Table 1. Characteristics of Included Studies
	S/N
	Author (Year) Country
	Study Design / Setting
	Sample Size
	Participants / Clinical Status
	Intervention
	Intervention Details
	Delivery / Adherence
	Comparator
	FEV₁
	FVC
	SpO₂
	Respiratory Muscle Strength
	6MWT
	Patient-Reported Outcomes
	Safety / Clinical Outcomes
	Key Findings

	1
	Pietranis et al. (2024)
Poland
[19]
	Double-blind, prospective RCT / outpatient
	83 randomized: IMT 42, control 41; 61 analyzed: IMT 39, control 22
	Mean age 63.1 ± 13.41 years; 37 women, 22 men among reported 59 participants; confirmed COVID-19; PCFS 1–4; mMRC ≥1
	Comprehensive pulmonary rehabilitation + IMT using Threshold IMT
	6 weeks; 3 sessions/week; 1–1.5 h/session. Aerobic: 45–55% → 70–80% HRmax; IMT: 45–55% → 70–80% PImax; Borg RPE 5–6/10
	Individual, one-to-one supervised by physiotherapist; home exercises; >12/18 sessions required for analysis
	Same rehabilitation programme + placebo IMT without resistance
	IMT: 95 (86–108) → 104 (94–111); change 5 (−1 to 9); mean change 8.02%, p<0.001. Control: 86.5 (75–100) → 89 (82.5–101); change 1 (−10 to 12); mean change 6.42%, p=0.457. Between-group r=0.338, p=0.009
	FVC EX IMT: 103 (87–117) → 111 (101–126); mean change 13.24%, p<0.001. Control: 84.5 (76.5–105) → 102 (84.5–110.5); p=0.205. Between-group r=0.317, p=0.015. FVC IN between-group r=0.327, p=0.012
	NR
	PImax and PEmax improved in both groups; PImax between-group r=0.141, p=0.280; PEmax r=0.002, p=0.987
	NR
	Fatigue/dyspnea reported in 14 participants; no validated fatigue or QoL outcome reported
	No hospital/readmission data. No serious adverse events; respiratory infections and minor hip/knee discomfort reported
	Rehabilitation improved respiratory muscle strength and several pulmonary outcomes; significant between-group differences for FEV₁, FVC EX, FVC IN and VC MAX.

	2
	Sharma & Goswami (2022), India
[20]
	Randomized controlled trial / home-based setting
	30 post-COVID patients; group-specific N NR
	COVID-19 outpatients aged 18–55 years; tested negative; post-COVID respiratory functional limitations; independently ambulant; stable vital signs; mild cases managed at home
	Pulmonary telerehabilitation: breathing exercises + therapeutic exercises
	4 days/week for 6 weeks; breathing exercises included ACBT, cough etiquette, pursed-lip breathing and straw breathing according to respiratory symptoms
	Home-based telerehabilitation using smartphone/tablet/laptop and Wi-Fi; evaluator assessments at beginning and end; adherence NR
	Conventional care
	NR
	NR
	NR
	NR
	NR
	Modified Borg Dyspnoea Scale and VAS-F; significant differences reported for dyspnoea and fatigue
	No increased oxygen supplementation or additional medical care; no adverse events reported
	Both groups improved, but the experimental group showed more rapid recovery, improved dyspnoea and fatigue, and greater independence in daily activities after 6 weeks

	3
	Nagy et al. (2022), Egypt
[21]
	Single-blinded randomized controlled trial / outpatient
	60 randomized: study 30, control 30; 52 analyzed: study 26, control 26
	Men aged 30–45 years with post-COVID-19 syndrome; stable and non-hospitalized; mild–moderate lung fibrosis; stage II hypertension; BMI 25–29.9 kg/m²; ≥4 weeks after first positive COVID-19 swab; low–moderate physical activity
	Manual diaphragm release (DR) + inspiratory muscle training (IMT) using POWERbreathe
	6 weeks; 3 sessions/week. DR: 18 sessions, 3 min/session. IMT: 2 sets of 30 inspiratory efforts, 2-min interval, 60% PImax, approximately 4 min/session; performed twice daily. IMT workload reassessed and adjusted to maintain 60% PImax
	Outpatient clinic; supervised by physiotherapist. 8 participants dropped out: 4 from each group; 2 study-group withdrawals related to compliance. No quantitative adherence rate reported
	IMT using POWERbreathe + prescribed medications
	NR
	NR
	NR
	PImax: Study 82.00 (16.86) → 121.50 (13.52) cmH₂O; 48.17% increase, p<0.001. Control 80.50 → 84.00 cmH₂O; p=0.567. Between-group p<0.001; interaction η²p=0.330
	6MWT: Study 417.50 (19.29) → 474.00 (48.69) m; change 56.50 (48.05) m, 13.53%. Control 418.50 (18.63) → 435.00 (18.17) m; change 16.50 (9.52) m, 3.92%; between-group p<0.001
	mMRC dyspnoea: 2.63 (0.60) → 1.38 (0.49) in study group; 48.89% reduction, p<0.001. Control 2.42 (0.49) → 2.11 (0.33); 12.81% reduction, p<0.01. FSS: 43.36 ± 5.25 → 28.68 ± 6.01; p<0.001 in study group; control 42.47 ± 5.18 → 39.77 ± 5.89; p=0.001; between-group p<0.001
	No specific adverse events reported in the study. Hospital stay for the acute COVID-19 episode was 7–10 days (IQR); no readmission outcome reported
	Adding manual DR to IMT produced significantly greater improvements in PImax, dyspnoea, fatigue, serum lactate and 6MWT compared with IMT alone.

	4
	Sánchez Milá et al. (2024), Spain
[22]
	Randomized controlled experimental study / university laboratory and home-based setting
	220 assessed; 209 randomized: intervention 105, control 104; 200 analyzed: intervention 100, control 100
	Post-COVID-19 patients aged 18–45 years, >5 months after medically diagnosed COVID-19; dyspnoea; reduced/lost smell and taste; severe exercise intolerance, severe pulmonary hypertension, severe COVID-19 symptoms and other specified conditions excluded
	Respiratory rehabilitation with PowerBreathe Plus® IMT + aerobic exercise + olfactory and gustatory neurorehabilitation
	31 days. IMT: 30 breaths once daily, using individually prescribed resistance based on MIP, with 7 consecutive treatment days followed by 1 rest day. Aerobic walking: approximately 35–40 min/day, days 2–30, 5 consecutive days followed by 1 rest day; intensity reported as 60–75% and 50–60% maximum HR. Olfactory and gustatory training once daily
	Exercises taught individually on day 1 in the laboratory; respiratory and olfactory/gustatory exercises performed unsupervised at home thereafter. 100/105 intervention participants completed the protocol; adherence rate otherwise NR
	No treatment
	IG: 3.02 ± 0.873 → 3.667 ± 0.761 L; CG: 3.07 ± 0.685 → 3.095 ± 0.682 L. Group × time p=0.09, η²=0.141; no significant between-group effect
	IG: 3.32 ± 0.443 → 3.91 ± 0.843 L; CG: 3.21 ± 0.572 → 3.29 ± 0.548 L. Group × time p<0.001, η²=0.439
	NR
	MIP/PImax: IG 70.04 ± 10.25 → 94.96 ± 4.943 cmH₂O; CG 71.08 ± 14.09 → 71.77 ± 4.239 cmH₂O. Group × time p<0.01, η²=0.906
	NR
	Modified Borg dyspnoea: IG 5.87 ± 2.082 → 1.38 ± 0.984; CG 6.52 ± 1.540 → 5.55 ± 1.321; group × time p<0.01, η²=0.811. MMRC: IG 2.41 ± 0.498 → 0.35 ± 0.514; CG 2.43 ± 0.510 → 2.41 ± 0.580; group × time p<0.01, η²=0.881. Singapore Smell and Taste Questionnaire also showed significant group × time effects for smell (p<0.01, η²=0.813) and taste (p<0.01, η²=0.898)
	No adverse events or additional safety problems reported. No hospital/readmission outcome reported
	The combined respiratory and neurological rehabilitation programme significantly improved FVC, FEV₁/FVC, MIP, dyspnoea, smell and taste compared with no treatment. FEV₁ was the only reported outcome without a significant group × time effect.

	5
	Ashraf et al. (2022), Pakistan
[23]
	Randomized clinical trial 
	48 participants reported overall; group sizes inconsistently reported: the Methods state a total sample of 48, while Table 2 reports 24 in the postural-drainage group and 11 in the deep-breathing group
	Patients of both genders aged 50–70 years; post-COVID-19 for 2 weeks; post-COVID patients with weak respiratory muscles and impaired breathing; pulmonary tuberculosis, cystic fibrosis, bronchiectasis, thoracic deformity and rib fracture excluded
	Postural drainage + steam
	3 sessions/week for 6 weeks. Patients assumed different gravity-assisted positions to facilitate movement of secretions toward the trachea, with percussion and vibration.
	Randomization by sealed-envelope method. Treatment delivered in the study setting; supervision level and adherence rate NR
	Deep breathing exercises + steam, 3 sessions/week on alternate days for up to 6 weeks. Slow nasal inhalation with hand placed on abdomen, followed by controlled exhalation; breathing exercise performed for 5 min; total treatment lasted 20–30 min
	NR
	NR
	Pulse oximetry: postural drainage 3.50 ± 0.51 → 1.50 ± 0.59; deep breathing 3.25 ± 0.61 → 2.25 ± 0.68; reported between-group p=0.001. The paper identifies pulse oximetry as the measure of oxygen saturation but provides these values without a conventional SpO₂ (%) unit
	NR
	NR
	Modified Borg Dyspnoea Scale: postural drainage 7.33 ± 0.92 → 1.75 ± 1.03; deep breathing 6.92 ± 1.14 → 4.84 ± 0.82. Perceived Exertion Scale: postural drainage 6.87 ± 0.81 → 2.42 ± 1.10; deep breathing 4.42 ± 1.10 → 2.54 ± 1.32. Reported between-group p-values: 0.003 for dyspnoea and 0.055 for perceived exertion
	No adverse events, hospital stay or readmission outcomes reported
	Both postural drainage and deep breathing exercises improved dyspnoea, oxygen saturation and level of exertion. The authors concluded that postural drainage was more effective than deep breathing exercises, particularly for dyspnoea and oxygen saturation. The study contains an internal sample-size inconsistency.

