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Abstract
Background: Pulmonary rehabilitation (PR) has demonstrated efficacy in managing long 
COVID-19, underscoring the need to refine and tailor PR strategies for optimal patient 
outcomes.
Objectives: To evaluate the impact of PR on patients with long COVID-19 and to compare the 
efficacy of different types and durations of PR interventions.
Design: Systematic review and meta-analysis.
Data sources and methods: We systematically searched randomized controlled trials (RCTs) 
of the effectiveness of PR in long COVID-19 patients published before April 2024. The primary 
outcomes were physical capacity assessed by the 6-minute walking test (6MWT), lung function 
measured by forced expiratory volume in the first second (FEV1) and forced vital capacity 
(FVC), health-related quality of life (HRQoL), and fatigue. Secondary outcomes were thirty-
second sit-to-stand test (30STST), handgrip strength tests, maximal inspiratory pressure 
(MIP), maximal expiratory pressure (MEP), dyspnea, depression, anxiety, perceived effort, and 
adverse events.
Results: A total of 37 studies with 3363 patients were included. Compared to controls, PR 
improved physical capacity (6MWT, 30STST, handgrip), lung function (FEV1, FVC, MIP, MEP), 
HRQoL, fatigue, dyspnea, and anxiety but did not reach statistical significance for depression. 
Subgroup analyses of PR duration indicated that programs of ⩽4 weeks improved 6MWT; 
those between 4 and 8 weeks significantly improved 6MWT, lung function (FEV1, FVC), HRQoL, 
and reduced fatigue; and programs over 8 weeks improved HRQoL and reduced fatigue. 
Exercise type analysis revealed that breathing exercises improved 6MWT, lung function (FEV1, 
FVC), and HRQoL; multicomponent exercises enhanced 6MWT performance and reduced 
fatigue; the combination of both types improved 6MWT, FEV1 (L), FVC (%pred), HRQoL, and 
reduced fatigue.
Conclusion: PR improves physical capacity, lung function, and quality of life and alleviates 
dyspnea, fatigue, and anxiety in long COVID-19 patients. A 4- to 8-week PR program and 
a combination of both breath exercises and multicomponent training is most effective for 
managing long-term COVID-19 syndromes.
Trial registration: PROSPERO ID: CRD42024455008.
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Introduction
The World Health Organization (WHO) defines 
long COVID-19 symptoms as new symptoms 
that occur beyond 3 months after infection or 
more severe symptoms than those experienced 
before COVID-19, and which persist for at least 
2 months with no other explanation.1 Over 200 
symptoms of long COVID-19 have been identi-
fied, with the most commonly reported being 
fatigue, shortness of breath, and cognitive dys-
function.2,3 These affect daily life and quality of 
life,4 impacting 10%–30% of nonhospitalized, 
50%–70% of hospitalized, and 10%–12% of vac-
cinated individuals since the start of the COVID-
19 pandemic.5 Despite WHO has declared the 
end of the “emergency” phase, we are still in the 
midst of a pandemic that is demonstrating a last-
ing impact on public health.6,7

Pulmonary rehabilitation (PR), initially developed 
to manage chronic obstructive pulmonary disease 
(COPD), is now recognized as a core manage-
ment practice for various chronic cardiopulmo-
nary conditions.8 WHO and European Respiratory 
Society/American Thoracic Society9,10 guidelines 
also recommended PR for the management of 
long COVID-19 symptoms primarily based on 
expert opinion and observational data. 
Subsequently, several reviews11–20 have reported 
that PR interventions are effective and safe for 
improving physical capacity, lung function, exer-
tional dyspnea, psychological well-being, and 
QoL. However, the association between rehabili-
tation interventions and some outcomes, such as 
lung function, fatigue, and QoL, has been incon-
sistent across the reviews. Moreover, the efficacy 
of various PR modalities and their duration on 
patients’ physical functioning remains an area of 
uncertainty for these patients. A meta-analysis18 
found that the duration of PR—whether 4–8 weeks 
or more than 8 weeks—did not significantly influ-
ence outcomes for patients with long COVID-19. 
However, this conclusion is based on a limited 
number of studies, underscoring the necessity for 
further research to delineate the impact of PR 
duration and modalities on physical functioning 
and symptom alleviation.

As several new RCTs21–26 have been published, it 
is essential to update the available scientific evi-
dence on this topic, to evaluate the effect of PR 
on symptoms and physical function in long 
COVID-19 patients, and to identify the most 

effective delivery modality and duration of PR. 
Accordingly, the objective of this review was to 
comprehensively assess the effects of PR in 
patients with long COVID-19 symptoms. 
Specifically, the impacts of the duration of PR 
delivery and exercise training type were explored 
to identify the optimal regimen for long COVID-
19 patients.

Materials and methods
This study followed the Preferred Reporting 
Items for Systematic Reviews and Meta Analysis 
Protocols checklist (PRISMA-P)27 (Table S1) 
and the Cochrane Handbook’s standards for 
intervention reviews.28,29 Our protocol was pre-
registered with PROSPERO (CRD42024455008).

Search strategy
Two authors conducted independent searches in 
PubMed, Embase, Web of Science, Scopus, and 
Cochrane Central Register of Controlled Trials 
databases for eligible studies up to April 2024. 
The mean search terms were (“COVID-19” OR 
“SARS CoV 2”) AND (“Pulmonary 
Rehabilitation” OR “Lung Rehabilitation” OR 
“physical treatment”); the detailed search strat-
egy was in Table S2. Reference lists of all relevant 
studies and reviews were also reviewed for addi-
tional studies.

Inclusion and exclusion criteria
The inclusion criteria were RCTs; adult patients 
(⩾18 years old) with laboratory-confirmed 
COVID-19; and those that included PR treat-
ment compared to a control group that received 
usual care, no treatment, educational brochure, 
sham device, or unsupervised PR.14 The exclu-
sion criteria included patients who did not meet 
the screening requirements; laboratory or animal 
studies; and studies not published in English. 
Additionally, commentaries, reviews, editorials, 
conference abstracts, letters, statements, case 
reports, short surveys, study protocols, and dupli-
cate publications from the same study were 
excluded. Furthermore, studies with data that 
could not be extracted through the reported sta-
tistical methods or lacked targeted outcomes were 
also excluded. The final decision to include or 
exclude any study was based on a full-text review 
by two investigators, focusing on publication 
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date, study type, study design, and results. 
Discrepancies were resolved by the other authors.

