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INTRODUCTION 

In addition to the acute morbidity and mortality of coronavirus 
disease 2019 (COVID-19) infection, survivors of COVID-19 
have also experienced post-acute health complications and re-

A Pulmonary Telerehabilitation Program Improves 
Exercise Capacity and Quality of Life in Young Females Post-
COVID-19 Patients 
Ashwag S. Alsharidah, PhD1, FatmaAlzahraa H. Kamel, PhD2,3, Afrah A. Alanazi, DPT2, Enas A. Alhawsah, DPT2, 
Hajar K. Alharbi, DPT2, Zahrah O. Alrshedi, DPT2, Maged A. Basha, PhD2 

1Department of Physiology, College of Medicine, Qassim University, Buraidah, Kingdom of Saudi Arabia 
2Department of Physical Therapy, College of Medical Rehabilitation, Qassim University, Buraidah, Kingdom of Saudi Arabia 
3Department of Physical Therapy for Surgery, Faculty of Physical Therapy, Cairo University, Giza, Egypt 

Original Article
Ann Rehabil Med 2023;47(6):502-510
eISSN: 2234-0653
https://doi.org/10.5535/arm.23060

Objective: To examine the impact of telerehabilitation training on exercise capacity, lung 
function, and health-related quality of life (HRQOL) in comparison to no rehabilitation for 
post-COVID-19 symptoms in adult females. 
Methods: A randomized controlled trial of 48 females after mild to moderate COVID-19 sur-
vival were equally and randomly assigned to one of two groups: intervention group or control 
group. Three sessions per week for 6 weeks of a telerehabilitation program provided via a 
smartphone to the intervention group. Spirometry was used to quantify lung function, a 
6-minute walk test (6MWT) measured in meters to measure exercise capacity, and the Short 
Form Health Survey-36 was used to assess HRQOL. 
Results: After treatment, there was no statistically significant difference in forced vital ca-
pacity (FVC) or forced expiratory volume in 1 second (FEV1) between groups (p>0.05), but the 
6MWT of the intervention group increased significantly more than that of the control group 
(p=0.001). The percent of change in 6MWT for the intervention group and control group was 
14.22% and 4.21%, respectively. After therapy, the intervention group’s HRQOL significantly 
improved when compared to the control group’s (p=0.001). 
Conclusion: This study showed that a telerehabilitation programs improved exercise capacity 
and HRQOL in young females post-COVID-19 compared to no rehabilitation. 
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percussions. A review found that more than 50 adverse effects 
were observed, and that up to 80% of COVID-19 patients con-
tinue to experience health issues following an acute infection. 
Several post-acute symptoms still have unclear pathophysiolo-
gies. Thought to be a major mediator in the multifactorial devel-
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opment of the long-term consequences, ongoing inflammation 
is still seen as a problem [1]. 

The term “post-acute sequelae” COVID-19 refers to a broad 
variety of health issues that follow an acute infection [1-3]. In-
dividuals who have COVID-19 post-acute sequelae experience 
new, reoccurring, and persistent symptoms four weeks or longer 
well after the infection [2]. Several guidelines describe the time 
point for the post-acute stage as ranging between approximately 
four weeks and three months following the infection [4,5]. The 
term “long COVID syndrome” generally refers to signs and 
symptoms that persist or worsen after an initial COVID-19 
infection and may take months to resolve completely [6,7]. 
There are variations in the reported prevalence of long-COVID 
syndrome across studies and nations [3,8,9]. These manifesta-
tions usually include, but are not restricted to, dyspnea, pain, 
exhaustion, breathing difficulty, compromised lung function, 
muscle weakness, restricted exercise tolerance, confusion and 
depressed mood, impaired memory, poor concentration (“brain 
fog”), neurological problems, taste/smell abnormalities, and 
poor health-related quality of life (HRQOL) [1-3]. 

To improve awareness and, particularly, access for those in 
distant communities or who face transportation challenges, the 
adoption of telemedicine services has lately been explored as 
an additional and novel method of providing rehabilitation to 
patients in their households. An at-home rehabilitation using 
telemonitoring technology offers considerable potential for pre-
serving and enhancing functional capacity [10]. 