	6
	Sari et al. (2022), Türkiye
[24]
	Prospective, double-blind randomized controlled clinical study / home-based exercise programme
	26 randomized: treatment 13, control 13; 24 completed/analyzed: treatment 13, control 11
	Adults aged 18–65 years with post-COVID-19 pulmonary involvement; previous respiratory disease and orthopaedic/neurological conditions affecting exercise assessment excluded; mean post-COVID duration approximately 1.5 months
	Inspiratory muscle training (IMT) + breathing exercises + resistance training
	6 weeks. Breathing exercises: diaphragmatic breathing, thoracic expansion, pursed-lip breathing and respiratory control, 10 repetitions × 3 sets/day. Resistance training: squats and clinical Pilates-based bridge exercises, 10 repetitions × 3 sets/day. IMT using Threshold IMT; resistance set at 3–4 on Modified Borg Scale, increased weekly; 30 min, 3 times/day, 7 days/week
	Home-based programme supported by individual exercise videos; weekly video follow-up through Zoom or WhatsApp; weekly monitoring also conducted through video interviews. Adherence rate NR
	Breathing exercises + quadriceps strengthening exercises without IMT
	Not measured. Authors explicitly stated that pulmonary function tests were not evaluated
	Not measured. Authors explicitly stated that pulmonary function tests were not evaluated
	Not reported as an outcome. Baseline oxygen-use history recorded; none required oxygen during assessment
	Not measured. Respiratory muscle strength/endurance was explicitly reported as not evaluated
	Treatment: 554.4 (482.4–607.85) → 623.4 (604.8–658.2) m; median change 70.2 m. Control: 540 (330–551.4) → 540.6 (480–599.4) m; median change 30 m. Between-group p<0.05
	mMRC: treatment 1 → 1; control 2 → 1; between-group p=0.87. HADS-A, HADS-D and HADS-T: significantly improved in treatment group compared with control (p<0.05). NHP, IPAQ and FSS: improved within groups but no significant between-group differences
	No treatment-related adverse events reported. One treatment-group participant had bilateral fibrotic changes on chest X-ray initially, which appeared normal after treatment. No participant required oxygen during assessment
	IMT significantly improved functional exercise capacity and lower-extremity muscle strength and reduced anxiety/depression and dyspnoea perception. No significant between-group effects were found for quality of life, physical activity or fatigue. Pulmonary function and respiratory muscle strength were not assessed.

	7
	Gomes dos Santos et al. (2024), Brazil
[25]
	Randomized controlled trial / outpatient cardiopulmonary rehabilitation setting, Federal University of Paraíba and University Hospital Lauro Wanderley
	78 assessed; 34 randomized: CPRG 18, control 16; 33 analyzed: CPRG 17, control 16; 1 participant dropped out from CPRG
	Adults >18 years with PCR-confirmed COVID-19 and persistent respiratory and/or functional symptoms consistent with post-COVID-19 syndrome; participants had dyspnea, cough, muscle fatigue and other persistent symptoms; pulmonary involvement documented by chest CT
	Cardiopulmonary rehabilitation: lung expansion therapy + inspiratory muscle training + upper-limb strengthening + aerobic exercise
	6 weeks. Lung expansion: EPAP/PEEP 5–20 cmH₂O, 3 × 2 min with 2-min intervals; pressure increased according to modified Borg 4–6. IMT: Threshold IMT®, 3 × 10 repetitions, 1-min intervals; 40% MIP during first 3 weeks and 50% MIP during last 3 weeks. Upper-limb strengthening: 3 × 1-min shoulder flexion, initially 50% maximum load, increased by 0.5 kg according to Borg 4–6. Aerobic training: treadmill 20 min, at 60–70% HR first 3 weeks and 70–80% HR last 3 weeks
	Intervention delivered under monitoring during the 6-week outpatient programme. Researchers monitored participants during intervention and assessments. Daily adverse events were recorded. No adherence percentage reported
	Educational lectures for 6 weeks. Biweekly remote health-education lectures covering COVID-19, chronic diseases, quality of life and healthy lifestyle; participants were instructed to maintain usual daily activities
	NR
	NR
	NR as an outcome. Oxygen saturation was monitored during intervention; supplementary low-flow oxygen was provided if SpO₂ ≤90% until no longer required
	NR as an outcome. IMT was used as an intervention, but post-intervention respiratory muscle strength outcome was not reported
	CPRG: 373.52 ± 118.11 → 572 ± 182.83 m; within-group MD 199.29 m (95% CI 99.45–299), p=0.032. CG: 410.53 ± 141.53 → 472.15 ± 68.36 m; MD 61.62 m (95% CI −41–164), p=0.098. Between-group MD 100.46 m (95% CI 7.40–193), p=0.002
	mMRC dyspnea: CPRG 2.52 ± 0.72 → 0.41 ± 0.80; between-group MD −1.45 (95% CI −1.98 to −0.92), p=0.001. MFIS fatigue: CPRG 45.88 ± 22.04 → 34.00 ± 14.58; within-group MD −11.88 (95% CI −23.12 to −0.64), p=0.028; between-group p=0.440. Upper-limb muscle mass: between-group MD 0.63 kg (95% CI 0.09–1.18), p=0.030
	Participants were monitored and adverse events were recorded daily throughout the 6 weeks. Supplementary oxygen was available when SpO₂ ≤90%. The authors describe the intervention as feasible and safe; no specific adverse event was reported in the results
	The 6-week cardiopulmonary rehabilitation protocol significantly improved functional capacity, with a 100.46-m greater improvement in 6MWT than control, and significantly reduced dyspnea. It also produced a significant between-group increase in upper-limb muscle mass. Fatigue improved within the intervention group but not significantly between groups. FEV₁, FVC and respiratory muscle strength were not reported as outcomes.

	8
	Elyazed et al. (2024), Egypt
[26]
	Randomized controlled trial conducted at the outpatient clinic, Faculty of Medicine, Beni-Suef University, Egypt; December 2021–May 2022
	68 randomized: 34 rehabilitation, 34 control. 60 analyzed: 30 per group; 8 participants dropped out during follow-up
	Adults 40–70 years with post-COVID-19 syndrome. Participants had confirmed PCR-positive COVID-19 within the previous 3 months, had recovered from the acute phase for ≥1 month, and had persistent fatigue, dyspnea and exercise intolerance. mMRC 2–3; Chalder fatigue 14–23. Medically stable and non-smokers
	Home-based pulmonary rehabilitation (HBPR) consisting of walking/aerobic exercise, diaphragmatic respiratory muscle training and resisted strengthening exercises
	12 weeks/3 months: Regular walking 30–60 min, 5 days/week at normal pace; diaphragmatic strengthening 10–15 min twice daily, daily, using 1–2 kg weight placed over the abdomen; resisted exercise 3 × 10 repetitions twice daily, 5–7 days/week, using 1–3 kg for quadriceps and selected upper-limb muscles (shoulder abduction, horizontal abduction and elevation)
	Patients were initially instructed and educated by the instructor. Exercises were performed independently at home. Weekly tele-monitoring was used to follow adherence, with face-to-face reassessments at 2, 4, 8 and 12 weeks. The authors did not provide a numerical adherence percentage
	Usual medical care only: multivitamins, antioxidant, healthy high-protein diet and healthy lifestyle; no exercise programme
	NR
	NR
	NR
	NR as an outcome; diaphragmatic strengthening was part of the intervention, but respiratory muscle strength was not reported as a separate outcome
	Rehabilitation: 270.7 ± 34.7 → 439.7 ± 25.3 m. Control: 274.1 ± 31.8 → 347.0 ± 32.7 m. Post-intervention between-group p < 0.001
	Chalder fatigue: rehabilitation 19.3 ± 2.3 → 11.1 ± 0.94 vs control 18.9 ± 2.5 → 13.4 ± 2.1, between-group p < 0.001. SF-36: rehabilitation 16.4 ± 1.7 → 66.4 ± 3.7 vs control 17.6 ± 3.4 → 47.6 ± 2.6, p < 0.001. mMRC: rehabilitation improved from 70% severe/30% moderate at baseline to 10% no dyspnea, 63.3% mild and 26.7% moderate; control remained less improved, between-group p = 0.008
	No specific adverse events or harms were reported. The authors concluded that HBPR was effective and safe, with fewer resources and less patient contact than centre-based rehabilitation
	HBPR produced significantly greater improvements than usual care in 6MWT, Physical Fitness Index, fatigue, SF-36 quality of life and dyspnea. Post-intervention 6MWT was 439.7 ± 25.3 m vs 347 ± 32.7 m, PFI 52.3 ± 10.3 vs 36.7 ± 4.2, SF-36 66.4 ± 3.7 vs 47.6 ± 2.6, and Chalder fatigue 11.1 ± 0.94 vs 13.4 ± 2.1; all between-group p < 0.001.

	9
	Vallier et al. (2023), France
[27]
	Randomized controlled trial conducted at Renée Sabran Hospital, France; January–December 2021
	22 randomized: 12 IPR, 10 HPR. 17 analyzed: 9 IPR, 8 HPR
	Adults ≥18 years with recent RT-PCR-confirmed COVID-19 and at least one physical and/or respiratory post-COVID sequela; internet and videoconferencing access required
	Home-based pulmonary rehabilitation (HPR)
	4 weeks: 4 × 60-min walks/week; 4 × 40-min endurance sessions/week consisting of 20-min walking at 90–100% of HR achieved at end of 6MWT plus 10-min warm-up/cool-down; 3 individual gymnastics/muscular-strength sessions/week; 1 sophrology session/week; 1 medical consultation
	Home sessions supervised remotely by hospital staff. Gymnastics, strength and sophrology were delivered by videoconference. Walking/endurance sessions were performed independently near home. Garmin Instinct recorded HR and speed live and transmitted training data to staff, allowing exercise modification
	Inpatient pulmonary rehabilitation (IPR) with the same 4-week programme; hospital-based supervised sessions. Endurance used an ergocycle rather than walking
	87.0 ± 22.2 → 90.5 ± 19.5%; no significant pre-post improvement, p = 0.076; group × time p = 0.647
	83.4 ± 19.4 → 87.5 ± 19.2%; significant overall pre-post effect, p = 0.011, but no significant group × time interaction, p = 0.264
	NR
	NR as a direct outcome; muscular strength/power assessed using squat jump, but respiratory muscle strength was not separately measured
	HPR: 542 ± 97 → 604 ± 88 m (+72 m). IPR: 447 ± 137 → 542 ± 111 m (+95 m). Pre-post improvement p < 0.001; group × time p = 0.420
	MFI fatigue: total score HPR 60.1 → 54.8; IPR 66.2 → 48.2. VQ11 QoL: HPR 30.0 → 21.4; IPR 29.8 → 21.7. QoL improved significantly in both groups with no significant group × time interaction.
	No adverse events/harms were specifically reported. Both rehabilitation approaches improved physical capacity; authors considered HPR a feasible alternative to IPR
	HPR was as effective as IPR for physical capacity, with comparable improvements in 6MWT, STS, lower-limb strength/power, pulmonary function and quality of life. IPR was superior for general fatigue, with significant reduction in MFI total/general fatigue only in IPR.

