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Abstract

:

Background and Objectives: In this study, we aimed to evaluate the effects of six weeks of pulmonary rehabilitation on functional and psychological outcomes in long-COVID patients. Material and Methods: The prospective clinical study included 46 patients that were diagnosed with COVID-19. A respiratory rehabilitation program was implemented for six weeks. Further valuables were tested before the beginning of the rehabilitation program (admission) and six weeks after (discharge): SpO2, heart rate, respiratory rate, Visual Analogue Scale (VAS) score, Borg score, Sit-to-Stand (StS) test number of repetition, distance of 6-Minute Walking Test (6MWT), Patient Health Questionnaire (PHQ) 9 score and Generalized anxiety disorder (GAD) anxiety score. These parameters were tested before the rehabilitation program on admission and at discharge and after the rehabilitation program on admission and at discharge. The results were presented with standard descriptive and analytical methods. Differences between the continuous variables before and after physical rehabilitation intervention were tested using the Wilcoxon test. Graphical analysis is presented with a box plot. Results: On discharge, in comparison with admission, the values of SpO2 were significantly lower (p = 0.007) before the 6MWT, and VAS scores were significantly higher (p = 0.036), while after the 6MWT, VAS scores were significantly lower (p < 0.001) as were Borg scores (p = 0.016). On discharge, in comparison with admission, the respiratory rate was significantly higher (p = 0.005) before the StS test, and Borg scores were significantly lower (p = 0.001), while after the StS test, SpO2 levels were significantly higher (p = 0.036) and VAS scores were significantly lower (p < 0.001), as were Borg scores (p = 0.008). After discharge, the values of the StS test were significantly higher (p = 0.011), PHQ9 scores were significantly lower (p < 0.001) and GAD anxiety scores were significantly lower as well (p = 0.005), while the distances measured in meters on the 6MWT were significantly increased (p < 0.001). Conclusions: A structured rehabilitation program in our study was shown to have beneficial effects on physiological, psychological and functional improvements in patients with long-COVID, and therefore it is advisable for these patients.
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1. Introduction


Long-COVID presents a condition that poses a significant burden to medicine and public health across the world [1]. Previously, long-COVID was described as present symptoms that last more than three months after the disease onset [1]. According to the World Health Organization (WHO), post-COVID was defined as a condition that occurs in individuals with a history of probable or confirmed SARS-CoV-2 infection, usually 3 months from the onset, and with symptoms that last for at least 2 months and cannot be explained by an alternative diagnosis [2]. In a recent study, it was pointed out that 31–69% of those who survived a COVID-19 infection will develop long-COVID symptoms [3]. The burden of long-COVID has been stressed previously, when it was noticed that, according to the WHO’s data, 17 million people in Europe are assumed to be living with long-COVID, while according to the Centers for Disease Control and Prevention (CDC), it is estimated that nearly every fifth American adult has long-COVID [4].



Long-COVID can be assumed as a multisystem disease [4]. Previously, it has been described that post-COVID syndrome involves the musculoskeletal, neurological, respiratory and digestive systems, including depression [5]. Endocrinal and reproductive systems’ involvement, as well as immune dysregulation, have also been noted in long-COVID [6].



In recent research, it has been pointed out that the female gender, increasing age and experiencing more than five symptoms in the acute stage of COVID-19 are associated with increased risk of long-COVID development [7]. Moreover, other risk factors were described as well such as smoking, comorbidities, socioeconomic deprivation and personal resilience level [8].



The rehabilitation of patients with long-COVID should include a multidisciplinary rehabilitation team [8]. According to the National Institute for Health and Care Excellence (NICE) guidelines, it is recommended to implement integrated multidisciplinary rehabilitation with the expertise of healthcare specialists in fatigue and respiratory symptom management, bearing in mind that additional expertise might be needed depending on symptoms and the age of the individual [9]. Moreover, it has been suggested that the rehabilitation of critical COVID-19 survivors with severe pulmonary or cardiac injury might not be suitable, and the proposal of certain exclusion criteria: resting heart rate > 100 beats/min., blood pressure < 90/60 mmHg or >140/90 mmHg, blood oxygen saturation below 95% or conditions where exercise is contraindicated [10]. However, in another study, it was stressed that for patients with long-COVID, particularly for those with cardiopulmonary pathology, significant rehabilitation might be needed for ability improvement to participate in the activities of daily living [11]. Furthermore, in the randomized controlled trial of Jimeno-Almazán et al., it was pointed out that for those with post-COVID long term disability, exercise could be beneficial due to improvements in cardiovascular and strength fitness, mood disorder symptomatology and quality of life [12].



In this study, we aimed to evaluate the effects of six weeks of pulmonary rehabilitation on functional and psychological outcomes in long-COVID patients.