Outcomes
The primary outcomes were functional exercise 
capacity measured using the 6-minute walking 
test (6MWT), lung function measured via forced 
expiratory volume in the first second (FEV1) and 
forced vital capacity (FVC), health-related QoL 
(HRQoL), and fatigue levels. Secondary out-
comes were physical and functional capacities 
measured via the 30 s sit-to-stand test (30STST); 
handgrip strength; respiratory muscle function 
based on the maximal inspiratory pressure (MIP) 
and maximal expiratory pressure (MEP); the sta-
tuses of dyspnea, depression, and anxiety; per-
ceived effort measured via the modified Borg 
Scale; and adverse events.

In the included studies, HRQoL was measured 
with different scales including the Short Form 
Health Survey-12 (SF-12), Saint George’s 
Respiratory Questionnaire score (SGRQ), King’s 
Brief Interstitial Lung Disease questionnaire 
(K-BILD), the Euro Quality-5 Dimensions-3 
Levels questionnaire (EQ-5D-5L), the Short 
Form-36 Health Survey Questionnaire (SF-36), 
the 26-item World Health Organization Quality 
of Life (WHO-26 items) questionnaire, or the 
Barthel Index. To correct for differences in the 
direction of scales for HRQoL, data on SGRQ 
were inverted.30 Dyspnea was measured using the 
Multidimensional Dyspnea-12 (MD12), the 
modified Medical Research Council Dyspnea 
Scale (mMRC), the Baseline Dyspnea Index-
Transition Dyspnea Index (BDI-TDI), the 
Barthel Dyspnea Index, the Patient Reported 
Outcomes Measurement Information System 
(PROMIS), the Dyspnea Severity Short Form, or 
the Borg Dyspnea Scale. Fatigue was measured 
using the Visual Analog Scale-Fatigue (VAS-F), 
Fatigue Scale-14 (FS-14), the Fatigue Severity 
Scale, the Chalder Fatigue Scale (CFQ11), the 
10-point Borg Scale (fatigue), or the Modified 
Fatigue Impact Scale. Depression was measured 
using the Beck Depression Inventory (BDI), 
Patient Health Questionnaire-9 (PHQ-9), the 
Self-rating Depression Scale, or the Hospital 
Anxiety and Depression Scale (HADS). Anxiety 
was measured using the General Anxiety Disorder 
Questionnaire-7 (GAD-7), the Self-rating 
Anxiety Scale, or HADS. Perceived effort was 
measured using the modified Borg Scale, which 

measures the entire range of activities that the 
individual perceives when exercising.

Subgroup analyses were conducted to explore the 
impact of various factors on primary outcomes. 
The factors included exercise training duration 
(⩽4, 4–8, >8 weeks) and exercise training types, 
including breathing exercises (exercises to 
strengthen respiratory muscles, breathing control 
exercises, airway clearance techniques, thoracic 
expansion, or Liu-zi-jue exercises, etc.), multi-
component exercises (integrated of aerobic, 
strength, resistance, or endurance exercises, etc.), 
and a combination of both (both breathing exer-
cises and multicomponent exercises).

Data extraction
Two authors independently extracted informa-
tion from the included studies based on the 
Cochrane recommendations.28 Recorded details 
included the first author, publication year, set-
ting, country, sample size, age, sex, body mass 
index, patient demographics, illness characteris-
tics, intervention protocols, and study outcomes. 
Data were verified by other authors (B.D. and 
W.T.) before analysis. Categorical outcomes were 
noted as the number of patients with each out-
come compared to the total in each group. 
Continuous outcomes included sample size and 
mean (SD) or median (IQR), with medians con-
verted to estimated means (SD).31 Discrepancies 
were resolved through discussions with other 
authors.

Study quality, certainty of evidence, and trial 
sequential analysis
The quality of RCTs was assessed using Cochrane 
Collaboration’s tool (RoB-2 tool)29 for risk of 
bias. This tool includes five domains: randomiza-
tion process, deviations from intended interven-
tions, missing outcome data, measurement of 
outcomes, and selection of reported results. Each 
domain was rated as “low,” “some concerns,” or 
“high.”

GRADEpro GDT was used to assess the cer-
tainty of the results32,33 according to the Grading 
of Recommendations, Assessment, Development, 
and Evaluations (GRADE) criteria. The evalua-
tion included five domains: risk of bias in indi-
vidual studies, inconsistency, indirectness, 
imprecision, and publication bias. The overall 
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certainty of the evidence was rated as high,  
moderate, low, or very low.

Trial sequential analysis (TSA)34,35 version 
0.9.5.10 (beta software) was used to evaluate the 
effect of PR, reduce random error, assess conclu-
sion reliability, and estimate the sample size needed 
for meta-analysis. TSA aimed for a 5% risk for type 
I error and a 20% risk for type II error (80% power) 
in this study. If the cumulative Z-curve surpasses 
the trial sequential monitoring boundary or reaches 
the required information size (RIS), the evidence is 
sufficiently strong. If the Z-curve does not cross 
any boundaries and the RIS is not reached, it indi-
cates insufficient evidence for a conclusion, neces-
sitating more studies.

Data synthesis and analysis
Meta-analysis was conducted using available data 
from primary studies with RevMan Review 
Manager (version 5.4.1). Continuous outcomes 
were reported as mean differences (MDs) with 
95% confidence interval (95% CI). Mean (SD) 
were estimated from median IQRs for further 
comparison. For different scales (e.g., SGRQ and 
EQ-5D-5L) measuring the same outcome, the 
standardized MD (SMD) was used. The I2 statis-
tical index (0%–100%) measured heterogeneity, 
with values of 25%, 50%, and 75% indicating 
low, moderate, and high heterogeneity, respec-
tively. A fixed effects model was applied if I2 was 
less than 50%, otherwise, a random effects model 
was used.36 Publication bias was assessed with a 
funnel plot. The significance threshold for p val-
ues was set at 0.05.

Results

Search results
A total of 19,718 relevant studies were obtained 
from databases, with 6211 duplicate records 
removed. After screening titles and abstracts, 73 
studies were selected for full-text review. Based 
on selection criteria, 36 studies were further 
excluded, resulting in 37 eligible RCTs.21–26,37–67 
The search and screening process was detailed in 
Figure 1.

