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Take home message 

COVID-19 severe lung involvement can reduce respiratory performance at a mid/long-term. 

Respiratory rehabilitation is recommended in COVID-19 survivors who showed severe clinical and 

radiological signs of the disease. 
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Abstract 

Background. Coronavirus disease 2019 (COVID-19) has spread worldwide determining a dramatic 

impact on the healthcare system. Aim of this study is to evaluate mid-term clinical impact of COVID-

19 on respiratory function. 

Methods. 379 patients were evaluated 4 months after SARS-COV-2 diagnosis. Patients were divided 

in two groups based on the presence of pneumonia during COVID. Clinical conditions, quality of life, 

symptomatology, 6-minute walking test, pulmonary function test with spirometry and diffusing 

capacity of carbon monoxide were analysed. Data were compared to clinical evolution during COVID 

(development of acute respiratory distress syndrome [ARDS], needing of invasive mechanical 

ventilation [IMV], partial oxygen saturation/ fraction of inspired oxygen [SpO2/FiO2] ratio and 

pneumonia severity index [PSI]). 

Results. After a median of 135 days, 260 (68.6%) of 379 patients referred almost one symptom. 

Patients who developed pneumonia during COVID-19 showed lower SpO2 at rest (p<0.001), SpO2 

during 6-minute walking test (p<0.001), total lung capacity (p<0.001), airway occlusion pressure after 

0.1s [P0.1] (p=0.02), P0.1/maximal inspiratory pressure [MIP] ratio (p=0.005) and higher Borg 

category-ratio scale (p=0.006) and modified Medical Research Council breathlessness scale 

(p=0.003), compared to patients without pneumonia. SpO2/FiO2 ratio and PSI during SARS-COV-2 

pneumonia were directly associated with mid-term alteration of partial oxygen saturation at rest 

(p<0.001), SpO2 during 6-minute walking test (p<0.001), residual volume (p<0.001), total lung 

capacity (respectively p<0.001 and p=0.003) and forced vital capacity (respectively p=0.004, p=0.03). 

Conclusion. Lung damage during COVID-19 correlates to the reduction of pulmonary function after 4 

months from acute infection. 



Introduction 

The respiratory system is subjected to major involvement during COVID-19 also due to the 

hyperactive host immune response and the inflammatory organ injury, but there are no evidences 

about organ dysfunction at mid and long term. In previous experiences with Coronavirus lung 

involvement of SARS and MERS, radiologic abnormalities, impairment of pulmonary function and 

reduced exercise capacity improved over time but may be persistent in some for months or even 

years [1–3]. Evidence about pulmonary function tests, after discharge, among COVID-19 patients is 

currently limited to little retrospective studies with small samples showing, in severe COVID-19, a 

reduction of forced vital capacity (FVC), diffusing capacity or transfer factor of the lung for carbon 

monoxide (DLCO), total lung capacity (TLC), 6-minutes walking test (6MWT) and impairment in 

respiratory muscle strength with necessity of respiratory rehabilitation [4–7].  

The aim of our study (Respiratory Sequelae on COVID-19) is to evaluate the respiratory function 4 

months after diagnosis in patients surviving to SARS-COV-2 infection and the difference between 

patients with or without initial lung involvement. The second outpatient visit will be completed in 12 

months after diagnosis. 

Methods 

Study design 

Patients between 18 and 80 years old with COVID-19 diagnosis were recruited. Patients were 

evaluated at the time of diagnosis and then after a median of 4 months for respiratory function with 

an outpatient visit. Inclusion criterion was COVID-19 diagnosis by Polymerase Chain Reaction (PCR) 

on pharyngeal swab or on alveolar-bronchial washing in case of double negative swab. Exclusion 

criterion was previous diagnosis of pulmonary disease, excluding asthma. Data on COVID-19 

evolution were collected retrospectively, developing of ARDS, needing of IMV, SpO2/FiO2 ratio, 

pneumonia severity index (PSI), steroid therapy, pulmonary embolism (PE) and worst blood tests (c-

reactive protein [CRP], procalcitonin [PCT], ferritin, d-dimer, troponin I Hs, neutrophil/lymphocytes 

[N/L] ratio and lactate dehydrogenase [LDH]) were acquired at the time of diagnosis. 

