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Disability and Rehabilitation
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ABSTRACT
Purpose:  Although the COVID-19 pandemic has ended, long-term effects persist. 
Exercise training (ET) supports recovery, but evidence on optimal modalities is limited. 
This study evaluated the effects of different ET modalities in post-COVID-19 individuals.
Methods:  A systematic search identified randomized controlled trials (RCTs) up to 23 
September 2025, involving adults with COVID-19. Studies compared ≥4-week 
interventions—aerobic training, high-intensity interval training (HIIT), or combined 
training (aerobic plus resistance training)—with usual care (UC). Risk of bias and 
certainty of evidence were assessed using RoB 2.0 and GRADE.
Results:  Eighteen RCTs (N  =  1171) were included. Interventions varied in intensity and 
duration. Most studies had “some concerns” regarding bias, and overall certainty of 
evidence was low to very low. Overall, ET modalities were associated with improvements 
in functional capacity (VO2peak or six-minute walk distance) and muscle strength, 
although not all studies showed significant differences vs. UC. HIIT demonstrated the 
greatest VO2peak gain (mean difference: 6.17 ml.kg−1.min−1). Effects on quality of life, 
anxiety, and depression were inconsistent. Most cardiopulmonary parameters (VE/VCO2 
slope, OUES) showed no significant changes, with mixed results for O2 pulse and 
ventilation.
Conclusions: Despite heterogeneous protocols and low certainty of evidence, structured 
ET appears beneficial for post-COVID-19 recovery. Multiple ET approaches may be 
effective rather than a single “optimal” approach.

	h IMPLICATIONS FOR REHABILITATION
•	 Our findings suggest that exercise training may help improve functional capacity, 

muscle strength, and quality of life in individuals recovering from COVID-19.
•	 High-intensity and/or high-frequency training, particularly high-intensity interval 

training, may offer greater benefits for aerobic capacity, although further studies are 
needed.

•	 Rehabilitation programs may benefit from incorporating strategies that address both 
physical and psychological aspects of post-COVID-19 recovery.

Introduction

Although the COVID-19 pandemic has officially ended [1], its profound impact on global health, econo-
mies, and social well-being persists [2,3]. The physical and psychological challenges posed by the virus 
have underscored the urgent need for effective rehabilitation interventions—particularly those incorpo-
rating exercise training (ET)—to restore functional capacity, alleviate persistent symptoms, and support 
mental health. Given the high prevalence of post-COVID-19 symptoms [4,5], addressing their impact on 
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both physical and mental health remains a top priority for researchers, healthcare professionals, and 
policymakers worldwide.

Individuals recovering from COVID-19 frequently report fatigue and reduced functional or cardiorespi-
ratory capacity [6–9], which can substantially impair quality of life (QoL). Rehabilitation programs that 
include ET offer promising strategies to reduce fatigue and improve well-being [10,11]. Randomized con-
trolled trials (RCTs) have demonstrated that ET can improve functional capacity [12], reducing anxiety 
and depression [13,14], and enhancing QoL [12–14]. A recent systematic review summarized the effects 
of exercise interventions on health-related QoL and functional fitness in individuals with post-acute 
COVID-19 syndrome [15]. However, there was no detailed reporting or analysis of key cardiopulmonary 
exercise testing (CPET)-derived parameters, such as VE/VCO2 slope or O2 pulse. In addition, some trials 
combined multiple ET modalities and adjunctive interventions (e.g., respiratory muscle training, Pilates, 
and yoga), making it difficult to attribute observed effects to a specific ET modality. Moreover, the cer-
tainty of evidence was not assessed using the Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) approach.

This systematic review of RCTs aimed to evaluate and summarize the effects of three ET interven-
tions—aerobic training (AT), high-intensity interval training (HIIT), and combined training (CT) (which 
integrates endurance and resistance components)—on functional capacity, muscle strength, and QoL in 
individuals following COVID-19 infection.

Methods

This systematic review followed the latest reporting guidelines of the PRISMA 2020 statement [16]. The 
study protocol was registered a priori in the PROSPERO database (CRD42024555521).

