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Abstract 

Background  There is evidence that fatigue and dyspnea are among the most frequently reported symptoms 
of post-COVID condition. Therefore, several studies have investigated respiratory muscle or global peripheral muscle 
training as strategies to manage those symptoms. Despite evidence of potential benefits, conflicting results persist 
due to the heterogeneity of rehabilitation protocols and assessment tools. Thereby, the objective of this system-
atic review was to evaluate the effectiveness of inspiratory muscle training and multicomponent physical training 
in adults with dyspnea and fatigue for at least 12 weeks after COVID-19.

Method  A search was conducted in September 2024, in the Cochrane Library (Cochrane Central Register of Con-
trolled Trials), EMBASE, PubMed/MEDLINE, PEDro, Lilacs/BVS, Web of Science, Scopus, and Epistemonikos databases. 
The inclusion criteria were randomized clinical trials published in any language that evaluated the effectiveness 
of inspiratory muscle training and multicomponent physical training to improve fatigue, dyspnea, and/or physical 
function in adults with persistent post-COVID symptoms. The risk of bias of the included studies and the certainty 
of the evidence were assessed using the RoB 2 and GRADE tools, respectively.

Results  After the screening process, seven randomized clinical trials were included. The total number of participants 
included in the studies was 449. Inspiratory muscle training significantly improved inspiratory muscle strength (maxi-
mal inspiratory pressure) (MD = 22.70; 95% CI: 13.78 to 31.62), and cardiopulmonary capacity ( ̇V  O2max) (MD = 4.49; 
95% CI: 3.35 to 5.62). Multicomponent physical training significantly improved the upper and lower body muscle 
strength through the handgrip strength (MD = 3.05; 95% CI: 1.68 to 4.42), sit-to-stand test (MD = 3.55; 95% CI: 1.61 
to 5.49), and timed up and go test (MD = − 1.13; 95% CI: − 1.49 to − 0.77) and the physical functioning were assessed 
through post-COVID-19 functional scale (MD = − 0.64; 95% CI: − 1.13 to − 0.16) and physical aspects through SF-12 
and SF-36 (SMD = 0.72; 95% CI: 0.29 to 1.15). No adverse events were reported among participants in the physical 
training group, and treatment adherence ranged from 78 to 100%.

Conclusion  Inspiratory muscle training improved cardiorespiratory outcomes, while multicomponent physical train-
ing improved muscle strength, physical functioning, and fatigue. Both types of training improve physical functioning. 
The certainty of evidence for the outcomes evaluated was low.
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Systematic review registration  PROSPERO (CRD42023451057).
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Background
The year 2020 was marked by the onset of the COVID-
19 pandemic, a respiratory syndrome of variable intensity 
caused by the SARS-CoV-2 coronavirus with high trans-
missibility and primarily affecting the respiratory tract, 
but may also cause multisystemic impairment [1].

While people fully recover after the acute phase of 
COVID-19 [2], an increasing proportion develop per-
sistent sequelae that may adversely affect quality of life 
[3]. Moreover, Fiore et al. [4] reported that musculoskel-
etal pain may be associated with increased inflammatory 
mediators, thereby exacerbating physical fatigue and fur-
ther impairing quality of life.

Systematic reviews demonstrated that fatigue and 
dyspnea are the most reported symptoms by patients, 
regardless of the severity of SARS-CoV-2 infection in 
the acute phase [3, 5–8]. Female gender, advanced age, 
comorbidity, and severe clinical condition in the acute 
phase of the disease were identified as probable risk fac-
tors for post-COVID conditions (PCC) [6, 7].

In our study, the term “post-COVID condition” was 
preferred over several alternatives to describe persistent 
symptoms post-COVID [1, 9, 10]. The increasing propor-
tion of patients with chronic symptoms after COVID-19 
was sufficiently significant that the World Health Organi-
zation (WHO) recommended the use of the codes from 
the 10th Revision of the International Statistical Classi-
fication of Diseases and Related Health Problems (ICD-
10), specifically U09.9 for this condition. Diagnosis is 
based on the persistence of signs and symptoms that 
develop during or after a confirmed SARS-CoV-2 infec-
tion, present for more than 12  weeks, and not attribut-
able to other diagnoses [11].

There is evidence that fatigue and dyspnea are among 
the most frequently reported symptoms of PCC, and 
fatigue management is an essential part of the rehabili-
tation plan [11, 12]. Studies considering patients’ and 
experts’ reports suggest that the overall benefits of the 
intervention substantially outweigh its disadvantages 
[13, 14].

Exercise has been shown to be an effective non-
pharmacological therapy for various chronic diseases, 
providing benefits to the cardiovascular, respiratory, 
musculoskeletal, metabolic, and mental systems [15]. The 
exercise program strategies to manage the most preva-
lent symptoms in PCC may involve only the respiratory 
muscles, such as inspiratory muscle training (IMT), or 
training of the global peripheral musculature, combining 

different types of exercises, including aerobic, strength, 
endurance, and muscle flexibility, for example. The train-
ing program that combines at least three types of exer-
cises in a single training session is multicomponent 
physical training (MPT) [16].

However, randomized controlled trials (RCTs) remain 
scarce or are often evaluated in systematic reviews along-
side studies that are less suited to demonstrating the 
effectiveness of interventions. Despite evidence of poten-
tial benefits, conflicting results persist due to the hetero-
geneity of rehabilitation protocols and assessment tools 
[17, 18]. This systematic review was conducted to evalu-
ate the effectiveness of inspiratory muscle training and 
multicomponent physical training in adults with dyspnea 
and fatigue persisting for at least 12 weeks after COVID-
19. These symptoms are the primary targets of rehabili-
tation exercise training programs, regardless of whether 
the intervention focuses on respiratory or limb muscle 
training.

Methods
This protocol was registered in the Prospective Inter-
national Registry of Systematic Reviews (PROSPERO) 
under CRD42023451057 [19]. The methodology was 
based on the Cochrane Collaboration Handbook [20], 
and for the reporting, followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [21].

