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A B S T R A C T   

Background: Long Covid Syndrome (LCS) is used to describe signs and symptoms that continue or develop after 
acute COVID-19 infection. Natural history and treatment of this syndrome are still poorly understood, even if 
evidences suggest the potential role of physical rehabilitation in improving symptoms in these patients. 
Aim of the study: The aim of the present study was to evaluate effectiveness, safety and feasibility of an out-of- 
hospital multidisciplinary rehabilitation (MDR) program, based both on physical and psychological recon-
ditioning, in reducing symptoms and improving physical fitness and psychological parameters in patients with 
LCS. 
Methods: Thirty consecutive patients with LCS (18 males, mean age 58 years) underwent an accurate medical 
screening process including anthropometric and muscular strength evaluation, cardiopulmonary exercise test, 
quality of life (QoL) and psychological appraisal before and after a MDR program. 
Results: At baseline, all LCS patients were strongly symptomatic and showed severe impairments in physical 
performance, QoL and psychological parameters. No adverse effects and dropouts were observed during the 
exercise training sessions. After the MDR program, COVID-19 residual symptoms significantly decreased, and 
significant improvements in upper and lower limb muscular strength, cardiopulmonary parameters, perceived 
physical and mental health, depression and anxiety were observed. 
Conclusions: The present study confirms the severe physical and psychological impairment of patients with LCS 
and suggests that a MDR program is effective, safe and feasible in these patients and could promote their physical 
and psychological recovery.   

1. Introduction 

COVID-19 has resulted in a global pandemic and in a huge public 
health crisis [1]. Clinical characteristics of COVID-19 infection vary 
from a mild asymptomatic state, to a severe illness with respiratory 
dysfunction, thrombotic complications and multiorgan failure, espe-
cially in patients with pre-existing cardiovascular, respiratory or 

metabolic chronic diseases [2,3]. Recent evidences suggest the emer-
gence of a novel syndrome known as Long Covid Syndrome (LCS), a term 
used to describe signs and symptoms that continue or develop over time 
after acute COVID-19 infection, and that may take many months to 
resolve [4–6]. Researchers report that almost all hospitalized patients, 
60 days after the end of acute COVID-19 infection, still present at least 
one symptom, and half of them experience three or more residual 
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symptoms, such as fatigue, headache, attention disorders, and dyspnea 
[7,8]. However, differently from what it could be assumed, this syn-
drome could also affect non-hospitalized patients. 

Treatment of LCS is not well defined, given the fact that, until today, 
no drug therapy has been shown to improve symptomatology. Various 
guidelines focus on treating and managing LCS, but no agreement has 
been reached about the best therapeutic strategy [5]. Physical rehabil-
itation has been proposed as a valid approach in these patients [9–14], 
and international guidelines suggest to not underestimate the weight 
that psychological management could have in patients with LCS 
[11,15]. However, there is currently a lack of data in literature about the 
contemporary effectiveness of physical and psychological recondition-
ing in these patients. Therefore, the aim of the present paper was to 
evaluate effectiveness, safety and feasibility of an out-of-hospital, 
multidisciplinary rehabilitation (MDR) program, based both on phys-
ical and psychological reconditioning, in relieving symptoms and 
improving physical and psychological parameters in patients with LCS. 

2. Methods 

2.1. Study protocol 

Thirty consecutive patients with LCS followed by Pneumology Ser-
vice of Dolo – Venice, Italy were enrolled in the study. The inclusion 
criteria were: age ≥18 years; previous diagnosis of COVID-19 infection 
according to World Health Organization definition [16]; presence of 
symptoms continuing 4 or more weeks after the end of COVID-19 
infection. Exclusion criteria were: orthopedic limitations; psychiatric 
or neurological disorders; any other cardiovascular contraindication to 
exercise testing and training. The study was carried on in accordance 
with the principles of the Declaration of Helsinki. Moreover, following 
the applicable legal regulations and the Code of Medical Ethics, subjects 
were duly informed on the risks, benefits and stress deriving from the 
physical exercise and signed an informed consent. 

