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e IRCCS, Istituti Clinici Scientifici Maugeri, Care and Research Institute, Department of Cardiac Rehabilitation, Veruno-Novara, Italy 
f Department of Medicine and Surgery, University of Milano-Bicocca, Milan, Italy   

A R T I C L E  I N F O   

Keywords: 
COVID-19 
Coronavirus infection 
Severe acute respiratory syndrome 
Lung diseases 
Cardiopulmonary exercise testing 
Coronavirus 

A B S T R A C T   

Background: Long-term effects of Coronavirus Disease of 2019 (COVID-19) are of utmost relevance. 
We aimed to determine: 1) the functional capacity of COVID-19 survivors by cardiopulmonary exercise testing 
(CPET); 2) the characteristics associated with cardiopulmonary exercise testing (CPET) performance; 3) the 
safety and tolerability of CPET. 
Methods: We prospectively enrolled consecutive patients with laboratory-confirmed COVID-19 from Azienda 
Sanitaria Locale 3, Genoa. Three months after hospital discharge a complete clinical evaluation, trans-thoracic 
echocardiography, CPET, pulmonary function tests, and dominant leg extension (DLE) maximal strength mea-
surement were performed. 
Results: From the 225 patients discharged alive from March to November 2020, we excluded 12 incomplete/ 
missing cases and 13 unable to perform CPET, leading to a final cohort of 200. Median percent-predicted peak 
oxygen uptake (%pVO2) was 88% (78.3–103.1). 
Ninety-nine (49.5%) patients had %pVO2 below, whereas 101 (50.5%) above the 85% predicted value. 
Among the 99 patients with reduced %pVO2, 61 (61%) had a normal anaerobic threshold: of these, 9(14.8%) had 
respiratory, 21(34.4%) cardiac, and 31(50.8%) non-cardiopulmonary reasons for exercise limitation. Inerest-
ingly, 80% of patients experienced at least one disabling symtpom, not related to %pVO2 or functional capacity. 
Multivariate linear regression showed percent-predicted forced expiratory volume in one-second(β = 5.29,p =
0.023), percent-predicted diffusing capacity of lungs for carbon monoxide(β = 6.31,p = 0.001), and DLE maximal 
strength(β = 14.09,p = 0.008) to be independently associated with pVO2. 
No adverse event was reported during or after CPET, and no involved health professional developed COVID-19. 
Conclusions: At three months after discharge, about 1/3rd of COVID-19 survivors show functional limitations, 
mainly explained by muscular impairment, calling for future research to identify patients at higher risk of long- 
term effects that may benefit from careful surveillance and targeted rehabilitation.   
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1. Introduction 

Up to July 2021, the Coronavirus Disease of 2019 (COVID-19) 
pandemic accounts for more than 194 million confirmed cases and more 
than 4 million deaths worldwide [1]. 

COVID-19 is a respiratory disease, but cardiovascular (CV) alter-
ations are associated with worse prognosis [2–6]. For the chronic phase, 
the main concerns are the development of pulmonary interstitial disease 
and/or of lingering CV involvement [7], potentially explained by a Se-
vere Acute Respiratory Syndrome-Coronavirus type 2 (SARS-CoV2)- 
associated endothelitis [8]. How to intercept, assess, and treat these 
patients with long-term consequences of COVID-19 remains uncertain 
[9–12]. 

Objective clinical and functional data on long-term functional effects 
in COVID-19 patients are scarce. Therefore, the aims of the study are: 1) 
to evaluate pulmonary, and cardiac functional capacity of COVID-19 
survivors by performing cardio-pulmonary exercise testing (CPET) at 
three months; 2) to identify those baseline and clinical characteristics 
associated to worse performance at CPET; 3) to determine the safety and 
the tolerability of CPET for COVID-19 survivors and for medical staff, as 
well. 