Inclusion criteria
The study population was adults with signs and symp-
toms that developed during or after a confirmed SARS-
CoV-2 infection, persisted for more than 12  weeks, and 
were not attributable to alternative diagnoses [13]. Per-
sistent symptoms should be compatible with fatigue, 
dyspnea, and impaired physical functioning. Studies con-
ducted with patients diagnosed with myalgic encepha-
lomyelitis/chronic fatigue syndrome (ME/CFS) were 
excluded. Inspiratory muscle training, MPT, or their 
combination were considered interventions. The authors 
recognize IMT as exercises aimed at strengthening the 
inspiratory muscles, performed against inspiratory resist-
ance imposed by a loading device, according to the per-
centage of maximal inspiratory pressure (MIP) measured 
previously [22–24].

Multicomponent physical training was defined as a 
combination of resistance and muscle strength physical 
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exercises for the upper and lower limbs, performed at 
variable intensities, and potentially associated with aero-
bic and flexibility exercises [16, 25, 26], following a pro-
tocol similar to that adopted in pulmonary rehabilitation. 
The control Group was considered to have no interven-
tion or to follow the WHO recommendations for self-
management after COVID-19-related diseases [27].

The primary outcomes considered for this systematic 
review were pulmonary function tests, cardiopulmonary 
capacity, upper and lower limb muscle strength, percep-
tion of fatigue, physical functioning, and perception of 
dyspnea. Secondary outcomes included treatment adher-
ence and adverse events.

The type of study was RCTs published in any lan-
guage that evaluated the effectiveness of inspiratory 
muscle training and multicomponent physical training 
to improve fatigue, dyspnea, and/or physical function. 
RCTs with adult populations restricted to one type of 
professional class, post hoc RCT studies, ongoing RCT 
protocols, and RCTs with missing data on the duration 
of fatigue symptoms and/or dyspnea in the PCC were 
excluded.

Exclusion criteria
The exclusion criteria were studies evaluating rehabilita-
tion exercise programs that lasted less than 6  weeks or 
were conducted at a frequency of fewer than two sessions 
per week. Additionally, studies with participants diag-
nosed with ME/CFS and those who underwent rehabili-
tation for physical fatigue after COVID-19 with relevant 
symptoms for less than 3 months were also excluded.

Search strategy
A systematic search of peer-reviewed articles was con-
ducted across the following databases: Cochrane Library 
(Cochrane Central Register of Controlled Trials), 
EMBASE, PubMed/MEDLINE, PEDro, Lilacs/BVS, Web 
of Science, Scopus, andEpistemonikos. The search period 
spanned from the database’s establishment to Septem-
ber 2024. In the search, terms previously identified in 
Descriptors in Health Sciences (DeCS) and Medical Sub-
ject Headings (MeSH) were used, as well as their respec-
tive synonyms, to include the largest number of relevant 
studies. The search terms used as references were “post-
acute COVID-19 syndrome” and “rehabilitation.” To 
refine the search, the Boolean operators OR and AND 
combined the related terms and their “entry terms.” The 
strategy for each database is described in Supplementary 
Material 1. The search for unpublished studies was con-
ducted in MedRxiv (https://​www.​medrx​iv.​org/).

Study selection
All articles found by the searches were organized in the 
Zotero Software. Then, the Covidence Platform for Sys-
tematic Review, recommended by the Cochrane Collabo-
ration Handbook, was used to select, screen, and extract 
data from the studies.

Two reviewers (ACC and PRG) independently selected 
the studies. The Covidence Platform provides an interface 
for each reviewer, indicating which studies present diver-
gences that the reviewers agree to resolve consensually.

Initially, titles and abstracts were screened. Disagree-
ments between reviewers regarding the inclusion or 
exclusion of studies were resolved through discussion 
until a consensus was achieved. Subsequently, the full 
texts were assessed, and the final set of studies to be 
included in the review was determined.

Conflicts were resolved after discussion with a third 
reviewer (AMI). Studies that did not meet the inclusion 
criteria were excluded, and the reasons for this decision 
were recorded in Supplementary Material 2.

The eligible articles were included in the methodologi-
cal quality assessment stage, using the Cochrane Col-
laboration Tool to evaluate the risk of bias in randomized 
clinical trials (RoB 2) [20, 28].

The study selection followed the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses 
(PRISMA) flowchart, as shown in Fig. 1.

Data extraction and management
Two reviewers (ACC and PRG) independently extracted 
the data using a standardized tool developed based on 
the Cochrane Collaboration recommendations. Any dis-
crepancies were discussed and resolved by consensus. 
Disagreements in the extracted data were resolved with a 
third reviewer (AMI) if necessary. For this final stage, no 
automated tools were used; instead, discussion and con-
sensus were achieved through a meeting.

Data collection included the general characteristics of 
the study (author, year, title, journal, country and lan-
guage of publication, source of funding, study design, 
sample size); participants (age, sex, time of persistent 
symptoms, specific characteristics, sample size); inter-
vention data (description of the technique, duration of 
the intervention, duration of sessions, attendance/fre-
quency of participants, face-to-face or telerehabilitation, 
follow-up time); control data (no intervention or WHO 
guidelines recommendation); and data related to the out-
comes (measurement methods, self-report or third-party 
evaluation, periods for evaluation, and follow-up time 
after the end of the intervention, adverse events, limita-
tions of the study, and study conclusion).

https://www.medrxiv.org/
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Risk of bias assessment
Two reviewers independently evaluated the risk of bias 
using the RoB 2 tool version 2019 [28]. Differences were 
resolved by a third reviewer if necessary. According to 
Sterne et al. [28], the five domains for evaluating clinical 
trials (CTs) were (1) bias resulting from the randomiza-
tion process, (2) bias due to deviations from the intended 
interventions, (3) bias due missing outcome data, (4) bias 
in the outcome measurement, and (5) bias in the selec-
tion of the reported outcome.

Certainty of evidence: Cochrane GRADE assessment
The evaluation of the certainty of evidence is the meas-
urement of the level of confidence that can be placed in 
each estimated effect. This assessment was performed for 
each analyzed outcome, resulting in a classification based 
on the levels of evidence [29].

The factors used as a reference to raise or lower the 
certainty of evidence from the studies were study design, 
methodological limitations (risk of bias), inconsistency 
(heterogeneity), indirect evidence, imprecision (sam-
ple size smaller than 240–300 participants, high confi-
dence interval), publication bias, magnitude of effect, and 

Fig. 1  Prism flow diagram
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residual confounding factors [29]. For the indirectness 
domain, if there were significant differences in interven-
tion, population, or outcome, the evidence level would 
be downgraded for indirectness. To assess reporting 
bias, a comparison was conducted on the study protocol 
with the published report, a search was conducted for 
unpublished studies in the grey literature, a comprehen-
sive search was conducted, and industry sponsorship was 
checked.

