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INTRODUCTION

As of December 30, 2023, 26 RCTs related to the effects of CPRPs
on LC19Ps have been published in PubMed [ie; research using the
two keywords (pulmonary rehabilitation) AND (COVID-19)][1-26],
but only 11 have exclusively reported 6MWT and/or pulmonary
function data, among others [1-111.

MATERIALS AND METHODS
Second phase (2 weeks): Pre-CPRP’ evaluations

The mMRC scale is a self-rating scale that measures the disability
caused by breathlessness in daily activities [27]. This scale ranges
from level O to level 4, where ‘0" is no breathlessness, except on
strenuous exercise; and ‘4’ is too breathless to leave the house, or
breathless when dressing or undressing [271].

DISCU'S S 1O /N 155
Rationale for choosing the 6MWD data as main outcome

The assessment of exercise tolerance is typically determined by
measuring the maximum oxygen consumption in a cardiorespiratory
test conducted under closely monitored conditions, with both a phy-
sician and a technician present [28]. Nevertheless, conducting this
cardiorespiratory test requires sophisticated and costly equipment,
along with personnel possessing advanced skills for its opera-
tion [28]. As a result, the repeated utilization of this test imposes
a significant financial burden and is not feasible on a broad scale [28].
These constraints have prompted the adoption of simpler assess-
ments, like the BMWT [29-31]. The 6MWT comes with various
benefits, such as increased safety, straightforward administration,
improved patient tolerance, and a closer correlation with everyday
activities [29-31]. Moreover, it is cost-effective and can be easily
implemented on a large scale [29-31]. Extraordinarily, the 6GMWT
can be successfully completed by many elderly, frail, and severely
restricted patients who are unable to undergo conventional maximal
cycle ergometer or treadmill exercise tests [32]. This test entails
measuring the distance an individual can walk on a flat surface
within a span of 6 minutes [29-31]. Its increasing popularity can
be attributed to its simplicity and the fact that it does not require
complex equipment, rendering it suitable even for severely debilitated
patients [29-31]. Over the last two decades (i.e., 2004-2024),
the 6MWT has been extensively used in preoperative and postop-
erative evaluations [29-31, 33-37] and in assessing functional
exercise performance across diverse populations including those
with chronic pulmonary, cardiac, renal, metabolical, and neuromus-
cular conditions, scleroderma, infection with human immunodeficient
virus, and ageing [29-77]. Furthermore, it has been demonstrated
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that the 6BMWT independently predicts the risk of mortality among
individuals with chronic illnesses [29, 30, 32, 44, 67, 68]. Its
ability to independently predict mortality risk makes it a valuable
tool for patient assessment and risk stratification [29-32].

Discussion of the methodology

The discrepancies noted between our results and these of some
related RCTs (Tables 1S to 6S, Appendix) could be explained by at
least 12 points related to differences in: (i) Recruitment methods,
(i) Applied questionnaires and tests, (iii) Blinding technique and
randomization method, (iv) Primary and secondary outcomes,
(v) Time interval between the onset of COVID-19 and the initiation
of the CPRP, (vi) Applied inclusion, non-inclusion and exclusion
criteria, (vii) Sample size calculation, (viii) Characteristics of LC19Ps
and controls, (ix) Methodological aspects of the 6GMWT, (x) Collected
data during the 6MWT, (xi) Methodological aspects of the CPRP,
and (xii) Statistical approaches. Discussion related to points (i) to
(vi) is exposed in the following sentences.

Recruitment methods

As previously done in three related RCTs [4-6], our patients were
recruited from the consultants of a department of pulmonology
outpatient. In some similar RCTs (Table 2S), various recruitment
strategies were utilized such as patients contacted by tele-
phone [1, 2], or patients who were transferred directly from inten-
sive care unit after a severe course of COVID-19 [11].

Applied questionnaires and tests
As previously done in four related RCTs [2, 6, 9, 101, we have applied
a general questionnaire involving demographic, clinical and COVID-19
data, and we have evaluated dyspnea via the Borg [7, 8, 10] and
the mMRC [1, 4-8, 10] scales. In related RCTs, various question-
naires were used (Table 1S) [eg; activities of daily living question-
naire [3], self-rating depression scale [3], self-rating anxiety scale [3],
hospital anxiety and depression [8, 9], short form health sur-
vey-36 [3, 8], short form health survey-12 [1], Saint George's respi-
ratory questionnaire [4, 81, VQ11 [5], multidimensional fatigue
inventory [5], symptoms score [7], and fatigue severity scale [6]].
Similar to seven related RCTs [1-5, 8, 10], we have practiced
6MWTs and spirometric tests. In related studies (Table 1S), in addi-
tion to the 6MWT, further tests were utilized such as respiratory
muscle strength [2], maximum static inspiratory pressure [6],
30-second sit-to-stand test, static squat test [1], five-time sit to
stand [2], 1-minute sit to stand [5],timed up and go test [2], hand-
grip strength [2, 11], hemodynamic and vascular data [2], arterial
blood pressure [6], Berg scale [11], Tinetti scale [11], isokinetic
muscle force test [11], Barthel index [11], functional independence
measure [11], and serum lactate lev\el [6].

Blinding technique and randomization method
As done in some related RCTs (Table 1S), we have opted for
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randomization [1, 4-10] and blinding [1, 2, 6]. Problematic ran-
domization and the absence of blinding of patients and training
performers, may undermine the validity and reliability of individual
study results or data synthesis [78].

Primary and secondary outcomes

As done in five related RCTs [1, 4, 5, 8, 101 (Table 1S), our main
outcome was the 6MWD. In the remaining RCTs (Table 1S), the
primary outcomes were spirometric data [3, 4, 101, maximum
static inspiratory pressure [6], dyspnea [7, 10], and fatigue and
stress levels [10]. As done in some related RCTs [1, 4-6, 8]
(Table 1S), our secondary outcomes were dyspnea and spirometric
data.

