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Introduction

Chronic obstructive pulmonary disease (COPD) is a severe 
chronic disease, which affects over 170 million people and 
accounts for over 3 million deaths each year globally (1). 
People with COPD often experience persistent respiratory 
symptoms such as dyspnoea (shortness of breath). They are 
also vulnerable to episodic COPD exacerbations (an acute 

worsening of respiratory symptoms requiring a change in 
treatment), triggered by various factors such as air pollution 
and infections (2). Uncontrolled COPD exacerbations 
often cause an irreversible loss in lung function (3) and/or 
complications requiring medical treatment in a hospital.

Because of the severity of symptoms, the care for patients 
with COPD needs to be extended from the in-patient 
care for acute events at the hospital to the outpatient 
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care for long-term ongoing self-management of COPD 
in the community (4,5). Accordingly, extensive clinical 
intervention and support have been essential, such as 
regularly reviewing patients’ medical/health conditions, 
tailoring optimal treatments, promoting and supporting 
self-management, and sharing decisions or care plans for 
collaborative care. Delivery of such extensive COPD care 
is practically time-consuming and resource-intensive, 
especially under traditional care settings relying on paper-
based records and face-to-face visits. Thus, there is a need 
for innovative care models for improving the efficiency and 
effectiveness of COPD care.

The use of information and communications technology 
(ICT) to deliver medical/clinical interventions remotely is 
one of the promising care solutions. Its initial endeavours 
aimed to improve access to care for people living in remote 
and rural areas by bridging the geographical barriers. The 
use of ICT for the provision of healthcare is referred to as 
telemedicine (6), often interchangeable with telehealth (7).  
Three main types of telemedicine have been described: 
synchronous (e.g., real-time video conferencing or 
telephone call), asynchronous (e.g., remote consultation 
using email, smartphone messages, and notifications), and 
remote monitoring (e.g., recording and communicating 
COPD symptoms to healthcare providers). With the 
increasing popularity of smartphones, it has become 
possible to provide some parts of COPD care through 
smartphone applications (apps). For example, numerous 
smartphone applications and personal healthcare devices 
have already been provided for patients to measure and/or 
record their health conditions such as COPD symptoms, 
physical activities and vital signs at home (8,9). The use 
of mobile devices for the provision of healthcare is called 
Mobile Health or mHealth (10), a subset of telemedicine. 

Digital health is an overarching and relatively new term, 
which is defined as “the use of digital technologies for 
health” (11). Accordingly, digital health broadly include 
telemedicine applications, digital healthcare systems, 
electronic health records, and other applications using 
digital technologies for health. This overarching term 
hence encompasses electronic health (eHealth), telehealth, 
and mHealth. The terminology of this field is ambiguous 
and different terms are being used interchangeably (12). 
Through digital health applications, care providers in both 
hospital and primary care settings are able to easily share 
and review patients' data and, accordingly, provide optimal 
care plans and a personalized intervention. In addition, 
numerous analysis tools and parallel computing systems have 

also been made available to analyse the big data from the 
patients and care processes for improving care intervention 
and outcomes (13). Therefore, digital health transformation 
has been recognized as a promising driving force to 
empower individual patients, reduce health inequalities,  
and deliver innovative high-quality health care (11).

The aim of this review is to highlight the evidence 
base of digital health approaches for COPD care. We 
accordingly reviewed some typical studies and outcomes 
along the pathway from (I) ongoing self-management of 
stable COPD at home, (II) in-hospital care for acute illness 
and conditions under medical treatment, and (III) short-
term post-discharge care programs for recovery through 
clinical follow-up, education and training, and (IV) hospital-
at-home programs for moderate acute conditions and early 
discharge (Figure 1). We also reviewed several leading 
studies on impacts of environmental factors and public 
health surveillance, in which emerging environmental 
sensors, satellite images, wearable devices, and social media 
were used. We finally discussed the gaps and opportunities 
to improve COPD care outcomes for future studies.

