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ABSTRACT: There is a lack of randomized clinical trials (RCTs) exploring the outcomes of cardiopulmonary 
rehabilitation programmes (CPRPs) on submaximal aerobic capacity of long COVID-19 patients (LC19Ps). This 
RCT aimed to evaluate the effect of an ambulatory CPRP on the 6-min walk test (6MWT) data (main outcome: 
6-min walk distance (6MWD)) of LC19Ps. Conducted as a single-blinded RCT, the study included Tunisian LC19Ps 
with persistent dyspnoea (i.e. modified medical research council (mMRC) level ≥2) at least three months post-
diagnosis. LC19Ps were randomly assigned to the intervention (IG, n = 20) or control (CG, n = 10) groups. 
Pre- and post-CPRP evaluations included dyspnoea assessments (Borg and mMRC scales), anthropometric data, 
spirometry, and 6MWT. The CPRP (i.e. 18 sessions over six weeks) encompassed warm-up, aerobic training, 
resistance training, respiratory exercises, and therapeutic education. The CPRP significantly improved i) dyspnoea, 
i.e. IG exhibited larger reductions compared to the CG in Borg (-3.5 ± 2.0 vs. -1.3 ± 1.5) and mMRC 
(-1.5 ± 0.8 vs.  -0.1 ± 0.3) scales, and ii) 6MWD, i.e. IG demonstrated larger improvements compared to the 
CG in 6MWD (m, %) (168 ± 99 vs. 5 ± 45 m, 28 ± 8 vs. 1 ± 8%, respectively), and resting heart rate (bpm, % 
maximal predicted heart rate) (-9 ± 9 vs. 1 ± 7 bpm; -5 ± 6 vs. 0 ± 4%, respectively), with small effect sizes. 
In the IG, the 1.5-point decrease in mMRC and the 168 m  increase in 6MWD exceeded the recommended 
minimal clinical important differences of 1 point and 30 m, respectively. CPRP appears to be effective in enhancing 
the submaximal exercise capacity of LC19Ps, particularly in improving 6MWD, dyspnoea, and resting heart rate. 
RCT registration: www.pactr.org; PACTR202303849880222.

CITATION: �Kaddoussi R, Rejeb H, Kalai A et al. Effects of a cardiopulmonary rehabilitation programme on 
submaximal exercise in Tunisian patients with long-COVID19: A randomized clinical trial. Biol Sport. 
2024;41(4):197–217.

Received: 2024-01-27; Reviewed: 2024-02-17; Re-submitted: 2024-02-24; Accepted: 2024-03-11; Published: 2024-04-25.

Original Paper DOI: https://doi.org/10.5114/biolsport.2024.139072

Key words:
Ambulatory cardiopulmonary 
rehabilitation
Long-term COVID-19 effects
MCID
Persistent COVID-19 symptoms
Post-acute COVID-19
Randomized clinical trial
Submaximal exercise capacity
Therapeutic education

Corresponding author:
Helmi BEN SAAD
Laboratory of Physiology
Faculty of Medicine of Sousse
Street Mohamed KAROUI
Sousse 4000, Tunisia
Tel.: 0021698697024
E-mail: helmi.bensaad@rns.tn

ORCID:
Rania Kaddoussi
0000-0003-0287-1689
Hedhemi Rejeb
0000-0001-6292-0214
Amine Kalai
0000-0003-2964-892X
Eya Zaara
0009-0004-9219-3221
Naceur Rouetbi
0000-0002-2023-6294
Zohra Ben Salah Frih
0000-0003-4896-7897
Piotr Zmijewski
0000-0002-5570-9573
Helmi Ben Saad
0000-0002-7477-2965

LIST OF ABBREVIATIONS
ANOVA: analysis of variance
ATS: American Thoracic Society
BMI: body mass index
CG: control group
COVID-19: coronavirus disease 2019
CPRPs: cardiopulmonary rehabilitation programmes
DBP: diastolic blood pressure
End: after the walk
ERS: European Respiratory Society
FEV1: forced expiratory volume in one second
FVC: Forced vital capacity
HR: heart rate
IG: intervention group
LC19: long COVID-19
LC19Ps: LC19 patients
LLN: lower limit of normal

MCID: minimal clinically important difference
MD: mean difference
mMRC: modified medical research council
PMHR: predicted maximal HR
RCTs: randomized clinical trials
Rest: before the walk
RT-PCR: real-time reverse-transcription polymerase chain reaction
SARS‑CoV‑2: severe acute respiratory syndrome coronavirus-2 infection
SBP: systolic blood pressure
SpO2: oxy-haemoglobin saturation
SD: standard deviation
SR: systematic review
6MWD: 6-min walk distance
6MWT: 6-min walk test
6MWW: 6-min walk work
∆Exercise: delta exercise change (= 6MWTEnd value minus 6MWTRest value)

© Institute of Sport – National Research Institute

http://www.pactr.org


198

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has had a pro-
found global impact, causing widespread economic disruption and 
social upheaval [1]. As of February 19, 2024, there have been 
a staggering 70,3482,641 reported COVID-19 infections and 
6,984,597 related deaths (0.9928%) worldwide (https://www 
.worldometers.info/coronavirus/). COVID-19, caused by severe acute 
respiratory syndrome coronavirus-2 infection (SARS‑CoV‑2), affects 
the respiratory system and various extra pulmonary organs [2]. 
Manifestations range from asymptomatic to critical illness [3]. Pneu-
monia resulting from COVID-19 infection can lead to permanent 
lung parenchyma structural damage, even with appropriate medical 
treatment [4]. Consequently, most COVID-19 patients continue to 
experience sequelae and medical complications lasting weeks to 
months after initial recovery  [5]. In the post-acute phase of 
COVID-19, 40% to 90% of patients continue to manifest symptoms 
for months [5]. The term long COVID-19 (LC19) (also called “long-
term COVID-19 effects”, “post-acute COVID-19”, and “persistent 
COVID-19 symptoms”), characterized by the continuation or devel-
opment of new symptoms three months after the initial infection 
with SARS‑CoV‑2, refers to symptoms lasting at least two months 
with no other explanation [5, 6]. LC19 presents with diverse clini-
cal manifestations affecting various systems, including respiratory, 
cardiovascular, muscular, nutritional status, and sleep [5, 7, 8]. 
First, studies on LC19 patients (LC19Ps) reported persistent reduc-
tions in forced expiratory volume in one second (FEV1) and forced 
vital capacity (FVC), as well as exertional dyspnoea (modified med-
ical research council (mMRC)) [9, 10]. Second, a 2023 systematic 
review (SR) and meta-analysis revealed significantly higher odds 
ratios for cardiovascular outcomes in LC19Ps compared to controls, 
including electrophysiological abnormalities, coronary vessel dis-
eases, thromboembolic disorders, and diseases of cardiac tis-
sue [11]. Third, musculoskeletal complaints were reported in 39% 
of LC19Ps [7]. Fourth, a study reported that 13.3% of COVID symp-
tom study app users experienced at least one persistent symptom 
beyond four weeks of infection, with half believed to be cardiac in 
origin [12]. Finally, a reduced 6-min walk distance (6MWD) was 
reported by some authors [9], and it appears that approximately 
33% [13] and 23% [14] of LC19Ps have a decreased peak oxygen 
consumption three and 12 months after hospital discharge, respec-
tively. Given the significant compromises in daily functioning expe-
rienced by survivors of moderate to severe COVID-19 [13], cardio-
pulmonary rehabilitation programmes (CPRPs) have emerged as 
a crucial intervention for improving outcomes in LC19Ps and pre-
venting further long-term damage [15–19].

CPRPs are pivotal in managing chronic cardiorespiratory con-
ditions, with well-established benefits [20]. A 2022 American 
consensus specifically addressed post-acute persistent breathing 
discomfort and respiratory sequelae in LC19Ps, recommending 
CPRPs for those with dyspnoea, breathing abnormalities, fatigue, 
peripheral and respiratory muscle weakness, and reduced 

endurance [21]. The aim is to promote functional improvement 
and facilitate a return to daily activities [21]. CPRPs have dem-
onstrated safety and effectiveness, even in severe LC19Ps [19]. 
Assessing submaximal exercise capacity through the 6-min walk 
test (6MWT) is recommended for patients with cardiorespiratory 
conditions [22]. The 6MWT is widely used in CPRPs, providing 
valuable insights into their impact on cardiorespiratory fit-
ness [23]. A 2022 SR [24] concluded that CPRPs had inconsis-
tent results in pulmonary function of LC19Ps. Nevertheless, the 
SR detected improvements in dyspnoea, muscle strength, 6MWD, 
and quality of life [24]. However, since this SR [24] included 
a limited number of randomized clinical trials (RCTs) (n = 5), 
with two having a low risk of bias and three in the “some con-
cerns” category, additional RCTs are needed to confirm these pre-
liminary findings. This was corroborated by a 2023 SR [25] 
assessing the impact of CPRPs on 6MWT outcomes in LC19Ps, 
which included six RCTs demonstrating “low” or “moderate” risk 
of bias [26–31]. The SR concluded that CPRPs show promise 
in improving submaximal exercise performance among LC19Ps, 
and further research is needed to refine these programmes [25]. 
As of December 30, 2023, 26 RCTs related to the effects of 
CPRPs on LC19Ps have been published in PubMed [i.e. research 
using the two keywords (pulmonary rehabilitation) AND 
(COVID-19)] (see all references in the Appendix), but only 
11 have exclusively reported 6MWT and/or pulmonary function 
data, among others [26–36]. Among these 11 RCTs, two [27, 28] 
opted for CPRPs exclusively via telemedicine, three [26, 30, 32] 
opted for both hospital and telemedicine CPRPs, and 
six [29, 31, 33–36] opted for exclusively hospital CPRPs. In 
North Africa, it appears that only one Egyptian RCT has evalu-
ated the effects of a CPRP on LC19Ps [29]. The authors deter-
mined whether the addition of manual diaphragm release to an 
inspiratory muscle-training programme is more effective than 
inspiratory muscle training alone in reducing blood pressure, dys-
pnoea, fatigue, and aerobic performance capacity in male 
LC19Ps [29]. In Tunisia, only one pilot observational study has 
evaluated the effects of a CPRP on submaximal exercise capac-
ity [37] social disadvantage and physical activity data [38] of 
male LC19Ps.

The main objective of the present RCT conducted in Tunisia was 
to evaluate the impacts of an ambulatory CPRP on submaximal 
aerobic capacity, evaluated via 6MWT data (the main outcome is 
the 6MWD). The null hypothesize is that the two groups (i.e. inter-
vention (IG) and control (CG) groups) will have comparable 6MWDs. 
The CPRP will be considered ‘efficient’ if the change in 6MWD 
exceeds the recommended minimal clinically important difference 
(MCID) of 30 m [39]. The secondary aim was to evaluate the 
effects of the CPRP on perceived dyspnoea and spirometric data. 
A decrease of more than one point for mMRC dyspnoea will sig-
nify a perceived clinical improvement [40, 41]. The last aim was 
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to perform a narrative review including exclusively RCTs aiming to 
determine the effectiveness of CPRPs on the submaximal exercise 
capacity of LC19Ps, specifically assessed through the 6MWT data.

MATERIALS AND METHODS 
This study is one component of a broader project comprising two 
distinct parts. The first part constitutes the aim of this RCT. The 
second part will involve evaluating the effects of CPRP on social 
disadvantage, encompassing psychological data and health-related 
quality of life. Figure 1 details the flowchart of the current project.

Study design
This was a single-blinded RCT carried out by two Tunisian teams 
from the departments of pulmonology and physical medicine and 

rehabilitation (Fattouma Bourguiba hospital, Monastir, Tunisia). 
This study was approved by the medical and research ethics com-
mittee of the faculty of medicine of Sousse (Approval number 
CEFMS 162/2023). The study was registered at the Pan African 
Clinical Trial Registry (www.pactr.org; PACTR202303849880222). 
A written informed consent form was issued and signed by all 
patients before their inclusion in the study. Clear and appropriate 
information was communicated to each patient in French or in 
Arabic languages, including the description and the progress of the 
various examinations.

This study was performed during a period of 84 days (i.e. from 
April 1 to June 23, 2023 (Figure 2]). A ten-day period (i.e. from 
April 1 to 10) was reserved for the recruitment of LC19Ps (i.e. invi-
tation to participate, explanation of the protocol and answering 
patients’ questions). During a two-week period (i.e. April 11 to 
April 25, 2023), the pre-CPRP evaluations’ tests were performed. 
A six-week period (i.e. April 27 to June 8, 2023) was reserved for 
the practice of the CPRP. During a two-week period (i.e. June 9 to 
23, 2023), the post-CPRP evaluations’ tests were performed.

Study population
The source population for this study comprised LC19Ps residing in 
Monastir (Tunisia), who sought care at the outpatient department 
of pulmonology in the mentioned hospital. Inclusion criteria encom-
passed patients with a confirmed diagnosis of COVID-19, aged 
over 18 years, experiencing persistent dyspnoea three months after 
the COVID-19 diagnosis, with dyspnoea scoring two or more on 
the mMRC scale [42]. LC19Ps with pre-existing chronic lung con-
ditions such as asthma, chronic obstructive pulmonary disease, or 
lung cancer, those with moderate to advanced heart failure, patients 
with conditions affecting walking or limiting mobility (e.g. ortho-
paedic, rheumatologic, or muscular diseases), active cigarette or 
narghile smokers, and those having contraindications to the 
6MWT [22, 39, 43] (e.g. signs of unstable angina or myocardial 
infarction within the previous month, resting (Rest) heart rate 
(HRRest) ≥ 120 bpm, systolic blood pressure (SBPRest) ≥ 180 mmHg, 
diastolic blood pressure (DBPRest) ≥ 100 mmHg)) or to spirome-
try [44] were not included in the study. Files of patients who missed 
any session of the CPRP or did not attend the final evaluation were 
excluded from the final statistical analysis.

Random assignment and blinding
Patients were randomly assigned to either undergo the CPRP (i.e. 
IG) or not (i.e. CG). The random allocation sequence was generated 
using free software (http://www.randomized.org/; last visit: February 
24, 2024). The principal investigator (RK in the authors’ list) exe-
cuted the randomization sequence to determine two groups identi-
fied as IG and CG. The evaluator who enrolled and assessed patients 
(EZ in the authors’ list) had no access to the randomization sequence.

