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The effects of telerehabilitation iy

on physiological function and disease symptom
for patients with chronic respiratory disease:
a systematic review and meta-analysis
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Abstract

Objective To compare the impact of telerehabilitation versus conventional rehabilitation on the recovery outcomes
of patients with chronic respiratory disease (CRD).

Methods The Cochrane Library, MEDLINE, Web of Science and Embase were searched to collect randomized con-
trolled trials (RCTs) on telerehabilitation for the rehabilitation of patients with chronic respiratory system diseases
since the establishment of the database to November 14, 2023. Two researchers independently screened the litera-
ture and extracted valid data according to the inclusion criteria. The quality assessment of included studies was con-
ducted individually by using the RoB 2(Risk of Bias 2) tool, followed by meta-analysis using RevMan5.3 software.

Results Based on inclusion and exclusion criteria, 21 RCTs were included, comprising 3030 participants, with 1509
in the telerehabilitation group and 1521 in the conventional rehabilitation group. Meta-analysis results indicated
that compared to conventional rehabilitation, video conference-based telerehabilitation demonstrated significant
improvements in short-term (<6 months) outcomes, including 6-min walk distance (6MWD) (MD=7.52, 95% Cl: 2.09,
12.94), modified Medical Research Council Dyspnea Scale (mMRC) (MD=-0.29, 95% Cl:-0.41,-0.18), COPD assess-
ment test (CAT) (MD=-1.77,95% Cl:-3.52,-0.02), HADS (MD=-0.44, 95% Cl: -0.86, -0.03), and St. George's Respiratory
Questionnaire (SGRQ's) activity, impact, and symptom scores. In the long term (>6 months), although improvements
persisted in 6WMD [MD=12.89, 95% (I (-0.37, 26.14)], mMRC [MD=-0.38, 95% Cl (-0.56, -0.21)], CAT [MD=-1.39,

95% Cl (-3.83, 1.05)], Hospital anxiety and depression scale (HADS) [MD=-0.34, 95% Cl (-0.66, -0.03)], and SGRQ’s
Activity, Impact, and Symptom scores between intervention and control groups, statistically significant differences
were observed only for mMRC and HADS. Without considering time factors, the intervention group exhibited some
improvement in FEV1% predicted and the forced expiratory volume in the first one second (FEV1)/ forced vital capac-
ity (FVQ) (%) without statistical significance compared to the control group.

Conclusion Telerehabilitation therapy demonstrates short-term benefits in enhancing patients’ daily activity capacity,
improving respiratory function, and enhancing mental health status, thereby improving patients’ quality of life. How-
ever, further high-quality, large-sample RCTs are required to ascertain its long-term effectiveness conclusively.

Trial registration This study protocol was approved and registered in PROSPERO: CRD 42024509154.
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Introduction

Chronic Respiratory Diseases (CRD) represent a signifi-
cant public health issue worldwide, encompassing con-
ditions such as Chronic Obstructive Pulmonary Disease
(COPD), bronchial asthma, bronchiectasis, interstitial
lung diseases, obstructive sleep apnea syndrome, and
lung cancer. CRD exhibit substantial morbidity, mortal-
ity, and disability rates. Global Burden of Disease stud-
ies suggest that CRD affects approximately 545 million
individuals worldwide, constituting 7.4% of the global
population [1]. Findings from the 2018 China Pulmonary
Health (CPH) Study reveal that COPD’s overall preva-
lence among individuals aged 20 and above in China
stands at 8.6%, with nearly 100 million patients nation-
wide. Notably, prevalence rates among males (11.9%)
significantly surpass those among females (5.4%), with
prevalence escalating with age. Among individuals aged
40 and above, COPD prevalence skyrockets to 13.7% [2].
Furthermore, according to the latest China Disease Bur-
den Report, COPD ranks as the third leading cause of
death among Chinese residents with a mortality rate of
68 per 100,000 [3].

CRD can result in debilitating symptoms, including
dyspnea, fatigue, anxiety, depression, fear. It also impairs
exercise tolerance, daily functioning, reduces quality-of-
life, and escalates the risk of hospitalization and mortal-
ity, imposing substantial financial burdens on healthcare
systems, amounting to billions of dollars annually.
Among these, COPD accounts for 56% of the costs asso-
ciated with CRD, serving as the most common cause of
mortality from chronic respiratory system diseases [4].

Telerehabilitation (TR) refers to the provision of online
medical and health services to returning home or home-
based patients through technological means such as the
internet, big data, and cloud computing. It offers physi-
cal therapy, speech therapy, remote monitoring, and con-
sultations. TR provides a novel approach to pulmonary
rehabilitation for CRD patients. It not only meets their
medical service needs and reduces healthcare costs but
also enhances the accessibility of service offerings. It
addresses challenges faced in pulmonary rehabilitation
such as transportation and distance barriers, thereby
offering more choices for improving healthcare and pul-
monary rehabilitation services. However, there are still
some obstacles to participation in TR, including severe
shortages of programs due to reasons such as patients’
lack of knowledge, insufficient funds, exacerbation of dis-
ease progression, transportation issues, and inadequate

institutional support [5], which prevent patients from
completing TR.

Previous meta-analyses have highlighted both the
advantages and disadvantages of various intervention
measures. However, these studies are not without limi-
tations, including inadequate sample sizes [6] and a lack
of observation regarding their effects on depression and
anxiety [7]. Furthermore, with the rapid advancement of
technology and the widespread application of telereha-
bilitation, an updated review is needed to assess the lat-
est evidence and draw more robust conclusions. Hence,
we conducted an updated meta-analysis based on rand-
omized controlled trials (RCTs), incorporating a greater
number of original studies, expanding the sample size,
and consequently enhancing the effectiveness of the tests,
eventually offering novel perspectives for clinical deci-
sion-making. In line with the “evidence-based research”
framework, we have reviewed all systematic reviews on
this topic to ensure that our study builds on the existing
body of evidence and addresses the identified gaps [8—
12]. This approach ensures the relevance and necessity of
our review in contributing valuable insights to the ongo-
ing discourse on telerehabilitation for CRD patients.

Methods

This meta-analysis followed the guidelines outlined in the
Cochrane Handbook for the Systematic Review of Inter-
ventions (for details, see at http://training.cochrane.org/
handbook), as well as the Preferred Reporting Items for
Systematic Review and Meta-Analyses for reporting it
[13]. This study protocol was approved and registered in
PROSPERO (CRD 42024509154).

Inclusion and exclusion criteria
Study type
Parallel group randomized controlled trials (RCTs).

Study participants

(1) Age>18 years;

(2) Patients diagnosed with CRD such as COPD, bron-
chiectasis, and interstitial lung disease;

(3) Patients would have no major physical disabilities,
could move around independently, and could par-
ticipate in rehabilitation exercises and activities via
remote methods.


http://training.cochrane.org/handbook
http://training.cochrane.org/handbook
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Intervention measures

Experimental group: remote pulmonary rehabilitation,

such as telemedicine video consultation, Virtual Autono-

mous Physiotherapist Agent, video-guided exercises, etc.
Control group: standard care (Traditional exercise

rehabilitation does not rely on remote technology).