Ongoing self-management for stable COPD 

People with COPD need to effectively manage their 
health condition on a daily basis, such as controlling 
COPD symptoms, modifying risk factors, and engaging 
with a multidisciplinary care team for timely interventions 
(4,5). This is essential to improve health-related quality 
of life, and reduce hospitalizations (14) and mortality 
(5,15). However, many patients are unable to comply with 
management requirements (16), because of limited health 
literacy, difficulties of using/accessing resources, and 
insufficient clinical support (16,17).

To improve the self-management of COPD, various 
digital health approaches such as mHealth (18,19), 
telemonitoring (20), and telemedicine (or telehealth) have 
been studied. These solutions enable care providers to 
remotely assess patients and provide intervention. Patients 
can also use various personal healthcare devices and Internet 
applications to access health information, monitor their 
conditions, and engage with the care team (18,19,21).

A recent review evaluated the incidences of acute COPD 
exacerbation in mHealth-enabled care programs in six 
randomized controlled trials (RCTs). It demonstrated that, 
compared with controls, participants in mHealth-enabled 
programs showed a reduction of 80% in acute exacerbations 
(3 RCTs, odds ratio of 0.20, P=0.005) (22). However, 
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existing studies are limited to small sample sizes (n<100), 
with the issues of inaccurate alerts (23) and false positive 
events (missing exacerbation events in the monitoring 
processes) (24).

A large cluster randomised trial, named the Whole 
System Demonstrator, evaluated a telehealth-enabled 
program in people with diabetes (23.7%), COPD 
(48.3%), or heart failure (28.0%) (telehealth, n=1,584 vs. 
usual care, n=1,570) for 12 months (25). The telehealth 
intervention involved education, remote monitoring of 
patients’ symptoms and physiological measures, and clinical 
assessments for diagnosis and healthcare management 
by specialist nurses and community matrons. Compared 
with usual care, the telehealth group was found to 
significantly reduce hospital admissions by 18% (odds ratio 
0.82, P=0.017) and mortality by 46% (odds ratio 0.54, 
P<0.001). Inconsistently, another relatively large RCT 
evaluated telemonitoring in patients with COPD, but did 
not find significant effects on reducing hospitalizations 
(telemonitoring, n=128, 1.2 admissions per person vs. 

controls, n=128, 1.1; P=0.59) and mortality (16 deaths vs.  
21 deaths; adjusted odds ratio 0.66; 95% confidence interval 
or 95% CI: 0.29 to 1.48) (26). A potential reason for the 
non-significant effects was that the telemonitoring study 
used existing care services to support the telemonitoring 
intervention, whereas the telehealth intervention in the 
Whole System Demonstrator was supported by specialist 
care services and well-arranged general practices (26). 

Several reviews demonstrated positive effects on 
reducing hospitalizations. Two telemonitoring reviews 
for COPD found that telemonitoring intervention 
significantly (P<0.05) reduced hospitalizations by over 
20%, with reported risk ratios (RRs) of 0.72 (9 RCTs, 95% 
CI: 0.53 to 0.98, P<0.05) (27) and 0.78 (7 RCTs, 95% CI:  
0.58–0.88) (28). A narrative telemonitoring review also 
showed risk reductions between 10% and 40% in 6 out of 
8 RCTs (29). An mHealth review showed a reduction in 
hospital admissions, but the reduction was non-significant  
(6 RCTs, RR =0.73, 95% CI: 0.52 to 1.04) (30). Small 
sample sizes, moderate qualities, and heterogeneity were 

Figure 1 The review focuses and digital transformation approaches along the pathway in COPD care. COPD, chronic obstructive 
pulmonary disease; EMR, electronic medical record; EHR, electronic health record; PHR, personal health record; SNOMET, The 
Systematized Nomenclature of Medicine; ICD, International Classification of Diseases..
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frequently reported by reviews (27,28,30), underscoring a 
need to further confirm hospitalization outcomes in future 
studies.