Characteristics of the included studies
Table 1 displayed the main characteristics of the 
studies included in the meta-analysis, while 

Tables S3–S5 provided further demographic 
details. A total of 37 RCTs with 3363 partici-
pants)21–26,37–67 was included in the meta-analysis. 
Face-to-face PR was conducted in a hospital or 
clinic in 10 RCTs,24,37,38,42,46–48,52,58,61 telerehabil-
itation PR (e.g., via telerehabilitation tools, vide-
oconference, or phone call) was conducted in 25 
RCTs,21–23,25,26,39–41,44,45,49,50,53–57,59,60,62–67 and a 
combination of both was conducted in 2 
RCTs.43,51 In total, 22 RCTs22,25,26,37–39,42,43,45–

47,49–53,56,58,61,62,66,67 included patients previously 
hospitalized due to COVID-19 infection. Nine 
RCTs21,24,40,44,48,59,60,63,65 included patients who 
had not been hospitalized following COVID-19 
infection. Six RCTs23,41,54,55,57,64 included a mixed 
population of both patients.

The interventions and controls were shown in 
Table 1, with further details provided in Table S6. 
The duration of PR ranged from 3 days to 16 weeks, 
8 RCTs26,38,44,45,47,52,59,60 had a duration ⩽4 weeks, 
20 RCTs21,22,24,25,37,40,41,43,48,49-51,54–57,62,64–66 had a 
duration with 4–8 weeks, 8 RCTs23,39,42,46,53,61,63,67 
had a duration of >8 weeks; 1 RCT58 only men-
tioned the duration of PR ranged from admission 
to discharge. Breathing exercises were performed 
in 13 RCTs,38,41,44,47,49,51,52,54,55,57,58,60,65 multi-
component exercises were performed in 9 
RCTs,26,46,48,53,59–61,66,67 and a combination of 
both exercises were performed in 15  
RCTs.21–25,37,39,42,43,45,50,56,62–64 PR programs var-
ied in the number of sessions and intervention 
approaches employed. Only two studies men-
tioned the exercise intensities: one with “Low-
intensity pulmonary rehabilitation”40 and the 
other with “Moderate/Low-intensity aerobic exer-
cises.”46 The control group received usual care, no 
treatment, was given an educational brochure 
explaining breathing exercises and self-manage-
ment guidelines, or used a sham device.

Literature quality and bias assessment
The quality evaluation results of the RCTs are 
shown in Figure S1. Overall, 10 RCTs  
(27.0%)37,38,40,43,49,52,62,63,66,67 showed a high risk 
of bias, 19 (51.4%)21–24,26,39,42,44,45,48,51,54,56–60,64,65 
showed some concern, and 8 
(21.6%)25,41,46,47,50,53,55,61 had a low risk of bias. 
Among the included RCTs, 641,44,46,59,60,64 were 
performed with double blinding, and the others 
were performed with single blinding, no blinding, 
or had an unclear design; only 3 RCTs38,40,49  
were inadequate for randomization; and 6 
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RCTs25,41,47,50,53,54 included the intention to treat 
analyses of missing data, while the others did not.

Clinical outcomes
Physical capacity.  Fourteen RCTs23,24,43–

46,50,51,55,59,60,62,64,67 reported physical capacity 
outcomes in the 6MWT, showing significant 
improvement after PR compared to controls.  
TSA confirmed this finding: the z-curve reached 
the optimal information size and crossed the  
significance boundary. Statistically significant 
improvements were also observed in the 
30STST40,44,53,59,60,63,64 and handgrip stren
gth41,42,48,64,67 following rehabilitation interven-
tion (Figure 2 and Figures S3–S5).

Lung function
The meta-analysis also indicated that PR 
improved FEV1 (L,37,41,45,48,50,51,53,55,65,67 
%pred26,41,48,55,62,67), FVC (L,41,48,50,51,53,55,65,67 
%pred26,41,43,48,55,62,67), MIP (cmH2O,26,38,41,54,67 
%pred41,54,67), MEP (cmH2O,26,41,67 %pred41,67), 
while also reducing dysp-
nea21,24–26,44,47–49,52,54–57,60–62,64,66 compared to 
controls. TSA showed that z-curves reached the 
optimal information size and crossed the signifi-
cance boundary for FEV1 (L and %pred) and 
MIP (cmH2O and %pred). However, the optimal 
information size was not reached or the signifi-
cance boundary was not crossed for FVC (L, 
%pred) and MEP (cmH2O, %pred; Figure 2 and 
Figures S6–S14).

Figure 1.  Flow diagram of the study.
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HRQoL, fatigue, anxiety, depression, and 
modified Borg Scale
Nineteen RCTs22,23,25,26,37,41,46,48–51,54–57,61–63,66 
reported overall QoL, and the pooled estimate 
showed that PR effectively improved HRQoL, in 
both the physiological and mental health dimen-
sion. The meta-analysis demonstrated that PR 
reduced fatigue23,24,26,40,42,48,49,52,53,56,60,64 and  
anxiety,25,41,46,48,51,57,62,64,66 decreasing the score 
on the modified Borg Scale44,59,60 compared  
to controls. However, no effect on depres-
sion25,41,46,48,51,52,56,62,64,66 was detected (Figure 2 
and Figures S15–S19).

Subgroup analysis
A prespecified subgroup analysis based on exer-
cise duration of PR indicated that when PR dura-
tion ⩽4 weeks, rehabilitation led to improvements 
in the 6MWT but did not improve FEV1 (L, 
%pred), FVC (%pred), HRQoL, or fatigue. 
When PR duration was between 4 and 8 weeks, 
significant improvements were observed in 

6MWT, FEV1 (L, %pred), FVC (L, %pred), 
HRQoL, and fatigue relief. When PR duration 
> 8 weeks, rehabilitation led to further improve-
ments in the HRQoL and fatigue, but no addi-
tional improvements in the 6MWT, FEV1 (L), 
and FVC (L) were observed. An analysis based 
on exercise training types of PR revealed that 
breathing exercises improved 6MWT, lung func-
tion (FEV1 (L, %pred), FVC (L, %pred)), and 
HRQoL, but had no effect on fatigue; multicom-
ponent exercises enhanced 6MWT performance 
and reduced fatigue without impacting lung func-
tion or HRQoL; the combination of both types 
improved 6MWT, FEV1 (L), FVC (%pred), 
HRQoL, and reduced fatigue (Figure 3 and 
Figures S3, S6–S9, S15, S16).

Adverse events
Adverse events were reported in 16 RCTs. Nine 
of these21,26,39,47,48,53,55,56,66 showed no adverse 
events in either group, two studies25,50 reported 
persistent/significant disability, hospitalization/

Figure 2.  Treatment outcomes of rehabilitation interventions versus control group.
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Figure 3.  Subgroup analyses of the primary outcomes of rehabilitation interventions versus control group.
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prolongation of hospitalization, stomach ulcer, 
and uncomfortable symptoms in both groups, 
one study38 noted minor oxygen desaturations in 
the intervention group. Three studies41,60,67 
reported symptom exacerbation, hospitalization, 
or ICU admission in control group. One study63 
reported reinfection with COVID-19 as an 
adverse effect but did not specify the group 
affected (Table S7).

