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Telehealth improves quality of life of COPD patients:
systematic review and meta-analysis
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Abstract

Background: Telehealth is electronic information and telecommunications technology for medical personnel and doctors to handle patient
health. This electronic information can include digital images, videos, or text files stored on a computer. Telehealth is beneficial for
improving the general psychology of chronic patients. However, no assessment of the impact of telehealth on individuals suffering from
chronic obstructive pulmonary disease has been done. As a result, in order to assess the impact of telehealth treatments on the quality of
life of patients with chronic obstructive pulmonary disease, researchers reviewed the literature.

Methods: The inclusion criteria were articles published in open access in English between 2014 and 2023, with the full text of the original
article. COPD patients were the participants in this study, the intervention was telehealth, the outcome was quality of life, and the
research design was a randomized controlled trial. This review has been registered on Prospero, registration number CRD42024496062.
Results: The review was carried out in five databases: PubMed, Scopus, Proquest, Emerald Insight, and ScienceDirect. Articles that met
inclusion criteria were assessed using the Joanna Briggs Institute Critical Appraisal Checklist. Data was synthesized using Review
Manager version 5.4. Ten RCT studies (1,297 patients) met the inclusion criteria. This review showed that there was a significant effect
on the quality of life after intervention using telehealth, with moderate heterogeneity of 70% [SMD = 0.27 CI 95%, (0.03, 0.50), (P 0.02)].
Conclusion: Telehealth interventions can improve patients’ quality of life. Telehealth can be integrated into the medical service system to

treat chronic obstructive pulmonary disease patients.
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Abbreviations:

COPD: Chronic Obstructive Pulmonary Disease; PIOS: Population, Intervention, Outcome, Study Design; RCT: Randomized Controlled
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Introduction

Chronic obstructive pulmonary disease (COPD) is inflam-
mation of the lungs that lasts long term. COPD is generally
characterized by difficulty breathing, coughing up phlegm,
and wheezing (Yang et al., 2021). This is caused by inflam-
mation in the lung parenchyma and respiratory tract due to
dangerous particles (MacLeod et al., 2021). Modifications in
the structure of the airways in COPD patients are caused by
damage to the parenchyma and pulmonary fibrosis, which re-
sults in impaired respiratory flow (Eapen et al., 2021). WHO
states that COPD is the third most elevated cause of passing
in the world and is responsible for the passing of 3.23 million
people in 2019.

All-inclusive, the predominance of COPD is anticipated
to increase within the upcoming decades due to the growing
number of smokers and the elderly populace. The global rate
of COPD in 2017 was 251 million cases, of which 3.17 million
were fatal. In the Asian region, the number of confirmed cases

at the moderate to severe level reached an incidence rate of
6.3%, especially in 12 Asia Pacific countries. The prevalence of
COPD in Indonesia, based on data from the Indonesian Minis-
try of Health in 2019, is 3.7% per one million population, with
the highest prevalence at ages over 35 years (Li et al., 2020).

COPD is frequently experienced in elderly patients and is
related to a few chance components such as smoking, air pol-
lution, and age (Graziani and Tsakos, 2020).. Pathogenicity
in sufferers is generally characterized by chronic inflamma-
tion and narrowing of the airways, as well as damage to the
air sacs which results in shortness of breath (Prasad, 2020).
Mild COPD sufferers do not usually experience symptoms, but
this can be dangerous because if the risk factors for COPD are
not avoided, the disease will progress. Symptoms experienced
by COPD patients include shortness of breath, chronic cough
(>2 weeks), cough with phlegm, increased shortness of breath,
cough followed by sputum, and breathing accompanied by
wheezing. Several non-specific symptoms are lethargy, weak-
ness, insomnia, and depression. So it will affect the quality of
life of COPD patients (Lu et al., 2021).

* Corresponding author: Heri Ariyanto, Muhammadiyah University of Yogyakarta, Jln. Brawijaya, Geblagan, Tamantirto, Subdistrict.
Kasihan, Bantul Regency, Special Region of Yogyakarta 55183, Indonesia; e-mail: heriariyanto1999@gmail.com

http://doi.org/10.32725/kont.2024.024

Submitted: 2024-01-19 « Accepted: 2024-05-03 « Prepublished online: 2024-05-03

KONTAKT 26/3: 252-259 « EISSN 1804-7122 « ISSN 1212-4117

© 2024 The Authors. Published by University of South Bohemia in Ceské Budéjovice, Faculty of Health and Social Sciences.

