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A B S T R A C T

Question: How effective and safe is telerehabilitation for people with COVID-19 and post-COVID-19
conditions? Design: Systematic review of randomised trials. Participants: People with COVID-19 and
post-COVID-19 conditions. Intervention: Any type of telerehabilitation. Outcome measures: Satisfaction,
quality of life, adverse events, adherence to telerehabilitation, dyspnoea, functional performance, read-
missions, mortality, pulmonary function and level of independence. Results: Database searches retrieved
2,962 records, of which six trials with 323 participants were included in the review. Breathing exercises
delivered via telerehabilitation improved 6-minute walk distance (MD 101 m, 95% CI 61 to 141; two studies),
30-second sit-to-stand test performance (MD 2.2 repetitions, 95% CI 1.5 to 2.8; two studies), Multidimen-
sional Dyspnoea-12 questionnaire scores (MD –6, 95% CI –7 to –5; two studies) and perceived effort on the 0-
to-10 Borg scale (MD –2.8, 95% CI –3.3 to –2.3; two studies), with low certainty of evidence. Exercise
delivered via telerehabilitation improved 6-minute walk distance (MD 62 m, 95% CI 42 to 82, four studies),
30-second sit-to-stand test performance (MD 2.0 repetitions, 95% CI 1.3 to 2.7; two studies) and Multidi-
mensional Dyspnoea-12 scores (MD –1.8, 95% CI –2.5 to –1.1; one study), with low certainty of evidence.
Adverse events were almost all mild or moderate and occurred with similar frequency in the tele-
rehabilitation group (median 0 per participant, IQR 0 to 2.75) as in the control group (median 0 per
participant, IQR 0 to 2); Hodges-Lehmann median difference 0 (95% CI 0 to 0), with low certainty of evidence.
Conclusion: Telerehabilitation may improve functional capacity, dyspnoea, performance and physical
components of quality of life and does not substantially increase adverse events. Registration: PROSPERO
CRD42021271049. [Vieira AGS, Pinto ACPN, Garcia BMSP, Eid RAC, Mól CG, Nawa RK (2022) Tele-
rehabilitation improves physical function and reduces dyspnoea in people with COVID-19 and post-
COVID-19 conditions: a systematic review. Journal of Physiotherapy 68:90–98]
© 2022 Australian Physiotherapy Association. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

A new strain of coronavirus emerged in late December 2019 in
Wuhan city, Hubei province, China.1 With an increasing number of
infected people and severe cases of pneumonia, severe acute respi-
ratory coronavirus-2 (SARS-CoV-2) caused the World Health Orga-
nization to officially declare coronavirus disease (COVID-19) a
pandemic in February 2020. Since then, COVID-19 has infected more
than 462 million people, ending more than 6.05 million lives around
the world.2

The practice of ‘social distancing’ has helped to prevent new in-
fections with SARS-CoV-2 and the spread the COVID-19.3 However,
the need to maintain social distancing has dramatically reduced the
number of face-to-face healthcare appointments, surgeries and other
health procedures. In this context, the pandemic has certainly
n. Published by Elsevier B.V. This is
strained healthcare systems by causing high rates of hospitalisation
and deaths globally.4

Up to one-third of people hospitalised for COVID-19 have reported
persistent impairment in cognitive function, dyspnoea and/or fatigue
at discharge, requiring continued rehabilitation due to the high level
of disability after COVID-19 infection.5,6 Thus, the use of technologies
such as online video and phone communication instead of in-person
contact has been encouraged to promote and enable healthcare
follow-ups and consultations, opening new horizons for delivering
clinical appointments through the introduction of telehealth and
telerehabilitation.7–10

Telerehabilitation enables interventions to be delivered through
a range of synchronous/real-time (eg, videoconference) and
asynchronous/store-forward (eg, digital images) consultation for-
mats.11,12 Prior to and especially in the pandemic context, a growing
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Box 1. Inclusion criteria.

Design
� Randomised controlled trial

Participants
� People aged � 18 years
� Participants who have had COVID-19 and post-COVID-19
conditions, with diagnosis confirmed by reverse transcription-
polymerase chain reaction (RT-PCR) test for SARS-CoV-218

Intervention
� Any type of telerehabilitation (ie, delivery of rehabilitation
services at a distance, using telecommunications technology
to deliver it)19
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number of professionals started to assess and treat patients
remotely.8,13 Telerehabilitation has been recommended to allow
physiotherapists to treat patients remotely;10 however, telehealth
technology can fail to be implemented in clinical care, with non-use
and discontinued use by patients for many different reasons (pri-
marily barriers related to the user, the intervention or the context).14

This review aimed to systematically review the safety and effective-
ness of telerehabilitation interventions in people with COVID-19 and
post-COVID-19 conditions.