Outcome indicators
Based on the definition of CRD and the manifestation
of rehabilitation effects, the following primary outcome
measures were selected from both physiological func-
tion and disease symptom perspectives: 6-min walk
test, St. George’s Respiratory Questionnaire (SGRQ),
and modified Medical Research Council Dyspnea Scale
(mMRC). Additionally, COPD Assessment Test (CAT),
Hospital Anxiety and Depression Scale (HADS), and
pulmonary function tests were chosen as secondary
outcome measures to observe the rehabilitation effects
of the two intervention methods on CRD patients.

The distance covered by the 6-min patient walking
(6MWD) is shown as the results of the 6-min walk test.

Exclusion criteria

(1) The illness does not fall under the category of
chronic respiratory disease;

(2) Inaccessible study data;

(3) non-RCTs, such as observational studies, case
series and reviews.

Retrieval strategies
According to the PICOS principal, we adopted mesh
terms and free keywords in the search strategy.

1. Population (P): Patients diagnosed with CRD such as
COPD, bronchiectasis, and interstitial lung disease.

2. Intervention (I): remote pulmonary rehabilitation,
such as telemedicine video consultation, Virtual
Autonomous Physiotherapist Agent, video-guided
exercises, etc.

3. Comparison (C): standard care (Traditional exercise
rehabilitation does not rely on remote technology).

4. Outcome (O): 6-min walk test, St. George’s Res-
piratory Questionnaire (SGRQ), modified Medical
Research Council Dyspnea Scale (mMRC), COPD
Assessment Test (CAT), Hospital Anxiety and
Depression Scale (HADS), and pulmonary function
tests.

5. Study design (S): randomized clinical trials (RCTs).

Computer searches were conducted in The Cochrane
Library, MEDLINE, Web of Science, and Embase
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databases for studies on remote pulmonary reha-
bilitation since the establishment of the databases to
November 14, 2023. English search Medical Subject
Headings included: “Telemedicine’[MeSH Terms]
AND (“Lung Diseases, Interstitial’[MeSH Terms] OR
“Bronchiectasis’[MeSH Terms] OR “Pulmonary dis-
ease, chronic obstructive”’[MeSH Terms]). The detailed
search strategy is provided in Supplementary Material 1.

Literature screening and data extraction

Two reviewers rigorously searched the literature accord-
ing to the inclusion and exclusion criteria. All identified
studies were managed using Endnote software version
X9, with the retrieved documents imported into End-
Note X9. Duplicate publications and non-English litera-
ture were excluded, and studies preliminarily meeting the
criteria were screened based on titles or abstracts, with
their full texts downloaded. Following full-text reading,
original studies meeting the requirements for this sys-
tematic review were selected. Information was extracted
from the literature and cross-checked, and units of meas-
urement were standardized. In cases of disagreement, a
third researcher was consulted for collective decision-
making. Extracted information primarily included titles,
first authors, publication years, countries, study types,
sample sizes, and gender distributions in the intervention
and control groups, intervention methods, intervention
durations, and outcome measures.

Assessment of bias risk in included studies

Two researchers independently assessed the risk of bias
in the eligible studies using a bias assessment tool rec-
ommended in the Cochrane Handbook for Systematic
Reviews of Interventions version 6.3, Chapter 8: Assess-
ing risk of bias in a randomized trial, the Cochrane
risk-of-bias tool for randomized trials (RoB 2), and the
results were cross-validated. The risk of bias assessment
involved the following seven domains: generation of ran-
dom sequence (selection bias), allocation concealment
(selection bias), blinding of participants and operators
(performance bias), and blinding of outcomes assessment
(detection bias), integrity of outcome data (attrition bias),
selective reporting (reporting bias), and other sources of
bias (other bias).

Statistical methods

The meta-analysis was performed with RevMan (Ver-
sion 5.3. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). The magnitude of
the effect of each study was calculated by the weighted
mean difference (WMD) of the 95% confidence interval
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(CI) briefly. A p-value of<0.05 was considered statisti-
cally significant unless otherwise specified. In addition,
the heterogeneity was quantified using the Q-test and
the I? statistic. When p>0.1 and I*<50%, a fixed-effect
model was applied; otherwise, a random-effects model
was used. If the heterogeneity was high, further analysis
of the heterogeneity sources was performed.

Results

Literature search results

A total of 8893 articles were identified through database
searches. After importing the retrieved literature into
EndNote X9, 3468 duplicate articles were removed. Fol-
lowing the screening of titles and abstracts, 4404 irrel-
evant articles were excluded. Subsequently, 994 articles
that did not meet the criteria were removed, resulting in
the inclusion of 21 articles. The literature screening pro-
cess and results are shown in Fig. 1.
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Basic characteristics of included studies

A total of 21 [14-16, 4, 17-33] articles involving 3030
study participants were included, comprising 1509 indi-
viduals in the experimental group and 1521 individuals in
the control group. The experimental group received teler-
ehabilitation, mainly including telemedicine video con-
sultation, Virtual Autonomous Physiotherapist Agent,
video-guided exercises, etc. While the control group
received standard care. 6WMD, SGRQ and mMRC are
the main outcome indicators used in this study to meas-
ure patient improvement. All RCT intervention-related
literature was in English. The basic characteristics of the
included studies are outlined in Table 1.

Assessment of bias risk in included studies

The quality of the included studies was assessed using
the ROB2 tool recommended by Cochrane. Among the
21 trials, the majority of the literature described the

[ Identification of studies via databases and registers }
_5 Records identified from™: Records removed before
§ PubMed (n =1622) screening:
= Cochrane (n =1431) —» Duplicate records removed
E Web of Science(n = 2553) (n = 3468)
-] Embase(n = 3287)
(o
Records screened »| Records excluded
(n=5425) (n = 4404)
A 4
Reports sought for retrieval Reports not retrieved
2| | (n=1021) 7| (n=229)
=
@
3
g A4
Reports assessed for eligibility Reports excluded:
(n=797) Case study (n =4 )
Reviews (n =26 )
non-study disease (n =208 )
Research methods do not
match (n =538 )
~—
— A
2
= Reports of included studies
o (n=21)
=
—

