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Abstract: Background: Post-COVID-19 syndrome (PCS) may affect a substantial proportion of pa-

tients who have had COVID-19. The rehabilitation program might improve the physical capacity, 

functioning of the cardiopulmonary system, and mental conditions of these patients. This study 

aimed to investigate the effectiveness of personalized rehabilitation in patients with PCS according 

to gender. Methods: Adults who underwent a 6-week personalized PCS rehabilitation program 

were enrolled in a prospective post-COVID-19 Rehabilitation (PCR-SIRIO 8) study. The initial visit 

and the final visit included the hand-grip strength test, the bioimpedance analysis of body compo-

sition, and the following scales: modified Borg’s scale, Modified Fatigue Impact Scale (MFIS), Func-

tioning in Chronic Illness Scale (FCIS), modified Medical Research Council (mMRC) dyspnea scale, 

and tests: 30 s chair stand test (30 CST), Six-Minute Walk Test (6MWT), Short Physical Performance 

Battery test (SPPB)e. Results: A total of 90 patients (54% female) underwent the rehabilitation pro-

gram. Rehabilitation was associated with an increase in skeletal muscle mass (24.11 kg vs. 24.37 kg, 

p = 0.001) and phase angle (4.89° vs. 5.01°, p = 0.001) and with a reduction in abdominal fat tissue 

volume (3.03 L vs. 2.85 L, p = 0.01), waist circumference (0.96 m vs. 0.95 m, p = 0.001), and hydration 

level (83.54% vs. 82.72%, p = 0.001). A decrease in fat tissue volume and an increase in skeletal muscle 

mass were observed only in females, while an increase in grip strength was noticed selectively in 

males. Patients’ fatigue (modified Borg’s scale, MFIS), physical capacity (30 CST, 6MWT), balance 

(SPPB), dyspnea (mMRC), and functioning (FICS) were significantly improved after the rehabilita-

tion regardless of gender. Conclusions: Personalized rehabilitation improved the body composi-

tion, muscle strength, and functioning of patients diagnosed with PCS. The beneficial effect of re-

habilitation on body composition, hydration, and phase angle was observed regardless of gender. 

Keywords: fatigue; physical activity; post-COVID-19 syndrome; bioimpedance; body composition; 

hand grip; rehabilitation 

 

1. Introduction 

The long-term consequences of coronavirus disease 2019 (COVID-19) are varied and 

not fully known. The occurrence of long-term symptoms within three months from the 

onset of COVID-19 that last for at least two months was defined as post-COVID-19 syn-

drome (PCS) [1]. It is estimated that PCS may affect up to 80% of patients after SARS-CoV-

2 infection [1]. Patients with PCS, despite somatic symptoms, are also affected by mental 
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and cognitive disorders, chronic stress, and decreased quality of life [1,2]. Treatment of 

patients with PCS should be complemented by complex and personalized rehabilitation 

[2]. Previous studies showed that women were more symptomatic and more likely to have 

prolonged symptoms after COVID-19 infection [3–5]. Gender-related differences were 

also found regarding specific types of rehabilitation. Women who underwent a cardiac 

rehabilitation program had a lower baseline physical capacity measured by peak oxygen 

uptake and might have a lower training response when undergoing cardiac rehabilitation 

[6]. However, recent studies indicated that high-intensity interval training combined with 

resistance training of the lower limbs might be effective [7,8]. According to the available 

data, as many as three to four times more women participate in rehabilitation due to PCS 

[9]. This study aimed to investigate the effectiveness of the program of personalized reha-

bilitation in patients diagnosed with PCS according to gender. 

2. Materials and Methods 

Adults (≥18 years of age) who had at least one confirmed polymerase chain reaction 

(PCR) COVID-19 infection and received general practitioner referral for the PCS rehabili-

tation program could be included in the prospective Post-COVID-19 Rehabilitation SIRIO 

8 (PCR-SIRIO 8) study. Patients were qualified if the post-COVID-19 dyspnea persisted 

for at least 3 months. The COVID-19 diagnosis had to be documented in the patient’s 

medical file. The period between the infection and inclusion into this study could not ex-

ceed one year. The original program of personalized rehabilitation was conducted at the 

Department of Cardiac Rehabilitation and Health Promotion at the Antoni Jurasz Univer-

sity Hospital No. 1 in Bydgoszcz. The exclusion criteria used were as follows: no clinically 

relevant dyspnea defined as grade 0 in the modified Medical Research Council (mMRC) 

dyspnea scale; a status of an incapacitated person; cognitive disorders or psychological 

state preventing informed consent; medical contraindications to participate in the rehabil-

itation program (musculoskeletal dysfunction and other comorbidities); inability to per-

form bioelectrical impedance measurement due to metal medical implants. Only patients 

who underwent the complete rehabilitation program were included in the final analysis 

of the PCR-SIRIO 8 study. 