This is an open access article under the CC BY-NC-ND license.


https://orcid.org/0000-0002-8933-2372
https://orcid.org/0000-0003-2405-0953

Ariyanto and Rosa / KONTAKT 253

Considering the large impact of COPD, researchers are try-
ing to find new strategies for better and more cost-effective
treatment of COPD patients, namely by utilizing information
technology. One form of utilizing information technology to
support health services and care management is telehealth
(Jiang et al., 2022). Telehealth allows health services and
care to be provided remotely, as well as the development of
new interventions according to patient needs (Marcos et al.,
2022). Telehealth practices can be applied to a variety of care
domains, including telehealth for illnesses and emergencies,
including outpatient care, call center services, and discharge
planning, telehealth can be done by utilizing different online
stages associated to electronic gadgets that collect and trans-
mit wellbeing information patients such as wellbeing instruc-
tion, crucial signs, oxygen saturation, pulmonary function
tests, or other symptoms from telehealth tools. Health offi-
cials will review this data and responded appropriately. Several
developed countries have implemented telehealth in COPD
care management (Gaveikaite et al., 2020).

Another systematic review has been carried out regarding
the audit of the impact of telemedicine on the readmission
of COPD patients. This review examines the effectiveness of
interventions for COPD patients and identifies good findings
for communicating with patients after hospital admission to
avoid their readmission (Mashhadi et al., 2021). A previous
systematic review by Ma et al. (2022) aims to determine the

effectiveness of telemedicine but focuses on chronic diseases
in general.

Therefore, there has not been a systematic review of the
effectiveness of telehealth to provide a better understanding
of these interventions. The researchers adopted a systematic
review approach to determine the effectiveness of telehealth
in improving the quality of life in COPD sufferers.

Materials and methods

Search strategy

The recommended reporting items for systematic reviews
(PRISMA) standards were followed in this investigation. The
review was registered in PROSPERO with registration num-
ber (CRD42024496062). The inclusion criteria were articles
published in open access in English between 2014 and 2023,
with the full text of the original article. COPD patients were
the participants in this study, the intervention was telehealth,
the outcome was quality of life, and the research design was a
randomized controlled trial. Exclusion criteria were patients
with psychiatric disorders, literature articles, systematic re-
views, and scoping reviews. PubMed, Scopus, ScienceDirect,
Proquest, and Emerald Insight were among the journal data-
bases used as search tools. Keywords used by advanced search
engines are shown in Table 1.

Table 1. Keywords used by advanced search engines

Data based Search strategy Hasil

Scopus “COPD” AND “mobile application” OR telehealth AND “quality of life” AND “randomized controlled trial” 1.585

PubMed ((((“COPD”[Mesh]) AND “Telenursing”[Mesh]) OR “mobile application”[Mesh]) AND “Quality of Life”[Mesh]) 86
AND “Randomized Controlled Trial”

Emerald COPD AND (telenursing) OR (mobile health) AND (quality of life) AND (randomized controlled trial) 706

Science Direct “COPD” AND “mobile application” OR Telenursing AND “quality of life” AND “randomized controlled trial” 351

ProQuest COPD AND (telenursing) OR (telehealth) AND (quality of life) AND (randomized controlled trial) 825

Selection of relevant studies

To ascertain specific eligibility requirements for the study, the
PIOS framework was utilized. The individuals in the popula-
tion were adult COPD patients with diagnoses. Nurse-led tele-
health refers to the continual education or counseling about
managing one’s own health that is arranged and provided by a
nurse through a mobile app, website, or mobile phone. In this
study, the intervention was compared to standard care, which
was defined as a post-discharge face-to-face conversation with
a physician or nurse, without any telehealth teaching. The pa-
tient is then educated, assisted, or counseled by the nurse after
this operation.

After searching for the article then in the entry in End-
Note X9 bibliography software and eliminating duplication,
two reviewers independently screened the article titles and
abstracts. The abstracts of selected articles were further ana-
lyzed. If there is doubt about including a research paper in the
second stage of the paper selection, the author will review the
entire paper (full text). If necessary, this is resolved by a dis-
cussion with other reviewers.

Critical appraisal

Two reviewers independently evaluated the methodological
quality of the qualifying studies using data from the Joanna
Briggs Institute (JBI) critical assessment reporting system.