The burden of long-term COVID is rising rapidly, neces-
sitating the development of interventions to enhance patient 
long-term outcomes. Presently, policy documents and recom-
mendation statements support both short- and long-term re-
habilitation [11,12]. These suggestions, however, are dependent 
solely on consensus opinion and lack data from specific trials 
examining the positive impacts of inpatient or outpatient reha-
bilitation in individuals experiencing long-term health compli-
cations following COVID-19. 

Others made a significant observation that women and those 
who had more severe acute infections were more likely than 
men to experience most manifestations and symptom clusters, 
and that post-COVID syndrome also impacted younger indi-
viduals. Females aged ≥20 years were more likely to have long-
COVID symptoms than males aged ≥20 years (10.6% vs. 5.4%) 
[13,14]. Therefore, the purpose of this study was to evaluate the 
outcomes of a home-based pulmonary training program (in-
cluding aerobic, resistance, and breathing exercises) under the 

supervision of telerehabilitation on pulmonary function, exer-
cise tolerance and HRQOL in participants who had COVID-19 
manifestations. 

METHODS 

Study design 
The research was carried out between December 2021 and June 
2022. All study participants submitted informed consent in 
writing to participate in this trial. Qassim Regional Research 
Ethics Committee (No. 784946-1443) approved all study pro-
tocols which were carried out in line with the Declaration of 
Helsinki. The investigation was prospectively listed on Clinical-
Trials.gov (NCT05172102). 

Participants 
After a positive nasopharyngeal or oropharyngeal swab veri-
fied the diagnosis of COVID-19, participants were sought out 
from females at Qassim University in Kingdom of Saudi Arabia 
via brochures, social media, and online platforms. When the 
participants expressed willingness to participate, a researcher 
confirmed their possible candidacy and set up a face-to-face 
meeting to complete the baseline evaluation. The following 
in-person appointments were arranged for follow-up evalua-
tions at the baseline assessment. All the testing procedures were 
performed at cardiopulmonary lab in college of medical reha-
bilitation, Qassim University. The study included mild to mod-
erate post-COVID-19 survivors, COVID-19 severity was classi-
fied into three categories mild to moderate (outpatients with a 
flu-like condition or probable pneumonia), severe (hospitalized 
patients treated in hospital wards), and critical (patients treated 
in an intensive care unit) [15], 18 to 30 years old, not smokers, 
with a body mass index (BMI) between 18.5 and 24.9 kg/m2. 

Candidates were excluded if they had any of the following: (1) 
an identification of progressive neuromuscular, respiratory, or 
neurological conditions; (2) a contraindication to pulmonary 
rehabilitation intervention such as angina pectoris, recent myo-
cardial infarction, severe pulmonary hypertension, congestive 
heart failure, unstable diabetes, inability to do exercise due to 
orthopedic as intra-articular drug injection or surgical treat-
ment of lower extremities, psychiatric illness and severe exer-
cise-induced hypoxemia [16]; (3) no internet service; or (4) pre-
vious participation in a rehab program following a COVID-19 
condition. A further exclusion applied to participants who 
missed more than 15% of therapy sessions. 
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Sample size calculation was performed using G*Power statis-
tical software (version 3.1.9.2) based on data of 6-minute walk 
test (6MWT) derived from pilot study conducted on 5 subjects 
in each group; and revealed that the required sample size for 
this study was 20 subjects in each group. Calculation is made 
with α=0.05, power=80% and effect size=0.91, For dropout the 
sample increase to 20%. Participants were randomized and di-
vided into two groups using a simple random approach, and the 
findings were packed into opaque envelopes to keep the order 
of group assignment from the investigator who recruited the 
participants undisclosed. The control group (n=24) received 
standardized educational instructions and the intervention 
group received telerehabilitation pulmonary exercise program 
(n=24) for 6 weeks. It was not possible to blind the treating 
therapists who participated in the study due to the nature of 
study procedures. The evaluating therapist was blinded when 
evaluating the outcomes initially and after the intervention. The 
treatment and evaluation therapists were different, and the eval-
uating therapists kept blind of the participants. The participants 
were instructed not to share their procedures and treatment 
plan with the therapist who would be evaluating them. 