Fig. 1 Flowchart of all studies identified, included and excluded



Page 5 of 19

(2024) 24:305

Dai et al. BMC Pulmonary Medicine

awweiboid 0202
SAvH uoneljigeysi uoie|iqeysd ussuey
VD 'AMING - Sfeam e adod Ateuowind [eUORUBAUOD  -3]2) AJeUOW|Ng £9//9 (76)T89 (£8)¥'89 6€/8¢ qe/ce 104 fewusd AUUSH
(s||1e2 auoydaley
Ap{oam-aouo 0¢0c
USASS PUB MSIA (015Ayd)
WOy 3u0) Yd dyd
JYAW (s|le> auoydajeyr  paseg-awoy Jo weyye
‘AMIN9  syiuow 9 adod [e120s Apjoam) a1ed piepuels SpPam Y613 6c/6C  (00L)0°Z9 (06)089 Cl/LL [qva 10y ellensny  gnoiy .d
wsw
@am -1ealy Brup jeuon
95e3sIp -USAUOD pue Yd
4d DYyNw Bun| fen uswiealy bnip  paseg-awoy Jo 120z Buepp
‘AMIN9 183k | -lisiou| [eUORUSAUOD) SHPIM L 0€/0€ (€9)£95 (C1)6'SS GL/SL el¥i4! 124 eulys Buiibur
uol1eIOge||0d
ueadoinj e Aq
Hing
wilopie|d papuny
-sjesoing e
"(VdVA) Jusby
1sidesayiolshyd 120 SessH
snowouoiny -sej-ap
OYoS [BNLIA Ylm uon puegj -ugpisd
‘AMIN9  SLauow 9 adod uoneljigeysy plepuels  -elljiqeysy-ioL £C/LC s (coly/9 4V LL/91 104 -19Z1IMS 9501
ABf, JUsw
SAvH -dinba uoyel
DdNW uonejiqeysd -eyaIaj91 yim 1¢0Z X0
‘AMIN9 1eah | adod Ateuownd paseq-anua) papInoId £9/89 (06)0°£9 (06)89 Le/9¢ 8¢/0¢ 104 elensny S olI9leN
W1SAS
Bunonuow et
Sj0Wsal e pue ozuag
DYAW syiuow 9 adod aledfensn  s|[ed DH ApjRam /81/881 (5°6)£'89 (S6)€'69 LLL/9L L0L/Z8 104 eplol4 OHLqoyY
1uswabeuew
-J|9S pue ‘bulio}
-lUoW3|3} ‘dwoy
1e bul
-Ulel} 3512193 JO
Hunsisuod 720z
1V DYNW |0JU0D T UOUSAIRIUI luoqeuez
‘AMINS sieah ¢ adod Buiutes) pasinsednsun 7| pareibay| 08/0t (81)8°€9 (L1679 LE/EY L1/€C 104 AemioN 0loed
dnoib dnoib dnoib dnoib dnoib
dnoub josuo> jJuswadxy (273) josuo)  judwipddxy josuo)  judwipddxy
siojedipul awn azIs Ylom FL-ETN
awocnQ dn mojjo4 aseasiqg jJuswileal] a|dwes aby dlewa4/3leN joadA]  Anunop ‘joyiny

SoIpNis poapn|dUl JO Soiislisldeley) | ojqelL



Page 6 of 19

(2024) 24:305

Dai et al. BMC Pulmonary Medicine

S399M g 10}
399M B sawin
22Iy3 buluren

351019%2
SEINERETRIEINI

dnolb uonei|iq 910C
SAvH Buluren -eyais|al IVSLA
1¥D ‘AMING SHooM 8 adod SSI219X3 INOYUM 21D [ens) paseq-auoH L1/61 06)0°5L (08)0¢sL LL/9 L/ 124 AsupAS  ONITONIT
Juswdieall oJed |ensn ¢ swiwelboid uon
swweiboid uoneyjigeyas  -Bl|IqRYSI-3]9) /107 noj
VD DYWW 9oUeURUIEW IUSNRAINO PASE] 9dueUAUIRW -nodojisep
‘AMIN9 103k | adod -[endsoH °| poseq-auoH 00L/L¥ (L0vS9 (96)0/9 ST/S. Y424 124 929915 e[noJey
(jlenuepy
ad0D 104 /10T
IDOvdS ayL) UOLIOH [
SAvH  syuow 9 adod paseq-a11us) poseq-auoH /Syl (08)0°£9 (06)089 8Y/6 (5/€6 104 N Yegezi3
Kleip
Bulioyuow 43s e
pueiaiawopad
'SsjuUaULINJ0pP
US1IM
Buptoddns yum
asinu e Aq
paJaAlj9p bul
SAvH -Y2eOD yijesy ol 810¢
‘049s sieah ¢ adod oled ensn auoydaaL 88¢/68C ®1T0L (88)£0L S0L/€8l 90L/€81L 104 -usdniny - Ajjor ey
1DP1U0D
suoyd pue 3sIA
-2WOY-(ONYd)
dnoib soueu
id 1eah | adod dnoib a1ed [ensn -S1UleW Yd 69/78  (€6)099 (L'8)1'59 v1/5S LL/LL 104 BUIYD  8LOTITIA
(dnoib
uoiuaAIIUI
uonel|igeyal
(dnoib -3|9) paseq 0207
SAvH |0J1U0D) UolIell|Iqeyal Aleuow  -auWoy pue pasiA uaspaip
YD 'AMING Jeak | ddod>  -indiusnedino ‘pasipiepuels  -ladns ‘aulj-uo 19/19  (06)€89 (06)€'89 LE/0€ L£/0€ DY fewusg  -poo euiN
dnoib dnoib dnoib dnoib dnoib
dnoub josuo) juswadxy (273) josuo)  judwpadxy Joauo)  judwiadxy
siojedipul awn azis Mlom 1edp
awoding dn mojjo4 aseasiqg juswieal) 9|dwes aby dlewad/aleN joadAl  Anuno) ‘loyiny

(panunuod) L ajqey



Page 7 of 19

(2024) 24:305

Dai et al. BMC Pulmonary Medicine

Adesaya
19zI|ngau pue
S9IASP Jojeyul
Jo buijpuey pue
asn ay3 bul
-p1ebal uoISSas
Bujjasunod
Buisinu jenpia
-lpul ue pue
Adesays |esipaw
piepuels

sy 01

uonippe ul weib
-oid yd paseq

YW UOISSSS  -dWIOY 32aM-7 | #10¢ O1uld
‘DYOS Bujiasunod buisinu ayy pue e ul paled eSNog ap
‘AMWN9  Ssyauow ¢ adod Adesayy jedipaw prepuels  -diued D) ay| 8l/ec ©G06'LL (C6)6'89 /L1 L/cc 104 uleds W euelnr
¥10¢
ue|d Juawabeuew-43s e Hul poddns wopbury  uoibulyig
VD Sfeeml dd0D  -Pnjoul 21ed plepuels paiaday - auoydajal asinN 8¢/5e  (0'L1)0TL (celesL Le/LL L1/81 104 pauun elnr
(qeyal 910z
-9121bupem IENEIIN
paseq-auloy uoJaueD)
bunabiey bul eine’
VD 'OMING  Seam 7| adod =led jensn -I0jusW-yljesH 0€/5¢€ (89)0/ (6'6)39 LL/EL 61/91 104 eljelisny U9joH
1sidelsyio
-1sAyd e wouy
s||ed> suoyda|al
A]y@am-aouo
U2A3s pue
1SIA SWOY
auo buipnpul 910T
DY [9pow paseq |9pOowW paseq pue||oH
‘AMINS 1eah | adod -213U8 Jusnedino piepuels -ouoy mau 98/08 (01)69 (€1)69 Se/1LS e/8y 104 eljelisny 3auuy
dnoib dnoib dnoub dnoib dnoib
dnoub josuo) juswadxy (573) Josuo)  judwpadxy Josauo)  judwiadxy
siojedipul awn azis YI0M 1es)
awoding dn mojjo4 aseasiqg juswieal) 9|dwes aby dewad/ale joadAl  Anuno) ‘loyiny

(panunuod) L ajqey



Page 8 of 19

(2024) 24:305

Dai et al. BMC Pulmonary Medicine

SAvH
‘099S

SAvH
{O)DN

04oS
‘dMINS

syauow ¢

Jeak |

SYIUOW 9

uolssiupe [e}Idsoy [PUOIIUDA
adod -uod pey oym dnoib [013u0d

s|je> suoyd

Jouq

[PUOIIUSAIRIUI-UOU snid 318D 4D

adoD  paadal dnoub (HN) 24ed [ensn

adod 21ed [ensn

juswdinba
SUIPRWI|}
auwoy yum
dnoJb uon
-UaAJRIU|
Hujuued
uonoe pue bul
S{ewuolsDap