Eligibility criteria

Following the Participants, Interventions, Comparators, Outcomes, and Study design (PICOS) framework, 
the population included adults with post-COVID-19 syndrome. Eligible interventions included AT, HIIT, or 
CT applied for a minimum duration of four weeks and compared with usual care (UC). UC was defined 
as standard post-COVID-19 management without structured ET, including medical follow-up and/or advice 
on physical activity and a healthy lifestyle. The outcomes were (a) functional capacity, assessed by VO2peak 
and 6-min walk test (6MWT); (b) CPET parameters, including ventilatory equivalent for carbon dioxide 
(VE/VCO2) slope, O2 pulse, ventilation (VE), and oxygen uptake efficiency slope (OUES); (c) muscle strength, 
evaluated using handgrip, 1-min sit-to-stand test, or one-repetition maximum test; and (d) depression, 
anxiety, or QoL, measured using validated questionnaires. Only RCTs were eligible. No restrictions were 
applied regarding illness severity, care setting, language, or publication status.

Data sources and research strategies

A systematic literature search was conducted in PubMed/MEDLINE, Embase, Cochrane Library, Scopus, 
SportDiscus, and ClinicalTrials.gov from inception to 23 September 2025. References of included studies 
were hand-searched to identify additional eligible articles. The search strategy combined MeSH terms and 
their synonyms, truncations, and Boolean operators, using keywords such as “COVID-19”, “exercise”, “exercise 
training”, “combined training”, and “high-intensity interval training”. The full search is available in Table S1.

Study selection

Search results from each database were imported to EndNote X9, and duplicates were removed. One 
author (FF) organized the library, while two independent reviewers (FF, CLG) screened titles, abstracts, 
and full-text articles for eligibility. Discrepancies were resolved by consensus.

Studies were excluded if they involved co-interventions combined with ET (e.g., AT plus thoracic 
expansion, or CT plus yoga) and had a follow-up period of less than four weeks.

https://doi.org/10.1080/09638288.2026.2619815
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Data extraction

Two independent reviewers (FF, CLG) extracted data using a standardized spreadsheet. Disagreements 
were resolved by consensus. Extracted data included: (1) publication details (journal, country, year, poten-
tial conflict of interest, registration number, and funding); (2) participant characteristics (sample size, 
dropouts, age, gender (% male), time since discharge (days), and comorbidities); and (3) intervention 
details (modalities, duration (weeks), weekly frequency (days), intensity, volume, equipment, professional 
supervision, and adverse events).

Data synthesis and statistical analysis

A quantitative meta-analysis was not performed due to substantial clinical and methodological hetero-
geneity across the included trials. Studies differed markedly in exercise modality and training dose (fre-
quency, intensity, session duration, and program length), participant characteristics (post-hospitalization 
vs. home recovery), and outcome assessment methods. In addition, several outcomes were reported 
using different instruments or assessed at heterogeneous time points, precluding valid statistical pooling. 
Therefore, a structured qualitative synthesis was conducted.

Risk of bias in primary studies

Risk of bias was assessed using the Cochrane Risk of Bias 2.0 tool [17]. Following pilot testing, two inde-
pendent reviewers (FF, LTF) evaluated five domains: bias from the randomization process, bias due to 
deviations from intended interventions, bias due to missing outcome data, bias in measurement of the 
outcome, and bias in the selection of the reported result. The domains were classified as low risk, some 
concerns, or high risk of bias. Disagreements were resolved by consensus.

Certainty of evidence assessment

The certainty of evidence for each outcome was assessed using the GRADE approach, which evaluates 
five domains: risk of bias, inconsistency, indirectness, imprecision, and publication bias. Two reviewers 
independently (FF, CLG) rated the certainty of evidence at the outcome level, with discrepancies resolved 
by consensus. The quality of evidence was classified as high, moderate, low, or very low.

Results

Study selection

After removing duplicates, 1557 records were identified through database searches, of which 18 RCTs 
[18–35] published between 2022 and 2025 met the eligibility criteria. The study selection process is out-
lined in the PRISMA flow diagram (Figure 1), and excluded studies with reasons are listed in Table S2.