2. Methods 

2.1. Study subjects 

We included consecutive patients undergoing post-COVID-19 eval-
uation at the Outpatient Cardiac Rehabilitation center of Genoa, Italy. 
The local healthcare authority (Azienda Sanitaria Locale, ASL 3 Geno-
vese) set up a structured follow-up program for patients with a history of 
reverse transcriptase-polymerase chain reaction (RT-PCR)-confirmed 
SARS-CoV-2 infection admitted to COVID-19 wards from 1st of March 
2020 to date (recruitment is still ongoing). 

2.2. Study design 

At 3 months from hospital discharge, COVID-19 patients received a 
complete clinical evaluation, trans-thoracic echocardiography (TTE), 
pulmonary function test (PFT), and muscular strength evaluation with 
dominant leg extension (DLE) maximal test and sit-to-stand test. 

All procedures and protocols are described in detail in Supple-
mentary Material. 

2.3. Safety measures 

The study protocol was designed and started during the first wave of 
the pandemic in Italy, thusthe safety of any testing procedure both for 
patients and medical staff was of major concern. 

The safety protocol required two consecutive negative RT-PCR swabs 
for SARS-CoV-2 at least 24 h apart before the patient could be admitted 
to the clinical evaluation, and the use of appropriate personal protection 
equipment (disposable surgical gowns, gloves, face masks, face shield or 
goggles, and operating room cap) for all the medical staff, as per 
guidelines [13]. 

2.4. Cardiopulmonary exercise testing 

Every patient received a symptoms-limited CPET, according to Eu-
ropean Respiratory Society (ERS) standard criteria [14]. COSMED sys-
tem (Quark CPET, COSMED, Rome, Italy) with an electronically braked 
cycle ergometer (Excalibur Sport, Lode, Groningen, Germany) was used. 
An incremental and symptom-limited CPET was conducted under the 
supervision of an expert physician. 

The symptom-slimited CPET was carried out adding a specific anti-
bacterial/antiviral filter (A-182-300-004 filter, COSMED, Rome, Italy). 
This would ensure a 99.999% viral filtering without interfering with the 

gas exchange and respiratory measurement up to ventilations of 200 L/ 
min, almost double of the filtering reached by our best performing pa-
tients [15]. 

To indentify the main reason causing the exercise limitation, we 
adopted both Wassermann and ERS criteria [14,16]. 

The main limiting r reason was independently identified by two 
experienced cardiopulmonary exercise testing researchers (C.B. and A. 
P.); when the interpretation was discordant, a third evaluation by a 
senior CPET researcher (P.C.) was performed. 

2.5. Ethics 

All patients signed an informed consent as per protocol, and to allow 
the use of their anonymized data for scientific purpose. 

The study protocol conformed to the Declaration of Helsinki and was 
approved by the Ethics Committee of the Liguria Region (n◦ 430/ 
2020CER). 

2.6. Statistical analysis 

Categorical variables are presented as frequencies and percentages 
and were compared by chi-square test or Fisher’s exact-test. Continuous 
variables are reported as mean and standard deviation (SD) or median 
and interquartile range (IQR) according to their distribution. Normally 
distributed variables were compared by means of unpaired Student’s t- 
test. Non-normally distributed variables were compared with the U 
Mann-Whitney non-parametric test. 

The main outcome measure was peak VO2 (pVO2), although patients 
were categorized according to percent predicted (%pVO2) below or 
above 85% (considered as threshold for normality) [14]. 

A multivariate linear regression model was used to estimate the beta 
coefficients with 95% confidence interval (CI) of the variables related to 
pVO2. The model was adjusted for time from hospital discharge to CPET 
and for all clinically meaningful covariates exhibiting a p < 0.10 at 
univariate analysis. 

A sensitivity analysis was also performed in the following cohorts: 1) 
those with and without significant cardiovascular disease (except for 
arterial hypertension), respiratory disease, kidney disease, or cancer 
(representing previous disease that could have impacted on CPET results 
regardless of COVID-19); 2) those with a length of hospital stay ≤7 days 
(indicating rapid recovery from symptomatic COVID-19, a subset in 
which muscular deconditioning is unlikely). 

All analyses were performed with R environment 3.6.3 (R. Founda-
tion for Statistical Computing, Vienna, Austria) and packages tableone, 
finalfit, and ggplot2. 