Clinical evidence on mortality from reviews remains 
limited and inconsistent. One telehealth review for COPD 
showed a lower mortality rate in telehealth intervention 
than usual care, but the effect was non-significant  
(2 RCTs, RR =0.96, 95% CI: 0.63–1.47) (28). Inconsistently, 
two other telehealth reviews for COPD found a higher 
mortality rate in telehealth programs than control 
with RR =1.05 from 3 RCTs (31) and RR =1.21 form  
3 RCTs (32), although the findings were non-significant. 
Similarly, a higher mortality rate was also reported in three 
telemonitoring reviews for COPD, with RR =1.43 (4 RCTs, 
95% CI: 0.40–5.03) (27), RR =1.36 (5 RCTs; 95% CI: 
0.77–2.41) (33), and an increase in mortality (about 18% 
but non-significant) in two out of four RCTs (29). 

In-hospital care 

It is evident that, among digital health applications, 
electronic medical record (EMR) represents the greatest 
potential for improving healthcare quality. Using the 
EMR, care providers can efficiently share and access entire 
medical records of each patient for conducting urgent 
medical treatments or making optimal care plans. Besides 
care providers, patients can also easily review their records. 
This is essential for them to effectively adhere to the care 
plan and actively engage with a collaborative care team for 
optimal treatment (34).

Clinical evidence of EMR effects on in-hospital care 
for COPD remains limited. However, for general in-
hospital care, the use of EMR has been shown to be 
beneficial. For example, studies have demonstrated 
potential advantages of using EMR in hospital care for 
efficient documentation, review, prescription, referral, and 
care management with reminders and messaging (35,36). 
The use of inpatient EMR has been shown to reduce 
duplicating pathology tests by 18% per week (37), length 
of stay (0.11 day) and 30-day mortality (0.182%) (38).  
An overview of clinical and organisational impact of 
digital technology in hospital practice demonstrated 
moderate-quality evidence for EMR on reducing 
hospitalisations and length of stay (39). The overview 
also showed an improvement in organisational efficiency, 
accuracy of information, documentation and turnaround  
times, although the evidence was of low-quality (39).

With regard to adoption of electronic records in 

healthcare services for improving savings, costs, healthcare 
quality and safety, a study demonstrated that the evidence 
is not robust enough to make strong predictions, and the 
existing findings only described as “potential” (40). This 
was mainly attributed to methodological shortcomings of 
the existing evidence; and the authors reported that the 
studies did not include many other effects of EMR such as 
transaction savings, reductions in malpractice costs, and 
research and public health savings (41). 

Barriers to adoption of EMR include high costs, lack of 
certification and standardization, concerns about privacy, 
and a disconnection between who pays for EMR systems 
and who benefits from them. Furthermore, the issues of 
acquisition and implementation costs, slow and uncertain 
financial payoffs, and disruptive effects on practices often 
impede the adoption of EMR directly (40).

Besides EMR applications, advanced data analysis 
and management tools have also been developed and 
used. For example, the terminology tool of Systematized 
Nomenclature of Medicine-Clinical Terms (SNOMED-
CD) (42,43) has been applied to address inconsistencies in 
the documentation of medical procedures and interventions. 
International Classification of Diseases, 10th Revision 
(ICD-10) has also been applied for consistent classification 
of various conditions and treatments (44).  These 
applications potentially improve analysis and interpretation 
of  e lectronic  records  in  c l inica l  s tudies  (43,44) . 
Implementations of computerized decision support system 
in inpatient care have also been found with a potential to 
reduce mortality and life-threatening events (45). However, 
these digital health approaches have not been fully explored 
for improving COPD care. Therefore, research in these 
aspects are warranted in future COPD studies. 