Time interval between the onset of COVID-19 and the initiation
of the CPRP

In our study, the time interval between the onset of COVID-19
and the initiation of the CPRP was at least 3-months. In related
RCTs, these intervals were various (eg; period of at least four
weeks [6, 81, three months [11] or six months [3, 111 following
the onset of other acute diseases; mean of a 141 days [5]). These
specific timeframes were defined to characterize the stage of
COVID-19 recovery at the start of the CPRP in each respective
RCT.

Applied inclusion, non-inclusion, and exclusion criteria

The inclusion, non-inclusion, and exclusion criteria applied in our
RCT are similar to these of similar related studies (Table 2S). First,
in line with some related RCTs [1, 8] (Table 2S), only LC19Ps with
persistent dyspnea were included. Second, as done in some other
studies (Table 2S), we have not included LC19Ps with some chronic
conditions [1-11], and having 6MWT [2, 5] or spirometry [5]
contra-indications. It appears that our RCT is the first to exclude
active smokers (Table 2S). Third, as done in similar related stud-
ies[1, 2] (Table 2S), we have excluded files of patients who missed
any session of the CPRP or who did not attend the final evaluation.

RIES U LTS 5000000
Effects on 6MWD
Our findings and these of the 11 other RCTs (Table 6S) concerning
the effect of CPRP on 6MWD are in line with those reported by
some previous seven SRs [78-84] who confirmed the effectiveness
of CPRPs in enhancing various health outcomes, including physi-
cal health, in LC19Ps. The following sentences will discuss the
findings of the aforementioned six SRs [78-84].

First, a SR including eight studies [79] have reported that CPRP:
i) Produced significant improvement in 6MWD in COVID-19
patients as compared to the CG with a minimal difference (MD) of
66 m; ii) Was effective in improving MWD in both acute (ie; MD
of 83 m) and chronic (ie; MD of 44.16 m) COVID-19 patients as
compared to CG [79]; iii) Improves both mild (ie; MD of 72 m)
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and moderate/severe (ie; MD of 50 m) patients [79]; iv) Was effec-
tive in improving 6MWD in both face-to-face (ie; MD of 41 m) and
telerehabilitation (ie; MD of 76 m) programs; and vi) Induces sig-
nificant benefits, as compared to no intervention, from even two
weeks (ie; MD of 78 m).

Second, a SR including six studies [80] have noted that CPRP
improved 6MWD (ie; standardized mean difference (SMD) of 0.83)
compared to the standard treatment CG.

Third, a SR including three studies [78] reported results from
6MWD to demonstrate improvement made on exercise capacity,
however, large variation was observed across baseline data on
6WMT. The authors noted that the pooled estimate of effect of
CPRP on 6MWD (ie; MD of 50 m) was in favor of IG, and supe-
rior to the recommend MCID [78].

Fourth, a SR including 11 studies [81] reported that 6MWT
was used in five ones. On the one hand, qualitatively all the included
studies reported increases in physical performance post-CPRP at
the end of the treatment in LC19Ps. When CRPP is compared with
the usual care or educational approaches, statistically significant
differences favoring the IG in terms of physical function were
noted [81]. However, when compared to general exercise, there
were no differences between the groups in terms of physical func-
tion improvements [81]. When manual therapy was added to
a CPRP, compared to CPRP alone, no significant differences were
found between the groups [81]. On the other hand, concerning the
quantitative analysis, the pooling of five RCTs [1, 85-88] identi-
fied no significant effects on physical function improvement, with
higher pre-post intervention changes in the |G compared to the CG.
Among the observational studies, five ones were pooled [89-93],
and no significant effects were observed in the pre-post interven-
tion change in physical performance (ie; mean of 94 m). The 6MWD
pooled data from the observational studies [89-93] showed sig-
nificant increase scores post-CPRP (ie; mean of 0.537 m).

Fifth, a SR including five studies [82], where only two evalu-
ated the 6BMWT [3, 941, reported significant differences pre- and
post- the CPRP.

Sixth, a SR and meta-analysis on telerehabilitation in LC19Ps [83],
which included four RCTs [1, 85, 87, 95] reported improvements
in 6BMWT following breathing exercises and non-specific strength
and resistance exercises lasting from one to six weeks.

Finally, a SR [84] including six RCTs [1-4, 6, 7] provided com-
pelling evidence supporting the effectiveness of CPRPs in improv-
ing submaximal exercise performance in LC19Ps.

Effects on dyspnea
Some of previous SRs [79-82, 96] have reported findings related
to the effects of CPRP on dyspnea of LC19Ps. The following sen-
tences will discuss the findings of the aforementioned five
SRs [79-82, 961.

First, a SR including eight studies [79] have reported that CPRP:
i) Resulted in a significant reduction in dyspnea in the IG as
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compared to the CG (ie; SMD of -2.11); /i) Such as face-to-face
and telerehabilitation programs induce benefits in both mild and
moderate/severe patients; iii) Is superior to no intervention in reduc-
ing dyspnea in patients with both acute (ie; SMD of -2.42) and
chronic (je; MD of -0.88) COVID-19; and iv) Induces benefits, as
compared to no intervention, from even two weeks (ie; MD of
-5.02). The observed decrease in dyspnea perception during CPRP
might be due to physiological adaption to exercise training [971].
Second, a SR including six studies [80] have identified that CPRP
improved dyspnea (ie; SMD of 0.55) in the |G compared to CG.
Third, a SR including five studies [96] highlighted that the two
ones who assessed the effects of CPRP on dyspnea in LC19Ps,
have detected an improvement in dyspnea and perceived exertion
in favor of the IG at the end of the intervention (ie; six weeks).
Fourth, a SR including 11 studies [81] have used two analysis
approaches. From a qualitative point of view, the 11 studies
reported improvements in dyspnea levels post-CPRP in LC19Ps at

the end of their treatments [81]. When CPRP was compared to
the usual care, with no controls or educational instructions, statis-
tically significant differences were found between the groups, favor-
ing intervention in terms of dyspnea improvement [81]. However,
when compared to general exercise, no significant differences were
found [81]. The addition of myofascial release therapy to a CPRP,
compared to CPRP alone, resulted in statistical differences that
favored the IG [81]. Regarding the quantitative analysis, contrary
results were found [81]. Pooling of the included RCTs (n = 5) did
not result in significant effects on dyspnea improvement. In case
of the observational studies (n = 5), the same scenario occurs,
and no significant effects were observed in the pre-post interven-
tion changes [811.