If we had included more than 10 studies, we would 
have assessed the presence of small-study effects in 
paired comparisons graphically using a funnel plot.

The Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system was developed 
to grade the certainty of evidence and the strength of 
health recommendations [29]. According to GRADE 
[29], the certainty of evidence for each outcome can be 
classified as:

(a)	 High: strong confidence that the true effect is close 
to the estimated.

(b)	 Moderate: moderate confidence in the estimated 
effect.

(c)	 Low: limited confidence in the estimated effect.
(d)	 Very low: very limited confidence in the estimated 

effect with an important degree of uncertainty in 
the findings.

Data synthesis
Data were analyzed according to the Cochrane Hand-
book for Systematic Reviews of Interventions [20]. The 
scores from the immediate post-intervention results 
were extracted from the included studies, which were 
collected through continuous data (mean and standard 
deviation) and the total number of participants. When 
numerical data were missing, the authors were contacted 
[30–32] requesting additional data for analysis. Longob-
ardi et al. provided the data [31]. Data meta-analysis was 
performed using the Review Manager analysis software, 
version 5.3, to quantify the results. Continuous variables 
were performed based on the last evaluation, and the 
mean difference between groups with a 95% confidence 
interval (CI) was calculated. Statistical significance was 
defined as p ≤ 0.05. A random-effects model was uti-
lized for the meta-analysis to account for the variability 
between studies. There were no dichotomous variables 
to be analyzed. Statistical heterogeneity among the stud-
ies was evaluated using the Higgins inconsistency test 
(I2), which describes the percentage of variability in 
effect estimation attributed to heterogeneity. I2 values 
between 0% and 25% indicated mild, acceptable hetero-
geneity, 25% and 50% indicated moderate heterogeneity, 
and > 50% indicated high heterogeneity [28, 29].

Subgroup analysis and heterogeneity assessment
Post-COVID conditions affected people of different age 
groups and levels of acute COVID-19 infection. There-
fore, differences in the population, such as age and sever-
ity of COVID-19 in the acute phase, enable relevant 
clinical heterogeneity. Another heterogeneity factor was 
using different instruments to evaluate the same out-
come. The difference in the effect of the intervention can 
lead to statistical heterogeneity. Thus, CIs for results of 
individual studies (represented graphically by horizontal 
lines) that have little overlap likely indicate the presence 
of statistical heterogeneity (variability in the effects of the 
intervention being evaluated across the different studies) 
[20, 29].

Sensitivity analysis
To address heterogeneity in the comparison of MPT vs. 
control for the outcome of fatigue perception [20, 29], 
we conducted a sensitivity analysis excluding the study 
by Elhamrawy et al. [33]. The rationale for excluding this 
study was that the study population consisted predomi-
nantly of elderly individuals, which could significantly 
influence the FSS scale scores. A subgroup analysis to 
assess variation in treatment effects across different 
patient or trial subgroups was not performed due to the 
limited number of included studies.

Results
Figure  1 summarizes the article selection process. A 
total of 2045 studies were identified through database 
searches. However, 434 duplicates were excluded, with 
400 identified automatically by the platform and 34 man-
ually excluded. After the screening process, seven studies 
were selected for data extraction.

Title and abstract screening were performed in 1611 
studies; this process excluded 1574 studies, and the 
remaining 37 were read in full for eligibility decision. 
Thirty articles were excluded for the following reasons: 
missing data on the time of persistent symptoms [34–40], 
adult population restricted to a type of professional class 
[41], population with symptoms of fatigue and dyspnea 
for less than 12 weeks [42–48], RCT post-hoc [49], ongo-
ing clinical trial protocol [50–53], congress summary [54, 
55], wrong comparator [56–59], studies whose design 
did not correspond to RCT [60–62], and duplicate study 
previously excluded in the screening process [63]. The 
complete list of excluded articles is available in Supple-
mentary Material 2.

Studies characteristics
Seven RCTs were included, published between 2022 and 
2023 [30–33, 64–66]. Four studies are from Spain [30, 32, 
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64, 66], one from Brazil [31], one from Jordan [33], and 
one from the UK [65]. Despite their diverse location, all 
selected articles were published in English.

Regarding the funding allocated for research, six 
studies reported receiving funding to conduct their 
studies [30–32, 64–66], while one study declared that 
it had not received any funding [33]. The sample size 
ranged from 26 to 148 participants. Considering the 
analysis to intent to treat, the total number of partic-
ipants was 449, and the mean age ranged from 30 to 
70 years. The female percentage varied from 35 to 99% 
among the studies.

The screening for ME/CFS symptoms was performed 
in one study [66], but no diagnosis was found in any 
study participant. Table 1 shows the characteristics of 
the included studies. The participants received IMT 
[30, 32, 64, 65] or MPT [30, 31, 33, 66], and one study 
analyzed the association between the two types [30]. 
In three studies, the control groups did not receive 
any intervention [30, 33, 65]; in another three, they 
followed the WHO recommendations for PCC self-
management [30, 31, 66]; and in one study, they used 
similar placebo devices lacking the pressure valve [64]. 
Most studies [30, 63, 64] performed IMT for 8 weeks, 
with only one study using 12  weeks [32]. All studies 
performed IMT remotely, and the inspiratory resist-
ance varied across studies, ranging from 25 to 80% of 
MIP [30, 32, 63, 64]. To evaluate the effectiveness of 
IMT, most studies [30, 32, 65] analyzed the effects at 
the end of the intervention, whereas only the study 
by Del Corral et  al. [64] measured outcomes mid-
way through the treatment period. Table  2 shows the 
details of the protocols used.