Therefore, the specific research question for the systematic review
was:

How effective and safe is telerehabilitation for people with COVID-
19 and post-COVID-19 conditions?
Primary outcomes
� Satisfaction
� Quality of life
� Adverse events

Secondary outcomes
� Adherence to the intervention or completion of (tele)
rehabilitation, according to the criteria of the original trialists

� Dyspnoea
� Physical performance (ie, 30-second sit-to-stand test)
� Physical function (eg, muscle strength assessed by any
Method

This systematic review followed the methodological recommen-
dations of the Cochrane Collaboration Handbook and is reported
according to the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) statement.15,16
validated measure, 6-minute walking test)
� Readmissions
� Mortality
� Respiratory function (ie, spirometry)
� Level of independence (ie, Barthel index)

Comparisons
� Telerehabilitation was compared with face-to-face treatments
� Telerehabilitation versus no treatment or usual care
Identification and selection of trials

The literature search strategy was initially devised for MEDLINE
(via PubMed) and then adapted for use in the other databases. There
were no restrictions to any specific language, date or type of publi-
cation. The electronic searches were performed in five databases:
Cochrane Central Register of Controlled Trials (CENTRAL) via Wiley,
Medical Literature Analysis and Retrieval System online (MEDLINE)
via PubMed, EMBASE via Elsevier, Latin American and the Caribbean
Literature in Health Sciences (LILACS) via Virtual Health Library, and
Living Overview of Evidence (LOVE) database, which includes the
available evidence on COVID-19 from a total of 41 databases from
their inception to 13 March 2022. The detailed search strategies are
presented in Appendix 1 on the eAddenda. Furthermore, a search was
performed on the ClinicalTrials.gov registry website to find ongoing
and unpublished trials.

The eligibility criteria were determined using the Patient/
Population–Intervention–Comparison/Comparator–Outcome (PICO)
acronym.17 The inclusion criteria are shown in Box 1. The exclusion
criteria were: telehealth interventions for monitoring symptoms or
physiological parameters only (ie, telemonitoring) and studies
comparing different types of telerehabilitation.

Two reviewers (AGSV, CGM) independently screened the titles
and abstracts retrieved by the searches. If an article appeared to be
potentially relevant from its title and abstract, it was retrieved as a
full-text article and assessed as to whether it fulfilled the eligibility
criteria. If a consensus could not be reached, a third reviewer (ACPNP)
was consulted to solve potential disagreements regarding the
included articles. The reviewers identified and excluded duplicates
and collated multiple reports of the same study so that each study
was included and analysed only once in the review.
Assessment of characteristics of trials

A pre-defined data collection form was used for collecting study
characteristics and outcome data. Data and study characteristics from
all included studies were extracted independently by two authors
(AGSV, BMSPG) and checked by a third author (ACPNP). To charac-
terise and assess the similarity of the participants among the included
trials, the following data were extracted from each trial: eligibility
criteria, sample size, age, comorbidities and country of recruitment.
To characterise the experimental interventions, details were extrac-
ted on intervention content, session frequency, program duration and
delivery format. To characterise the control interventions, details
were extracted on the intervention content, where applicable. The
range of outcome measures and their assessment time points were
also extracted.
Risk of bias
Assessment of the risk of bias of individual studies was performed

as recommended by the Cochrane Collaboration Handbook.16 The
Risk of Bias 2.0 tool20 was used to evaluate the risk of bias in five
domains: bias arising from the randomisation process, bias due to
deviations from intended interventions, bias due to missing outcome
data, bias in measurement of the outcome and bias in selection of the
reported result. Each domain was categorised as ‘low risk of bias’,
‘some concerns’ or ‘high risk of bias’. A third reviewer was involved if
a consensus could not be reached (RKN).
Data analysis

This review analysed dichotomous outcomes as risk ratios (RR)
with 95% CIs and reported continuous outcomes as mean differences
(MD) with 95% CI. Whenever possible, change-from-baseline values
were used to estimate between-group differences. For data from
included trials that were clinically homogeneous, a pooled quantita-
tive synthesis was performed using a random effects model to ac-
count for between-trial heterogeneity. The I2 statistic was used to
report the heterogeneity.21 Where trials examined effects of multiple
interventions, participants from each arm were included in separate
meta-analyses. Where the trials were clinically heterogeneous, they
were synthesised narratively, as it would not have been appropriate
to combine the results in a meta-analysis.22 When data were not
presented as mean and SD of the change from baseline, the recom-
mendations in Chapter 6 of the Cochrane Handbook (Version 6.3) were
used to calculate them. Subgroup analyses were planned based on
participants’ age, weight and disease severity. If the review was able
to pool more than 10 studies, we intended to evaluate publication
bias. All analyses were performed using Cochrane softwarea.



