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Abstract
Background  Several technological advances and digital solutions have been proposed in the recent years to face the emerging 
need for tele-monitoring older adults with Chronic Obstructive Pulmonary Disease (COPD). However, several challenges 
have negatively influenced an evidence-based approach to improve Health-Related Quality of Life (HR-QoL) in these patients.
Aim  To assess the effects of tele-monitoring devices on HR-QoL in older adults with COPD.
Methods  On November 11, 2022, PubMed, Scopus, Web of Science, and Cochrane were systematically searched for rand-
omized controlled trials (RCTs) consistent with the following PICO model: older people with COPD as participants, tele-
monitoring devices as intervention, any comparator, and HR-QoL as the primary outcome. Functional outcomes, sanitary 
costs, safety, and feasibility were considered secondary outcomes. The quality assessment was performed in accordance 
with the Jadad scale.
Results  A total of 1845 records were identified and screened for eligibility. As a result, 5 RCTs assessing 584 patients (423 
males and 161 females) were included in the systematic review. Tele-monitoring devices were ASTRI telecare system, 
WeChat social media, Pedometer, SweetAge monitoring system, and CHROMED monitoring platform. No significant 
improvements in terms of HR-QoL were reported in the included studies. However, positive effects were shown in terms of 
the number of respiratory events and hospitalization in patients telemonitored by SweetAge system and CHROMED platform.
Discussion  Although a little evidence supports the role of tele-monitoring devices in improving HR-QoL in older patients, 
positive effects were reported in COPD exacerbation consequences and functional outcomes.
Conclusion  Tele-monitoring solutions might be considered as sustainable strategies to implement HR-QoL in the long-term 
management of older patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a disa-
bling condition affecting approximately 14.2% of older 
adults [1], representing a significant cause of mobility 
and mortality [2–10]. The most recent report of the World 
Health Organization (WHO) estimated that over 65 million 
patients worldwide suffer from COPD, with crucial impli-
cations for physical, psychological, and social well-being 
[11–13]. Moreover, COPD represents a major economic 
burden for sanitary systems, with over 50 billion dollars 
spent in the United States and 2047 and 10,701 euros per 
patient spent in Europe every year [14]. In addition, the 
impact of respiratory symptoms on physical function and 
activities of daily living has been identified as a major con-
tributory factor in the growing trend of disability under-
lined by the Global Burden of Disease Study of 2019 [15]. 
In this context, Health-related Quality of Life (HR-QoL) 
represents a critical issue due to the high levels of psycho-
logical distress that has been identified as highly prevalent 
in these subjects particularly in older adults [16, 17].

Rehabilitation should be considered a cost-effective 
therapy to improve HR-QoL in patients affected by COPD, 
with level II evidence supporting its effects in preventing 
COPD exacerbations and improving physical function in 
frail patients [18]. Despite these considerations, several 
barriers still affect rehabilitation in community settings, 
and pulmonary rehabilitation programs are still regrettably 
underestimated and underused [4, 19, 20].

Notably, several tele-monitoring, telemedicine, and tele-
rehabilitation solutions have been proposed in the recent 
years to improve the clinical management and assistance 
at home of frail patients affected by respiratory disorders 
[21–23]. In this context, recent reports [4, 24] underlined 
that tele-rehabilitation might not be inferior to standard 
pulmonary rehabilitation in terms of functional outcomes 
and could be a useful tool for overcoming barriers to 
rehabilitation delivery in community-based settings. 
Moreover, telehealth solutions might reduce the resources 
and time that healthcare practitioners spend on the long-term 
management of COPD [25]. In this scenario, few systematic 
reviews assessed the effects of tele-monitoring patients with 
COPD [26–29]. However, to date, no previous systematic 
review focused on older adults. Nevertheless, different 
limitations might affect adherence to telehealth programs 
in older adults, including lack of access to technology or 
technology skills or patient impairment in hearing, vision, 
communication, or cognitive functions [30, 31].