Risk of bias assessment
The overall risk of bias in each article is summarized 
in Table  3. Of the seven included studies, two were 
assessed as having a high risk of bias [30, 66], two as 
“some concern” [33, 65], while three were classified 
as having a low risk of bias [31, 32, 64]. In two of the 
seven included studies, domain 2–deviation from 
intended intervention was evaluated as “some con-
cern.” Regarding domain 2, it is important to highlight 
that studies involving exercise as an intervention are 
more challenging to blind both the patient and the 
intervention team. The studies by Elhamrawy et  al. 
[33], Jimeno-Almazán et al. [66], and Jimeno-Almazán 
et  al. [30] did not specify whether participant assess-
ments were conducted in a blinded manner. Regard-
ing the selection of reported outcomes, the studies by 
Jimeno-Almazán et al. [66] and Jimeno-Almazán et al. 
[30] evaluated the same outcome (fatigue) using two 

different scales, representing another factor contrib-
uting to an increased risk of bias and, consequently, a 
lower certainty of evidence.

Effects of inspiratory muscle training vs. no intervention/
WHO recommendations
Pulmonary function
The MIP parameter was used to evaluate respiratory 
muscle strength. The meta-analysis, based on data from 
two studies [64, 65], demonstrated a statistically signifi-
cant improvement in respiratory muscle strength with 
IMT (MD = 22.70; 95% CI: 13.78 to 31.62; p < 0.00001; 
I2 = 0%) (Fig. 2). The effect is clinically relevant, as Del 
Corral et al. [67] reported that a variation of 18 cm H2O 
is clinically significant. No statistical heterogeneity was 
observed between studies.

The parameters forced vital capacity (FVC), forced 
expiratory volume in 1  s (FEV1), and FEV1/FVC were 
analyzed only by the study by Del Corral et  al. [64], 
in which only FVC showed a statistically significant 
improvement with IMT (MD = − 10; 95% CI: − 19.53 
to − 0.47). No statistical difference were observed in 
FEV1 (MD = 9; 95% CI: − 0.76 to 18.76; p = 0.07) or 
FEV1/FVC (MD = 0; 95% CI: − 3.01 to 3.01; p = 1) with 
IMT. It is important to highlight that no minimal clini-
cally important difference (MCID) has been established 
for FEV1, FVC, and FEV1/FVC, as these are fixed values 
used to determine the presence and severity of pulmo-
nary function impairment.

Cardiorespiratory capacity
One study used the Ruffier test [63], and three stud-
ies [30, 32, 65] evaluated maximal volume of oxygen 
( ̇V  O2max); however, only two [30, 65] provided suffi-
cient data for meta-analysis. A statistically significant 
improvement in V̇  O2max was observed in the IMT 
group (MD = 4.49; 95% CI: 3.35 to 5.62; p < 0.00001; 
I2 = 0%) (Fig.  3). The result is clinically significant, as 
according to Lang et  al. [68], for every 1 MET (3.5 ml 
O₂/kg/min) increase, mortality decreases by 12%.

Del Corral et al. [64] found no significant changes in 
the Ruffier index with the IMT. Jimeno-Almazán et al. 
[30] did not provide the data for our meta-analysis and 
did not find statistically significant differences in V̇  
O2max between the groups after IMT.

Upper limb muscle strength
Two studies [30, 64] evaluated handgrip muscle 
strength (HGS), but data for meta-analysis were avail-
able only in one study (MD = − 0.6; 95% CI: − 6.07 to 
4.87, p = 0.83) [64]. No statistically significant increase 
in HGS was observed after IMT, and no clinical 
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improvement was observed, considering that the MCID 
for the HGS test ranges from 5.0 to 6.5 kg [69].

Jimeno-Almazán et al. [30] also performed the progres-
sive load test of the percentage of 1MR of the straight 
bench press, with no clinical and statistical improvement.

Lower limb muscle strength
Lower limb muscle strength was evaluated using the 
timed sit-to-stand (STS) test [64] and 1MR half squat 
percentage progressive load tests [30]. A clinically and 
statistically significant improvement in the timed STS 
test was observed with IMT [64] (MD = 7.40; 95% CI: 
2.43 to 12.37, p = 0.03), considering that a difference 
of ≥ 2 repetitions represented the MCID as reported by 
Zanini et al. [70]. Regarding the 1MR half squat load test, 
no improvement was found in the progressive 1MR half 
squat load test [30]. Due to unavailable data, an estimated 
effect could not be calculated for Jimeno-Almazán et al. 
[30].

Perception of fatigue
Two studies [30, 64] evaluated this outcome. Based on 
the narrative synthesis, Del Corral et  al. [64] found no 
significant reduction in the number of reports of fatigue 
with IMT.

Jimeno-Almazán et al. [30] was the only study to ana-
lyze this outcome through fatigue perception scales, with 
no significant difference between groups after IMT.

Physical functioning
Based on the narrative synthesis, physical functioning 
was not different between the control and IMT groups in 
the study that evaluated it by Post-COVID-19 Functional 
Status Scale (PCFS) [30]. Four studies evaluated physical 
functioning [30, 32, 64, 65] and three provided data for 
meta-analysis [30, 64, 65] (Fig. 4). There was a statistically 
significant improvement in physical functioning; how-
ever, based on Higgins et al. [20], the effect is considered 
small (SMD = 0.32; 95% CI: 0.04 to 0.61; p = 0.03; I2 = 0%).

The results of Palau et al. (2022) [32] were available in 
graphical format. According to the author, there was a 
significant improvement in the IMT group (− 0.31, 95% 
CI − 0.54 to − 0.07, p = 0.013).

Perception of dyspnea
Dyspnea was evaluated in three studies [30, 64, 65] using 
dyspnea complaints [64], the Modified Medical Research 
Council Dyspnea (mMRC) scale [30], and the Baseline 
Dyspnea Index (BDI) and Transition Dyspnea Index 
(TDI) [65]. Del Corral et  al. [64] reported a significant 
decrease in dyspnea complaints, and McNarry et al. [65] 
likewise observed a greater decrease in dyspnea with 
IMT. Jimeno-Almazán et  al. [30] reported no difference 
between groups. Meta-analysis was not performed due to 
the insufficient available data.