Short-term post-discharge care

COPD is a leading cause of hospital re-admissions, with 
reported 30-day re-admission rates of 20% (46). The 
reasons for re-admission are complex, often associated with 
breathing difficulty (47), respiratory deterioration, and lack 
of home care plan (46). Post discharge care has therefore 
been essential to assist patients in addressing health issues. 
This often involves clinical follow-up and examination, gas 
exchanges, and care planning in a multidisciplinary team 
approach (5). Studies have demonstrated comprehensive 
post-discharge care programs potential reduced early 
hospital readmissions in traditional care settings (48-50).

To date, the use of digital health for post-discharge 
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care in COPD patients remains limited and inconsistent. 
Sorknaes et al. evaluated a telemedicine-enabled post-
discharge care program with 4-week follow up in a cohort 
study. In that study, participants in the intervention arm 
were provided with the telemedicine system within 24 hours  
after initial hospital discharge. The system consisted 
of a computer with a web camera, a microphone, and 
measurement equipment for assessing blood oxygen 
saturation and lung function. A nurse-led care team 
remotely assessed the patients and assisted them in 
preventing exacerbations and using the medication. The 
intervention arm (n=50) was then compared with control 
(usual care, n=50). The results demonstrated a significant 
reduction in 30-day re-admissions in the intervention arm 
(hazard ratio 0.25, 95% CI: 0.09–0.69) (51). Inconsistently, 
in another study, Kerenidi et al. evaluated a short-term 
telemonitoring program after hospital discharge for 
COPD exacerbation in an RCT. While comparing the 
telemonitoring program (n=83) with usual care (n=32), 
they could not find significant differences in hospital  
re-admissions between the two groups (52).

Pulmonary rehabil i tat ion is  an evidence-based 
clinical program to help COPD patients manage their 
conditions after discharging from hospital. It normally 
comprises education and training sessions for 6–8 weeks. 
Conventional pulmonary rehabilitation is effective, 
but often underutilized (53) because of unavailability, 
time constraints, limited knowledge, and difficulties for  
travelling (54). Telemonitoring has been used to address 
this issue. For example, several feasibility studies have 
demonstrated that technology applications are feasible 
and acceptable for home-based pulmonary rehabilitation 
programs (55-57). A RCT was conducted to evaluate 
telehealth support via Skype for teaching pursed lips 
breathing and coordination of breathing during physical 
activity. The study demonstrated that the telehealth 
intervention group improved the patient adherence to 
the program and resulted in a lower level of dyspnoea 
intensity (58). In a non-inferiority study, a telehealth-
enabled pulmonary rehabilitation program resulted in 
improvements in quality of life and 12-min walk distance, 
similar to the centre-based pulmonary rehabilitation (59). 
Consistently, a systematic review evaluated telemonitoring-
enabled cardiac or pulmonary rehabilitation programs (n=8). 
It demonstrated that technology-enabled rehabilitation 
programs improved the level  of  exercise and the 
improvements were similar to those in traditional centre-
based programs (60). Despite these positive findings, the 

clinical evidence remains limited (60). Therefore, more 
clinical trials are needed to confirm the effectiveness in 
future studies.

Hospital-at-home 

Hospital-at-home (or Home Hospitalization) is “a service 
that provides active treatment by healthcare professionals 
in the patient’s home for a condition that otherwise would 
require acute hospital inpatient care” (61). Hospital-at-
home programs offer an alternative for patients requiring 
treatment at the hospital or emergency department. It 
also allows care providers to discharge patients at an early 
stage, and continue to treat the patients at home. Clinical 
guidelines for management of exacerbation at home have 
been provided (62). 

A telehealth program to support hospital-at-home for 
COPD exacerbation was evaluated in an RCT. The study 
demonstrated the feasibility of using the program to treat 
COPD exacerbation, but did not find significant effects on 
reducing hospitalizations and mortality likely because of 
the limited sample size (n=57) (63). Clinical evidence from 
recent reviews (64,65) remains limited to conclude any 
healthcare outcomes.