The investigators (EZ and HR in the authors’ list) and patients 
in the study were blinded throughout the entire procedure. The 

FIG. 1. Study protocol. COVID-19: coronavirus disease 2019. 
CPRP: cardiopulmonary rehabilitation programme
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RCT [46] evaluating the feasibility and effectiveness of a CPRP 
through telerehabilitation tools in COVID-19 patients with mild to 
moderate symptomatology in the acute stage (18 in the IG and 18 
in the CG). The 6MWD mean ± SD changes were 80 ± 126 and 
0.05 ± 26 m, in the IG and CG, respectively [46]. Insertion of the 
aforementioned data into the formula resulted in a total sample of 
28 patients (19 in the IG and 9 in the CG). Assuming a 20% 
absence during the CPRP or the post-CPRP evaluation session, the 
revised sample size was calculated to be 35 patients [35 = 28/
(1–0.20)].

COVID-2019 diagnosis and extent evaluation
The diagnosis of COVID-19 was confirmed by the presence of 
a real-time reverse-transcription polymerase chain reaction (RT-
PCR). Before commencing the CPRP, a chest scan was performed 
for all patients to determine the extent of parenchymal lung injury. 
The evaluation categorized patients into five groups based on the 
extent of lung involvement: absent or minimal (< 10%), moderate 
(10–25%), extensive (25–50%), severe (50–75%), and critical 
(> 75%) [47].

Phases of the study and applied protocol
Figure 2 summarizes the four phases of the study.

investigators were uninformed about the study aims and the ran-
domized distribution of patients to study groups, and they did not 
have access to the randomization sequence. Meanwhile, although 
blinding for patients could not be achieved, patients were unaware 
of the other treatment modalities. They did not know if they 
belonged to the IG or CG. 

Sample size estimation
The sample size was estimated using the predictive formula [45]: 
N = [(r+1) (Zα/2 + Z1−β)2 δ2]/(r d2), where
	– “N” is equal to n1 + n2 (i.e.; sample sizes for the CG and IG); 
	– “Zα/2” is the normal deviate at a 5% level of significance 

(= 1.96); 
	– “Z1−β” is the normal deviate at 90% statistical power with 10% 

type II error (= 1.28); 
	– “r” (equal to n1/n2) is the ratio of the sample size required for 

the two groups (here, r = 0.5 gives a sample size distribution 
of 0.5:1 for the CG and IG); 

	– “δ” and “d” are the pooled standard deviation (SD) and the dif-
ference of the main outcome (i.e. change in the 6MWD after 
CPRP).

Given the pioneering nature of this study at the time it was con-
ducted, values of “δ” and “d” were obtained from a previous 

FIG. 2. Description of the 4 phases of the cardiopulmonary rehabilitation programme (CPRP).
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First phase (10 days): Recruitment phase and medical question-
naire
This initial phase focused on recruiting LC19Ps during their con-
sultations in the outpatient department of pulmonology. During the 
recruitment process (i.e. meeting), the investigators (RK and AK in 
the authors’ list) explained the protocol’s content, progression, and 
tasks to be carried out during different phases to the patients. They 
addressed patient questions regarding the project’s aims, methods 
of data collection and usage, as well as participation modalities. 
The meeting also served to assess the patient’s general aptitude, 
offer advice on managing comorbidities such as diabetes mellitus 
and arterial hypertension, and introduce psychological support (e.g. 
handling emotional distress, post-traumatic stress disorder, and 
strategies for coping with COVID-19) [48], along with nutritional 
counselling [49]. Following this, patients signed the consent form, 
and randomization was conducted. At the phase’s conclusion, an 
interviewer (EZ in the authors’ list), unaware of the patient’s group 
allocation, completed a questionnaire for each patient. The ques-
tionnaire, with an average duration of approximately 30–40 min-
utes, was administered by the same interviewer before and after 
CPRP. In Tunisian dialect, the questionnaire comprised two parts. 
The first part, a general questionnaire, covered demographic (e.g. 
age, sex, socioeconomic level, smoking status), clinical (e.g. lifestyle 
habits, medical history), and COVID-19-related information (e.g. 
date of RT-PCR, hospitalization details, length of hospitalization, 
symptom duration, treatment such as corticosteroid or oxygen 

therapies, imaging, and extent of lesions). Low socioeconomic level 
was defined as unskilled worker, jobless, and high socioeconomic 
level as skilled worker, farmer and manager. History of cigarette 
smoking was evaluated in pack-years, and patients were classified 
into non-smoker, passive smoker, and ex-smoker. Narghile smoking 
was also assessed. The second part of the questionnaire was 
reserved to explore patients’ health-related quality of life and psy-
chological data. The data of this part will be examined in the 
second phase of the project.

Second phase (2 weeks): Pre-CPRP evaluations
During this phase, the interviewers (HR and EZ in the authors’ list) 
received the LC19Ps in groups of four or five per day, and the fol-
lowing four evaluations/tests were performed on the same day in 
the morning, and in the following order: dyspnoea, anthropometric 
data, spirometry test, and 6MWT.

Dyspnoea was assessed before and after CPRP using two scales: 
mMRC [42] and Borg [50] scales. Questions were presented in 
Arabic language. The mMRC scale, a self-rating scale, measures 
the disability caused by breathlessness in daily activities, ranging 
from level 0 to level 4 [42] (details in the Appendix). The Borg 
scale was used to rate dyspnoea from 6 (i.e. no exertion at all) to 
20 (i.e. maximal exertion) and to monitor patients’ post-CPRP prog-
ress [50]. For the pre-CPRP evaluation phase, patients were asked 
to evaluate their mMRC dyspnoea level before and during the 
COVID-19, and whether their dyspnoea was subjectively worsened.

BOX 1. Description of the 5  types of exercises performed during the strength-training phase of the cardiopulmonary rehabilitation 
program (CPRP).

N Type of exercise Description

1. Leg extension 
exercise

•	The patient, while sitting on a chair, performed knee extension, and maintained the extension for 
5 seconds and returned gradually to the resting position for each repetition.

•	During the first 2 weeks, the 2nd and 3rd weeks, and the 5th and 6th weeks of the CPRP, 1 series of 
10 repetitions, 2-series of 10 repetitions, and 3-series of 10 repetitions for each side were performed, 
respectively.

2. Heel raises exercise •	The patient, while standing up, performed gradual maximal plantar flexion, maintained the contraction 
for 5 seconds and gradually returned to the resting position.

•	During the 1st 2-weeks, 3rd week, and 5th and 6th weeks of the CPRP, 1 series of 10 repetitions, 
2-series of 10 repetitions and 2-series of 10 repetitions for each side were performed, respectively.

3. Sit-stand-sit exercise •	The patient started from the seated position and performed controlled stand-ups and returned to the 
seated position as slowly and as controlled as possible.

•	During the 1st two weeks, the 2nd and 3rd weeks, and the 5th and 6th weeks of the CPRP, 1 series of 
10 repetitions, 2-series of 10 repetitions, and 3-series of 10 repetitions for each side were performed, 
respectively.

4. Overhead press 
exercise

•	The patient performed three-series of 10 repetitions of the movement for each side.
•	Progression in load was obtained through a gradual increase in dumbbell weight.

5. Biceps curls exercise •	The patient performed 10 repetitions of alternated elbow flexions while carrying a dumbbell in each 
hand for three series.

•	Progression in load was obtained through a gradual increase in dumbbell weight.
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calculated (e.g. ΔSpO2, ΔHR). The instructions given to the patients 
during the test were in accordance with international guide-
lines [22, 39]. HR was expressed as absolute value and as a per-
centage of the predicted maximal HR (PMHR) (PMHR (bpm) = 208 
– (0.7 × age)) [53]. HR and SpO2 were measured using a finger 
pulse oximeter (Beurer PO 40, Shanghai, China). The HREnd (bpm) 
was considered as an HR target for lower limb exercise training [54]. 
The predicted 6MWD and its lower limit of normal (LLN) were cal-
culated based on North African norms for adults aged 18–40 
years [55] and more than 40 years [56]. An abnormal 6MWD was 
identified when the 6MWD was lower than the LLN [55, 56]. The 
6-min walk work (6MWW) (i.e. the product of 6MWD and 
weight [57]), reflecting the work of walking, was calculated. Clini-
cally significant desaturation was defined as ΔSpO2 greater than five 
points [58].

Third phase (6 weeks): Exercise training
The constituents of the CPRP were ‘derived’ from preceding national 
and international recommendations for COVID-19 patients [8, 49, 
59–66].

Patients performed exercise training or sedentary activities 
(depending on randomized allocation to the study groups), and 
could not be combined with other physical therapy or sports phys-
ical activity. The exercise-training phase, exclusive to the IG, was 

Anthropometric data (e.g. age (year), height (cm), weight (kg), 
and body mass index (BMI, kg/m2) were determined. Corpulence 
status (i.e. underweight (BMI < 18.5 kg/m2), normal weight (BMI: 
18.5–24.9 kg/m2), overweight (BMI: 25.0–29.9 kg/m2), and obe-
sity (BMI ≥ 30.0 kg/m2)) was noted [51].

The spirometry test was conducted by an experienced techni-
cian using a portable spirometer (MIR, Spirodoc, Italy) following 
international guidelines [44]. The collected spirometric data (i.e. 
FVC (L), FEV1 (L), FEV1/FVC ratio (absolute value)) were expressed 
as absolute values, percentages of predicted values, and as 
z-scores [52].

The 6MWT was conducted outdoors in the morning by one phy-
sician (EZ  in the authors’ list), following international guide-
lines [22, 39]. The test took place along a flat, straight corridor with 
a hard surface, rarely travelled by others (40 meters long, marked 
every meter with cones to specify turnaround points). Patients were 
instructed to walk as far as possible for 6 minutes, with the option 
to rest if necessary. Throughout the 6MWT, various parameters were 
determined at rest (Rest) and at the end (End) of the walk, including 
HR (bpm), oxy-haemoglobin saturation (SpO2, %), 6MWD (m, % 
of predicted value), and the number of stops. Blood pressure was 
measured only at rest to verify the absence of 6MWT contraindica-
tion [22, 39, 43]. For some 6MWT parameters, delta exercise 
changes (ΔExercise = 6MWTEnd value minus 6MWTRest value) were 

FIG. 3. Description of an exercise training session.
1: Warming (5 minutes); 2: Treadmill walking exercise; 3: Knee extension exercise; 4: Heel raises exercise; 5: Sit-stand-sit exercise; 
6: Overhead press exercise; 7: Biceps curls exercise; 8: Controlled breathing exercise.
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conducted in the morning in two groups of 10–12 patients. This 
phase comprised 18 sessions (i.e. three sessions/week for six 
weeks), with each session lasting 60–90 minutes [59]. Patients of 
the CG were asked to maintain their usual level of sedentary phys-
ical activities [26].

A typical exercise-training session included four parts (Figure 3): 
i) Warming-up for five minutes; ii) Aerobic training for 10–35 min-
utes; iii) Resistance training for 15–20 minutes; and iv) Respira-
tory exercises for 15 minutes. During the warm-up phase, light 
exercises were performed such as walking slowly, mobilization of 
cervical, lumbar spine, and peripheral joints. In the aerobic-train-
ing phase, patients engaged in treadmill walking exercise for a grad-
ually increased duration (e.g. starting with 10 minutes in the first 
week and increasing by five minutes each week, reaching a total 
of 35 minutes in the sixth week). Patients were instructed to inter-
rupt the walk if they experienced shortness of breath or dizziness. 
The walking intensity was personalized using a HR monitor, and 
the HR target was the HREnd ± 5 bpm determined at the end of the 
6MWT [37]. On days without aerobic training, patients were 
advised to perform outdoor walking exercise for the same duration. 
The strength-training phase involved five types of exercises (Box 1). 
During the respiratory exercises phase, patients performed con-
trolled breathing and chest expansion exercises. In the sitting posi-
tion, the patient put one hand on the chest and the other on the 
abdomen, and performed slow and ample inspiration followed by 
controlled and maximal expiration.

Throughout each exercise-training part, therapeutic education 
was provided to enhance patients’ adherence to lifestyle counsel-
ling provided during the first phase of the CPRP. This included guid-
ance on managing comorbidities (when applicable), psychological 
support, and nutritional counselling [49].

Fourth phase (2 weeks): Post-CPRP evaluations
In this phase, both groups underwent similar evaluations/tests to 
those conducted in the second phase. The results of the CPRP were 
communicated, and explained to the patients.

Data presentation and statistical analyses
Expression mode of data
Quantitative and categorical data were presented as mean ± SD 
(95% confidence interval) and number (%), respectively. For each 
set of quantitative data (i.e. dyspnoea (mMRC and Borg scales), 
weight, BMI, spirometric data, 6MWD, 6MWW, HR, SpO2, and 
ΔExercise), changes induced by the CPRP were calculated (ΔCPRP = pre- 
minus post-CPRP).

Session effect: Pre- vs. post-CPRP
The Wilcoxon test and the two-sided chi-squared test were used 
to compare the quantitative and categorical data of the same group 
determined before and after CPRP, respectively.

Group effect: IG vs. CG
The Student’s t-test and the two-sided chi-squared test were used 
to compare the quantitative and categorical data of the two groups 
before and after CPRP, respectively.

Group and session effect: Group (IG or CG) vs. session (pre- or 
post-CPRP)
Analysis of variance (ANOVA) was used to examine the intervention 
differences (i.e. groups vs. sessions) and to analyse the differences 
between and within the sessions study and groups. The partial 
eta-squared effect size was calculated, and Hedge’s values were 
used for effect size measurement [67]. An effect size of ≤ 0.2 was 
described as a small effect, around 0.5 as a medium effect, around 
0.8 as a large effect, and more than 1.30 as very large effect [67].

Clinical significant approach
The CPRP was considered ‘efficient’ if the mean ΔCPRP for 6MWD 
exceeded the recommended MCID of 30 m  for 6MWD [39]. 
A decrease of more than one point in the mean ΔCPRP for mMRC 
dyspnoea signified a perceived clinical improvement [40, 41].

All statistical procedures were performed using statistical soft-
ware (StatSoft, Inc. (2011). STATISTICA, version 12). The signif-
icance level was set at p < 0.05.

RESULTS 
Among the 45 LC19Ps recruited, 36 agreed to participate in the 
study (Figure 1). However, only 30 (20 in the IG, 10 in the CG) 
completed the protocol.

Patients’ characteristics
The two groups were matched for sex, anthropometric data, comor-
bidities, and dyspnoea levels before and during COVID-19, 
COVID-19 data, and computed tomography scan data (Table 1). 
The only difference was in the consumption of cigarettes (in pack-
years): the CG had a higher consumption compared to the IG 
(Table 1).

Effect on weight, BMI, and corpulence status
ANOVA revealed that the CPRP did not influence weight or BMI. 
In the IG, the percentage of patients with overweight decreased 
significantly from 55% to 25% (Table 2).