Table 2  Details of the inspiratory muscle training protocols of the included studies

WHO World Health Organization, MIP Maximal Inspiratory Pressure, SMIP Sustained Maximal Iinspiratory Pressure, IMT Inspiratory Muscle Training, RV Residual Volume

Jimeno-Almazán et al. 
(2023) [30]

Palau et al. (2022) [32] Del Corral et al. (2023) [64] McNarry et al. (2022) [65]

Protocol Warm-up: 1 set of 3 repeti-
tions to determine MIP;
Training: 1 set of 30 repeti-
tions in a 62.5% (± 4.6%) MIP

Warm-up: 1 set to determine 
the MIP;
Training: 25–30% of MIP. 
The resistance was modified 
in each session accordingly, 
with 25% to 30% of weekly 
MIP measured

Warm-up: 3 min of breaths 
in a 20% MIP and 1 min rest;
Training: 10 repetitions of 6 
breathing cycles of 1 min 
and 30 s in a 50–80% 
MIP with resting 
between the cycles of 1 min

Warm-up: 1 max inspiratory 
from RV to determine 80% 
SMIP;
Training: perform maximal 
inspiratory > 80% of MIP 
until inspiratory failure. Each 
session involved up to six 
blocks of six inspirations, 
with the rest periods inter-
spersing each inspiration pro-
gressively decreasing from 40 
to 10 s with each block

Frequency (day/week) 2 sessions/day; 7 days/week 2 sessions/day; weekly 
frequency not informed

2 sessions/day; 6 days/week 2 sessions/day; nonconsecu-
tive days of the week

Duration of each session Not informed 20 min 2 min Max 20 min

Supervision No Semi-supervised Supervised in the night 
sessions

No

Follow-up 8 weeks 12 weeks 8 weeks 8 weeks

Control WHO recommendations No treatment A device similar to Threshold, 
without a resistance valve

Waiting list for usual care
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Treatment adherence
The minimum adherence required in the studies ranged 
from 67% [32] to 85% [30, 32, 64]. Treatment adherence 
in the IMT groups was high in most studies, ranging 

from 95% [64] to 100% [30, 32] of patients, according 
to information from the follow-up records. In the study 
by McNarry et  al. [65], a high dropout rate of 69% was 
observed, with the highest dropout in the intervention 

Table 3  Overall results of risk of bias of each study [30–33, 64–66]

IMT inspiratory muscle training, MPT multicomponent physical training, D1 randomization process, D2 deviations from intended interventions, D3 missing outcome 
data, D4 measurement of results,D5 selection of reported results; Overall



Page 11 of 23da Costa Correia et al. Systematic Reviews          (2025) 14:230 	

group; only 31% of the participants completed the study 
and were included in the protocol analysis.

Adverse events
No adverse effects were reported during or after IMT [30, 
32, 64]. In the study by Del Corral et al. [64], one patient 
in the control group experienced a worsening of symp-
toms, indicating that the worsening was not associated 
with the intervention. McNarry et al. [65] did not evalu-
ate adverse events in their study.

Certainty of evidence
The certainty of evidence was considered low for all out-
comes (MIP, V̇  O2max, and physical functioning). This is 
presented in the summary of evidence (Table 4).

Effects of multicomponent physical training vs. 
no intervention/WHO recommendations
Multicomponent physical training was analyzed in four 
studies [30, 31, 33, 66], and all evaluated the effects 

shortly after the intervention ended. The duration of 
MPT ranged from 8 to 16  weeks, with a mean training 
period of 11 weeks.

The weekly frequency of MPT ranged from three [30, 
31, 66] to four [33] sessions weekly, with sessions of 
60 min in all studies [30, 31, 33, 66]. Two studies created 
the MPT program based on adaptations of the American 
College of Sports Medicine (ACSM) guideline for chronic 
obstructive pulmonary disease and cardiovascular dis-
eases, while the other two did not report whether the 
training program was adapted from any pre-existing one 
[31, 33]. In three clinical trials, exercise intensity was pro-
gressively individualized according to patient tolerance 
[30, 31, 66], whereas one study did not specify whether 
load progression was implemented during the interven-
tion [33]. The MPT summary is described in Table 5.

Pulmonary function
Two studies [31, 66] evaluated pulmonary function using 
FEV1, FVC, and FEV1/FVC parameters. The MPT group 

Fig. 2  Forest plot of the effects of IMT on MIP

Fig. 3  Forest plot of the effects of IMT on V̇  O2max

Fig. 4  Forest plot of the effects of IMT on physical functioning
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showed no statistically significant improvement in FEV1 
(MD = 0.03; 95% CI: − 0.37 to 0.42; p = 0.89; I2 = 13%) 
(Fig. 5), FVC (MD = 0.01; 95% CI: − 0.37 to 0.39; p = 0.96; 
I2 = 0%) (Fig.  6) or FEV1/FVC ratio (MD = − 0.37; 95% 
CI: − 2.20 to 1.47; p = 0.39; I2 = 0%) (Fig. 7). It is important 
to highlight that no MCID has been established for FEV₁, 
FVC, or FEV₁/FVC, as these are fixed values used to 
determine the presence and severity of pulmonary func-
tion impairment.

Cardiopulmonary capacity
Three studies analyzed the effect of MPT on V̇  O2max [30, 
31, 66]. Only two studies [31, 66] provided data on MPT 
effect to perform the meta-analysis (Fig.  8). No statisti-
cally significant change in V̇  O2max was observed with 
MPT (MD = 1.22; 95% CI: − 1.41 to 3.86; p = 0.36; I2 = 0%). 
In the study by Jimeno-Almazán et al. [30], no significant 
differences in V̇  O2max were found between groups.

Upper body muscle strength
Fatigue in upper body muscle strength was measured 
using the HGS test [30, 31, 33, 66], the 1MR percent-
age test of straight bench press [30, 66], and elbow 
flexion [33].

Three studies [31, 33, 66] provided the HGS data, 
showing a statistically significant improvement with 
MPT (MD = 3.05; 95% CI: 1.68 to 4.42; p < 0.0001; I2 = 0%) 
(Fig.  9). The effect has no clinical significance since 
changes from 5 to 6.5 kg were considered significant [69].

The HGS did not show significant improvement with 
MPT. In the study by Jimeno-Almazán et  al. [30], the 
data from this study were not included in the meta-
analysis as they were presented only in graphical form. 
The 1MR percentage test of the straight bench press was 
used in two studies [30, 66], with the MPT groups show-
ing a significant difference in its execution. The study by 
Jimeno-Almazán et al. [66] showed no significant differ-
ence in the estimated effect (MD = 1.03; 95% CI: 0.36 to 
1.70; p = 0.003; I2 = 0%). Elhamaray et al. [33] showed an 
increased number of arm flexion repetitions in 30 s.