A total of 110 patients were assessed under the inclusion criteria, of which 97 started 

the rehabilitation and 90 were included in the final analysis (49 women and 41 men). Fig-

ure 1 shows detailed information regarding the inclusion process. 

 

Figure 1. Post-COVID-19 Rehabilitation (PCR-SIRIO 8) study—number of patients initially screened, in-

cluded, and excluded for further analysis. 
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A cardiologist consulted all participants before starting the rehabilitation program to 

exclude possible contraindications to physical exercise. All patients were also assessed by 

the physiotherapist during the first and last visit. The rehabilitation was performed on an 

outpatient basis for a six-week period. All patients in the study were exercising according 

to the high-intensity interval training protocol. It consisted of three parts: a warm-up (5 

min), a proper part (20 min), and a calming phase (5 min). The warm-up phase consisted 

of breathing and active exercises. The proper phase included the following: active exer-

cises using a gymnastic stick and small rehabilitation balls, balance training with a sen-

sorimotor cushion disk, active exercises with resistance using b™ resistance band and 

weights (0.5–4 kg), aerobic exercises with 25 cm step, and respiratory exercises with re-

sistance using TheraBand™ (Akron, OH, USA) resistance band and water bottle. The 

calming phase included stretching and breathing exercises. The training sessions were 

performed three times per week, except resistance exercises, which were performed once 

a week in the initial two weeks, twice a week in the following two weeks, and three times 

in the final two weeks of the rehabilitation program. All training sessions were supervised 

by a qualified and experienced physiotherapist to ensure adequate adherence to the exer-

cise regimen. The physiotherapist at the initial visit qualified the patient for rehabilitation 

based on the initial activity level, muscle strength assessed with the Medical Research 

Council (MRC) Scale for Muscle Strength, and severity of dyspnea based on the mMRC 

scale for one of the following groups: 

- Patients with low initial activity levels and low muscle strength (MRC < Grade 3) or 

with severe dyspnea (mMRC ≥ 3) performed resistance exercises with lower weights 

(0.5 kg). Active exercises in this group were performed in a sitting position, and each 

exercise requiring higher intensity was interspersed with breathing exercises. The 

duration of a training session was up to 30 min. The rehabilitation began with 1 series 

with 10 repetitions of each exercise in the initial week and progressed to 3 sessions 

with 20 repetitions in the final week. Training intensity was based on the heart rate 

reserve and aimed at 30% in the initial week, and up to 60% in the final week. 

- Patients with low to medium initial activity levels and medium muscle strength 

(MRC = Grade 3) or with medium dyspnea (mMRC = 2) performed resistance exer-

cises with heavier and increasing weights, starting with 1 kg in the initial week and 

1.5 kg in the final week. In this group, active exercises were performed in a standing 

position and breathing exercises in a sitting position. The duration of a single session 

was up to 45 min. The rehabilitation began with 1 series with 12 repetitions of each 

exercise in the initial week and increased to 3 sessions with 25 repetitions in the final 

week. Training intensity was based on the heart rate reserve and aimed at 40% in the 

initial week, and up to 70% in the final week. 

- Patients with higher initial activity levels and muscle strength (MRC > 4) or with mild 

dyspnea (mMRC = 1) performed resistance exercises with heavier and increasing 

weights, starting with 2 kg in the initial week and 4 kg in the final week. In this group, 

active exercises were performed in a standing position, and breathing exercises both 

in a sitting and standing position, and the duration of a single session was up to 60 

min. The rehabilitation started with 1 series with 15 repetitions of each exercise in the 

initial week and increased to 3 sessions with 30 repetitions in the final week. Training 

intensity was based on the heart rate reserve and aimed at 50% in the initial week, 

and up to 80% in the final week. 

The initial assessment also included patients’ comorbidities and functional status 

(balance, gait, muscle strength). Based on the above-mentioned criteria, individual short- 

and long-term goals were defined. The first was to be achieved by the end of the 6-week 

rehabilitation program, and the latter after completing the rehabilitation program. The 

leading physiotherapist individualized the rehabilitation program for each patient by 

adapting the time of the physical training, loads, and type of exercises according to the 

observed progress. The rehabilitation was supplemented by therapeutic education, 
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including methods of dealing with PCS, learning how to breathe, cough, and expectorate 

properly (techniques improving respiratory system functioning), authigenic training, and 

properly performing physical activities. The effectiveness of the rehabilitation program was 

assessed by comparing the differences between two time points, i.e., during the initial visit 

and the final visit after six weeks. In the analysis, the following parameters were assessed:  

1. The grip strength of both hands tested using a Baseline Pneumatic Squeeze Bulb Dyna-

mometer 30 PSI (Fabrication Enterprises Inc., White Plains, NY, USA). The measurement 

was performed three times at every visit and the best attempt was used for the analysis. 