3. Results 

Of the 225 patients evaluated, we excluded 12 for missing clinical 
data and/or incomplete CPET/PFT evaluation, and another 13 as they 
were unable to perform CPET (10 because of orthopedic reasons, 2 un-
able to pedal, and 1 for general frailty). 

Table 1 depicts the characteristics of the final 200 patients. Median 
age was 58.8 years (51.6–66.0) and 86 (43%) patients were female; 
pharmacological therapy included beta-blockers in 24 (12.0%) patients, 
angiotensin-converting enzyme inhibitor (ACE)/angiotensin receptor 
blockers (ARB) in 45 (22.5%), alfa-blockers in 7 (3.5%). 

At hospital admission, median body weight (BW) was 81.0 
(69.0–92.0) kg, median body mass index (BMI) was 28.1 (24.6–32.0) 
kg/m2. At the time of CPET, median BW was 77.0 (66.0–88.0) kg, me-
dian percent weight loss was 8.8 (5.4–13.0) %, and median BMI was 
26.6 (24.1–30.2) kg/m2; both BW (p = 0.025) and BMI (p = 0.039) 
significantly decreased between hospital admission and CPET evalua-
tion. Except for 10 (4.8%) patients with heart failure with reduced 
ejection fraction (HFrEF), of whom 4 (2.0%) showed a severe reduction 
in EF (<30%), and for 15 (7.5%) with chronic obstructive pulmonary 
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Table 1 
Characteristics of the study patients stratified according to percent predicted VO2 below/above 85%.  

Variable Entire cohort (n = 200) Percentage predicted VO2 below 85% (n = 99) Percentage predicted VO2 above 85% (n = 101) p value 

Baseline and clinical characteristics 
Age (years) 58.8 (51.6–66.0) 57.0 (51.0–65.4) 59.8 (52.8–67.1) 0.124 
Sex (female) 86 (43.0) 41 (41.4) 45 (44.6) 0.760 
Height (centimeters) 168.0 (163.0–176.0) 170.0 (163.0–175.5) 168.0 (163.0–176.0) 0.942 
Body weight (kg) 81.0 (69.0–92.0) 80.0 (67.2–90.0) 82.0 (70.0–95.0) 0.218 
Body mass index (kg/m2) 26.6 (24.1–30.2) 26.0 (23.4–29.4) 27.7 (25.0–31.2) 0.027 
Hypertension 83 (41.5) 45 (45.5) 38 (37.6) 0.327 
Diabetes 12 (6.0) 10 (10.1) 2 (2.0) 0.034 
Active smoke 85 (42.5) 49 (49.5) 36 (35.6) 0.136 
Dyslipidemia 76 (38.0) 33 (33.3) 43 (42.6) 0.230 
CKD 6 (3.0) 5 (5.1) 1 (1.0) 0.205 
Heart failure 10 (5.0) 6 (6.1) 4 (4.0) 0.567 
Previous MI 12(6.0) 7(7.1) 5 (5.0) 0.127 
COPD 15 (7.5) 8 (8.1) 7 (6.9) 0.968 
Oxygen support during hospitalization     

No 22 (11.0) 14 (14.1) 8 (7.9) 0.002 
Venturi mask 74 (37.0) 25 (25.3) 49 (48.5) 
NIV 75 (37.5) 39 (39.4) 36 (35.6) 
MV 29 (14.5) 21 (21.2) 8 (7.9) 

Steroid therapy 200 (100.0) 99 (100.0) 101 (100.0) 1.000 
Baseline ejection fraction 60.0 (60.0–60.0) 60.0 (55.0–60.0) 60.0 (60.0–60.0) 0.030 
Time from hospital discharge 

to CPET (days) 
107.0 (83.0–189.0) 102.4 (74.2–166.0) 111.0 (84.0–202.0) 0.407 

Length of hospital stay (days) 17.0 (5.0–32.0) 23.5 (10.0–38.0) 14.0 (3.0–24.0) 0.001  