Lower limb muscle strength
Fatigue in lower body muscle strength was measured 
using the timed STS [31, 33], Time Up and Go (TUG) 
[31, 33], the 1MR half squat percentage 5 times sit-to-
stand (5-STS) [66], and isometric knee extension [66].

The 30-s STS test results were reported in two studies 
[31, 33] (Fig.  10). A statistically significant improvement 
was observed in the MPT group (MD = 3.55; 95% CI: 1.61 
to 5.49; p = 0.0003; I2 = 74%). The effect was clinically sig-
nificant since, according to Zanini et al. [70], the difference 
of two repetitions is considered clinically significant when 
the upper limit of the confidence interval is observed. 
However, heterogeneity between studies was high.

The TUG test, performed in two studies [31, 33], 
showed a statistically significant improvement in the 
MPT group (MD = − 1.13; 95% CI: − 1.49 to − 0.77; 
p < 0.00001; I2 = 0%) (Fig.  11). Despite the statistically 

Table 5  Description of the multicomponent physical training protocols

Elhamrawy et al. (2023) [33] Jimeno-Almazán et al. (2023) [30] Jimeno-
Almazán et al. (2022)[66]

Longobardi et al. (2023) [31]

Exercises intensity  40–60% of HRmax or Borg scale 
4–6; fixed weigh load of 0.5 kg 
for strengthening

 2 days resistance training (1MR 50%), 
combined with varied training of moderate 
intensity (HRmax varying 55–70–80%), and 1 
light training day (HRmax varying 65–70%)

 Based on the number of repetitions/
series, difficulty level of execution, 
and duration of the exercise

Details of the exer-
cises performed

 Static stretching of the trunk 
and limbs (10 min);
Strengthening of upper and lower 
limbs (20 min);
Aerobic exercise (15–20 min of mod-
erate walking on a treadmill); Warm-
up (10 min of stretching)

 Resistance training (3 sets, 8 reps of squats, 
bench press, deadlift, and bench press), com-
bined with moderate intensity training (4–6 
reps in 3–5 min of the same exercises):
Continuous light intensity training (30–
60 min, HRmax 65–70%)

 Aerobic exercise (10–50 min);
 Strengthening of trunk, upper 
and lower limbs (± 6 exercises, 3–5 sets 
of 8–15 repetitions); Static stretching 
of trunk and limbs (8–10 min)

MPT Frequency  4 sessions/week  3 sessions/week  3 sessions/week

Duration of each 
session

 60 min  60 min  60 min

Supervision  Supervised in the night sessions  Supervised  Semi-supervised

Progression 
of intensity

 Not informed  Modified Borg scale and PCFS  Modified Borg scale and PCFS

Follow-up  12 weeks  8 weeks  16 weeks

Control  No treatment  WHO recommendations  No treatment
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significant difference, according to Gautschi et al. (2017) 
[71], the minimum clinical difference for TUG is 3.4 s.

The 1MR half squat percentage test was used in two 
studies [30, 66], with statistically significant improve-
ments in the MMT group. However, data extraction was 
available only in the study by Jimeno-Almazán et al. [66] 
(MD = 0.93; 95% CI: 0.25 to − 1.60; p = 0.007). Jimeno-
Almazán et  al. [66] also performed the 5-STS test and 
the isometric knee extension test to evaluate the lower 
limb muscle strength. A significant improvement was 
observed in the 5-STS test (MD = − 150; 95%; CI: − 2.35 
to − 0.65; p = 0.0005), but no significant change was found 
for the isometric knee extension test at 110° (MD = 63.70; 
95%; CI: − 39.24 to − 166.64; p = 0.23).

Perception of fatigue
Self-reported fatigue symptoms were evaluated through 
the FSS test and Chalder fatigue scale (CFQ-11) [30, 31, 
33, 66], with FSS data available only in three [31, 33, 66]. 
Considering that a difference of at least 0.45 points on the 
FSS represents a clinically significant difference in fatigue 
[72], a clinically and statistically significant reduction was 
observed in the MPT group (MD = − 2.41; 95% CI: − 4.51 
to − 0.31; p = 0.002; I2 = 87) (Fig. 12). To address the high 
heterogeneity (87%), a sensitivity analysis was conducted 
by removing the study by Elhamrawy et  al. (2023) [33]. 
This reduced heterogeneity to 0%, and the resulting 
effect estimate, based on two studies [31, 66], continued 
to show a statistically significant reduction in fatigue in 
favor of MPT (MD = − 1.10; 95% CI: − 1.80 to − 0.39).

In the study by Jimeno-Almazán et  al. [30], FSS val-
ues improved significantly in the MPT group. Using 
the CFQ-11, a reduction in perceived fatigue was  also 
reported in two studies [30, 66].

Physical functioning
Three studies [30, 31, 66] evaluated the participants using 
the PCFS scale; however, data were available in two [30, 
66]. A statistically significant improvement in PCFS was 
observed between groups, expressed by a reduction in 
total PCFS score (MD = − 0.64; 95% CI: − 1.13 to − 0.16; 
p = 0.009), as shown in Fig.  13. No heterogeneity was 
detected between studies. Jimeno-Almazán et  al. [30] 

also reported significant improvement in the MPT group. 
Although no MCID for the PCFS scale was identified 
in the literature, it is relevant to highlight that the MPT 
group showed a score of approximately 1, compared to 
around 2 in the control group. The PCFS scale classifies 1 
as negligible limitations and 2 as slight limitations. Based 
on the physical component of the 12-Item Short-Form 
Health Survey (SF-12) questionnaire [65] and the 36-Item 
Short-Form Health Survey (SF-36) [31], a large effect [20] 
and statistically significant improvement were observed 
in physical functioning in the MPT group (SMD = 0.72; 
95% CI: 0.29 to 1.15; p < 0.001; I2 = 0%) (Fig. 14).

Perception of dyspnea
Two studies [30, 66] evaluated this outcome using the 
mMRC scale. The meta-analysis was not performed 
because only one study [65] presented the data. Jimeno-
Almazán et al. [66] found no significant difference in the 
perception of dyspnea between groups (MD = − 1.24; 
95% CI: − 1.24 to 0.05; p = 0.07). According to Jimeno 
et  al. [30], the number of participants with mMRC < 2 
increased from 55 to 79%, indicating a statistically signifi-
cant reduction in the perception of dyspnea after MPT. It 
is important to note that the mMRC scale ranges from 0 
to 4, with 4 representing the most severe degree of dysp-
nea [73].