	10
	Mashhadi et al. (2022), Iran
[28]
	Randomized clinical trial conducted in Qom Province, Iran; September–December 2021. Participants were recruited from Shahid Beheshti and Forghani hospitals.
	30 initially randomized (15/group); 27 completed: exercise n=13, control n=14
	Adults aged 35–59 years, previously hospitalized for confirmed COVID-19 for ≥1 week; mean age 47.04 ± 9.68 years; BMI 28.45 ± 4.93 kg/m². Three participants withdrew because of heart surgery, pregnancy and neck surgery.
	Respiratory + core stability tele-exercise
	8 weeks, 3 sessions/week, 45–60 min/session. Respiratory programme included breathing-muscle training (3 × 10 deep breaths), cough exercises, diaphragmatic breathing with 1–3 kg abdominal resistance, pursed-lip breathing (3 × 10), and chest-muscle stretching. Core exercises progressed through levels 1–3 over 8 weeks, generally 3 sets with 10–20 repetitions.
	Videoconference/video calls, 3 sessions/week for 8 weeks; each session 45–60 min. The programme was supervised by a trainer.
	Usual activity/control: participants were allowed to continue their normal activities and did not receive the tele-exercise programme.
	2.23 ± 1.12 → 3.16 ± 1.13 L (+0.93 L) in exercise vs 2.36 ± 1.20 → 2.42 ± 1.61 L (+0.06 L) control; significant group × time interaction, p = 0.036.
	3.35 ± 1.32 → 5.50 ± 1.73 L (+2.15 L) exercise vs 3.43 ± 1.68 → 3.77 ± 1.95 L (+0.34 L) control; significant interaction, p = 0.011.
	NR
	NR; respiratory muscle training was included in the intervention, but respiratory muscle strength was not measured as an outcome.
	338.00 ± 95.85 → 433.76 ± 81.81 m (+95.76 m) exercise vs 366.50 ± 70.44 → 391.07 ± 40.23 m (+24.57 m) control; significant group × time interaction, p = 0.003.
	NR; no patient-reported QoL, fatigue, dyspnoea or symptom scale was reported as an outcome.
	No intervention-related adverse events/harms were reported. Three participants discontinued for reasons unrelated to the exercise intervention: heart surgery, pregnancy and neck surgery. Ethical approval and trial registration were reported.
	Respiratory and core-stability tele-exercise produced significantly greater improvements than control in FVC, FEV₁, predicted FVC, predicted FEV₁ and 6MWT. FEV₁/FVC did not significantly differ between groups (interaction p = 0.846).

	11
	Rodriguez-Blanco et al. (2023), Spain
[29]
	Randomized controlled, parallel, two-arm.
	52 randomized; 48 completed/analyzed (26 allocated to intervention, 26 control; 24 analyzed per group).
	Adults 18–75 years with PCR/antigen-confirmed COVID-19 and COVID-related symptoms persisting for ≥40 days; non-hospitalized patients. Patients requiring COVID-19 hospitalization and those with several major comorbidities/chronic conditions were excluded.
	14-day therapeutic exercise telerehabilitation combining breathing and strength exercises
	10 breathing- and strength-based exercises, performed once daily for 14 days; 12 repetitions/exercise, approximately 30 min/day. Repetitions could be modified according to Borg Scale response.
	Home-based telerehabilitation with physiotherapist supervision/reinforcement through videoconference. The authors describe high treatment adherence; 2/26 intervention participants were lost to follow-up, leaving 24 analyzed.
	Relative home rest/usual daily activities, without additional physical effort. Participants were instructed not to undertake other physiotherapy or sports activity during the trial.
	NR
	NR
	NR
	NR; respiratory exercises were part of the intervention, but respiratory muscle strength was not reported as an outcome.
	429.63 ± 192.50 → 577.54 ± 153.04 m in intervention; change +147.92 ± 165.57 m. Control: 379.46 ± 131.28 → 379.08 ± 131.37 m, change −0.37 ± 10.67 m. Intervention improvement p < 0.001; effect size R² = 0.294.
	Fatigue: VAFS 3.42 ± 2.57 → 1.42 ± 1.84 (p < 0.001). Dyspnoea: MD12 11.29 ± 7.54 → 1.08 ± 1.53 (p < 0.001). Perceived exertion: Borg 4.87 ± 2.11 → 0.62 ± 0.65 (p < 0.001). All were patient-reported measures.
	No side effects were recorded during the intervention. Four participants were lost to follow-up (2 intervention, 2 control). 
	The 14-day telerehabilitation programme produced significant improvements in all assessed outcomes in the intervention group, while the control group showed no significant within-group changes. Significant improvements occurred in 6MWT, fatigue, dyspnoea, perceived exertion and 30-second sit-to-stand performance. The authors concluded that the programme improved physical and respiratory function in non-hospitalized post-COVID-19 patients.

	12
	da Costa et al. (2024), Brazil
[30]
	Evaluator-blinded randomized controlled clinical trial; participants with post-COVID-19 syndrome. Trial registered in the Brazilian Registry of Clinical Trials (RBR-87pv366).
	34 randomized; 33 analyzed. CRG n=17; CG n=16 after 1 dropout.
	Adults ≥18 years with confirmed COVID-19 and respiratory symptoms persisting >4 weeks; able to perform study procedures. Patients with orthopedic/neurological conditions were excluded.
	6-week cardiopulmonary rehabilitation
	12 sessions, twice weekly for 6 weeks. Included lung expansion therapy, inspiratory muscle training, upper-limb strengthening and aerobic exercise. Lung expansion: EPAP/PEEP 5–20 cmH₂O; IMT at 40–50% MIP; upper-limb strengthening initially at 50% of maximal load; treadmill aerobic exercise at 60–70% HR initially and 70–80% during final 3 weeks.
	Supervised cardiopulmonary rehabilitation, twice weekly for six weeks. Control received remote physiotherapist-led health lectures twice weekly for six weeks.
	Control group: remote lectures on COVID-19, chronic diseases, quality of life and healthy lifestyle; participants maintained normal daily activities.
	1.82 ± 0.65 → 2.17 ± 0.65 L; between-group difference in change −0.07 L (95% CI −0.48 to 0.34); NS.
	2.04 ± 0.59 → 2.36 ± 0.59 L; between-group difference −0.22 L (95% CI −0.62 to 0.19); NS.
	Not reported as an outcome. Supplemental oxygen was provided if peripheral oxygen saturation fell to ≤90% during intervention.
	MIP: 75.67 ± 30.38 → 105.25 ± 31.97 cmH₂O; change +29.58, significant. MSL: 25.88 ± 20.93 → 62.35 ± 17.51 cmH₂O; change +36.47, significant. MST: 5.22 ± 3.81 → 12.05 ± 3.50 min; change +6.84, significant. Between-group differences were 26.31 cmH₂O, 29.41 cmH₂O, and 5.88 min, respectively.
	NR
	Dyspnoea (modified Borg): 3.23 ± 2.25 → 0.65 ± 1.17; change −2.59, with significant between-group difference −2.48.
	One participant dropped out from the rehabilitation group; no specific adverse events were reported in the presented results. Patients were continuously monitored, and oxygen supplementation was provided when SpO₂ ≤90%.
	Cardiopulmonary rehabilitation significantly improved respiratory muscle strength and endurance and reduced dyspnoea. FEV₁, FVC and PEF increased within the rehabilitation group but did not differ significantly between groups. Diaphragmatic thickening fraction increased but mobility did not significantly change.

	13
	Pehlivan et al. (2022), Turkey
[31]
	Prospective, single-centre, randomized controlled trial with concealed allocation. Conducted among patients discharged after COVID-19 hospitalization.
	40 randomized (20 TeleGr, 20 CG); 34 analyzed (17 per group). Six participants dropped out.
	Adults 18–75 years, diagnosed with COVID-19, within the first 4 weeks after discharge, with reduced physical function compared with pre-illness status. Patients with exercise-limiting comorbidities or neurological/cardiac deficits were excluded.
	Telerehabilitation exercise programme
	Patient education, paced running/self-walking, breathing exercises, active cycle of breathing technique, range-of-motion exercises and standing squats. Exercises were performed 3 days/week for 6 weeks, generally 10 repetitions/session, with intensity around Borg 11–12 and modified according to fatigue/tolerance.
	Live videoconferencing using a smartphone, with the physiotherapist providing real-time instructions and monitoring. A relative was requested to remain in the room during sessions.
	Control: received one exercise-training session plus a smartphone-delivered exercise brochure containing similar exercises. Participants were instructed to exercise 3 days/week for 6 weeks independently.
	NR
	NR
	NR
	NR
	NR
	mMRC dyspnoea; VAS pain and fatigue; SGRQ; BDI. TeleGr significantly improved mMRC, TUG, 5-times sit-to-stand and SGRQ activity, impact and total scores.
	No complications or harmful clinical problems reported.
	Telerehabilitation significantly improved dyspnoea, functional mobility, sit-to-stand performance and respiratory-related quality of life. Between-group differences were significant for SGRQ activity (P=0.035) and SGRQ total (P=0.042).