Quality of evidence
The GRADE assessment for certainty was mod-
erate for 6MWT, 30STST, FVC (L), FVC 
(%pred), MIP (%pred), MEP (%pred), and 
fatigue; it was low for handgrip, FEV1 (L), FEV1 
(%pred), MIP (cmH2O), MEP (cmH2O), dysp-
nea, HRQoL, depression, anxiety, and the modi-
fied Borg Scale. The details are summarized in 
the Supplemental Appendix (Figure S20).

Discussion
This systematic review synthesized evidence from 
37 RCTs that examined the effects of PR in 
patients with long COVID-19 symptoms. 
Compared to the control group, PR resulted in 
statistically significant and clinically important 
improvements in physical capacity (as measured 
using the 6MWT, 30STST, and handgrip test), 
respiratory function (based on FEV1, FVC, MIP, 
MEP, and dyspnea), HRQoL, fatigue, and anxi-
ety; the results did not reach statistical signifi-
cance for depression. Subgroup analyses showed 
that PR programs ⩽4 weeks enhanced 6MWT, 
4–8 weeks improved 6MWT, lung function, 
HRQoL, and reduced fatigue, while programs 
> 8 weeks improved HRQoL and fatigue reduc-
tion; exercise type analysis indicated breathing 
exercises improved 6MWT, lung function, and 
HRQoL, multicomponent exercises increased 
6MWT and reduced fatigue, and their combina-
tion optimized all outcomes.

Our review had several strengths. First, compared 
to recently published meta-analyses (Table S8), 
we were able to summarize and present the effect 
of PR through multiple dimensions with more 
RCTs. Second, we performed TSA with adjusted 
CIs to control for the risk of random error due to 
multiple outcomes, sparse data, and repetitive 
testing on accumulated data. The GRADE assess-
ment for the certainty of evidence was also run to 
assess the certainty of the results. Third, we 

performed subgroup analyses to compare the type 
of PR (breathing exercises, multicomponent exer-
cises, and a combination of both) and the dura-
tion of PR (⩽4 weeks, 4–8 weeks, and > 8 weeks) 
on the symptoms and physical function of long 
COVID-19 patients.

In agreement with most previous systematic 
reviews (Table S8), our findings indicate that PR 
is associated with an improvement in the physical 
capacity of patients with long COVID-19. The 
TSA indicated that more than 80% of the RIS 
was accrued, and the certainty of evidence was 
moderate. Exercise intolerance, measured as 
physical capacity, is a key feature of acute and 
chronic lung disease. A previous study68 reported 
that a minimally important difference of 20–30 m 
in the 6MWT could be considered a significant 
change in physical capacity in patients with acute 
respiratory distress syndrome or acute respiratory 
failure. Our review found that PR improved the 
6MWT with a mean difference of 77.95 m with a 
95% CI of 50.91–104.99 m in patients with long 
COVID-19. We also found that the improvement 
in the 6MWT following PR was larger than the 
effect demonstrated in similar reviews regarding 
COPD (43.93 m)69 and interstitial lung disease 
(ILD) (40.07 m).70 It is reasonable to assume that 
patients with long COVID-19 may experience 
improvements of larger magnitude following PR, 
because most patients may simply be recovering 
from COVID-19 and may not have had preexist-
ing or longstanding exercise limitations as seen in 
patients with chronic respiratory disease.

We also found that PR significantly improved 
lung function, HRQoL, and fatigue. TSA showed 
that z-curves reached the optimal information 
size for some outcomes, and the certainty of evi-
dence was low to moderate. These results are 
inconsistent with those of some previous reviews 
(Table S8). There may be many factors contribut-
ing to this difference, such as the initiation time of 
intervention, the exercise training duration, the 
exercise training types, the severity of COVID-19, 
and comorbidities at enrollment, among others. 
Therefore, we also performed subgroup analyses 
according to the type and duration of PR.

In subgroup analyses of different PR periods, we 
found that PR duration ⩽4 weeks led to improve-
ments in the 6MWT distance, suggesting that 
short-term PR can enhance physical performance. 
The improvement in the 6MWT was greater for 
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PR periods ⩽ 4 weeks (116.80 m) than for 4 and 
8 weeks (66.58 m), which may suggest that early 
initiation of PR may be more beneficial to patients 
with long COVID-19. When the PR duration was 
between 4 and 8 weeks, rehabilitation interven-
tion may have a greater benefit in patients with 
long COVID-19. The improvements in 6MWT, 
lung function, HRQoL, and fatigue were observed 
in 4 and 8 weeks PR intervention. Again, patients 
may have simply been recovering from COVID-
19 and may not have had any exercise limitations 
as seen in patients with chronic respiratory dis-
ease; thus, a shorter PR duration (over 4 weeks) 
in these populations may benefit patients71 com-
pared to chronic respiratory diseases (such as 
COPD, over 8 weeks),72 and our results support 
this view. However, when PR duration > 8 weeks, 
rehabilitation led to further improvements in the 
HRQoL and fatigue, some benefits may continue 
to accrue with extended PR, but no additional 
improvements in the 6MWT and lung function 
were observed. This may indicate that extended 
programs may indeed offer additional benefits, 
but physical performance improvements may pla-
teau after 4–8 weeks, and the impact of extended 
PR on lung function requires further investigation 
due to limited study numbers. While early initia-
tion and a 4 to 8-week duration of PR for long 
COVID-19 syndromes are considered crucial, the 
optimal timing for starting rehabilitation inter-
ventions and the ideal duration of PR programs to 
maximize benefits for these patients still require 
further investigation.