Effect on dyspnoea
ANOVA revealed that the CPRP impacted dyspnoea evaluated via 
the Borg and mMRC scales (Table 2). Compared to the CG, the IG 
had larger decreases in ΔCPRP for Borg and mMRC scales (-1.3 ± 1.5 
vs. -3.5 ± 2.0; and -0.1 ± 0.3 vs. -1.5 ± 0.8; respectively). In the 
IG, the 1.5-point decrease in mMRC exceeded the recommended 
MCID of 1 point. The percentage of patients with dyspnoea mMRC 
level 3 in the IG decreased significantly from 75% to 5%.
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TABLE 1. Characteristics of the 2 groups: Intervention group (IG, n = 20) and control group (CG, n = 10). 

Data Unit/Category IG (n = 20) CG (n = 10) p-value
Sex and initial anthropometric data

Sex Male 10 (50) 4 (40) 0.604
Age Year 53 ± 14 52 ± 14 0.922
Height cm 167 ± 10 167 ± 6 0.919
Weight kg 79 ± 15 85 ± 26 0.438
Body mass index kg/m2 28.5 ± 4.8 30.2 ± 7.6 0.477
Corpulence status Underweight 1 (5) 0 (0) 0.472

Normal weight 2 (10) 2 (20) 0.447
Overweight 11 (55) 4 (40) 0.439

Obesity 6 (30) 4 (40) 0.583
Smoking data and socioeconomic data

Smoking cigarette status Non-smoker 9 (45) 4 (40) 0.794
Passive smoker 3 (15) 2 (20) 0.729

Ex-smoker 8 (40) 4 (40) -
Pack-year 22 ± 8 34 ± 5 0.027*

Smoking narghile status Ex-smoker 4 (20) 1 (10) 0.488
Socioeconomic level Low 13 (65) 7 (70) 0.784
Comorbidities
Diabetes mellitus Yes 5 (25) 1 (10) 0.760
Arterial hypertension Yes 4 (20) 2 (20) -
Dyslipidemia Yes 2 (10) 2 (20) 0.447
Dysthyroid Yes 2 (10) 1 (10) -

Dyspnea (mMRC) level before and during the COVID-19
Before COVID-19 Yes 2 (10) 2 (20) 0.447

Level-1 18 (90) 8 (80) 0.447
Level-2 2 (10) 2 (20) 0.447

During COVID-19 Yes 20 (100) 10 (100) -
Level-2 3 (15) 2 (20) 0.729
Level-3 15 (75) 8 (80) 0.760
Level-4 2 (10) 0 (0) 0.301

Worsening of dyspnea Yes 20 (100) 10 (100) -
COVID-19 data

Hospitalization Yes 11 (55) 5 (50) 0.796
IUC 5 (25) 1 (10) 0.333

Length of hospitalization Days 14 ± 9 20 ± 7 0.206
Duration of symptoms Days 25 ± 24 21 ± 8 0.635
Corticosteroid therapy Yes 15 (75) 8 (80) 0.760
Oxygen therapy Yes 14 (70) 6 (60) 0.583

Computed tomography (CT) scan data
CT Yes 11 (55) 8 (80) 0.180
Extent of lesions 0–10% 1 (5) 1 (10) 0.605

10–25% 1 (5) 2 (20) 0.197
25–50% 5 (25) 5 (50) 0.171
50–75% 4 (20) 0 (0) 0.129

COVID-19: Coronavirus disease 2019. mMRC: Modified medical research council.
Quantitative and categorical data were mean ± standard deviation and number (%), respectively.
*p-value < 0.05 (Student T-test or two-sided chi-2 test): IG vs. CG.
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TABLE 2. Impact of the cardiopulmonary rehabilitation program (CPRP) on weight, body mass index (BMI), and dyspnea of the 
2 groups: Intervention group (IG, n = 20) and control group (CG, n = 10). 

Data Unit/category

IG (n = 20) CG (n = 10)
Comparison between 

2 groups: p-value
ANOVA:

Group vs. Session

Pre Post Δ Pre Post Δ
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Weight kg 79 ± 15 81 ± 16 2 ± 13 85 ± 26 85 ± 25 -1 ± 4 0.438 0.623 0.618 0.843 0.001

BMI kg/m2 28.5 ± 4.8 29.2 ± 6.1 0.7 ± 4.4 30.2 ± 7.6 30.0 ± 7.5 -0.2 ± 1.4 0.477 0.756 0.562 0.805 0.001

Corpulence
status

Underweight 1 (5) 0 (0) -1 0 (0) 0 (0) 0 0.472 - - - -

Normal weight 2 (10) 5 (25) +3 2 (20) 3 (30) -1 0.447 0.773 - - -

Overweight 11 (55) 5 (25) -6μ 4 (40) 3 (30) -1 0.439 0.773 - - -

Obesity 6 (30) 10 (50) +4 4 (40) 4 (40) 0 0.583 0.605 - - -

Dyspnea 
(rest)

Borg scale 5.2 ± 2.0 1.8 ± 0.9 -3.5 ± 2.0* 5.1 ± 2.0 3.8 ± 1.0 -1.3 ± 1.5 0.896 0.001 0.005 0.010 0.105

mMRC total 3.0 ± 0.5 1.5 ± 0.6 -1.5 ± 0.8* 2.7 ± 0.5 2.6 ± 0.7 -0.1 ± 0.3 0.208 0.001 0.001 0.007 0.248

mMRC 
dyspnea

Level-1 0 (0) 11 (55) +11μ 0 (0) 1 (10) +1 - 0.018 - - -

Level-2 3 (15) 8 (40) +5μ 3 (30) 2 (20) -1 0.333 0.273 - - -

Level-3 15 (75) 1 (5) -14μ 7 (70) 7 (70) 0 0.770 0.001 - - -

Level-4 2 (10) 0 (0) -2 0 (0) 0 (0) 0 0.301 - - - -

BMI: Body mass index. mMRC: Modified medical research council. Post: After CPRP. Pre: Before CPRP. Δ: Post minus Pre.
Quantitative and categorical data were mean ± standard deviation, and number (%) respectively.
Session effect: Pre vs. Post; *p-value < 0.05 (Wilcoxon test): Quantitative data; μp-value < 0.05 (One-sided chi-2 test): Corpulence 
status; Group effect: IG vs. CG; #p-value < 0.05 (Student test): Pre vs. Pre or Post vs. Post or Δ vs. Δ; θp-value < 0.05 (Two-sided 
chi-2 test): Pre vs. Pre or Post vs. Post; Session and group effect Ψp-value < 0.05 (Analysis of variance: ANOVA)

Effect on spirometric data
ANOVA revealed that the CPRP had no impact on spirometric data. 
In the IG, from pre- to post- CPRP, FEV1 and FVC increased by 200 
ml (7%) and 180 ml (5%), respectively (Table 3).

Effect on submaximal exercise data
No patient stopped during the 6MWT, and no side effects were 
noted.

ANOVA revealed that the CPRP impacted the 6MWD (m, %) 
and the HRrest (bmp, %), but did not impact the 6MWW and SpO2 
(Table 4). First, compared to the CG, the IG had a higher ΔCPRP for 
6MWD (m, %) (5 ± 45 vs.168 ± 99; and 1 ± 8 vs. 28 ± 8; respec-
tively), with small effect sizes. In the IG, the 168 m ΔCPRP for 6MWD 
greatly exceeded the recommended MCID of 30 m. Second, com-
pared to the CG, the IG had a higher ΔCPRP for HRrest (bpm, %) 
(1 ± 7 vs. -9 ± 9; and 0 ± 4 vs. -5 ± 6; respectively). In the IG, the 
percentages of patients with abnormal 6MWD or desaturation dur-
ing the 6MWT decreased from 100% to 75%, and from 30% to 
10%, respectively.

DISCUSSION 
Our Tunisian RCT, investigating the effects of a CPRP on sub-
maximal aerobic capacity, dyspnoea and spirometric data in 
LC19Ps, revealed that compared to the CG, the IG demonstrated 
statistically significantly higher changes in i) 6MWD (m, %) (5 ± 45 
vs. 168 ± 99; 1 ± 8 vs. 28 ± 8; respectively) and HRrest (bpm, %) 
(1 ± 7 vs. -9 ± 9; 0 ± 4 vs. -5 ± 6; respectively), with small effect 
sizes. The IG’s 168 m ΔCPRP for 6MWD significantly exceeded the 
recommended MCID of 30 m; and ii) Borg and mMRC scales 
(-1.3 ± 1.5 vs. -3.5 ± 2.0; and -0.1 ± 0.3 vs. -1.5 ± 0.8, respec-
tively). The IG’s 1.5-point decrease in mMRC significantly exceeded 
the recommended MCID of 1 point. The two groups exhibited 
comparable changes in spirometric data.

Our results contribute valuable insights to the growing body of 
literature on the efficacy of CPRPs for LC19Ps, emphasizing 
improvements in aerobic capacity and dyspnoea. To the best of the 
authors’ knowledge, up until December 30, 2023, only 11 RCTs 
had assessed the effects of a CPRP on the submaximal aerobic 
capacity of LC19Ps [26–36]. Tables 1S to 6S in the Appendix 
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(92 ± 14 vs. 96 ± 16%, and 86 ± 17 vs. 89 ± 13%, respectively 
(Table 6S)). In practice, it is crucial to interpret the 6MWD by com-
paring it to normal values [22, 39, 43]. The latter are essential to 
guide the diagnostic and prognostic use of the 6MWT [22, 43]. The 
success in medical decision-making depends as much on selecting 
and properly using norms and their limits [22, 43].

In our RCT, the ΔCPRP for 6MWD in the IG and CG were 
168 m (i.e. > 30 m MCID [39]) and 5 m (i.e. < 30 m MCID [39]), 
respectively (Table 4). First, two relevant RCTs [27, 32] adopted 
the MCID approach for 6MWD, setting it at 50 m (Table 4S). Con-
sistent with our RCT, these two RCTs reported statistically signifi-
cant effects, as the 6MWD in the IGs were 85 [27] and 95 [32] 
m (Table 6S). However, in one RCT [27], the 6MWD change in the 
CG was below the 50 m MCID (i.e. 15 m), while in the other 
RCT [32], it significantly exceeded the 50-m MCID (i.e., 72 m) 
(Table 6S). Second, the 6MWD change observed in the IG of the 
remaining RCTs surpassed the recommended MCID of 30 m [39] 
(63 [33], 57 [29, 34, 35], 54 [30] m) (Table 6S). Third, the 
6MWD change observed in the CG of the remaining RCTs either 
exceeded the recommended MCID of 30 m  [39] in three 
RCTs [57 [33], 39 [34, 35] m], or fell below the recommended 
MCID of 30 m [39] in two RCTs [5 [30], 17 [29] m)] (Table 6S). 
The considerable variation in 6MWD changes observed in our RCT 
and the 11 other RCTs highlights the necessity of establishing the 
6MWD MCID in LC19Ps [25]. The aforementioned findings from 
our RCT and the 11 other RCTs (Table 6S) align with those reported 
by previous SRs [25, 69–74], confirming the effectiveness of CPRPs 
in improving various health outcomes, including physical health, 
in LC19Ps. The results of the aforementioned seven SRs [25, 69–74] 
are extensively detailed in the Appendix.

The percentage of patients exhibiting an abnormal 6MWD 
remained steady at 80% in the CG, while it decreased from 100% 
(pre-CPRP) to 75% (post-CPRP) in the IG (Table 4). First, no prior 
related RCT has compared the percentage of LC19Ps or cases with 
abnormal 6MWD before and after CPRP. Second, our results con-
trast with those reported in a German study [15], where 79% of 
mild/moderate COVID-19 patients exhibited an abnormal 6MWD 
after three weeks of inpatient CPRP. Third, a previous observational 
study indicated that the percentages of LC19Ps with abnormal 
6MWD decreased from 21% to 0% [37].

The two groups in our RCT showed comparable changes in 
6MWW, but in the IG, the 6MWW change increased by 14,153 
mkg (Table 4). First, no previous related RCT has assessed the 
6MWW, which may offer a more comprehensive estimation of the 
work required to perform the test compared to 6MWD alone [37]. 
Second, in agreement with our findings, a prior observational study 
indicated that the 6MWW change in LC19Ps increased by 2448 
mkg [37]. Since weight directly influences the energy needed for 
completing the 6MWT [22, 39], future related RCTs should con-
sider calculating and reporting the 6MWW, as it can provide 
valuable insights into patients’ functional capacity [25].

provide insights into the methodological characteristics (Table 1S), 
recruitment methods, inclusion, non-inclusion and exclusion crite-
ria (Table 2S), patient characteristics (Table 3S), 6MWT method-
ological aspects (Table 4S), CPRP details (Table 5S), and the effects 
of CPRPs on 6MWT (Table 6S) across these studies. This RCT 
stands out as the second North-African study in this domain, with 
the first being conducted in Egypt [29].

Rationale for choosing the 6MWD data as the main outcome
The assessment of exercise tolerance is traditionally conducted by 
measuring maximum oxygen consumption in a cardiorespiratory 
test [68]. However, this approach necessitates sophisticated and 
expensive equipment, along with personnel possessing advanced 
skills for its operation [68]. Consequently, the repeated use of such 
tests poses a substantial financial burden and is not practically 
feasible on a large scale [68]. Recognizing these challenges, sim-
pler assessments such as the 6MWT have gained popular-
ity [22, 39, 43]. The latter entails measuring the distance an 
individual can walk on a flat surface within a span of 6 min-
utes [22, 39, 43]. The 6MWT comes with various benefits, pre-
sented in detail in the Appendix. Its simplicity, ease of administra-
tion, and minimal resource requirements make it a practical choice 
for assessing exercise tolerance in various settings and popula-
tions [22, 39, 43]. In comparison to complex cardiorespiratory 
tests, the 6MWT strikes a balance between providing meaningful 
insights into functional exercise capacity and addressing the logis-
tical constraints associated with assessments that are more sophis-
ticated.

Effect on 6MWD
In our RCT, both statistical and clinical significance of the increase 
in the 6MWD were observed. Compared to the CG, the IG dem-
onstrated a higher ΔCPRP for 6MWD (m, %) (5 ± 45 vs. 168 ± 99; 
1 ± 8 vs. 28 ± 8, respectively), albeit with small effect sizes.

Regarding the 6MWD expressed in absolute value (i.e., m), our 
results are consistent with findings from related two RCTs [29, 30]. 
A significant group-session effect (i.e. comparison of ΔCPRP) was 
reported [29, 30], indicating a higher ΔCPRP for 6MWD in the IG 
compared to the CG (57 ± 48 vs. 17 ± 10 [29], 54 vs. 5 [30], 
respectively) (Table 6S). Among the remaining nine related RCTs 
(Table 6S), three failed to report the group-session effect [26–28], 
and six reported no group-session effect [31–36]. In contrast to our 
RCT, where the effect size for 6MWD was small, one RCT [30] 
reported a large effect size. Between two RCTs [34, 35] that reported 
no group-session effect, the effect sizes for 6MWD were small.