2. Methodology


2.1. Study Group


The prospective clinical study included 46 patients that were diagnosed with COVID-19 and who were referred 6 months after COVID-19 resolution to the Clinic for Pulmonary Diseases at the University Clinical Center of Serbia for outpatient rehabilitation due to presence of extended symptoms of COVID-19 including dyspnea and fatigue. All patients were assessed by Board-certified Internal Medicine specialists and Board-certified Physical Medicine and Rehabilitation specialists. Further variables were analyzed: age, gender, body mass index, length of outpatient hospitalization, SpO2 was analyzed twice, first on initial hospitalization due to the COVID-19 infection and on admission to outpatient rehabilitation program, need for oxygen support, computerized tomography (CT) score, presence of respiratory insufficiency, malignancy, obesity, respiratory, cardiovascular, endocrinological and psychiatric comorbidities, diabetes mellitus and its complications. Complications that were evaluated included pulmonary thromboembolism, pneumomediastinum, pneumothorax and sepsis. Additionally, duration of applied physical therapy on initial hospitalization due to the COVID-19 infection was analyzed as well as mean for CURB-65.



Exclusion criteria for the study participants were presence of absolute (unstable angina and myocardial infarction during previous month) or relative (resting heart rate more than 120, and regarding blood pressure (BP) more than 180 mmHg for systolic and more than 100 mmHg for diastolic BP) contraindications for 6MWT [13,14], and presence of chronic obstructive pulmonary disease (COPD).



The eligible participants were asked at discharge from outpatient rehabilitation program further question: have you taken antidepressant or anxiolytic medications before admission and during outpatient rehabilitation program? None of the participants from study group had taken antidepressant or anxiolytic medications.



All participants were informed prior to inclusion in this study and consent was obtained. This study followed the principles of good clinical practice and Declaration of Helsinki. The Institutional Review Board approved the study (Date: 31 March 2022; Number 695/6).




2.2. Study Instruments


For the evaluation of functional therapeutic response, we used 6-Minute Walking Test (6MWT) that provides prognostic data in patients with pulmonary and cardiac diseases [15]. It is a self-paced test and measures the distance walked in 6 min in meters [13]. Preparation for the test was performed in accordance with the European Respiratory Society and American Thoracic Society [13,16]. If necessary, patients can stop and use oxygen in cases where needed [13]. Further symptoms were indications for stopping the 6MWT: presence of chest pain, intolerable dyspnea, leg cramps, staggering, diaphoresis as well as pale or ashen appearance [14].



Sit-to-Stand (StS) test is a functional performance measure where time taken to stand from seated position is measured as well as number of repetitions in certain time period [17]. This test measures lower limb muscle strength [18]. In this study, we performed one-minute StS test. We followed the standard for chair height of 46 cm and StS test was performed without arm rests [19].



Visual Analogue Scale (VAS) was used to assess fatigue. VAS uses 100 mm in length scale. As reported in previous studies, we used centimeters with a range from 0 to 10 [20]. It is a self-reported scale [21]. Patients were asked to point to the place on the scale that best describes the pain intensity.



Borg Scale was used to assess breathlessness during exercise. We used modified Borg scale as a 10-point scale [22].



A 9-item Patient Health Questionnaire (PHQ) was used to evaluate depression with a score range from 0 to 27. Every item from PHQ9 was scored from 0 (not at all) to 3 (nearly every day) [23].



The CURB-65 is a 6-point scale in which further parameters are measured: confusion, urea > 7 mm/L, respiratory rate ≥ 30/minute, low blood pressure (systolic < 90 mm Hg and diastolic ≤ 60 mm Hg) and age ≥ 65 years [24].



Generalized anxiety disorder (GAD) is a 7-item scale that was used to assess anxiety in study group of participants with a total score ranging from 0 to 21 [25].



After the 6MWT, patients filled in the psychological tests for about 45 min and then were instructed to perform StS.




2.3. Rehabilitation Protocol


Physical therapy and rehabilitation program was implemented twice in these patients. The first administration of physical therapy and rehabilitation was on initial hospitalization due to the COVID-19 infection, and duration, expressed in days, was taken from the medical history of the patients from their medical records.



The second physical therapy and rehabilitation treatment was implemented on first visit (admission) when patients were screened and included in the outpatient rehabilitation program. After the initial screening, patients were included into the respiratory rehabilitation program for six weeks (five days per week) that consisted of ipratropium bromide inhalation as introductory procedure, then breathing exercise and exercises for chest expansion followed by the 10 min stationary bicycle cycling and treadmill for a duration of 10 min with a speed of 4 km per hour. The entire program duration was 45 min per daily visit.



Breathing exercises included two components (inhalation and exhalation). Inhalation was done through the nose and exhalation was done through the mouth. Breathing exercises were repeated 10 times per daily visit.



Chest expansion exercises comprised active arm movements in shoulder region: abduction, adduction and extension followed by profound inhalation and exhalation, with 10 repetitions per daily visit.



Further valuables were analyzed on admission and at discharge from the outpatient rehabilitation program on two occasions for 6MWT and StS, before and after testing: SpO2, heart rate, respiratory rate, VAS score and Borg score. StS test number of repetition, distance of 6MWT, PHQ9 score and GAD anxiety score were tested on admission and at discharge from outpatient rehabilitation program.