Study characteristics

Follow-up durations ranged from 4  weeks [19,31] to 16  weeks [30], with most interventions lasting between 
8 and 12  weeks [20–22,24,27–29,33–35]. Specifically, two studies used 4-week protocols [19,31], two used 
6-week protocols [18,25], five used 8-week protocols [20–22,27,29], one used a 10-week protocol [26], one 
an 11-week protocol [23], and seven studies implemented 12- to 16-week interventions [24,28,30,32–35].  
A total of 1171 participants completed the analyses. The included studies were conducted across multiple 
countries, including Turkey [18], China [19,25], Germany [20,24], the UK [21], Brazil [22,23,30,35], Saudi Arabia 
[26], Spain [27,29,32], Taiwan [28], Italy [31], Denmark [33], and Austria [34]. Sample sizes varied from 24 [19] 
to 181 [21] individuals. Across studies, the mean (SD) age was 50 (11) years (range of 24–67); one study [22] 
reported only the age range (30–69). Participants were almost evenly distributed by sex (49% male), though 
one study [22] did not report this. Common comorbidities included hypertension, diabetes, dyslipidemia, 
and cardiovascular disease, but nine studies [18,20,22,26,29,31–34], did not report comorbidity data.

https://doi.org/10.1080/09638288.2026.2619815
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Participants included individuals with post-COVID-19 syndrome recovering at home [18,20,24,26–28,34] 
or after prior hospitalization [21,23,29,31–33,35]. One study focused solely on patients hospitalized for 
severe/critical COVID-19 [30], whereas Dellavechia de Carvalho et  al. [22] included both home-recovering 
and post-hospitalization patients.

The most frequently assessed outcomes were QoL (12 studies) [18–20,23–26,28,30,31,33,34], VO2peak 
(nine studies) [19,22,25,27,28,30,32–34], and muscle strength (eight studies) [21,25,27,29,30,33–35]. Other 
outcomes included 6MWT (four studies) [18,26,31,35], anxiety (five studies) [21,25–27,30], depression (five 
studies) [21,23–26], VE/VCO2 slope (four studies) [19,24,30,32], O2 pulse (three studies) [19,28,30], VE (two 
studies) [19,30], and OUES (one study) [30]. Detailed characteristics are summarized in Table 1.

Intervention characteristics

CT was the most common intervention (11 studies) [20,21,23,25,27,34,35], followed by AT (seven studies) 
[18,19,22,24,26,28,34], and HIIT (two studies) [19,33]. Five studies implemented home-based programs: 
four with CT [30–32,35], one remote CT [21], and one AT [28].

Most interventions (78%) occurred three times per week. Exceptions included Ibrahim et  al. [26] (AT 
4x/week), Paneroni et  al. [31] (CT 6x/week), and Teixeira do Amaral et  al. [35] (AT 5x/week). Mean inter-
ventions duration was 9  weeks for AT (range 6–12  weeks) and 11  weeks for CT (range 4–16  weeks). HIIT 
protocols lasted 12  weeks [33] and 4  weeks [19].

Figure 1.  Flow of study selection.
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Control group characteristics

Control conditions varied across the included studies. In some trials, the comparator was described only 
as a control group or UC, with limited methodological detail [18,25,33,35].

In six studies, control participants received UC or were instructed to maintain their habitual lifestyle 
and physical activity levels without engaging in structured exercise programs [21,22,24,28,32,34].

Other trials provided control groups with general lifestyle or physical activity advice based on inter-
national or WHO recommendations for post-COVID-19 recovery, sometimes combined with periodic 
remote follow-up, but without supervised ET [19,23,26,27,29,30].

Finally, some studies compared structured ET with alternative or delayed exercise delivery models, 
such as wait-list controls or post-follow-up intervention offers [20,31].

Training volume and intensity

AT sessions lasted 25–60 min; however, one study [22] did not report session duration. Exercise intensity was 
generally moderate to high (50–80% HRmax, 55–80% HR reserve, 4–8 Borg 0–10, or <16 Borg 6–20), with one 
study [22] prescribing intensity based on lactate threshold 2. Lai et  al. [28] did not report exercise intensity.

HIIT protocols consisted of four 4-min intervals performed at ≥85% HRmax, interspersed with 3-min 
active recovery periods at 50–70% HRmax. One study [19] compared this protocol with a moderate-intensity 
regimen progressing from 40–55% to 80–90% peak work rate, matched for total energy expenditure.

Resistance training volume ranged from 1  ×  10–15 to 3  ×  15–20 repetitions, although two studies 
[31,32], did not report volume. Training intensity was prescribed using %1RM, Borg scales (4–8/0–10 or 
9–17/6–20), or according to individual tolerance. In the study by Paneroni et  al. [31] intensity was deter-
mined using the short physical performance battery and exercise-induced desaturation testing.