Figure 1. Flow of trials through the review.
a One trial was reported in two articles.
PICO = Patient Intervention Comparator Outcome.
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Assessment of certainty of evidence
The Grading of Recommendations Assessment, Development and

Evaluation (GRADE) system was used to measure and summarise the
overall current evidence of each outcome.23 The GRADE system
consists of five items: study limitations (risk of bias), inconsistency of
results (heterogeneity), indirectness of evidence, imprecision of the
effect estimates and reporting bias. The quality of the evidence was
classified as high, moderate, low or very low, in relation to the studies
that contributed data for the main prespecified outcomes. All ana-
lyses were performed using GRADEpro GDT software.24

Results

Compliance with the review protocol

The review was conducted according to the registered protocol.
Although subgroup analyses were planned, none of the pooled
studies assessed patients with different age, weight or disease
severity. Although it was planned to evaluate publication bias if it was
possible to pool more than 10 studies, all of the meta-analyses
included fewer than 10 studies.

Flow of trials through the review

The electronic search strategy identified a total of 2,962 records
from the selected databases. After screening titles, abstracts and
reference lists, 21 potentially relevant records underwent full-text
review. Of these, six randomised controlled trials (reported across
seven articles) were included in this review.25–31 The 14 studies that
did not meet the eligibility criteria were excluded due to ineligible
study design (n = 10), ineligible population (n = 3) and ineligible
comparator (n = 1) (Figure 1). Twenty-five ongoing studies were also
identified: three on the databases and 22 on the ClinicalTrials.gov
registry website; see Appendix 2 on the eAddenda for a summary of
the ongoing trials.

Characteristics of included trials

Detailed characteristics of the included studies are shown in
Table 1.

Rodriguez-Blanco et al contributed two of the included trials.25,26

In their trial published in 2021, a 7-day strength and resistance ex-
ercise program was compared with no intervention.25 The experi-
mental group received instructions on how to perform the exercises
through a website and a daily text message was sent asking about the
exercises and as a follow-up method to improve adherence. Addi-
tionally, contact to reinforce the exercise program was made by a
physiotherapist at least twice during the intervention duration
through telematic control by videoconference. All outcomes were
assessed through video calls on the first and seventh days. In their
trial published in 2022, they compared three groups: breathing ex-
ercises, strengthening exercises and control (no intervention).26 The
experimental groups received instructions about the interventions on
the first day and evaluators maintained daily communication with
participants via a smartphone software applicationb as a reminder
during the treatment period and also to improve adherence. The
assessments were conducted through videoconference at baseline
and on day 14.

Three trials investigated telerehabilitation exercise programs in
COVID-19 survivors after hospital discharge. In Li et al,27 a 6-week
telerehabilitation program was compared with control (ie, short
educational instruction) for COVID-19 survivors after hospital
discharge. The program consisted of home-based exercises with
sessions of 40 to 60 minutes by using a smartphone application.
Participants were instructed to monitor and record oxygen satura-
tion before and after exercise with a finger pulse oximeter. Telem-
etry was used to monitor the participants’ heart rate during the
exercises. Besides providing instructions on telemetry adjustments
and exercise program execution, the smartphone application also
sent notifications to remind participants to start the exercise. In
addition, consultations were carried out via smartphone or voice
calls on a smartphone communication appc every week and par-
ticipants could also send their feedback using the application. The
authors reported an unexpected change in assessment location
during the research execution, which delayed the final assessment
by 4 weeks.

In the trial by Pehlivan et al,28 a 6-week program – including
breathing exercises, lower and upper limb exercises, walking and wall
squat exercises – was compared with no intervention in COVID-19
survivors after hospital discharge. Participants in the experimental
group were instructed to complete the exercise sessions three times
per week through synchronised videoconference. Participants in the
control group received educational material with information about
the disease and some basic exercises that could be performed at
home. All participants were assessed by video calls and there was no
face-to-face meeting.

In the trial by Amaral et al,29 a 12-week tele-supervised home-
based exercise training program was compared with no intervention
in COVID-19 survivors after discharge from hospital. The assessments
were performed in a face-to-face meeting in a controlled room. At the
baseline evaluations, the experimental group participants received
instructions on how to properly execute each proposed exercise.
Supplementary material containing exercise instructions was also
sent by smartphone applicationc immediately after the instructional
session for the experimental group. The experimental intervention
lasted for 12 weeks and consisted of both resistance exercise (twice a
week) and aerobic exercise (five times a week) on separate days. The
authors reported no adverse events during the trial.

Only Rodriguez-Blanco et al (2022)26 reported technology-related
issues. One of the participants reported a problem with the tele-
rehabilitation device, which could not be resolved, and decided not to
participate. Other technological issues, such as loss of connection or
difficulty in handling the platform, were not reported in the included
articles.



Table 1
Characteristics of the included trials (n = 6).