All the enrolled patients underwent an accurate medical screening 
process including rest electrocardiogram and transthoracic echocar-
diogram, body composition and muscular strength evaluation, cardio-
pulmonary exercise test (CPET), psychological and quality of life (QoL) 
assessment, before and after the MDR program, at the Cardiovascular 
Rehabilitation and Sports Medicine Service of Noale Hospital, Venice, 
Italy. LCS symptoms were extracted from medical records of the Pneu-
mology Service that cared the patients. The MDR program, including 
both physical training and psychological treatment, was conducted by a 
multidisciplinary team including physical trainers, nurses, psycholo-
gists, cardiologists and sport medicine physicians. A general treatment 
plan was established by the multidisciplinary team and adapted for each 
patient, according to its clinical presentation. 

The outcome of the study was to evaluate effectiveness, safety and 
feasibility of the MDR program. Effectiveness was measured through the 
improvement of the body composition, muscular strength, cardiopul-
monary and psychological parameters. Safety and feasibility were 
measured respectively through the number of adverse cardiovascular 
events occurring during the training session and through the drop-out 
rate from the program itself 

2.2. Body composition evaluation 

All the measurements were performed in a room with a standardized 
temperature (21 ◦C), by the same trained examiner. Body weight was 
measured in underwear to the nearest 0.1 kg (Tanita Corporation, 
Japan). Height was measured with a stadiometer to the nearest 0.5 cm. 
Both measurements were used to calculate Body Mass Index (BMI, Kg/ 
m2). Fat Mass (FM, %) and Fat Free Mass (FFM, %) were calculated 
through the measurement of tricep, subscapular, bicep and iliac crest 
skinfold thickness, using a caliper (Best K-501, Trystom, Czech Repub-
lic), and following the guidelines of the International Society for the 

Advancement in Kinanthropometry [17]. The equations used to estimate 
percentages of FM and FFM were those of Durning and of Siri, respec-
tively [18,19]. Muscular mass (MM, Kg) was calculated by right upper 
arm circumference measurement together with tricep skinfold thickness, 
with the formula used by Heymsfield et al. [20]. 

2.3. Muscular strength evaluation 

Upper limbs muscular strength was assessed through handgrip test, 
while lower limbs muscular strength with leg press test. The handgrip 
test was performed using a digital handgrip dynamometer (Lafayette 
instrument company, USA), according to the standard procedures rec-
ommended by the American Society of Hand Therapists [21]. The one- 
repetition maximum (1-RM) for the leg press, that is the maximal weight 
an individual can lift for only one repetition with correct technique, was 
estimated using a leg press machine (Technogym, Rotterdam) following 
the protocol described by Kraemer et al. [22]. 

2.4. Cardiopulmonary assessment 

The cardiopulmonary status was investigated through a cycle 
ergometer cardiopulmonary exercise test (CPET). Each patient under-
went a standardized, graded exercise test using an Ebike with control 
terminal PC cycle ergometer (GE Medical System, Germany), with 
Vyntus CPX metabolic analysis system (Vyaire medical, USA), and with 
breath-by-breath measures of ventilation and gas exchange. Each test 
was performed applying a personalized ramp protocol set to achieve 
peak of exercise in 10 ± 2 min, while a respiratory exchange ratio (RER) 
>1.10 was used to consider the test as maximal [23,24]. 

2.5. QoL assessment 

QoL was assessed using the Short term Form 36 (SF-36) question-
naire, which contains nine scale for assessing physical and psychosocial 
domain parameters [25]. Patients must rate their current state of health 
on a scale of 0 (worst possible health) to 100 (best health). 

2.6. Psychological assessment 

Anxiety and depression were assessed through Zung scales. Both the 
Zung Self-Rating Depression Scale and Zung Self-Rating Anxiety Scale 
are 20-items self-report questionnaires, ranging from 20 to 80 [26,27]. 
After this self-valuation process, an expert psychologist confirmed the 
diagnosis. 

2.7. Physical training program 

Training sessions at the hospital gym were carried out following the 
indication of American College of Sports Medicine [28]. Training pro-
gram included 3 training sessions per week of 90 min duration. Each 
training session begun with 10 min of a mix of warm up, and was fol-
lowed by a 45-minute endurance training: 5 min of low-intensity warm 
up; 35 min of continuous moderate-intensity training (corresponding to 
60–80% of VO2 peak registered during CPET); 5 min of low intensity 
cool down. Endurance training was carried out with the use of cardio 
machines, such as cycle ergometer and treadmill (Technogym, Rotter-
dam). Aerobic exercise was followed by 20 min of resistance strength 
training, conducted at a variable load of 30–50% of the 1-RM, with the 
use of compressed-air isotonic machines (pectoral machine, lower-back, 
leg press, leg extension, adductor machine, deltoids press; Technogym, 
Rotterdam). At the end of the training session, 5 min of stretching ac-
tivities were performed. Patient safety during training was ensured by 
strict monitoring peripheral arterial oxygen saturation, blood pressure 
and telemetric electrocardiogram. 
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2.8. Psychological treatment 