Training equipment

AT interventions primarily used a cycle ergometer [19–22,27,28,31,33–35] or rowing ergometer [25], while 
resistance training interventions employed elastic bands [23,31,35], machine-based equipment [20,21,27,31,34], 
and bodyweight exercises with external load using simple equipment [25,29,30]. A detailed summary of the 
intervention characteristics is presented in Table 2.

Outcomes measures

Aerobic capacity

Nine studies assessed VO2peak [19,22,25,27,28,30,32–34], with seven reporting increases from 1.7 ml.kg−1.
min−1 to 6.17 ml.kg−1.min−1 [19,22,27,28,30,33,34]. The largest within-group improvement in VO2peak was 
observed in a 12-week HIIT program (mean difference: 6.17 ml.kg−1.min−1; 95% CI, 3.6–8.8; p  <  0.001), 
with no significant difference vs. UC (between-group, p  =  0.11) [33]. Bai et  al. [19] found significant 
increase in VO2peak in both the HIIT and moderate-intensity interval training groups compared to UC 
(mean change: 4.64 vs. −1.06 ml·kg−1·min−1; p  =  0.001), with no significant difference between the two 
exercise interventions. Two studies reported no significant effects vs. UC: one on a home-based CT pro-
gram, which showed a numerical within-group increase in VO2peak (2.0 ml.kg−1.min−1) [32], and another 
on a 6-week CT protocol [25].

Four studies [18,26,31,35], evaluated the 6MWT, all showing improved walking distance, ranging from 
21  m after 12  weeks of home-based CT [35] to 132  m after 6  weeks of AT [18]. Ibrahim et  al. [26] 
reported increases of 14.71 and 26.67  m for low- and moderate-intensity AT, respectively (both p  <  0.01), 
whereas the UC group showed a non-significant change of 0.62  m (p  =  0.37).

Muscle strength

Eight studies assessed muscle strength [21,25,27,29,30,33–35]. Six used handgrip [21,25,27,29,34,35], 
while others applied the 1-minute sit-to-stand test [22] or 1RM tests [33]. Handgrip strength improved 
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after CT and home-based CT [27,29,35], with gains of ~2–4 kg; one study also reported clinically mean-
ingful increases vs. UC [21]. Rasmussen et  al. [33] using HIIT, found significant gains in chest press 
(+6.8 kg) and leg press (+26.2 kg). Two studies reported no significant effects vs. UC: one after a 6-week 
CT [25] and another after AT or CT [34].

Psychological outcomes

Five studies assessed anxiety [21,25–27,30], and depression [21,23–26].
Ibrahim et al. [26] reported reduced anxiety after 10 weeks of low- and moderate-intensity AT, assessed 

by Hamilton Anxiety Scale, with post hoc analyses confirming lower scores compared with UC. 
Jimeno-Almazán et  al. [27] also observed reductions following CT using the Generalized Anxiety Disorder 
7-item scale, whereas Longobardi et  al. [30] (Beck Anxiety Inventory) and Daynes et  al. [21] (Generalized 
Anxiety Disorder 7-item scale) reported no significant effects. Gao et  al. [25] noted significant anxiety 
reductions within the CT group (Self-Rating Anxiety Scale; p  =  0.023) after 6  weeks, although no differ-
ences were observed vs. UC.

Regarding depression, Ibrahim et  al. [26] showed significant improvements with both low- and 
moderate-intensity AT compared with UC, assessed by the Hamilton Depression Scale. de Moraes 
Sirydakis et  al. [23] reported improvements over time in both multicomponent training and physical 
activity recommendation groups using the Patient Health Questionnaire-9, without between-group dif-
ferences. Gao et  al. [25] found reductions only within the CT group (Self-Rating Depression Scale; 
p  =  0.003), while Daynes et  al. [21] reported no effect after CT using a combined anxiety-depression 
screening instrument.

Quality of life

Twelve studies assessed QoL [18–21,23,24,26,28,30,31,33,34].
Acar et  al. [18] reported QoL improvements after six weeks of Nordic walking (NHP total score, energy, 

emotional reactions, and sleep). Ibrahim et  al. [26] found gains in SF-36 physical functioning, bodily pain, 
and role functioning after low- and moderate-intensity AT, with no changes in UC. Longobardi et  al. [30] 
observed higher SF-36 physical component scores after 16  weeks of home-based CT vs. UC. Rasmussen 
et  al. [33] reported improvements in the psychological domain of the King’s Brief ILD Questionnaire after 
HIIT, with no change in UC.