Regarding the 6MWD expressed as a percentage of predicted 
values (i.e. %), the only RCT that chose this expression mode [28] 
failed to report the group-session effect (Table 6S). However, in con-
trast to our findings (Table 4), this particular RCT [28] reported no 
group – or session – effects, as the 6MWD values measured before 
and after CPRP in both the CG and the IG were comparable 
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TABLE 3. Impact of the cardiopulmonary rehabilitation program (CPRP) on spirometric data of the 2 groups: Intervention group (IG, 
n = 20) and control group (CG, n = 10).

Data Unit/category

IG (n = 20) CG (n = 10)
Comparison between 

2 groups: p-value
ANOVA: Group vs. 

Session
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FEV1 l 2.56 ± 0.96 2.76 ± 1.01 0.20 ± 0.32* 2.33 ± 0.72 2.34 ± 0.67 0.01 ± 0.13 0.521 0.244 0.075 0.690 0.002

% predicted 82 ± 24 89 ± 25 7 ± 12* 78 ± 25 78 ± 25 1 ± 4 0.626 0.272 0.119 0.651 0.003

z-score -1.23 ± 1.63 -0.77 ± 1.72 0.46 ± 0.74* -1.56 ± 1.57 -1.52 ± 1.59 0.04 ± 0.28 0.597 0.258 0.099 0.644 0.003

FVC l 3.13 ± 1.12 3.31 ± 1.08 0.18 ± 0.37* 2.96 ± 0.70 2.98 ± .0.74 0.01 ± 0.14 0.674 0.398 0.192 0.768 0.001

% predicted 80 ± 21 85 ± 21 5 ± 11 79 ± 21 79 ± 23 1 ± 4 0.873 0.494 0.223 0.703 0.002

z-score -1.48 ± 1.55 -1.13 ± 1.50 0.35 ± 0.75 -1.60 ± 1.54 -1.54 ± 1.65 0.05 ± 0.30 0.846 0.492 0.236 0.725 0.002

FEV1/FVC Absolute value 0.82 ± 0.10 0.83 ± 0.07 0.01 ± 0.08 0.77 ± 0.13 0.78 ± 0.10 0.00 ± 0.07 0.305 0.117 0.847 0.915 0.001

% predicted 102 ± 12 104 ± 9 1 ± 10 97 ± 17 97 ± 13 1 ± 8 0.297 0.124 0.867 0.925 0.001

z-score 0.37 ± 1.45 0.51 ± 1.10 0.14 ± 1.2 -0.25 ± 1.60 -0.27 ± 1.42 -0.02 ± 0.90 0.297 0.112 0.726 0.837 0.001

FEV1: Forced expiratory volume in one second. FVC: Forced vital capacity. Post: After CPRP. Pre: Before CPRP. Δ: Post minus Pre.
Data were mean ± standard deviation.
Session effect: Pre vs. Post; *p-value < 0.05 (Wilcoxon test): Quantitative data. Group effect: IG vs. CG; #p-value < 0.05 (Student 
test): Pre vs. Pre or Post vs. Post or Δ vs. Δ. Session and group effect: Ψp-value < 0.05 (Analysis of variance: ANOVA)

Effect on dyspnoea
In comparison to the CG, the IG demonstrated higher changes in 
Borg and mMRC scales (-1.3 ± 1.5 vs. -3.5 ± 2.0; and -0.1 ± 0.3 
vs. -1.5 ± 0.8, respectively). In related RCTs (Table 4S), conflicting 
dyspnoea values were reported in eight studies [27, 29–35]. On 
one hand, four related RCTs reported effects of CPRP on 
mMRC [29–31, 33], while two others [27, 32] reported no effects. 
For instance, in one RCT [29], the mean mMRC between-group 
differences decreased by 49%, from a score of 2.63 ± 0.60 to 
1.38 ± 0.49. On the other hand, while one RCT reported significant 
effects of CPRP on the Borg scale [31], two others [34, 35] reported 
no effects. Some previous SRs [24, 69, 70, 72, 73], described in 
detail in the Appendix, reported conflicting findings related to the 
effects of CPRP on dyspnoea. Previous studies have indicated that 
CPRP improves perceived dyspnoeaRest, regardless of the mode of 
evaluation (e.g. mMRC [15, 18], chronic obstructive pulmonary 
disease assessment test [16]), even in severe/critical COVID19 
patients [15].

In our IG, the percentage of patients experiencing dyspnoea at 
mMRC level 3 decreased significantly from 75% to 5%, and the 
1.5-point decrease in mMRC exceeded the recommended MCID 
of 1 point [40, 41]. This aligns with the findings of one observa-
tional study [37], where mMRC improvement surpassed than the 
1-point MCID [40].

Dyspnoea is a crucial determinant of the 6MWD in patients with 
chronic respiratory disease, reflecting both the physiology of exer-
cise limitation and the impact of exercise limitation on daily 
life [22, 39]. However, comparing dyspnoea data between studies 
with different assessment scales (Table 4S) is challenging due to 
the lack of standardization and potential scale-related variations in 
measurement [25]. The observed reduction in dyspnoea percep-
tion during CPRP might be attributed to physiological adaption to 
exercise training [75]. The reduction of dyspnoea, one of the most 
common symptoms among individuals with chronic respiratory dis-
ease, is an important target of CPRPs [76]. In LC19Ps, the improve-
ment in perceived dyspnoea is crucial, as dyspnoea is significantly 
linked with a higher mortality [77], and serves as a predictive fac-
tor of reduced functional capacity [78].

Effect on HR
Regarding HR expressed in bpm, our RCT revealed that: i) compared 
to the CG, the IG had a larger change in HRrest (1 ± 7 vs. -9 ± 9; 
respectively), with a small effect size; ii) compared to before CPRP, 
after CPRP both HRRest and HREnd of the IG decreased by 9 ± 9 and 
10 ± 13, respectively; and iii) compared to before CPRP, after CPRP 
HRRest in the CG remained unchanged, but HREnd decreased by 
10 ± 8 (Table 4). Concerning HR expressed as a percentage of 
PMHR, our RCT identified that: i) compared to the CG, the IG had 
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TABLE 4. Impact of the cardiopulmonary rehabilitation program (CPRP) on submaximal exercise data of the 2 groups: Intervention 
group (IG, n = 20) and control group (CG, n = 10).

Data Unit/category

IG (n = 20) CG (n = 10)
Comparison between 2 groups: 

p-value
ANOVA:

Group vs. Session
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6MWD

m
349 

± 137
517 

± 115
168 

± 99*
414 

± 106
419 

± 78
5 

± 45
0.194 0.023 0.001 0.013 0.104

% predicted
53 

± 16
81 

± 14
28 

± 8*
67 

± 18
68 

± 14
1 

± 8
0.044 0.017 0.001 0.002 0.157

 < LLN 20 (100) 13 (75) -7μ 8 (80) 8 (80) 0 0.038 0.760 - - -

6MWW mkg
27383 

± 11455
41536 

± 10859
14153 

± 11096*
37226 

± 22018
36847 

± 18757
-379 

± 4577
0.116 0.391 0.001 0.078 0.054

HR (bpm)

Rest
84 

± 9
75 

± 4
-9 

± 9*
81 

± 7
82 

± 6
1 

± 7
0.367 0.001 0.007 0.014 0.102

End 
106 

± 10
96 

± 6
-10 

± 13*
105 

± 11
95 

± 7
-10 

± 8*
0.782 0.729 0.965 0.966 0.001

ΔWalk
21 

± 12
21 

± 8
-0 

± 15
23 

± 11
13 

± 9
-10 

± 10*
0.653 0.034 0.076 0.091 0.050

HR (%)

Rest
49 

± 6
44 

± 3
-5 

± 6*
48 

± 5
48 

± 5
0 

± 4
0.425 0.012 0.007 0.041 0.072

End 
62 

± 7
56 

± 6
-6 

± 8*
61 

± 8
56 

± 5
-6 

± 4*
0.781 0.738 0.983 0.987 0.001

ΔWalk
12 

± 7
12 

± 5
0 

± 9
14 

± 6
8 

± 5
-6 

± 6
0.662 0.032 0.069 0.087 0.051

SpO2 (%)

Rest
96 

± 2
98 

± 1
2 

± 2*
97 

± 1
96 

± 1
-0 

± 1
0.635 0.005 0.007 0.056 0.063

End 
93 

± 3
96 

± 3
2 

± 3*
94 

± 2
94 

± 2
0 

± 3
0.523 0.141 0.112 0.153 0.036

ΔWalk
-3 

± 3
-2 

± 2
1 

± 3
-2 

± 2
-2 

± 2
0 

± 3
0.710 0.894 0.694 0.702 0.003

Desaturation 6 (30) 2 (10) -4 μ 1 (10) 2 (20) +1 0.222 0.038 - - -

HR: Heart-rate. LLN: Lower limit of normal. End: End of walk. Post: After CPRP. Pre: Before CPRP. Rest: Before the walk. SpO2: Oxy-
hemoglobin saturation. 6MWD: 6-min walk distance. 6MWW: 6-min walk work. Δ: Post minus Pre. ΔWalk: End minus Rest. Quantitative 
and categorical data were mean ± standard deviation (95% confidence interval) and number (%), respectively. Session effect: Pre vs. 
Post; *p-value < 0.05 (Wilcoxon test): Quantitative data; μp-value < 0.05 (One-sided chi-2 test): 6MWD < LLN or desaturation. 
Groups effect: IG vs. CG #p-value < 0.05 (Student test): Pre vs. Pre or Post vs. Post or Δ vs. Δ; θp-value < 0.05 (Two-sided chi-
2 test): Pre vs. Pre or Post vs. Post. Session and group effect: Ψp-value < 0.05 (Analysis of variance: ANOVA)
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a larger change in HRRest (0 ± 4 vs. -5 ± 6, respectively), with 
a small effect size, ii) compared to before CPRP, after CPRP both 
HRRest and HREnd of the IG decreased by 5 ± 6 and 6 ± 8, respec-
tively; and iii) compared to before CPRP, after CPRP HRRest of the 
CG remained unchanged, but HREnd decreased significantly by 
6 ± 4 (Table 4). During the CPRP, expressing HR as a percentage 
of PMHR accommodates individual variations in fitness levels and 
age, allowing for personalized exercise intensity assessment [37]. 
Among the related 11 RCTs (Table 4S), HR responses during the 
6MWT were measured in three RCTs [26–28], but only one reported 
HR values in bpm and not as a percentage of PMHR [28]. This 
particular RCT identified that i) HRRest was comparable in IG and 
CG both pre- (84 ± 12 vs. 78 ± 14, respectively) and post- 
(82 ± 10 vs. 78 ± 14, respectively) CPRP; and ii) HREnd was higher 
in the IG than the CG both before (118 ± 18 vs. 100 ± 14, respec-
tively) and after (118 ± 19 vs. 106 ± 14, respectively) CPRP [28].

An increased HRRest, even after adjustment for fitness, serves 
as an independent risk factor for all-cause mortality [79], and 
a 10-bpm increase in HRRest may elevate all-cause mortality by 
17% [80]. An observational study [37] reported a post-CPRP 
decrease in HRRest by 7 ± 9 bpm (5 ± 5%). The authors suggested 
that their finding indicates a beneficial effect for endurance-based 
exercise training as well as combined exercise training [37]. In our 
RCT, the observed decrease in HRRest reflects the positive impact 
of endurance and combined exercises [81], and could be attrib-
uted to improvements in physical fitness [82], sleep quality [83] 
and diet [39]. Monitoring HR during the 6MWT proves valuable, 
offering insights into exercise performance and cardiovascular 
responses, and therefore, should be included in 6MWT assess-
ments [22, 39]. HR responses may contribute to the performance 
of the 6MWT in patients with chronic respiratory disease, and HR 
patterns (e.g. HRRest, HREnd, maximum HR, increase in HR, and 
HR recovery at two minutes) can be among the factors explaining 
a part of the improvement in the 6MWD [22, 39].

Effect on SpO2

Our CPRP did not influence SpO2 (Table 4). First, among the 11 
RCTs, SpO2 responses during the 6MWT were measured in three 
RCTs [26–28], but only one [28] reported SpO2 values. This par-
ticular RCT identified that both groups increased SpO2End after 
CPRP, while pre-CPRP SpO2 increased only in the IG [28]. Second, 
an observational study reported that CPRP had no effect on both 
SpO2Rest and SpO2End of LC19Ps [37]. The lowest SpO2 recorded 
during a 6MWT, which may not align with SpO2End, has emerged 
as an important marker of disease severity and prognosis [22, 39]. 
Moreover, oxygen desaturation during a 6MWT provides valuable 
information regarding exercise-induced desaturation, disease sever-
ity, and disease progression [22, 39].

In our IG, the percentage of patients experiencing desaturation 
during the 6MWT decreased from 30% to 10% (Table 4). Our result 
is consistent with a previous observational study reporting a decrease 

in the percentage of LC19Ps with desaturation during the 6MWT 
from 14% to 0% [37]. Exercise-induced desaturation is associated 
with impaired daily physical activity, a faster FEV1 decline, and 
a worse prognosis, highlighting its clinical importance [22, 39].

Effect on spirometric data
ANOVA revealed that our CPRP had no effect on the spirometric 
data. In the IG, from before to after CPRP, FEV1 and FVC increased 
by 200 ml (7%) and 180 ml (5%), respectively (Table 3). First, the 
findings of our RCT align with the conclusion of a 2023 SR and 
meta-analysis aiming to examine the efficacy of CPRP in LC19Ps [84]. 
The meta-analysis results of the included 10 RCTs reported no sig-
nificant differences in lung function [84]. For example, the FVC 
pooled mean difference (MD) showed a non-significant overall effect 
of CPRP compared to the comparator groups (MD = 0.21). The 
results show heterogeneity, detecting a significant variability with 
I2 = 66%, not attributable to chance [84]. Second, the results 
observed in our IG are comparable to those reported in some stud-
ies indicating improvements in FEV1  [15,  17,  26] and/or 
FVC [15, 17, 18, 26]. The 200-ml increase in FEV1 observed in 
our IG is higher than, equal to, and lower than some values reported 
in the literature (e.g. 110 ml [37], 200 ml [17], 340 ml [26], 
respectively). On one hand, since there is a positive correlation 
between FEV1 and/or FVC and 6MWD [56], the increases in FEV1 
and FVC could explain a part of the increase in the 6MWD. On the 
other hand, these increases are useful to improve risk stratification 
in patients with intermediate coronary heart disease [85]. The 
improvement in FVC and FEV1 in the IG could be partly explained 
by the breathing exercises applied during CPRP [15, 17, 26]. How-
ever, some authors reported that there is presumably a spontaneous 
improvement over time of lung function in LC19Ps, and there is 
a natural upturn occurring without the influence of CPRP [86].