Thus, implementing precise monitoring solutions 
might have a crucial role in the tailored management of 
frail patients with COPD, guiding clinicians in a more 
personalized approach to COPD-related disability.

Altogether, these findings suggested that the clinical 
integration of digital solutions should be considered 
a suitable option to optimize healthcare delivery and 
potentially reduce healthcare costs related to respiratory 
diseases. Nevertheless, to date, there is still a gap of 
knowledge about the available digital devices used for 
tele-monitoring older adults with COPD, and the role of 
digital innovation in the clinical management of these 
patients is still debated.

Therefore, the aim of this systematic review was to 
provide a broad overview about the currently available 
instrumental tools for tele-monitoring COPD patients, 
highlighting the potential effects of digital innovation to 
improve the HR-QoL of these patients.

Methods

Registration

This systematic review has been performed ethically 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) statement 
[32]. The international prospective register of systematic 
reviews (PROSPERO) was preliminarily searched for 
similar review protocols in progress. No similar review was 
identified; thus, the systematic review was submitted to 
PROSPERO and accepted on November 26, 2022 (available 
at https://​www.​crd.​york.​ac.​uk/​prosp​ero; registration number 
CRD42022340500).

Search strategy

Four databases [PubMed/Medline, Scopus, Web of 
Science, and Cochrane Central Register of Controlled 
Trials (CENTRAL)] were systematically searched 
simultaneously by two different independent investigators 
(L.L. and A.d.S.) 2022. The search strategies for each 
database are shown in Table 1.

Selection criteria

In accordance with the PICO model, we considered eligible 
clinical trials satisfying the following criteria:

–	 P) Participants: older adults with COPD;
–	 I) Intervention: we considered all tele-monitoring devices 

to assess patients in community settings;
–	 C) Comparator: any comparator.
–	 O) Outcome: the primary outcome was HR-QoL assessed 

with any validated scale. The secondary outcomes were: 
(i) Pulmonary function; (ii) Physical function; (iii) 
Adherence and feasibility; (iv) Costs; v) Safety.

https://www.crd.york.ac.uk/prospero
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Only clinical trials published in peer-reviewed 
International Journal were included. The exclusion criteria 
were: (i) studies involving animals; (ii) participants with 
pregnancy, clinical instability, or palliation; (iii) Master 
or doctorate theses, letters to the editor, and conference 
proceedings; (iv) language other than English. No 
publication date restriction was applied.

After duplication removal, the records were screened 
by two investigators that independently reviewed titles 
and abstracts (A.T. and A.F.). The articles meeting the 
enrollment criteria proceeded to the full-text review 
screening phase. Any disagreements were discussed with a 
third reviewer (L.L.) to reach a consensus.

Data extraction and synthesis

Two independent reviewers (A.T. and A.F.) assessed all the 
records screened in full text for eligibility, and relevant data 
were extracted using Excel. Any disagreement was solved 
by discussion between the two reviewers or by consulting a 
third reviewer (L.L.).

Therefore, a qualitative method has been used in data 
synthesis. More in detail, the following data have been pre-
sented: (1) title; (2) authors; (3) publication year; (4) nation-
ality; (5) participants (number, mean age and age range, 

gender); (6) interventions´ characteristics; (7) comparator; 
(8) main findings (which presented the study results in terms 
of primary and secondary outcomes).

The data have been synthesized by two authors (A.T. 
and A.F.) independently from full-text documents. Any 
disagreement between the two reviewers has been solved 
by collegial discussion among the authors. In case of 
disagreement, a third author (L.L.) has been asked to provide 
an additional opinion.

Text and tables have been used to provide a descriptive 
summary and explanation of study characteristics and 
findings.

Quality assessment and risk of bias

The quality of the studies included was assessed 
independently by two Authors (A.T. and A.F.), according to 
the Jadad scale [33]. Discordances were solved by discussion 
between the Authors or by asking a third reviewer (L.L.). 
The items assessed were the following (i) random sequence 
generation; (ii) appropriate randomization; (iii) blinding of 
participants or personnel; (iv) blinding of outcome assessors; 
(v) withdrawals and dropouts. A Jadad score between 3 and 
5 points was considered high quality.