‘Buiajos wajgoud

:Bumes |eob
pa1ennobau
puisn sasinu
y1eay Auu
-NWIWOD
paulel} wouy
sinolneyaq
Yieay pue
SaNss| ssau||l
sbeuew 01
s|jed Je|nbai
[SEINEBEY
dnoib (NH)
1ojuaW yijeaH

(dnoibsy)s
1s1desay K101
-eJidsas wouy
pouad yiuow
XIS B J9AO S||ed
suoyd 1ybis jo

Sa1Ss e ybnoiyy
poddns suoyda

-[91 PIpPINOId ¢
(dnoib

Sd) slo1eonpa
193d wioly
pouad yiuow
XIS B JOAO S||eD
auoyd 1ybia jo

S9149s e ybnoyy
1oddns suoyds

191 PapINOId " |

/e

6/06

LS/L1LL

obes (¢1)89

(6'1)C89

Q€29

(06)869 (96)5°69

v1/8 cL/0l

Sv/Ly L¥/6Y

0¢/L¢ 1S/09

€10z
noyos
104 pewusqg ElVel]

€10¢ Siod

104 uelensny - einr

£10¢
Puop

104 epeue) ‘A2M3

siojedipul
awodnQ

awn

dn mojjo4

dnoub josuo)

dnoib
jJuswpadxy

aseasiq

juswileaa]

(313
azis
9|dwes

dnoib
|osuod

dnoib
juswadxy

dnoib
|o13u0>

dnoib
juswpadxy

aby

ajewad/ale|

310Mm 1ea)
joadAl  Anuno) ‘loyiny

(panunuod) L ajqey



Page 9 of 19

9seas|p Aleuow|nd dA115N11SCO d1UOIYD J4OD ‘Uonduny Kleuownd 4d ‘d|eds uolssaidap pue
Kd1xue eydsoH sgyH ‘2ireuuonsany Aiolesidsay 5961095 15 DYOS ‘1591 JUBWISSISSe AdOD LD ‘9|35 eaudsAQ [1DUN0D) Ydi1easay [edIPaIA PaYIPOW diwjy ‘@duelsip Bupjjem uiw-9 gMA9 ‘el pa|joiauod paziwopuey | DY

(2024) 24:305

Dai et al. BMC Pulmonary Medicine

1sIA duoyda

-|91 pue ‘uon
-BXe|J '951219%3
Alwianxa

Jamo| pue Jjaddn
‘Buiutesy appsnw
Aloresidsut jo

pasodwod
4d 'SQvH ‘weiboid uopn
1vD DYAW -elljiqeyau
‘DYOS (21Ape [PUOH Areuownd 2310 €002 YO
AMWNG  Sfeemg adod  -eanpa uaAIb) dnoib jonuo) paseq-aWwoH 8/5L  (€0899 (82819 /v /01 10 Yinog  wnao-ing
dnoib dnoib dnoub dnoib dnoib
dnoub josuo> jJuswpadxy (5/3) josauo)  judwRdxy Joauo)  judwRdxy
sio3edipul awn azig 310M 1e3)
swoding dnmojjo4  aseasiq jJusawieal] ajdweg aby sjewa4/ale joadA]  Anuno) “Joyiny

(PanuNUOd) | 3jqey



Dai et al. BMC Pulmonary Medicine (2024) 24:305

randomization process, including whether blinding was
utilized, such as through computer-generated random
numbers or randomization tables. However, due to the
nature of the intervention and certain outcomes (such
as self-reported quality of life), there are indeed some
biases that cannot be entirely avoided. To more accu-
rately reflect the risk of bias, we considered the specific
outcomes in our assessment and performed a detailed
analysis for each included randomized controlled trial.
Figure 2 presents the risk of bias summary for each trial.

Meta-analysis results

Meta-analysis results of 6MWD

The intervention effect of telerehabilitation on CRD was
reported in 14 [14-26, 4] studies, comprising 638 partici-
pants in the experimental group and 654 participants in
the control group. Using a fixed-effects model (I*=45%,
P=0.02) for effect size pooling, the analysis revealed
that compared to conventional rehabilitation in the con-
trol group, telerehabilitation in the experimental group
demonstrated a significant improvement in outcomes
at<6 months post-intervention [WMD=7.52, 95%CI
(2.09, 12.94)]( See Fig. 3). However, when>6 months
[WMD=12.89, 95%CI (-0.37, 26.14)], there was no sta-
tistically significant difference between the experimental
and control groups.

Meta-analysis results of mMRC

The intervention effect of telerehabilitation on CRD
was reported in 8 [14, 15, 21, 4, 23-25, 28] studies using
mMRC, comprising 497 participants in the experimen-
tal group and 587 participants in the control group.
Employing a fixed-effects model (*=2%, P=0.43) for
effect size pooling, the analysis revealed that compared
to conventional rehabilitation in the control group,
telerehabilitation in the experimental group showed sig-
nificant improvement in outcomes both at<6 months
post-intervention [WMD =-0.29, 95%CI (-0.41, -0.18)]
and>6 months [WMD=-0.38, 95%CI (-0.56, -0.21)].
(shown in Fig. 4).

Meta-analysis results of SGRQ

Group discussions were conducted on the SGRQ based
on Activity score, impact score, and symptom score. In 6
[16, 20, 21, 30-32] studies reporting Activity score, teler-
ehabilitation intervention effects on CRD were examined,
with 472 participants in the intervention group and 445
participants in the control group. Using a fixed-effects
model (*=0%, P=0.43) for effect size pooling, the analy-
sis results revealed that compared to conventional reha-
bilitation in the control group, telerehabilitation in the
intervention group demonstrated a significant improve-
ment in outcomes at<6 months post-intervention
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[WMD=-1.71, 95%CI (-2.66, -0.76)] (See Fig. 5). How-
ever, when>6 months [WMD=-2.60, 95%CI (-6.00,
0.80)], no statistically significant difference between the
intervention and control groups was noticed.

In 6 [16, 20, 21, 30-32]studies reporting Impact score,
the intervention effects of telerehabilitation on CRD
were examined, with 449 participants in the intervention
group and 427 participants in the control group. Using
a fixed-effects model (>=0%, P=0.75) for effect size
pooling, the analysis results indicated that compared to
conventional rehabilitation in the control group, teler-
ehabilitation in the intervention group demonstrated a
significant improvement in outcomes at <6 months post-
intervention [WMD=-1.26, 95%CI (-2.15, -0.38)] (See
Fig. 6). However, when > 6 months [WMD =-0.69, 95%CI
(-3.09, 1.70)], there was no statistically significant differ-
ence between the intervention and control groups.

In 6 [16, 20, 21, 30-32] studies reporting Symptom
score, the intervention effects of telerehabilitation on
CRD were examined, with 484 participants in the inter-
vention group and 458 participants in the control group.
Employing a fixed-effects model (I*=0%, P=0.81) for
effect size pooling, the analysis results demonstrated that
compared to conventional rehabilitation in the control
group, telerehabilitation in the intervention group exhib-
ited a significant improvement in outcomes at <6 months
post-intervention [WMD=-2.05, 95%CI (-3.05, -1.05)]
(See Fig. 7). However, when>6 months [WMD =-1.66,
95%CI (-5.02, 1.71)], there was no statistically significant
difference between the intervention and control groups.