Control group 
The participants in the control group got written instructions 
on an explanatory note and prescribed educational presenta-
tions from physiotherapists for 10 minutes. They were instruct-
ed to continue with their regular everyday routines, refrain 
from prolonged bed rest and immobility, engage in light physi-
cal activity, such as housework, follow a balanced diet, and get 6 
to 8 hours of sleep each night. Also, patients were given instruc-
tions on proper facemask use, social distancing, and essential 
hand hygiene. 

Intervention group 
In addition to receiving the same instructions and informa-
tional materials as the control group, the intervention group 
also participated in a home exercise routine that was virtually 
supervised and given via telerehabilitation. The duration of the 
intervention program was 60 to 80 minutes per session, three 
sessions per week for 6 weeks. 

To ensure safety, proper and correct exercise technique, small 
groups of 2 to 6 participants underwent the session at a time 
for education, supervised by specialized physical therapist at 
college of medical rehabilitation, Qassim University. Telereha-
bilitation program was guided by a specialized physical therapy 

professional through a web platform (by Zoom Video Commu-
nications), in live sessions. Participants were asked to connect 
themselves to the platform in groups of 5 participants, three 
times a week, for 6 weeks. Each week, the therapist indicated 
and corroborated individually to each patient the load with 
which she should train.  

Initial exercise types and intensity were determined by the 
physical therapist based on baseline assessments and in accor-
dance with the American College of Sports Medicine’s recom-
mendations for exercise prior to participation [17]. The telere-
habilitation pulmonary exercise regime contained (1) breathing 
exercises and chest expansion, including diaphragmatic breath-
ing exercise, as well as other activities aimed to enhance chest 
wall muscle strength and chest mobility for 15 minutes. (2) 
Aerobic activity for 20 to 30 minutes consisted of brisk walk-
ing or running outside close to the participant’s home or using 
a treadmill at home (if one was accessible), accompanied by 
a 3-minute warm-up and 3-minute stretching cool-down. At 
exercise intensity between 60% and 80% of maximal heart rate, 
which was defined as 220 minus age [18], the target heart rate 
for aerobic exercise was determined using the Karvonen formu-
la [19], patients were asked to self-monitor during aerobic exer-
cise and were also trained for reporting Borg scale themselves, 
and (3) resistance training with weights was proposed to the 
participants based on an individual’s personal evaluation for 30 
minutes. 

Ten-repetition maximum was used to determine the ideal re-
sistance needed for each muscle group, and the DeLorme meth-
od was used to train the muscles [20]. The most weight that a 
subject can lift repeatedly for ten repetitions is known as the 
10-repetition maximum. The main group muscles, including 
the back, abdominal, shoulder (flexors, extensors, abductors), 
elbow, hip and knee (flexors, extensors) were exercised. Every 
muscle group received three sets of 10 repetitions each, with a 
60-second rest between sets. In accordance with each person’s 
needs, the resistance was gradually increased. 

To maintain clinical safety limits, respiratory rate, heart rate, 
oxygen saturation (SpO2), and Borg scale were monitored at 
each session. Patients were asked to acquire a pulse oximeter 
to measure their SpO2 and to self-monitor during the sessions 
and were also trained for reporting Borg scale themselves. If the 
SpO2 value decreased by 4% and if it fell below 95% or regis-
tered an increase of three points with respect to the initial value 
of the Borg scale, the participant had to interrupt the session. 
Other reasons for interrupting the session were an increase in 
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heart rate by 20 beats per minute, dizziness, sweating, headache, 
or chest pressure. 

To record compliance, participants were asked to complete 
a diary at the end of every training session. Adherence to the 
program was assessed and confirmed by comparing the physio-
therapist’s notes against each participant’s diary notes. 

Measurements 
Assessment of outcomes for each group was conducted at 
baseline (pretreatment) and after 6 weeks of intervention (post-
treatment). Assessment of functional exercise capacity was con-
ducted using the 6-MWT. According to recommendations from 
the American Thoracic Society and the European Respiratory 
Society (ATS/ERS), the 6-MWT was carried out in a 30-meter 
corridor with standard guidelines. After the 6-MWT, the walk-
ing distance was measured [21]. 