2.4. Statistical Analysis


Statistical analysis was conducted using the IBM SPSS Statistics version 26.0 (IBM Corporation, Armonk, NY, USA) program. The results were presented as numbers (N) and percentages (%) for the categorical variables and mean values (MV) with a standard deviation (SD) or median (M) with interquartile range (IQR) for the continuous variables. The Shapiro–Wilk test was used to test the normality of data distribution. Differences between the continuous variables (SpO2, heart rate, respiratory rate, VAS and Borg score) before and after testing on two occasions separately, on admission and at discharge, from outpatient rehabilitation program for 6MWT and StS were tested by the Wilcoxon test. Differences between the continuous variables (SpO2, heart rate, respiratory rate, VAS and Borg score) between admission and discharge from outpatient rehabilitation program before 6MWT and StS, as well as after 6MWT and StS, were tested by the Wilcoxon test. Differences for StS test, distance of 6MWT, PHQ9 score and GAD anxiety score between admission and discharge from outpatient rehabilitation program were tested by the Wilcoxon test. The statistical significance was set at p < 0.05.



Missing data for any tested variable were less than 2%, so in case of missing data for a defined variable, these fields were left blank and not included in the analysis.



The power of this study was calculated with the help of G*Power software, version 3.1.9.4 (Kiel, Germany) and was based on standard statistical criteria, two-sided testing, p < 0.05 and effect size 0.987 for equal group sizes before and after the intervention. The t-test was obtained based on the literature data for the value of 6MWT before and after rehabilitation and a total of 36 patients were needed to obtain a statistically significant difference in the value of 6MWT before and after rehabilitation. In order to ensure the sample size, ten more patients were additionally included.



Graphical analysis was presented with a box plot. Box limits indicate the range of the central 50% of the data (the range between the 25th and 75th percentile), with a central line marking the median value. Lines extend from each box to capture the range of the remaining data (maximal–minimal values), with dots placed past the line edges to indicate outliers.





3. Results


In Table 1, the demographic and clinical characteristics of the patients are presented. The mean age of the participants was 54.87 ± 13.78 years, the median body mass index was 27.13 and 45.7% of the ones with respiratory insufficiency. The mean number of comorbidities was 2, and 14 (30.4%) of the evaluated patients had complications, where pulmonary embolism was noticed in 5 (10.9%) patients. Oxygen support was administered in 35 (76.1%) of the tested participants. The median value of SpO2 on admission to initial hospitalization for COVID-19 was 90.0%. The mean duration of physical therapy and rehabilitation during initial hospitalization due to COVID-19 infection was 35.5 days. The median value of CURB-65 was 1 (Table 1).



On admission, after the 6MWT heart rate (median value before was 80 and after 86), respiratory rate (median value before was 17 and after 20), the VAS score (median value before was 0 and after 3) and the Borg score (median value before was 0 and after 1) were significantly higher (p < 0.001) compared with before testing, while after discharge from the hospital after 6MWT further tested variables (heart rate (median value before was 79 and after 87), RR (median value before was 17 and after 18), the VAS score (median value before was 0 and after 1) and the Borg score (median value before was 0 and after 0.5)) were significantly higher (p < 0.001) compared with before testing, while for SpO2 (median value before was 97 and after 97) there was significant difference (p < 0.001) (Table 2, Figure 1a–e).



Regarding StS test on admission from the hospital, heart rate (median value before was 81 and after 95), respiratory rate (median value before was 18 and after 20), the VAS score (median value before was 0 and after 5) and the Borg score (median value before was 0.5 and after 2) were significantly higher after the testing versus before the test (p < 0.001), while on SpO2 (median value before was 97 and after 95) was significantly lower after StS test compared with before the test (p < 0.001). At discharge from the hospital, heart rate (median value before was 79 and after 91), respiratory rate (median value before was 17 and after 19), the VAS score (median value before was 0 and after 3) and the Borg score (median value before was 0 and after 1) were significantly higher after the testing versus before the test (p < 0.001), while SpO2 (median value before was 97 and after 96) was significantly lower after StS test compared with before the test (p < 0.001) (Table 2, Figure 2a–e).



On discharge, compared with admission, the values of SpO2 were significantly lower (p = 0.007) before the 6MWT, and VAS scores were significantly higher (p = 0.036), while after the 6MWT, VAS scores were significantly lower (p < 0.001) as were Borg scores (p = 0.016) (Table 3).



On discharge, compared with admission, the respiratory rates were significantly higher (p = 0.005) before the StS test, and Borg scores were significantly lower (p = 0.001), while after the StS test, SpO2 levels were significantly higher (p = 0.036) and VAS scores were significantly lower (p < 0.001) and Borg scores as well (p = 0.008) (Table 3).



After discharge, the values of the StS test (median value on admission—24 and at discharge—25) were significantly higher (p = 0.011), PHQ9 scores (median value on admission—7 and at discharge—3) were significantly lower (p < 0.001) and GAD anxiety scores (median value on admission—2.5 and at discharge—2) were significantly lower as well (p = 0.005), while the distances measured in meters of the 6MWT (median value on admission—506 and at discharge—588) significantly increased (p < 0.001) (Table 4).