	14
	Jeong et al. (2024), Republic of Korea
[32]
	Randomized controlled trial conducted among COVID-19-recovered young patients at Sun Moon University.
	35 randomized: 18 intervention, 17 control. All 35 were assessed at baseline and post-intervention.
	19–30-year-old college students with previous COVID-19 infection, released from isolation and experiencing long-COVID symptoms. Participants with moderate/severe heart disease, severe stroke/neurodegenerative disease, sensory/vestibular problems or other respiratory conditions were excluded.
	Home-based Kakao Healthcare breathing exercises + respiratory muscle stretching
	Four Kakao breathing exercises plus five respiratory muscle stretching exercises. 10 min/day, 4 days/week for 4 weeks. Breathing exercises included balloon breathing, “hahaha” breathing, “heub heub heub” breathing and “heub ha heub ha” breathing.
	Initially taught by an experimenter until participants could perform independently. Smartphone instructional video provided; Kakao chat/phone reminders were given 4 times/week. Participants recorded completion and researchers checked progress weekly. Participants achieving <80% compliance were to be excluded.
	Control: no intervention during the 4-week period.
	Yes — FEV₁ increased from 3.88 ± 1.13 to 4.37 ± 1.00 L; between-group change p=0.010.
	Yes — increased from 5.08 ± 1.15 to 5.16 ± 1.10 L, but between-group difference was not significant (p=0.181).
	NR
	NR
	NR
	Fatigue Severity Scale (FSS). FSS decreased significantly within the intervention group (p=0.032), but the between-group difference was not significant (p=0.125).
	No adverse/safety outcomes were specifically reported.
	Home-based breathing exercises plus stretching significantly improved FEV₁ and FEV₁/FVC% compared with control. PEF also improved within the intervention group, but its between-group difference was not significant. FVC and fatigue did not show significant between-group effects.
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	Elgayar et al. (2025), Egypt
[33]
	Parallel-group, single-centre, prospective randomized controlled trial, conducted at Al Mahalla Al Kobra Chest Hospital, Egypt.
	80 males randomized: AE n=20, RE n=20, AE/RE n=20, Control n=20. Two participants withdrew; ITT analysis retained n=20/group.
	Men aged 40–60 years with chronic post-COVID-19 pulmonary fibrosis lasting >6 months, mild–moderate pulmonary fibrosis, previous moderate–severe COVID-19, and MRC dyspnea grade 1–3.
	Aerobic exercise (AE), resistance exercise (RE), or combined AE/RE, all with diaphragmatic breathing exercise (DBE).
	3 sessions/week for 12 weeks. AE: treadmill running, progressively 55–70% HRmax and Borg 11–14. RE: 8 resistance exercises at 55–65% 1RM. AE/RE: combined treadmill + resistance training. All groups performed DBE.
	Supervised by an experienced physiotherapist. Adherence: 84.2% AE, 81.5% RE, 83.8% AE/RE, 86.2% control; no significant difference between groups (p=0.21).
	Control: diaphragmatic breathing exercise (DBE) only.
	NR
	Yes. FVC showed significant group × time interaction (p=0.001). AE improved FVC more than RE (MD 5.3%, p=0.003) and control (MD 5.1%, p=0.001); AE/RE also outperformed RE and control.
	Yes. Baseline SpO₂ was reported (AE 96.05%, RE 96.40%, AE/RE 95.55%, control 95.95%), but it was not reported as a primary post-intervention outcome.
	NR
	NR
	SF-12 PCS and MCS; MRC dyspnea scale. AE and AE/RE significantly improved dyspnea and both physical and mental QoL components compared with RE and control.
	No adverse effects reported.
	AE and AE/RE produced superior improvements in FVC, DLCO, fibrosis grade, dyspnea and QoL compared with RE/control. AE produced the greatest improvement in exercise capacity (estimated VO₂max).
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	Rutkowski et al. (2023), Poland
[34]
	Randomized controlled trial, inpatient pulmonary rehabilitation at the Specialist Hospital in Głuchołazy, Poland.
	n = 32; VR n=18, control n=14. 20 females and 12 males; mean age 57.8 ± 4.92 years.
	Adults with post-acute sequelae of COVID-19 (PASC), aged 40–80 years, with confirmed previous COVID-19 infection. Participants underwent inpatient pulmonary rehabilitation.
	Comprehensive pulmonary rehabilitation incorporating virtual reality (VR).
	3-week, high-intensity pulmonary rehabilitation, 5 days/week. Both groups received cycle ergometer training, breathing exercises, general fitness exercises, resistance training and relaxation. VR participants used VR goggles with “Virtual Park” during cycling and virtual relaxation.
	Inpatient, multidisciplinary rehabilitation. Cycle ergometer training was performed twice daily, with other rehabilitation components once daily. Both groups received the same duration and therapeutic elements, with VR providing additional audiovisual/immersive stimuli.
	Traditional pulmonary rehabilitation using the same therapeutic elements but without VR/audiovisual stimulation.
	VR: 2.80 ± 0.66 → 2.77 ± 0.68 L, p=0.708. Control: 2.72 ± 0.60 → 2.76 ± 0.61 L, p=0.879. Between-group p=0.267.
	VR: 3.46 ± 0.78 → 3.56 ± 0.80 L, p=0.087. Control: 3.49 ± 0.86 → 3.50 ± 0.85 L, p=0.168. Between-group p=0.673.
	Measured during rehabilitation, with therapists monitoring pulse oximeter saturation, but no pre/post SpO₂ outcome data were reported in the main results table.
	NR
	VR: 502 ± 48.4 → 558 ± 76 m, p<0.001. Control: 512 ± 54.3 → 552 ± 49.1 m, p<0.001. Between-group p=0.264; effect size d=−0.411.
	6MWT dyspnoea and fatigue; PSS-10 stress scale. Dyspnoea improved significantly in both groups; PSS-10 decreased significantly in both groups.
	No specific adverse events were reported. 
	Both VR and traditional pulmonary rehabilitation significantly improved 6MWT distance and stress. VR was not significantly superior to traditional rehabilitation. Lung function did not significantly improve.
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	Kusumawardani et al. (2023), Indonesia
[35]
	Experimental randomized pretest–posttest control group design / hybrid telerehabilitation, home-based
	20 participants: experimental 10, control 10; no dropouts
	COVID-19 survivors aged 18–59 years, post-hospitalization, PCR-negative, MMSE 24–30 and haemodynamically stable; participants with previous inspiratory muscle training, other lung diseases, severe heart disease, neurological impairment, visual/hearing impairment or relevant nose/mouth conditions were excluded
	Incentive spirometry exercise
	4 weeks; 5 times/day; 10 repetitions/session; 1–2 h rest between sessions. Flow-based incentive spirometry (TriFlo RESPIOMETER®); slow, deep maximal inspiration followed by 3–5-s breath hold and slow expiration
	Home-based hybrid telerehabilitation; family member monitored daily; researcher supervised by video conference twice weekly; exercise diary and weekly evaluation used for compliance monitoring
	Diaphragmatic breathing exercise, 5 times/day, 10 repetitions/session for 4 weeks
	NR
	NR
	SpO₂ monitored during home exercise using pulse oximeter; pre/post outcome NR
	NR
	NR
	Borg RPE and exercise-related complaints monitored; no formal QoL/fatigue outcome reported
	No side effects or unwanted events reported; no hospital/readmission outcome reported
	PEF significantly increased in both groups. Incentive spirometry: 394.00 ± 130.29 → 556.00 ± 152.25 L/min, p<0.001. Control: 450.50 ± 120.47 → 562.50 ± 130.06 L/min, p=0.001. Between-group ΔPEF difference was not significant (p=0.198).
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	Yasacı et al. (2025), Turkey
[36]
	Single-blind, randomized controlled prospective trial / outpatient and home-based telerehabilitation
	72 screened; 64 randomized: TG 32, CG 32; 60 analyzed: TG 32, CG 28
	Adults ≥18 years with post-COVID-19 syndrome; mMRC 2–3; able to follow simple instructions and access technological facilities; SpO₂ <92% at rest, unstable BP, asthma/COPD and other diseases affecting lung function excluded
	Supervised telerehabilitation exercise programme
	6 weeks; 2 sessions/week; 45 min/session; 12 sessions. Diaphragmatic breathing, pursed-lip breathing, relaxation, ROM exercises, terminal knee extension/mini-squats and aerobic domestic walking. Intensity targeted RPE 11–13/20 and adjusted according to tolerance
	Delivered by physiotherapist through WhatsApp/Zoom; 1-h online orientation before programme; physiotherapist supervised and demonstrated exercises during sessions. >90% adherence reported; minor technical difficulties managed
	Unsupervised home exercise programme using the same exercises; 45 min/session, twice weekly for 6 weeks; exercise diary and RPE 11–13 instructions
	NR
	NR
	NR
	NR
	NR
	mMRC: TG 2.28 → 1.13; CG 2.14 → 1.79; between-group difference 0.8 [95% CI 0.5–1.1], p=0.001. NPRS: TG 3.03 → 1.59; CG 3.07 → 2.46; between-group difference 0.8 [0.3–1.4], p=0.006. 5-TST: TG 17.6 → 13.7 s; CG 15.9 → 14.5 s; between-group difference 2.3 [0.9–3.8], p=0.001. PSQI p=0.018; HADS-anxiety p=0.001; HADS-total p=0.026
	No significant adverse events. Two TG participants reported muscle pain after exercise and one reported kneecap pain after squatting; exercise was modified. No adverse events in CG. No hospital/readmission outcome reported
	Supervised telerehabilitation produced significantly greater improvements than unsupervised home exercise in dyspnoea, pain and functional performance, with significant between-group improvements in sleep quality and anxiety.
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	Li et al. (2022), China
[37]
	Multicentre, parallel-group randomised controlled trial conducted at three hospitals in Jiangsu and Hubei provinces
	120 randomized: TERECO n=59, Control n=61. ITT analysis: 119 participants
	Adults 18–75 years, previously hospitalised for COVID-19, discharged from hospital and with persistent moderate dyspnoea (mMRC 2–3). Patients with severe dyspnoea (mMRC 4–5), unstable/uncontrolled conditions and inability to walk independently were excluded
	TERECO telerehabilitation programme
	6-week unsupervised home exercise programme consisting of breathing control/thoracic expansion, aerobic exercise and lower-limb muscle-strengthening exercises. Three-tier programme with progressively increasing difficulty/intensity. Aerobic intensity based on HR reserve using Karvonen formula: 30–40% HRR (Tier 1) to 40–60% HRR (Tier 3)
	Delivered through RehabApp smartphone application, monitored using chest-worn HR telemetry. Weekly teleconsultation with therapists. 3–4 sessions/week. Compliance defined as achieving ≥66.7% of scheduled effective target time for ≥5 of 6 weeks. 36/59 (61.02%) randomized participants complied, increasing to 69.2% among those remaining in the programme for the full 6 weeks
	No rehabilitation; participants received short educational instructions at baseline
	Post-treatment: Control +0.18±0.53 L; TERECO +0.28±0.51 L; between-group difference 0.08 L (95% CI −0.08 to 0.25), p=0.327. Follow-up: difference 0.00 L (−0.18 to 0.17), p=0.969
	Post-treatment: Control +0.19±0.40 L; TERECO +0.21±0.47 L; between-group difference 0.02 L (−0.14 to 0.18), p=0.818. Follow-up: difference 0.01 L (−0.16 to 0.17), p=0.950
	Continuously monitored during 6MWT, but no between-group SpO₂ outcome reported
	MVV used as a respiratory-function/respiratory muscle endurance indicator. Post-treatment between-group difference 10.57 L/min (95% CI 3.26–17.88), p=0.005; follow-up 5.20 L/min (−2.33–12.73), p=0.176
	Primary outcome. Post-treatment: Control +17.09±63.94 m; TERECO +80.20±74.66 m; adjusted between-group difference 65.45 m (95% CI 43.80–87.10), p<0.001. Follow-up: difference 68.62 m (46.39–90.85), p<0.001
	SF-12 PCS: between-group difference 3.79 points (1.24–6.35), p=0.004 post-treatment and 2.69 (0.06–5.32), p=0.045 at follow-up. SF-12 MCS: NS at both time points. mMRC dyspnoea: 90.4% TERECO vs 61.7% control dyspnoea-free post-treatment; RR 1.46 (1.17–1.82), p=0.001; not significant at follow-up
	No serious adverse events. Eight participants were hospitalised during follow-up (5 TERECO, 3 control), all for non-life-threatening reasons unrelated to COVID-19 or the intervention. One TERECO participant withdrew because of premature beats; another discontinued because of chest pain
	TERECO was superior to no rehabilitation for 6MWD, lower-limb muscle strength, physical HRQOL and short-term dyspnoea. It produced only a short-term improvement in MVV and no significant effects on FEV₁, FVC, FEV₁/FVC or PEF. Benefits in 6MWD and lower-limb strength were sustained at ~28 weeks.
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	Alsharidah et al. (2023), Saudi Arabia