Psychosocial treatment was performed through 4 psychological in-
terviews. The psychological treatment was tailored to the specific 
symptoms of patients and was based on cognitive behavioral therapy 
and eye movement desensitization and reprocessing therapy. Individual 
relaxation techniques, such as muscular relaxation, body-scan, breath 
control, and imaginative relaxation were also performed [29]. More-
over, multidisciplinary counselling was performed through grouped and 
individualized health education meetings, during which patients were 
educated about their condition, and to adopt active lifestyle modifica-
tion, such as improving physical activity levels, eating healthier and stop 
smoking. 

2.9. Statistical analysis 

By means of Shapiro-Wilk test we were able to verify that all outcome 
parameters were normal distributed. Quantitative variables were sum-
marized as mean (m) and standard deviation (SD), while categorical 
variables as absolute values (n) and percentages (%). The null hypoth-
esis of the study was that there were no differences between outcome 
parameters before and after the MDR program. For continuous variables, 
changes from pre- to post MDR program was tested with paired t tests, 
while Fisher’s exact test was used to compare categorical variables. A p- 
value < 0.05 was considered statistically significant. The analysis has 
been carries out with STATA software (STATA, v.8, Italy). 

3. Results 

Clinical characteristics of study population are reported in Table 1. 
We analyzed 30 consecutive patients with LCS, between April 2021 and 
November 2021, after a mean of 3 months (range 1–6 months) from the 
resolution of acute COVID-19 infection. During acute COVID-19 infec-
tion, about 16% of patients needed mechanical ventilation and was 
treated in Intensive Care Unit, while 53.3% needed only non-invasive 
oxygen supply, and 30% didn’t need hospital admission. The mean 
age was 58.37 years, and 60% were males. Most of them were over-
weight, since mean BMI was 29.2 kg/m2. Thirty-three percent had hy-
pertension and about half was actual smoker. Resting ECG and 
echocardiogram excluded any Covid-19 related cardiac involvement. 
During the MDR program, each LCS patients underwent 4 psychological 

interviews, and 13 physical training sessions on average (range 8–20). 

3.1. Efficacy of the MDR program 

At baseline, all patients suffered from at least one COVID-19 residual 
symptom, with dyspnea and fatigue as the most represented; after the 
MDR program, all symptoms decreased significantly, with 50% of pa-
tients feels no symptoms at all (Fig. 1). Before the MDR program, pa-
tients had an unfavorable body composition with high FM percentage 
and reduced muscular strength values; at the end of the MDR program, 
the mild improvements in body composition parameters did not reach 
the statistically significance, while upper and lower limb muscular 
strength values improved significantly (Table 2). All CPET resulted 
negative from ischemic point of view, and no variations in arterial SpO2 
between resting and peak values were observed. Cardiopulmonary 
fitness was reduced at baseline, with the mean VO2 peak corresponding 
only to 73% of predicted value. After the MDR program, significant 
improvements in VO2 peak and peak work rate were observed (Table 3). 
At enrollment patients showed a depressed QoL, with low physical and 
mental domain values, and high levels of depression and anxiety; 
however, at the end of the study period, almost all physical and mental 
domain values improved significantly, with a contemporary reduction of 
anxiety and depression scores (Table 4). 

3.2. Safety and feasibility of the MDR program 

No adverse events nor dropouts were observed during the training 
period. 

4. Discussion 

LCS is an increasingly recognized problem facing the globally Covid 
19 infected population [30]. Indeed, it has a major role in reducing QoL 
of affected patients, delaying the recovery of the normal activity of daily 
living [31]. Natural history of LCS is still poorly understood since 
pathophysiological mechanisms are not yet completely clear [9]. Its 
pathogenesis is probably multi-factorial and more than one mechanism 
may be implicated, even if prolonged inflammation seems to have a key 
role [32]. Physical rehabilitation has been theorized and proposed as a 
valid therapeutic strategy for this syndrome [11]. To the authors’ best 
knowledge, this is the first study evaluating the contemporary effec-
tiveness of a MDR program, based at the same time both on physical and 
psychological reconditioning, in reducing symptoms and improving 
physical and psychological parameters in patients with LCS. 