4. Discussion


In our study, the mean value of SpO2 for study patients on admission at initial hospitalization due to COVID-19 and prior inclusion into the rehabilitation program was 90%, and these were considered hypoxic [26]. Moreover, three out of four patients needed oxygen support, while somewhat less than half of the enrolled participants presented on admission with respiratory insufficiency. The mean value of the CURB-65 score of 1 in our study population indicated that these patients were at low risk of mortality [24] and thus could be included for referral for an outpatient rehabilitation program.



Our findings demonstrated that on admission to the rehabilitation program after the completion of 6MWT on first visit, there were significant increases in heart rates and respiratory rates as well as significant increases in the values of the VAS scores and Borg scores versus values just before starting the test. The same trend remained following discharge from the rehabilitation program, with the presence of significant changes in oxygen saturation as well. However, positive effects of 6MWT were noticed over the period of six weeks of the rehabilitation program in the studied group, where VAS scores were significantly lower and Borg scores were significantly lower as well after the 6MWT between admission and discharge. It should be noticed that over the six-week period of the rehabilitation program, the VAS score values before 6MWT differed significantly. Moreover, there were significant increases in the distances of 6MWT between admission and discharge from the pulmonary rehabilitation program. The positive effects of respiratory rehabilitation in patients with COPD were described in the study of Gosselink et al. [27] where the authors stated that there were increases in 6MWT distance and reductions in Borg scores. Furthermore, in the study of Dierckx et al. [28], it was noticed that three months of respiratory rehabilitation of long-COVID patients had positive effects in improving the distances of 6MWT and reductions in Borg scores. In a systematic review and meta-analysis of Ahmed et al. [29], the authors pointed out that pulmonary rehabilitation improves dyspnea and exercise capacity in patients with mild to severe symptoms in acute and chronic COVID-19. Our findings are in line with previous reports regarding the beneficials effects of pulmonary rehabilitation in post-COVID patients in terms of functional capacity improvement and the reduction of dyspnea.



Regarding fatigue, Kunoor et al. [30] demonstrated the beneficial effects of 4 weeks of pulmonary rehabilitation in patients with early postacute COVID disease. Moreover, Nopp et al. [31] stressed that a 6-week personalized interdisciplinary pulmonary rehabilitation program in patients with long-COVID had positive effects on fatigue. Finally, in the systematic review and meta-analysis of Oliveira et al. [32], it was noticed that pulmonary rehabilitation was associated with fatigue reduction in subjects with post-COVID-19 syndrome. However, it should be pointed out that in this study the fatigue assessment was conducted using the Fatigue Severity Scale [32], while in our study, we performed assessment via VAS. Our results corresponded with previous reports stressing the positive effects of pulmonary rehabilitation on fatigue reduction in patients with long-COVID.



In this study, we have demonstrated that on admission to the rehabilitation program, after the completion of an StS test on first visit, there were significant increases in heart rates and respiratory rates, significant decreases in oxygen saturation values and significant increases in the values of VAS and Borg scores compared with values just before starting the StS test. The same trend remained apparent on discharge from the rehabilitation program. It should be noticed that the positive effects of the StS test were noticed over the period of the six weeks of the rehabilitation program in the studied group, where the VAS and Borg scores were significantly lower after the StS test, while the oxygen saturation values were significantly higher between admission and discharge. Additionally, there were significant increases in the repetitions of the StS test between admission and discharge from the pulmonary rehabilitation program. The positive effects of the pulmonary rehabilitation program were noted in a study of Nair et al. [33], where the authors evaluated the effects of inpatient pulmonary rehabilitation on improvements to functional outcomes in patients with post-COVID-19 fibrosis. They pointed out that there were significant increases in the repetitions of StS tests in these patients [33].



Considering the effects of the six-week rehabilitation program from our study, we have shown that there were significant reductions in depression as well as anxiety in the evaluated patients. In a systematic review and meta-analysis of Martinez-Pozas et al. [34], it was demonstrated that pulmonary rehabilitation had significant positive effects on depression and anxiety in patients with long-COVID. Additional studies of Moine et al. [35] stressed that a four-week inpatient pulmonary rehabilitation of individuals with long-COVID symptoms had positive effects on reductions in anxiety and depression. The results of our study regarding depression and anxiety are consistent with previous findings, suggesting the importance of pulmonary rehabilitation program implementation in patients with long-COVID.



This study has several limitations. First, the sample size in this study is small and thus further investigations are needed on larger samples of participants. Another limitation is the single-center study. Study participants included members of the Serbian population; therefore, it is advisable to conduct additional studies on other populations, since possible intrinsic factors might, to the certain degree, influence the rehabilitation treatment outcomes for the tested variables. Also, the absence of a control group could be a limitation factor in this study.




5. Conclusions


An outpatient rehabilitation program in our study was shown to have beneficial effects on physiological, psychological and functional improvements in patients with long-COVID.