In accordance with the recommendations of ATS/ERS [22], 
pulmonary function evaluated using spirometry (SpirOx; MED-
ITECH). The forced expiratory volume in 1 second (FEV1) and 
the forced vital capacity (FVC) are the two spirometric tests that 
will be performed. There will be three successful attempts. The 
best trial out of the three will be considered. 

HRQOL was assessed using the Short Form Health Survey-36 
(SF-36) questionnaire, which has been validated. Physical 
functioning, bodily pain, social functioning, general health, 
role-physical, role-emotional, vitality, and mental health are the 
eight scales that make up the SF-36, which consists of 36 items 
in total. Item scores are recorded, added up, and converted to 
a scale from 0 (lowest health status) to 100 (best health status) 
based on these parameters. We used the tool’s Arabic version, 
which has been found to be reliable and accurate [23].  

Statistical analysis  
The comparison of subject characteristics between groups was 
done using an unpaired t-test. Shapiro–Wilk test was used to 
determine whether the data is normally distributed. The ho-
mogeneity between groups was examined using Levene’s test 
for homogeneity of variances. Mixed MANOVA was used to 
examine how the intervention affected the 6MWT, FVC, FEV1, 
and SF-36. For further multiple comparisons, post-hoc testing 
employing the Bonferroni correction were conducted. All statis-
tical tests had a significance threshold of p<0.05. The IBM SPSS 
version 25 for Windows (IBM Corp.) was used for all statistical 
analysis.  

RESULTS 

The flow of subjects through the research is depicted in Fig. 
1. In this study, 48 participants took part in this trial and 50 
participants were excluded from the study (33 participants 
do not meet the inclusion criteria of the study and 17 partic-
ipants declined to participate). The treatment adherence rate 
for intervention group was 94.21%, with participants com-
pleting 16.96±0.86 sessions. The subject characteristics for the 
intervention group and control group are displayed in Table 
1. Age, BMI, and period of rehabilitation following confirmed 
COVID-19 did not significantly differ between groups (p>0.05). 

A significant interaction effect of intervention and time was 
identified by mixed MANOVA (F=413.09, p=0.001). There was 
a significant main effect time (F=942.28, p=0.001). There was a 
significant main effect of intervention (F=32.78, p=0.001). 

Before treatment, there was no detectable difference between 
the groups (p>0.05). Posttreatment comparisons between the 
groups showed no significant differences in FVC or FEV1 be-
tween the groups (p>0.05), while the intervention group sig-
nificantly increased its 6MWT compared to the control group 
(p=0.001; Table 2). 

Following treatment, there was a statistically significant dif-
ference between the intervention group and the control group 
in terms of physical functioning, bodily pain, social function-
ing, general health, role-physical, role-emotional, vitality, and 
mental health (p=0.001; Table 3, Fig. 2). 

In the intervention group, there was a 25.88%, 26.57%, 
36.97%, 34.04%, 30.58%, 27.62%, 29.82%, and 29.24% chang-
es in physical functioning, role physical, bodily pain, general 
health, vitality, social role, emotional role and mental health 
respectively. 

DISCUSSION 

In this trial, exercise capacity, pulmonary function, and HRQOL 
in females with post-COVID-19 symptoms were examined in 
relation to a home-based pulmonary training program that was 
videoconference-monitored. The findings of this study demon-
strated that the pulmonary training program was successful in 
enhancing HRQOL and exercise capacity. There were no chang-
es in the parameters of lung function after the pulmonary train-
ing program. The intervention protocol was adhered effectively, 
and there were no significant adverse events. 

In this study, a patient-centered, customizable inexpensive 
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98 Assessed for eligibility

48 Randomized

Telerehabilitation group
24 Allocated to intervention 
• 24 Received allocated intervention
• 0 Didn’t receive allocated intervention

0 Lost to follow-up
0 Discontinued intervention

24 Analyzed
0 Excluded from analysis

Control group
24 Allocated to intervention 
• 24 Received allocated intervention
• 0 Didn’t receive allocated intervention

0 Lost to follow-up
0 Discontinued intervention

24 Analyzed
0 Excluded from analysis

50 Excluded
33 Not meeting inclusion criteria
17 Declined to participate

Enrollment

Allocation

Follow-up

Analysis

Fig. 1. CONSORT-2010-flow-diagram.