[38]
	Parallel-group randomized controlled trial conducted at Qassim University cardiopulmonary laboratory
	48 females: intervention n=24; control n=24
	Young females aged 18–30 years, non-smokers, BMI 18.5–24.9 kg/m², with mild-to-moderate post-COVID-19 symptoms. Participants had not been hospitalized. Mean time from confirmed COVID-19 to rehabilitation was 4.75±1.77 months vs 4.33±1.55 months
	Pulmonary telerehabilitation programme
	6-week home-based pulmonary exercise programme, 3 sessions/week, 60–80 min/session. Included breathing/chest-expansion exercises, aerobic exercise and resistance training
	Live Zoom sessions supervised by specialized physiotherapists. Participants connected in groups of approximately 5. Exercise load individually adjusted weekly. Adherence = 94.21%, with 16.96±0.86 sessions completed
	Standardized educational instructions; continue normal activities, avoid prolonged bed rest, light activity, balanced diet, sleep 6–8 h and COVID-19 prevention advice
	Baseline: 2.22±0.33 L vs 2.26±0.26 L. Post: 2.39±0.31 L vs 2.28±0.25 L. Between-group post-treatment p=0.19; not significant
	Baseline: 2.71±0.41 L vs 2.72±0.36 L. Post: 2.92±0.43 L vs 2.74±0.37 L. Between-group post-treatment p=0.12; not significant
	Monitored during every session using pulse oximetry for safety. Participants were instructed to stop if SpO₂ decreased by 4% or fell below 95%. Not reported as a comparative outcome
	Not measured. Authors specifically identified lack of inspiratory muscle-strength data as a limitation
	Baseline: 450.83±40.58 m vs 440.58±51.47 m. Post: 514.95±42.96 m vs 459.12±53.71 m. Post-treatment between-group MD 55.83 m, p=0.001. Change: +64.12 m intervention vs +18.54 m control. Percentage change: 14.22% vs 4.21%
	SF-36. Significant post-treatment between-group differences in all 8 domains: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional and mental health (all p=0.001)
	No significant adverse events reported. HR, respiratory rate, SpO₂ and Borg scale were monitored during sessions, with predefined criteria for stopping exercise
	Telerehabilitation significantly improved exercise capacity and HRQOL, but did not produce significant between-group improvements in FEV₁ or FVC. The authors concluded that pulmonary telerehabilitation was superior to no rehabilitation for exercise capacity and HRQOL in young females after COVID-19
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	Indrani et al. (2022), India
[39]
	Double-blind randomized controlled trial / Saveetha Hospital, Chennai
	30 participants: Group A n=15; Group B n=15
	Post-COVID women following lower-segment Caesarean section (LSCS); aged 20–40 years, >8 weeks postpartum. Women with postnatal complications, sedentary women and those who underwent normal vaginal delivery were excluded
	Combined body-weight, abdominal strengthening and breathing exercise
	12 weeks; 5 days/week. Group B: 5-min warm-up followed by straight plank, elbow plank, hip twist, crunch kicks and hollow body hold, combined with abdominal draw-in manoeuvre and breathing exercise; exercises performed for 30 seconds each, 3 sets; approximately 7.5 min for the exercise component
	Exercise programme continued for 5 days/week for 12 weeks. Investigator and subjects reported as blinded. Adherence rate NR
	Breathing exercises + abdominal draw-in manoeuvre + upper- and lower-limb strengthening exercises; 5-min warm-up; breathing exercises 10 repetitions × 3 sets, abdominal draw-in 35 repetitions × 3 sets, upper/lower limb strengthening 10 repetitions × 3 sets; approximately 43 min/session, 5 days/week for 12 weeks
	NR
	NR
	NR
	Not directly measured. Upper-limb strength assessed using dynamometer; lower-limb strength assessed using sit-up test
	NR
	No validated patient-reported outcome reported
	No adverse events, hospital stay or readmission outcomes reported
	Both groups improved abdominal muscle thickness, upper-limb strength and lower-limb strength. Group B showed greater post-test improvement than Group A in ultrasonography-measured abdominal thickness, dynamometer-measured upper-limb strength and sit-up performance.
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	Oliveira et al. (2023), Brazil
[40]
	Randomized controlled trial / Kinesiotherapy and Manual Therapeutic Resources Laboratory (LACIRTEM), Federal University of Pernambuco
	59 randomized: intervention 31, control 28; 25 analyzed: intervention 12, control 13
	Adults aged 18–70 years with post-COVID-19 syndrome; sedentary or irregularly active; laboratory-confirmed COVID-19. Individuals with neurological/vascular disease, blindness, gait devices, uncontrolled hypertension/arrhythmia, active myocarditis, dyspnoea at rest, acute systemic disease/fever and other specified conditions excluded
	Multicomponent physiotherapy rehabilitation
	12 weeks; 2 sessions/week; 60 min/session; 24 sessions planned. Warm-up 10 min including joint mobility, stretching and breathing techniques; resistance 20 min walking; strength 15 min with 7 upper- and lower-limb exercises, 2 sets × 10 repetitions using elastic bands, free and ankle weights with progressive loading; balance 5 min; relaxation 10 min
	Supervised laboratory-based programme. Of 31 intervention participants, 23 completed 6 sessions, 17 completed 12, 13 completed 18 and 12 completed all 24 sessions. No quantitative adherence percentage reported
	No training; educational orientation and activities of daily living during the same 12-week period
	NR
	NR
	NR
	NR
	IG: 464.5 ± 81.26 → 518.6 ± 82.68 m; change +54.10 m. CG: 441.2 ± 118.70 → 433.9 ± 111.70 m; change −7.30 m; reported p values: IG 0.55, CG 0.61
	SF-36: IG 96.3 ± 10.14 → 102.6 ± 5.53; change +6.34. CG 96.4 ± 8.05 → 97.7 ± 7.74; change +1.30. Between-group reported p=0.81. Berg balance: IG 48.8 ± 4.00 → 51.9 ± 4.26; CG 47.8 ± 3.96 → 47.9 ± 4.96; between-group p=0.87
	No adverse events, hospitalisation or readmission outcomes reported
	Multicomponent rehabilitation produced numerical improvements in 6MWT, Berg balance and SF-36 in the intervention group, but the changes were not statistically significant.
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	Sick et al. (2025), Austria
[41]
	3-arm, single-centre randomized controlled trial; Department of Sport and Human Movement Science, University of Vienna
	66 randomized: ED 24, CT 22, Control 20; 42 analyzed: 14 per group
	Adults 18–80 years with laboratory-confirmed SARS-CoV-2 infection ≥12 weeks before enrolment and ≥1 PCS symptom; non-hospitalized during acute COVID-19; excluded those with exercise intolerance/PEM, PCFS 3–4, contraindications to exercise and regular endurance/resistance training
	Endurance training (ED) and concurrent training (CT)
	12-week supervised exercise rehabilitation. ED: cycling, elliptical or treadmill; first 2 weeks 30 min/session below VT1, then VT1 sessions plus VT2 intervals, progressively increasing volume, maximum 60 min/session. CT: resistance + endurance in same session; leg press, leg curl, chest press and horizontal row, progressing from 2 × 15–20 repetitions at RPE ~12 to 2 × 8–12 repetitions at RPE 14–18, with endurance exercise thereafter
	3 sessions/week, non-consecutive days, supervised by trained sport scientists. Sessions in groups of 2–4 at a local gym. Adherence among intervention groups 92.6% on average; retention required >80% attendance
	Non-exercising control: maintain usual physical activity and not begin a new training programme
	NR
	NR
	NR as an outcome; SpO₂ was monitored at least once during each training session
	NR
	NR
	Fatigue Severity Scale (FSS); mMRC dyspnea scale; SF-36; number of PCS symptoms
	Two training participants discontinued because of worsening symptoms. Overall dropout 36.4%; most common reasons were COVID-19 reinfection and non-COVID viral/bacterial infections
	Both ED and CT significantly increased VO₂peak; ED +3.9 mL/min/kg and CT +3.2 mL/min/kg, with significant time×group interaction. Both exercise groups significantly reduced fatigue. CT significantly improved dyspnea. Lower-body strength improved significantly in both exercise groups. HRQoL improved within all groups, but no significant time×group interaction for HRQoL. No evidence that either training modality was superior
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	Şahın et al. (2023), Turkey
[42]
	Randomized controlled clinical study; Dr. Suat Seren Chest Diseases and Thoracic Surgery Training and Research Hospital, İzmir
	48 randomized: telecoaching 24, control 24; 42 analyzed: 21 per group
	COVID-19 survivors who had completed medical treatment; included patients with hospitalization >10 days, with/without IMV, NIMV or high-flow oxygen; persistent/post-acute symptoms were targeted
	Home-based pulmonary rehabilitation + telecoaching
	Both groups received breathing exercises, upper/lower-limb strengthening and regular walking. Telecoaching group additionally received weekly telephone calls from a physiotherapist for adherence monitoring, motivation and problem solving
	Home programme; exercise diary used for compliance. Telecoaching once weekly. Compliance: 90% telecoaching vs 70% control
	Same 8-week home-based PR programme without telecoaching
	No significant change: 85.05 → 89.63% predicted, p=0.066
	Significant improvement in both groups: telecoaching 83.94 → 90.94%; control 77.47 → 83.57%; p=0.014 and p=0.031 respectively
	Not reported as an outcome; participants were instructed to maintain SpO₂ >90% during exercise
	Peripheral muscle strength assessed using manual muscle testing; deltoid, biceps and quadriceps. No respiratory muscle-specific measure reported
	Significant improvement: 378.1 → 440.9 m; control 325.1 → 381.7 m; p<0.001 in both groups
	mMRC, modified Borg dyspnea/fatigue, SGRQ, SF-36, HADS
	No side effects were observed. Six participants were lost to follow-up; 3 per group
	Home-based PR improved 6MWD, FVC, muscle strength and several QoL domains in both groups. Adding telecoaching produced significantly greater improvements in daily-life dyspnea, exertional dyspnea, exertional fatigue and SF-36 social functioning
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	Reeves et al. (2025), Australia
[43]
	Prospective, multicentre, assessor-blinded RCT / two major tertiary metropolitan hospitals in Sydney; remote intervention and outcome assessment
	50 randomized: PTR 24, control 26; 39 completed initial trial: PTR 14, control 25
	Adults ≥18 years, ≥4 weeks after confirmed SARS-CoV-2 infection; persistent respiratory sequelae including dyspnoea, cough or wheeze; 80% non-hospitalised and 20% previously hospitalised; mean age 54.2 ± 14.2 years; 60% female
	Pulmonary telerehabilitation (PTR)
	4 weeks; twice weekly; 8 sessions; 40 min/session. Aerobic exercise: multidirectional stepping ± arm movements for 25 min. Resistance exercise: squats/sit-to-stands and/or hand weights for approximately 15 min. Intensity titrated to fatigue or breathlessness, targeting 2–3/10
	Real-time physiotherapist-supervised videoconferencing using Zoom; groups ≤5 participants; initial home safety assessment; fatigue monitored before and 12–24 h after sessions; intensity reduced when fatigue increased ≥2 points. 11 participants dropped out, 10 from PTR
	Usual medical care + WHO rehabilitation education pamphlet; participants could cross over to PTR after the control period
	NR
	NR
	Pulse oximetry used during screening and 1-min sit-to-stand assessment, but SpO₂ was not reported as an outcome
	NR
	NR; primary functional outcome was 1-min sit-to-stand rather than 6MWT
	SF-36, HADS, FSS, K6+, CAT and C19-YRS. No significant between-group differences in HRQoL, anxiety, depression, fatigue or respiratory symptom outcomes; SF-36 energy/fatigue domain showed a small significant difference favouring control (between-group p=0.047)
	Post-exertional fatigue was monitored and exercise intensity reduced when necessary. Dropouts included work commitments, preference for independent exercise, post-exertional symptom exacerbation, respiratory syncytial virus, family death and loss to contact. No major safety signal reported
	No significant between-group differences in the primary 1-min sit-to-stand or secondary outcomes. 1-min sit-to-stand improved by 2.1 repetitions in PTR vs 1.3 in control; between-group difference 0.8 repetitions (95% CI −3.0 to 4.6; p=0.563). The authors concluded that the 4-week, 8-session PTR programme did not significantly improve functional capacity, symptoms, HRQoL, cognition, anxiety, depression or fatigue compared with usual care.