Three-month clinical evaluation 
6MWT (meters) 540.0 (476.2–597.5) 525.0 (450.0–577.5) 540.0 (480.0–600.0) 0.061 
Ejection fraction 60.0 (60.0–60.0) 60.0 (55.0–60.0) 60.0 (60.0–60.0) 0.092 
Body weight (kg) 77.0 (66.0–88.0) 73.0 (65.0–84.0) 78.0 (67.0–90.0) 0.032 
Absolute weight loss (kg) 7.0 (4.0–11.0) 7.0 (5.0–12.0) 6.0 (4.0–10.0) 0.133 
Percent weight loss (%) 8.8 (5.4–13.0) 10.0 (6.7–15.3) 7.9 (5.1–12.1) 0.031 
Body mass index (kg/m2) 26.6 (24.1–30.2) 26.0 (23.4–29.4) 27.7 (25.0–31.2) 0.027 
Dyspnea 118 (59.0) 64 (64.6) 54 (53.5) 0.143 

NYHA class III/IV 54 (27.0) 34 (34.3) 20 (19.8) 0.058 
Chest pain 63 (31.5) 34 (34.3) 29 (28.7) 0.481 

Angina pectoris 14 (7.0) 9 (9.1) 5 (5.0) 0.342 
Fatigue 115 (57.5) 60(60.6) 55 (54.5) 0.069 
Palpitations 51 (25.5) 25 (25.3) 26 (25.7) 1.000 
Lipothymia/syncope 1 (0.5) 0 (0.0) 1 (1.0) 1.000  

Three-month cardiopulmonary exercise testing 
Reason for CPET interruption     

Exhaustion/leg fatigue 186 (93.0) 90 (90.9) 75 (74.3) 0.782 
Dyspnea 10 (5.0) 6 (6.1) 4 (4.0) 
New arrhythmia 4 (2.0) 3 (3.0) 1 (1.0) 

Peak VO2 (ml O2/min) 1507.0 (1191.8–1976.8) 1258.0 (1054.5–1588.5) 1730.0 (1410.0–2258.0) <0.001 
Percent predicted peak VO2 (%) 85.0 (74.0–98.2) 74.0 (63.5–79.2) 98.1 (89.7–111.0) <0.001 
Peak VO2/kg (mL O2/min /kg) 20.1 (16.5–24.4) 17.7 (14.6–20.2) 23.0 (19.2–28.0) <0.001 
Peak W (Watt) 121.5 (91.8–165.2) 103.0 (82.5–144.5) 137.0 (112.0–187.0) <0.001 
Percent predicted peak W (%) 90.2 (67.8–110.1) 63.0 (50.3–71.7) 105.2 (92.8–119.7) <0.001 
Peak HR (beat/min) 149.0 (133.8–161.0) 143.0 (121.5–157.5) 152.0 (142.0–164.0) 0.001 
Percent predicted HR (%) 91.9 (82.2–98.2) 85.0 (76.0–95.0) 95.0 (89.0–99.4) <0.001 
OUES 1695.0 (1363.2–2169.5) 1487.0 (1175.0–1853.0) 1959.0 (1578.0–2379.0) <0.001 
RER 1.1 (1.1–1.2) 1.1 (1.0–1.2) 1.1 (1.1–1.2) 0.597 
VE (L/min) 66.8 (52.3–87.9) 61.0 (45.6–73.8) 74.2 (61.3–96.6) <0.001 
VT (mL) 1729.0 (1385.2–2188.2) 1593.0 (1208.0–1974.0) 1900.0 (1526.0–2435.0) <0.001 
BR (breath/min) 39.2 (34.3–43.9) 38.0 (32.9–42.9) 39.8 (35.4–45.7) 0.032 
BrR 50.9 (40.9–60.0) 55.6 (47.9–59.7) 48.6 (35.7–60.5) 0.019 
AT W (watt) 68.0 (48.0–93.0) 60.0 (38.5–81.0) 77.0 (57.0–103.0) <0.001 
AT VO2 (mL O2/min) 1019.5 (822.0–1283.8) 899.0 (747.0–1076.0) 1168.0 (963.0–1435.0) <0.001 
AT HR (beat/min) 113.0 (101.0–125.2) 109.0 (98.5–125.5) 114.0 (103.0–125.0) 0.331  