4.1. Efficacy of the MDR program 

In line with previous studies, all our patients suffered from at least 
one COVID-19 residual symptoms [7,8,14]: dyspnea and fatigue were 
the two most represented, but also tachycardia, sleep disorders, chest 
pain and palpitations were quite frequent. As a main result, we observed 
a significant reduction of COVID-19 residual symptoms: 50% of subjects 
were free-of-symptoms at the end of the study period, and rate of dys-
pnea and fatigue significantly crashed. This is a big result, since per-
sisting symptoms in LCS are the leading cause of disability and reduced 
QoL, and thus their reduction should be a main target of every proposed 
therapy [4,11]. 

4.1.1. Body composition and muscular strength 
Almost all LCS patients were overweight and showed an high per-

centage of body fat, with a reduced muscular mass and strength. Indeed, 
an independent deleterious impact of COVID-19 infection on muscular 
strength has been already described [33,34]. In the present study, values 
of upper and lower limb muscular strength improve significantly after 
the MDR program: probably the synergy between endurance and resis-
tance training can explain these results. This relevant muscular fitness 

Table 1 
Baseline clinical characteristics of study population (n = 30).  

Age – years (mean ± SD) 58.37 ± 11.6 
Male, n (%) 18 (60%) 
Comorbidities, n (%)  
Hypertension 10 (33.3%) 
Diabetes 3 (10%) 
Hypercholesterolemia 9 (30%) 
None 8 (26.6%) 
Smoking habit, n (%)  
Actual 16 (53.3%) 
Past 7 (23.3%) 
Never 7 (23.3%) 
Time between recovery from acute COVID-19 infection to MDR – 

months mean (range) 
3 (1–6)  

Site of treatment for acute COVID-19 infection 
Hospital departments, n (%) 16 (53.3%) 
Intensive Care Unit, n (%) 5 (16.6%) 
Home, n (%) 9 (30%)  

Respiratory support for acute COVID-19 infection 
Oxygen supply, n (%) 16 (53.3%) 
Mechanical ventilation, n (%) 5 (16.6%) 
None, n (%) 9 (30%) 

MDR = multidisciplinary rehabilitation. 
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improvement can have big public health consequences [35,36]. 

4.1.2. Cardiopulmonary fitness 
All our patients with LCS showed at baseline low cardiopulmonary 

fitness at CPET evaluation, probably due to a peripheral deficit, as 
already shown by Clavario et al. [33]. Most of CPET parameters, how-
ever, significantly improved after the MDR program, with a greater 

improvement of VO2 peak, likely in relation to the above increase in 
muscular strength. This improvement is very significant because it has 
been demonstrated that a low VO2 peak is related with some LCS 
symptoms, such as dyspnea and fatigue [37]; moreover, data from 
literature show that increase of VO2 peak are associated with 
improvement of several clinical outcomes [38]. Indeed, CPET is stated in 
the literature as one of the crucial tests in LCS patients evaluation and 
exercise prescription [39,40]. 

Fig. 1. Symptoms PRE and POST the rehabilitation program in patients with Long Covid Syndrome *p < 0.05; **p < 0.001.  

Table 2 
Body composition and muscular strength PRE and POST the rehabilitation 
program.   

PRE POST 

BMI - Kg/m2 (mean ± SD) 29.20 ± 4.3 29.33 ± 4 
Muscle mass – Kg (mean ± SD) 32.29 ± 8.4 33.19 ± 9.9 
Fat mass (%) 28.14 27.75 
Free fat mass (%) 71.86 72.25 
Handgrip strength – Kg (mean ± SD) 39.04 ± 11.1 45.12 ± 11.3* 
Leg Press strength – Kg (mean ± SD) 198.38 ± 50.4 225.81 ± 51.9** 

BMI = body mass index *p < 0.05; **p < 0.001. 

Table 3 
Cardiopulmonary values PRE and POST the rehabilitation program.   