Barz et  al. [20] found benefits of CT in both SF-12 domains, whereas de Moraes Sirydakis et  al. [23] 
reported QoL improvements only in the intervention group, assessed using the five-level EQ-5D ques-
tionnaire. Sick et  al. [34] observed within-group improvements in QoL measured by the SF-36, although 
between-group differences were inconsistent.

In contrast, Bai et  al. [19] found improved exercise tolerance but no QoL changes after 4  weeks of 
supervised AT, as assessed by the SF-36. Similarly, Daynes et  al. [21], Lai et  al. [28], and Paneroni et  al. 
[31] reported no significant QoL improvements after 8–12  weeks of AT or CT vs. UC, as assessed by the 
EQ-5D, WHOQOL-BREF, and SF-12, respectively.

Other CPET-derived parameters

Four studies assessed VE/VCO2 slope [19,24,30,32], three evaluated O2 pulse [19,28,30], two assessed VE 
[19,30], and one examined the OUES [30].

Pleguezuelos et  al. [32] reported a reduction in VE/VCO2 slope after 15  weeks of home-based CT, while 
Longobardi et  al. [30], Bai et  al. [19], and Emmel et  al. [24] found no between-group differences.

For O2 pulse, Lai et  al. [28] and Longobardi et  al. [30] reported no significant changes, whereas Bai 
et  al. [19] observed a favorable group-by-time interaction for AT.

Regarding VE, Pleguezuelos et  al. [32] found an increase after home-based CT, but Longobardi et  al. 
[30] reported no difference vs. UC.

Finally, OUES remained unchanged in the only available study (with home-based CT) [29].
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Subgroup analyses

Weekly frequency and duration of training, and modality on functional capacity

Regarding weekly frequency, AT performed five times per week for 8  weeks resulted in a greater increase 
in VO2peak (3.9 ml.kg−1.min−1) compared with AT delivered three times per week for 12  weeks (2.4 ml.kg−1.
min−1). CT performed three times per week led to more modest improvements, such as a 1.7 ml.kg−1.
min−1 increase in VO2peak after 16  weeks [30].

Regarding intervention duration, shorter programs (4–8  weeks) were associated with rapid improve-
ments in functional capacity, whereas longer interventions supported more sustained, albeit sometimes 
smaller, gains. For example, a 12-week HIIT program performed three times per week produced the larg-
est VO2peak improvement (6.17 ml.kg−1.min−1) [30].

With respect to training modality, HIIT yielded the greatest increases in VO2peak, followed by AT, 
whereas CT generally produced smaller but consistent improvements. A similar pattern was observed for 
6MWT performance. AT led to a 132  m gain after 6  weeks [18], whereas smaller improvements were 
reported with lower-intensity aerobic protocols [26]. CT performed six times per week for 4  weeks 
resulted in a 77.6  m increase [31], while longer combined protocols produced more modest gains.

Adverse events

Eight studies reported no adverse events during training [20,24,25,27,30,31,33,35]. Another six studies did 
not report safety outcomes [18,22,26,29,32,34]. One study [28] explicitly stated that no significant adverse 
events occurred (Table 1).

Conflicts   of interest and registry

Among the 18 RCTs, fifteen were prospectively registered, while the remaining three were classified as 
“unclear” due to a lack of information [22,32,33]. Fourteen studies reported some form of funding, one 
stated there was no funding [18], and three did not disclose information [20,33,34], making the status 
“unclear”. All studies declared no potential conflicts of interest (Table S3).

Risk of bias of the included studies

The risk of bias of the included studies is summarized in Figure 2, with detailed outcome-specific assess-
ments presented in Figures S1–S9 according to the RoB 2.0 tool. Overall, most outcomes were rated as 
having some concerns (87%), mainly driven by the domain bias due to the deviations from intended 
interventions, which affected the majority of studies across VO2peak, 6MWT, muscle strength, QoL, VE, 
and related cardiopulmonary outcomes.

For VO2peak, most studies showed some concerns related to deviations from intended interventions 
and, less frequently, missing outcome data, while the remaining domains were predominantly rated as 
low risk. Similar patterns were observed for the 6MWT and muscle strength, with some additional con-
cerns and occasional high risk related to missing outcome data. For anxiety and depression outcomes, 
the risk of bias was generally low across domains, with some concerns mainly related to deviations from 
intended interventions and missing outcome data. QoL outcomes also showed some concerns, particu-
larly due to deviations from intended interventions and missing outcome data, whereas ventilatory 
parameters (VE/VO2 slope, O2 pulse, and VE) were consistently rated as low risk across most domains, 
except for deviations from intended interventions.