Meta-analysis results of CAT

In 7 [18, 4, 19, 22, 24, 26, 27] studies reporting CAT, the
intervention effects of telerehabilitation on CRD were
examined, with 309 participants in the intervention
group and 396 participants in the control group. Utiliz-
ing a random-effects model (P>=56%, P=0.02) for effect
size pooling, the analysis results indicated that com-
pared to conventional rehabilitation in the control group,
telerehabilitation in the intervention group exhibited a
significant improvement in outcomes at <6 months post-
intervention [WMD=-1.77, 95%CI (-3.52, -0.02)] (See
Fig. 8). However, when >6 months [WMD =-1.39, 95%CI
(-3.83, 1.05)], there was no statistically significant differ-
ence between the intervention and control groups.

Meta-analysis results of pulmonary function

Subgroup analysis of Pulmonary function was conducted
based on FEV1% predicted and FEV1/FVC (%). In 3 [17,
23, 33] studies reporting FEV1% predicted, the inter-
vention effects of telerehabilitation on CRD were exam-
ined, with 127 participants in the intervention group
and 107 participants in the control group. Employing
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Fig. 2 Risk of bias ratio plot

a fixed-effects model (=51%, P=0.13) for effect size
pooling, the analysis results showed that there was no
statistically significant difference between the interven-
tion and control groups in terms of FEV1% predicted
[WMD =2.19, 95%CI (-0.55, 4.93)] (See Fig. 9).

In 2 [17, 33] studies reporting FEV1/FVC (%), the
intervention effects of telerehabilitation on CRD
were examined, with 97 participants in the interven-
tion group and 77 participants in the control group.
Employing a fixed-effects model (I*=0%, P=0.63) for

Some concerns  m High risk

effect size pooling, the analysis results indicated that
there was no statistically significant difference between
the intervention and control groups in terms of FEV1/
EVC (%) [WMD =2.26, 95%CI (-1.07, 5.59)] (See Fig. 9).

Meta-analysis results of HADS

In 8 [19, 22, 25, 26, 29-32] studies reporting HADS,
the intervention effects of telerehabilitation on CRD
were examined, with 633 participants in the interven-
tion group and 668 participants in the control group.
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Experimental Control Mean Difference Mean Difference
Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% ClI
1.1.1 Follow up =< 6 months
Anne E Holland 2016 29.39 67.601 72 1082 68.23 76 53%  18.57[-3.32, 40.46) T~
Aroub Lahham 2020 25 155372 29 345 153225 29 04% -9.50(-88.92,69.92)
Eric Y. Wong 2013 42982 19615 111 3645 22644 57 52.7% 6.53 [-0.39, 13.45]) =
Eui-Geum Oh 2003 4061  64.52 16 -27.32 57.776 8 09% 67.93[16.27, 119.59] - =
Helen LauraCameronTucker 2016 0.01 41 35 12 39 30 6.6% -11.99[-31.46,7.48] -rT
Henrik Hansen 2020 196 60305 67 1725 58697 67 62%  235[-17.80, 22.50] =
Jose CerdandelasHeras 2021 38.723 90.078 15 -8.509 105.464 8 0.3% 47.23[-38.90, 133.36]
Juliana M. de Sousa Pinto 2014 63 111.337 23 -18 109.037 18  0.5% 81.00[13.12, 148.88]
Lingling Wang 2021 551 103.322 30 123 84.811 30 1.1%  42.80[-5.03, 90.63] i &
LING LING Y.TSAI 2016 40 75.286 19 -9 120.403 17 0.6% 49.00[-17.50, 115.50] ]
Maroula Vasilopoulou 2017 33 82.881 47 17.75 80.294 100 3.1% 15.25(-13.19,43.69] ==
Narelle S Cox 2021 23 54694 68 25 60555 67 6.6% -2.00[-21.47,17.47] =T
Paolo Zanaboni 2022 53 125503 40 22 110127 80 1.2% 31.00[-14.77,76.77] —
Subtotal (95% Cl) 571 587 85.7% 7.52 [2.09, 12.94]

Heterogeneity: Chi* = 21.71, df = 12 (P = 0.04); I* = 45%
Test for overall effect: Z = 2.72 (P = 0.007)

1.1.2 6 months << Follow up

Anne E Holland 2016 -4.74 74484 72 041 74479 76
Lingling Wang 2021 95.3 101.641 30 276 89976 30
Maroula Vasilopoulou 2017 311 84305 47 -1.25 96.899 100
Narelle S Cox 2021 22 84145 68 0.1 96.053 67
Nina Godtfredsen 2020 79 8415 67 0.8 102735 67
Paolo Zanaboni 2022 40.5 134868 40 30 123.088 80
Subtotal (95% Cl) 324 420

Heterogeneity: Chi? = 10.72, df = 5 (P = 0.06); I* = 53%
Test for overall effect: Z = 1.91 (P = 0.06)

Total (95% Cl) 895 1007 100.0% 8.29 [3.27,13.31]

Heterogeneity: Chi? = 32.97, df = 18 (P = 0.02); 1> = 45%
Test for overall effect: Z = 3.24 (P = 0.001)
Test for subarouo differences: Chi? = 0.54. df = 1 (P = 0.46). I7 = 0%

Fig. 3 Forest plot of 6GMWD
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% Cl
1.2.1 Follow up < 6 months
Anne E Holland 2016 -0.12 1.039 72 0.01 1.023 76 82% -0.13[-0.46, 0.20] B
Aroub Lahham 2020 -0.2 1.047 29 -0.1 1.042 29 3.1% -0.10[-0.64, 0.44] I
Juliana M. de Sousa Pinto 2014 -0.6 0.819 23 0.1 0.624 18  4.7% -0.70 [-1.14, -0.26)
Lingling Wang 2021 -0.7 1.015 30 -0.2 0.794 30 4.3% -0.50[-0.96,-0.04]
Maroula Vasilopoulou 2017 -0.5 0.954 47 -0.35 1.194 100 7.0% -0.15[-0.51,0.21] I
Narelle S Cox 2021 -0.4 1.052 68 -0.3 0.835 67 89% -0.10[-0.42,0.22] I
Paolo Zanaboni 2022 -04 1.114 40 -0.05 1.047 80 5.3% -0.35[-0.76, 0.06] B
Roberto Benzo 2022 -0.25 0904 188 0.1 0.832 187 29.4% -0.35[-0.53,-0.17)
Subtotal (95% CI) 497 587 70.8% -0.29 [-0.41, -0.18]

Heterogeneity: Chi? = 7.93, df =7 (P = 0.34); I? = 12%
Test for overall effect: Z = 5.09 (P < 0.00001)

1.2.2 6 months < Follow up

Anne E Holland 2016 0.22 1.104 72 048 1.134 76
Lingling Wang 2021 -1 0.985 30 -0.3 0.854 30
Maroula Vasilopoulou 2017 -0.7 1 47 -015 143 100
Narelle S Cox 2021 -02 1052 68 0.1 1.044 67
Paolo Zanaboni 2022 -0.25 1.108 40 -0.02 1.12 80
Subtotal (95% Cl) 257 353

Heterogeneity: Chi* = 3.61, df =4 (P = 0.46); I’ = 0%
Test for overall effect: Z = 4.27 (P < 0.0001)

Total (95% Cl) 754 940 100.0% -0.32[-0.42, -0.23]