PRE POST 

Peak work rate – Watt (mean ± SD) 113.17 ± 41 133.91 ± 43.3** 

satO2 baseline (%) 96.82 97.17 
satO2 peak (%) 95.60 96.52 
VO2 peak – mL/Kg/min (mean ± SD) 17.53 ± 5.2 20 ± 4.4* 
VO2 peak (% predicted) 73.43 82.54* 
Anaerobic threshold – mL/Kg/min (mean ± SD) 13.38 ± 4.5 14.74 ± 3.4 
VE/VCO2 slope (mean ± SD) 30.84 ± 4.7 29.48 ± 4.2 

SatO2 baseline = baseline arterial O2 saturation; satO2 peak = peak arterial O2 
saturation; VO2 peak = absolute peak VO2; VO2 peak (% 
predicted) = percentage of VO2 peak predicted value. 
*p < 0.05; **p < 0.001. 

Table 4 
Quality of life and psychological evaluation PRE and POST the rehabilitation 
program.   

PRE POST 

Physical domain (SF-36) (mean ± SD) 
Physical functioning 57.95 

(±22.4) 
82.73 (±18.3)* 

Role Limitation due to Physical Health 17.95 
(±32.8) 

54.54 
(±45.4)** 

Energy/Fatigue 43.64 
(±15.7) 

60.55 (±20)* 

Bodily Pain 53.16 
(±26.5) 

67.18 (±29.2)* 

General Health 53.63 
(±17.1) 

63.40 (±23.4)*  

Mental domain (SF-36) (mean ± SD) 
Role Limitation due to Emotional Health 25.72 (±37) 66.63 (±46)** 

Mental Health 60.86 
(±18.7) 

72.40 (±17.4) 

Social Functioning 53.22 
(±24.2) 

73.77 (±27.9)* 

Health Changes 13.63 
(±14.9) 

46.59 (±33)** 

Self-rating depression scale (Zung) 
(mean ± SD) 

40.45 (±8.6) 36.27 (±8.5)* 

Self-rating anxiety scale (Zung) (mean ± SD) 39.59 (±8.9) 34.22 (±8.5)* 

*p < 0.05; **p < 0.001. 
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4.1.3. QoL status 
Patients with LCS showed a poor QoL at baseline; after the MDR, we 

highlighted high improvement in almost all physical and mental related 
domains of QoL. 

4.1.4. Psychological status 
In the present study patients with LCS showed high values of anxiety, 

depression and sleep disturbances, in line with recent reports [41–45]. 
After the MDR program we highlighted high improvements in self- 
related anxiety and depression levels. Thus, cognitive behavioral ther-
apy was effective in treating patients with LCS, as already shown by 
Ferrario et al. [29]. Probably the synergy between psychological man-
agement, multidisciplinary counseling and physical exercise acted a 
major role in these results [46]. 

4.2. Safety and feasibility of the MDR program 

We didn’t observe side effects, nor clinical complications during the 
MDR program, as already shown in previous report [47–49]. Patients 
showed good compliance to training sessions and psychological man-
agement, and no drop-outs were reported during the study period. 

4.3. Limits of the study 

Our study suffers from some limitations. First, our sample size was 
composed only by 30 patients, even if other studies on the same topic 
have a similar sample size [12,14,50]. Secondly, we had not a control 
group, and we did not differentiate the impact of specific treatment 
measures, such as physical training and psychological interventions, but 
rather focused on the overall effects of the multidisciplinary rehabili-
tation strategy. LCS symptoms were not measured with validated 
questionnaire, but rather were derived from medical records of patients. 
We decided to exclude to MDR program subjects who could have 
contraindication to exercise training, and this exclusion may result into 
a less representative sample of LCS patients. Moreover, we did not 
perform a real nutritional management of these patients, and this is 
probably the reason, along with the short study period, of the lack of 
significant improvements in body composition after the MDR program. 
However, this could be a target for future studies, since malnutrition, 
other than a key cardiovascular risk factor, can affect duration of hos-
pitalization, impair the immune system, and contribute to muscle 
wasting in patients with LCS. Lastly, we have no data about the long- 
term follow up of these patients, so that we are not sure if our prom-
ising results can be maintained over time. 

4.4. Conclusions 

The present study confirms the severe global impairment of patients 
with LCS, and suggest that an out-of-hospital, exercise and 
psychological-based MDR program is safe and feasible in these patients, 
and could reduce residual symptoms and promote physical and psy-
chological recovery. Further studies should confirm these results in 
larger cohort of patients, and with a long-term follow-up, with a possible 
focus on the cognitive problems that seem to be highly prevalent and 
long-lasting in these patients. 
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