Fifth, a SR who included five studies [82], noted that two pro-
spective intervention studies [3, 94] have evaluated dyspnea, show-
ing highly significant results between pre- and post- CPRP.

Table 1S. Methodological characteristics of some relative randomized controlled trials (RCT).

1% author Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4]
Yr-publication 2020 2022 2022 2022 2022
Country .China .China .Brazil .Egypt Turkey
Aim(s) related to Investigate the effects of  .Investigate superiority of  .Test the hypothesis that .Determine whether the .Evaluate the

this paper proposes:
To

6-W respiratory
rehabilitation training on
respiratory function, QoL,
mobility and psychological
function in elderly C19P

a TRT for COVID-19 over
no rehabilitation with
regard to exercise
capacity, lower LMS,
pulmonary function, QoL
and dyspnea

tele-supervised
home-based exercise
training is an effective
strategy for improving
cardiovascular,
respiratory, and functional
capacity parameters in
individuals that were

addition of manual
diaphragm release to an
IMT program is more
effective than IMT alone
in reducing blood
pressure, dyspnea,
fatigue, and aerobic
performance capacity in

effectiveness of breathing
exercises given by
telemedicine in PC19S
dyspneic individuals

hospitalized due to males with PC19S
COvID-19
Study design .Open label RCT Multicenter RCT Single-blinded RCT .Pretest-posttest
.Observational .Parallel-group RCT Single-center .RCT parallel group study
.Prospective Single-blinded
.Quasi-experimental
Study period NR .2020 NR .2021 to 2022 .2020 to 2021
.2 evaluations: 6 Ws
(post-treatment) and 24
Ws (follow-up)
Sample size .Calculated .Calculated .Not calculated .Calculated .Calculated
Target C19P .Patients discharged from  .Patients recovering from .Patients that were .Males with PC19S .Patients who: *Received

the hospital with
satisfying results

COVID-19 and discharged
from hospitals

hospitalized at the
hospital

treatment for COVID-19
*Completed 2 months
after treatment
*Presented to the chest
diseases outpatient clinic
with dyspnea
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1t author Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4]
Applied ADL SF-12 .Anamnesis (demographic  .Personal information .SGRQ
questionnaires SF-36 .mMRC and health form .mMRC
.SDS characteristics, persistent .mMRC
SAS symptoms? medications .Fatigue severity scale
used)
Applied tests .Spirometry 6MWT .Anthropometric data 6MWT .Spirometry
OMWT Static squat test .Hemodynamic data Arterial BP 6MWT
.Spirometry Vascular data .Serum lactate level
Ventilatory data .Maximum static
(spirometry, respiratory inspiratory pressure
muscle strength)
.Functional data (HGS,
FTSTS, TUG]
6MWT
Blinding technique  .NR .Evaluators (rehabilitation .Evaluators .Patients .NR
doctor and therapist) .Observers .Outcome analyzer
Randomization NR .Permutated allocation NR .Patients were .An online randomization
method sequences for 1:1 block randomized 1:1 by an site
randomization (block size independent statistician .Sequentially numbered,
10-14) .Each patient picked an opaque, sealed envelopes
opaque sealed envelope, containing the
numbered sequentially by assignment
a researcher who was not  .Opaque envelopes in
involved in the study a locked cupboard were
opened sequentially by an
external independent
person before the
participants
Primary outcome .Spirometric data .6MWT data NR .Maximum static .Spirometry
inspiratory pressure 6MWT
Secondary outcomes .6MWD LMS NR .mMRC .SGRQ
ADL .Spirometric data 6MWT .mMRC
.QoL .Qol, Arterial BP
.Anxiety score .Dyspnea .Fatigue severity scale
.Depression score .Serum lactate level
1 author Pang [7] Vallier [5] Sahin [8] Rutkowski [9] Rutkowski [10] Trzmiel [11]
Yr-publication 2022 2023 2023 2022 2023 2023
Country .China France JTurkey .Poland .Poland .Poland
Aim(s) related to .Evaluate the JInvestigate whether ~ .Compare the effects  .Investigate and .Evaluate if a 3-W .Compare the
this paper proposes: effectiveness and home-based of a home-based compare an pulmonary effectiveness of
To safety of QUYQ on rehabilitation would ~ pulmonary innovative rehabilitation traditional
PC19S have similar effects  rehabilitation in-hospital program will improve  neurological
compared to program with and pulmonary the pulmonary rehabilitation and
inpatient without telecoaching  rehabilitation function, exercise neurological
rehabilitation on on health-related programs augmented  capacity and the rehabilitation
physical and outcomes in C19Ps’  with training stress level of combined with
respiratory variables  survivors elements performed  individuals with a rehabilitation robot
in PC19Ps. in virtual reality PASC19 for patients with
PC19FS
Study design .RCT RCT RCT RCT RCT
.Open-label .Open access
Study period NR 2021 2021 NR 2022
Sample size Not calculated .Calculated .Calculated .Calculated Not Calculated
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Table 1S. Continue