The measurement was made in the sitting position with the elbow resting at an angle of 

90 degrees [10]; 

2. Bioelectrical impedance analysis with the assessment of skeletal muscle mass, muscle 

mass of the left and right extremities, lean mass, abdominal fat volume, phase angle 

(PhA, an indicator of the functional state of cell membranes; the higher the value, the 

better the cell health), and the hydration rate [10,11]. The body composition analysis 

was performed using a calibrated digital flat platform scale SECA mBCA 515 (Seca 

GmbH & Co. KG, Hamburg, Germany) measuring with the accuracy of 0.1 kg [11,12], 

considering height, waist circumference, gender, age, and race. To perform the measure-

ment, the patient stood with the legs slightly apart, placing bare feet and hands on des-

ignated areas of the SECA mBCA 515 scale. The patient remained motionless for 17 s.  

3. Tests and scales assessing functional and psychological state: 

- mMRC dyspnea scale (grades 0–4); 

- Modified Fatigue Impact Scale (MFIS, impact of fatigue on patient’s daily life, 

0–84 points); 

- Modified Borg scale (the assessment of perceived fatigue and dyspnea, score 0–10); 

- 30 s chair stand test (30 CST, the assessment depending on gender and age groups); 

- Short Physical Performance Battery test (SPPB, the assessment of balance and 

walking speed over 3 and 4 m distances, 0–12 points); 

- Six-Minute Walk Test (6MWT, the assessment of physical fitness); 

- Functioning in Chronic Illness Scale (FCIS, subscales FCIS 1 available 8–40 

points, FCIS 2 available 8–40 points, and FCIS part 3 available 8–40 points; total 

FCIS score 24–120 points) [2,5,13]. The FCIS allows for the diagnosis of deficit 

areas in patients and the implementation of appropriate interventions. The FCIS 

1 subscale mainly refers to the patient’s physical efficiency, quality of life, and 

acceptance of the disease, while the FCIS 2 subscale and FCIS 3 subscale assess 

the patient’s beliefs regarding the possible impact on the course of illness and 

the impact of the disease on the patient’s attitudes, respectively. 

All participants signed an informed consent prior to the inclusion. This study re-

ceived the approval of the Ethics Committee of The Nicolaus Copernicus University in 

Torun, Collegium Medicum in Bydgoszcz (KB 414/2021), and was conducted according to 

the Declaration of Helsinki and Good Clinical Practice principles. 

The following endpoints were assessed after the 6-week rehabilitation program: 

- Change in body composition according to gender; 

- Change in muscle strength according to gender; 

- Change in perceived fatigue assessed with the MFIS according to gender; 

- Change in perceived dyspnea assessed with the mMRC dyspnea scale and the Borg 

scale according to gender; 

- Change in exercise tolerance assessed with the 6MWT and the 30 CST according to gen-

der; 

- Change in physical fitness assessed with the SPPB test according to gender; 

- Change in the functioning in chronic illness assessed with FCIS scale according to 

gender. 
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Statistical Analysis 

The statistical analysis was carried out using the Statistica 13.0 package (TIBCO Soft-

ware Inc, Palo Alto, CA, USA). Continuous variables were presented as means with stand-

ard deviations. The Shapiro–Wilk test demonstrated a non-normal distribution of the in-

vestigated continuous variables. Therefore, non-parametric tests were used for statistical 

analysis. For comparison of continuous variables before and after post-COVID-19 rehabil-

itation, a parametric Wilcoxon signed rank test was used. Comparisons between men and 

women were performed with the Mann–Whitney unpaired rank sum test. The compari-

son of the gain (delta) of means between males and females was also performed. Results 

were considered significant at p < 0.05. 

3. Results 

A total of 90 patients (mean age 61.65 ± 5.39 years) with PCS were included in the 

final analysis, of which 41 were men (mean age 62.73 ± 5.24 years) and 49 were women 

(mean age 60.5 ± 5.54 years). The majority of patients were right-handed (n = 75, 83%), 11 

patients were left-handed (12%), and 4 patients declared themselves as bimanual (4%). A 

total of 37 patients were hospitalized due to COVID-19, of whom 23 were males and 14 

were females (56.1% vs. 28.6%, p = 0.01). Males more frequently had diabetes mellitus 

(24.4% vs. 8.2%, p = 0.03) and underwent myocardial infarction (19.5% vs. 4.1%, p = 0.047) 

and were less likely to have thyroid disorders (7.3% vs. 24.5%, p = 0.03). Detailed infor-

mation regarding the baseline characteristics of the studied group is presented in Table 1. 

Females had a lower waist circumference, decreased abdominal fat mass, increased 

skeletal muscle mass, lower hydration level, and improved phase angle after finishing the 

rehabilitation program. Among males, only a decreased waist circumference, hydration 

level, and increased phase angle were observed (Table 2). 

Table 1. Baseline characteristic of the studied population. (BMI—body mass index; COPD—chronic 

obstructive pulmonary disease; COVID-19—coronavirus disease 2019; SD—standard deviation). 

