific indicators [54]. Although
numerous studies have explored wearable devices in COPD, research using these
devices to inform clinical decision-making remains limited, with far fewer stud-
ies than in cardiovascular disease or diabetes, and most focusing on product
development rather than clinical application.

3. Problems and Challenges in IoT-Based COPD Management

While IoT’s advantages in COPD management are evident, several problems
and challenges exist.

3.1 More Device Development Studies, Fewer Clinical Application
Studies, and Lack of High-Quality Research Current domestic and in-
ternational research on IoT-based COPD management primarily consists of
small-sample exploratory trials focusing on technical feasibility. Among the 26
included English articles, 16 focused on device development and only 10 on clini-
cal application, indicating a gap between technological development and clinical
application, with clinical implementation lagging behind. Although many prod-
uct types exist, few have entered clinical research. High-quality studies are
particularly lacking, especially cohort studies or RCTs. While most products
demonstrate good effectiveness during development, small sample sizes limit
result robustness, lacking external validation and real-world application evalua-
tion, particularly health economics assessments. Additionally, COPD shows sea-
sonal variation, but most studies have observation periods of only 6-12 months,
some lasting just days, failing to capture seasonal disease status data compre-
hensively.

3.2 Inability to Guarantee Authenticity and Accuracy of Patient-
Reported Information Symptom assessment is an important monitoring
component in COPD management. Due to the lack of objective physiological
indicators related to COPD symptoms, many studies require patients to actively
complete symptom questionnaires or scales, creating risks of missed, incorrect,
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or omitted entries that require additional human resources for data quality mon-
itoring [30,55]. In wearable device applications, the most common drawback is
inaccurate information collection [56].

3.3 Discrepancies Between Study Populations and Target Populations
IoT has achieved ideal results in many studies, but selection bias exists regard-
ing study populations. Mobile phones are the most common IoT devices, with
most studies requiring participants to own smartphones, which are not univer-
sally available among COPD patients. One survey found that only 23% of
COPD patients owned smartphones. While COPD patients generally support
IoT, technical issues, lack of awareness, poor acceptance among elderly patients,
and economic factors constitute major barriers to using such products [57]. Al-
though terminal device interfaces are increasingly simplified, COPD patients
are predominantly elderly with varying abilities to use smartphones and tablets.
In one study using smartphones and wearable devices to monitor rehabilitation
activities, 47% of patients withdrew due to difficulty operating devices [58]. A
Chinese qualitative study of community-dwelling elderly COPD patients showed
that due to limited smartphone operation skills, patients preferred traditional
disease management models [59]. These factors affect result representativeness
and limit technology promotion and population application.

3.4 Poor Data Usability Clinical workers expect collected data to be com-
puted, analyzed, and presented in visualized forms through cloud computing ca-
pabilities. Although some wearable devices accurately collect physiological data,
parameter calculation intelligence is insufficient, with most data remaining raw
and requiring professionals to extract and manually interpret after verification
[2,60], reducing data usability.

4. Future Prospects for IoT Application in COPD Management

In summary, IoT-based COPD management shows promise, but most research
remains exploratory, lacking high-quality, large-sample studies. Future work
should emphasize real-world evaluation of mature products or disease manage-
ment approaches. Additional evidence is needed to clarify IoT’s impact on
long-term clinical outcomes, healthcare resource utilization, and quality of life
in COPD patients. Product design should align with COPD characteristics and
target populations, while qualitative research should be valued to understand
user experiences, perceptions, and attitudes for product optimization.

As IoT development matures, its impact on disease management models will
become increasingly significant. We propose the following prospects addressing
the aforementioned challenges:

4.1 Develop Application Systems or Devices Tailored to COPD Man-
agement Needs Based on COPD characteristics, long-term management and
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follow-up are particularly important, concerning not only routine disease assess-
ment but also timely and effective identification of acute exacerbation events.
Regarding treatment, inhaled medications are unique to COPD and require ad-
justment based on disease status. Additionally, symptom assessment, smoking
cessation guidance, rehabilitation training, and pulmonary function testing are
essential components of COPD management. However, few current IoT prod-
ucts integrate these comprehensive management needs. Future design should
consider each aspect of COPD management to develop products aligned with
disease characteristics.

4.2 Conduct Higher-Quality Clinical Studies to Systematically Evalu-
ate Real-World Clinical Effectiveness Most current studies have validated
technical feasibility. Future research should focus on evaluating implementabil-
ity and effectiveness. Mature products or models can be selected for broader
validation trials based on clinical needs. For example, wearable devices have
considerable prospects in consumer markets, and mature wearable technologies
could be introduced into clinical practice, fully integrating user needs with medi-
cal requirements. The accuracy of consumer-grade wearable devices with motion
sensors that also monitor respiratory rate, heart rate, and peripheral oxygen sat-
uration could be improved for clinical applications such as 6-minute walk test
monitoring [61-62].

4.3 Emphasize Health Economics Evaluation Good feasibility is a nec-
essary condition for technology promotion, but utility must also be evaluated
from a health economics perspective. Most studies have been conducted in
economically developed regions, and although products demonstrate good effec-
tiveness, most devices have high costs. With China’s large COPD population,
particularly in economically underdeveloped areas, economic benefits must be
considered alongside effectiveness. Future research should prioritize products
that achieve both effectiveness and cost-benefit optimization.

4.4 Improve User Experience Based on Target Population Character-
istics In addition to technical effectiveness, research should emphasize user
experience, deeply understanding existing problems to continuously optimize
usability. Qualitative research can reveal healthcare providers’and patients’
perceptions and attitudes, fully understanding IoT’s strengths and weaknesses
[63] to improve research quality and product design. For COPD, where pa-
tients are predominantly elderly, understanding their perspectives, attitudes,
and needs will facilitate better technology promotion.
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