1% author Pang [7] Vallier [5] Sahin [8] Rutkowski [9] Rutkowski [10] Trzmiel [11]
Target C19P .Mild, ordinary, or .Patients with at .Patients who .Patients previously affected by COVID-19 .Participants who
severe C19P least one physical or  completed medical were transferred
respiratory sequela treatment directly from
and discharged from intensive care units
hospitals due to post-viral
fatigue after
experiencing
a severe course of
COvID-19
Applied .mMRC .mMRC .mMRC Self-administered Self-administered NR
questionnaires .BS MFI HAD sociodemographic sociodemographic
.Symptoms score Va1l SGRQ questionnaire questionnaire
SF-36 .HAD .mMRC
Modified BS WHOQOL-BREF .BS
.PSS-10
Applied tests OMWT .Spirometry BMWT 6MWT OMWT BMWT
OMWT Spirometry .Spirometry HGS
.1-minute sit to .Berg scale
stand Tinetti scale
Squat jump JIsokinetic muscle
force test
.Barthel index
.Functional
independence
measure
Blinding technique ~ .NR NR NR NR NR
Randomization .Randomization in .Web-based .Randomization Web Randomizer (1:1 ratio) NR
method a 1:1 ratio randomization program
Primary outcome .mMRC 6MWT data BMWT data NR .Spirometric data NR
.BS BMWT
.Fatigue level
.Dyspnea level
Stress level
Secondary outcomes .6MWT .Spirometric data LMS NR NR
.Symptoms score .1-minute sit to .Spirometric data
stand SGRQ
.Force and power of  .SF-36
the lower limb .Dyspnea
.MFI scores Muscle strength
VQ11 score

ADL: Activities of daily living. BP: Blood pressure. BS: Borg scale. C19P: COVID-19 patients. FTSTS: Five-time sit to stand. HAD:
Hospital anxiety and depression. HGS: Handgrip strength. LMS: Limb muscle strength. MFI: Multidimensional fatigue inventory.
mMRC: Modified medical research council. NR: Not reported. PASC19: post-acute sequelae of COVID-19. PC19FS: post-COVID-19
fatigue syndrome. PC19P: post COVID-19 patient. PC19S: Post-COVID-19 syndrome. PSS-10: Perceived stress scale. QJYQ: Qingjin
yigi granules. QoL: Quality of life. SAS: Self-rating anxiety scale. SDS: Self-rating depression scale. SF-12: Short form health survey-12.
SF-36: Short form-36. SGRQ: St. George’s respiratory questionnaire. TRT: Telerehabilitation tools. TUG: Timed up and go test. VQ11:
QoL questionnaire. W: Week. WHOQOL-BREF: Short version of the world health organization QoL questionnaire. Yr: Year. 6MWD:
6-min walk distance. BMWT: 6-minute walk test.
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Table 2S. Recruitment methods, inclusion, non-inclusion
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and exclusion criteria applied in some relative randomized controlled trials

(RCT).
1% author Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4]
Recruitment method .Patients who consulted .Telephone contact Telephone call .Patients from chest .C19P who presented to
hospitals designated to disease department the chest diseases
admit C19P outpatient clinic outpatient clinic with
dyspnea
Inclusion criteria .Diagnosis of COVID-19 Age: 18-75 yrs, .Diagnosis of COVID-19 Males Age > 18

Age > 65 yrs
> 6 months after the

.Discharged from hospitals

after inpatient treatment

Age: > 18 yrs

Age: 30-45 yrs
BMI: 25-29.9 kg/m?

Access to the appropriate
communication device or

onset of other acute for COVID-19 .Low-moderate PA (IPAQ) internet for telemedicine
diseases .mMRC: 2-3 .Mild-Moderate lung implementation
MMSE score > 21 fibrosis (high-resolution .No visual-impairment
.No COPD chest CT) No disease that could
.No respiratory disease .AHT at stage Il prevent mobilization
FEV, >70% (160-179/100-109
mmHg)
Stable and non-
hospitalized after
COvID-19
At least 4 Ws since the
first positive COVID-19
swab at the time of
screening
Non-inclusion .Moderate-severe heart .mMRC: 4-5 .Contraindications for PA .Cardiac disease FEV, < 50%
criteria disease (grade Il or IV, .Resting HR > 100 bpm (ie; recent M, unstable .Chronic respiratory FEFys_75 < 50%

NYHA)

.Severe ischemic
.Hemorrhagic stroke
Neurodegenerative
diseases

.Uncontrolled ATH
.Uncontrolled chronic
disease (eg, DM with
RBG > 16.7 mmol/L,
HbA,C > 7.0%)
.Cerebrovascular disease
within 6 months
JIntra-articular drug
injection or surgical
treatment of lower
extremities within

6 months

Medication affecting
cardiopulmonary function

such as bronchodilators or

B-blockers

.Unable to walk
independently with
assistive device
.Unable or unwilling to
collaborate with
assessments

. Enrolment or participation

in other trials within past
3 months

History of severe cognitive

or mental disorder or
substance abuse
.Enrolment in other
rehabilitation program

angina or arrhythmias or
other uncontrolled heart
disease)
.Decompensation
.Metabolic, pulmonary,
hepatic or renal diseases
.Pregnant or lactating
females

disease

Active infection

Severe endocrine/
metabolic diseases
.Cognitive impairment
Disabilities that interfered
with the intervention
.Reasons that made the
participants ineligible for
participation

.Resting Sp0, < 85%
.Moderate-advanced heart
failure

.Disease that could limit
mobility

.Advanced stage liver and
kidney failure

Ml within the last

4 months

History of unstable angina
and active infectious
disease
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Table 2S. Continue