ARDS was diagnosed according to the “Berlin definition”: timing of worsening of the respiratory 

symptoms, diffuse bilateral pneumonia at chest imaging and PaO2/FiO2 ≤ 300mmHg with PEEP ≥ 5cm 

H2O [10]. Patients with ARDS well-controlled by NIV or HFNO were not submitted at ICU for the lack 

of beds [11]. The use of NIV or HFNO were not evaluated for the heterogeneity of treatments and 

lack of full data. 

Patient history, body mass index (BMI), smoking habit, vital signs (respiratory rate [RR], SpO2, hearth 

rate [HR], systolic blood pressure [SBP], diastolic blood pressure [DBP]), symptoms and therapy were 

also collected. Impact of exertional breathlessness during the last two weeks using the modified 

Medical Research Council (mMRC) breathlessness scale. Patients have been subjected to pulmonary 

function tests, 6MWT and self-reported health variables. 

Pulmonary function tests 

Outpatient pulmonary function tests were performed using MasterScreen Body (Jaeger, Wurzburg, 

Germany) and were performed by technicians at the pulmonary function laboratory. Forced 



expiratory volume in the first second (FEV1), FVC, FEV1/FVC ratio, TLC, residual volume (RV), RV/TLC, 

DLCO/alveolar volume (VA), maximal ventilatory ventilation (MVV), maximal inspiratory pressure 

(MIP), maximal expiratory pressure (MEP), the airway occlusion pressure 0.1 second after the 

beginning of inspiration (P0.1), the airway occlusion pressure in relation to maximal inspiratory drive 

(P0.1/MIP), specific airway resistance (SR), peak expiratory flow (PEF) and Maximum Expiratory 

Flows at different lung volume levels (MEF75, 50, 25) were included in the analysis. For each patient, 

parameters were expressed as percentage (%) of a theoretical value calculated by Global Lung 

Function 2012 equations [8]. 

Six-minute walking test 

6-MWT was performed on room air under the supervision of a respiratory therapists in the 

pulmonary rehabilitation department according to American Thoracic Society guidelines [9]. 

BlueNight Oximeter (Sleepinnov Technology SAS, Moirans, France) pulse oximeter was used for 

recordings. Borg category-ratio scale (CR10) and self-reported intensity of exertion on the Borg 

rating of perceived exertion (RPE) were collected before and after 6MWT. 

Per-group analysis 

Patients were divided in two groups according to the presence of radiological signs of pneumonia 

during COVID-19 acuteness to assess the difference of pulmonary function, 6MWT and health 

variables at mid-term. Therefore, variables were analysed by the presence/absence of acute 

respiratory distress syndrome (ARDS), needing of invasive mechanical ventilation (IMV), SpO2/FiO2 

ratio and PSI. 

Health-related quality of life (HRQoL) and international physical activity questionnaires (IPAQ) 

At the health check, participants were requested to self-complete an Italian version of the 12-item 

short form survey (SF-12) and IPAQ. The SF12 includes eight subscales: physical functioning, role 

(physical), bodily pain, general health, vitality, social functioning, role (emotional) and mental health. 

These were summarized into two scales: a physical component score (PCS) and a mental component 

score (MCS), in accordance with the guidelines for the SF12 instrument [12]. Both scores ranged 

between 0 and 100, with a higher score indicating better health. 

To evaluate the level of physical activity (PA), the IPAQ was used. Patients answered questions 

regarding activities carried out during a week, at work, at home, means of transport and leisure. 

Patients were then classified according to the level of PA. In the high-intensity group, those who 

practiced vigorous activity at least 3 days a week (or combinations equivalent to 3000 Metabolic 

Equivalents [MET-minutes/week]) were considered; moderate intensity for 3 or more days a week of 

vigorous intensity activity for at least 20 minutes (or combinations equivalent to 600 MET-

minutes/week); and low intensity those that did not correspond to any of the other categories cited 

[13]. 