Heterogeneity: Chi* = 12.24, df = 12 (P = 0.43); I = 2%
Test for overall effect: Z = 6.59 (P < 0.00001)
Test for subarouno differences: Chi? = 0.70. df = 1 (P = 0.40). I = 0%

Fig. 4 Forest plot of mMMRC

Utilizing a fixed-effects model (I?=0%, P=0.55) for
effect size pooling, the analysis results indicated that
compared to conventional rehabilitation in the con-
trol group, telerehabilitation in the intervention group
exhibited a significant improvement in outcomes

29.2% -0.38 [-0.56, -0.21]

7.0% -0.26 [-0.62, 0.10]
4.2% -0.70[-1.17,-0.23]
5.7% -0.55[-0.95,-0.15]
7.3% -0.30[-0.65, 0.05]
5.1% -0.23[-0.65, 0.19]

ol gl

-1 -0.5 0 0.5 1
Favours [experimental] Favours [control]

at <6 months post-intervention [WMD =-0.44, 95%CI
(-0.86, -0.03)] (See Fig. 10). However, when >6 months
[WMD =-0.21, 95%CI (-0.69, 0.27)], there was no sta-
tistically significant difference between the intervention
and control groups.
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Experimental Control Mean Difference Mean Difference
i % Cl "] Fi::I, 95% Cl
1.4.1 Follow up < 6 months
Eric Y. Wong 2013 -5.881 3.047 111 42 3162 57 83.9% -1.68[-2.68,-0.68]
Jose CerdandelasHeras 2021 -2.205 15.424 15 1.097 15.323 8 05% -3.30[-16.48,9.88] = - - I
Juliana M. de Sousa Pinto 2014 -9.1 16.212 23 0.3 15647 18  0.9% -9.40[-19.21,0.41] |
Julia Walters 2013 -6.1 24.141 74 09 19452 83 1.7% -7.00[-13.91,-0.09]
Kate Jolly 2018 -03 219 229 -08 22712 252 52%  0.50[-3.49, 4.49] S i
Lone Schou 2013 -6.561 18.415 20 -10 21.103 19 05% 3.44[-9.02, 15.90] N
Subtotal (95% CI) 472 437 92.8% -1.71[-2.66, -0.76] ¢
Heterogeneity: Chi? = 6.51, df = 5 (P = 0.26); I = 23%
Test for overall effect: Z = 3.53 (P = 0.0004)
1.4.2 6 months << Follow up
Julia Walters 2013 -2.2 22987 74 -11 19907 80 18% -1.10[-7.92,5.72) = I
Kate Jolly 2018 -26 21.05 224 05 23007 260 54% -3.10[-7.03,0.83) -/
Subtotal (95% CI) 298 340  7.2% -2.60 [-6.00, 0.80] B =
Heterogeneity: Chi? = 0.25, df = 1 (P = 0.62); I? = 0%
Test for overall effect: Z = 1.50 (P = 0.13)
Total (95% ClI) 770 777 100.0% -1.77 [-2.69, -0.86] ¢
Heterogeneity: Chi? = 7.00, df = 7 (P = 0.43); I = 0% _2’0 - 1‘0 74 1°0 2’0

Test for overall effect: Z = 3.80 (P = 0.0001)
Test for subarouo differences: Chi* = 0.25. df = 1 (P = 0.62). I = 0%

Fig. 5 Forest plot of SGRQ (Activity score)

Experimental Control

_StudyorSubgroup =~~~ Mean  SD Total Mean SD Total Weight

1.5.1 Follow up < 6 months

Favours [experimental] Favours [control]

Mean Difference Mean Difference

IV, Fixed, 95% ClI

v FmT__e_s% ol
O

Eric Y. Wong 2013 -6.592 3457 111 -5.15 2723 57 75.6% -1.44 [-2.40, -0.49]

Jose CerdandelasHeras 2021 -6.46 14.291 15 -13.936 16.247 8 0.4% 7.48 [-5.91, 20.86)

Juliana M. de Sousa Pinto 2014 -13.4 13.218 23 6.4 13.551 18 0.0% -19.80 [-28.07, -11.53]

Julia Walters 2013 -5.1 19.207 74 -1.9 19.16 83 1.9% -3.20 [-9.21, 2.81) S
Kate Jolly 2018 1.5 15.061 229 14 14765 252 9.7% 0.10[-2.57,2.77] =
Lone Schou 2013 -8 22782 20 -8 18.38 19 04%  0.00[-12.96, 12.96]

Subtotal (95% Cl) 449 419 88.0% -1.26 [-2.15, -0.38] *
Heterogeneity: Chiz = 3.21, df =4 (P = 0.52); I? = 0%

Test for overall effect: Z = 2.80 (P = 0.005)

1.5.2 6 months < Follow up

Julia Waliters 2013 -3.3 19.207 74 -2.1 19.207 80 1.9% -1.20 [-7.27,4.87] SIS T
Kate Jolly 2018 1.1 14385 224 1.7 14823 260 10.2% -0.60 [-3.21, 2.01] =
Subtotal (95% ClI) 298 340 12.0% -0.69 [-3.09, 1.70] 2
Heterogeneity: Chi* = 0.03, df = 1 (P = 0.86); I = 0%

Test for overall effect: Z = 0.57 (P = 0.57)

Total (95% Cl) 747 759 100.0% -1.20 [-2.03, -0.37] 2
Heterogeneity: Chi? = 3.43, df = 6 (P = 0.75); I = 0% _2‘0 - 1 o 3 1’0 2‘0

Test for overall effect: Z = 2.82 (P = 0.005)
Test for subaroun differences: Chi* = 0.19. df = 1 (P = 0.66). I? = 0%

Fig. 6 Forest plot of SGRQ (Impact score)

Publication bias and sensitivity analysis

Publication bias analysis was conducted for each
included indicator using a funnel plot to visually display
publication bias. Egger’s test was utilized to analyze the
funnel plot, with a p-value > 0.05 indicating the absence
of publication bias. Egger’s test revealed a p-value of
0.019 for the 6MWD indicator (Table 2), indicating
the presence of publication bias among the studies.
Therefore, for indicators exhibiting publication bias, a
trim-and-fill method was employed for further analy-
sis. After incorporating six additional studies into the
model to achieve funnel plot symmetry, the combined
effect size for the 6MWD indicator was 5.836, with a
95% confidence interval of (0.925, 10.746) (Table 3).

Favours [experimental] Favours [control]

Sensitivity analysis was performed by individually
excluding each study from the meta-analysis to assess the
stability and reliability of the results. The sensitivity anal-
ysis results indicated that the meta-analysis results were
stable and reliable.