Table 1   Search strategy

PubMed:
(“Wearable electronic devices” [MeSH] OR (“mhealth’s” [All Fields] OR “telemedicine” [MeSH Terms] OR “telemedicine” [All Fields] OR 

“mhealth” [All Fields]) OR (“pedometer” [All Fields] OR “pedometers” [All Fields]) OR (“accelerometer” [All Fields] OR “accelerometer’s” 
[All Fields] OR “accelerometers” [All Fields]) OR (“fitness trackers” [MeSH Terms] OR (“fitness” [All Fields] AND “trackers” [All Fields]) 
OR “fitness trackers” [All Fields] OR (“activity” [All Fields] AND “tracker” [All Fields]) OR “activity tracker” [All Fields]) OR (“remote” 
[All Fields] OR “remotely” [All Fields] OR “remoteness” [All Fields] OR “remotes” [All Fields])) AND (“pulmonary disease, chronic 
obstructive” [MeSH Terms] OR (“pulmonary” [All Fields] AND “disease” [All Fields] AND “chronic” [All Fields] AND “obstructive” 
[All Fields]) OR “chronic obstructive pulmonary disease” [All Fields] OR (“chronic” [All Fields] AND “obstructive” [All Fields] AND 
“pulmonary” [All Fields] AND “disease” [All Fields])) AND (“aged” [MeSH Terms] OR “aged” [All Fields] OR “elderly” [MeSH Terms] OR 
“elderly” [All Fields] OR “elderlies” [All Fields] OR (“aging” [MeSH Terms] OR “aging” [All Fields] OR “ageing” [All Fields]))

Web of science
ALL = [(Wearable electronic devices OR mhealth OR telemedicine OR pedometer OR accelerometer OR fitness trackers OR activity trackers 

OR remote) AND (chronic obstructive pulmonary disease OR COPD) AND (elderly OR aging OR aged)]
Scopus
TITLE-ABS-KEY {[(Wearable electronic devices) OR (mhealth) OR (telemedicine) OR (pedometer) OR (accelerometer) OR (fitness trackers) 

OR (activity trackers) OR (remote)] AND [(chronic obstructive pulmonary disease) OR (COPD)] AND [(elderly) OR (aging) OR (aged)]}
Cochrane
IDSearch
#1MeSH descriptor: [Wearable electronic devices] explode all trees
#2MeSH descriptor: [mhealth] explode all trees
#3MeSH descriptor: [telemedicine] explode all trees
#4MeSH descriptor: [pedometer] explode all trees
#5MeSH descriptor: [accelerometer] explode all trees
#6MeSH descriptor: [fitness trackers] explode all trees
#7MeSH descriptor: [activity trackers] explode all trees
#8MeSH descriptor: [remote] explode all trees
#9MeSH descriptor: [chronic obstructive pulmonary disease] explode all trees
#10MeSH descriptor: [Aging] explode all trees
#11(#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8) AND #9 AND #10
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The Cochrane risk-of-bias tool for randomized trials 
(RoBv.2) [34] was implemented for risk-of-bias assessment. 
The following domains were assessed by RoBv.2: (i) rand-
omization process; (ii) deviations from the intended inter-
ventions; (iii) missing outcome data; (iv) measurements of 
the outcome; (v) selection of the reported results. Accord-
ing to these items, bias was classified as low, high, or some 
concerns.

Results

Through our search strategy, 1845 records were identi-
fied. Figure 1 shows the PRISMA 2020 flow diagram of 
the search process in detail. After duplication removal, 988 
studies were assessed for eligibility and screened for title 
and abstract. Therefore, 878 records were excluded, and 110 
full-text records were assessed for eligibility. One hundred 
and five records were excluded for inconsistency with the 
eligibility criteria. The studies assessed in full text and the 

reasons for exclusions are presented in detail in Supplemen-
tary Table 1. As a result, 5 studies were included in the 
present work [35–39].