	26
	Modesto et al. (2024), Brazil
[44]
	Cost–utility analysis conducted alongside a pragmatic randomized double-masked controlled trial / public health rehabilitation setting in Brasília, Brazil
	52 participants: PR + IMT n=25; PR + sham IMT n=27
	Adults with confirmed COVID-19 requiring hospitalization and classified as moderate-to-severe within 3 months before recruitment; screened 4–6 weeks after ICU discharge. Most participants were obese, diabetic and hypertensive; fatigue and myalgia were common post-COVID symptoms
	Pulmonary rehabilitation + supervised inspiratory muscle training (IMT) using POWERbreathe® KH2
	8 weeks. IMT at 50–60% MIP, 2 sets of 30 breaths (60 breaths), 2-min rest between sets, 3 times/week. MIP and S-Index reassessed weekly and workload adjusted. Both groups also completed 24 PR sessions over 8 weeks, 3 sessions/week, 30–50 min/session
	Supervised by physical therapists. IMT performed after PR. PR included endurance/interval training at moderate–high intensity; oxygen saturation target >90%. Weekly MIP assessment used to adjust IMT intensity
	Pulmonary rehabilitation + sham IMT; control IMT workload fixed at 10% baseline MIP throughout the intervention
	NR
	NR
	SpO₂ was used as an exercise target (>90%) but not reported as an outcome
	MIP and S-Index were assessed weekly, but outcome values comparing groups were NR in this cost–utility paper
	NR
	QALY-based utility outcome: PR + IMT 0.23 QALYs vs PR + sham IMT 0.20 QALYs; incremental utility 0.03. No individual patient-reported scale was reported in this paper
	No adverse-event or readmission outcome reported in the cost–utility analysis
	Adding IMT to PR was more effective and more costly than PR alone. Cost: US$317.73 vs US$293.93; incremental cost US$23.80; incremental utility 0.03 QALY; ICER US$793.33/QALY. 512/1000 (51.2%) Monte Carlo simulations were considered cost-effective at the BRL 40,000/QALY threshold
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	del Corral et al. (2023), Spain
[45]
	Secondary analysis of a parallel, double-blind RCT; home-based respiratory muscle training
	n = 42 analysed; 71% female; mean age 48 ± 9 years
	Adults ≥18 years with long-term post-COVID-19 symptoms, including fatigue and/or dyspnea, persisting ≥3 months after COVID-19 diagnosis
	Home-based respiratory muscle training (RMT)
	Two real-training groups from the original RCT: inspiratory muscle training and combined inspiratory + expiratory muscle training. Training was 40 min/day (20 min twice daily), 6 days/week for 8 weeks. Assessments at baseline, 4 and 8 weeks
	Home-based programme. Adherence was >95% of scheduled sessions. No adverse effects reported
	No comparator in this secondary analysis. The original RCT also contained sham inspiratory and sham inspiratory/expiratory groups, but these were excluded from the present analysis
	FEV₁ % predicted: MCID-exceeded vs not exceeded groups showed changes of 3.4 ± 10.1 vs −1.1 ± 10.3 for the EQ-5D index criterion; 1.1 ± 14.7 vs 2.1 ± 9.2 for the VAS criterion; between-group p = 0.173 and 0.386, respectively
	FVC % predicted: changes 2.8 ± 11.1 vs 4.4 ± 12.5 for EQ-5D index criterion; 0.7 ± 15.2 vs 3.9 ± 10.6 for VAS criterion; p = 0.285 and 0.255
	NR
	MIP: substantial improvement among those exceeding the MCID. For VAS criterion, change 37.9 ± 17.7 vs 12.5 ± 6.8 cmH₂O, p < 0.001, r = 0.60. MIP % predicted showed similar findings
	Not used. Exercise tolerance was assessed with the Ruffier index, not the 6MWT
	EQ-5D-5L index and VAS. Mean change: index 0.192 ± 0.165, VAS 17.7 ± 12.71; both p < 0.001. Proposed MCID: 0.262 index and 7.5 VAS points
	No adverse effects reported; adherence >95%. 69% classified as improved and 31% stable/not improved according to GROC
	EQ-5D-5L VAS showed acceptable discrimination (AUC = 0.78, 95% CI 0.63–0.92), whereas the index did not (AUC = 0.64). Exceeding the VAS MCID was associated with greater improvements in inspiratory muscle strength, exercise tolerance and lower-limb strength, but not lung function
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	Amin et al. (2024), Saudi Arabia
[46]
	Single-blinded randomized controlled trial; Jazan University, Saudi Arabia
	n = 145 analysed; Pilates n=74, control n=71
	University students aged approximately 19–26 years with recovered mild-to-moderate COVID-19; BMI <25 kg/m²; non-athletic
	Pilates exercise + home exercise programme
	12-week Pilates programme, 3 sessions/week, 1 hour/session: 10-min warm-up, 40-min Pilates, 10-min cool-down. Exercises: Mat Hundred, Roll-Up, One-Leg Circle, Rolling Like a Ball, Spine Stretch
	Sessions conducted with a qualified practitioner; participants received step-by-step instruction, breathing and spinal-neutrality training. Home programme included 15 min breathing + stretching and 15 min daily walking
	Home exercise programme alone: daily 15-min breathing, self-stretching and 15-min walking
	NR
	NR
	NR
	NR
	NR
	NR
	No adverse events reported; study focused on core endurance and static balance
	Pilates produced significantly greater improvements in all five core endurance tests and most Prokin balance measures compared with control. Significant between-group effects were observed for abdominal fatigue, prone plank, Sorensen, right/left side plank, OE/CE perimeter and CE ellipse area.
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	Harisuddin et al. (2023), Indonesia
[47]
	Randomized pre-test/post-test controlled group design / Medical Rehabilitation Installation, Dr. Soetomo Hospital, Surabaya
	20 participants: incentive spirometry n=10; diaphragmatic breathing n=10
	Post-COVID-19 patients attending medical rehabilitation; >3 months after COVID-19; still experiencing post-COVID cardiopulmonary symptoms including shortness of breath, fatigue and chest pain; age 18–59 years; MMSE 24–30; hemodynamically stable; SpO₂ >95%
	Breathing exercise using incentive spirometry
	4 weeks; 5 sessions/day; 10 repetitions/session, with 1-hour interval between sessions. Incentive spirometry used as the respiratory exercise intervention
	Exercises performed at home daily according to instructions; exercise supervision documented using an exercise supervision card signed by an agreed witness. HRV reassessed after 4 weeks
	Diaphragmatic breathing, 5 sessions/day, 10 repetitions/session, 1-hour interval between exercises, for 4 weeks
	NR
	NR
	NR as outcome; SpO₂ >95% was an inclusion criterion
	NR
	NR
	NR
	No adverse events, hospitalisation or readmission outcomes reported; all 20 participants completed the study
	No significant between-group differences in ΔRMSSD, ΔSDNN or ΔLF/HF ratio (p=0.067, p=0.706 and p=0.540, respectively). Incentive spirometry produced a moderate effect on SDNN and LF/HF ratio within the treatment group, but the changes were not statistically significant between groups.
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	Omarova et al. (2023), Kazakhstan
[48]
	Randomized controlled trial / Rehabilitation Center “Kamenskoe Plato”, Almaty
	160 participants: CRM without acupuncture n=80; CRM with acupuncture n=80
	Adults >18 years with post-COVID-19 condition (PCC), including patients recovering from severe and non-severe COVID-19; stable condition and able to cooperate with rehabilitation. Common complaints included shortness of breath, cognitive impairment/weakness/sleep disturbance, increased BP, joint pain, headache and cough. Mean age 61.3 ± 4.26 years; 75.6% female.
	Complex rehabilitation methods (CRM) + acupuncture
	CRM included respiratory gymnastics, massage, myorelaxation, physical therapy, speleotherapy, exercise equipment, aerosol therapy, oxygen cocktail, magnetotherapy, amplipulse, ultrawave frequencies, ultrasound, ultraviolet irradiation, shungite therapy, inhalation and outdoor walks. Acupuncture group additionally received full-body dry acupuncture at 10 points, with needles inserted to 10 mm and manual stimulation to produce deqi. Each acupuncture session lasted 30 min.
	Hospital-based rehabilitation for 10–14 days. Acupuncture was performed once daily; acupuncture group received an average of 9.5 ± 0.95 sessions. Participants completed at least 10 days of treatment. Rehabilitation procedures were prescribed individually by a physiotherapist.
	CRM without acupuncture, n=80; same complex rehabilitation programme without acupuncture
	NR
	NR
	Admission SpO₂: CRM 96.2 ± 0.60%; CRM + acupuncture 95.6 ± 1.18%. No post-treatment SpO₂ outcome reported
	NR
	MWT6: CRM without acupuncture 2.9 ± 0.36 → 2.8 ± 0.51; CRM + acupuncture 2.7 ± 0.55 → 1.9 ± 0.57; within-group p<0.001 for acupuncture group; ANCOVA between-group p<0.001
	mMRC dyspnoea: CRM 2.3 ± 0.63 → 2.1 ± 0.37; acupuncture 2.5 ± 0.76 → 1.5 ± 0.51; ANCOVA p<0.001. Borg RPE: CRM 3.9 ± 0.36 → 3.6 ± 0.49; acupuncture 3.1 ± 0.85 → 2.1 ± 0.68; ANCOVA p<0.001. Barthel Index: CRM 86.8 ± 3.99 → 86.9 ± 4.02; acupuncture 90.6 ± 3.62 → 92.7 ± 2.86; ANCOVA p<0.001
	Adverse events were monitored and documented, but specific adverse-event results were not reported. No follow-up beyond treatment was performed.
	CRM with acupuncture produced significant improvements in mMRC dyspnoea, Borg RPE, 6-MWT and Barthel Index, whereas CRM without acupuncture significantly improved only mMRC and Borg. The authors reported better post-treatment results in the acupuncture group on all four outcomes, but acknowledged that because acupuncture was combined with multiple rehabilitation procedures, the independent effect of acupuncture cannot be established.
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	de Araújo Furtado et al. (2023), Brazil
[49]
	Randomized controlled clinical trial / Laboratory of Physical Training Studies Applied to Health, Federal University of Paraíba
	47 randomized: TG n=24; CG n=23. 32 completed/analyzed: TG n=16; CG n=16
	Adults ≥18 years clinically recovered from COVID-19 for ≥20 days; no invasive mechanical ventilation, physical/clinical restrictions, concurrent rehabilitation, cardiac/respiratory/neurological disease or chronic psychiatric disorders. Mean age of analyzed sample 48.35 ± 13 years; 14 males/18 females. 56.7% had severe COVID-19. Persistent symptoms included fatigue, dyspnea, arthralgia and headache.
	Telerehabilitation functional training
	Multicomponent neuromuscular-efficiency training: single/bi-articular, multisegmental, multiplanar, dual-task, stabilization and integrated movements. Progression from posture, mobility and stability → aerobic resistance/strength → strength, agility, speed and power. Each session included warm-up/proprioception and mobility/strengthening, main aerobic/strength/agility/speed/power component, and cool-down/stretching/light walking.