 

Public health surveillance using social media 
and sensors 

Public health surveillance is traditionally based on collecting 
and analysing health-related data from general practices 
(GPs), clinic centres, hospitals and government departments 
for evaluating disease outbreaks and improving diseases 
early warning and responses. With advances in digital 
transformation, various new data from populations or 
cohorts of millions of people have been studied to improve 
public health surveillance. 

Recently, health records (66), genome sequencing, 
behaviour patterns (67), measures from environmental 
sensors, social media (68), internet usage (69,70) and 
personal health data from wearable and personal healthcare 
devices have been used to improve communicable and non-
communicable diseases surveillance (71). These studies help 
understand disease causation and transmission patterns from 
different aspects and, then, support development of optimal  
care strategies for improving healthcare outcomes (72).

Social media such as online forums and Twitter provide 
convenient open platforms for conversations around health 
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related topics. The conversations often reflect actual 
patients’ opinions, issues, or care needs in everyday life, 
which are usually unavailable in clinical assessments and 
traditional healthcare registries. For example, Cook and 
colleagues analysed the posts (n=849) from 695 unique 
records (82% from patients with COPD and 18% from 
caregivers). They then demonstrated the predominant 
topics of cough (27%), mucus production (25%), and 
shortness of breath (21%), indicating the need for clinical 
support to practically assist the patients in alleviating these 
symptoms in COPD care (73).

Ambient environment

Recently, environmental sensors and satellite images 
have been used to analyse the environmental factors in 
associations with COPD. Through these applications, large 
cohort studies have demonstrated that concentrations of air 
pollutants such as particulate matter (PM) with aerodynamic 
diameter <2.5 μm (PM2.5) were associated with declined 
lung functions (74,75), the risk for COPD and chronic 
bronchitis (76), and a potential increase in the prevalence 
and incidence of COPD (77). 

In another large study, Qiu and colleagues extracted a total 
of 54,966 COPD hospital admissions (male: female ratio 
=1.8:1) from 124 hospitals in the urban areas of Chengdu, 
China (78). They then analysed the admissions in association 
with ambient air pollutants including PM10, PM2.5, nitrogen 
dioxide (NO2), sulfur dioxide (SO2), carbon monoxide 
(CO) and ozone (O3). The analysis results demonstrated 
that hospital admissions for COPD were associated with 
concentrations of ambient air pollutants (PM2.5, PM10 and 
SO2) and cold whether (low ambient temperature) (78). 
Consistently, a recent systematic review with meta-analysis 
evaluated 1,115,000 COPD-related acute events (950,000 
hospital admissions, 80,000 emergency department visits, 
and 130,000 deaths) from 37 studies. The evaluation results 
demonstrated that ambient outdoor concentrations of PM2.5, 
NO2, and SO2 were significantly associated with hospital 
admissions, emergency department visits, and deaths (79). 

World Health Organization (WHO) has called for 
global efforts to assess and address of the burden of various 
diseases including COPD from environmental risks, 
through policies, interventions, and technologies. Because 
of the recent recognitions of environmental risk factors 
to COPD, numerous personal devices have recently been 
developed to help patients with COPD or other respiratory 

diseases monitor ambient air pollution and prevent air-
pollution-related COPD symptoms and hospitalizations (80). 

Discussions and future directions 

This study reviewed various digital transformation 
approaches  for  COPD care  in  a  broad scope .  I t 
demonstrated that telemedicine including the subsets of 
telemonitoring and mHealth was predominantly applied 
to improve the self-management of COPD and post-
discharge care. These applications showed a potential to 
reduce hospitalizations, and indicated a need for rigorously 
improving and evaluating effects on mortality in future 
studies. In hospital care, various digital technologies such 
as EMR, SNOMET, ICD codes and computerized decision 
support systems have been implemented, but practical use of 
the technologies for COPD remains limited. Air pollution 
in ambient environment has been found to increase the risk 
for hospitalization and mortality, but use of the findings to 
prevent hospitalization and mortality remains absent and, 
hence, need to be further explored. Similarly, the clinical 
evidence of using digital technologies in public health 
surveillance and hospital-at-home remains insufficient to 
draw any firm conclusions. 