Effect on weight, BMI, and corpulence status
ANOVA revealed that the CPRP did not impact weight or BMI. In 
the IG, the percentage of patients with overweight decreased from 
55% to 25% (Table 2). Our results contrast with those of one 
RCT [28], which reported a significant “group vs. session” effect 
of CPRP on weight. In this particular RCT [28], weight increased 
by 2.8 ± 0.6 kg in the CG (i.e. pre-CPRP = 89.0 ± 21.7 kg; 
post-CPRP = 90.5 ± 22.0 kg), whereas a tendency toward increase 
by 1.9 ± 0.5 kg occurred in the IG (i.e. pre-CPRP = 89.1 ± 14.4 kg; 
post-CPRP = 90.4 ± 14.1 kg). This difference may be explained 
by the higher BMI of their patients at baseline and the fact that 
they included only post-hospitalization patients who may experience 
an increase in dietary intake after their discharge [28].

Discussion of the methodology
The disparities observed between our results and those of some 
related RCTs (Tables 1S to 6S, Appendix) can be attributed to at 
least 12 factors related to differences in (i) recruitment methods, 
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Methodological aspects of the 6MWT
In alignment with four previous RCTs [27, 28, 34, 35], we con-
ducted the 6MWT according to the most updated 6MWT guideline, 
specifically the European respiratory society (ERS)/American Tho-
racic Society (ATS)-2014 guideline [22, 39]) (Table 4S). It is note-
worthy that five related RCTs [30–33, 36] applied an outdated 
guideline for the 6MWT (i.e. ATS-2002 guideline [43]), despite 
updated guidelines being available since 2014. Adhering to the 
most current guidelines is crucial for ensuring the accuracy and 
relevance of the test results [25].

We implemented the 6MWT along a 40 m-long corridor, while 
in related RCTs, corridor lengths varied between 30 [27, 28, 30, 
33–36] and 35 [29] m (Table 4S). The length of the corridor can 
impact performance [22, 43], and guidelines suggest a walking 
course of at least 30 m [43]. Research indicated that there are no 
significant differences in outcomes when tracks of lengths ranging 
from 15 to 50 m are used [88]. Consistency in corridor length is 
essential for accurate comparisons of 6MWT results [25, 88].

In contrast to two related RCTs [29, 36] where the 6MWT was 
conducted indoors, we performed it outdoors. Other related RCTs 
implemented the 6MWT both indoors and outdoors  [27, 32] 
(Table  4S). Guidelines recommend performing the 6MWT 
indoors [43], but it can also be conducted outdoors if weather con-
ditions permit. Research suggested MDs in 6MWD (i.e. MD of 4 m) 
between indoor and outdoor courses [89]. This flexibility allows 
adaptation to different clinical settings and patient comfort [25].

Similar to two related RCTs [34, 35], our patients were allowed 
to move independently and rest if necessary. In contrast to one 
related RCT [27], our patients were not allowed to use walking 
aids during the 6MWT. The use of walking aids during the 6MWT 
can significantly influence the 6MWD [22, 39]. This information 
is important for interpreting and comparing results across different 
studies [25].

Collected data during the 6MWT
Before the initiation of the 6MWT (i.e., at rest), we assessed dys-
pnoea using two scales, namely the Borg and mMRC scales. Among 
the 11 related RCTs (Table 4S), dyspnoea was evaluated in 
nine [26, 27, 29–35] using the mMRC scale [27, 29, 30, 32], 
the Borg scale [26, 34, 35], or both mMRC and Borg scales [31, 33].

During the 6MWT, we determined the following parameters: 
6MWD, 6MWW, HR, and SpO2. First, while all related RCTs deter-
mined the 6MWD (Table 4S), only three determined HR and 
SpO2 [26–28], and none reported the 6MWW. Second, in the 
related RCTs (Table 4S), some studies also measured additional 
parameters, including SBP and DBP [26–28], respiratory rate [26], 
fatigue [34, 35], and blood pressure, HR, and SpO2 at recov-
ery [28]. Third, akin to all related RCTs (Table 4S), we reported 
6MWD as an absolute value, and as performed in one RCT [28], 
we also expressed it as a percentage of predicted norms. Fourth, 
mirroring one related RCT [28], we expressed HR in bpm, and as 

(ii) 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 6MWT, (x) collected 
data during the 6MWT, (xi) methodological aspects of the CPRP, 
and (xii) statistical approaches. A discussion related to points (i) to 
(vi) is detailed in the Appendix, and a discussion related to points 
(vii) to (xii) is provided in the following sentences.

Sample size calculation
Similar to eight related RCTs [26, 27, 29, 30, 32–35] (Table 1S), 
we calculated the required sample size using a predictive equa-
tion [45]. Our sample size (n = 30) exceeded that of one RCT 
(n = 17) [32], was comparable to the samples of three RCTs 
(n = 32 [28, 34, 35]), and was smaller than the samples of seven 
RCTs (n = 42 [33], n = 52 [29, 30], n = 72 [26], n = 81 [36], 
n = 119 [27], and n = 392 [31]) (Table 3S). Determining the 
optimal sample size is crucial as it helps avoid inadequate power 
to detect statistical effects [87], and ensures a representative 
sample for detecting statistical significance [45]. A large sample 
size is expensive and exposes more participants to measures [87], 
but using an insufficient number of participants may result in lower 
precision in the results.

Characteristics of LC19Ps and controls
The characteristics of our patients and controls, including the ratio 
between the CG and IG, sex, age, corpulence status, comorbidities, 
COVID-19 data, and smoking status, fall within intermediate ranges 
compared to related similar studies (Table 3S). First, as in some 
related RCTs [34–36], our sample size distribution for the CG and 
IG was lower than one. In the remaining RCTs, the sample size 
distributions were either “equal”  [26, 27, 29–33], or higher 
than [28] ours. Second, similar to some related RCTs [26–28, 30–35], 
we included both sexes. Third, the mean age of our patients (i.e. 
52–53 years) was intermediate compared to that reported in the 
literature: higher than in some RCTs [29, 31], comparable to oth-
ers [27, 28, 30, 32], and lower than in some RCTS [26, 33–36] 
(Table 3S). Fourth, the observed frequency of obesity in our RCT 
(i.e. 33%, Table 1) was lower than in one RCT (i.e. 65–67% [28]) 
and higher than in another RCT (i.e. 13–15% [27]). Fifth, the most 
frequent comorbidities in our RCT, diabetes mellitus, and arterial 
hypertension (each 20%, Table 1) were consistent with those 
reported in some related RCTs [26–28, 30, 33] (Table 3S). Sixth, 
the initial extent of COVID-19 lesions observed in our RCT (Table 1) 
was comparable to that reported in another related RCT [29] 
(Table 3S). Finally, the percentages of ex-smokers of cigarettes 
(40%) or narghile (17%) reported in our RCT (Table 1) are com-
parable to those reported in the literature, with frequencies varying 
from 10% [27] to 68% [33] (Table 3S).
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a percentage of PMHR. Finally, in contrast to our study, where 
desaturation was defined as ΔSpO2 > 5 points [58], in one related 
RCT [28], it was defined as ΔSpO2 ≥ 4 points. The latter definition 
is debatable, as in several studies [56, 58, 90], the most used def-
inition for clinically significant desaturation is ΔSpO2 > 5 points. 
Some studies recommended considering novel desaturation indi-
ces, such as the distance-saturation product, desaturation area, 
and desaturation-distance ratio, for a more comprehensive assess-
ment in future RCTs [22, 39].

Methodological aspects of the CPRP
The design and execution of CPRPs can significantly impact their 
outcomes and benefits for patients with chronic respiratory condi-
tions [25]. Four points related to the CPRP merit discussion.

First, our CPRP was conducted at the hospital, aligning with 
other related RCTs [29, 30, 34–36], and differing from others 
where CPRPs were administered at home [27, 28, 33] or both at 
home and at the hospital [26, 27, 32] (Table 5S). The choice of 
CPRP location, whether at home, at hospital, or a combination of 
both, substantially influences programme results [25, 91]. Hospi-
tal-based CPRPs offer several advantages, such as a structured and 
supervised environment, access to various exercise equipment, 
peer support, and expert guidance [25, 91]. In contrast, home-
based CPRPs provide more flexibility, convenience, personalized 
plans, and opportunities for self-management [25, 91]. Decisions 
on CPRPs’ location should consider patients’ needs, preferences, 
and desired outcomes [25].

Second, our CPRP comprised three sessions per week for six 
weeks, with each session lasting 60–90 minutes. The frequency 
of sessions per week (e.g. one [30, 32], two [26], three [27–29,  
32, 33], four [27, 32], five [28, 30, 33–35], six [36], seven [33], 
21 [30]), the duration of the CPRP (e.g. two [31], three [34, 35], 
four [32], five [30], six [26, 27, 29, 36], eight [33], 12 [28] 
weeks), and session durations (in minutes) (e.g. less than 
3–4 [29], 10 [26], 10–30 [28], 20–30 [33], and 40–60 [32)) 
varied among similar related RCTs (Table 5S). These variances 
can significantly affect CPRP outcomes [25, 91]. Higher session 
frequency (e.g. 3–5 sessions/week) improves conditioning, offer-
ing consistency and greater social interaction, while lower fre-
quency (e.g., 1–2 sessions/week) provides flexibility, sustainabil-
ity, and gradual progression [25, 91]. Regarding programme 
duration, shorter programmes (e.g. 4–8 weeks) focus intensively 
and suit acute needs, while longer programmes (e.g. 
≥12–19 weeks) sustain benefits, induce behavioural changes, 
and instil patient confidence [25, 91]. The optimal number of 
sessions/week and CPRP duration should be individualized based 
on factors such as respiratory condition severity, patients’ base-
line fitness levels, goals, and their ability to commit to the pro-
gramme [25, 91]. The American College of Sports Medicine rec-
ommends 16 weeks of supervised aerobic exercise training for 
inducing training adaptations [92].

Third, our typical exercise-training session included warming-
up, aerobic training, resistance training, and respiratory exercises 
(Figure 3). In related RCTs (Table 5S), different CPRPs were applied 
in cases including respiratory muscle training [26, 27, 29, 30], 
breathing exercises [27, 29] [30, 31], bough exercise [26], stretch-
ing exercise  [26], strength exercises  [27], aerobic exer-
cise [27, 28, 30], resistance training [28], and Baduanjin exer-
cise  [31]. Variations in CPRP content critically influence its 
outcomes [25]. A well-designed and comprehensive CPRP can sig-
nificantly improve the health and well-being of individuals with 
chronic respiratory conditions [25, 91]. Regarding the CPRP con-
tent, a 2023 SR [25] extensively described key elements to be con-
sidered. In line with some related RCTs [26], our controls were 
instructed to maintain sedentary activities. In related RCTs 
(Table 5S), controls were recommended various activities, includ-
ing short educational instructions [27], inspiratory muscle train-
ing [29], pursed lip breathing, diaphragmatic breathing exercise, 
and aerobic exercise training [30], and standard rehabilitation treat-
ments such as lip and abdominal breathing training, and respira-
tory rhythm training [31]. The application of different approaches 
in controls complicates direct comparisons between RCTs, making 
it essential to consider CG characteristics when interpreting CPRP 
outcomes [25].

Fourth, in our RCT, CPRP local guidelines/recommendations and 
international recommendations [8, 49, 59–66] were applied. In 
related RCTs (Table 5S), one [27] followed the American College of 
Sports Medicine guideline [92], and five [30, 31, 34–36] followed 
guidelines developed based on previous studies. Numerous recom-
mendations/guidelines related to managing LC19Ps exist in the lit-
erature [8, 49, 60–66]. These guidelines target specialist physicians 
such as pulmonologists, cardiologists, physical medicine and reha-
bilitation specialists, or a  combination of different special-
ties [60, 61, 65, 66], or general practitioners [8, 49, 64]. When 
comparing RCT results that used different CPRP guidelines, the main 
challenge is the potential for inconsistency and variability in CPRP 
design and implementation [25]. This can complicate drawing mean-
ingful conclusions and making direct comparisons between these 
RCTs [25]. Adherence to evidence-based guidelines can enhance 
CPRP quality and consistency, improving patient outcomes [25].

Applied statistical approaches
In our RCT, we employed both statistical and clinical significance 
approaches. The statistical significant approach, utilized in all related 
RCTs (Table 4S), typically emphasizes statistical significance to 
assess differences between groups (i.e. to compare the 6MWD 
between cases and controls), with a “p value” < 0.05 considered 
significant. Presently, this approach faces criticism [93]. The clinical 
significance approach, which was applied in four related 
RCTs [27, 32, 34, 35] determines whether the results influence 
medical exercise. It consists in calculating the effect size for some 
parameters or using the MCID for one specific parameter (e.g. MCID 
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in LC19Ps [98]. Fourth, a broader exploration of respiratory func-
tion using additional tests, such as plethysmography [17], diffu-
sion capacity of the lungs for carbon monoxide [15, 17, 26], max-
imal inspiratory pressure  [17], and cardiorespiratory tests to 
determine the ventilatory threshold exercise data using a cardiore-
spiratory test in order to determine the ventilatory threshold, would 
have been more comprehensive. In COVID-19 patients, altered dif-
fusing capacity of the lungs for carbon monoxide is a frequent 
impairment (39%) [99]. Unfortunately, due to the unavailability of 
equipment in our public health hospital, these additional tests were 
not conducted. Finally, we did not assess waist circumferences of 
our patients. Evaluating waist circumference in LC19Ps during 
a CPRP is important for assessing cardiometabolic health, strati-
fying risk, monitoring progress, implementing lifestyle interven-
tions, and delivering comprehensive patient care.

CONCLUSIONS 
In summary, the outcomes of our Tunisian RCT demonstrate sig-
nificant improvements within the IG compared to the CG. Particu-
larly noteworthy are the statistically significant and clinically mean-
ingful increases in the 6MWD and reductions in HRRest within the 
IG, surpassing the recommended MCID thresholds. Additionally, 
participants in the IG experienced significantly greater decreases 
in Borg and mMRC scales, with the latter achieving a reduction 
exceeding the MCID. While spirometric data remained comparable 
between the two groups, the observed positive outcomes in sub-
maximal aerobic capacity and symptomatology underscore the 
potential efficacy of cardiopulmonary rehabilitation in enhancing 
the health status of LC19Ps. These findings contribute valuable 
insights to the evolving understanding of rehabilitation strategies 
for individuals recovering from lingering impacts of COVID-19.
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for the 6MWD [27, 32] or dyspnoea). First, as done in two related 
RCTs [34, 35], we calculated the effect size, which measures the 
magnitude of the difference between groups or the effect of an 
intervention [94]. Second, the MCID approach is valuable for assess-
ing whether observed changes in one parameter such as 6MWD or 
dyspnoea hold practical clinical relevance beyond statistical sig-
nificance (e.g. the smallest change considered meaningful by patients 
or clinicians) [95]. In clinical practice, as the MCID for LC19Ps has 
not been established yet [75], one SR recommended deeming 
a CPRP ‘efficient’ if the mean changes for 6MWD and dyspnoea 
(mMRC) exceed recommended MCIDs (i.e. 30 m [39], and one 
point [40], respectively) [25]. While we set the 6MWD MCID at 
30  m  (i.e. as per ERS-ATS recommendations  [39]), other 
authors [27, 32] have set it at 50 m. Moreover, following one SR’s 
recommendation [25], we compared the percentage of LC19Ps or 
controls with an abnormal 6MWD (i.e. 6MWD < LLN) before and 
after CPRP. This analysis provides insights into the extent to which 
CPRPs help patients achieve values within a normal range [37].