Table 1. Comparison of subject characteristics between intervention group and control group 

Intervention group (n=24) Control group (n=24) MD t-value p-value
Age (yr) 23.33±2.71 22.58±2.51 0.75 0.99 0.32
BMI (kg/m²) 22.11±2.66 21.65±2.73 0.46 0.58 0.56
Time to rehabilitation after confirmed COVID-19 (mo) 4.75±1.77 4.33±1.55 0.42 0.86 0.39

Values are presented as mean±standard deviation.
COVID-19, coronavirus disease 2019; MD, mean difference.

Table 2. Mean FVC, FEV1, and 6MWT pre- and posttreatment of 
both groups 

Pretreatment (n=24) Posttreatment (n=24)
FVC (L)
  Intervention group 2.71±0.41 2.92±0.43
  Control group 2.72±0.36 2.74±0.37
  MD -0.01 0.18
  p-value 0.95 0.12
FEV1 (L)
  Intervention group 2.22±0.33 2.39±0.31
  Control group 2.26±0.26 2.28±0.25
  MD -0.04 0.11
  p-value 0.61 0.19
6MWD (m)
  Intervention group 450.83±40.58 514.95±42.96
  Control group 440.58±51.47 459.12±53.71
  MD 10.25 55.83
  p-value 0.44 0.001

Values are presented as mean±standard deviation.
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; 
MD, mean difference; 6MWT, 6-minute walk test.

telerehabilitation intervention was assessed using a variety of 
measures that were pertinent to exercise capacity, lung func-
tion, and HRQOL. The availability of therapists for remote su-
pervision and consultations, smartphone access, technological 
literacy, are all factors supporting the suitability of telerehabil-
itation programs for large-scale deployment. When a face-to-
face program cannot be conducted, telerehabilitation has been 
suggested as a reasonable alternative. An at-home telerehabilita-
tion program for patients with post-COVID-19 fatigue, which 
included aerobic and strength training, had positive effects on 
their persistent symptoms as well as on physical capacity or 
walking distance measurements [24].  

The patients in this study had mild to moderate COVID-19, 
but they also had significant restrictions. Recovery is frequently 
incomplete and sluggish. In young adults and people with no 
or few chronic underlying medical illnesses, mild to moderate 
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nonhospitalized COVID-19 disease can cause extended sick-
ness and persistent symptoms [25,26]. 

The physical capacity of post-COVID-19 patients is moder-
ately impaired, which is likely due to muscle deconditioning, 
according to earlier studies [27,28]. Other contributing factors 
to the overall symptomatology include physical deconditioning 

and decreased exercise tolerance [29-31]. Furthermore, im-
mobility forced by hospital stays and/or enforced quarantine 
at home worsens the clinical presentation and symptoms in 
these patients, who may experience symptoms that persist for 
a long time after having COVID-19 disease [32]. Moreover, the 
6MWT was at 76% of the expected capacity among patients 
who reported physical and psychological consequences in a 
5-year follow-up study on 109 acute respiratory distress syn-
drome survivors [33]. 

Participants in this trial increased their 6MWT by almost 
double the minimal clinically important difference, which is 
about equivalent to rehabilitation outcomes in other COVID-19 
patients [34,35]. It appears that referring COVID-19 patients 
to pulmonary rehabilitation following the acute phase of the 
disease can facilitate the recovery of exercise capacity. Exercise 
capacity both in the physical and mental components of HRQL 
exhibited similar improvement. Like in other studies [34,35], 
the influence on quality of life was statistically significant when 
comparing to the control group. 