Outpatient pulmonary rehabilitation for post-COVID patients is advisable, beneficial and effective in the improvement of physical and functional outcomes. It has positive effects on patients’ psychological aspects such as a reduction in depression and anxiety. Therefore, the timely and adequate inclusion of these individuals in pulmonary rehabilitation programs will have positive impacts on personal well-being and improvements in overall quality of life as well as optimal social integration into society.







Author Contributions


N.M., D.N., M.L., M.S. (Mihailo Stjepanovic) and F.M., conceptualization, methodology, investigation, data curation, supervision and writing the original draft; D.Z., M.S. (Milan Savic), H.S.H.A. and M.Z., data curation, formal analysis and writing the original draft. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The Institutional Review Board of University Clinical Center of Serbia approved the study (Date: 31 March 2022; Number 695/6).




Informed Consent Statement


Informed consent was obtained from all patients in this study.




Data Availability Statement


The data presented in this study are available on reasonable request from the corresponding author.




Acknowledgments


We appreciate the support of the Faculty of Medicine University of Belgrade Project Contract Number 451-03-66/2024-03/200110 for this research.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Guziejko, K.; Tałałaj, J.; Czupryna, P.; Moniuszko-Malinowska, A. Long COVID. Prz. Epidemiol. 2022, 76, 287–295. [Google Scholar] [CrossRef] [PubMed]

	



Soriano, J.B.; Murthy, S.; Marshall, J.C.; Relan, P.; Diaz, J.V.; WHO Clinical Case Definition Working Group on Post-COVID-19 Condition. A clinical case definition of post-COVID-19 condition by a Delphi consensus. Lancet Infect. Dis. 2022, 22, e102–e107. [Google Scholar] [CrossRef] [PubMed]

	



Koc, H.C.; Xiao, J.; Liu, W.; Li, Y.; Chen, G. Long COVID and its Management. Int. J. Biol. Sci. 2022, 18, 4768–4780. [Google Scholar] [CrossRef] [PubMed]

	



Haque, A.; Pant, A.B. Long Covid: Untangling the Complex Syndrome and the Search for Therapeutics. Viruses 2022, 15, 42. [Google Scholar] [CrossRef] [PubMed]

	



Anaya, J.M.; Rojas, M.; Salinas, M.L.; Rodríguez, Y.; Roa, G.; Lozano, M.; Rodríguez-Jiménez, M.; Montoya, N.; Zapata, E.; Post-COVID study group; et al. Post-COVID syndrome. A case series and comprehensive review. Autoimmun. Rev. 2021, 20, 102947. [Google Scholar] [CrossRef] [PubMed]

	



Zaidi, A.K.; Dehgani-Mobaraki, P. Long Covid. Prog. Mol. Biol. Transl. Sci. 2024, 202, 113–125. [Google Scholar]

	



Raveendran, A.V.; Jayadevan, R.; Sashidharan, S. Long COVID: An overview. Diabetes Metab. Syndr. 2021, 15, 869–875, Erratum in Diabetes Metab. Syndr. 2022, 16, 102504; Erratum in Diabetes Metab. Syndr. 2022, 16, 102660. [Google Scholar] [CrossRef] [PubMed]

	



Chuang, H.J.; Lin, C.W.; Hsiao, M.Y.; Wang, T.G.; Liang, H.W. Long COVID and rehabilitation. J. Formos. Med. Assoc. 2024, 123 (Suppl. S1), S61–S69. [Google Scholar] [CrossRef] [PubMed]

	



NICE. COVID-19 Rapid Guideline: Managing the Long-Term Effects of COVID-19. Available online: https://www.nice.org.uk/guidance/ng188 (accessed on 9 March 2024).

	



Yong, S.J. Long COVID or post-COVID-19 syndrome: Putative pathophysiology, risk factors, and treatments. Infect. Dis. 2021, 53, 737–754. [Google Scholar] [CrossRef]

	



Aiyegbusi, O.L.; Hughes, S.E.; Turner, G.; Rivera, S.C.; McMullan, C.; Chandan, J.S.; Haroon, S.; Price, G.; Davies, E.H.; Nirantharakumar, K.; et al. Symptoms, complications and management of long COVID: A review. J. R. Soc. Med. 2021, 114, 428–442. [Google Scholar] [CrossRef]

	



Jimeno-Almazán, A.; Franco-López, F.; Buendía-Romero, Á.; Martínez-Cava, A.; Sánchez-Agar, J.A.; Sánchez-Alcaraz Martínez, B.J.; Courel-Ibáñez, J.; Pallarés, J.G. Rehabilitation for post-COVID-19 condition through a supervised exercise intervention: A randomized controlled trial. Scand. J. Med. Sci. Sports 2022, 32, 1791–1801. [Google Scholar] [CrossRef] [PubMed]

	



Chetta, A.; Pisi, G.; Aiello, M.; Tzani, P.; Olivieri, D. The walking capacity assessment in the respiratory patient. Respiration 2009, 77, 361–367. [Google Scholar] [CrossRef] [PubMed]

	



ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: Guidelines for the six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117, Erratum in Am. J. Respir. Crit. Care Med. 2016, 193, 1185. [Google Scholar]

	



Matos Casano, H.A.; Anjum, F. Six-Minute Walk Test. [Updated 2023 Aug 14]. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2024. Available online: https://www.ncbi.nlm.nih.gov/books/NBK576420/ (accessed on 20 February 2024).