Analyzed Parameter Studied Group (n = 90) Females (n = 49) Males (n = 41) p-Value 

Mean age (SD), [years] 61.65 ± 5.39 60.5 ± 5.54 62.73 ± 5.24 0.49 

History of >1 COVID-19 infection, n (%) 2 (2.2) 1 (2.0) 1 (2.4) 0.56 

Hospitalization due to COVID-19, n (%) 37 (41.1) 14 (28.6) 23 (56.1) 0.01 

Right-handedness, n (%) 75 (83.3) 42 (85.7) 33 (80.5) 0.51 

Employment, n (%) 44 (48.9) 24 (49.0) 20 (48.8) 0.99 

Current smoker, n (%) 11 (12.2) 6 (12.2) 5 (12.2) 0.99 

BMI ≥ 30.0 kg/m2, n (%) 28 (31.1) 13 (26.5) 15 (36.6) 0.31 

Hypertension, n (%) 38 (42.2) 17 (34.7) 21 (51.2) 0.11 

Diabetes mellitus, n (%) 14 (15.5) 4 (8.2) 10 (24.4) 0.03 

Osteoarthritis, n (%) 23 (25.6) 16 (32.7) 7 (17.1) 0.09 

History of myocardial infarction, n (%) 10 (11.1) 2 (4.1) 8 (19.5) 0.047 

Bronchial asthma, n (%) 4 (4.4) 2 (4.1) 2 (4.9) 0.74 

Bronchiectasis, n (%) 1 (1.1) 1 (2.0) 0 (0.0) 0.93 

COPD, n (%) 12 (13.3) 7 (14.3) 5 (12.2) 0.77 

Thyroid disorders, n (%) 15 (16.7) 12 (24.5) 3 (7.3) 0.03 
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Table 2. Analysis of the body composition in the studied group before and after the 6-week rehabil-

itation program. (BMI—body mass index; SD—standard deviation). 

Analyzed Parameters 

Studied Group (n = 90) Females (n = 49) Males (n = 41) 

Before After 

p-Value 

Before After Delta of 

the 

Mean ±  

SD 

p-Value 

Before After Delta of 

the 

Mean ±  

SD 

p-Value 

p-Value 

for 

Deltas 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Total body mass, [kg] 
79.85 ±  

15.85 

80.11 ±  

15.82 
0.68 

74.17 ±  

13.99 

74.27 ±  

14.11 

0.10 ±  

2.01 
0.92 

86.64 ±  

15.42 

87.10 ±  

15.05 

0.46 ±  

3.06 
0.65 0.83 

BMI, [kg/m2] 
27.91 ±  

4.61 

27.90 ±  

4.57 
0.51 

27.86 ±  

5.01 

27.82 ±  

5.01 

−0.04 ±  

0.76 
0.42 

27.96 ±  

4.14 

27.99 ±  

4.04 

0.03 ±  

0.88 
0.86 0.73 

Waist circumference, [m] 
0.96 ±  

0.14 

0.95 ±  

0.14 
0.001 

0.92 ±  

0.13 

0.91 ±  

0.13 

−0.01 ±  

0.04 
0.03 

1.02 ±  

0.13 

1.01 ±  

0.12 

−0.01 ±  

0.02 
0.01 0.57 

Abdominal fat volume, 

[L] 

3.03 ±  

1.59 

2.85 ±  

1.56 
0.001 

2.31 ±  

0.93 

2.09 ±  

1.06 

-0.21 ±  

0.53 
0.02 

3.89 ±  

1.6 

3.76 ±  

1.58 

−0.13 ±  

0.64 
0.21 0.80 

Skeletal muscle mass, 

[kg] 