1% author Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4]
Exclusion criteria During the 6MWT: Missed assessments .No participation in .Red flag indicators (chest .NR
Worsening of dyspnea, .No compliance follow-up evaluation pain, critical drop in Sp0,)
.Sp0, decrease < 85% Musculoskeletal or
HR increase > 85% neurological limitations
predicted maximum HR .Unconscious patients
.Comorbidities
.Participation in a clinical
study or other research in
the previous 30 days
1 author Pang [7] Vallier [5] Sahin [8] Rutkowski [9, 10] Trzmiel [11]
Recruitment method .Patients who were .PC19P from the .Patients who were .Patients enrolled in .Patients who were

hospitalized at 2 hospitals
during the treatment
period

respiratory disease unit

hospitalized at the ICU or
ward for more than 10 days

post-COVID-19
rehabilitation at a hospital

transferred directly from
ICU after a severe course
of COVID-19

Inclusion criteria

.2 consecutive negative
results of RT-PCR tests
with at least a 1-day
interval between tests
Mild-severe C19P
.Substantial enhancements
of acute exudative lesions
on chest radiography
.Discharge criteria
.Normal temperature

> 3 days

Significant improvements
in respiratory symptoms

Age: > 18 yrs
.Recent COVID-19
disease proved by
RT-PCR test

At least 1 physical
andy/or respiratory
sequela post COVID-19
JInternet access with
videoconference
appliances in working
order

.Diagnosis of COVID-19
.Stay in the ICU or ward for
more than 10 days with or
without the need for IMV
.Receipt of non-IMV
.Receipt of high-flow 0,
therapy

.Complete of medical
treatment

.Receipt of outpatient
pharmacological treatment
before hospitalization
Dyspnea for the 1 time ever
because of the disease
.Dyspnea continued despite
treatment

Ag: 40-80 yrs
.Diagnosis of COVID-19

.Diagnosis of COVID-19
Transfer from the ICU
.Symptoms present for
more than 6 months

At least 3 main criteria
(ie; deterioration of the
ability to perform tasks
carried out before the
disease; severe fatigue not
improved by rest;
discomfort after physical
activity; non-restorative
sleep) and 1 additional
criterion (ie; cognitive
impairment, orthostatic
intolerance)

Non-inclusion
criteria

.Chronic lung diseases
(eg; COPD, ILD)

History of pulmonary
surgical intervention
.Severe clinical condition
(eg; heart failure, stroke)
.Severe chronic disease
(eg; liver cirrhosis,
malignant tumors)
Allergic constitution
Allergic to QJYQ
.Pregnant or breast feeding

.Cardiovascular
contraindications to
exercise

.Respiratory instability
.Neuromuscular,
articular, or psychiatric
disease preventing
physical exercise

.Past the post-acute phase
.Orthopedic problems
.Receipt of treatment for
active cancer

.Cardiac and thromboembolic
complications

.No consent

.Active pneumonia
Heart disease (stable or
unstable)

.Uncontrolled ART
JInsulin-dependent DM
JInability to exercise
independently
Musculoskeletal/
neurological conditions
that would prevent the
completion of the course

Active medical condition
(infections; tumors;
rheumatological,
metabolic, endocrine,
autoimmunological,
cardiovascular diseases)
.Bipolar disorder
.Dementia

Nutritional disorders
.Addiction to alcohol or
psychoactive substances
Severe obesity

females .Lung cancer .Overtraining
.Cognitive impairment or
MMSE < 24
Exclusion criteria .Other herbal medicines NR NR NR NR

AHT: Arterial hypertension.BMI: Body mass index. C19P: COVID-19 patients. COPD: Chronic obstructive pulmonary disease. CT:
Computed tomography. DM: Diabetes mellitus. FEF,5_;5¢,: Forced mid-expiratory flow. FEV;: Forced expiratory volume in 1 second.
HbA,C: Hemoglobin A;C. HR: Heart rate. ICU: intensive care unit.ILD: Interstitial lung disease. IMV: invasive mechanical ventilation.
IPAQ: International physical activity questionnaire. MI: Myocardial infarction. mMRC: Modified medical research council. MMSE: Mini-
mental state examination. NYHA: New York heart association. PA: Physical activity. PC19P: post-COVID-19 patient. PCR: Polymerase
chain reaction. QJYQ: Qingjin yigi granules. RBG: Random blood glucose. RT-PCR: Reverse transcriptase-polymerase chain reaction.
Sp0,: Oxy-hemoglobin saturation. W: Week. Yr: year. 6MWT: 6-minute walk test.
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Table 3S. Characteristics of participants included in some relative randomized controlled trials (RCT).