	



Holland, A.E.; Spruit, M.A.; Troosters, T.; Puhan, M.A.; Pepin, V.; Saey, D.; McCormack, M.C.; Carlin, B.W.; Sciurba, F.C.; Pitta, F.; et al. An official European Respiratory Society/American Thoracic Society technical standard: Field walking tests in chronic respiratory disease. Eur. Respir. J. 2014, 44, 1428–1446. [Google Scholar] [CrossRef] [PubMed]

	



Alcazar, J.; Losa-Reyna, J.; Rodriguez-Lopez, C.; Alfaro-Acha, A.; Rodriguez-Mañas, L.; Ara, I.; García-García, F.J.; Alegre, L.M. The sit-to-stand muscle power test: An easy, inexpensive and portable procedure to assess muscle power in older people. Exp. Gerontol. 2018, 112, 38–43. [Google Scholar] [CrossRef]

	



Pereira, M.C.; Lima, L.N.G.; Moreira, M.M.; Mendes, F.A.R. One minute sit-to-stand test as an alternative to measure functional capacity in patients with pulmonary arterial hypertension. J. Bras. Pneumol. 2022, 48, e20210483. [Google Scholar] [CrossRef] [PubMed]

	



Vaidya, T.; de Bisschop, C.; Beaumont, M.; Ouksel, H.; Jean, V.; Dessables, F.; Chambellan, A. Is the 1-minute sit-to-stand test a good tool for the evaluation of the impact of pulmonary rehabilitation? Determination of the minimal important difference in COPD. Int. J. Chronic Obstr. Pulm. Dis. 2016, 11, 2609–2616. [Google Scholar] [CrossRef]

	



Heller, G.Z.; Manuguerra, M.; Chow, R. How to analyze the Visual Analogue Scale: Myths, truths and clinical relevance. Scand. J. Pain 2016, 13, 67–75. [Google Scholar] [CrossRef]

	



Chiarotto, A.; Maxwell, L.J.; Ostelo, R.W.; Boers, M.; Tugwell, P.; Terwee, C.B. Measurement Properties of Visual Analogue Scale, Numeric Rating Scale, and Pain Severity Subscale of the Brief Pain Inventory in Patients With Low Back Pain: A Systematic Review. J. Pain 2019, 20, 245–263. [Google Scholar] [CrossRef]

	



Ries, A.L. Minimally clinically important difference for the UCSD Shortness of Breath Questionnaire, Borg Scale, and Visual Analog Scale. COPD 2005, 2, 105–110. [Google Scholar] [CrossRef]

	



Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16, 606–613. [Google Scholar] [CrossRef]

	



Lim, W.S.; van der Eerden, M.M.; Laing, R.; Boersma, W.G.; Karalus, N.; Town, G.I.; Lewis, S.A.; Macfarlane, J.T. Defining community acquired pneumonia severity on presentation to hospital: An international derivation and validation study. Thorax 2003, 58, 377–382. [Google Scholar] [CrossRef]

	



Toussaint, A.; Hüsing, P.; Gumz, A.; Wingenfeld, K.; Härter, M.; Schramm, E.; Löwe, B. Sensitivity to change and minimal clinically important difference of the 7-item Generalized Anxiety Disorder Questionnaire (GAD-7). J. Affect. Disord. 2020, 265, 395–401. [Google Scholar] [CrossRef] [PubMed]

	



Clinical Procedures for Safer Patient Care. Doyle and McCutcheon. British Columbia Institute of Technology. Libre Texts. Available online: https://med.libretexts.org/Bookshelves/Nursing/Clinical_Procedures_for_Safer_Patient_Care_(Doyle_and_McCutcheon)/05%3A_Oxygen_Therapy/5.04%3A_Signs_and_Symptoms_of_Hypoxia#:~:text=Oxygen%20saturation%20levels%20should%20be,than%2088%25%20is%20considered%20hypoxic (accessed on 4 March 2024).

	



Gosselink, R.; De Vos, J.; van den Heuvel, S.P.; Segers, J.; Decramer, M.; Kwakkel, G. Impact of inspiratory muscle training in patients with COPD: What is the evidence? Eur. Respir. J. 2011, 37, 416–425. [Google Scholar] [CrossRef] [PubMed]

	



Dierckx, W.; De Backer, W.; De Meyer, Y.; Lauwers, E.; Franck, E.; De Backer, J.; Ides, K. Personalized pulmonary rehabilitation program for patients with post-acute sequelae of COVID-19: A proof-of-concept retrospective study. Physiol. Rep. 2024, 12, e15931. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, I.; Mustafaoglu, R.; Yeldan, I.; Yasaci, Z.; Erhan, B. Effect of Pulmonary Rehabilitation Approaches on Dyspnea, Exercise Capacity, Fatigue, Lung Functions, and Quality of Life in Patients With COVID-19: A Systematic Review and Meta-analysis. Arch. Phys. Med. Rehabil. 2022, 103, 2051–2062. [Google Scholar] [CrossRef]