	8 weeks, 3 sessions/week, 45–60 min/session, delivered remotely by phone/computer video call. 24 planned sessions. Exercise intensity targeted Borg 6–8/10. Eight participants in TG discontinued intervention, leaving 16 analyzed.
	Control group, n=23 randomized/16 analyzed. No physical training programme; both groups received remote health-education lectures.
	NR
	NR
	NR
	Handgrip strength: TG 22.93 ± 10 → 30.00 ± 10 kg; CG 22.40 ± 8 → 28.76 ± 11 kg. Between-group difference in change was not statistically significant.
	TG: 470 ± 77 → 591 ± 60 m; change 122 ± 64 m, p<0.05. CG: 486 ± 111 → 494 ± 116 m; change 8 ± 76 m, not significant. Between-group p=0.01.
	Depression: significantly reduced in TG (p=0.02) and between-group difference p<0.001/0.00. Anxiety: reduced within TG (p=0.03), but between-group difference was not significant (p=0.26).
	No specific adverse events reported. Attrition occurred due to surgery (n=1), medical restrictions (n=3) and dropout (n=4) in TG; physical activity during study (n=1) and dropout (n=6) in CG.
	Telerehabilitation significantly improved physical fitness and functional capacity, particularly flex-arm, 30-s sit-to-stand, Get Up and Go and 6MWT. Depression improved significantly compared with control, whereas anxiety improved within TG but not significantly between groups. Handgrip improved in both groups without significant between-group difference.
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	del Corral et al. (2023), Spain
[50]
	Parallel 4-arm double-blinded RCT; participants recruited through long-COVID support organisations; baseline and follow-up assessments conducted face-to-face, intervention delivered at home with telerehabilitation
	88 randomized, 22/group: IMT n=22; IMT-sham n=22; RMT n=22; RMT-sham n=22
	COVID-19 survivors >18 years with fatigue and dyspnoea persisting ≥3 months after confirmed COVID-19. Mean age approximately 45–49 years across groups; predominantly female. All participants had dyspnoea and fatigue at baseline.
	Home-based respiratory muscle training (RMT)
	Threshold-pressure respiratory muscle training. 40 min/day, divided into two 20-min sessions, 6 days/week for 8 weeks. RMT trained both inspiratory and expiratory muscles; IMT trained inspiratory muscles only. Training load individually tailored and progressively increased. Sham devices provided 0 cmH₂O resistance.
	Supervised through videoconferencing once weekly by a physiotherapist. Participants shared sessions across real/sham groups to equalize attention. Training diaries showed >95% completion in all groups.
	IMT-sham and RMT-sham devices; the study also directly compared RMT with IMT.
	RMT: 3.1 ± 0.8 L → 3.1 ± 0.8 L; no significant group×time interaction. IMT: 2.9 ± 0.5 → 3.0 ± 0.6 L; RMT-sham: 3.1 ± 0.6 → 3.1 ± 0.6 L.
	RMT: 4.1 ± 0.9 L → 4.2 ± 1.0 L; no significant group×time interaction. IMT: 3.8 ± 0.7 → 3.9 ± 0.8 L; RMT-sham: 4.0 ± 0.7 → 4.1 ± 0.8 L.
	NR
	MIP: RMT 90.0 ± 22.1 → 123.5 ± 28.1 cmH₂O; significant group×time interaction, p<0.001. MEP: RMT 113.1 ± 32.0 → 154.9 ± 38.7 cmH₂O; significant group×time interaction, p<0.001. IME: RMT 180.8 ± 96.9 → 459.3 ± 175.4 s; p<0.001. RMT produced large improvements compared with sham groups.
	NR – the study used the Ruffier test for exercise tolerance rather than 6MWT. Exercise tolerance did not show a significant group×time interaction.
	EQ-5D-5L: RMT 0.615 ± 0.253 → 0.827 ± 0.203; significantly better than RMT-sham at post-intervention, adjusted difference 0.151 (95% CI 0.029–0.273), d=1.0. EQ-5D VAS: RMT 60.2 ± 15.5 → 79.9 ± 14.3, adjusted difference vs RMT-sham 16.3 (4.8–27.8), d=0.9. Dyspnoea also improved significantly in RMT.
	5 participants discontinued during the study. Only one adverse event was reported (symptom exacerbation) and occurred in the IMT-sham group; authors did not attribute it to the intervention. Compliance exceeded 95%.
	RMT significantly improved HRQoL, respiratory muscle strength/endurance, lower-limb strength, expiratory muscle strength and PEF. However, it did not significantly improve exercise tolerance, FEV₁ or FVC. The RMT group had approximately 5–6-fold greater reduction in dyspnoea than the sham groups.
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	Bagherzadeh-Rahmani et al. (2023), Iran
[51]
	Randomized controlled trial; pretest–posttest design. Conducted among COVID-19 survivors recruited from Imam Khomeini Hospital, Amol, Iran
	48 recruited; 45 completed. Pilates n=15, Aqua-Pilates n=15, Control n=15
	Adults with previous COVID-19. All had ≥50% pulmonary involvement, ICU admission ≥3 days and non-invasive respiratory assistance. Participants reported dyspnoea and fatigue during daily activities after discharge. Mean age 49.9 ± 6.4 years
	Pilates training and Aqua-Pilates
	8 weeks, 3 sessions/week. Sessions included 10–15 min warm-up, 40 min main exercise, and 5–10 min cool-down. 5–10 repetitions/exercise with 1-min rest. Progressive beginner (weeks 1–3), intermediate (weeks 4–6), advanced (weeks 7–8). Main exercise RPE 14–16/20. Aqua-Pilates was performed in 120–140 cm deep water.
	Supervised by 2 certified Pilates instructors and 2 assistants; Aqua-Pilates also had a certified lifeguard. Training occurred under COVID-19 safety protocols. Three participants withdrew, leaving 45 completers.
	Usual/control group, which received no prescribed exercise during the study
	Pilates: increased by 32.3%; Aqua-Pilates: increased by 34.7%; Control: 3.0%. Both experimental groups significantly improved versus control.
	Pilates: increased 21.4%; Aqua-Pilates: 22.1%; Control: 1.9%. Both experimental groups significantly improved versus control.
	NR. Authors explicitly stated that oxygen saturation was not controlled/measured as an outcome limitation.
	NR. No objective respiratory muscle strength measure was reported.
	NR
	WHOQOL-BREF. Significant improvements in general, physical, mental, environmental and social QoL in the experimental groups. Aqua-Pilates generally produced greater improvements than standard Pilates.
	Three participants withdrew: one Pilates, one Aqua-Pilates and one control. Study termination criteria included fever >37.5°C, weakness, discomfort, dyspnoea or excessive RPE. No specific adverse-event outcome was reported.
	Both Pilates and Aqua-Pilates significantly improved FVC, FEV₁, FEV₁/FVC and QoL compared with control. Aqua-Pilates showed numerically greater improvements and significantly greater QoL responses than standard Pilates, although the pulmonary differences between the two active groups were not statistically significant.
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	de Moraes Sirydakis et al. (2024), Brazil
[52]
	Randomized controlled clinical trial / university rehabilitation centre, Florianópolis, Brazil
	40 randomized: intervention 21, control 19; ITT: intervention 21, control 18; PP: intervention 11, control 15
	Adults and older adults >18 years, both sexes, previously infected with moderate-to-severe COVID-19; post-COVID symptoms including fatigue, dyspnoea, memory loss and myalgia; most had previous ICU admission. Mean age: IG 47.61 ± 12.13 years; CG 54.05 ± 11.43 years
	Multicomponent physical training: balance + aerobic + strength + stretching
	11 weeks: 1 familiarization week + 10 weeks training; 2 sessions/week, approximately 60 min/session. Balance 10 min, aerobic 25 min, strength 15–20 min and stretching 5 min. Aerobic and strength components progressed across the programme; RPE approximately 12–13
	Face-to-face supervised training at the UFSC Sports Center by 3 experienced instructors, assisted by Physical Education students. Mean attendance among 20 IG participants was 73% (16/22 sessions); 11 (53.2%) completed >70% of sessions
	Physical activity recommendations: face-to-face guidance using the Brazilian Guide to Physical Activity; no supervised exercise programme
	NR
	NR
	NR as an outcome; SpO₂ was monitored before, during and after exercise sessions for safety
	NR
	NR in this secondary-analysis paper. The authors state that the 6MWT was the primary outcome of the parent CORE-study, but this paper analysed secondary outcomes
	Quality of life: EQ-5D-5L; ITT IG 10.70 ± 0.77 → 8.83 ± 0.82, p<0.001; CG 10.11 ± 0.81 → 11.00 ± 1.11, p=0.408; significant time×group interaction p=0.015. Sleep quality: PSQI IG 8.80 ± 0.94 → 6.47 ± 0.88, p<0.001; CG 7.00 ± 1.04 → 7.21 ± 1.20, p=0.768; interaction p=0.008. Depressive symptoms: PHQ-9 IG 8.89 ± 1.14 → 4.71 ± 1.22; CG 9.06 ± 1.68 → 6.92 ± 1.80; both improved over time, interaction p=0.235. Health perception: IG 63.75 ± 3.75 → 70.00 ± 4.37; CG 58.33 ± 4.15 → 61.25 ± 4.93; no significant interaction, p=0.627
	Participants generally tolerated the programme. Adverse events included sudden BP reduction and blood-glucose dysregulation in some IG participants; CG events included pain, altered clinical examination findings and depression. No serious safety outcome or hospital/readmission outcome reported
	Multicomponent training was superior to physical-activity recommendations for improving QoL and sleep quality. Both approaches reduced depressive symptoms, while neither significantly improved health perception.
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	Okan et al. (2022), Turkey
[53]
	Randomized controlled study / telemedicine-based intervention
	52: intervention n=26, control n=26
	Dyspneic post-COVID-19 individuals
	Breathing exercises delivered by telemedicine
	Breathing exercises performed 3 times/day for 5 weeks; one session each week was performed via telemedicine
	Telemedicine-based; one supervised telemedicine session/week; home exercises performed independently between sessions; adherence rate NR
	Brochure explaining the breathing exercises, n=26
	Intervention: posttest FEV₁ significantly higher than pretest, p<0.001. Control: no significant pre-post difference
	Intervention: posttest FVC significantly higher than pretest, p<0.001. Control: no significant difference
	NR
	MVV: posttest significantly higher than pretest in intervention group, p<0.001; no significant difference in control
	Intervention: increased by 54.27 m; Control: increased by 4.69 m
	St George's Respiratory Questionnaire (SGRQ): quality of life improved in the intervention group; pulmonary function and exercise capacity also improved
	No adverse events reported
	Telemedicine-delivered breathing exercises improved pulmonary function, quality of life and exercise capacity in dyspneic post-COVID-19 individuals compared with the control condition.