In subgroup analyses of different exercise training 
types, we found that a combination of both 
breathing and multicomponent exercises was 
associated with better improvement in all of the 
primary outcomes (physical capacity, lung func-
tion, HRQoL, and fatigue). As presented in Table 
S6, the methods of rehabilitation intervention 
vary significantly across different studies. For 
physical training, most studies involved a combi-
nation of aerobic training (such as walking, jog-
ging, and cycling), resistance training, balance 
exercises, functional activities, stretching, and 
biobehaviourally informed elements; besides, the 
intensity of the rehabilitation interventions was 
not clear in most studies, the number and dura-
tion of sessions across various studies were differ-
ent. Thus, we categorized them as multicomponent 
exercises. In line with a former review,72 multi-
component exercises, also considering both aero-
bic and resistance exercises, etc., were associated 

with improvement in fatigue, and psychological 
condition (6MWT). Additionally, the included 
studies focused on breathing exercises, which 
included pursed lip breathing, diaphragmatic 
breathing, incentive spirometer use, airway clear-
ance techniques, and coughing training, either in 
isolation or combination. We observed an 
improvement in lung function following breath-
ing exercises, but not with multicomponent exer-
cises. As previous studies have mentioned,73 
breathing exercises, particularly inspiratory mus-
cle training, may improve inspiratory muscle 
strength and endurance, and alleviate dyspnea, 
which could subsequently improve physical 
capacity (6MWT) and the HRQoL; however, 
multicomponent exercises may not improve the 
pressure-generating capacity of the inspiratory 
muscles. The majority of the included studies 
investigated the effectiveness of comprehensive 
rehabilitation interventions that included both 
breathing exercises and multicomponent exer-
cises, and we found a synergistic effect when these 
two approaches are combined. However, the PR 
programs varied among the studies included in 
our review in terms of the number of sessions and 
intervention approaches employed, we are still 
unable to determine which specific approaches 
and intensities are more beneficial for patients. 
Thus, a careful analysis of patients presenting 
with functioning impairments, and an individual-
ized rehabilitation approach included both 
breathing exercises and multicomponent exer-
cises could play a crucial role in reducing the con-
sequences of long-term COVID-19 symptoms.

In a previous study, COVID-19 patients had a 
markedly elevated chance of acquiring mental 
health issues, particularly anxiety and depres-
sion.74 In our review, there was a significant differ-
ence in anxiety but not depression following PR 
compared to controls. The results are inconsistent 
among current reviews,11,13,19 reasons for this dis-
crepancy may include the limited number of pub-
lications included in previous reviews and the lack 
of a specific therapy established to treat symp-
toms. Maybe comprehensive treatment therapies, 
including psychotherapy, medicine, and exercise 
therapy, can reduce the symptoms of anxiety and 
depression through a variety of mechanisms.

Our findings have some implications for practice. 
First, as long COVID-19 has been recognized as 
a public health problem1 with a heavy economic 
burden75 and we are still in the midst of the 
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pandemic,6,7 it is of high importance to develop a 
safe and effective strategy for these long COVID-
19 based on high-quality evidence. Our results 
indicate that PR is effective and safe in patients 
with long COVID-19. It is applicable to a broad 
population and may also be valuable for future 
pandemics. Besides, in relation to the duration of 
PR, in addition to advocating for the prompt ini-
tiation of PR, it is crucial to highlight the signifi-
cant benefits that a 4–8 week PR program can 
offer to COVID-19 patients, and prolonging the 
PR program beyond the initial 8 weeks may pro-
duce greater gains. Furthermore, the synergistic 
approach of combining exercise training with 
breathing training for these patients is more ben-
eficial. It is essential to develop an exercise pro-
gram that includes aerobic exercise, resistance 
training, and flexibility training tailored to their 
individual capabilities and goals to improve psy-
chological condition. The intensity, frequency, 
and duration of these exercises could be adjusted 
based on the patient’s tolerance and progress. In 
conjunction with this, breathing exercises—
including diaphragmatic breathing, pursed lip 
breathing, incentive spirometer use, airway clear-
ance techniques, and coughing training—should 
be integrated into the program to assist in improv-
ing lung function and overall effectiveness.

There were several limitations to our review. 
First, the overall evidence GRADE was low to 
moderate, and bias in the included studies in 
terms of allocation concealment, blinding, and 
missing data may have led to an overestimation of 
the treatment outcomes. Second, due to hetero-
geneity among the included studies in terming of 
the exercise training types, PR duration, intensi-
ties, session frequencies, baseline disease severity 
levels, disease progression, comorbidities, and 
other factors, further subgroup analysis is limited. 
Third, as there were no standard measurement 
tools for HRQoL, fatigue, dyspnea, depression, 
or anxiety, SMD analysis was used, and TSA 
could not be performed on these results due to 
the large number of rating scales used in the 
RCTs. This may have led to an underestimation 
or overestimation of the treatment outcomes.

Conclusion
This systematic review and meta-analysis found 
that PR significantly improves physical capacity, 
respiratory function, HRQoL, fatigue, and anxi-
ety in patients with long COVID-19, with the 

certainty of evidence being low to moderate. Early 
initiation of rehabilitation and 4–8 weeks duration 
of PR are important in managing long COVID-
19 syndromes, with longer PR durations poten-
tially offering additional benefits. The integration 
of both breathing exercises and multicomponent 
training within PR is found to be the most benefi-
cial for patients with long COVID-19.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Shige Li: Conceptualization; Data curation; 
Formal analysis; Funding acquisition; Inves
tigation; Methodology; Project administration; 
Software; Validation; Visualization; Writing – 
original draft; Writing – review & editing.

Bing Dai: Conceptualization; Data curation; 
Formal analysis; Funding acquisition; 
Investigation; Methodology; Project administra-
tion; Software; Supervision; Validation; Visuali
zation; Writing – original draft; Writing – review 
& editing.

Yusheng Hou: Conceptualization; Data cura-
tion; Formal analysis; Funding acquisition; 
Investigation; Methodology; Project administra-
tion; Software; Validation; Visualization; Writing 
– original draft; Writing – review & editing.

Liang Zhang: Data curation; Formal analysis; 
Funding acquisition; Writing – original draft; 
Writing – review & editing.

Jie Liu: Data curation; Formal analysis; Funding 
acquisition; Writing – original draft; Writing – 
review & editing.

Haijia Hou: Data curation; Formal analysis; 
Funding acquisition; Writing – original draft; 
Writing – review & editing.

Dandan Song: Data curation; Formal analysis; 
Funding acquisition; Writing – original draft; 
Writing – review & editing.

Shengchen Wang: Funding acquisition; 
Visualization; Writing – original draft; Writing – 
review & editing.

https://journals.sagepub.com/home/tar


S Li, B Dai et al.

journals.sagepub.com/home/tar	 15

Xiangrui Li: Funding acquisition; Visualization; 
Writing – original draft; Writing – review & editing.

Hongwen Zhao: Writing – original draft; Writing 
– review & editing.

Wei Wang: Writing – original draft; Writing – 
review & editing.

Jian Kang: Writing – original draft; Writing – 
review & editing.

Wei Tan: Conceptualization; Data curation; 
Formal analysis; Funding acquisition; Investi
gation; Methodology; Project administration; 
Resources; Software; Supervision; Validation; 
Visualization; Writing – original draft; Writing – 
review & editing.