Certainty of evidence assessment

The certainty of evidence was evaluated using the GRADE approach (Table S4), with domain-level details 
provided in Tables S5–S13. Most outcomes were rated as low certainty, mainly due to risk of bias and 
imprecision. Although VO2peak, 6MWT, muscle strength, anxiety, depression, and QoL showed consistent 

https://doi.org/10.1080/09638288.2026.2619815
https://doi.org/10.1080/09638288.2026.2619815
https://doi.org/10.1080/09638288.2026.2619815
https://doi.org/10.1080/09638288.2026.2619815
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Figure 2.  Risk of bias classification according to the RoB 2.0 Cochrane tool.

improvements, certainty was downgraded because of methodological limitations and small sample sizes. 
For other physiological measures (e.g., VE/VCO2 slope, O2 pulse, and VE), certainty was very low, reflecting 
inconsistent results and limited power. Overall, evidence suggests potential benefits of exercise interven-
tions for individuals recovering from COVID-19, but remains preliminary.

Discussion

This systematic review of RCTs examined the effects of three ET modalities in individuals recovering from 
COVID-19. Overall, structured ET was associated with improvements in functional capacity and muscle 
strength, although not all trials demonstrated significant differences compared with UC. Gains in VO2peak 
and walking performance were heterogeneous across studies, with some interventions showing signifi-
cant changes only within groups. Importantly, the certainty of evidence was low to very low, mainly due 
to methodological limitations, small sample sizes, and risk of bias.

Compared with the previous systematic review on post-acute COVID-19 syndrome and exercise inter-
ventions [15], our findings are consistent in demonstrating that ET improves functional capacity and is 
associated with benefits in QoL. Our review adds value by focusing on distinct exercise modalities (AT, 
HIIT, and CT), providing a detailed synthesis of CPET-derived outcomes, and assessing certainty of evi-
dence using the GRADE approach.

Higher training frequencies (5–7 sessions/week) were generally associated with greater improvements 
in VO2peak and functional performance, whereas moderate frequencies (3–4 sessions/week) also pro-
duced meaningful benefits, particularly when HIIT was applied. Shorter, intensive interventions (4–8 weeks) 
induced rapid gains, while longer and more diversified programs supported sustained improvements. 
Despite substantial heterogeneity across studies, these findings suggest that optimizing training dose 
and modality may play an important role in post-COVID-19 rehabilitation. Clinicians and rehabilitation 
specialists may consider these findings when tailoring exercise prescriptions, balancing intensity, fre-
quency, and duration according to individual tolerance and rehabilitation goals.

VO2peak is a key marker of cardiorespiratory performance [36] and a stronger predictor of mortality 
than several traditional cardiovascular risk factors [37]. Enhancing VO2peak after COVID-19 is particularly 
relevant given the sequelae of moderate to severe disease, including deconditioning, muscle weakness, 
and persistent fatigue [38–40]. Significant reductions in VO2peak have been reported even one year 
post-infection [41], and a recent meta-analysis confirmed that cardiorespiratory fitness is often impaired 
in COVID-19 survivors [42].

Four studies assessing the 6MWT reported meaningful improvements in walking distance following ET 
interventions [18,26,31,35]. For example, Ibrahim et  al. [26] showed that both low-intensity (gain of 
14.71  m) and moderate-intensity (gain of 26.67  m) AT were effective in improving 6MWT performance. 
These findings suggest that even lower-intensity protocols can confer functional benefits, although 
higher-intensity or supervised programs may offer greater improvements.
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Muscle strength outcomes were generally favorable across the included trials. Improvements in hand-
grip strength were observed after CT and home-based CT [27,29,35], while HIIT produced gains in upper- 
and lower-limb strength [33]. These findings are clinically relevant, as muscle weakness is a common 
sequela of COVID-19 [43,44]. Strength gains were more consistently reported in interventions that 
included resistance components, although not all trials demonstrated significant effects, possibly due to 
differences in training dose, supervision, and baseline functional status. The absence of RCTs evaluating 
resistance training alone limits modality-specific conclusions.