Study and country Participants Intervention Outcome measures

Exp Con

Gonzalez-Gerez
et al (2021)
Spain

n = 38
Age (y) = Exp 41 (SD 10), Con 40 (SD 13)
Eligibility: mild-to-moderate COVID-19
symptoms in the acute stage
Comorbidities: NR

Breathing exercise program, delivered
via a website
Group exercise, one session/d, 7 d/wk,
1 wk

No intervention Adverse events
Dyspnoea (MD12)
Physical function (6MWT)
Performance (30STST)
Adjustments to the intensity of
exercise (Borg scale)

Timing: 0, 7 days
Li et al (2021)
China

n = 119
Age (y) = Exp 49 (SD 11), Con 52 (SD 11)
Eligibility: discharged after
hospitalisation for COVID-19, mMRC
dyspnoea scores 2 to 3
Comorbidities: Exp = heart disease (3%),
HT (14%), diabetes (14%), obesity (15%),
lung disease (7%), other (27%); Con =
heart disease (12%), HT (30%), diabetes
(15%), obesity (13%), lung disease (5%),
other (20%)

Breathing control and thoracic
expansion, aerobic exercise and lower
limb muscle strength exercises, delivered
via ‘RehabApp’ smartphone app and
monitored with a telemetry device; three
to four sessions/wk, 6 wks

Short educational
instructions at
baseline

Quality of life (SF-12)
Adverse events
Functional capacity (6MWT)
Dyspnoea (mMRC)
Performance (static squat test)
Respiratory function (spirometry)

Timing: 0, 6, 28 wks

Pehlivan et al (2021)
Turkey

n = 21
Age (y) = Exp 48, Con 44
Eligibility: discharged after
hospitalisation for COVID-19
Comorbidities: NR

Breathing exercises, active breathing
techniques, lower and upper limb
exercises, walking and wall squat
exercises, delivered as a synchronised
exercise program via videoconferencing;
three sessions/wk, 6 wks

Educational material
about COVID-19 and
basic exercises that
could be done at
home

Performance (30STST)
Performance (standing balance, eight-
step walking speed and five sit-ups)
Dyspnoea (mMRC)
Fatigue (VASF)

Timing: 0, 6 weeks
Rodriguez-Blanco
et al (2021)
Spain

n = 36
Age (y) = Exp 39 (SD 12), Con 41 (SD 12)
Eligibility: positive SARS-CoV-2 test in
prior 40 d and in home isolation
Comorbidities: NR

Exercises of resistance and strength,
delivered via a website; one session/d,
7 d/wk, 1 wk

No intervention Physical function (6MWT)
Performance (30STST)
Adjustments to the intensity of
exercise (Borg scale)

Timing: 0, 7 days
Amaral et al (2022)
Brazil

n = 32
Age (y) = Exp 52 (SD 10), Con 53 (SD 12)
Eligibility: discharged after
hospitalisation for COVID-19
Comorbidities: Exp = HT (42%), diabetes
(33%), obesity (67%), dyslipidaemia (8%),
respiratory disease (8%), other (25%);
Con = HT (55%), diabetes (5%),
cardiovascular disease (10%), obesity
(65%), dyslipidaemia (10%), respiratory
disease (10%), hypothyroidism (5%), other
(20%)

Resistance and aerobic exercises
program, delivered via smartphone
guidance, supplementary material and
website
Resistance exercise three sessions/wk
and aerobic exercise five sessions/wk, for
12 wks

No intervention Functional capacity (6MWT)
Performance (FTSTS)
Performance (grip strength)
Respiratory function (FEV1/FVC)

Timing: 0, 12 wks

Rodriguez-Blanco
et al (2022)
Spain

n = 77
Age (y) = Exp 1 35 (SD 12), Exp 2 42 (SD
10), Con 42 (SD 12)
Eligibility: acute COVID-19 and in home
isolation
Comorbidities: NR

Exp 1 = strengthening exercise program
delivered via a website; one session/d,
7 d/wk, 2 wks

No intervention Fatigue (VASF)
Dyspnoea (MD12)
Physical function (6MWT)
Performance (30STST)
Adjustments to the intensity of
exercise (Borg scale)

Timing: 0, 14 days

Exp 2 = breathing exercise program
delivered via a website; one session/d,
7 d/wk, 2 wks

Con = control group, COVID-19 = coronavirus disease, Exp = experimental group, FEV1/FVC = ratio of forced expiratory volume in the first second to forced vital capacity, FTSTS =
five-times sit to stand, HR = heart rate, HT = hypertension, MD12 = multidimensional dyspnoea-12, mMRC = modified Medical Research Council dyspnoea scale, NR = not reported,
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, SF-12 = short-form health survey-12, VASF = visual analogue scale fatigue, 6MWT = 6-minute walking test, 30STST =
30-second sit-to-stand test.
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In the trial by Gonzales-Gerez et al,30 a breathing exercise pro-
gram delivered through telerehabilitation was compared with a
control group in participants in the acute phase of COVID-19. In this
trial30, the experimental group was instructed to perform a program
of 10 breathing exercises for 7 days. They were contacted during the
intervention protocol twice by videoconference and also received one
message per day, which was intended to encourage them to adhere to
the program. No technological issues were reported in this study.