Patients displayed a lower FEV1 at baseline, which is consis-
tent with another research on post-COVID-19 [36]. Breathing 
exercises have been shown to have superior effects on lung 
function measures (FEV1 and FVC) compared to controls for 
chronic obstructive pulmonary disease (COPD) in a recent sys-
tematic review and meta-analysis [37], but no such effects were 
observed in the current investigation. In the intervention group, 
both parameters (i.e., FVC and FEV1) significantly improved 
throughout the course of the 6-week rehabilitation period; nev-
ertheless, no significant between-group variation was observed. 
Additionally, it was determined that the intervention group’s 
mean differences FEV1 was 0.17 and percentage of change was 
7.66% of baseline, and the mean difference of FVC was 0.21 and 
percentage of change was 7.75% of baseline, did not exceed the 
clinically meaningful change threshold for patients with COPD 
that is advised by ATS/ERS (week to week). One possibility is 
that the workouts used in the intervention program did not 
substantially target lung function. Further Li et al. [34] findings 
add evidence to this perspective. 

Cardiopulmonary-rehabilitation programs recently emerged 
to be advised in the treatment of patients following COVID-19 
to address the significant disability of people with prolonged 
COVID-19 and the decline in their quality of life [12,38,39]. 
Guidelines in this direction were released in 2020 by the Pan 
American Health Organization, a member of the World Health 
Organization, for both patients who had COVID-19 in its acute 

Table 3. Mean Short Form Health Survey-36 pre- and posttreatment 
of both groups 

Pretreatment (n=24) Posttreatment (n=24)
Physical functioning
  Intervention group 59.71±4.90 75.16±5.11
  Control group 58.08±5.25 63.29±4.92
  MD 1.63 11.87
  p-value 0.27 0.001
Role physical
  Intervention group 58.33±4.95 73.83±6.46
  Control group 57.04±6.05 60.29±5.78
  MD 1.29 13.54
  p-value 0.42 0.001
Bodily pain
  Intervention group 54.12±3.22 74.13±4.91
  Control group 52.92±3.69 56.45±4.04
  MD 1.2 17.68
  p-value 0.23 0.001
General health
  Intervention group 53.00±4.18 71.04±5.03
  Control group 51.2±3.94 54.70±3.67
  MD 1.8 16.34
  p-value 0.13 0.001
Vitality
  Intervention group 55.17±3.51 72.04±3.86
  Control group 53.83±4.25 58.16±3.81
  MD 1.34 13.88
  p-value 0.24 0.001
Social role
  Intervention group 54.75±3.30 69.87±3.88
  Control group 53.17±4.45 56.50±4.17
  MD 1.58 13.37
  p-value 0.17 0.001
Emotional role
  Intervention group 53.95±4.55 70.04±4.67
  Control group 52.83±5.72 54.92±6.46
  MD 1.12 15.12
  p-value 0.45 0.001
Mental health
  Intervention group 52.87±3.67 68.33±4.38
  Control group 52.42±2.94 55.12±3.63
  MD 0.45 13.21
  p-value 0.63 0.001

Values are presented as mean±standard deviation.
MD, mean difference.
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phase and those who were still experiencing its long-term ef-
fects [40]. Customized rehabilitation-training regimens include 
cardiopulmonary activities, muscle-strengthening exercises, 
and focused breathing techniques may improve recovery. 

While interpreting the results of our study, it is important 
to consider many limitations. First, only mild to moderate 
COVID-19 survivors who had never been hospitalized were in-
cluded in participant characteristics. The lack of data for some 
of the secondary outcomes, such as dyspnea, level of fatigue, 
inspiratory muscle strength, etc., limits the scope of our study. 
Second, the research cohort was young, highly educated, and 
most likely had a strong network of healthcare providers, their 
referrals to rehabilitation without defined protocols at the time 
cannot be extended to the entire population of COVID-19 sur-
vivors. Finally, the small patient population made it difficult to 
do subgroup analyses to look at variations in illness outcome 
and progression according to patient variables. 

In conclusion, the telerehabilitation pulmonary program is 
superior to no rehabilitation with regarding to exercise capacity 
and HRQOL in young females after long COVID-19. The effect 
of the programs on pulmonary function is otherwise unlikely. 
In sum, our research affirms the efficacy of integrated custom-
ized rehabilitation for COVID-19 young female only. Future 

studies should focus on the long-term consequences of rehabili-
tation and the apparent improvement in pulmonary function in 
other age and sex. 
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