Characteristics of the study included and study 
samples

The RCTs included were published between 2012 [35] and 
2020 [36]. One study was conducted in Hong Kong [35], 
one was conducted in Japan [37], one was conducted in 
China [36], one was conducted in Italy [38], and one was 
an international collaboration [39]. Further details on the 
characteristics of the included studies are shown in Table 2.

In the present systematic review, a total of 584 subjects 
were assessed, 423 males and 161 females [35–39]. More 
in detail, 291 COPD patients were included in the inter-
vention groups, while 293 COPD patients were included 
in the control groups. The subjects’ ages ranged from 
70.92 ± 6.38 years [36] to 75 ± 9 years [37].

Fig. 1   PRISMA 2020 flow 
diagram for new systematic 
reviews which included searches 
of databases and registers only

Records identified from
(n = 1845):

- PubMed (n = 675)
- Scopus (n = 764)
- Web of Science (n = 381)
- Cochrane (n = 25)

Records removed before screening:
Duplicate records removed (n = 857)

Records screened (n = 988) Records excluded by screening of title 
and abstract (n = 878)

Reports sought for retrieval
(n = 110) Reports not retrieved (n = 0)

Reports assessed for eligibility
(n = 110)

Reports excluded (n = 105):
No elderly patients (n = 100)
Not RCT (n = 1)
No homogeneous sample of COPD
patients (n = 3)
Letter to Editor (n = 1)

Studies included (n = 5)

Identification of studies via databases and registers
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Intervention treatment assessed by tele‑monitoring 
systems

In the present review, a high heterogeneity of digital devices 
was identified. More in detail, the devices and applications 
used to remotely monitor patients during therapeutic inter-
ventions were ASTRI telecare system (ATS) [35], WeChat 
social media [36], Pedometer [37], SweetAge monitoring 
system [38], and CHROMED monitoring platform [39]. Fig-
ure 2 shows digital tools description and a figure for each 
device in order to better summarize the devices and applica-
tions used to remotely monitor patients with COPD.

The therapeutic interventions assessed were different 
among the studies included. Specifically, 1 study [36] assessed 
Pulmonary Internet Explorer Rehabilitation (PeR), a therapeu-
tic protocol based on evaluation, respiratory training, sports 
training, dietary counseling, and education on medication. 
Patients completed the home-based pulmonary rehabilitation 

program and data were recorded by a self-assessment report, 
and subsequently uploaded on WeChat.

In the study by Kawagoshi et al. [37], the authors assessed 
the effects of pulmonary rehabilitation sessions monitored 
by a pedometer, associated with monthly feedback. The 
pedometer was attached to the patient’s belt at the waist for 
a period of 12 h (from waking time until going to bed) each 
day for 1 year. In addition, a multidisciplinary home-based 
program was performed, including breathing retraining, 
sitting calisthenics, respiratory muscle stretching calis-
thenics, level walking for at least 15 min, inspiratory mus-
cle exercises using an inspiratory muscle trainer intensity 
of 30–40% of the maximal inspiratory muscle force, and 
monthly 45 min education program. Patients practiced this 
program daily at home and were supervised by a respiratory 
therapist every 2 weeks.

On the other hand, three studies did not assess thera-
peutic rehabilitation intervention and tele-monitored 
patients at home [35, 38, 39]. The study by Pedone et al. 

ASTRI©
telecare system

WeChat© Pedometer
SweetAge

monitoring system
CHROMED©

monitoring platform

� Satisfaction
No significant results

� CRQ (HR-QoL)

� Daily walking time

� 6MWD

� QF

� Incidence of 
respiratory events

� Hospitalization

� Costs

� Hospitalization

* Resmon pro diary© by Restech S.R.L.

Abbreviations: 6MWD: 6 Minutes Walking Distance; CRQ: Chronic Respiratory Questionnaire; HR-QoL: Health-Related Quality of Life; QF:
quadriceps femoris muscle force.