1%t author Groups Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4]
) Cases .36 (24/12) .59 (27/32) A2 (7/5) .26 (26/0) .26 (15/11)
Sample size (M/F)
Controls .36 (25/11) .60 (26/34) .20 (8/12) .26 (26/0) .26 (12/14)
Cases 69+ 8 49 +11° 52 +10° A0+3 49+11°
Age (year)
Controls 68 + 8° bH2+11° 5H3+128 40 + 32 52+ 152
Cases 231357 NR 32674 214+15° 3l1+42°
BMI (kg/m?)
Controls 229+39° NR 324+78 216+1.2° 313+44
Cases NR .Obesity:15.3° .Obesity: 67° .Overweight:100° AR
Corpulence status - - -
Controls NR .Obesity:13.33 .Obesity: 65° .Overweight:100° AR
COVID-19 diagnosis method NR NR .RT-PCR test NR NR
, Cases NR Severe: 37° NR AR NR
COVID-19 severity
Controls NR Severe: 27° NR AR NR
Cases Multimodal lesion:69° NR NR Mild fibrosis:33° NR
Unilobulaire lesion:31° Moderate fibrosis:67°
Extent of lung CT Pleural effusion:11°
lesion Controls ~.Multimodal lesion:64° AR NR Mild fibrosis:40° NR
Unilobulaire lesion:36° Moderate fibrosis:60°
Pleural effusion:8®
Cases AHT:27.8° .No comorbid:42.4° .No comorbid:25° NR .Chronic disease:53.8°
.DM:25.0° Heart disease:3.4° AHT42 AHT:19.2°
.Osteoporosis:22.2" AHT:13.6° .DM:33° DM:11.5°
DM:13.6° Heart diseases:0° CAD:115°
Lung diseases:6.8" Dyslipidaemia:8" CRF:3.7°
Other:27.1° Lung diseases:8" Hypothyroidism:7.7 ®
Hypothyroidism:0°
Other:25°
Comorbidities : - —
Controls AHT:22.2 .No comorbid:35.0° .No comorbid:15° AR .Chronic disease:50 °
.DM:25.0° Heart disease:11.7° AHT:55 AHT.19.2°
.Osteoporosis:16.7° AHT:30° DM:5® DM:15.4°
DM: 15° Heart diseases:10° CAD:11.5°
Lung diseases:5" Dyslipidaemia:10° CRF:0°
Other:20° Lung diseases:10° Hypothyroidism:3.8°
Hypothyroidism:5°
.Other:20°
o Cases NR 15.3° 25 6340 2310
Smoking history
Controls NR 10.0 250 53.30 154
1%t author Groups Pang [7] Vallier [5] Sahin [8] Rutkowski [9, 10] Trzmiel [11]
Sample size (M/F) ~ Cases 194 (72/122) 8 (7/1) .21 (13/8) 18 (7/11) 42 (NR)
Controls 194 (77/117) .9 (5/4) .21 (15/6) .14 (5/9) .39 (NR)
Age (year) Cases A8+ 1° 5719 .h8 + & 59+ 42 67 =8
Controls A5+ 1° 53+ 142 64 + 8 S6+7° 65+12°
BMI (kg/m?) Cases ANR 33059 30.0+6.4° NR 282+35°
Controls NR 279+ 6.6° L2875 NR 256+39°
Corpulence status ~ Cases AR NR ANR NR NR
Controls NR NR NR NR NR
COVID-19 diagnosis method AR NR RT-PCR test NR NR
COVID-19 severity ~ Cases Mild/severe .NR NR NR NR
Controls Mild/severe NR NR NR NR
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Table 3S. Continue

1t author Groups Pang [7] Vallier [5] Sahin [8] Rutkowski [9, 10] Trzmiel [11]
Extent of lung CT Cases NR NR Bilateral:74° NR NR
lesion Unilateral:42°

Pleural effusion:5
.Ground-glass opacity:74°
Nodule:10°

Controls NR NR Bilateral:42° NR NR
Unilateral:58"
.Ground-glass opacity:84°

Comorbidities Cases NR NR .Comorbidity:74° NR NR
Controls NR NR .Comorbidity:68" NR NR
Smoking history Cases NR NR .Current smoker:5° NR NR
.Former smoker:42
Never smoker:53°
Controls NR NR .Current smoker:0° NR NR

.Former smoker:68"
Never smoker:32°

Data were: ?Mean + SD; %, “Mean + SEM

ADL: Activities of daily living. AHT: Arterial hypertension. BMI: Body mass index. CAD: Coronary artery disease. COPD: Chronic
obstructive pulmonary disease. CRF: Chronic heart failure. CT: Chest tomography. DM: Diabetes mellitus. F: Female. FEV;: Forced
expiratory volume in one second. M: Male. MMSE: Mini-mental state examination. NR: not reported. QoL: Quality of life. RT-PCR:
Reverse transcriptase-polymerase chain reaction. SAS: Self-rating anxiety scale. SDS: Self-rating depression scale. SF-36: Short form-
36. Sp0,: Oxy-hemoglobin saturation. Yr: Year.

a BioLoGY oF SPorT, VoL. 41 No4, 2024 (APPENDIX) 9




Rania Kaddoussi et al.

Table 4S. Methodological aspects of the 6-minute walk test (6EMWT) in some relative randomized controlled trials.

1% author Liu [3] Li[1]  doAmaral [2] Nagy [6] Okan[4] Pang[7] \Vallier [5] Sahin [8] Rutkowski[9, 10] Trzmiel [11]
6MWT practice
Guidelines NR .ERS/ATS ERS/ATS NR ATS ATS ATS ATS ERS/ATS (ATS 2002 [29]
2014 [31] 2014 [31] 2002 [29] 2002 [29] 2002 [29] 2002 [29] 2014 [31]
Corridor length (m) NR 30 .30 .35 30 ANR NR 30 30 30
Outdoor/Indoor NR .Baseline: NR JIndoor .NR NR .Cases: Indoor ~ .NR NR .Indoor
Outdoor .Controls:
Follow-up: QOutdoor
Indoor
(hospital)
Collected data 6MWD  .Yes Yes NYes Yes Yes NYes Nes Nes NYes Yes
HR Yes  .Monitored Yes .NR .NR NR NR NR NR .NR
Dyspnea .Yes Yes No Yes Yes Yes . Yes Yes Yes NR
Sp0,  Yes  .Monitored Yes NR NR NR NR NR ANR NR
SBP Yes Yes Yes NR NR NR NR NR NR NR
DBP  Yes Yes Yes NR NR NR NR NR NR NR
Other  .RR - .Recovery BP, - - - - - Fatigue -
HR, Sp0,
6MWD
Expression mode m Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
%Pred  .No .No Yes No No .No .No No .No No
Reference equations AR NR Yes NR Yes(98) NR NR NR AR NR
HR expression  bpm NR NR Yes NR NR NR NR NR NR NR
mode %Max  NR NR NR - NR ANR NR NR NR NR
pred
Dyspnea scale .BS .mMRC NR .mMRC .mMRC .mMRC .mMRC .mMRC .BS .No
.BS .modified BS
Other remarks - .Patients .Partial oxygen - - - - - Patient allowed to -
allowed to use desaturation move
walking aids  during the independently and
exercise rest if necessary
phase:
reduction
equal or
greater than
4% in Sp0,
6MWT data comparison
Significant statistical Yes Yes Yes Yes Yes NYes NYes NYes NYes Yes
approach
Significant clinical No  .Yes (MID of No .No .No .No Sample size No Yes (effect size No
approach 50 m for the was calculated)
6MWD) determined to
the primary
outcome
(6MWD) with
a non-
inferiority limit
equal to 50 m