Pulmonary function testing 
FEV1 (L) 2.9 (2.5–3.7) 2.9 (2.4–3.5) 3.0 (2.5–3.8) 0.418 
Percent predicted FEV1 (%) 102.0 (89.0–113.0) 95.5 (82.2–108.0) 108.0 (92.8–116.0) <0.001 
FVC (L) 3.6 (3.0–4.4) 3.5 (3.0–4.3) 3.7 (3.0–4.5) 0.443 
Percent predicted FVC (%) 99.0 (85.5–109.0) 95.0 (79.5–104.0) 102.0 (91.0–111.0) 0.001 
Percent FEV1/FVC (%) 104.0 (99.0–110.0) 104.0 (98.0–109.8) 105.0 (100.0–113.0) 0.089 
Percent predicted DLCO (%) 77.0 (62.0–90.0) 70.0 (56.0–83.5) 85.5 (72.5–98.0) <0.001  

Strength evaluation 
DLE maximal strength (kg) 22.0 (14.2–30.0) 20.0 (14.0–30.0) 22.0 (15.0–30.0) 0.654 
DLE maximal strength per BW 0.3 (0.2–0.4) 0.3 0.2–0.4) 0.3 (0.2–0.4) 0.845 
Sit-to-stand test 10.5 (9.3–13.2) 10.7 (9.3–13.2) 10.5 (9.4–12.7) 0.849 

6MWT: 6 min walking test; AT: anaerobic threshold; BR: breathing rate; BrR: breathing reserve; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary 
disease; CPET: cardiopulmonary exercise testing; DLCO: diffusing capacity of lungs for carbon monoxide; DLE: dominant leg extension; FEV1: forced expiratory volume 
in one second; FVC: forced vital capacity. HR: heart rate; MI: myocardial infarction; MV: mechanical ventilation; MVV: maximal voluntary ventilation; NIV: non- 
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disease (COPD), of whom 5 with concomitant HFrEF, there were no 
significant pre-existing comorbidities at the time of COVID-19 infection. 

. 

3.1. Three-month clinical evaluation 

At the 3-month clinical evaluation, 160 (80.0%) patients reported at 
least one disabling symptom: 83/99 (83.3%) among those with %pVO2 
below and 74/101 (73.4%) among those above 85% (p > 0.05). Of note, 
118/200 (59.0%) patients complained of dyspnea, of whom 54/200 
(27.0%) were in NYHA class III/IV, 63/200 (31.5%) had chest pain, 
115/200 (57.5%) had fatigue, and 51/200 (25.5%) complained of pal-
pitations. Symptoms frequencies did not differ between patients with % 
pVO2 below and above 85% predicted value (all p > 0.05). 

Patients with %pVO2 below 85% had lower median 6-min walking 
test distance than patients with %pVO2 above 85% (525.0 
(450.0–577.5) vs. 540 (480.0–600.0) meters, p = 0.064). 

3.2. Cardiopulmonary exercise testing 

The reason for CPET interruption was exhaustion/leg fatigue in 
93.0% patients, dyspnea in 5%, and arrhythmia induced by exercise in 
2.0% (see Table 1). Median %pVO2 was 88.0 (78.3–103.1), with a 
median peak respiratory exchange ratio of 1.1 (1.1–1.2). Almost half of 
patients achieved a %pVO2 below 85% (reduced exercise tolerance), 
with the other half reaching a value of %pVO2above this cut-off (pre-
served exercise tolerance). 

The anaerobic threshold (AT) was identified by V-slope and venti-
latory equivalents for O2 methods. 

Of the 99 patients with reduced %pVO2, 61 had normal AT. Among 
these, 9/61 (14.8%) had a mainly respiratory limitation of exercise 
(RLE), 21/61 (34.4%) had a mainly cardiac limitatoin of exercise (CLE), 
and 31/61 (50.8%) had non-cardiopulmonary limitation of exercise. 