Risk of bias
The risk of bias did not differ among the outcomes within each

included trial so the details of judgements for each domain of risk of
bias are presented by trial in Figure 2. The trial by Li et al27 indicated
concerns of bias in only one domain: selective outcome reporting.
The trial by Gonzales-Gerez et al30 was judged as having a high risk of
bias, as there were concerns in several domains: deviations from the
intended interventions, missing outcome data and selective outcome
reporting.30 Gonzales-Gerez et al also did not perform an intention-
to-treat analysis and the trial protocol was registered after
commencing data collection.30 The trial by Pehlivan et al28 was
judged as having a high risk of bias, as there were concerns in mul-
tiple domains (the randomisation process, deviations from the
intended interventions and selection of the reported result) and a
high risk of bias in measurement of the outcome. The 2021 trial by
Rodriguez-Blanco et al25 presented concerns of bias in the random-
isation process, deviations from the intended interventions and fail-
ure to present the results of one of the variables pre-specified in the
analysis plan. The trial by Amaral et al29 was judged as having a high
risk of bias, as there were concerns in two domains (the random-
isation process due the difference in the baseline characteristics, and
selection of the report result because the authors did not plan an
intention-to-treat analysis) and a high risk in the domain of de-
viations from the intended interventions owing the published result
not being completely in accordance with a pre-specified analysis. The
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Figure 2. Risk of bias of the included studies assessed using the Cochrane Risk of Bias
2.0 Tool.
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Figure 3. Detailed forest plot of the mean difference (95% CI) in effect of breathing
exercises delivered via telerehabilitation for 2 weeks compared with no rehabilitation
on functional capacity assessed by the 6-minute walk test (m), based on pooled data
from two trials.
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Figure 4. Mean difference (95% CI) in effect of breathing exercises delivered via tele-
rehabilitation for 2 weeks compared with no rehabilitation on performance assessed
by the 30-second sit-to-stand test (repetitions), based on pooled data from two trials.
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Figure 5. Mean difference (95% CI) in effect of breathing exercises delivered via tele-
rehabilitation for 2 weeks compared with no rehabilitation on dyspnoea assessed by
Multidimensional Dyspnoea-12, based on pooled data from two trials.
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Figure 6. Mean difference (95% CI) in effect of breathing exercises delivered via tele-
rehabilitation for 2 weeks compared with no rehabilitation on perceived effort
assessed by Borg scale, based on pooled data from two trials.
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2022 trial by Rodriguez-Blanco et al26 was judged as having some
concerns of bias in the domain of deviations from the intended in-
terventions. The authors were unable to mask the treatment from
participants and therapists due to the nature of the interventions.

Effects of intervention

Breathing exercises via telerehabilitation versus no rehabilitation
Two trials evaluated the effects of breathing exercises in partici-

pants in the acute phase of COVID-19.26,30 The pooled results of
these trials suggested that breathing exercises delivered via tele-
rehabilitation led to a higher functional capacity assessed by the 6-
minute walk test (MD 101 m, 95% CI 61 to 141; two studies)
(Figure 3) when compared with no intervention, with low certainty of
evidence. Participants who received breathing exercises via tele-
rehabilitation also had better performance on the 30-second sit-to-
stand test (MD 2.2 repetitions, 95% CI 1.5 to 2.8; two studies)
(Figure 4), lower dyspnoea on the Multidimensional Dyspnoea-12
(MD –6, 95% CI –7 to –5; two studies) (Figure 5) and lower
perceived effort on the Borg scale (MD –2.8, 95% CI –3.3 to –2.3; two
studies) (Figure 6), each with low certainty of evidence. For detailed
forest plots, see Figures 7 to 10 on the eAddenda. The published re-
ports of these trials did not mention the occurrence of adverse events.
A summary of these findings is presented in Table 2.
Exercise via telerehabilitation versus no rehabilitation
Five trials25–29 evaluated the effects of exercise delivered via tel-

erehabilitation versus no exercise. The pooled results of these trials
suggested that exercise delivered via telerehabilitation may lead to a
higher functional capacity assessed by the 6-minute walk test (MD 62
m, 95% CI 42 to 82, four studies) (Figure 11) when compared with no
exercise, with low certainty of evidence. Participants who received
exercise via telerehabilitation also had improved lower limb perfor-
mance assessed by 30-second sit-to-stand test (MD 2.0 repetitions,
95% CI 1.3 to 2.7; two studies) (Figure 12) and lower dyspnoea
assessed by Multidimensional Dyspnoea-12 (MD –1.8, 95% CI –2.5 to
–1.1; one study26), each with low certainty of evidence. For detailed
forest plots, see Figures 13 and 14 on the eAddenda. A summary of the
findings is presented in Table 3.

It was decided not to include Amaral et al29 data in the meta-
analysis because they performed the five times sit-to-stand test,
and this test uses a different scale and has a different direction of the
effect compared with the other included studies. This review was
unable to estimate the treatment effects or to perform a meta-
analysis with Pehlivan et al28 data because the authors provided
incomplete information about the units of outcome measurement;
they also did not provide a trial registration number so additional
information about statistical analysis was unavailable. The exercise
program’s effects on pulmonary function assessed by FEV1/FVC
remain very uncertain (MD 0.03, 95% CI –0.03 to 0.09; one study27,
very low certainty of evidence). Amaral et al29 did not report the



Table 2
Summary of the findings in relation to breathing exercises via telerehabilitation.