While improvements in functional capacity were commonly observed—often as within-group changes 
rather than significant differences vs. UC—evidence for CPET-derived parameters such as VE/VCO2 slope, 
O2 pulse, VE, and OUES was limited and inconsistent. These findings may reflect short intervention dura-
tions, insufficient training intensity, heterogeneous CPET protocols, and small sample sizes, as these out-
comes were reported in only a few studies. Consequently, the effects of ET on ventilatory efficiency and 
central hemodynamic responses remain uncertain.

Among the evaluated modalities, HIIT emerged as the most effective approach for increasing VO2peak. 
This training method, characterized by alternating bouts of high-intensity effort and brief recovery peri-
ods, has been shown to enhance cardiovascular efficiency [45,46]. Previous meta-analyses in patients 
with heart failure [47] and cardiovascular diseases [48] have demonstrated the superiority of HIIT over 
moderate-intensity continuous AT in improving VO2peak. In this review, two RCTs evaluated HIIT, sup-
porting its potential benefit; however, the limited number of studies warrants cautious interpretation.

Each ET modality presents specific advantages and limitations. AT is widely accessible and can improve 
general cardiorespiratory fitness but may result in smaller gains in muscle strength. HIIT efficiently 
enhances VO2peak within shorter intervention periods but may be less feasible for individuals with lower 
baseline fitness or comorbidities due to higher intensity demands. CT integrates endurance and resis-
tance components, offering combined improvements in cardiorespiratory fitness and muscle strength, 
although it requires greater supervision and adherence. Recognizing these modality-specific characteris-
tics can guide tailored rehabilitation strategies for individuals recovering from COVID-19.

ET may also benefit QoL in post-COVID-19 individuals, a relevant outcome given the high prevalence 
of anxiety, depression, and emotional distress following infection. Improvements in QoL were reported 
in several studies across different ET modalities; however, findings were inconsistent, with some trials 
showing limited or no significant changes. HIIT and CT interventions incorporating resistance compo-
nents tended to yield greater benefits in physical function and emotional well-being, whereas AT pri-
marily improved general physical function and bodily pain. Nevertheless, heterogeneity across trials and 
low certainty of evidence preclude definitive conclusions regarding the superiority of any single 
modality.

Home-based training represents a feasible and effective alternative when supervised programs are 
inaccessible. Studies by Acar et  al. [18] and Teixeira do Amaral et  al. [35] demonstrated improvements in 
muscle strength, functional capacity, and QoL using home-based protocols. Although gains may be 
smaller than those observed in supervised settings, well-structured home-based programs may enhance 
adherence and broaden access to exercise-based rehabilitation, particularly among individuals facing 
logistical or socioeconomic barriers.

Despite these promising findings, important research gaps remain. Future studies should explore the 
combined effects of different modalities, investigate how variations in intensity, frequency, and supervi-
sion influence outcomes, and adopt standardized CPET protocols. Large, rigorously designed RCTs with 
homogeneous populations, longer follow-up, and comprehensive safety reporting are needed to reduce 
heterogeneity and strengthen the evidence base.

This review has several strengths, including a modality-specific approach, detailed synthesis of 
CPET-derived and strength outcomes, and assessment of certainty of evidence using GRADE. However, 
limitations must be acknowledged. Several outcomes were reported in only a few studies, substantial 
heterogeneity precluded meta-analysis, and no RCTs evaluated resistance training alone. Small sample 
sizes, incomplete reporting of comorbidities, and “some concerns” in risk of bias assessments further limit 
generalizability. Overall, the certainty of evidence remains low to very low, and conclusions should be 
interpreted with caution.



EXERCISE IN POST-COVID-19 INDIVIDUALS 13

Conclusions

This systematic review of RCTs suggests that structured ET, including AT, HIIT, and CT, is associated with 
improvements in functional capacity, muscle strength, and QoL in adults recovering from COVID-19, 
although not all trials demonstrated significant differences compared with UC. HIIT- and CT-based inter-
ventions incorporating resistance components were associated with improvements in physical function 
and muscle strength. However, effects on specific CPET-derived parameters remain inconclusive, and the 
overall certainty of evidence is low to very low. These findings support the use of modality-specific exer-
cise interventions in post-COVID-19 rehabilitation, while highlighting the need for larger, rigorously 
designed trials with standardized protocols, consistent outcome assessment, and comprehensive safety 
reporting.
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