24.11 ±  

6.61 

24.37 ±  

6.61 
0.01 

19.96 ±  

4.3 

20.25 ±  

4.28 

0.29 ±  

0.94 
0.01 

29.08 ±  

5.36 

29.31 ±  

5.41 

0.23 ±  

1.20 
0.25 0.35 

Fat-free mass, [kg] 
51.89 ±  

11.56 

52.14 ±  

11.64 
0.24 

44.67 ±  

7.61 

44.81 ±  

7.57 

0.14 ±  

1.85 
0.59 

60.51 ±  

9.38 

60.90 ±  

9.38 

0.39 ±  

2.19 
0.23 0.61 

Rate of fat-free mass, [%] 
64.85 ±  

9.23 

65.63 ±  

8.86 
0.39 

61.20 ±  

8.16 

61.10 ±  

8.14 

−0.11 ±  

2.45 
0.60 

69.21 ±  

8.59 

71.04 ±  

6.34 

1.82 ±  

8.34 
0.44 0.78 

Fat mass, [kg] 
27.95 ±  

9.52 

27.98 ±  

9.53 
0.83 

29.48 ±  

10.47 

29.46 ±  

10.29 

−0.03 ±  

1.66 
0.81 

26.13 ±  

7.98 

26.21 ±  

8.32 

0.08 ±  

2.78 
0.94 0.93 

Rate of fat mass, [%] 
34.81 ±  

8.49 

34.60 ±  

8.46 
0.44 

39.00 ±  

8.26 

38.90 ±  

8.14 

-0.10 ±  

1.84 
0.53 

29.81 ±  

5.6 

29.45 ±  

5.46 

−0.36 ±  

2.48 
0.62 0.98 

Total body water, [L] 
38.66 ±  

8.62 

38.76 ±  

8.41 
0.37 

33.43 ±  

5.54 

33.60 ±  

5.55 

0.17 ± 

1.34 
0.44 44.90 ± 7.42 44.93 ± 6.99 

0.03 ± 

2.16 
0.58 0.84 

Rate of total body water, 

[%] 
48.16 ± 5.78 48.43 ± 5.86 0.24 

45.33 ± 

5.59 
45.67 ± 5.85 

0.33 ±  

1.84 
0.29 

51.53 ±  

3.94 

51.72 ±  

3.85 

0.19 ±  

1.68 
0.65 0.81 

Extracellular water, [L] 
17.43 ±  

3.18 

17.39 ±  

3.24 
0.22 

15.72 ±  

2.31 

15.66 ±  

2.4 

−0.06 ±  

0.78 
0.53 

19.48 ±  

2.85 

19.47 ±  

2.91 

−0.01 ±  

0.78 
0.23 0.94 

Rate of extracellular 

water, [%] 

21.93 ±  

2.52 

23.65 ±  

18.0 
0.37 

21.44 ±  

2.8 

24.65 ±  

24.41 

3.21 ±  

24.69 
0.54 

22.50 ±  

2.04 

22.45 ±  

1.88 

−0.05 ±  

0.86 
0.55 0.89 

Hydration, [%] 
83.54 ±  

10.24 

82.72 ±  

9.25 
0.001 

88.41 ±  

10.29 

87.42 ±  

8.52 

−0.99 ±  

5.71 
0.004 

77.72 ±  

6.51 

77.10 ±  

6.63 

−0.62 ±  

1.72 
0.01 0.09 

Phase angle, [◦] 
4.89 ±  

0.74 

5.01 ±  

9.25 
0.001 

4.65 ±  

0.64 

4.77 ±  

0.62 

0.12 ±  

0.22 
0.001 

5.17 ±  

0.76 

5.29 ±  

0.72 

0.12 ±  

0.25 
0.006 0.73 

In the female group, the rehabilitation program was associated with increased muscle 

mass in the left arm and non-dominant arm. In the male group, an increase in the right-hand 

and dominant-hand grip strength was observed, but not in the muscle mass (Table 3). 

Table 3. Analysis of the muscle mass of the extremities and the grip strength before and after the 6-

week rehabilitation program. (SD—standard deviation). 

Analyzed 

Parameters 

Studied Group (n = 90) Females (n = 49) Males (n = 41)  

Before After 

p-

Value 

Before After Delta 

of the 

Mean ±  

SD 

p-

Value 

Before After Delta 

of the 

Mean ±  

SD 

p-

Value 

p-

Value 

for 

Delta 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Muscle mass of 

the right arm, 

[kg]  

1.49 ±  

1.35 

1.50 ±  

1.35  
0.52 

1.16 ±  

1.12 

1.16 ±  

1.13 

0.00 ±  

0.00 
0.88 

1.90 ±  

1.91  

1.91 ±  

1.99  

0.01 ±  

0.01 
0.49 0.66 

Muscle mass of 

the left arm, 

[kg] 

1.43 ±  

1.31 

1.44 ±  

1.34 
0.02 

1.09 ±  

1.07  

1.11 ±  

1.09  

0.02 ±  

0.02 
0.01 

1.83 ±  

1.85  

1.84 ±  

1.96  

0.01 ±  

0.00 
0.44 0.48 

Muscle mass of 

the right leg, 

[kg] 

5.15 ±  

5.09  

5.18 ±  

5.04  
0.21 

4.49 ±  

4.38  

4.51 ±  

4.43  

0.02 ±  

0.02 
0.38 

5.94 ±  

5.88  

5.98 ±  

6.10 

0.04 ±  

0.05 
0.39 0.94 
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Muscle mass of 

the left leg, [kg] 

5.15 ±  

5.04 

5.20 ±  

5.05  
0.05 

4.49 ±  

4.37  

4.54 ±  

4.39  

0.06 ±  

0.06 
0.08 

5.93 ±  

5.92  

5.98 ±  

6.11  

0.05 ±  

0.03 
0.40 0.47 

Muscle mass of 

the dominant 

arm, [kg] 

1.50 ±  

1.32 

1.49 ±  

1.30  
0.90 

1.16 ±  

1.12 

1.16 ±  

1.13  

0.00 ±  

0.00 
0.90 

1.91 ±  

1.96  

1.90 ±  

1.98  

−0.00 ±  

0.01 
0.10 0.97 

Muscle mass of 

the non-

dominant arm, 

[kg]  