Breathing exercises compared with no intervention for COVID-19

Patient or population: COVID-19 j Setting: home-based j Intervention: breathing exercises j Comparison: no intervention

Outcomes Anticipated absolute effectsa (95% CI) Relative
effect

(95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Risk with no intervention Risk with breathing
exercises

Functional
capacity at 2 wks:
6-minute walk
test

The mean change in
functional capacity at 2 wks
ranged from –3.23 to 6 m

MD 101 m higher (61 higher
to 141 higher)

– 89 (2) 44BB

Lowb,c
Breathing exercises may
slightly increase functional
capacity at 2 wks.

Performance at 2
wks: 30-second
sit-to-stand

The mean change in
performance at 2 wks
ranged from –0.59 to –0.31
repetitions

MD 2.2 repetitions higher
(1.5 higher to 2.8 higher)

– 89 (2) 44BB

Lowb,c
Breathing exercises may
slightly increase performance
at 2 wks.

Dyspnoea at 2
wks:
Multidimensional
Dyspnoea-12

The mean change in
dyspnoea at 2 wks ranged
from 0.05 to 0.32

MD 6 lower (7 lower to 5
lower)

– 89 (2) 44BB

Lowb,c
Breathing exercises may
slightly reduce dyspnoea at 2
wks.

Perceived effort at
2 wks: Borg scale

The mean change in
perceived effort at 2 wks
ranged from –0.32 to 0.14

MD 2.8 lower (3.3 lower to
2.3 lower)

– 89 (2) 44BB

Lowb,c
Breathing exercises may result
in a slight reduction in
perceived effort at 2 wks.

GRADE Working Group grades of evidence: High certainty: we are very confident that the true effect lies close to that of the estimate of the effect; Moderate certainty: we are
moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; Low
certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; Very low certainty: we have very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

a The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
b Downgraded one level due to serious risk of bias (some concerns due to deviations from intended interventions and selection of the reported result).
c Downgraded one level due to serious imprecision (few participants and studies).
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Figure 11. Mean difference (95% CI) in effect of exercises delivered via tele-
rehabilitation for 12 weeks compared with no rehabilitation on functional capacity
assessed by the 6-minute walk test (m), based on pooled data from four trials.
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Figure 12. Mean difference (95% CI) in effect of breathing exercises delivered via tel-
erehabilitation for 2 weeks compared with no rehabilitation on the 30-second sit-to-
stand test (repetitions), based on pooled data from two trials.
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measure of variability for the spirometry results and it was not
possible to include the result in a meta-analysis.

The results of one trial also suggested that exercise delivered via
telerehabilitation increases the likelihood of being free of dyspnoea at
12 weeks (RR 1.47, 95% CI 1.18 to 1.82; one study27), with low certainty
of evidence; and improves the physical component of quality of life
assessed by 12-Item Short-form Health Survey (SF-12) (MD 3.97, 95% CI
1.26 to 6.68; one study27), with low certainty of evidence. The effect of
exercise delivered via telerehabilitation on the mental component of
quality of life was unclear (MD 1.98, 95% CI –1.70 to 5.66; one study27).
A summary of these findings is presented in Table 3.
Regarding safety, only one trial27 formally evaluated the incidence
of adverse events. Among the 174 events that were reported, 78 were
in the control group and 96 were in the telerehabilitation group. Only
one adverse event was classified as moderately severe (stomach ul-
cers, control group), the others were very mild to moderate. The
events comprised chest tightness, weakness, cough, reduced muscle
strength, sputum discharge, dizziness, chest and back pain. Adverse
events occurred with similar frequency in the telerehabilitation group
(median 0 per participant, IQR 0 to 2.75) as in the control group
(median 0 per participant, IQR 0 to 2); Hodges-Lehmann median
difference 0 (95% CI 0 to 0), with low certainty of evidence. In the
2021 trial by Rodriguez-Blanco et al,25 one hospitalisation was re-
ported at the end of intervention; it was in the control group. In the
2022 trial by Rodriguez-Blanco et al,26 two hospitalisations were
reported; both were in the control group.

Discussion

It is believed that this is the first study to systematically review,
with high methodological rigor, the safety and effectiveness of tele-
rehabilitation in patients with COVID-19 and post-COVID-19 condi-
tions. The present systematic review found that an exercise program
delivered via telerehabilitation may improve functional capacity,
lower limb performance, dyspnoea and physical components of
quality of life compared with no exercise. It appears to be safe, with
similar incidence of adverse events between the experimental and
control groups. The adverse events that occurred were generally mild
or moderate, and included chest tightness, weakness, cough, reduced
muscle strength, sputum discharge, dizziness, and chest and back
pain. Additionally, breathing exercises delivered via telerehabilitation
may improve functional capacity, lower limb performance and
dyspnoea compared with not performing breathing exercises.