Acknowledgements
The authors are grateful for all the participants in 
this study.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: The China 
Postdoctoral Science Foundation (Certificate 
number: 2023M733905).

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iD
Wei Tan  https://orcid.org/0000-0003-1149- 
4168

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Soriano JB, Murthy S, Marshall JC, et al. WHO 

Clinical Case Definition Working Group on post-
COVID-19 condition. A clinical case definition 
of post-COVID-19 condition by a Delphi 
consensus. Lancet Infect Dis 2022; 22: e102–e107.

	 2.	 Wulf Hanson S, Abbafati C, Aerts JG, et al. 
Estimated global proportions of individuals with 
persistent fatigue, cognitive, and respiratory 

symptom clusters following symptomatic 
COVID-19 in 2020 and 2021. JAMA 2022; 328: 
1604–1615.

	 3.	 Subramanian A, Nirantharakumar K, Hughes S, 
et al. Symptoms and risk factors for long COVID 
in non-hospitalized adults. Nat Med 2022; 28: 
1706–1714.

	 4.	 Ballering AV, van Zon SKR, Olde Hartman 
TC, et al. Persistence of somatic symptoms after 
COVID-19 in the Netherlands: an observational 
cohort study. Lancet 2022; 400(10350): 452–461.

	 5.	 Davis HE, McCorkell L, Vogel JM, et al. Long 
COVID: major findings, mechanisms and 
recommendations. Nat Rev Microbiol 2023; 21: 
133–146.

	 6.	 WHO. World Health Organization, https://
www.who.int/emergencies/diseases/novel-
coronavirus-2019 (2024).

	 7.	 Xie Y, Choi T and Al-Aly Z. Mortality in 
Patients Hospitalized for COVID-19 vs Influenza 
in Fall-Winter 2023-2024. JAMA 2024; 331: 
1963–1965.

	 8.	 Rochester CL, Alison JA, Carlin B, et al. 
Pulmonary Rehabilitation for adults with chronic 
respiratory disease: an official American thoracic 
society clinical practice guideline. Am J Respir 
Crit Care Med 2023; 208: e7–e26.

	 9.	 Bai C, Chotirmall SH, Rello J, et al. Updated 
guidance on the management of COVID-19: 
from an American Thoracic Society/European 
Respiratory Society coordinated International 
Task Force (29 July 2020). Eur Respir Rev 2020; 
29: 200287.

	10.	 COVID-19 rapid guideline: managing the long-term 
effects of COVID-19. London: National Institute 
for Health and Care Excellence (NICE), 2020.

	11.	 Al-Mhanna SB, Mohamed M, Noor NM, et al. 
Effectiveness of pulmonary rehabilitation among 
COVID-19 patients: a systematic review and 
meta-analysis. Healthcare (Basel) 2022; 10: 2130.

	12.	 Reinert G, Müller D, Wagner P, et al. Pulmonary 
rehabilitation in SARS-CoV-2: a systematic 
review and meta-analysis of post-acute patients. 
Diagnostics (Basel) 2022; 12: 3032.

	13.	 Tamburlani M, Cuscito R, Servadio A, et al. 
Effectiveness of respiratory rehabilitation in 
COVID-19’s post-acute phase: a systematic 
review. Healthcare (Basel) 2023; 11: 1071.

	14.	 Pescaru CC, Crisan AF, Marc M, et al. A 
systematic review of telemedicine-driven 
pulmonary rehabilitation after the acute phase of 
COVID-19. J Clin Med 2023; 12: 4854.

https://journals.sagepub.com/home/tar
https://orcid.org/0000-0003-1149-4168
https://orcid.org/0000-0003-1149-4168
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019


Volume 19

16	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

	15.	 Meléndez-Oliva E, Martínez-Pozas O, Cuenca-
Zaldívar JN, et al. Efficacy of pulmonary 
rehabilitation in post-COVID-19: a systematic 
review and meta-analysis. Biomedicines 2023; 11: 
2213.

	16.	 Pouliopoulou DV, Macdermid JC, Saunders E, 
et al. Rehabilitation interventions for physical 
capacity and quality of life in adults with post-
COVID-19 condition: a systematic review 
and meta-analysis. JAMA Netw Open 2023; 6: 
e2333838.

	17.	 Pollini E, Lazzarini SG, Cordani C, et al. 
Effectiveness of rehabilitation interventions on 
adults with COVID-19 and post-COVID-19 
condition. A systematic review with meta-
analysis. Arch Phys Med Rehabil 2024; 105: 
138–149.

	18.	 Oliveira MR, Hoffman M, Jones AW, et al. Effect 
of pulmonary rehabilitation on physical capacity, 
dyspnea, fatigue, and peripheral muscle strength 
in patients with post-COVID-19 syndrome: a 
systematic review and meta-analysis. Arch Phys 
Med Rehabil 2024; 105(8): 1559–1570.

	19.	 Tang J, Chen LL, Zhang H, et al. Effects of 
exercise therapy on anxiety and depression in 
patients with COVID-19: a systematic review 
and meta-analysis. Front Public Health 2024; 12: 
1330521.

	20.	 Martínez-Pozas O, Meléndez-Oliva E, Rolando 
LM, et al. The pulmonary rehabilitation effect on 
long covid-19 syndrome: a systematic review and 
meta-analysis. Physiother Res Int 2024; 29: e2077.

	21.	 Bileviciute-Ljungar I, Norrefalk JR and Borg K. 
Improved functioning and activity according to 
the international classification of functioning and 
disability after multidisciplinary telerehabilitation 
for post-COVID-19 condition: a randomized 
control study. J Clin Med 2024; 13: 970.

	22.	 da Silva MMC, Viana DR, Colucci MG, et al. 
Effects of a cardiopulmonary telerehabilitation 
using functional exercises in individuals after 
COVID-19 hospital discharge: a randomized 
controlled trial. J Telemed Telecare 2023; 9: 
1357633X231188394.

	23.	 Elyazed TIA, Alsharawy LA, Salem SE, et al. 
Effect of home-based pulmonary rehabilitation 
on exercise capacity in post COVID-19 patients: 
a randomized controlled trail. J Neuroeng Rehabil 
2024; 21(1): 40.

	24.	 Gomes Dos Santos EG, Vieira da Costa 
K, Cordeiro de Souza IT, et al. Effects of a 
cardiopulmonary rehabilitation protocol on 
functional capacity, dyspnea, fatigue, and body 
composition in individuals with post-COVID-19 

syndrome: a randomized controlled trial. 
Physiother Res Int 2024; 29(2): e2086.