1.43 ±  

1.30 

1.45 ±  

1.32 
0.02 

1.10 ±  

1.07 

1.12 ±  

1.14 

0.02 ±  

0.02 
0.02 

1.84 ±  

1.93 

1.85 ±  

1.96 

0.01 ±  

0.00 
0.28 0.59 

Right-hand grip 

strength, [kg] 

12.15 ±  

12.00 

12.66 ±  

12.00 
0.001 

10.96 ±  

10.00 

11.02 ±  

11.00 

0.02 ±  

0.00 
0.28 

13.59 ±  

12.00 

14.57 ±  

14.00 

0.98 ±  

0.00 
0.0003 0.13 

Left-hand grip 

strength, [kg] 

12.16 ±  

12.00 

12.44 ±  

12.50 
0.03 

10.57 ±  

11.00 

10.73 ±  

11.00 

0.17 ±  

0.00 
0.13 

14.09 ±  

13.00 

14.45 ±  

14.00 

0.36 ±  

0.00 
0.08 0.74 

Dominant-hand 

grip strength, 

[kg]  

12.30 ±  

12.00 

12.60 ±  

12.00 
0.01 

11.06 ±  

11.00 

10.81 ±  

11.00 

-0.06 ±  

0.00 
0.67 

13.83 ±  

13.00 

14.81 ±  

14.00 

0.98 ±  

0.00 
0.0002 0.08 

Non-dominant-

hand grip 

strength, [kg]  

12.09 ±  

12.00 

12.10 ±  

12.00 
0.21 

10.52 ±  

10.00 

10.33 ±  

10.00 

0.21 ±  

0.00 
0.46 

14.02 ±  

13.00 

14.29 ±  

14.00 

0.26 ±  

0.00 
0.22 0.44 

An improvement in the patients’ capacity and reduction in dyspnea assessed with 

functional scales (Borg’s scale, MFIS scale, and mMRC scale) were observed after the re-

habilitation program. The mean walking distance in 6MWT increased and patients’ scores 

were higher in the 30 CST and SPPB test, both in the male and female groups (Table 4). 

Table 4. Analysis of self-reported fatigue, dyspnea, general physical capacity, and balance before 

and after the 6-week rehabilitation program. (MFIS - Modified Fatigue Impact Scale; mMRC - mod-

ified Medical Research Council scale; SPPB - Short Physical Performance Battery test; 30 CST – 30 s 

chair stand test; 6MWT - Six-Minute Walk Test). 

Analyzed 

Parameter 

Studied Group (n = 90) Females (n = 49) Males (n = 41) 

Before After 

p-Value 

Before After Delta 

of the 

Mean ±  

SD 

p-Value 

Before After Delta 

of the 

Mean ±  

SD 

p-Value 

p-Value 

for 

Delta 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Borg’s scale, 

[pts] 

3.65 ±  

1.95 

2.26 ±  

1.44  
<0.0001 

3.92 ±  

2.13 

2.25 ±  

1.41 

−1.72 ±  

2.11 
<0.0001 

3.34 ±  

1.70  

2.26 ±  

1.50  

−1.11 ±  

2.22 
0.002 0.36 

MFIS scale, 

[pst] 

37.37 ±  

15.49  

29.14 ±  

14.23 
<0.0001 

41.19 ±  

14.82  

31.35 ±  

14.51  

−10.12 ±  

12.42 
<0.0001 

32.77 ±  

15.17  

26.39 ±  

13.54  

−6.93 ±  

10.77 
0.001 0.41 

30CST, [pts] 
13.39 ±  

4.32  

17.10 ±  

4.66  
<0.0001 

13.19 ±  

3.78  

16.63 ±  

4.24  

3.41 ±  

2.16 
<0.0001 

13.63 ±  

4.93  

17.67 ±  

5.12 

4.12 ±  

3.23 
<0.0001 0.41 

6MWT, [m] 
327.80 ±  

82.88  

383.96 ±  

74.59  
<0.0001 

318.33 ±  

89.19  

370.04 ±  

71.36  

47.82 ±  

50.76 
<0.0001 

339.80 ±  

73.43  

401.28 ±  

75.73  

61.48 ±  

43.75 
<0.0001 0.18 

SPPB scale, 

[pts] 

13.68 ±  

2.09  

15.09 ±  

1.32  
<0.0001 

13.43 ±  

2.28  

15.08 ±  

1.21  

1.53 ±  

1.72 
<0.0001 

13.98 ±  

1.79  

15.10 ±  

1.46  

1.05 ±  

1.34 
<0.0001 0.20 

mMRC scale, 

[pts] 

2.21 ±  

0.52 

1.00 ±  

0.89 
<0.0001 

2.28 ±  

0.57 

0.96 ±  

0.89 

−1.31 ±  

0.93 
<0.0001 

2.11 ±  

0.44 

1.05 ±  

0.89 

−1.07 ±  

0.85 
<0.0001 0.15 

Desaturation 

during 

6MWT,  

[n (%)] 