Despite the fact that telerehabilitation has been encouraged
around the world during the pandemic, there is a lack of strong
scientific evidence published to support this practice with COVID-
19 and post-COVID-19 conditions. There are only six currently
published randomised trials on the effects of telerehabilitation in
patients with COVID-19 and post-COVID-19, in which several
methodological issues were identified. Three of the included trials
were classified as being at high risk of bias and the other three trials
were judged as having some concerns about the risk of bias.



Table 3
Summary of the findings in relation to exercise via telerehabilitation.

Exercise program compared with no rehabilitation for COVID-19

Patient or population: COVID-19 j Setting: home-based j Intervention: exercise program j Comparison: no rehabilitation

Outcomes Anticipated absolute effectsa (95% CI) Relative
effect (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Risk with no
rehabilitation

Risk with exercise
program

Functional capacity at
12 wks

The mean change in
functional capacity at
12 wks ranged from
–3.22 to 18 m

MD 62 m higher (42
higher to 82 higher)

– 228 (4) 44BB

Lowb,c
Exercise program may
increase functional
capacity at 12 wks slightly.

Performance at 6 wks:
30-second sit-to-stand

The mean change in
performance at 6 wks
ranged from –0.59 to
–0.55 repetitions

MD 2 repetitions higher
(1.3 higher to 2.7 higher)

– 84 (2) 44BB

Lowb,c
Exercise program may
increase performance at 6
wks slightly.

Dyspnoea at 2 wks:
Multidimensional
Dyspnoea-12

The mean change in
dyspnoea at 2 wks was
0.318

MD 1.8 lower (2.5 lower
to 1.1 lower)

– 48 (1) 44BB

Lowb,c
Exercise program may
reduce dyspnoea at 12
wks slightly.

Free of dyspnoea at 12
wks

617/1,000 907/1,000 (728 to 1,000) RR 1.47 (1.18 to 1.82) 112 (1) 44BB

Lowb,d
Exercise program may
increase the likelihood of
being dyspnoea-free at 12
wks.

Pulmonary function at
6 wks: FEV1/FVC

The mean change in
pulmonary function at 6
wks was 0.01

MD 0.03 higher (0.03
lower to 0.09 higher)

– 107 (1) 4BBB

Very lowb,e
Exercise program effect on
pulmonary function at 6
wks remain very
uncertain.

Lower limb muscle
strength at 6 wks

The mean change in
lower limb muscle
strength at 6 wks was
7.98

MD 21.37 higher (12.47
higher to 30.27 higher)

– 112 (1) 44BB

Lowb,c
Exercise program may
increase lower limb
muscle strength at 6 wks.

Quality of life
(physical component)
at 6 wks

The mean change in
quality of life (physical
component) at 6 wks
was 3.84

MD 3.97 higher (1.26
higher to 6.68 higher)

– 112 (1) 44BB

Lowb,c
Exercise program may
increase quality of life
(physical component) at
6 wks.

Quality of life (mental
component) at 6 wks

The mean change in
quality of life (mental
component) at 6 wks
was 4.17

MD 1.98 higher (1.7
lower to 5.66 higher)

– 112 (1) 4BBB

Very lowb,e
Exercise program effects
on quality of life (mental
component) at 6 wks
remain very uncertain.

GRADE Working Group grades of evidence: High certainty: we are very confident that the true effect lies close to that of the estimate of the effect; Moderate certainty: we are
moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; Low
certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; Very low certainty: we have very little
confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

a The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
b Downgraded one level due to methodological limitations.
c Downgraded one level due to serious imprecision (few participants).
d Downgraded one level due to serious imprecision (few events).
e Downgraded two levels due to very serious imprecision (few participants and large confidence interval).
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Important methodological issues were found, such as the absence of
information about the randomisation process, lack of pre-specified
protocols, bias due to deviations from intended interventions and
bias due to missing outcome data. The small sample size and the
eligibility criteria may also limit the generalisation of results to
other groups of patients, such as those with mild and moderate
symptoms combined with previous underlying disease and
comorbidities.

The six included trials presented heterogeneity in participants’
demographic and clinical characteristics, stage of disease and tele-
rehabilitation delivery method. The different types of telemonitoring
options (eg, mobile phone, WeChat voice calls, text messages,
videoconference and YouTube) may have influenced the tele-
rehabilitation outcomes. It is important to note that the pandemic
increased the challenge for researchers and participants to conduct
clinical trials, especially due to the strict infection control measures
and economic downturn. Moreover, the accelerated regulations
aiming at rapidly introducing remotely delivered interventions were
accompanied by poor guidance for implementation and insufficient
professional training.10 While field hospitals were built to support the
growing need for hospitalisation, rehabilitation centre supply did not
change or even decreased initially.32 This is reflected in one of the
most important limitations of Li’s study:27 although several resources
were incorporated, an unexpected change in the assessment location
delayed the final assessment by 4 weeks. In another trial,26 the total
planned time of the interventions was also impacted due to the
quarantine period, from 3 to 2 weeks. Thus, there were some diffi-
culties in managing telerehabilitation studies in patients with COVID-
19 or post-COVID-19 conditions that went beyond symptoms alone.
Saaei et al33 identified, through a questionnaire given to 228 phys-
iotherapists, that teaching exercises virtually, as well as sharing ex-
ercises and educational materials across multiple platforms, are the
most challenging issues of virtual care. In addition, patients’ tech-
nological literacy levels were another challenge that was reported.33