ATS: American thoracic society. BP: Blood pressure. BS: Borg scale. DBP: Diastolic blood pressure. ERS: European respiratory society.
HR: Heart rate. MID: Minimal important difference. mMMRC: Modified medical research council. NR: Not-reported. RR: Respiratory
rate. SBP: Systolic blood pressure. SpO,: Oxy-hemoglobin saturation. %Max pred: Percentage of predicted maximal heart rate. %pred:
Percentage of predicted value. 6MWD: 6-min walk distance.
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Table 5S. Methodological aspects of the cardiopulmonary rehabilitation programs (CPRP) in some relative randomized controlled trials.

1t author Liu [3] Li [1] do Amaral [2] Nagy [6] Okan [4] Pang [7]
Location Hospital .Home TR .Tele-supervised (home) .Hospital .Hospital Hospital
.Home .Home telemedicine
Number of 2 3-4 .Resistance training: 3 .Manual DR: 3 At hospital: 21 NR
session/W Aerobic training: 5 .IMT via POWERbreath: 3 (3 sessions/day
(10 exercises each)
Telemedicin: 1 breathing
eXercises
Walking training: 5
Number of Ws 6 6 12 6 .5 2
Duration of 10 NR .Resistance training: NR .Manual DR: session < 3 NR NR
a session Aerobic training:  .IMT via POWERbreath: 4
(min) WI1: 10-15
W3+to04:20
W5to 12: 30

.Breathing control
.Thoracic expansion
.Lower limb muscle
strength exercises
.Aerobic exercise
(intensity based on HR
reserve, and ranged
from

30-40% for tier 1 to
40-60% for tier 3)

Content of the .Respiratory muscle
CPRP for cases training
.Cough exercise
.Diaphragmatic training
Stretching exercise
.Home exercise

.5 min warm-up: joint
mobility and stretching
EXercises

.5 min of cool-down:
stretching and relaxing
EXercises

.Resistance training:

9 multi- and
single-joint exercises
(bodyweight squat,
push-up on the wall,
bodyweight lunge,
one-arm row, deadlift,
side lateral raise or
shoulder press, elbow
flexion, calf raise, and
abdominal crunch in
chair) using body
weight and/or rubber
bands/plastic hottles
(with water or sand) as
resistance.

WI: 1 set of 10-15
reps

W2-3: 2 sets of
10-15 reps

Wi-6: 3 sets of
10-15 reps

W7-12: 3 sets of
15-20 reps

.Rest: 1 min between
sets

Intensity: 14—17 points
of RPE

Aerobic training:
walking and/or cycling
W1: 10-15 min
W3—4: 20 min
W5-12: 30 min
Intensity: 11-13 points
of RPE

.Manual DR method:

1 physiotherapist
applied this technique.
2 sets of 10 deep
breaths, with a 1-min
interval between them
DR session: 3 min long
IMT via POWERbreath:
.2 sets of 30 dynamic
inspiratory efforts
(2-min interval
between sets) from an
upright sitting position
with a 4-min session
length overall
maximally, twice daily
with a PImax workload
of 60%

.Respiratory control
.Pursed lip breathing
.Diaphragmatic
breathing exercises
Mild-intensity walking
program

Standard rehabilitation
treatments

.Lip breathing training:
20 min each time,

3 times daily
.Abdominal breathing
training: 7 breaths/min
for 20 min, twice a day
.Respiratory rhythm
training: 20 min each
time, 3 times/day

Baduanjin exercise
twice a day

QIYQ: dose of 10

g twice daily for 14
days
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1%t author Liu 3] Li [1] do Amaral [2] Nagy [6] Okan [4] Pang [7]
Content of the .Nothing .Short educational NR AMT .Brochure explaining Standard rehabilitation
CPRP for instructions at baseline breathing control treatments
controls .Pursed lip breathing Lip breathing training:
.Diaphragmatic 20 min each time,
breathing exercise. 3 times daily
First practice session: ~ .Abdominal breathing
face-to-face in the training: 7 breaths/min
hospital environment ~ for 20 min, twice a day
20-30 min .Respiratory rhythm
light-intensity Walk training: 20 min each
5 times/W time, 3 times/day
.Aerobic exercise
training: low-intensity
ground-based walking
training with
a breathlessness or
fatigue score
of < 3 (“moderate”)
on the modified 0 to 10
BS

Guidelines NR . 1991 AR NR . [100] .[101]

1% author Vallier [5] Sahin [8] Rutkowski [9] Rutkowski [10] Trzmiel [11]

Location Hospital .Home .Hospital .Hospital
Home
Number of . Walks: 4 Breathing exercises:5—7 5 6
session/W .Endurance: 4 Strength training: 5-7
.Gymnastics/muscular .Walking program:3-5

strength: 3

.Sophrology:1
Number of Ws 4 8 3 .6
Duration of Walks: 60 Walking program: 20-30 NR .Case group: 75/day,
a session .Endurance: 40 complemented by 45 min of
(min) exercises on the rehabilitation

robot

.Control group: 120/day

12 .
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Table 5S. Continue

1% author Vallier [5]

Sahin [8]

Rutkowski [9]

Rutkowski [10] Trzmiel [11]

Content of the .Endurance

CPRP for cases .Ergocycle
20 min at 90-100% of the
HR achieved at the end of
the EMWT
.10 min warm-up
.10 min cool-down

Breathing exercises:
Techniques: diaphragmatic
breathing, pursed-lip
breathing, thoracic expansion
exercises

.Frequency: 8-10 reps/set,
1-2 sets/day

Strength training:

JIntensity: perceived fatigue
of < 3 on the modified BS
.Frequency: 8-10 reps/set,
1-2 sets/day

.Progression: Weights were
increased when perceived
dyspnea and fatigue

were < 3 on the modified
BS. Walking program:
JIntensity: Fatigue was
targeted at < 3 on the
modified BS.