Study strengths and limitations
Our RCT exhibits three notable strengths. First, it was conducted 
in an outpatient unit in a low-income country, specifically Tunisia. 
Second, the sample size was calculated, enhancing the study’s 
statistical robustness [45]. Third, we applied the clinically signifi-
cant approach, incorporating the MCID of 30 m for the 6MWD [39] 
and 1 point for mMRC [40].

The present RCT has five limitations. First, we did not measure 
blood pressure at the end of the 6MWT. Assessing 6MWTEnd blood 
pressure is valuable for evaluating cardiovascular health, exercise 
responses, and overall patient safety [20, 56, 90]. This informa-
tion can aid in diagnosis, risk assessment, exercise prescription, 
and patient care in cardiovascular conditions [20, 56, 90]. Nota-
bly, high blood pressure is one of the most critical modifiable risk 
factors for cardiovascular disease and mortality [96]. A related 
RCT [28] reported that SBPEnd and DBPEnd measured before and 
after CPRP remained unchanged in both cases (SBP (mmHg): 
151 ± 24 vs. 158 ± 17, DBP: 90 ± 14 vs. 93 ± 11, respectively) 
and controls (SBP (mmHg): 147 ± 29 vs. 151 ± 25, DBP: 87 ± 18 
vs. 88 ± 16, respectively). Another observational study  [37] 
reported a decrease in post-CPRP DBPRest, with the mean DBPRest 
decreasing from 85 to 79 mmHg. This outcome is noteworthy, 
aligning with the 2018 European Society of Cardiology recommen-
dation of an optimal DBPRest target between 70 and 80 mmHg for 
patients across all risk levels [96]. Second, we did not determine 
SpO2 at recovery. Assessing SpO2 at recovery provides insights into 
how effectively a patient’s body returns to a stable SpO2 level after 
exertion [97]. This parameter can reveal the functionality of the 
cardiovascular and respiratory systems in responding to exercise 
stress [97]. Third, bronchodilator tests were not performed for our 
patients. It has been suggested that the bronchodilator response 
could serve as a predictor of lung function improvement after CPRP 

https://www.termedia.pl/Journal/-78/pdf-54004-20?filename=19_03946_Article_Appendix.pdf


Biology of Sport, Vol. 41 No4, 2024   213

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

1.	 Dergaa I, Ben Saad H, Zmijewski P, 
Farhat RA, Romdhani M, Souissi A, et al. 
Large-scale sporting events during the 
COVID-19 pandemic: insights from the 
FIFA World Cup 2022 in Qatar with an 
analysis of patterns of COVID-19 metrics. 
Biol Sport. 2023; 40(4):1249–58. Epub 
20230907. doi: 10.5114/
biolsport.2023.131109. PubMed PMID: 
37867752; PubMed Central PMCID: 
PMC10588590.

2.	 Washif JA, Pyne DB, Sandbakk O, 
Trabelsi K, Aziz AR, Beaven CM, et al. 
Ramadan intermittent fasting induced 
poorer training practices during the 
COVID-19 lockdown: A global 
cross-sectional study with 5529 athletes 
from 110 countries. Biol Sport. 2022; 
39(4):1103–15. Epub 20220627. 
doi: 10.5114/biolsport.2022.117576. 
PubMed PMID: 36247962; PubMed 
Central PMCID: PMC9536381.

3.	 Wu Z, McGoogan JM. Characteristics of 
and important lessons from the 
coronavirus disease 2019 (COVID-19) 
outbreak in China: Summary of a report 
of 72 314 cases from the Chinese center 
for disease control and prevention. JAMA. 
2020; 323(13):1239–42. 
doi: 10.1001/jama.2020.2648. 
PubMed PMID: 32091533.

4.	 Cascella M, Rajnik M, Aleem A, 
Dulebohn SC, Di Napoli R. Features, 
evaluation, and treatment of coronavirus 
(COVID-19). StatPearls. Treasure Island 
(FL)2024.

5.	 Lopez-Leon S, Wegman-Ostrosky T, 
Perelman C, Sepulveda R, Rebolledo PA, 
Cuapio A, et al. More than 50 long-term 
effects of COVID-19: a systematic review 
and meta-analysis. Sci Rep. 2021; 
11(1):16144. Epub 20210809. 
doi: 10.1038/s41598-021-95565-8. 
PubMed PMID: 34373540; PubMed 
Central PMCID: PMC8352980.

6.	 World health organisation. Post 
COVID-19 condition (Long COVID). Link: 
https://www.who.int/europe/news-room/
fact-sheets/item/post-covid-19-condition 
(Last visit: February 24, 2024).

7.	 Ali M, Bonna AS, Sarkar AS, Islam A. Is 
coronavirus infection associated with 
musculoskeletal health complaints? 
Results from a comprehensive 
case-control study. J Prim Care 
Community Health. 2022; 
13:21501319221114259. 
doi: 10.1177/21501319221114259. 
PubMed PMID: 35869693; PubMed 
Central PMCID: PMC9310274.

8.	 Guezguez F, Romdhani M, 
Boutaleb-Joutei A, Chamari K, Ben 
Saad H. Management of long-COVID-19 
patients with sleep disorders: practical 
advice to general practitioners. Libyan 
J Med. 2023; 18(1):2182704. Epub 
2023/02/27. 

doi: 10.1080/19932820.20 
23.2182704. PubMed  
PMID: 36842064; PubMed Central 
PMCID: PMC9970199.

9.	 Huang L, Yao Q, Gu X, Wang Q, Ren L, 
Wang Y, et al. 1-year outcomes in 
hospital survivors with COVID-19: 
a longitudinal cohort study. Lancet. 
2021; 398(10302):747–58. doi: 10 
.1016/S0140-6736(21)01755-4. 
PubMed PMID: 34454673; PubMed 
Central PMCID: PMC8389999.

10.	 Zhao YM, Shang YM, Song WB, Li QQ, 
Xie H, Xu QF, et al. Follow-up study of the 
pulmonary function and related 
physiological characteristics of COVID-19 
survivors three months after recovery. 
EClinicalMedicine. 2020; 25:100463. 
Epub 20200715. doi: 10.1016/j.eclinm 
.2020.100463. PubMed PMID: 
32838236; PubMed Central PMCID: 
PMC7361108.

11.	 Shrestha AB, Mehta A, Pokharel P, 
Mishra A, Adhikari L, Shrestha S, et al. 
Long COVID syndrome and 
cardiovascular manifestations: 
A systematic review and meta-analysis. 
Diagnostics (Basel). 2023; 13(3).  
Epub 20230129. doi: 10.3390/diag 
nostics13030491. PubMed PMID: 
36766599; PubMed Central PMCID: 
PMC9913936.

12.	 Sudre CH, Murray B, Varsavsky T, 
Graham MS, Penfold RS, Bowyer RC, 
et al. Attributes and predictors of long 
COVID. Nat Med. 2021; 27(4):626–31. 
Epub 20210310. doi: 10.1038/s41591 
-021-01292-y. PubMed PMID: 
33692530; PubMed Central PMCID: 
PMC7611399.

13.	 Skjorten I, Ankerstjerne OAW, 
Trebinjac D, Bronstad E, 
Rasch-Halvorsen O, Einvik G, et al. 
Cardiopulmonary exercise capacity and 
limitations 3 months after COVID-19 
hospitalisation. Eur Respir J. 2021; 
58(2). Epub 20210826. doi: 10.1183 
/13993003.00996-2021. PubMed 
PMID: 34210791; PubMed Central 
PMCID: PMC8247555.

14.	 Ingul CB, Edvardsen A, Follestad T, 
Trebinjac D, Ankerstjerne OAW, 
Bronstad E, et al. Changes in cardio- 
pulmonary exercise capacity and 
limitations 3–12 months after COVID-19. 
Eur Respir J. 2023; 61(2). Epub 
20230202. doi: 10.1183/13993003 
.00745-2022. PubMed PMID: 
36137587; PubMed Central PMCID: 
PMC9515478.

15.	 Gloeckl R, Leitl D, Jarosch I, 
Schneeberger T, Nell C, Stenzel N, et al. 
Benefits of pulmonary rehabilitation in 
COVID-19: a prospective observational 
cohort study. ERJ Open Res. 2021; 7(2). 
Epub 20210531. doi: 10.1183 
/23120541.00108-2021. PubMed 

PMID: 34095290; PubMed Central 
PMCID: PMC7957293.

16.	 Daynes E, Gerlis C, Chaplin E, 
Gardiner N, Singh SJ. Early experiences 
of rehabilitation for individuals 
post-COVID to improve fatigue, 
breathlessness exercise capacity and 
cognition – A cohort study. Chron Respir 
Dis. 2021; 18:14799731211015691. 
doi: 10.1177/14799731211015691. 
PubMed PMID: 33957805; PubMed 
Central PMCID: PMC8114752.

17.	 Puchner B, Sahanic S, Kirchmair R, 
Pizzini A, Sonnweber B, Woll E, et al. 
Beneficial effects of multi-disciplinary 
rehabilitation in postacute COVID-19: an 
observational cohort study. Eur J Phys 
Rehabil Med. 2021; 57(2):189–98. 
Epub 20210115. doi: 10.23736/S19 
73-9087.21.06549-7. PubMed PMID: 
33448756.

18.	 Bouteleux B, Henrot P, Ernst R, 
Grassion L, Raherison-Semjen C, 
Beaufils F, et al. Respiratory rehabilitation 
for Covid-19 related persistent dyspnoea: 
A one-year experience. Respir Med. 
2021; 189:106648. Epub 20211013. 
doi: 10.1016/j.rmed.2021.106648. 
PubMed PMID: 34689061; PubMed 
Central PMCID: PMC8511554.

19.	 Spielmanns M, Pekacka-Egli AM, 
Schoendorf S, Windisch W, Hermann M. 
Effects of a comprehensive pulmonary 
rehabilitation in severe post-COVID-19 
patients. Int J Environ Res Public Health. 
2021; 18(5):2695. Epub 20210307. 
doi: 10.3390/ijerph18052695. PubMed 
PMID: 33800094; PubMed Central 
PMCID: PMC7967422.

20.	 Ben Saad H, Hamadou R, Ben Cheikh I, 
Chouchene A, Rejeb N, Zbidi A, et al. 
Respiratory rehabilitation of chronic 
obstructive pulmonary disease patients: 
Preliminary data of Tunisian experience. 
Journal de Réadaptation Médicale. 
2008; 28(4):138–47. doi: 10.1016  
/j.jmr.2008.09.001.

21.	 Maley JH, Alba GA, Barry JT, Bartels MN, 
Fleming TK, Oleson CV, et al. Multi-
disciplinary collaborative consensus 
guidance statement on the assessment 
and treatment of breathing discomfort 
and respiratory sequelae in patients with 
post-acute sequelae of SARS-CoV-2 
infection (PASC). PM R. 2022; 
14(1):77–95. Epub 2021/12/14. 
doi: 10.1002/pmrj.12744. PubMed 
PMID: 34902224.

22.	 Holland AE, Spruit MA, Troosters T, 
Puhan MA, Pepin V, Saey D, et al. An 
official European respiratory society/
American thoracic society technical 
standard: field walking tests in chronic 
respiratory disease. Eur Respir J. 2014; 
44(6):1428–46. Epub 20141030. 
doi: 10.1183/09031936.00150314. 
PubMed PMID: 25359355.

REFERENCES 

https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition
https://www.who.int/europe/news-room/fact-sheets/item/post-covid-19-condition


214

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

23.	 Jenkins S, Cecins NM. Six-minute walk 
test in pulmonary rehabilitation: do all 
patients need a practice test? Respirology. 
2010; 15(8):1192–6. doi: 10.1111 
/j.1440-1843.2010.01841.x. PubMed 
PMID: 20920121.

24.	 Fugazzaro S, Contri A, Esseroukh O, 
Kaleci S, Croci S, Massari M, et al. 
Rehabilitation interventions for post-acute 
COVID-19 syndrome: A systematic 
review. Int J Environ Res Public Health. 
2022; 19(9). Epub 20220424. 
doi: 10.3390/ijerph19095185. PubMed 
PMID: 35564579; PubMed Central 
PMCID: PMC9104923.

25.	 Ghram A, Latiri I, Methnani J, Souissi A, 
Benzarti W, Toulgui E, et al. Effects of 
cardiorespiratory rehabilitation program 
on submaximal exercise in patients with 
long-COVID-19 conditions: a systematic 
review of randomized controlled trials and 
recommendations for future studies. 
Expert Rev Respir Med. 2023; 
17(12):1095–124. Epub 20231214. 
doi: 10.1080/17476348.2023 
.2293226. PubMed PMID: 38063359.

26.	 Liu K, Zhang W, Yang Y, Zhang J, Li Y, 
Chen Y. Respiratory rehabilitation in 
elderly patients with COVID-19: 
A randomized controlled study. 
Complement Ther Clin Pract. 2020; 
39:101166. Epub 20200401. 
doi: 10.1016/j.ctcp.2020.101166. 
PubMed PMID: 32379637; PubMed 
Central PMCID: PMC7118596.

27.	 Li J, Xia W, Zhan C, Liu S, Yin Z, Wang J, 
et al. A telerehabilitation programme in 
post-discharge COVID-19 patients 
(TERECO): a randomised controlled trial. 
Thorax. 2022; 77(7):697–706. Epub 
20210726. doi: 10.1136/thoraxjnl 
-2021-217382. PubMed PMID: 
34312316; PubMed Central PMCID: 
PMC8318721.

28.	 Teixeira DOAV, Viana AA, Heubel AD, 
Linares SN, Martinelli B, Witzler PHC, 
et al. Cardiovascular, respiratory, and 
functional effects of home-based exercise 
training after COVID-19 hospitalization. 
Med Sci Sports Exerc. 2022; 
54(11):1795–803. Epub 20220617. 
doi: 10.1249/MSS.000000000000 
2977. PubMed PMID: 35714077.