©

*

Fig. 2   Resmon pro diary© by Restech S.R.L. 6MWD 6 minutes walking distance, CRQ Chronic respiratory questionnaire, HR-QoL Health-
related quality of life, QF quadriceps femoris muscle force
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[38] evaluated the role of the SweetAge monitoring sys-
tem set up to perform 5 measurements of each parameter 
every three hours. Oxygen saturation was measured over 
1 min. For the other parameters, five measurements of 1 min 
each were performed at a sampling rate of 60 Hz. The data 
received were analyzed every day by a physician skilled in 
the care of respiratory patients. The study by Chau et al. 
[35] assessed oxygen saturation, pulse rate, and respiration 
rate monitoring (three times a day from Monday to Friday) 
and transmitting the data to the online network platform. 
In the study by Walker et al. [39], the intervention group 
used the CHROMED monitoring platform for nine months 
at approximately the same time each day. Every two months, 
participants were contacted by phone and completed the 
questionnaires.

Control groups

Control groups included COPD patients that underwent 
usual care and conventional pulmonary rehabilitation. More 
in detail, control groups received usual care in 2 studies 
[35, 39], face-to-face pulmonary rehabilitation training in 
1 study [36], and multidisciplinary home-based program 
in 1 study [37], including breathing retraining, sitting 
calisthenics, respiratory muscle stretching calisthenics, level 
walking for at least 15 min, inspiratory muscle exercises 
using an inspiratory muscle trainer intensity of 30–40% of 
the maximal inspiratory muscle force, and monthly 45-min 
education program. Just one study [38] did not report the 
intervention administered in the control group. Table 2 better 
characterizes the control groups for each study included and 
the treatments received.

Primary outcomes—health‑related quality of life

Health-Related Quality of Life (HR-QoL) was assessed 
in 4 studies [35–37, 39]. More in detail, 2 studies [35, 
37] assessed HR-QoL with the Chronic Respiratory 
Questionnaire (CRQ). In the study by Chau et al. [35], the 
authors did not report significant differences between groups 
in terms of CRQ subscales assessing dyspnea, fatigue, 
emotion, and mastery (p > 0.05).

On the other hand, the study by Kawagoshi et al. [37] 
showed significant improvement in CRQ in both intervention 
and control groups. In the study by Jiang et al. [36], HR-QoL 
was assessed with the chronic obstructive pulmonary disease 
assessment test (CAT). Nevertheless, the authors did not 
report significant differences between groups (p = 0.53). 
Lastly, the study by Walker et al. [39] assessed HR-QoL 
with the EuroQoL EQ-5D questionnaire (EQ-5D), chronic 
obstructive pulmonary disease assessment tool (CAT), and 
Patient Health Questionnaire (PHQ-9) scores. However, 
there were no significant between-group differences in the 

EQ-5D, CAT, or PHQ-9 scores (p > 0.05). Table 2 shows 
further details on outcomes assessed in each study included.

Secondary outcomes—pulmonary function

Two papers [35, 36] included in our study assessed 
Pulmonary Function. In particular, the study conducted by 
Chau et al. [35], assessed the pulmonary function in terms 
of % predicted Forced Expiratory Volume in one second 
(%FEV1) and FEV1/forced vital capacity (FVC) ratio. The 
authors reported no significant differences between-group 
in terms of %FEV1, FEV1/FVC ratio (all p > 0.05). In the 
study by Jiang [36], pulmonary function was evaluated with 
the modified Medical Research Council scale (mMRC) that 
provides a measurement method for perceived dyspnea. The 
authors reported no significant differences between groups 
(p > 0.05).

Secondary outcomes—physical function

Two papers [36, 37] assessed functional outcomes. In 
one study [36], physical function was assessed by the St. 
George Respiratory Questionnaire (SGRQ), showing no 
significant inter-group difference (p > 0.05). In addition, 
the authors assessed physical function with Exercise Self-
Regulatory Efficacy Scale (Ex-SRES), without reporting 
significant differences between groups (p = 0.63).