Discussion

Data indicates that approximately 3 million people die
from COPD each year, with COPD projected to become
the third leading cause of death worldwide by 2020 [34].
In 2013, the American Thoracic Society and the Euro-
pean Respiratory Society introduced a home-based
pulmonary rehabilitation program aimed at providing
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Experimental Control

_StudvorSubgroup  Mean  SD Total Mean  SD Total Weight

1.3.1 Follow up = 6 months

Eric Y. Wong 2013 -6.951 3.388 111 -48 3284 57
Jose CerdandelasHeras 2021 -9.132 19.654 15 -12.406 20.303 8
Juliana M. de Sousa Pinto 2014 -3.2 20.307 23 -1.1 19.648 18
Julia Walters 2013 -6.3 24875 74 0.5 21.852 83
Kate Jolly 2018 1 22164 241 1.3 21.059 266
Lone Schou 2013 -9.683 18612 20 -135 21.944 19

Subtotal (95% CI) 484 451
Heterogeneity: Chi? = 3.63, df = 5 (P = 0.60); I” = 0%
Test for overall effect: Z = 4.01 (P < 0.0001)

1.3.2 6 months < Follow up

Julia Walters 2013 -5.9 24.289 74 33 217 80
Kate Jolly 2018 0.8 21552 230 22 21.712 273
Subtotal (95% CI) 304 353
Heterogeneity: Chi* = 0.08, df = 1 (P = 0.77); I = 0%

Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI) 788
Heterogeneity: Chi? = 3.76, df = 7 (P = 0.81); I? = 0%

Test for overall effect: Z = 4,12 (P < 0.0001)

Test for subaroun differences: Chi* = 0.05. df = 1 (P = 0.83). I? = 0%

Fig. 7 Forest plot of SGRQ (Symptom score)
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Mean Difference Mean Difference
IV, Fixed, 95% Cl IV, Fixed, 95% Cl
822% -2.15[-3.21,-1.09] O
0.3% 3.27 [-13.96, 20.50]
0.6% -2.10 [-14.40, 10.20]
1.7% -6.80 [-14.16, 0.56] R
65%  -0.30 (-4.07, 3.47) .
06% 3.82(-8.99, 16.62)
91.8%  -2.05 [-3.05, -1.05] *
1.7%  -2.60[-9.90, 4.70) —
6.4%  -1.40[-5.19, 2.39) ===
8.2%  -1.66 [-5.02, 1.71] -
-2.02 [-2.98, -1.06] ¢
20 10 0 10 20

Mean Difference

Favours [experimental] Favours [control]

Mean Difference

_StudyorSubgroup  Mean SD Total Mean SD Total Weight IV, Random,95% Cl IV. Random,95%Cl
1.6.1 Follow up < 6 months
Henrik Hansen 2020 -1.1 6.27 67 -0.65 6.355 67 13.6% -0.45 [-2.59, 1.69] N
Julia Billington 2014 -3.12 6.637 34 -048 7.757 35  9.0% -2.64 [-6.04, 0.76] —
LING LING Y.TSAI 2016 -1 7 19 3 6 17 6.9% -4.00 [-8.25, 0.25) - = 1
Maroula Vasilopoulou 2017 -47 7817 47 11 5827 100 12.0% -3.60[-6.11,-1.09] N
Paolo Zanaboni 2022 -1.4 6578 40 1.9 7.923 80 11.4% 0.50 [-2.18, 3.18) —
Subtotal (95% Cl) 207 299 52.9% -1.77[-3.52,-0.02] .
Heterogeneity: Tau? = 1.81; Chi*=7.50, df =4 (P = 0.11); I = 47%
Test for overall effect: Z = 1.98 (P = 0.05)
1.6.2 6 months << Follow up
Helen LauraCameronTucker 2016 0.01 6 35 0.01 6 30 10.5% 0.00 [-2.93, 2.93] -1
Maroula Vasilopoulou 2017 46 7.731 47 06 7.337 100 116%  -5.20[-7.84,-2.56] .
Nina Godtfredsen 2020 0.7 6.473 67 1.1 6.264 67 13.5% -0.40 [-2.56, 1.76] -
Paolo Zanaboni 2022 -0.75 6.597 40 -0.775 7.55 80 11.6% 0.03 [-2.60, 2.65] — 1
Subtotal (95% Cl) 189 277 474%  -1.39[-3.83, 1.05] —~—
Heterogeneity: Tau? = 4.45; Chi? = 10.80, df = 3 (P = 0.01); I?=72%
Test for overall effect: Z = 1.12 (P = 0.26)
Total (95% Cl) 396 576 100.0%  -1.60 [-2.97, -0.23] ’

Heterogeneity: Tau? = 2.41; Chi* = 18.38, df = 8 (P = 0.02); I = 56%
Test for overall effect: Z = 2.29 (P = 0.02)
Test for subarouo differences: Chi* = 0.06. df = 1 (P = 0.80). I? = 0%

Fig. 8 Forest plot of CAT

pulmonary rehabilitation services for patients with
COPD in the home environment. This pulmonary reha-
bilitation program involves comprehensive assessment of
patients’ conditions and implementing integrated inter-
vention measures based on personalized treatment [35].
However, due to issues such as resource shortages, high
costs, and inconvenient transportation, out-of-hospital
patients have lower compliance with pulmonary reha-
bilitation [36]. Remote home-based pulmonary reha-
bilitation, based on multimedia technology combined
with computer and network technology, integrates with
medical technology in large hospitals to provide remote
online rehabilitation medical information and techni-
cal services. This form of rehabilitation service enables

Favours [experimental) Favours [control]

COPD patients to effectively integrate rehabilitation into
their daily lives, while also reducing economic burdens
to some extent, bringing certain benefits to patients [37].
It overcomes geographical limitations, to some extent
addressing the shortage of medical resources in remote
areas, further improving and enhancing the level of reha-
bilitation services in major cities, and greatly promoting
the development of medical and healthcare industries.
Currently, remote technology has been widely used to
provide rehabilitation services for patients with COPD
[22], asthma [38], heart failure [39], stroke [40], and other
conditions.

A meta-analysis was performed, incorporating data 21
RCTs, to evaluate the effectiveness of remote pulmonary
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Experimental Control

Mean Difference

Page 15 0of 19

Mean Difference

udy o sbgroup ea xed, 95% ClI IV, Fixed, 95% CI
1.7.1 FEV1 % predicted
Eui-Geum Oh 2003 6.79 85 15 8.98 11.35 8 56% -2.19[-11.15,6.77)
Lingling Wang 2021 8.5 9.569 30 26 8.728 30 20.9% 5.90 [1.27, 10.53) -
YiLi 2018 0.5 11.958 82 -0.1 11.05 69 33.2% 0.60 [-3.07, 4.27) .
Subtotal (95% Cl) 127 107 59.6%  2.19 [-0.55, 4.93) e
Heterogeneity: Chi* = 4.10, df =2 (P = 0.13); I?=51%
Test for overall effect: Z = 1.57 (P = 0.12)
1.7.2 FEVA/FVC (%)
Eui-Geum Oh 2003 0.99 14.497 15 1.63 13.92 8 3.1% -0.64[-12.76, 11.48)
Yi Li2018 0.8 11.301 82 -1.7 10.401 69 37.3% 2.50 [-0.96, 5.96] |
Subtotal (95% Cl) 97 77  40.4% 2.26 [-1.07, 5.59] R
Heterogeneity: Chi* = 0.24, df = 1 (P = 0.63); I = 0%
Test for overall effect: Z = 1.33 (P = 0.18)
Total (95% Cl) 224 184 100.0%  2.22[0.10, 4.34) -

P - . - = .12 = ]9, + + + +

Heterogeneity: Chi* = 4.34, df = 4 (P = 0.36); I = 8% 10 5 0 5 10

Test for overall effect: Z = 2.06 (P = 0.04)
Test for subaroun differences: Chi? = 0.00. df = 1 (P =0.97). = 0%

Fig. 9 Forest plot of Pulmonary Function

Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI
1.8.1 Follow up < 6 months
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Fig. 10 Forest plot of HADS

rehabilitation interventions for CRD. The study enrolled
1521 patients in the control group and 1509 patients
in the intervention group. Primary outcome measures
encompassed 6WMD, SGRQ, mMRC, CAT, HADS, and
pulmonary function.