3.3. Safety and tolerability of CPET 

The CPET test was well tolerated and only two cases (1.0%) showed a 
mild post exercise symptomatic hypotension. During the study period, 
lasting for more than nine months, the medical staff was periodically 
tested for asymptomatic COVID-19 infection and no positive cases were 
observed. 

3.4. Pulmonary function tests 

Median forced expiratory volume in one second (FEV1), forced vital 
capacity (FVC), and diffusing capacity of lungs for carbon monoxide 
(DLCO) were within normal limits in the entire cohort. However, those 
with %pVO2 below 85% had percent predicted FEV1 (p < 0.001), 
percent predicted FVC (p = 0.001), and percent predicted DLCO (p <
0.001) lower than patients with %pVO2 above 85%. 

3.5. Predictors of peak oxygen uptake (VO2) 

At multivariate linear regression analysis, percent predicted FEV1 (β 
= 5.29, 95%CI: 0.73–9.85, p = 0.023), percent predicted DLCO (β =
6.31, 95%CI: 2.49–10.13, p = 0.001), and DLE maximal strength (β =
14.09, 95%CI: 3.83–24.35, p = 0.008) (Fig. 1) were independently 
associated with pVO2 (Table 2). 

3.6. Sensitivity analysis 

In the sub-group of patients without any significant cardiovascular 
disease (except for arterial hypertension), respiratory disease, kidney 

disease, or cancer, percent predicted FEV1 (p = 0.013), percent pre-
dicted DLCO (p = 0.018) and DLE maximal strength (p = 0.041), and 6- 
min walking test (p = 0.025) were independently associated with pVO2 
(Table S1). 

Percent predicted DLCO (p = 0.018) and DLE maximal strength (p =
0.007) remained independently associated with pVO2 in the sub-group 
of patients with significant history of cardiovascular disease (except for 
arterial hypertension), respiratory disease, kidney disease, or cancer 
(Table S2). 

In the sub-group of patients with length of hospital stay ≤7 days, 
percent predicted FEV1 (p = 0.039), percent predicted DLCO (p = 0.037) 
and DLE maximal strength (p = 0.029) remained significantly associated 
with pVO2 (Table S3). 

4. Discussion 

These main findings deserve mention: 1) about half of COVID-19 
survivors had a significant alteration in pVO2 3 months after hospital 
discharge; 2) in nearly 1/3rd (31/99) of patients with reduced %pVO2, 
this was probably due to abnormal peripheral oxygen extraction,linked 
to some degree of muscle impairment, as DLE maximal strength was 
independently associated with pVO2; 3) 80% of patients experimented 
at least one disabling symptom at 3 months after hospital discharge, 
although there was no relationship between symptoms and abnormal 
pVO2; 4) cardiopulmonary exercise testing is both well tolerated and 
safe in post COVID-19; 5) cardiopulmonary exercise testing in post 
COVID-19 patients is also safe for the supervising medical staff,. 

Our results are in agreement with those of Ong et al. [17], who found 
a 41% prevalence of reduced pVO2 among 44 SARS 3-month survivors 

On note, abnormal physical function and performance in COVID-19 
survivors have been preliminarily described by Belli et al. [9], using 1- 
min sit-to-stand test and Short Physical performance Battery, without 
CPET. 

Due to the ongoing and accelerating COVID-19 worldwide 
pandemic, our observations should raise important concerns for 
healthcare systems, as we proved that a large number of COVID-19 
patients still had objective exercise impairment several months after 
hospital discharge. 

Moreover, a cardiopulmonary cause related to the exercise capacity 
limitation and pVO2 reduction could be found in about half of post 
COVID-19 patients with normal AT. 

Interestingly, DLE maximal strength was independently associated 

invasive ventilation; OUES: oxygen uptake efficiency slope; Peak VO2: peak oxygen uptake; RER: respiratory exchange ratio; VE= minute ventilation; VT= tidal 
volume; W: work level. 