Treatment adherence
Two studies determined a minimum frequency of 85% 
[30, 66]. In the study by Jimeno-Almazán et al. [66], one 
participant in the MPT group abandoned the program 
due to low adherence. In the study by Jimeno-Almazán 
et al. [30], three patients withdrew the study for reasons 
unrelated to the worsening of symptoms: two were in 
the IMT with MPT combined group, one had moderate 
SARS-CoV-2 reinfection, and the other due to instability 
of a psychiatric pathology, and one was in the MPT group 
and withdrew due to non-adherence to training. Longob-
ardi et al. [31] reported the loss of nine participants dur-
ing the treatment period, four in the MPT group and five 
in the control group; none were related to the study or 
the training protocol.

Fig. 5  Forest plot of the effects of MPT on FEV1
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Fig. 6  Forest plot of the effects of MPT on FVC

Fig. 7  Forest plot of the effects of MPT on FEV1

Fig. 8  Forest plot of the effects of MPT on the V̇  O2max

Fig. 9  Forest plot of the effects of MPT on the upper body strength (HGS)

Fig. 10  Forest plot of MPT effects on STS in 30 s
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Three studies [30, 31, 66] reported adherence rates to 
MPT among patients who completed the study, ranging 
from 71.2 to 88%. Elhamrawy et al. [33] did not provide 
data on treatment adherence.

Adverse events
No adverse effects were reported during or after MPT 
[30, 31, 66]. Elhamrawy et  al. [33] did not mention the 
adverse events in their study.

Certainty of evidence
The certainty of evidence was rated as low for all out-
comes (FEV₁, FVC, FEV₁/FVC, V̇O₂max, HGS, STS, 

TUG, PCFS, and physical functioning), as the risk of 
bias across studies ranged from low to high. These find-
ings are summarized in the overall risk of bias assessment 
(Table 3) and the summary of evidence (Table 6).

Discussion
The objective of this systematic review was to evalu-
ate the effectiveness of IMT and MPT in reducing signs 
and symptoms of fatigue and dyspnea in individuals with 
PCC. Physical functioning, treatment adherence, and 
adverse events were also assessed as secondary factors.

It was expected that IMT would improve dyspnea, as 
occurs in patients with Interstitial lung disease (ILD) and 

Fig. 11  Forest plot of the effects of MPT on TUG​

Fig. 12  Forest plot of the effects of MPT on FSS

Fig. 13  Forest plot of the effects of MPT on PCFS

Fig. 14  Forest plot of the effects of MPT on physical functioning
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chronic obstructive pulmonary disease (COPD), due to 
the reduction in mechanical pulmonary overload and 
increase in neural respiratory drive [74]. However, the 
results of this review indicate that the benefits of IMT 
for dyspnea remain uncertain, based on findings from the 
three RCTs that evaluated this outcome [30, 64, 65]. Two 
studies [64, 65] reported a reduction in dyspnea, while 
one [30] found no significant difference. Despite the pul-
monary origin of COVID-19 and its potential impact on 
respiratory muscles, current evidence is insufficient to 
conclude that strengthening inspiratory muscles reduces 
dyspnea associated with PCC.

The IMT showed statistically significant improvement 
in MIP, V̇  O2max, and physical functioning, consistent 
with the findings of a similar systematic review evalu-
ating the same intervention in patients with PCC [75]. 
However, the improvements in V̇  O2max did not provide 
significant changes in physical functioning and periph-
eral muscle strength or reduce the perception of dysp-
nea and fatigue in individuals with PCC, contrasting the 
evidence of improvement demonstrated in patients with 
pulmonary pathologies [76–78]. Although these condi-
tions share chronic systemic functional consequences, 
such discrepancies suggest that improving physical func-
tioning in PCC may depend to an even greater extent on 
extrapulmonary factors than is generally recognized in 
chronic respiratory diseases.

The discrepancy in results regarding physical func-
tioning may be associated with the type of test used to 
measure this outcome. In the RCTs included in this 
meta-analysis, the 30-s STS was employed, whereas the 
improvement reported by Xavier et  al. (2024) [75] was 
based on a narrative synthesis of the 6-min walk test.

Meta-analyses of the effects of MPT showed no signifi-
cant changes in pulmonary parameters (FEV1, FVC, and 
FEV1/FVC) and no significant improvement in exercise 
tolerance as measured by V̇O2max. Systematic reviews 
evaluating the effects of pulmonary rehabilitation or 
combined modalities in individuals with persistent symp-
toms for less than three months reported improvements 
in V̇O2max as a direct measurement of exercise testing 
[79, 80] or through indirect estimation by the 6-min 
walk test [79–81]. A possible explanation for the lack of 
significant changes in V̇O2max in our meta-analysis may 
be associated with a longer duration of symptoms(more 
than 3  months). The MPT promoted clinically relevant 
changes in muscle strength (HGS, STS, TUG), physical 
functioning, and perception of fatigue, confirming the 
findings of Oliveira et al. (2024) [80].

It is important to note that the score required to deter-
mine a clinically meaningful improvement in fatigue 
using self-reported scales remains unknown [82]. There-
fore, fatigue in individuals with PCC is likely not solely 

associated with cardiopulmonary factors but rather 
involves multisystem mechanisms that are not yet fully 
understood, including immunological and inflammatory 
components [83]. Consequently, isolating the benefits of 
MPT to a single physiological system remains challeng-
ing. Our findings, therefore, support recent hypotheses 
suggesting that improvements in PCC symptoms, espe-
cially fatigue, may be best achieved through the combina-
tion of different training modalities.

No adverse events were reported with either IMT or 
MPT. Participant adherence was high for both trainings, 
supporting previous findings that IMT [84] and MPT 
[35] are safe and well-tolerated in individuals with PCC-
related dyspnea and fatigue, thereby encouraging further 
research in this population.