» o« »

The reviewers of each study assigned a rating of “yes”, “no”,

“unclear”, or “not applicable” to each of the assessment tool’s
major criteria. To classify quality, and the JBI tool’s proportion
of “yes” responses to the critical evaluation findings is used to
compute the overall score. The data extraction table contains
the JBI Critical Evaluation Tool Checklist for Randomized
Controlled Trials, which has a score greater than 70%. Gaps
discovered during the research quality assessment process
were resolved, if necessary, through discussions with other
reviewers.

Synthesis data

A narrative synthesis was carried out to describe the collect-
ed studies. The mean value and standard deviation of the
post-intervention findings were provided as the results of a
meta-analysis that further synthesized the possible research.
Standardized mean differences (SMD) were computed to
quantify the effect of the intervention on the experimental
group compared to the control group when studies employed
various outcome measures. The impact of telehealth on COPD
patients’ quality of life was statistically analyzed using Re-
view Software Review Manager (version 5.4.1). Analyzing and
computing the I? test allowed for the statistical determination
of the heterogeneity of the included research. Value range:
25-74% for medium, 75-100% for high. In the systematic re-
view, P Value < 0.05 was used as the threshold for statistical
significance.
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Results

Study selection

The literature search yielded 3,553 items that were located in
the database. 3,166 items remained after duplicates were elim-
inated. After titles and abstracts were reviewed, 3,129 papers

were eliminated. During the full-text examination, 26 articles
were excluded because the population, intervention, outcome,
and study design did not match those to be reviewed. Re-
searchers then carried out a quality assessment of 11 articles
and excluded 1 article that had a score of less than 70%. The
systematic review contained ten papers in total that satisfied
the inclusion criteria (Diagram 1).

Finding records via searching journal databases
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Diagram 1. PRISMA diagram

The following is a list of JBI Critical Appraisal Items for
Studies of RCTs: Q1: Did participants’ assignment to treat-
ment groups follow genuine randomization? Q2: Was the as-
signment to treatment groups kept a secret? Q3: At baseline,
were treatment groups comparable? Q4: Were participants un-
aware of their assigned treatment? Q5: Were those administer-
ing the therapy unaware of the assignment of the treatment?
Q6: Aside from the intervention of interest, were treatment
groups handled in the same way? Q7: Did outcome assessors
overlook the assignment of treatments? Q8: Did treatment

Table 2. Critical appraisal

groups’ results get the same measurements? Q9: Were re-
sults measured in an accurate manner? Q10: Was there any
follow-up, and if not, was the reason for the variations in fol-
low-up across the groups sufficiently examined and explained?
Q11: Were the individuals examined within the groups they
were assigned at random? Q12: Did the right statistical anal-
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groups and individual randomization taken into consideration
during the conduct and analysis of the study?

=
g
2
R

Study

8

Q12 Q13

8

Q9 Q10 Q11

R
2

Boer et al. (2019)
Farmer et al. (2017)
Moy et al. (2016

Tabak et al. (2015)
Tupper et al. (2018)
Tabak et al. (2014)
Spielmanns et al. (2023)
Walker et al. (2018)
Park et al. (2020)

Wang et al. (2021)

Mo
Mo
KK 2
ZZ KK Z

G
<
<
<

MK Z < Zd <<
K KO < OZ <
KKK Z << a
KZ
Zd KR
QR HKC<<aZ
A = R R e e
= R e O RO e
R e e = R

Note: Y, yes; N, no; U, unclear.




Ariyanto and Rosa / KONTAKT

255

Sample characteristics

The study involved 1,297 participants who were randomly di-
vided into 731 intervention group participants and 566 con-
trol group participants. This review consists of various coun-
tries including the Netherlands n = 3, China n = 1, Denmark
n=1,Korean =1, Switzerlandn=1,USn =1, UKn = 2. There
were 10 articles about different types of telehealth interven-
tions, 7 articles about mobile applications, 3 articles using
the web. Intervention frequency for included studies was 3 to
12 months. Study participants were patients with COPD; most

interventions have been shown to significantly improve pa-
tients’ quality of life.

Ten RCT studies met the inclusion criteria in Chart 1.
With a high heterogeneity of 70%, the overall review analysis
demonstrated a large impact on quality of life after telehealth
interventions. Because the research instruments were differ-
ent, the Standard Mean Difference was used [SMD = 0.27 CI
95%, (0.03, 0.50), (P 0.02)]. Funnel plot analysis showed that
there was low bias in the 10 studies (Chart 2).