	



Kunoor, A.; Surendran, D.; Hari, H.; Viswan, V.; Harikrishnan, K.; Mehta, A.A. Impact of early pulmonary rehabilitation in postacute COVID Disease: A single-center experience from India—A quasi-experimental study. Indian J. Public Health 2022, 66, S51–S55. [Google Scholar] [CrossRef]

	



Nopp, S.; Moik, F.; Klok, F.A.; Gattinger, D.; Petrovic, M.; Vonbank, K.; Koczulla, A.R.; Ay, C.; Zwick, R.H. Outpatient Pulmonary Rehabilitation in Patients with Long COVID Improves Exercise Capacity, Functional Status, Dyspnea, Fatigue, and Quality of Life. Respiration 2022, 101, 593–601. [Google Scholar] [CrossRef]

	



Oliveira, M.R.; Hoffman, M.; Jones, A.W.; Holland, A.E.; Borghi-Silva, A. Effect of Pulmonary Rehabilitation on Exercise Capacity, Dyspnea, Fatigue, and Peripheral Muscle Strength in Patients With Post-COVID-19 Syndrome: A Systematic Review and Meta-analysis. Arch. Phys. Med. Rehabil. 2024; ahead of print. [Google Scholar]

	



Nair, S.P.; Augustine, A.; Panchabhai, C.; Patil, S.; Parmar, K.; Panhale, V.P. Safety and feasibility of pulmonary rehabilitation in patients hospitalized with post-COVID-19 fibrosis: A feasibility study. PM R, 2023; ahead of print. [Google Scholar] [CrossRef]

	



Martínez-Pozas, O.; Meléndez-Oliva, E.; Rolando, L.M.; Rico, J.A.Q.; Corbellini, C.; Sánchez Romero, E.A. The pulmonary rehabilitation effect on long covid-19 syndrome: A systematic review and meta-analysis. Physiother. Res. Int. 2024, 29, e2077. [Google Scholar] [CrossRef]

	



Moine, E.; Molinier, V.; Castanyer, A.; Calvat, A.; Coste, G.; Vernet, A.; Faugé, A.; Magrina, P.; Aliaga-Parera, J.L.; Oliver, N.; et al. Safety and Efficacy of Pulmonary Rehabilitation for Long COVID Patients Experiencing Long-Lasting Symptoms. Int. J. Environ. Res. Public Health 2024, 21, 242. [Google Scholar] [CrossRef]








[image: Medicina 60 00671 g001] 





Figure 1. (a): Differences in SpO2 before and after 6MWT; (b): Differences in HR before and after 6MWT; (c): Differences in RR before and after 6MWT; (d): Differences in VAS before and after 6MWT; (e): Differences in Borg score before and after 6MWT. Box limits indicate the range of the central 50% of the data (the range between the 25th and 75th percentile), with a central line marking the median value. Lines extend from each box to capture the range of the remaining data (maximal-minimal values), with dots placed past the line edges to indicate outliers. Outliers, values they lie on either end of a data, are labeled with a * outside of the range of the whiskers in the box plot. Any data point further than within 1.5 times the interquartile range is considered an outlier. This study included 46 patients before and after intervention. 
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Figure 2. (a): Differences in SpO2 before and after StS; (b): Differences in HR before and after StS; (c): Differences in RR before and after StS; (d): Differences in VAS before and after StS; (e): Differences in Borg score before and after StS. Box limits indicate the range of the central 50% of the data (the range between the 25th and 75th percentile), with a central line marking the median value. Lines extend from each box to capture the range of the remaining data (maximal–minimal values), with dots placed past the line edges to indicate outliers. Outliers, values they lie on either end of a data, are labeled with a * outside of the range of the whiskers in the box plot. Any data point further than within 1.5 times the interquartile range is considered an outlier. This study included 46 patients before and after intervention. 
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Table 1. Demographic and clinical characteristics of patients.






Table 1. Demographic and clinical characteristics of patients.





	Study Parameters
	Values





	Age (years), (MV ± SD)
	54.87 ± 13.78



	Gender: males/females, N(%)
	26 (56.5%)/20 (43.5%)



	Body mass index,

M (25–75% IQR)
	27.38 (25.67–32.75)



	Outpatient hospitalization length (days),

M (25–75% IQR)
	14 (7–22)



	SpO2 on admission on initial hospitalization due to COVID-19, M (25–75% IQR)
	90.0 (83.5–96.0)



	Oxygen support, N (%)
	35 (76.1%)



	CT score, M (25–75% IQR)
	14 (11–18)



	Respiratory insufficiency, N (%)
	21 (45.7%)



	Malignancy, N (%)
	5 (10.9%)



	Obesity, N (%)
	8 (17.4%)



	Diabetes mellitus, N (%)
	9 (19.6%)



	Diabetes mellitus complications, N (%)
	4 (8.7%)



	Number of comorbidities,

M (25–75% IQR)
	2 (1–2)