	25.	 McGregor G, Sandhu H, Bruce J, et al. Clinical 
effectiveness of an online supervised group physical 
and mental health rehabilitation programme for 
adults with post-covid-19 condition (REGAIN 
study): multicentre randomised controlled trial. 
BMJ 2024; 384: e076506.

	26.	 Paneroni M, Scalvini S, Perger E, et al. Home-
based exercise program for people with residual 
disability following hospitalization for COVID-
19: randomized control trial. Ann Phys Rehabil 
Med 2024; 67(2): 101815.

	27.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The 
PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ 2021; 372: 
n71.

	28.	 Higgins JPTTJ, Chandler J, Cumpston M, et al. 
Cochrane Handbook for Systematic Reviews 
of Interventions version 6.2 (updated February 
2021). Cochrane; 2021. www.training.cochrane.
org/handbook

	29.	 Higgins JPTLT, Chandler J, Tovey D, et al. 
Methodological Expectations of Cochrane 
Intervention Reviews. Cochrane. Updated 
February 2021, https://community.cochrane.
org/sites/default/files/uploads/MECIR-
February-2021.pdf (accessed October 2020).

	30.	 Hug S, Cavalheri V, Lawson-Smith H, et al. 
Interventions with a clear focus on achieving 
behaviour change are important for maintaining 
training-related gains in people with chronic 
obstructive pulmonary disease: a systematic 
review. J Physiother 2024; 70(3): 193–207.

	31.	 McGrath S, Zhao X, Steele R, et al. Estimating 
the sample mean and standard deviation 
from commonly reported quantiles in meta 
analysis. Stat Methods Med Res 2020; 29: 
962280219889080.

	32.	 GRADEpro GDT. Version accessed 25 March 
2019. Hamilton (ON): McMaster University 
(developed by Evidence Prime), gradepro.org 
(2015).

	33.	 Guyatt GH, Oxman AD, Vist GE, et al. 
GRADE Working Group. GRADE: an emerging 
consensus on rating quality of evidence and 
strength of recommendations. BMJ 2008; 
336(7650): 924–926.

	34.	 Mascha EJ. Alpha, beta, meta: guidelines for 
assessing power and type I error in meta-analyses. 
Anesth Analg 2015; 121(6): 1430–1433.

	35.	 TSA 2011 [Computer program]Trial sequential 
analysis. Version 0.9 Beta. Copenhagen: 

https://journals.sagepub.com/home/tar
www.training.cochrane.org/handbook
www.training.cochrane.org/handbook
https://community.cochrane.org/sites/default/files/uploads/MECIR-February-2021.pdf
https://community.cochrane.org/sites/default/files/uploads/MECIR-February-2021.pdf
https://community.cochrane.org/sites/default/files/uploads/MECIR-February-2021.pdf


S Li, B Dai et al.

journals.sagepub.com/home/tar	 17

Copenhagen Trial Unit, www.ctu.dk/tsa/
downloads.aspx (2011)

	36.	 Langan D, Higgins JPT, Jackson D, et al. A 
comparison of heterogeneity variance estimators 
in simulated random-effects meta-analyses. Res 
Synth Methods 2019; 10(1): 83–98.

	37.	 Bagherzadeh-Rahmani B, Kordi N, Haghighi 
AH, et al. Eight weeks of pilates training 
improves respiratory measures in people with a 
history of COVID-19: a preliminary study. Sports 
Health 2023; 15(5): 710–717.

	38.	 Bento H, Fisk E, Johnson E, et al. Inspiratory 
muscle training while hospitalized with acute 
COVID-19 respiratory failure: a randomized 
controlled trial. J Acute Care Phys Ther 2023; 
14(3): 134–142.

	39.	 Capin JJ, Jolley SE, Morrow M, et al. Feasibility 
and initial efficacy of an app-facilitated 
telerehabilitation (AFTER) programme for 
COVID-19 survivors: a pilot randomised study. 
BMJ Open 2022; 12(7): e061285.

	40.	 De Souza Y, Macedo J, Nascimento R, et al. 
Low-intensity pulmonary rehabilitation through 
videoconference for post-Acute COVID-19 patients. 
Am J Respir Crit Care Med 2021; 203: A4124.

	41.	 Del Corral T, Fabero-Garrido R, Plaza-Manzano 
G, et al. Home-based respiratory muscle training 
on quality of life and exercise tolerance in long-
term post-COVID-19: randomized controlled 
trial. Ann Physical Rehabil Med 2023; 66: 101709.

	42.	 Elhamrawy MY, Mohammad El Sherbini 
AEHIES, et al. Effect of Tai Chi versus aerobic 
training on improving hand grip strength, fatigue, 
and functional performance in older adults post-
COVID-19: a randomized controlled trial. J 
Popul Ther Clin Pharmacol 2023; 30(7): 190–198.

	43.	 Fares HM, Elsary AY, Elrefaey BH, et al. 
Effect of pulmonary rehabilitation program on 
post hospitalization severe COVID-19 patients 
(Experimental study). J Popul Ther Clin Pharmacol 
2023.

	44.	 Gonzalez-Gerez JJ, Saavedra-Hernandez M, 
Anarte-Lazo E, et al. Short-term effects of a 
respiratory telerehabilitation program in confined 
COVID-19 patients in the acute phase: a pilot 
study. Int J Environ Res Public Health 2021; 18: 
7511.

	45.	 Hashemi F, Vafaei S, Sadeghi M, et al. Home-
based pulmonary rehabilitation in patients with 
COVID-19: the efficiency in pulmonary function. 
Iran Red Crescent Med J 2023; 25(5): e1724. 

	46.	 Ibrahim AA, Hussein HM, Ali MS, et al. A 
randomized controlled trial examining the impact 

of low vs. moderate-intensity aerobic training in 
post-discharge COVID-19 older subjects. Eur 
Rev Med Pharmacol Sci 2023; 27: 4280–4291.

	47.	 Javaherian M, Shadmehr A, Keshtkar A, et al. 
Safety and efficacy of pulmonary physiotherapy 
in hospitalized patients with severe COVID-19 
pneumonia (PPTCOVID study): a prospective, 
randomised, single-blind, controlled trial. PLoS 
One 2023; 18: e0268428.

	48.	 Jimeno-Almazán A, Franco-López F, Buendía-
Romero Á, et al. Rehabilitation for post-
COVID-19 condition through a supervised 
exercise intervention: a randomized controlled 
trial. Scand J Med Sci Sports 2022; 32: 1791–801.