Fig. 1. Scatterplot depicting the correlation between peak oxygen uptake 
(pVO2) and dominant leg extension strength. 
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with pVO2, suggesting that muscle impairment might be responsible for 
most of the functional impairment, probably due to bed rest and sub-
sequently muscular deconditioning, but also with a potential role for 
corticosteroid myopathy [18,19]. Our numbers are again similar to 
those of Ong et al. (about 40% had non-cardiopulmonary impairment in 
their post-SARS cohort), although steroids during acute illness was less 
frequently used in their sample (15% vs. 100%). The important role of 
muscular factors is compounded by the higher weight loss in patients 
with abnormal pVO2. 

We believe, however, that the most important finding of our study is 
the relationship between pVO2 and maximal strength of the lower limb 
muscles, maintained even after accounting for cardiopulmonary vari-
ables, for length of hospitalization, and for baseline and 3-month body 
mass index. In our opinion this reduces the likelihood that bed rest, 
exercise deprivation and loss of muscle mass alone could cause this 
degree of impairment, raising the possibility of a direct effect of SARS- 
CoV2 at the muscle level. We only mention here the possibility of 
mitochondrial dysfunction [20], as several ongoing research projects are 
exploring its role on the pathogenesis of COVID-19 acute phase [21–23]. 

Interestingly, these results were also confirmed when we analyzed 
those patients with short length of hospital stay (≤ 7 days) 

Finally, we demonstrate that almost 3/4th of patients experienced at 
least one disabling symptom, without any relationship with exercise 
capacity. Several studies have already investigated the residual 

symptoms burden of patients recovering from COVID-19, observing 
different rates between out-patients (about 35% in Tenforde et al.) [24] 
and patients who had needed hospitalization (87% in the study by Carfì 
et al.) [25]. We report relatively high rates of disabling symptoms (59% 
dyspnea, 58% fatigue). Halpin et al. described 68 non-ventilated survi-
vors of COVID-19 infection [10], of whom 60% complained of muscular 
fatigue and 43.6% dyspnea; thesedata are again similar to our results, 

It has been known for many years that most critically ill patients face 
long-lasting functional impairment after discharge [18]; what is 
worrying about our data is that we found severe mid-term consequences 
of COVID-19 also in non-ICU patients. This observation supports the 
need for targeted management of these patients also during the acute 
phase (e.g. applying appropriate nutrition and early mobilization plans). 
Moreover, as there was no relationship with pVO2, symptoms alone 
should not guide the post-acute management of COVID-19 patients: 
more objective techniques, such as CPET, should be used to rapidly 
intercept and assess the exercise impairment and its underlying mech-
anisms and, perhaps, to decide whether to start a physical rehabilitation 
program. 

4.1. Clinical implications 

Our study demonstrates that most of post COVID-19 patients have 
not reached a full recovery at three months. The vast majority of them 

Table 2 
Univariate and multivariate linear regression for peak oxygen uptake (pVO2).  

Variable Univariate Multivariate 

β coefficient 95% confidence 
interval 

p value β coefficient 95% confidence interval p value 

Baseline and clinical characteristics 
Age (years) − 10.89 − 17.22 to − 4.55 0.001 − 6.64 − 14.21 to 0.94 0.085 
Sex (female) − 25.11 − 88.69 to 50.54 0.102    
Height (centimeters) 24.90 17.03 to 32.77 <0.001    
Body weight (kg) 10.59 6.28 to 14.90 <0.001    
Body mass index (kg/m2) 14.19 0.43 to 27.95 0.043 − 10.66 − 60.70 to 39.37 0.673 
Hypertension 17.20 − 150.95 to 185.35 0.840    
Diabetes − 472.91 − 815.45 to − 130.36 0.007    
Active smoke 0.60 − 153.59 to 154.79 0.994    
Dyslipidemia − 31.89 − 202.54 to 138.76 0.713    
CKD − 155.36 − 640.60 to 329.88 0.529    
Previous MI − 182.57 − 530.53 to 165.39 0.302    
COPD − 222.20 − 535.24 to 90.84 0.163    
Oxygen support (NIV/MV) 27.12 − 138.68 to 192.93 0.747    
Ejection fraction 13.41 − 7.91 to 34.74 0.216    
Time from hospital discharge to CPET (days) − 0.06 − 1.36 to 1.23 0.922    
Length of hospital stay (days) − 4.63 − 8.54 to − 0.72 0.021 0.27 − 4.33 to 4.87 0.907  