Statistical analysis 

Continuous variables were expressed as median and Inter-Quartile Range (IQR) and the categorical 

variables were presented as absolute value and percentage. Differences between groups were 

assessed by median test and Kruskal-Wallis test. Chi-square statistics were used to assess differences 



between categorical variables. Pearson’s correlation coefficient and Cox regression were used to 

study relations between variables. Statistical analysis was carried out by SPSS V.26 statistical 

software package (SPSS for Windows V26, SPSS Inc., Chicago, IL, USA) and a p-value of 0.05 or less 

was considered statistically significant. 

Ethical approval 

Ethical approval for the “Cardio-Respiratory Sequelae on COVID-19” Study was granted by the Ethics 

Committee of Brianza on 06 August 2020. Written informed consent were obtained from all 

subjects. 

Results 

General characteristics 

From 01 March 2020 to 01 June 2020, 1464 cases of SARS-COV-2 positivity were detected at our 

Hospital. Five-hundred and ninety-four patients were hospitalized, 64 of them were admitted to ICU 

and supported by invasive mechanical ventilation. Among the total sample 150 patients died. A total 

of 379 random selected patients were evaluated after a median of 135 days (IQR 102-175) after the 

onset of symptoms of COVID-19. The age ranged between 20-80yo, median 56 (IQR 49-63). One-

hundred seventy-four patients (45.9%) were male. Median BMI was 25.2 (IQR 22.6-28.7). Pre-

existing comorbidities are reported in Table 1. Twenty-five (6.6%) patients were active smoker, 128 

(33.8%) patients were ex-smokers, At the out-patient clinical follow-up, 211 (69.9%) patients 

referred almost one symptom. Exertional dyspnoea (42.7%), weakness (29.8%), joint and muscular 

pain (13.7%), thoracic pain (11.9%), anosmia and ageusia (10.3%) and depression (8.2%) were the 

most reported symptoms at evaluation (Table 1). Sixty (15.8%)patients had mMRC ≥ 2. A clear 

difference was found between referred dyspnoea and mMRC. 

COVID-19 severity 

Among 379 evaluated patients, 222 had developed pneumonia. Among these 222 patients, 143 

(64.4%) were hospitalized at our COVID Department and 135 (60.8%) required oxygen 

supplementation. ARDS occurred in 61 (27.5%) patients and 34 (15.3%) of them were admitted to 

intensive care unit (ICU) for invasive mechanical ventilation. Seven (3.2%) patients showed 

pulmonary embolism during COVID acuteness. During hospitalization, steroid was administrated in 

42 (18.9%) patients with pneumonia and 8 (5.1%) patients without pneumonia. Table 2 shows 

laboratory and clinical parameters of pneumonia patients. 

Pneumonia vs Non-Pneumonia analysis 

Differences in general characteristics between patients with pneumonia during COVID-19 and 

patients without it are showed in Table 1. Patients with respiratory failure during COVID-19 

acuteness were older (p<0.001), male (p<0.001), with higher BMI (p<0.001) and had a greater 

prevalence of obesity (p<0.001), hypertension (p<0.001), CVD (p=0.007), diabetes (p=0.003), CKD 

(p=0.01) and actual smoker (p<0.001). 

Regarding mid-term vital parameters, respiratory tests and 6MWT (Table 3), patients who developed 

pneumonia during COVID-19 showed higher SBP (p=0.002) and DBP (p=0.002), CR10 (p=0.006), 



mMRC (p=0.003), CR10 after 6MWT (p=0.04), PEF (p=0.009) and MEF75 (p=0.02) and lower SpO2 at 

rest (p<0.001), SpO2 during 6MWT (p<0.001), P0.1 (p=0.02), P0.1/MIP (p=0.005) and TLC (p<0.001). 

Paradoxically, patients without pneumonia involvement showed higher SR (p=0.03), RV (p<0.001) 

and lower MIP (p=0.02).  Repeating the same analysis excluding obese patients, the results didn’t 

change. 

In the pneumonia group, patients who reported exertional dyspnoea, showed reduction of 6MWT 

(%) distance (86 [74-93] vs 90 [79-103], p=0.05) without any other difference in pulmonary function. 