	Pulmonary comorbidity, N (%)
	12 (26.1%)



	Cardiovascular comorbidity, N (%)
	28 (60.8%)



	Endocrinological comorbidities, N (%)
	13 (28.3%)



	Psychiatric comorbidities, N (%)
	2 (4.3%)



	Complications, N (%)
	14 (30.4%)



	Pulmonary thromboembolism, N (%)
	5 (10.9%)



	Pneumomediastinum, N (%)
	4 (8.7%)



	Pneumothorax, N (%)
	2 (4.3%)



	Sepsis, N (%)
	3 (6.5%)



	Physical therapy duration on initial hospitalization due to COVID-19 (days), M (25–75% IQR)
	35.5 (25.5–47.75)



	CURB-65, M (25–75% IQR)
	1 (1–2)







MV—mean value; SD—standard deviation; M—median; N—number; IQR—interquartile range.













 





Table 2. Patients characteristics before testing and after testing for 6MWT and StS test on admission and at discharge from outpatient rehabilitation program.
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Outpatient Rehabilitation Program




	
Tested Variables

M (25–75% IQR)

	
Admission

	
Discharge




	
6 MWT




	
Before Testing

	
After Testing

	
p * Value

	
Before Testing

	
After Testing

	
p * Value






	
SpO2

	
97 (96–98)

	
96 (94–98)

	
0.083

	
97 (97–98)

	
97 (94–98)

	
<0.001




	
Heart rate

	
80 (71–88)

	
86 (74.5–99.5)

	
<0.001

	
79 (67.5–85.5)

	
87 (74–92)

	
<0.001




	
RR

	
17 (14–20)

	
20 (17–24)

	
<0.001

	
17 (13.5–18.5)

	
18 (16–22)

	
<0.001




	
VAS

	
0 (0–1)

	
3 (1–5)

	
<0.001

	
0 (0–0)

	
1 (0–2.5)

	
<0.001




	
Borg score

	
0 (0–1)

	
1 (0–3)

	
<0.001

	
0 (0–0.25)

	
0.5 (0–2)

	
<0.001




	

	
StS test




	
Before Testing

	
After Testing

	
p * Value

	
Before Testing

	
After Testing

	
p * Value




	
SpO2

	
97 (96–98)

	
95 (94–97.5)

	
<0.001

	
97 (96–98)

	
96 (95–97)

	
<0.001




	
Heart rate

	
81 (68.5–92)

	
95 (81–113.5)

	
<0.001

	
79 (68.5–84.5)

	
91 (76–104)

	
<0.001




	
RR

	
18 (14–21.5)

	
20 (17–24)

	
<0.001

	
17 (13–18)

	
19 (17–24)

	
<0.001




	
VAS

	
0 (0–1)

	
5 (3–6)

	
<0.001

	
0 (0–0)

	
3 (1–5)

	
<0.001




	
Borg score

	
0.5 (0–1)

	
2 (1–3)

	
<0.001

	
0 (0–0)

	
1 (0–3)

	
<0.001








6MWT—6 minute walking test; StS test—Sit-to-Stand; RR—respiratory rate; VAS—visual analog scale; M—median; IQR—interquartile range; *—Wilcoxon test.













 





Table 3. Differences in tested variables between admission and discharge from outpatient rehabilitation program before and after testing.






Table 3. Differences in tested variables between admission and discharge from outpatient rehabilitation program before and after testing.





	

	
Outpatient Rehabilitation Program




	
Tested Variables

	
Admission/Discharge

	
Admission/Discharge




	
6MWT

	
StS Test




	
p * Value

before Testing

	
p * Value

after Testing

	
p * Value

before Testing

	
p * Value

after Testing






	
SpO2

	
0.007

	
0.914

	
0.143

	
0.036




	
Heart rate

	
0.231

	
0.252

	
0.371

	
0.227




	
RR

	
0.103

	
0.097

	
0.005

	
0.293




	
VAS

	
0.036

	
<0.001

	
0.197

	
<0.001




	
Borg score

	
0.078

	
0.016

	
0.001

	
0.008








6MWT—6 min walking test; StS test—Sit-to-Stand; RR—respiratory rate; VAS—visual analog scale; *—Wilcoxon test.













 





Table 4. Changes in tested variables between admission and discharge.
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Tested Variables

M (25–75% IQR)

	
Outpatient Rehabilitation Program

	




	
Admission

	
Discharge

	
p * Value






	
StS test (repetitions)

	
24 (18–27.5)

	
25 (22–31.5)

	
0.011




	
Distance 6MWT (m)

	
506 (462–581)

	
588 (504–677)

	
<0.001




	
PHQ9 score

	
7 (4–10.25)

	
3 (1–5)

	
<0.001




	
GAD anxiety score

	
2.5 (1–5.5)

	
2 (0–3)

	
0.005








6MWT—6 min walking test; StS test—stand up and sit test; PHQ9—Patient Health Questionnaire 9; GAD—Generalized anxiety disorder; IQR—interquartile range; *—Wilcoxon test.
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