3-month clinical evaluation 
6MWT (meters) 1.99 1.21 to 2.77 <0.001 1.06 − 0.13 to 2.26 0.080 
Ejection fraction 13.41 − 7.91 to 34.74 0.216    
Body weight (kg) 13.64 9.02 to 18.26 <0.001    
Absolute weight loss (kg) 4.41 − 9.40 to 18.21 0.530    
Percent weight loss (%) − 7.21 − 20.96 to 6.54 0.302    
Body mass index (kg/m2) 19.46 4.45 to 34.47 0.011 27.26 − 26.34 to 80.87 0.315 
Dyspnea (NYHA class III/IV) − 189.07 − 355.44 to − 22.69 0.026 − 24.32 − 431.34 to 35.12 0.069 
Chest pain − 63.92 − 242.07 to 114.23 0.480    
Fatigue − 331.16 − 492.22 to 170.10 0.104    
Palpitations − 374.47 − 557.19 to − 191.76 <0.001     

Pulmonary function test 
Percent predicted FEV1 (%) 10.44 6.63 to 14.26 <0.001 5.29 0.73 to 9.85 0.023 
Percent predicted FVC (%) 9.62 5.34 to 13.90 <0.001    
Percent predicted FEV1/FVC (%) 8.98 1.60 to 16.36 0.017    
Percent predicted PEF (%) 6.76 0.38 to 13.13 0.038    
Percent predicted DLCO (%) 10.62 6.95 to 14.29 <0.001 6.31 2.49 to 10.13 0.001  

Strength evaluation 
DLE maximal strength (kg) 20.55 12.67 to 28.43 <0.001 14.09 3.83 to 24.35 0.008 
DLE maximal strength x BW 813.81 108.40 to 1519.23 0.024    

6MWT: 6 min walking test; BW: body weight; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; DLCO: diffusing capacity of lungs for carbon 
monoxide; DLE: dominant leg extension; FEV1: forced expiratory volume in one second; FVC: forced vital capacity. MI: myocardial infarction; MV: mechanical 
ventilation; NIV: non-invasive ventilation. 
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complains of limiting symptoms and havereduced exercise capacity. 
The CPET appears the only technique that gives unequivocal results 

regarding the actual existence of a functional capacity impairment and 
also insights about the mechanisms of this reduction. 

From this point of view, we believe that CPET should be proposed to 
post COVID-19 patients complaining of limiting symptoms. 

4.2. Limitations 

Our study has several limitations. Firstly, all patients came from a 
single area of the city of Genoa and the generalization of results could be 
misleading. Secondly, the functional capacity evaluation was conducted 
three months after hospital discharge, with the patients left unsuper-
vised in the meantime. No detailed data, except for risk factors and 
comorbidities, were available regarding the conditions before COVID- 
19; prior to the infection, however, only 20 patients (10.0%) reported 
to have suffered from significant baseline comorbidities which could 
have impacted on subsequent evaluations. 

In addition, it was not possible to achieve a direct comparison of our 
cohort with a control group, since none of the patients had obviously 
undergone CPET before COVID-19 and few patients with other patho-
logical conditions who usually undergo CPET could be compared with 
our cohort (e.g. median age 58.8 years, low rate (5.5%) of significant 
baseline comorbidities, and long (median 17.0 days) hospital stay). 

Moreover, no structural evaluation at the muscle level was per-
formed, and no data about body composition (except for BMI) was 
available. 

Finally, due to the outbreak of COVID-19 that forced a limited 
physical interaction with patients, we did not perform blood gas analysis 
and pletismography for all patients, ad therefore we were unable to 
determine the exact main cause of exercise limitation for patients with 
reduced pVO2 and reduced AT. However, for these patients, we were 
able to rule out a peripheral cause of exercise limitation with reasonable 
certainty, [16]. 
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