In the short term (<6 months) observation, significant
improvements were observed in 6WMD, mMRC, SGRQ,
and CAT. The 6WMD reflected patients’ daily activity
capacity, mMRC assessed the severity of dyspnea, SGRQ
evaluated health status and quality of life, and CAT
assessed disease severity and quality of life. However, it

Favours [experimental] Favours [control]

is important to note that the minimum clinically signifi-
cant difference for the 6-min walking test is 30 m. There-
fore, despite the statistical significance, the improvement
observed does not reach the threshold for clinical rel-
evance. The results of this study are consistent with
previous research that has demonstrated the benefits of
remote pulmonary rehabilitation in enhancing patients’
health status and quality of life. For example, Michael-
chuk et al. (2022) [10] found similar improvements in
CAT and mMRC following remote pulmonary rehabili-
tation in patients with COPD. These findings suggested
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Table 2 Egger’s test results for publication bias
Outcome Indicator Parameter Effect Size Standard Error 95%Cl t-value p-value
6MWD slope -1.299 4.785 -11.395,8.797 -0.27 0.789
bias 1.107 0.429 0.203,2.012 2.58 0.019
SGRQ -Activity score slope -1.462 0.646 -3.044,0.120 -2.26 0.064
bias -0.355 0.490 -1.554,0.845 -0.72 0.496
SGRQ -impact score slope -0.995 1.382 -4.832,2.842 -0.72 0.511
bias -0.649 1.257 -4.138,2.840 -0.53 0.633
SGRQ -symptom score slope -2.232 0.505 -3.466,-0.997 -4.42 0.004
bias 0.230 0.364 -0.660,1.120 0.63 0.550
mMRC slope -0.247 0.161 -0.602,0.180 -1.53 0.154
bias -0441 0.921 -2467,1.586 -0.48 0.642
CAT slope 2.085 3.69%4 -6.650,10.821 0.56 0.590
bias -2.673 2.730 -9.128,3.781 -0.98 0.360
HADS slope -0.082 0351 -0.877,0.713 -0.23 0.820
bias -0.546 0.663 -2.047,0.954 -0.82 0431
Table 3 Trim-and-fill analysis results
Outcome indicators Method Phase Pooled Est 95% Cl z p No. of studies
6MWD Fixed Before 8.288 (3.267,13.310) 3.235 0.001 19
After 5.836 (0.925,10.746) 2329 0.020 25

that remote pulmonary rehabilitation interventions can
substantially enhance patients’ activity capacity, allevi-
ate dyspnea, and improve health status and quality of life
in the short term. This improvement may be attributed
to personalized rehabilitation plans provided by remote
pulmonary rehabilitation and effective rehabilitation
training facilitated by regular monitoring and guidance.

Notably, in long-term follow-up (>6 months), while
improvements in 6WMD, mMRC, SGRQ, and CAT still
existed between the intervention and control groups,
only the difference in mMRC was statistically significant.
This may be due to increased loss to follow-up, reduced
sample size, or decreased compliance of patients with
remote pulmonary rehabilitation over the long term.
Therefore, further long-term studies are needed to
determine the long-term effects of remote pulmonary
rehabilitation.

Furthermore, we conducted an evaluation using the
widely adopted HADS, which is designed to assess anxi-
ety and depression across various illnesses. The find-
ings revealed significant improvements in HADS scores
within<6 months post-intervention, indicating that
telerehabilitation not only enhances the health status
of patients but also ameliorates anxiety and depression
among CRD patients, thereby enhancing their overall

quality of life. However, over observation periods exceed-
ing 6 months, there were no statistically significant dif-
ferences observed between the intervention and control
groups. This could be attributed to factors such as the
chronic nature of airflow limitation in the disease, pro-
longed and slow disease progression, and decreased
treatment adherence. It’s worth noting that due to the
limited number of studies, we aggregated the anxiety
and depression subscales for analysis. Future research is
warranted to delve into separate analyses of anxiety and
depression.

In terms of pulmonary function, this study conducted
subgroup analysis based on FEV1% predicted and FEV1/
FVC (%) and included a total of 5 studies reporting
changes in pulmonary function outcomes. The results
indicated no statistically significant differences between
the intervention and control groups, which is consistent
with the findings of Du et al. [41]. Given the possibility
of insufficient sample sizes in the included studies, it is
hoped that future research will involve long-term follow-
up of these indicators to provide robust evidence for
confirming the long-term effects of remote pulmonary
rehabilitation.

Compared to previously published meta-analyses,
this study’s strength lies in providing remote real-time
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interventions according to pulmonary rehabilitation
measures and conducting statistical analyses of out-
come indicators. It investigated the intervention effects
of different time periods on CRD, thereby ensuring the
research results are more rigorous and scientific. Addi-
tionally, it analyzed the anxiety and depression levels of
patients, providing a comprehensive evaluation of the
intervention effects of remote pulmonary rehabilita-
tion on CRD. This offers more comprehensive evidence-
based support for the real needs of CRD patients for
remote pulmonary rehabilitation and provides targeted
remote pulmonary rehabilitation services. The evidence
from this study supports the effectiveness of remote pul-
monary rehabilitation in improving alleviate dyspnea,
and improve health status and quality of life for CRD
patients, particularly in the short term. While the evi-
dence is strong for COPD, more research is needed to
determine the effectiveness of remote pulmonary reha-
bilitation in other respiratory diseases. To implement
remote pulmonary rehabilitation at a national level in
all pulmonary rehabilitation programs, it is essential to
provide training for health personnel in the use of tech-
nological tools that enable them to deliver tailored inter-
ventions to respiratory patients. This training should
encompass a range of professionals, including doctors,
nurses, and physiotherapists, and should focus on famil-
iarizing them with remote monitoring systems, online
consultation platforms, and digital rehabilitation pro-
grams. Additionally, ongoing education and support
should be provided to ensure that health personnel are
proficient in utilizing these tools effectively and that they
remain up-to-date with advancements in remote health-
care technology.

However, this study also has certain limitations. There
were differences among the included study popula-
tions and baseline values, leading to higher heterogene-
ity in some positive results. Additionally, some studies
did not describe allocation concealment and blinding
methods, potentially introducing selection bias, imple-
mentation bias, and measurement bias. Moreover, the
number of studies with long-term follow-up on efficacy
was limited, possibly resulting in low test power. Fur-
thermore, the economic benefits and costs associated
with implementing telerehabilitation were not assessed
in the included studies. It is hoped that future research
will conduct more double-blind randomized controlled
trials on the intervention effects of remote pulmonary
rehabilitation in CRD, expand the sample size, extend
the follow-up period, and observe outcome indicators
comprehensively and with more standardized data, to
provide more scientific evidence for the effectiveness
and feasibility of remote pulmonary rehabilitation in
CRD.
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Conclusion

The meta-analysis indicates that utilizing telerehabilita-
tion therapy can improve respiratory function and men-
tal health status in the short term, ultimately enhancing
the quality of life for CRD patients. However, further evi-
dence from more high-quality, large-sample randomized
controlled trials is needed to establish the long-term
effectiveness of this rehabilitation approach.
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