4 (4.4) 0 (0.0) 0.13 2 (4.1) 0 (0.0) N/A 0.48 2 (4.9) 0 (0.0) N/A 0.47 N/A 

Patients had higher scores in all parts of the FCIS scale after the rehabilitation pro-

gram and the same trend was observed regardless of gender (Table 5). Males had higher 

absolute mean values in all components of the FCIS scale both before and after the reha-

bilitation in comparison to females. 
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Table 5. Results of the Functioning in Chronic Illness Scale (FICS) before and after the 6-week reha-

bilitation program. (SD—standard deviation). 

Analyzed 

Parameters 

Studied Group (n = 90) Females (n = 49) Males (n = 41) 

Before After 

p-Value 

Before After Delta 

of the 

Mean ±  

SD 

p-Value 

Before After Delta 

of the 

Mean ±  

SD 

p-Value 
p-Value 

for Delta 
Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

Mean ±  

SD 

FCIS 1 [pts] 
25.62 ±  

6.53 

27.85 ±  

5.65  
<0.0001 

24.81 ±  

6.54 

26.81 ±  

5.72   

2.00 ±  

3.43 
0.001 

26.59 ±  

6.46  

29.14 ±  

5.34  

2.44 ±  

3.78 
0.001 0.34 

FCIS 2 [pts] 
28.74 ±  

4.06  

30.46 ±  

4.57 
<0.0001 

28.08 ±  

3.80  

29.28 ±  

4.38 

1.21 ±  

2.73 
0.005 

29.55 ±  

4.27  

31.91 ±  

4.42  

2.14 ±  

3.71 
0.001 0.13 

FCIS 3 [pts] 
31.71 ±  

4.05  

33.40 ±  

3.80  
<0.0001 

31.34 ±  

3.99  

32.74 ±  

3.95  

1.40 ±  

2.96 
0.001 

32.16 ±  

4.13  

34.21 ±  

3.49 

1.86 ±  

3.31 
0.003 0.31 

FCIS total 

[pts] 

86.07 ±  

11.89  

91.71 ±  

11.51  
<0.0001 

84.23 ±  

11.13  

88.83 ±  

11.84  

4.60 ±  

6.00 
<0.0001 

88.30 ±  

12.50  

95.26 ±  

10.13  

6.44 ±  

9.24 
<0.0001 0.15 

The changes in the mean values (delta) before and after the rehabilitation in males 

and females are presented in the appropriate tables (Tables 2–5). In all analyzed parame-

ters, the deltas did not differ between the genders (p > 0.05). 

4. Discussion 

The COVID-19 pandemic led to almost 7 million deaths worldwide [14], and many 

patients were affected by PCS. Rehabilitation has been shown to be an effective tool to 

minimize the long-term effects of COVID-19 [1,2]. According to Jimeno-Almazán et al., 

physical exercise is associated with short-, medium-, and long-term health benefits [15]. 

Physical activity was proven to be beneficial in various chronic diseases and to improve 

patients’ emotional and psychological state [15–19]. Physical inactivity may be associated 

with a potentially higher risk of severe consequences of COVID-19 [20]. According to Ce-

ban et al., one-third of patients experienced chronic fatigue after COVID-19, which lasted 

much longer and even escalated in selected patients, contrary to other symptoms that usu-

ally ended spontaneously [4]. Previous research has shown that fatigue in patients with 

PCS was the longest-lasting symptom and affected 97.7% of individuals [21]. Fatigue re-

lated to COVID-19 infection occurred less frequently in the pediatric population while it 

was more common in females, elderly, and obese patients [4,21]. 

In our research, patients underwent the program of personalized PCS rehabilitation, 

which along with the multi-aspect assessment regarding physical capacity, anthropomet-

ric parameters, and functioning in chronic disease made the presented results uniquely 

valuable. The presented analysis addresses the need for the comprehensive assessment of 

differences in the effectiveness of PCS rehabilitation according to gender, because the 

available scientific evidence in this field up to date is scarce. The improvement in physical 

capacity, as expected, was observed both in men and women in all analyzed scales. Inter-

estingly, in the female group, the muscle mass of the non-dominant arm increased without 

a significant improvement in the grip strength, while the opposite was seen in men—an 

improvement in the dominant-hand grip strength without a significant increase in the 

muscle mass. This might be associated with the initial differences in body composition 

between the groups, especially regarding the percentage of fat tissue. Hormonal factors 

might also play an important role [22]. In a study conducted on long-distance runners, the 

differences between men and women were mainly noted in the percentage of fat tissue and 

less regarding the cardiopulmonary capacity [23]. In the metanalysis assessing the effects of 

resistance training, the increase in upper-body strength was greater in the female group with 

a similar effect on the muscle hypertrophy and lower-body strength, which the authors 

mainly associated with the adaptation of the neurological system [22]. Therefore, the type 

of training may also have an impact on the observed effects of the rehabilitation. 
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Liu et al. showed an improvement in respiratory functions and walking distance in 