In the study by Kawagoshi [37], daily walking time, 
physical performance assessed with the 6 Minutes 
Walking Test (6MWT), and quadriceps femoris muscle 
force (QF) were assessed. The authors reported an 
increase in the time spent walking in the intervention 
group (51.3 ± 63.7 min/day), with significant differences 
compared to the control group (12.3 ± 25.5 min/day) after 
the pulmonary rehabilitation. Moreover, changes in the 
time spent standing were significantly correlated with 
6MWT (r = 0.401, p = 0.038). Lastly, the improvement rate 
of daily walking time after PR was significantly related to 
QF in all subjects.

Secondary outcomes—adherence and feasibility

In the study by Chau et al. [35], eight patients withdrew 
before the intervention: two patients withdrew due to 
worsening physical condition, two patients withdrew due 
to financial reasons, two patients refused to use the belt to 
measure their respiration rate in cold weather, one refused 
further participation as he commented that the device was 
difficult to carry around at work, and one patient found 
participation too demanding with regard to the frequency 
of tele-monitoring per day. Additionally, in the study by 
Jiang et al. [36], the intervention group showed a dropout of 
6 patients, including 3 patients who felt that rehabilitation 
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was of no use, 1 patient who got worse, and 2 who moved 
to other places. Concurrently, a dropout of 6 patients was 
reported in the control group, including 2 patients who 
moved to other places, 2 patients who got worse, and 2 
patients who felt rehabilitation was of no use. Similarly, 
Kawagoshi et al. [37] showed that 12 patients dropped out 
of the rehabilitation program due to an acute exacerbation 
requiring long-term hospitalization (n = 2), death (n = 2), 
and a lack of motivation or personal reasons (n = 8). In the 
study by Pedone et al. [38], the main causes of drop-out were 
patients feeling uncomfortable with the wearable device or 
thinking that they disrupted the daily life rhythm. Walker 
et al. [39] showed that in the IG the main causes of drop-out 
were death (n = 3), patient worsening/hospitalization (n = 8), 
personal problems/decline to continue (n = 27), and technical 
issues/difficulties in using the equipment (n = 7), and in the 
CG were death (n = 4), patient worsening/hospitalization 
(n = 7), and personal problems/decline to continue (n = 25).

Secondary outcomes—costs

Just one study [39] assessed the sustainability and cost-
effectiveness of tele-monitoring older people with COPD. 
The mean cost per patient in the intervention group 
was lower than in the control group for all the analyzed 
subgroups except for the subgroup with severe or very severe 
COPD. The largest differences in terms of costs were shown 
in patients with a previous hospitalization with COPD 
(€4147 vs. €6949, p = 0.008).

Secondary outcomes—safety

Only three papers [35, 38, 39] assessed the safety of tele-
monitoring in older adults with COPD. In particular, the 
study by Chau et al. [35] assessed the number of emer-
gency department visits and hospital readmissions during 
the intervention treatment. No significant differences in 
the number of emergency department visits and hospital 

readmissions between groups were found (p > 0.05). In the 
study by Pedone et al. [38], safety was assessed by the 
incidence rate of respiratory events and hospital admis-
sions. The incidence rate of respiratory events was 28/100 
person/years in the intervention group vs. 42/100 person/
years in the control group (IRR: 0.67, 95% CI: 0.32–1.36). 
Similarly, the hospital admissions were 13/100 person/
years and 20/100 person/years, respectively (IRR: 0.66, 
95% CI: 0.21–1.86).

The study by Walker et al. [39] assessed hospitalization 
rate and time to the first hospitalization. The main 
finding is that telemedicine was associated with fewer 
repeat hospitalizations (− 54%, p = 0.017). Previously 
hospitalized patients showed the greatest reduction in 
hospitalization rate (−  53%, p = 0.017). The authors 
showed that tele-monitoring did not affect the time to first 
hospitalization (p > 0.05).