A higher proportion of participants in the included 
studies were female, consistent with previous evidence 
indicating a higher risk of PCC symptoms in women [7, 
85, 86], including persistent dyspnea and fatigue across 
different phases of disease severity. Several systematic 
reviews have examined the effectiveness of various exer-
cise-based rehabilitation interventions for PCC [87–91]. 
Most of these systematic reviews included RCTs con-
ducted during the acute phase of COVID-19 [87–90]. 
Reviews that exclusively analyzed RCTs [75, 79–81, 
92–95] adopted a temporal criterion for symptom per-
sistence different from our systematic review, which 
represents one of its main distinguishing features. Until 
2022, a minimum duration of 4  weeks was considered 
sufficient to diagnose persistent post-COVID-19 symp-
toms as PCC. However, by the end of 2022, this temporal 
criterion was extended to 12 weeks, as recommended by 
the main international health organizations [11, 12, 96]. 
This temporal definition is relevant, as the physiological 
response to exercise-based rehabilitation interventions 
stimuli may differ between the post-acute and chronic 
phases and the effects of interventions may be more chal-
lenging to identify and document in individuals with 
long-standing symptoms compared to those recovering 
from acute conditions [97]. Therefore, it is important to 
acknowledge the methodological differences that enrich 
the discussion on the actual benefits of exercise-based 
rehabilitation interventions in PCC.

Considering the methodological differences of previous 
systematic reviews [87–91] published on exercise-based 
rehabilitation interventions for PCC, it was found that 
some of them [87–89] included fewer studies, others [88, 
91] included studies such as non-randomized controlled 
trials (quasi-experimental studies), case reports, cross-
sectional studies, and observational studies, or did not 
use GRADE to assess the certainty of evidence [87–89].

Regarding the impact of risk of bias in the included 
studies, it is well established that a higher risk of bias 
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reduces the certainty of evidence. In most RCTs [30–
33, 65, 66], the absence of participant blinding and the 
potential influence of placebo effects on perceived ben-
efits in intervention groups represent methodological 
limitations that should be addressed in future research. It 
is also important to note that blinding is inherently more 
challenging in studies involving exercise interventions, 
both for participants and for the teams administering the 
intervention.

One limitation of our systematic review was the meta-
analysis conducted with only two studies [31, 33], which 
resulted in high heterogeneity. To address this, a sensi-
tivity analysis was performed, reducing heterogeneity 
to 0%, as previously detailed in the results section. The 
initial high heterogeneity may be attributed to varia-
tions in post-COVID diagnosis time, disease severity, and 
intervention duration among studies. However, we con-
sider these differences insufficient to preclude the meta-
analysis, as both studies implemented protocols involving 
stretching, aerobic exercise, and strengthening, thereby 
maintaining homogeneity.

It is important to note that variability in intervention 
characteristics, such as duration, frequency, and exercise 
intensity, is common in physiotherapy RCTs [98]. Given 
this heterogeneity, we employed a random-effects model 
to estimate the effect, as it accounts for variability between 
studies arising from population differences or other study-
specific factors. However, it is important to highlight that 
the heterogeneity of these protocols makes it challenging 
to determine which type of exercise is most effective in 
improving outcomes for this patient population.

Another limitation of our systematic review is the small 
number of included studies, which limited our ability 
to assess publication bias. This limited number may be 
explained by the scarcity of RCTs involving patients with 
dyspnea and fatigue persisting for 12 weeks or more.

Key gaps identified include the absence of clinically 
meaningful thresholds for fatigue scales, the lack of 
assessor blinding in some of the included RCTs, and the 
limited investigation of multisystem mechanisms (e.g., 
inflammation), all of which outline priorities for future 
research. Additional gaps relate to the lack of standardi-
zation in the instruments used to assess dyspnea- and 
fatigue-related outcomes in PCC, which hinders mean-
ingful comparisons across studies.

As clinical implications of this systematic review, we 
can highlight the following:

Isolated IMT appears insufficient for managing PCC 
symptoms, requiring combined strategies (e.g., MPT 
with psychological support). Given the prominent role 
of peripheral muscle deconditioning in individuals with 
PCC, participation in an MPT program aimed at improv-
ing muscle strength, physical functioning, and fatigue 

perception is essential. Rehabilitation protocols should 
account for the chronic and multisystemic nature of PCC, 
avoiding direct comparisons with acute COVID-19 or tra-
ditional respiratory diseases. The findings of this system-
atic review contribute to refining rehabilitation strategies 
for PCC, emphasizing muscle reconditioning over tradi-
tional cardiopulmonary metrics. It is also important to 
highlight that pulmonary rehabilitation, delivered either 
in-person or remotely, remains the standard physical 
intervention for improving dyspnea, physical function, 
and quality of life in patients with PCC [99].

Conclusion
This systematic review and meta-analysis evaluated the 
effects of IMT and MPT in patients with PCC.

Regarding IMT, statistically and clinically significant 
improvements were observed in MIP, FVC, V̇O₂max, 
timed STS, and treatment adherence. Although FVC and 
the 1RM half squat percentage test showed statistically 
significant differences, their clinical relevance was low.

Regarding MPT, statistically and clinically significant 
improvements were observed in muscle strength as 
measured by the 30-s STS test, fatigue perception (FSS), 
and physical functioning. Upper limb strength, assessed 
using the HGS test, and lower limb strength, assessed 
using the TUG test, also showed statistically significant 
improvements, although their clinical relevance was low.

The certainty of evidence for all reported outcomes in 
both intervention groups (IMT and MPT) was rated as 
low. This indicates limited confidence that the estimated 
effects are close to the true effects, with some degree of 
variability remaining possible. Nonetheless, it is impor-
tant to emphasize that the prioritized outcomes in this 
systematic review represent potentially meaningful ben-
efits for the rehabilitation of patients with PCC.

Therefore, the findings of this review suggest that both 
IMT and MPT may provide clinically relevant benefits for 
patients with PCC, particularly in improving respiratory 
function and physical functioning; however, the certainty 
of evidence, as determined by the GRADE assessment, 
remains low. Further high-quality randomized controlled 
trials are recommended to strengthen these conclusions 
and guide evidence-based clinical decision-making.

Differences between the protocol and the systematic 
review performed
The modifications made were:

1.	 Title, question, and purpose of the review

	 The title of the review was modified because only one 
study applied the currently accepted diagnostic crite-
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ria for diagnosing ME/CFS, and no participants met 
the criteria.

2.	 Outcomes
	 None.
3.	 Type of studies included
	 None.
4.	 Schedule
	 The expected completion date was January 2024, but 

the schedule was changed due to personal sickness in 
the family.

We consider that these modifications do not represent 
significant deviations from the protocol.
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