29.	 Nagy EN, Elimy DA, Ali AY, 
Ezzelregal HG, Elsayed MM. Influence of 
manual diaphragm release technique 
combined with inspiratory muscle 
training on selected persistent symptoms 
in men with post-Covid-19 syndrome: 
A randomized controlled trial. J Rehabil 
Med. 2022; 54:jrm00330. Epub 
20221020. doi: 10.2340/jrm.
v54.3972. PubMed PMID: 36121338; 
PubMed Central PMCID: PMC9608026.

30.	 Okan F, Okan S, Duran Yucesoy F. 
Evaluating the efficiency of breathing 
exercises via telemedicine in 
post-Covid-19 patients: Randomized 

controlled study. Clin Nurs Res. 2022; 
31(5):771–81. Epub 20220429. 
doi: 10.1177/10547738221097241. 
PubMed PMID: 35485738.

31.	 Pang W, Yang F, Zhao Y, Dai E, Feng J, 
Huang Y, et al. Qingjin Yiqi granules for 
post-COVID-19 condition: A randomized 
clinical trial. J Evid Based Med. 2022; 
15(1):30–8. Epub 2022/04/14. 
doi: 10.1111/jebm.12465. PubMed 
PMID: 35416437; PubMed Central 
PMCID: PMC9114922.

32.	 Vallier JM, Simon C, Bronstein A, 
Dumont M, Jobic A, Paleiron N, et al. 
Randomized controlled trial of 
home-based vs. hospital-based 
pulmonary rehabilitation in post 
COVID-19 patients. Eur J Phys Rehabil 
Med. 2023; 59(1):103–10. Epub 
20230126. doi: 10.23736/S1973 
-9087.22.07702-4. PubMed PMID: 
36700245; PubMed Central PMCID: 
PMC10035444.

33.	 Sahin H, Naz I, Karadeniz G, Sunecli O, 
Polat G, Ediboglu O. Effects of 
a home-based pulmonary rehabilitation 
program with and without telecoaching 
on health-related outcomes in COVID-19 
survivors: a randomized controlled 
clinical study. J Bras Pneumol. 2023; 
49(1):e20220107. Epub 20230123. 
doi: 10.36416/1806-3756/e202201 
07. PubMed PMID: 36700571;  
PubMed Central PMCID:  
PMC9970366.

34.	 Rutkowski S, Bogacz K, Czech O, 
Rutkowska A, Szczegielniak J. 
Effectiveness of an inpatient virtual 
reality-based pulmonary rehabilitation 
program among COVID-19 patients on 
symptoms of anxiety, depression and 
quality of life: Preliminary results from 
a randomized controlled trial. Int 
J Environ Res Public Health. 2022; 
19(24). Epub 20221217.  
doi: 10.3390 /ijerph192416980. 
PubMed PMID: 36554860; PubMed 
Central PMCID: PMC9779397.

35.	 Rutkowski S, Bogacz K, Rutkowska A, 
Szczegielniak J, Casaburi R. Inpatient 
post-COVID-19 rehabilitation program 
featuring virtual reality-Preliminary results 
of randomized controlled trial. Front 
Public Health. 2023; 11:1121554. 
Epub 20230206. doi: 10.3389/
fpubh.2023.1121554. PubMed PMID: 
36815161; PubMed Central PMCID: 
PMC9939639.

36.	 Trzmiel T, Marchewka R, Pieczynska A, 
Zasadzka E, Zubrycki I, Kozak D, et al. 
The effect of using a rehabilitation robot 
for patients with post-Coronavirus disease 
(COVID-19) fatigue syndrome. Sensors 
(Basel, Switzerland). 2023; 23(19). 
Epub 20230927. doi: 10.3390/s23198 
120. PubMed PMID: 37836950; 
PubMed Central PMCID: 
PMC10575211.

37.	 Toulgui E, Benzarti W, Rahmani C, 
Aissa S, Ghannouchi I, Knaz A, et al. 
Impact of cardiorespiratory rehabilitation 
program on submaximal exercise 
capacity of Tunisian male patients with 
post-COVID19: A pilot study. Front 
Physiol. 2022; 13:1029766. Epub 
20220928. doi: 10.3389/fphys 
.2022.1029766. PubMed PMID: 
36246110; PubMed Central PMCID: 
PMC9555273.

38.	 Benzarti W, Toulgui E, Ghram A, 
Rahmani C, Aissa S, Ghannouchi I, et al. 
Impact of a pulmonary rehabilitation 
program on social disadvantage and 
physical activity data of postCOVID19 
patients: A North-African pilot study. 
F1000Res. 2022; 11:1226. Epub 
20221027. doi: 10.12688/f1000 
research.126301.1. PubMed PMID: 
37547787; PubMed Central PMCID: 
PMC10403745.

39.	 Singh SJ, Puhan MA, Andrianopoulos V, 
Hernandes NA, Mitchell KE, Hill CJ, et al. 
An official systematic review of the 
European respiratory society/American 
thoracic society: measurement properties 
of field walking tests in chronic 
respiratory disease. Eur Respir J. 2014; 
44(6):1447–78. Epub 20141030. 
doi: 10.1183/09031936.00150414. 
PubMed PMID: 25359356.

40.	 Crisafulli E, Clini EM. Measures of 
dyspnea in pulmonary rehabilitation. 
Multidiscip Respir Med. 2010; 
5(3):202–10. Epub 20100630. 
doi: 10.1186/2049-6958-5-3-202. 
PubMed PMID: 22958431; PubMed 
Central PMCID: PMC3463047.

41.	 de Torres JP, Pinto-Plata V, Ingenito E, 
Bagley P, Gray A, Berger R, et al. Power of 
outcome measurements to detect 
clinically significant changes in 
pulmonary rehabilitation of patients 
with COPD. Chest. 2002; 121(4): 
1092–8. doi: 10.1378/chest.121. 
4.1092. PubMed PMID: 11948037.

42.	 Mahler DA, Wells CK. Evaluation of 
clinical methods for rating dyspnea. 
Chest. 1988; 93(3):580–6. Epub 
1988/03/01. doi: 10.1378/chest 
.93.3.580. PubMed PMID: 3342669.

43.	 American Thoracic Society. ATS 
statement: guidelines for the six-minute 
walk test. Am J Respir Crit Care Med. 
2002; 166(1):111–7. doi: 10.1164  
/ajrccm.166.1.at1102. PubMed PMID: 
12091180.

44.	 Graham BL, Steenbruggen I, Miller MR, 
Barjaktarevic IZ, Cooper BG, Hall GL, 
et al. Standardization of spirometry 2019 
update. An official American thoracic 
society and European respiratory society 
technical statement. Am J Respir Crit 
Care Med. 2019; 200(8):e70–e88. 
doi: 10.1164/rccm.201908-1590ST. 
PubMed PMID: 31613151; PubMed 
Central PMCID: PMC6794117.



Biology of Sport, Vol. 41 No4, 2024   215

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

45.	 Serhier Z, Bendahhou K, Ben 
Abdelaziz A, Bennani MO. 
Methodological sheet n degrees 1: How 
to calculate the size of a sample for an 
observational study? Tunis Med. 2020; 
98(1):1–7. Epub 2020/05/13.  
PubMed PMID: 32395771.

46.	 Rodriguez-Blanco C, Gonzalez-Gerez JJ, 
Bernal-Utrera C, Anarte-Lazo E, 
Perez-Ale M, Saavedra-Hernandez M. 
Short-term effects of a conditioning 
telerehabilitation program in confined 
patients affected by COVID-19 in the 
acute phase. A pilot randomized 
controlled trial. Medicina (Kaunas, 
Lithuania). 2021; 57(7). Epub 
20210703. doi: 10.3390/
medicina57070684. PubMed PMID: 
34356965; PubMed Central PMCID: 
PMC8305888.

47.	 Revel MP, Parkar AP, Prosch H, Silva M, 
Sverzellati N, Gleeson F, et al. COVID-19 
patients and the radiology department 
– advice from the European society of 
radiology (ESR) and the European society 
of thoracic imaging (ESTI). Eur Radiol. 
2020; 30(9):4903–9. Epub 20200420. 
doi: 10.1007/s00330-020-06865-y. 
PubMed PMID: 32314058; PubMed 
Central PMCID: PMC7170031.

48.	 Simpson R, Robinson L. Rehabilitation 
after critical illness in people with 
COVID-19 infection. Am J Phys Med 
Rehabil. 2020; 99(6):470–4.  
Epub 2020/04/14. doi: 10.1097 
/PHM.0000000000001443. PubMed 
PMID: 32282359; PubMed Central 
PMCID: PMC7253039.

49.	 Ghram A, Ayadi H, Knechtle B, Ben 
Saad H. What should a family physician 
know about nutrition and physical 
exercise rehabilitation’ advices to 
communicate to ‘long-term COVID-19’ 
patients? Postgrad Med. 2022; 
134(2):143–7. Epub 20220209. 
doi: 10.1080/00325481.2022 
.2035589. PubMed PMID: 35083948.

50.	 Borg GA. Psychophysical bases of 
perceived exertion. Med Sci Sports Exerc. 
1982; 14(5):377–81. PubMed PMID: 
7154893.

51.	 Tsai AG, Wadden TA. In the clinic: 
obesity. Ann Intern Med. 2013; 
159(5):ITC3–1–ITC3–15;  
quiz ITC3–6. Epub 2013/09/13. 
doi: 10.7326/0003-4819-159-5 
-201309030-01003. PubMed PMID: 
24026335.

52.	 Ben Saad H. Review of the current use of 
global lung function initiative norms for 
spirometry (GLI-2012) and static lung 
volumes (GLI-2021) in Great Arab 
Maghreb (GAM) countries and steps 
required to improve their utilization. 
Libyan J Med. 2022; 17(1):2031596. 
doi: 10.1080/19932820 .2022 
.2031596. PubMed PMID: 35080480; 
PubMed Central PMCID: PMC8794060.

53.	 Tanaka H, Monahan KD, Seals DR. 
Age-predicted maximal heart rate 
revisited. J Am Coll Cardiol. 2001; 
37(1):153–6. Epub 2001/01/12. 
doi: 10.1016/s0735-1097(00)01054 
-8. PubMed PMID: 11153730.

54.	 Fabre C, Chehere B, Bart F, Mucci P, 
Wallaert B, Grosbois JM. Relationships 
between heart rate target determined in 
different exercise testing in COPD patients 
to prescribed with individualized exercise 
training. Int J Chron Obstruct Pulmon 
Dis. 2017; 12:1483–9. Epub 
20170516. doi: 10.2147/COPD.
S129889. PubMed PMID: 28553100; 
PubMed Central PMCID: PMC5439969.

55.	 Bourahli MK, Bougrida M, Martani M, 
Mehdioui H, Ben Saad H. 6-Min 
walk-test data in healthy North-African 
subjects aged 16–40 years. Egypt 
J Chest Dis Tuberc. 2016; 
65(1):349–60.

56.	 Ben Saad H, Prefaut C, Tabka Z, Mtir AH, 
Chemit M, Hassaoune R, et al. 6-minute 
walk distance in healthy North Africans 
older than 40 years: influence of parity. 
Respir Med. 2009; 103(1):74–84.  
Epub 20081128. doi: 10.1016/j.rmed 
.2008.07.023. PubMed PMID: 
19041233.

57.	 Carter R, Holiday DB, Nwasuruba C, 
Stocks J, Grothues C, Tiep B. 6-minute 
walk work for assessment of functional 
capacity in patients with COPD. Chest. 
2003; 123(5):1408–15. doi: 10.1378 
/chest.123.5.1408. PubMed PMID: 
12740255.

58.	 Ben Saad H, Babba M, Boukamcha R, 
Ghannouchi I, Latiri I, Mezghenni S, et al. 
Investigation of exclusive narghile 
smokers: deficiency and incapacity 
measured by spirometry and 6-minute 
walk test. Respir Care. 2014; 
59(11):1696–709. Epub 20140708. 
doi: 10.4187/respcare.03058. PubMed 
PMID: 25006270.

59.	 Ben Abdelkarim S, Ben Saad H. 
Cardiorespiratory rehabilitation. 
A practical session of daily exercise 
training. Zenodo; 2023. Link:  
https://zenodo.org/records/10444215 
(Last visit: February 24, 2024) 2005.

60.	 Andrejak C, Blanc F-X, Costes F, 
Crestani B, Debieuvre D, Perez T, et al. 
Guide for follow-up of patients with 
SARS-CoV-2 pneumonia. Management 
proposals developed by the French-
language Respiratory Medicine Society. 
Version of 10 May 2020. Rev Mal Respir. 
2020; 37(6):505–10. doi: 10.1016/j 
.rmr.2020.05.001. Epub 2020 May 14. 
PMID: 32410773; PMCID: 
PMC7221358.

61.	 Stein J, Visco CJ, Barbuto S. 
Rehabilitation medicine response to the 
COVID-19 pandemic. Am J Phys Med 
Rehabil. 2020; 99(7):573–9. Epub 
2020/05/21. doi: 10.1097/PHM.00000 

00000001470. PubMed PMID: 
32433243; PubMed Central PMCID: 
PMC7268871.

62.	 Agostini F, Mangone M, Ruiu P, 
Paolucci T, Santilli V, Bernetti A. 
Rehabilitation setting during and after 
Covid-19: An overview on 
recommendations. J Rehabil Med. 2021; 
53(1):jrm00141. Epub 20210105. 
doi: 10.2340/16501977-2776. 
PubMed PMID: 33284353; PubMed 
Central PMCID: PMC8772378.

63.	 World health organization. Support for 
rehabilitation self-management after 
COVID-19-related illness. Link: https://
cdn.who.int/media/docs/default-source/
ageing/support-for-rehabilitation-self-
management-after-covid-19-related-
illness-engf5cec00b-350b-4eb0-bc24-
0704df509ae1.pdf?sfvrsn=203566f0 
_1& download=true (Last visit: February 
24, 2024).

64.	 Benzarti W, Toulgui E, Prefaut C, 
Chamari K, Ben Saad H. General 
practitioners should provide the 
cardiorespiratory rehabilitation’ ‘minimum 
advice’ for long COVID-19 patients. 
Libyan J Med. 2022; 17(1):2009101. 
doi: 10.1080/19 932820 
.2021.2009101. PubMed PMID: 
34839808; PubMed Central PMCID: 
PMC8635671.

65.	 Barker-Davies RM, O’Sullivan O, 
Senaratne KPP, Baker P, Cranley M, 
Dharm-Datta S, et al. The Stanford Hall 
consensus statement for post-COVID-19 
rehabilitation. Br J Sports Med. 2020; 
54(16):949–59. Epub 20200531. 
doi: 10.1136/bjsports-2020-102596. 
PubMed PMID: 32475821; PubMed 
Central PMCID: PMC7418628.