Quality assessment and risk of bias

According to the Jadad scale [33], all studies included 
(n = 5, 100%) [35–39] resulted in high-quality, with one 
study [36] reporting a score of 4, and four studies [35, 
37–39] reporting a score of 3. It should be noted that due 
to the intrinsic nature of the intervention, it was impossible 
to blind both personnel and participants, which resulted in 
a score of 0 in the related item for all studies (n = 5, 100%) 
[35–39]. Table 3 shows in detail the score of each sub-item 
of the Jadad scale.

According to RoBv.2 [34], all studies (n = 5, 100%) 
[35–39] ensured a low risk of bias for the randomization 
process, measurement of the outcome, and selection of the 
reported result. The major concerns were about possible 
deviations from the intended interventions; this was mainly 
due to the lack of an appropriate analysis estimating the 
effect of assignment to intervention. In particular, 2 studies 
(40%) [35, 37] showed some concerns in the second domain 

Table 3   Jadad quality assessment of the studies included in the present systematic review

Points were awarded as follows: study described as randomized, 1 point; appropriate randomization, 1 point; subjects blinded to
intervention, 1 point; evaluator blinded to intervention, 1 point; description of withdrawals and dropouts, 1 point

References Domain Score

Random sequence 
generation

Appropriate 
randomization

Blinding of participants 
or personnel

Blinding of outcome 
assessors

Withdrawals and 
dropouts

Chau et al. [35] 1 1 0 0 1 3
Jiang et al. [36] 1 1 0 1 1 4
Kawagoshi et al. [37] 1 1 0 0 1 3
Pedone et al. [38] 1 1 0 0 1 3
Walker et al. [39] 1 1 0 0 1 3
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because it was not clarified the intention-to-treat analysis; 
this evaluation leads to an overall presence of concerns 
regarding the risk of bias of the studies. Further informa-
tion is shown in Fig. 3.

Discussion

Tele-monitoring systems have been recently proposed as 
suitable tools to effectively promote sustainable screening 
and optimize early identification of symptom worsening 
in COPD patients. These approaches might have crucial 
implications to implement early therapeutic interventions 
and improve the complex clinical management of these 
patients [26–29]. Despite these considerations, several 
barriers still affect their applicability in clinical settings, 
and their implementation in the management of older 
adults affected by respiratory conditions is still challenging 
[30, 31]. Therefore, the aim of this study was to assess the 
currently available tele-monitoring devices used in the 
clinical management of patients with COPD, characterizing 
their impact on HR-QoL.

The results of this systematic review highlighted a 
high heterogeneity in terms of the type of technology 
used, including five different technological tools [35–39]. 
More in detail, two studies [36, 37] assessed the effects 
of a comprehensive rehabilitation intervention at home 
tele-monitored with digital tools. These studies showed 

promising effects in terms of HR-QoL in older patients 
performing home-based rehabilitation. However, no 
significant advantages were shown in tele-monitored patients 
suggesting that the significant effects in terms of HR-QoL 
found in the intervention group might be related to the 
widely noted benefits of pulmonary rehabilitation programs 
rather than to the technological tools [40]. In accordance, the 
studies that did not investigate the impact of rehabilitation 
programs did not report significant differences between 
groups in terms of HR-QoL improvement [35, 38, 39]. Thus, 
the results of the present systematic review suggested that 
tele-monitoring devices were not effective in improving 
HR-QoL of older patients affected by COPD.

Similarly, positive results were reported on functional 
outcomes in both studies assessing tele-monitoring systems 
to assisted pulmonary rehabilitation programs [36, 37]. On 
the other hand, no significant differences were reported 
between standard pulmonary rehabilitation and tele-
monitored ones in terms of functional outcomes.