Experimental Control Std. Mean
Difference Std. Mean Difference
Study Mean SD Total | Mean SD Total | Weight IV. Random IV. Random 95% CI
95% CI
-0.08 [-0.34,
Moy et al., 2016 45.6 154 154 46.8 15.6 84 13.5% 0.19]
Walker et al., -0.04 [-0.26,
0.63 0.225 154 0.64 0.248 158 14.3%
2018 0.18]
Boer et al,, 2019 0.79 0.16 35 0.77 0.21 41 10.1% 0.10 [-035, 0.56]
Park et al., 2020 50.1 8.33 22 49.03 11.02 20 7.7% 0.11 [-0.50, 0.71]
Tupper et al., -
2018 0.761 0.107 141 0.728 0.121 140 14.1% 0.29 [0.05, 0.52]
Wangetal,2021 | 204 | 67 | 37 | 183 | 54 | 36 | 99% | 034[-012080 , "
Farmer et al., 4 g 0 2 4
0.08 0.21 93 0.01 0.19 48 12.0% | 0.34[-0.01, 0.69] Contral Infervention
2017
Tabak et al., 2015 2 0.8 14 1.8 0.1 15 6.2% 0.35 [-0.39, 1.08]
Spielmanns et al.,
4.72 1.31 30 4.19 1.18 30 9.1% 0.42 [-0.09, 0.93]
2023
Tabak et al., 2014 0.81 0.03 12 0.72 0.03 12 3.0% 2.90 [1.70, 4.10]
0.27 [0.03,
Total (95% CI) 692 584 100.0%
0.50]
Heterogenity Tau? = 0.08, Chi’= 30.26, df = 9 (P = 0.0004); I = 70%
Test for overall effect Z = 2.25 (P = 0.02)
Chart 1. Forest plot
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Chart 2. Funnel plot
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Discussion

This review looks at how people with chronic obstructive lung
disease can live better thanks to telemedicine. Ten studies
were analyzed and synthesized to determine the impact of the
intervention. Our meta-analysis showed that following the
intervention, patients’ quality of life significantly improved.
These results are consistent with other evaluations of the lit-
erature on how telemedicine might help asthma patients live
better lives. Additionally, patients with chronic obstructive
pulmonary disease improved their self-management after re-
ceiving telemedicine care, which enhanced their overall quality
of life (Chongmelaxme et al., 2019). Virtual clinics, disease-re-
lated information, and psychological support were offered in
both trials. This demonstrates how people with chronic ob-
structive lung disease can have a higher quality of life when
they use telemedicine. After the intervention, the quality of
life improved in ten of the included trials. The interventions
include teaching about chronic obstructive pulmonary disease,
tracking patients’ physical activity, ensuring that medications
are taken as prescribed, keeping an eye on their vital signs, and
providing information to increase health literacy.

Virtual self-monitoring is done so that patients can access
it from a distance. Through m-health apps, telehealth may fa-
cilitate modifications in health-related behavior and also offer
a more comprehensive picture of the patient’s state. Applica-
tions are helping to increase patient physical activity moni-
toring, however further study is required to identify the con-
centration of patient physical activity (Franssen et al., 2020).
According to our review, telehealth improved patients’ quality
of life. The increase in health behavior following the use of
m-health is consistent with earlier systematic review findings
demonstrating that enhanced health behavior will lead to a
higher quality of life. One of the included studies revealed that
patients often accessed content with a health behavior edu-
cation theme. However, as recommended by Lewinski et al.
(2022), the use of telehealth should be viewed as an adjunctive
intervention to in-person nursing treatments.

Consequences and restrictions

This systematic review has many restrictions. First of all, the
blinded participant system degraded the quality of this review.
Secondly, the included studies varied in terms of the frequency
and type of telehealth treatments they contained, which might
have introduced heterogeneity and affected the data that was
gathered. Third, the variety of research that is now accessible
restricts the investigation of effect mechanisms. Thus, to pre-
cisely understand the processes behind the impacts of tele-
medicine, high-quality randomized controlled trials and rigor-
ous telehealth criteria are required. The results of an analysis
of 10 included studies suggest that telehealth therapy can im-
prove the quality of life for individuals with chronic obstruc-
tive pulmonary disease.