Table 2. PEDro scores of the Included Studies
	S/N
	Author (Year), Country
	Item 1: Eligibility
	Item 2: Random Allocation
	Item 3: Concealed Allocation
	Item 4: Baseline Similarity
	Item 5: Participant Blinding
	Item 6: Therapist Blinding
	Item 7: Assessor Blinding
	Item 8: >85% Follow-up
	Item 9: Intention-to-Treat
	Item 10: Between-Group Comparisons
	Item 11: Point Estimates / Variability
	PEDro /10
	Overall Risk of Bias

	1
	Pietranis et al. (2024)
Poland
[19]
	Yes
	Yes
	No
	No
	Yes
	No
	Yes
	No
	No
	Yes
	Yes
	5/10
	High

	2
	Sharma & Goswami (2022), India
[20]
	Yes
	Yes
	No
	No
	Yes
	No
	Yes
	Yes
	No
	Yes
	No
	5/10
	High

	3
	Nagy et al. (2022), Egypt
[21]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	9/10
	Low

	4
	Sánchez Milá et al. (2024), Spain
[22]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	5
	Ashraf et al. (2022), Pakistan
[23]
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	Yes
	Yes
	5/10
	High

	6
	Sari et al. (2022), Türkiye
[24]
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	7
	Gomes dos Santos et al. (2024), Brazil
[25]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	8
	Elyazed et al. (2024), Egypt
[26]
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	7/10
	Low

	9
	Vallier et al. (2023), France
[27]
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	No
	No
	Yes
	Yes
	6/10
	Some concerns

	10
	Mashhadi et al. (2022), Iran
[28]
	Yes
	No
	No
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	4/10
	High

	11
	Rodriguez-Blanco et al. (2023), Spain
[29]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	12
	da Costa et al. (2024), Brazil
[30]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	13
	Pehlivan et al. (2022), Turkey
[31]
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	7/10
	Low

	14
	Jeong et al. (2024), Republic of Korea
[32]
	Yes
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	5/10
	High

	15
	Elgayar et al. (2025), Egypt
[33]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	8/10
	Low

	16
	Rutkowski et al. (2023), Poland
[34]
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	6/10
	Some concerns

	17
	Kusumawardani et al. (2023), Indonesia
[35]
	Yes
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	5/10
	High

	18
	Yasacı et al. (2025), Turkey
[36]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Low

	19
	Li et al. (2022), China
[37]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	8/10
	Low

	20
	Alsharidah et al. (2023), Saudi Arabia
[38]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	8/10
	Low

	21
	Indrani et al. (2022), India
[39]
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	8/10
	Low

	22
	Oliveira et al. (2023), Brazil
[40]
	Yes
	Yes
	No
	No
	No
	No
	Yes
	No
	Yes
	Yes
	Yes
	5/10
	High

	23
	Sick et al. (2025), Austria
[41]
	Yes
	Yes
	No
	No
	No
	No
	No
	No
	No
	Yes
	Yes
	3/10
	High

	24
	Şahın et al. (2023), Turkey
[42]
	Yes
	Yes
	No
	No
	No
	No
	No
	Yes
	No
	Yes
	Yes
	4/10
	High

	25
	Reeves et al. (2025), Australia
[43]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	No
	No
	Yes
	Yes
	6/10
	Some concerns

	26
	Modesto et al. (2024), Brazil
[44]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	No
	No
	Yes
	No
	6/10
	Moderate

	27
	del Corral et al. (2023), Spain
[45]
	Yes
	Yes
	No
	No
	Yes
	No
	No
	No
	No
	Yes
	Yes
	5/10
	High

	28
	Amin et al. (2024), Saudi Arabia
[46]
	Yes
	Yes
	Yes
	Yes
	No
	No
	Yes
	Yes
	No
	Yes
	Yes
	7/10
	Moderate

	29
	Harisuddin et al. (2023), Indonesia
[47]
	Yes
	Yes
	No
	Yes
	No
	No
	No
	Yes
	Yes
	Yes
	Yes
	6/10
	Moderate

	30
	Omarova et al. (2023), Kazakhstan
[48]
	Yes
	Yes
	Yes
	Yes
	No
	No
	No
	Yes
	Yes
	Yes
	Yes
	7/10
	Moderate

	31
	de Araújo Furtado et al. (2023), Brazil
[49]
	Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	No
	Yes
	Yes
	5/10
	High 

	32
	del Corral et al. (2023), Spain
[50]
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	9/10
	Low 

	33
	Bagherzadeh-Rahmani et al. (2023), Iran
[51]
	Yes
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	Yes
	Yes
	6/10
	Some concerns

	34
	de Moraes Sirydakis et al. (2024), Brazil
[52]
	Yes
	Yes
	No/Unclear
	Yes
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes
	8/10
	Low

	35
	Okan et al. (2022), Turkey
[53]
	Yes
	Yes
	No/Unclear
	Yes
	No
	No
	No/Unclear
	Yes
	No/Unclear
	Yes
	Yes
	6/10
	Some concerns



Table 3. GRADE Summary of Findings
	Outcome
	Studies
	Participants
	Effect estimate
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Certainty

	6MWD
	9
	465
	MD 66.75 m (47.60 to 85.89)
	−1
	−1
	0
	0
	0*
	Low ⊕⊕◯◯

	FEV₁
	6
	470
	MD 0.21 L (−0.01 to 0.43)
	−1
	−1
	0
	0
	0*
	Low ⊕⊕◯◯

	FVC
	6
	470
	MD 0.28 L (−0.02 to 0.57)
	−1
	−1
	0
	−1
	0*
	Very low ⊕◯◯◯


* Publication bias was not formally assessed because fewer than 10 studies contributed to each meta-analysis; therefore, no downgrade was applied.