Rodriguez-Blanco et al (2021),25 Pehlivan et al,28 Amaral et al,29 Li
et al27 and Gonzales-Perez et al30 did not report any difficulty such as
the one reported by Saaei et al.33

Approximately 90% of hospitalised patients with COVID-19 expe-
rience post-acute sequelae of COVID-19.34,35 Thus, even patients who
have not needed hospitalisation may experience different levels of
respiratory and functional impairment after the acute phase of the
disease, indicating the relevance of physical and respiratory rehabil-
itation.34–36 The most frequently reported symptom was dyspnoea,
followed by fatigue and exercise intolerance.34–36 Therefore, physio-
therapy treatment delivered by telerehabilitation could be an excel-
lent therapeutic alternative for promoting early intervention to
re-establish the pre-infection respiratory and functional status,
especially in the context of social isolation imposed by the pandemic.
Telerehabilitation can also increase patient adherence, due to its
convenience and accessibility.37,38

This review suggests that telerehabilitation improves outcomes
compared with no rehabilitation. Nevertheless, the results must be



Research 97
evaluated with caution due to the small sample size and few events
that occurred for some outcomes in the included trials. The best
telerehabilitation platform to be used during the COVID-19 pandemic
is still undergoing remodelling due to technological advances.33 It is
important to assess whether patients can easily handle the different
forms of delivery of telerehabilitation in order to increase the
adherence, accessibility, interactivity and flexibility of this form of
delivery—as observed in telerehabilitation studies on patients with
chronic lung disease39 and cardiovascular diseases.40 Several barriers
can limit the safe use of telerehabilitation by healthcare institutions,
including: data privacy, patient safety and reimbursement. Patients
also face barriers to adequate participation in telerehabilitation,
including: lack of internet devices at home, poor home internet
connection, and factors such as age, cognition and educational level.41

Despite the limitations, telerehabilitation is able to reach more
patients, including those with difficulty accessing a healthcare centre
and those isolating at home due to COVID-19. However, it is
extremely important that trained professionals with a view to patient
safety can identify the right time to adjust the intensive exercise
program and to stop the activity. Overall, the small number of studies
and the different forms of telerehabilitation, with few participants,
impose limitations as to the strength of the evidence provided by this
review. Mixed delivery models with in-person and remote elements,
and different exercise prescriptions might be investigated to evaluate,
in a more robust way, the effect of telerehabilitation in patients with
COVID-19 and post-COVID-19 conditions.

Future studies are required with higher methodological quality,
larger sample sizes and other relevant outcomes such as satisfaction,
level of functional independence, costs and mortality. These studies
may help verify the safety and effectiveness of telerehabilitation in
view of the risk of clinical worsening and necessity of hospitalisation
in patients with COVID-19 or low tolerance due to sequelae after
COVID-19. Twenty-five ongoing studies were identified in this review.
There are many research opportunities in multiple domains that can
be used to improve remote care and its outcomes, and to promote the
science that supports telerehabilitation.

In conclusion, exercise programs delivered via telerehabilitation
may improve functional capacity, lower limb performance, dyspnoea
and the physical component of quality of life compared with no
rehabilitation in patients with COVID-19 in the acute phase and in
people with post-COVID-19 conditions. It appears to be safe, with
similar median number of adverse events per participant between
the experimental and control groups. The adverse events that
occurred were generally mild or moderate, and telerehabilitation
did not increase readmissions to hospital. Furthermore, breathing
exercises delivered via telerehabilitation in patients in the acute
phase of COVID-19 versus no rehabilitation may improve functional
capacity, lower limb performance and dyspnoea compared with no
rehabilitation. Future primary studies are needed to confirm the
effectiveness and safety of telerehabilitation at different stages of
COVID-19 and the individualisation of exercises according to disease
stage.
What was already known on this topic: Many people who
are hospitalised for COVID-19 report persistent impairment in
cognitive function, dyspnoea and/or fatigue at hospital
discharge. Use of telehealth technology to provide rehabilitation
to people with COVID-19 or post-COVID conditions conforms
with infection control policies.
What this study adds: Telerehabilitation consisting of
breathing exercises and/or general exercise improves functional
capacity, physical performance and dyspnoea in people with
COVID-19 or post-COVID conditions.

Footnotes: a Review Manager V.5.4.1, The Nordic Cochrane Centre,
Copenhagen, Denmark.

b WhatsApp, Meta, Menlo Park, USA.
c WeChat, Tencent, Shenzhen, China.
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