Conclusion

Our meta-analysis showed that telehealth can help individuals
with chronic obstructive pulmonary disease live better lives. In
this way, it is similar to quantitative synthesis, which has been
shown to improve the quality of life of patients with chron-
ic obstructive lung disease. The evidence quality varies from
moderate to excellent. However, the conclusions should be in-
terpreted with caution because there is still variation in the

frequency and substance of telehealth standards. To examine
the effects of therapies, telehealth has to be further standard-
ized.

Author contributions

HA: Search for relevant literature, collection of data, statistical
analysis, idea, design, and production of the article. EMR: Eval-
uation of the text and final approval of the published version.
Each author oversees the content and index script, and has
critically examined and approved the final draft.

Ethical aspects and conflict of interest
The authors have no conflict of interest to declare.

References

1. BoerL, Bischoff E, van der Heijden M, Lucas P, Akkermans R,
Vercoulen J, et al. (2019). A Smart Mobile Health Tool Versus
a Paper Action Plan to Support Self-Management of Chronic
Obstructive Pulmonary Disease Exacerbations: Randomized
Controlled Trial. JMIR MHealth and UHealth 7(10): e14408.
DOI: 10.2196/14408.

2. Chongmelaxme B, Lee S, Dhippayom T, Saokaew S,
Chaiyakunapruk N, Dilokthornsakul P (2019). The Effects of
Telemedicine on Asthma Control and Patients’ Quality of Life
in Adults: A Systematic Review and Meta-analysis. J Allergy
Clin Immunol Pract 7(1): 199-216.e11. DOI: 10.1016/j.
jaip.2018.07.015.

3. Eapen MS, Lu W, Hackett TL, Singhera GK, Mahmood MQ,
Hardikar A, et al. (2021). Increased myofibroblasts in the
small airways , and relationship to remodelling and functional
changes in smokers and COPD patients: potential role of
epithelial-mesenchymal transition. ERJ Open Res 7(2): 00876-
2020. DOI:10.1183/23120541.00876-2020.

4. Farmer A, Williams V, Velardo C, Shah SA, Yu LM, Rutter H,
etal. (2017). Self-Management Support Using a Digital Health
System Compared With Usual Care for Chronic Obstructive
Pulmonary Disease: Randomized Controlled Trial. J Med
Internet Res 19(5): e144. DOI: 10.2196/jmir.7116.

5. Franssen WMA, Franssen GHLM, Spaas J, Solmi F, Eijnde BO
(2020). Can consumer wearable activity tracker-based
interventions improve physical activity and cardiometabolic
health in patients with chronic diseases? A systematic review
and meta-analysis of randomised controlled trials. Int J Behav
Nutr Phys Act 17(1): 57. DOI: 10.1186/s12966-020-00955-2.

6. Gaveikaite V, Grundstrom C, Lourida K, Winter S, Priori R,
Chouvarda I, Maglaveras N (2020). Developing a strategic
understanding of telehealth service adoption for COPD care
management: A causal loop analysis of healthcare professionals.
PLoS One 15(3):0229619. DOI: 10.1371/journal.
pone.0229619.

7. Graziani F, Tsakos G (2020). Patient-based outcomes and
quality of life. Periodontol 2000 83(1): 277-294. DOI: 10.1111/
prd.12305.

8. JiangY, Sun P, Chen Z, Guo J, Wang S, Liu F, Li J (2022).
Patients’ and healthcare providers’ perceptions and experiences
of telehealth use and online health information use in chronic
disease management for older patients with chronic obstructive
pulmonary disease: a qualitative study. BMC Geriatr 22(1): 9.
DOI: 10.1186/s12877-021-02702-z.

9. Lewinski AA, Walsh C, Rushton S, Soliman D, Carlson SM,
Luedke MW, et al. (2022). Telehealth for the Longitudinal
Management of Chronic Conditions: Systematic Review. J Med
Internet Res 24(8): e37100. DOI: 10.2196/37100.

10. LiX, CaoX, Guo M, Xie M, Liu X (2020). Trends and risk
factors of mortality and disability adjusted life years for chronic
respiratory diseases from 1990 to 2017: systematic analysis for
the Global Burden of Disease Study 2017. BMJ 19: 368:m234.
DOI: 10.1136/bmj.m234.



Ariyanto and Rosa / KONTAKT

259

11.

12.

13.

14.

15.

16.

17.

18.