66.	 European society of cardiology. Guidance 
for the diagnosis and management of CV 
disease during the COVID-19 pandemic. 
Link: https://www.escardio.org/Education 
/COVID-19-and-Cardiology/ESC-COVID  
-19-Guidance (Last visit: February 24, 
2024).

67.	 Olejnik S, Algina J. Measures of effect 
size for comparative studies: 
Applications, interpretations, and 
limitations. Contemp Educ Psychol. 
2000; 25(3):241–86. doi: 10.1006 
/ceps.2000.1040. PubMed PMID: 
10873373.

68.	 ATS/ACCP. ATS/ACCP Statement on 
cardiopulmonary exercise testing. Am 
J Respir Crit Care Med. 2003; 
167(2):211–77. doi: 10.1164/rccm 
.167.2.211. PubMed PMID: 
12524257.

69.	 Ahmed I, Mustafaoglu R, Yeldan I, 
Yasaci Z, Erhan B. Effect of pulmonary 
rehabilitation approaches on dyspnea, 
exercise capacity, fatigue, lung functions, 
and quality of life in patients with 
COVID-19: A systematic review and 
meta-analysis. Arch Phys Med Rehabil. 

https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance


216

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

2022; 103(10):2051–62.  
Epub 20220729. doi: 10.1016 
/j.apmr.2022.06.007. PubMed PMID: 
35908659; PubMed Central PMCID: 
PMC9334878.

70.	 Al-Mhanna SB, Mohamed M, Noor NM, 
Afolabi HA, Irekeola AA, Bello KE, et al. 
Effectiveness of pulmonary rehabilitation 
among COVID-19 patients: A systematic 
review and meta-analysis. Healthcare 
(Basel). 2022; 10(11). Epub 
20221026. doi: 10.3390 
/healthcare10112130. PubMed PMID: 
36360471; PubMed Central PMCID: 
PMC9691193.

71.	 Chen H, Shi H, Liu X, Sun T, Wu J, Liu Z. 
Effect of pulmonary rehabilitation for 
patients with post-COVID-19: 
A systematic review and meta-analysis. 
Front Med (Lausanne). 2022; 
9:837420. Epub 20220221. 
doi: 10.3389/fmed.2022.837420. 
PubMed PMID: 35265644; PubMed 
Central PMCID: PMC8899076.

72.	 Reinert G, Muller D, Wagner P, 
Martinez-Pozas O, Cuenca-Zaldivar JN, 
Fernandez-Carnero J, et al. Pulmonary 
rehabilitation in SARS-CoV-2: 
A systematic review and meta-analysis of 
post-acute patients. Diagnostics (Basel). 
2022; 12(12). Epub 20221202. 
doi: 10.3390/diagnostics12123032. 
PubMed PMID: 36553039; PubMed 
Central PMCID: PMC9776761.

73.	 Rosero ID, Barreto J, Cardona C, 
Ordonez-Mora LT. Physical, functional, 
psychological, and social effects of 
a physical activity program in adults and 
older adults during and/or after 
hospitalization for COVID-19: 
A systematic review. Risk Manag Healthc 
Policy. 2022; 15:2399–412. Epub 
20221222. doi: 10.2147/RMHP.
S386708. PubMed PMID: 36578453; 
PubMed Central PMCID: PMC9791952.

74.	 Seid AA, Aychiluhm SB, Mohammed AA. 
Effectiveness and feasibility of 
telerehabilitation in patients with 
COVID-19: a systematic review and 
meta-analysis. BMJ open. 2022; 
12(10):e063961. Epub 20221005. 
doi: 10.1136/bmjopen-2022-063961. 
PubMed PMID: 36198459; PubMed 
Central PMCID: PMC9534777.

75.	 Ahmed I, Inam AB, Belli S, Ahmad J, 
Khalil W, Jafar MM. Effectiveness of 
aerobic exercise training program on 
cardio-respiratory fitness and quality of 
life in patients recovered from COVID-19. 
Eur J Physiother. 2021:1–6. DOI: 
10.1080/21679169.2021.1909649.

76.	 Spruit MA, Singh SJ, Garvey C, 
ZuWallack R, Nici L, Rochester C, et al. 
An official American thoracic society/
European respiratory society statement: 
key concepts and advances in pulmonary 
rehabilitation. Am J Respir Crit Care Med. 
2013; 188(8):e13–64. doi: 10.1164 

/rccm.201309-1634ST. PubMed PMID: 
24127811.

77.	 Shi L, Wang Y, Wang Y, Duan G, Yang H. 
Dyspnea rather than fever is a risk  
factor for predicting mortality in  
patients with COVID-19. J Infect. 2020; 
81(4):647–79. Epub 20200515. 
doi: 10.1016/j.jinf.2020.05.013. 
PubMed PMID: 32417316;  
PubMed Central PMCID:  
PMC7228739.

78.	 Wong AW, Lopez-Romero S, 
Figueroa-Hurtado E, Vazquez-Lopez S, 
Milne KM, Ryerson CJ, et al. Predictors of 
reduced 6-minute walk distance after 
COVID-19: a cohort study in Mexico. 
Pulmonology. 2021; 27(6):563–5.  
Epub 20210326. doi: 10.1016/j.
pulmoe.2021.03.004. PubMed PMID: 
33832849; PubMed Central PMCID: 
PMC7997705.

79.	 Aladin AI, Whelton SP, Al-Mallah MH, 
Blaha MJ, Keteyian SJ, Juraschek SP, 
et al. Relation of resting heart rate to risk 
for all-cause mortality by gender after 
considering exercise capacity (the Henry 
Ford exercise testing project). Am 
J Cardiol. 2014; 114(11):1701–6.  
Epub 20140916. doi: 10.1016/j.
amjcard .2014.08.042. PubMed PMID: 
25439450.

80.	 Aune D, Sen A, o’Hartaigh B, Janszky I, 
Romundstad PR, Tonstad S, et al. 
Resting heart rate and the risk of 
cardiovascular disease, total cancer, and 
all-cause mortality – A systematic review 
and dose-response meta-analysis of 
prospective studies. Nutr Metab 
Cardiovasc Dis. 2017; 27(6):504–17. 
Epub 20170421. doi: 10.1016 
/j.numecd.2017.04.004. PubMed 
PMID: 28552551.

81.	 Schmidt JF, Hansen PR, Andersen TR, 
Andersen LJ, Hornstrup T, Krustrup P, 
et al. Cardiovascular adaptations to 4 and 
12 months of football or strength training 
in 65- to 75-year-old untrained men. 
Scand J Med Sci Sports. 2014; 24 Suppl 
1:86–97. Epub 20140605. doi: 10 
.1111/sms.12217. PubMed PMID: 
24902992.

82.	 Greenland P, Daviglus ML, Dyer AR, 
Liu K, Huang CF, Goldberger JJ, et al. 
Resting heart rate is a risk factor for 
cardiovascular and noncardiovascular 
mortality: the Chicago heart association 
detection project in industry. Am 
J Epidemiol. 1999; 149(9):853–62. 
Epub 1999/04/30. doi: 10.1093 
/oxfordjournals.aje.a009901. PubMed 
PMID: 10221322.

83.	 Soler X, Diaz-Piedra C, Ries AL. 
Pulmonary rehabilitation improves sleep 
quality in chronic lung disease. COPD. 
2013; 10(2):156–63. Epub 20130320. 
doi: 10.3109 /15412555 
.2012.729622. PubMed PMID: 
23514215.

84.	 Calvache-Mateo A, Heredia-Ciuro A, 
Martin-Nunez J, Hernandez- 
-Hernandez S, Reychler G, Lopez- 
-Lopez L, et al. Efficacy and safety of 
respiratory telerehabilitation in patients 
with long COVID-19: A systematic review 
and meta-analysis. Healthcare (Basel). 
2023; 11(18). Epub 20230912. 
doi: 10.3390/healthcare11182519. 
PubMed PMID: 37761716; PubMed 
Central PMCID: PMC10530340.

85.	 Lee HM, Le H, Lee BT, Lopez VA, 
Wong ND. Forced vital capacity paired 
with Framingham Risk Score for 
prediction of all-cause mortality. Eur 
Respir J. 2010; 36(5):1002–6. Epub 
20100618. doi: 10.1183/0903 
1936.00042410. PubMed PMID: 
20562119.

86.	 Guler SA, Ebner L, Aubry-Beigelman C, 
Bridevaux PO, Brutsche M, Clarenbach C, 
et al. Pulmonary function and radiological 
features 4 months after COVID-19: first 
results from the national prospective 
observational Swiss COVID-19 lung 
study. Eur Respir J. 2021; 57(4).  
Epub 20210429. doi: 10.1183 
/13993003.03690-2020. PubMed 
PMID: 33419891; PubMed Central 
PMCID: PMC8082329.

87.	 Mascha EJ, Vetter TR. Significance, 
errors, power, and sample size: The 
blocking and tackling of statistics. Anesth 
Analg. 2018; 126(2):691–8.  
Epub 2018/01/19. doi: 10.1213 
/ANE.0000000000002741. PubMed 
PMID: 29346210.

88.	 Sciurba F, Criner GJ, Lee SM, 
Mohsenifar Z, Shade D, Slivka W, et al. 
Six-minute walk distance in chronic 
obstructive pulmonary disease: 
reproducibility and effect of walking 
course layout and length. Am J Respir 
Crit Care Med. 2003; 167(11):1522–7. 
Epub 20030220. doi: 10.1164/rccm 
.200203-166OC. PubMed PMID: 
12615634.

89.	 Brooks D, Solway S, Weinacht K, 
Wang D, Thomas S. Comparison 
between an indoor and an outdoor 
6-minute walk test among individuals 
with chronic obstructive pulmonary 
disease. Arch Phys Med Rehabil. 2003; 
84(6):873–6. doi: 10.1016/s0003 
-9993(03)00011-x. PubMed PMID: 
12808541.

90.	 Ben Saad H, Ben Hassen I, 
Ghannouchi I, Latiri I, Rouatbi S, 
Escourrou P, et al. 6-Min walk-test data in 
severe obstructive-sleep-apnea-
hypopnea-syndrome (OSAHS) under 
continuous-positive-airway-pressure 
(CPAP) treatment. Respir Med. 2015; 
109(5):642–55. Epub 20150316. 
doi: 10.1016/j.rmed.2015.03.001. 
PubMed PMID: 25820157.

91.	 Troosters T, Hornikx M, Demeyer H, 
Camillo CA, Janssens W. Pulmonary 



Biology of Sport, Vol. 41 No4, 2024   217

Rania Kaddoussi et al. Cardiopulmonary rehabilitation and 6MWT: RCT and literature review

rehabilitation: timing, location, and 
duration. Clin Chest Med. 2014; 
35(2):303–11. Epub 20140412. 
doi: 10.1016/j.ccm.2014.02.002. 
PubMed PMID: 24874126.

92.	 American College of Sports M, 
Chodzko-Zajko WJ, Proctor DN, Fiatarone 
Singh MA, Minson CT, Nigg CR, et al. 
American College of Sports Medicine 
position stand. Exercise and physical 
activity for older adults. Med Sci Sports 
Exerc. 2009; 41(7):1510–30. Epub 
2009/06/12. doi: 10.1249/MSS 
.0b013e3181a0c95c. PubMed PMID: 
19516148.

93.	 Yaddanapudi LN. The American 
Statistical Association statement on 
P-values explained. J Anaesthesiol Clin 
Pharmacol. 2016; 32(4):421–3. Epub 
2017/01/18. doi: 10.4103/0970 
-9185.194772. PubMed PMID: 
28096569; PubMed Central PMCID: 
PMC5187603.

94.	 Hojat M, Xu G. A visitor’s guide to effect 
sizes: statistical significance versus 
practical (clinical) importance of research 
findings. Adv Health Sci Educ Theory 
Pract. 2004; 9(3):241–9. 
doi: 10.1023/B:AHSE .0000038173 
.00909.f6. PubMed PMID: 15316274.

95.	 Schober P, Bossers SM, Schwarte LA. 
Statistical significance versus clinical 
importance of observed effect sizes: What 
do p values and confidence intervals 
really represent? Anesth Analg. 2018; 
126(3):1068–72. doi: 10.1213/ANE 
.0000000000002798. PubMed PMID: 
29337724; PubMed Central PMCID: 
PMC5811238.

96.	 Williams B, Mancia G, Spiering W, 
Agabiti Rosei E, Azizi M, Burnier M, et al. 
2018 ESC/ESH guidelines for the 
management of arterial hypertension: 
The task force for the management of 
arterial hypertension of the European 
society of cardiology and the European 
society of hypertension. J Hypertens. 
2018; 36(10):1953–2041. 
doi: 10.1097/HJH.000000000000 
1940. PubMed PMID: 30234752.

97.	 Imamura S, Inagaki T, Abe M, Terada J, 
Kawasaki T, Nagashima K, et al. 
Impaired dynamic response of oxygen 
saturation during the 6-min walk test is 
associated with mortality in chronic 
fibrosing interstitial pneumonia. Respir 
Care. 2023; 68(3):356–65. 
doi: 10.4187/respcare.10231. PubMed 
PMID: 36828581; PubMed Central 
PMCID: PMC10027139.

98.	 Maniscalco M, Fuschillo S, Ambrosino P, 
D’Anna SE, Accardo MS, Matera MG, 
et al. Bronchodilator response as 
a possible predictor of lung function 
improvement after pulmonary 
rehabilitation in post-COVID-19 patients. 
Arch Bronconeumol. 2022; 
58(6):517–9. Epub 20210618. 
doi: 10.1016/j.arbres.2021.06.004. 
PubMed PMID: 34219862; PubMed 
Central PMCID: PMC8233876.

99.	 Torres-Castro R, Vasconcello-Castillo L, 
Alsina-Restoy X, Solis-Navarro L, 
Burgos F, Puppo H, et al. Respiratory 
function in patients post-infection by 
COVID-19: a systematic review and 
meta-analysis. Pulmonology. 2021; 
27(4):328–37. Epub 20201125. 
doi: 10.1016/j.pulmoe.2020.10.013. 
PubMed PMID: 33262076; PubMed 
Central PMCID: PMC7687368.

100.	Dergaa I, Chamari K, Zmijewski P, Ben 
Saad H. From human writing to artificial 
intelligence generated text: examining the 
prospects and potential threats of 
ChatGPT in academic writing. Biol Sport. 
2023; 40(2):615–22. Epub 20230315. 
doi: 10.5114/biolsport.2023.125623. 
PubMed PMID: 37077800; PubMed 
Central PMCID: PMC10108763.

Articles published in the Biology of Sport are licensed under an open access Creative Commons CC BY 4.0 license.