Potential issues have also been found through this review, 
including an increased musculoskeletal adverse events in an 
Internet-application-based COPD care program for exercise 
intervention (81), and a higher risk for mortality (despite 
non-significance) in telemonitoring enabled care programs 
presented. Frequent remote assessments and consultations 
have also been found to dramatically increase care burdens 
to the care providers (24). These issues practically deter 
the digital health transformation and need to be carefully 
addressed and rigorously evaluated in future studies. Unlike 
typical clinical and pharmaceutical trials, the evaluation of 
digital health interventions is not simple. A comprehensive 
evaluation and assessment of these interventions should 
consider the maturity level of the digital system understudy. 
A simple model of evaluation for digital health and eHealth 
suggests a suite of research studies in five stages (Concept 
development, Service design, Pre-implementation, 
Implementation, and Post-implementation) to be designed 
and carried out to produce robust evidence on the effects 
and cost of such interventions (82).

Effective detection of acute COPD exacerbation is a 
major clinical objective in COPD care (5), but remains 
difficult to achieve. Clinical diagnosis of acute exacerbation 
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mainly relies on subjective assessment of COPD symptoms. 
So far, no objective measures through digital transformation 
approaches have been found to reliably predict acute 
exacerbations.  Therefore,  research on innovative 
monitoring devices and predictive models is warranted to 
improve telemonitoring interventions in the future.

Both significant and non-significant effects have 
been reported in telemedicine-based study for the self-
management of COPD. The inconsistent outcomes could 
be caused by heterogeneous designs of telemonitoring 
intervention. Therefore, it is essential to identify 
underpinning care processes contributing to care 
improvements. In addition, patients’ health conditions 
and therapeutic responses normally differ remarkably. 
Therefore, identifying ideal candidates and/or effective 
personalized intervention strategies would be essential to 
achieve reliable clinical outcomes in future studies (83). 

Many studies have developed and evaluated digital 
health solutions for improving the self-management of 
COPD. However, the implementation of these solutions 
was not always successful, because of technical difficulties, 
low patient compliance, and lack of personalisation. To 
address this issue, an iterative approach with continuous 
improvement is essential. In addition, acknowledging 
and addressing users’ requests often improve uptake and 
adherence. Digital health systems that have been designed 
with patient-centred approach and allowed personalisation 
of the service often yield higher usability and compliance 
rate by both patients and healthcare professionals (84). 

The complexity of the digital health for self-management 
of COPD has escalated with recent advancement in digital 
technology (e.g., smartphones and wearable devices) as 
well as computer processing power and capabilities. As a 
result, artificial intelligence (AI) is emerging and finding 
its way into health sector. Like many other disciplines, 
pulmonary medicine has been the topic of a number of 
research studies and experiments for AI applications. 
Most of the experiments with AI for obstructive lung 
diseases to date have been around diagnosis (using data 
from pulmonary function tests and computed tomography 
scanning), but the latest trend of research in this area has 
shown interest in assessing COPD symptoms, such as the 
analysis of lung sounds using deep learning techniques (85). 
Intelligent analysis of personalised data which are collected 
via smartphone sensors and wearable devices provides new 
opportunities for early prediction and prevention of COPD 
exacerbation. 

Conclusions

Through digital transformation, new data, innovative 
applications and care models have been increasingly 
studied to improve COPD care. Potentials of using 
digital-technology-enabled care programs to reduce 
hospitalizations and mortality have been demonstrated in 
many studies, but the clinical evidence often is limited and/
or inconsistent. Therefore, research for achieving reliable 
beneficial outcomes remains needed in future studies.
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