In contrast, intriguing results were reported in terms 
of the number of respiratory events and hospitalization 
rate, with two studies suggesting positive effects of tele-
monitoring systems on these crucial outcomes [38, 39]. 
Thus, these results are particularly important due to the 
higher rate of pulmonary complications in frail older 
patients that might need a comprehensive approach, 
including digital innovation, with positive implications in 
terms of both clinical outcomes and sanitary cost reduction 

0 10 20 30 40 50 60 70 80 90 100

Randomization process

Deviations from intended interventions

Mising outcome data

Measurement of the outcome

Selection of the reported result

Overall Bias

As percentage (intention-to-treat)

Low risk Some concerns High risk

Fig. 3   Risk of bias of the included studies
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[41–45]. In addition, it should be noted that positive effects 
on sanitary costs have been previously reported, underlining 
that the clinical implementation of a tele-monitoring system 
in routine clinical settings might be a suitable strategy to 
enhance the long-term health care of older patients affected 
by COPD. Moreover, our findings reported good feasibility 
data about specific tele-monitoring systems, suggesting 
that these tools might be effectively accepted by patients 
with COPD, even in older adults. In this scenario, specific 
strategies are needed to increase awareness among the 
different healthcare professions about the currently available 
digital solutions to improve patient engagement in a tailored 
technological approach in a community setting [4].

Despite these positive results, previous systematic 
reviews assessed the effects of tele-monitoring systems 
in COPD patients’ HR-QoL providing controversial 
conclusions. More in detail, in 2011, McLean et al. [28] 
evaluated the role of telehealth interventions in COPD 
patients. Interestingly, the authors reported that telehealth 
interventions might reduce the risk of emergency department 
attendance and hospitalization of these patients. However, 
the authors did not focus on HR-QoL, and no information 
about this outcome was provided. Differently, in 2016 the 
systematic review by Gregersen et al. [26] assessed the 
effects of telehealth intervention in terms of HR-QoL in 
patients with COPD. In this scenario, the authors reported 
that few studies were available to fully characterize the 
effects of telehealth intervention in HR-QoL. However, due 
to the boosting of telemedicine and tele-rehabilitation during 
the COVID-19 pandemic [46, 47], an update is necessary 
to further characterize the recent advance in telemedicine 
solutions optimizing health outcomes in patients with 
respiratory conditions. Additionally, to the best of our 
knowledge, no previous systematic review focused on older 
adults, despite the growing evidence emphasizing the need 
for tailored strategies for older people due to limitations in 
accessibility to technological innovations. In this scenario, 
two systematic reviews [27, 29] assessed the effects of tele-
monitoring systems on patient’s adherence. The results of 
these studies underlined that the individual assessment of 
patients’ needs is mandatory to improve adherence and 
acceptance of tele-monitoring systems. In line with this 
evidence, our systematic review focused on older adults, 
a target population with specific needs and characterized 
by several barriers to technological advances [30, 31]. In 
particular, it has been reported that older adults might have 
low technology skills, and impairment in hearing, vision, 
communication, or cognitive functions, with detrimental 
consequences on tele-monitoring system implementation 
in a clinical setting [30, 31].

Despite these considerations, we are aware that the 
present review is not free from limitations. In particular, 
the small number of studies included might be considered 

the main limitation of this work. On the other hand, this 
result reflects the low number of studies focusing on older 
adults with COPD. Given the recent trend of personalized 
medicine, further evidence is needed to better characterize 
the benefits of digital innovation in older adults with COPD. 
Moreover, due to the large heterogeneity of technological 
devices assessed, a meta-analysis was not possible, in 
accordance with the Cochrane Handbook for Systematic 
Review of Intervention (Ver, 6.1, 2020) [48].

Conclusions

In recent years, growing attention has been paid to 
telehealth solutions and digital innovation in pulmonary 
disorders. However, to date, several questions are still open 
about the effects of tele-monitoring devices on frail older 
adults. Altogether, the results of the present systematic 
review showed promising effects of the SweetAge system 
and CHROMED platform, with potential implications for 
healthcare monitoring in the community setting for these 
subjects. On the other hand, the few studies included in this 
review reflect a large gap of knowledge in this field about the 
evidence focusing on technological advances in older adults. 
Therefore, it should be noted that further studies are needed 
to better characterize the optimal tele-monitoring devices to 
better address the critical issue of HR-QoL in older adults 
suffering from COPD.
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