6MWT in post-COVID-19 patients who underwent a 6-week respiratory rehabilitation 

program [24]. Similar results regarding 6MWT were observed by Ibrahim et al., who in-

vestigated the impact of aerobic, low-, and moderate-intensity exercises performed in 40 

min sessions for 10 weeks in post-COVID-19 patients. This form of physical activity im-

proved the functioning of the immune system, quality of life, as well as mental conditions, 

and increased the physical capacity of the patients [25]. Takekawa et al. reported that post-

COVID-19 rehabilitation aimed at improving the gait pattern along with strengthening 

the trunk muscles increased the volume of the lumbar muscle [26]. 

Previous research showed a negative impact of PCS on body composition, muscle 

function, and quality of life [27]. In patients with PCS, rehabilitation has improved body 

composition, not only by increasing skeletal muscle mass but also by reducing fat mass 

and waist circumference [27,28]. Both the reduction in fat tissue and waist circumference 

are beneficial in terms of the risk of various chronic diseases, especially affecting the car-

diovascular system [29–31]. In the PCR-SIRIO 8 study, the reduction in the abdominal fat 

volume and related reduction in the waist circumference were observed and were espe-

cially pronounced in the female group.  

One of the analyzed parameters was a phase angle measured before and after the 

rehabilitation program. The phase angle is used as an indicator of cellular health, integrity, 

and hydration [11]. A value above 6° is considered normal, and a value below 4.8° is an 

independent predictor of mortality in intensive care units [11,32,33]. It has been shown 

that the phase angle is inversely correlated with the length of in-hospital stay, and its low 

value was associated with a higher risk of mortality in patients hospitalized due to 

COVID-19 [32]. Our results revealed a significant improvement in the phase angle in the 

studied group regardless of gender; however, it should be underlined that the mean value 

of the phase angle was low (<6°) both before and after the rehabilitation. 

Patients who underwent the program of personalized rehabilitation were also edu-

cated on physical activity, healthy diet, and ways to deal with post-COVID-19 complica-

tions. Therapeutic education along with physical activity are fundamental for prophylaxis 

and the treatment of various chronic diseases [1]. Therapeutic education enables patients 

to better understand the necessity of adequate diagnosis and treatment, helps to accept 

the proposed procedures, and increases the general effectiveness of the treatment [34]. The 

observed beneficial impact of the rehabilitation on the physical capacity along with the 

improvement in the anthropometric parameters of PCS patients translated into better 

functioning of men and women in this chronic illness. 

The presented analysis stands out from previous publications on rehabilitation in 

PCS patients by showing detailed gender-related differences in anthropometric parame-

ters and functioning after a rehabilitation program. The rehabilitation led to the improve-

ment in functioning, physical capacity, and body composition regardless of gender. Alt-

hough there were no differences in deltas between men and women, gender-related dif-

ferences regarding the effect of the rehabilitation program could be seen, particularly on 

body composition and muscle strength. The reduction in waist circumference was ob-

served both in males and females, but only in the latter group was the increase in skeletal 

muscle mass and reduction in fat tissue observed. This might be related to constitutional 

differences in body composition between genders. Males have more lean mass, less fat 

mass, and a lower fat-to-muscle mass ratio [35,36]. A crucial observation is that the reha-

bilitation both in males and females led to an improvement in fatigue, dyspnea, general 

physical capacity, and balance. Therefore, it is an effective tool to reduce the symptoms of 

PCS regardless of gender. Nevertheless, further research to evaluate the optimal rehabili-

tation strategies for reducing the negative consequences of COVID-19 is needed. 

A major study limitation was the relatively low number of patients included in the 

analysis. Furthermore, no information regarding potential and additional physical activi-

ties as well as patients’ diet was available. Both these factors might influence the body 

composition, especially in terms of fat mass. The presented study is a post-hoc analysis of 
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the gender-related differences in the population of the PCR-SIRIO 8 study, which was 

initially designed to investigate the improvement in patients’ functioning after a multidis-

ciplinary, personalized rehabilitation program in PCS patients. Only patients who re-

ceived general practitioner referral for PCS rehabilitation were included in this study. This 

could have potentially limited the recruitment; however, the initial assessment by the gen-

eral practitioner was beneficial in terms of the confirmation of COVID-19 infection and 

screening for eligibility for PCS rehabilitation. 

5. Conclusions 

Rehabilitation in patients with PCS improved their functioning and physical capac-

ity. Completion of the program led to an improvement in the proportion between fat and 

muscle mass, hydration, and phase angle both in the female and male subgroups. Reha-

bilitation should be applied in all patients with PCS regardless of gender-related differ-

ences in outcomes. 
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