.Frequency: 20-30 min/day
.Progression: Walking speed
and increased duration
targeting a score of < 3 on
the modified BS for
perceived dyspnea and
fatigue

Ergocycle

(head-mounted display using

“Virtual Park” software)
Software brought the
participants to a sunny
island where they conducted
a bike ride enhanced with
realistic elements and sound
effects simulating real-life
situations

Training HR limits vary by
model (model A, 80% of the
submaximal HR, model B,
70%, model C, 60%); in
model D, the HR increases
during the exercises by
20-30% in relation to the
HR at rest

.Every procedure was
performed once a day
.Relaxing provided
.Calmness and mood
improvement

.Motivation and cognitive
activation

Neurological rehabilitation
EMG rehabilitation robot
.Device helps patients with
relatively low muscle
strength perform active
exercises.

Exercise training (cycle
ergometer with a head-
mounted display using
“Virtual Park” software)
Software brought the
participants to a sunny
island where they conducted
a bike ride enhanced with
realistic elements and sound
effects simulating real-life
situations

JTraining HR limits vary by
model (model A, 80% of the
submaximal HR, model B,
70%, model C, 60%); in
model D, the HR increases
during the exercises by
20-30% in relation to the
HR at rest

Virtual Park software
features an automatic
system of changes in
training HR: after reaching
the target HR in the previous
training session, the work
rate on the last phase was
increased by 5 Watts; if the
HR was not reached, the
final work rate was reduced
by 5 Watts.

Breathing exercises

General fitness exercises
Resistance training
Relaxation

.Guided relaxation in

a virtual setting using the
goggles
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Table 5S. Continue

1% author Vallier [5] Sahin [8] Rutkowski [9] Rutkowski [10] Trzmiel [11]

Content of the .Endurance
CPRP for Walking for 20 min at

Breathing exercises: Cycle ergometer without additional audio-visual stimuli Neurological rehabilitation
Techniques: diaphragmatic  .Training HR limits vary by model (model A, 80% of the Neuromuscular re-education

controls 90-100% of the HR breathing, pursed-lip submaximal HR, model B, 70%, model C, 60%); in model  techniques
achieved at the end of the  breathing, thoracic expansion D, the HR increases during the exercises by 20—-30% in .Exercises for movement
6MWT exercises relation to the HR at rest coordination and balance,

.10 min warm-up .Frequency: 8—10 rep/set, .Every procedure was performed once a day
.10 min cool-down 1-2 sets/day Relaxing

Strength training: .Schultz autogenic training

ntensity: perceived fatigue

with combined progressive
endurance training.
.Maintain a standing position
.Active and resistance

of < 3 on the modified BS
.Frequency: 8-10 reps/set,
1-2 sets/day

eXercises
.Progressive endurance
training: from 35% of

maximum HR to 70% of
maximum HR: 30 min/day

.Progression: Weights were
increased when perceived
dyspnea and fatigue

were < 3 on the modified BS
Walking program:

ntensity: Fatigue was
targeted at < 3 on the
modified BS

.Frequency: 20—30 min/day
.Progression: Walking speed
and increased duration
targeting a score of < 3 on
the modified BS for
perceived dyspnea and
fatigue

Guidelines AR AR .[102] . [103] . [104]

BS: Borg scale. DR: Diaphragm release. HR: Heart rate. IMT: Inspiratory muscle training. min: Minutes. NR: Not-reported. Plmax:
Maximal inspiratory pressure. QJYQ: Qingjin Yigi granules. Reps: Repetitions. RPE: Rating of perceived exertion. TR: Telerehabilitation.
W: Week. BMWT: 6-min walk test.
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Table 6S. Results of the cardiopulmonary rehabilitation programs on 6-min walk distance (m) in some related randomized controlled
trials.

1% author Liu 3] Li [1] do Nagy [6] Okan [4] Pang[7] Vallier [5] Sahin [8] Rutkows- Trzmiel [11]
Amaral [2] ki [9, 10]
Cases Pre .163 515 522 418 424 473 447 378 502 116
+ 72 +83° + 1072 +192 + 578 +7¢ + 1372 +29¢ + 48 + 1122
Post 212 NR 543 474 478 541 542 441 558 240
+ 82° +115 49" =677 =4 +1112 =26 +760 *+14°
Delta NR  .Post-treatment:80 - 57 54 - 95¢ 63 57° NR
+75 +48° +15¢
Follow-up:85
=+ 80?
Controls Pre .156 .500 A72 418 A14 452 542 325 512 134
+ 82° +93° + 98 +19° + 49 +7¢ +97° +29¢ +5 +121°
Post 157 AR 490 435 419 538 604 382 552 257
+72 +76° +18 + 54 + 7 + 88 + 26¢ +497 124
Delta NR .Post-treatment: - 17 Be - 12 57 39° NR
17 = 64° +10° +15¢
.Follow-up:
15+ 70°
Comparisons  Group effect (Cases  .Sig Sig NS Sig Sig NR NS NS NR NS

vs. Controls)

Session effect (Pre  .Sig NR NS Sig Sig NR Sig Sig Sig Sig
vs. Post)
Group-session NR NR NR Sig Sig NS NS NS NS NS
effect (comparison
of Delta)

Effect size NR NR NR NR Large NR NR NR Small NR

Data were: ?Mean = standard deviation; %, “Mean, “Mean = standard error of the mean.
Post: Post intervention. Pre: Pre intervention. Delta: Post minus pre. NR: Not-reported. NS: Non-significant. Sig: Significant.
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