	49.	 Kalantari R, Kermansaravi F and Yaghoubinia 
FJM-SNJ. Effect of home-based pulmonary 
rehabilitation on fatigue, dyspnea, and activities 
of daily living of COVID-19 patients. Med Surg 
Nurs J 2022; 10(3): e122546.

	50.	 Li J, Xia W, Zhan C, et al. A telerehabilitation 
programme in post-discharge COVID-19 patients 
(TERECO): a randomised controlled trial. 
Thorax 2022; 77: 697–706.

	51.	 Liu K, Zhang W, Yang Y, et al. Respiratory 
rehabilitation in elderly patients with COVID-19: 
a randomized controlled study. Complement Ther 
Clin Pract 2020; 39: 101166.

	52.	 Liu ST, Zhan C, Ma YJ, et al. Effect of qigong 
exercise and acupressure rehabilitation program 
on pulmonary function and respiratory symptoms 
in patients hospitalized with severe COVID-19: a 
randomized controlled trial. Integr Med Res 2021; 
10: 100796.

	53.	 Longobardi I, Goessler K, de Oliveira Júnior 
GN, et al. Effects of a 16-week home-based 
exercise training programme on health-related 
quality of life, functional capacity, and persistent 
symptoms in survivors of severe/critical COVID-
19: a randomised controlled trial. Br J Sports Med 
2023; 57: 1295–1303.

	54.	 McNarry MA, Berg RMG, Shelley J, et al. 
Inspiratory muscle training enhances recovery 
post-COVID-19: a randomised controlled trial. 
Eur Respir J 2022; 60: 2103101.

	55.	 Okan F, Okan S and Duran Yücesoy F. 
Evaluating the efficiency of breathing exercises 
via telemedicine in post-Covid-19 patients: 
randomized controlled study. Clin Nurs Res 2022; 
31: 771–781.

	56.	 Pehlivan E, Palalı İ, Atan SG, et al. The 
effectiveness of POST-DISCHARGE 
telerehabilitation practices in COVID-19 patients: 
tele-COVID study-randomized controlled trial. 
Ann Thorac Med 2022; 17: 110–117.

https://journals.sagepub.com/home/tar
www.ctu.dk/tsa/downloads.aspx
www.ctu.dk/tsa/downloads.aspx


Volume 19

18	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

	57.	 Philip KEJ, Owles H, McVey S, et al. An online 
breathing and wellbeing programme (ENO 
Breathe) for people with persistent symptoms 
following COVID-19: a parallel-group, single-
blind, randomised controlled trial. Lancet Respir 
Med 2022; 10: 851–862.

	58.	 Qingguang Z, Shuaipan Z, Jingxian LI, et al. 
Effectiveness of Liu-zi-jue exercise on coronavirus 
disease 2019 in the patients: a randomized 
controlled trial. J Tradit Chin Med 2022; 42: 
997–1053.

	59.	 Rodriguez-Blanco C, Gonzalez-Gerez JJ, 
Bernal-Utrera C, et al. 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) 2021; 57: 684.

	60.	 Rodríguez-Blanco C, Bernal-Utrera C, Anarte-
Lazo E, et al. Breathing exercises versus strength 
exercises through telerehabilitation in coronavirus 
disease 2019 patients in the acute phase: a 
randomized controlled trial. Clin Rehabil 2022; 
36: 486–497.

	61.	 Romanet C, Wormser J, Fels A, et al. 
Effectiveness of exercise training on the dyspnoea 
of individuals with long COVID: a randomised 
controlled multicentre trial. Ann Phys Rehabil 
Med 2023; 66: 101765.

	62.	 Şahın H, Naz İ, Karadeniz G, et al. 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: e20220107.

	63.	 Samper-Pardo M, León-Herrera S, Oliván-
Blázquez B, et al. Effectiveness of a telerehabilitation 
intervention using ReCOVery APP of long COVID 
patients: a randomized, 3-month follow-up clinical 
trial. Sci Rep 2023; 13: 7943.

	64.	 Sari F, Bayram S, Pala G, et al. Effects of 
inspiratory muscle training in patients with post-
COVID-19. Harran Üniversitesi Tıp Fakültesi 
Dergisi 2022; 19: 581–588.

	65.	 Sedaghati P, Derakhshan KF, Ahmadabadi S, 
et al. Effects of corrective and breathing exercises 
on respiratory function of older adults with a 

history of COVID-19 infection: a randomized 
controlled trial. BMC Complement Med Ther 
2023; 23: 199.

	66.	 Simpson AJ, Green A, Nettleton M, et al. Group-
based pulmonary telerehabilitation is feasible, 
safe, beneficial and well-received in patients who 
have been hospitalised with COVID-19. ERJ 
Open Res 2023; 9: 00373–2022.

	67.	 Teixeira DOAV, Viana AA, Heubel AD, et al. 
Cardiovascular, respiratory, and functional effects 
of home-based exercise training after COVID-19 
hospitalization. Med Sci Sports Exerc 2022; 54: 
1795–1803.

	68.	 Chan KS, Pfoh ER, Denehy L, et al. Construct 
validity and minimal important difference of 
6-minute walk distance in survivors of acute 
respiratory failure. Chest 2015; 147: 1316–1326.

	69.	 McCarthy B, Casey D, Devane D, et al. 
Pulmonary rehabilitation for chronic obstructive 
pulmonary disease. Cochr Datab Syst Rev 2015; 
2015: 385–397.

	70.	 Dowman L, Hill CJ, May A, et al. Pulmonary 
rehabilitation for interstitial lung disease. 
Cochrane Database Syst Rev 2021; 2(2): 
CD006322.

	71.	 Greenhalgh T, Knight M, A’Court C, et al. 
Management of post-acute covid-19 in primary 
care. BMJ 2020; 370: m3026.

	72.	 Ugazzaro S, Contri A, Esseroukh O, et al. 
Rehabilitation interventions for post-acute 
COVID-19 syndrome: a systematic review. Int J 
Environ Res Public Health 2022; 19: 5185.

	73.	 Spruit MA, Singh SJ, Garvey 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: e13–e64.

	74.	 Penninx BWJH, Benros ME, Klein RS, et al. 
How COVID-19 shaped mental health: from 
infection to pandemic effects. Nat Med 2022; 28: 
2027–2037.

	75.	 Faramarzi A, Norouzi S, Dehdarirad H, et al. 
The global economic burden of COVID-19 
disease: a comprehensive systematic review and 
meta-analysis. Syst Rev 2024; 13: 68.

Visit Sage journals online 
journals.sagepub.com/
home/tar

 Sage journals

https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