Lu HH, Zeng HH, ChenY (2021). Early chronic obstructive
pulmonary disease: A new perspective Huan-Huan. Chronic Dis
Transl Med 7(2): 79-87. DOI: 10.1016/j.cdtm.2021.02.003.
MacLeod M, Papi A, Contoli M, Beghé B, Celli BR, Wedzicha JA,
Fabbri LM (2021). Chronic obstructive pulmonary disease
exacerbation fundamentals: Diagnosis, treatment, prevention
and disease impact. Respirology 26(6): 532-551. DOI: 10.1111/
resp.14041.

Marcos PJ, Represas Represas C, Ramos C, Cimadevila Alvarez B,
Fernandez Villar A, Fraga Liste A, et al. (2022). Impact of

a Home Telehealth Program After a Hospitalized COPD
Exacerbation: A Propensity Score Analysis. Arch Bronconeumol
58(6): 474-481. DOI: 10.1016/j.arbres.2020.05.030.

Mashhadi SF, Hisam A, Sikander S, Rathore MA, Rifaq F,

Khan SA, Hafeez A (2021). Post Discharge mHealth and Teach-
Back Communication Effectiveness on Hospital Readmissions:
A Systematic Review. Int J Environ Res Public Health 18(19):
10442. DOI: 10.3390/ijerph181910442.

Moy ML, Martinez CH, Kadri R, Roman P, Holleman RG,

Kim HM, et al. (2016). Long-Term Effects of an Internet-
Mediated Pedometer-Based Walking Program for Chronic
Obstructive Pulmonary Disease: Randomized Controlled Trial.
J Med Internet Res 18(8): e215. DOIL: 10.2196/jmir.5622.

Park SK, Bang CH, Lee SH (2020). Evaluating the effect of a
smartphone app-based self-management program for people
with COPD: A randomized controlled trial. Appl Nurs Res 52:
151231. DOI: 10.1016/j.apnr.2020.151231.

Prasad B (2020). Chronic Obstructive Pulmonary Disease
(COPD). Int J Pharm Res Technol 10(1): 67-71. DOI: 10.31838/
ijprt/10.01.12.

Spielmanns M, Gloeckl R, Jarosch I, Leitl D, Schneeberger T,
Boeselt T, et al. (2023). Using a smartphone application
maintains physical activity following pulmonary rehabilitation

19.

20.

21.

22.

23.

24.

in patients with COPD: A randomised controlled trial. Thorax
78(5): 442-450. DOI: 10.1136/thoraxjnl-2021-218338.

Tabak M, Brusse-Keizer M, van der Valk P, Hermens H,
Vollenbroek-Hutten M (2015). A telehealth program for self-
management of COPD exacerbations and promotion of an
active lifestyle: A pilot randomized controlled trial. Int J Chron
Obstruct Pulmon Dis 9: 935-944. DOI: 10.2147/COPD.S60179.
Tabak M, Vollenbroek-Hutten MM, van der Valk PD, van der
Palen J, Hermens HJ (2014). A telerehabilitation intervention
for patients with Chronic Obstructive Pulmonary Disease:

A randomized controlled pilot trial. Clin Rehabil 28(6):
582-591. DOI: 10.1177/0269215513512495.

Tupper OD, Gregersen TL, Ringbaek T, Brendum E, Frausing E,
Green A, Ulrik CS (2018). Effect of tele-health care on quality
of life in patients with severe COPD: A randomized clinical
trial. Int J Chron Obstruct Pulmon Dis 13: 2657-2662.

DOI: 10.2147/COPD.S164121.

Walker PP, Pompilio PP, Zanaboni P, Bergmo TS, Prikk K,
Malinovschi A, Dellaca RL (2018). Telemonitoring in Chronic
Obstructive Pulmonary Disease (CHROMED). A Randomized
Clinical Trial. Am J Respir Crit Care Med 198(5): 620-628.
DOI: 10.1164/rccm.201712-24040C.

Wang LH, Guo YM, Wang M, Zhao Y (2021). A mobile

health application to support self-management in

patients with chronic obstructive pulmonary disease:

a randomised controlled trial. Clin Rehabil 35(1): 90-101.
DOI: 10.1177/0269215520946931.

Yang X, Zhang T, Zhang Y, Chen H, Sang S (2021). Global
burden of COPD attributable to ambient PM2.5 in 204
countries and territories, 1990 to 2019: A systematic analysis
for the Global Burden of Disease Study 2019. Sci Total Environ
796:148819. DOI: 10.1016/j.scitotenv.2021.148819.