Impact of pneumonia severity during COVID-19 

Evaluating pulmonary involvement in patients with pneumonia, patients who developed ARDS 

showed higher SBP (p=0.05) and DBP (p=0.02) and lower SpO2 during 6MWT (p=0.004), FVC 

(p=0.004) and TLC (p<0.001). Interestingly, patients without ARDS showed higher SR (p<0.001), RV 

(p<0.001), TLC (p<0.001) and RV/TLC (p=0.05). 

Patients who required IMV, compared to patients with pneumonia who didn’t required IMV, showed 

lower 6MWT distance (p=0.006), SpO2 during 6MWT (p=0.002), DLCO/VA (p=0.05), TLC (p<0.001), 

FVC (p=0.004). SR (p<0.001), RV (p<0.001) and RV/TLC (p=0.05) was higher in patients who not 

required IMV. 

SpO2/FiO2 ratio and PSI during Sars-COV-2 infection were an important expression of lung damage 

according to radiological findings. Table 4 shows the correlating SpO2/FiO2 ratio and PSI during Sars-

COV-2 with the principal parameters investigated during the mid-term outpatient visit. Patients with 

pneumonia that showed a greater reduction of SpO2/FiO2 ratio during Sars-COV-2 acute infection 

exhibited lower SpO2 at rest (p<0.001), SpO2 during 6MWT (p<0.001), MEP (p=0.01), RV (p<0.001), 

TLC (p<0.001) and FVC (p=0.004). Correlation between SpO2/FiO2 ratio and SpO2 at rest (p<0.001) 

and during 6MWT (p<0.001) was higher in non-ARDS patients. In patients with ARDS, SpO2/FiO2 ratio 

correlates positively with SpO2 at rest (p=0.05), MMRc (p=0.04), 6MWT distance (p=0.02), P0.1/MIP 

(p=0.04) and DLCO/VA (p=0.02) and inversely with MVV (p=0.02) (Figure 1). Similarly, PSI correlates 

inversely with SpO2 at rest (p<0.001) and during 6MWT (p<0.001), HR during 6MWT (p<0.001), RV 

(p<0.001), TLC (p=0.003) and FVC (p=0.03). 

Effect of steroid therapy during COVID-19 

Selecting patients with pneumonia during COVID, steroid therapy was administered to 42 (18.9%) 

patients, 14 (23.0%) with ARDS and 28 (17.4%) without it. Steroid therapy, also corrected for 

SpO2/FiO2 ratio, PSI, ARDS development or IMV need, was positively correlated with MMRc (p=0.05) 

and P0.1/MIP (p=0.01, β=0.170) and inversely with RV (p=0.02, β=-0.181), TLC (p=0.01, β=-0.197), 

FEV1 (p=0.01, β=-0.226), FVC (p=0.02, β=-0.211). 

Time-dependent parameters 

Evaluating all parameters by the time after diagnosis, Figure 2 shows the directly correlation 

between days from diagnosis and DLCO/VA (p<0.001) and 6MWT distance (p=0.004). 

 

 



HRQoL, IPAQ and their correlation with lung function parameters 

Median PCS12 was 45.8 (IQR 37.9-50.9), median MCS12 was 50.9 (IQR 40.9-57.2). IPAQ 

questionnaire showed a good prevalence of active patients: 81.7% of subjects declared to do 

adequate amount of physical activities. 

There was no significant correlation between PCS12, MCS12 or IPAQ and lung function, development 

of pneumonia, ARDS, IMV, SpO2/FiO2 ratio or PSI. 

Discussion 

In previous experiences with Coronavirus lung involvement of SARS and MERS, radiologic 

abnormalities, impairment of pulmonary functions and reduced exercise capacity improved over 

time but may be persistent in some for months or even years [1–3]. 

Evidence about pulmonary function tests, after discharge, among COVID-19 patients is currently 

limited to little retrospective studies with small samples: a reduction of FVC after 6 week from 

discharge on 13 patients [4], reduction of DLCO, TLC, 6MWT in severe COVID-19 compared to non-

severe COVID-19 at 30 days and impairment in respiratory muscle strength in more than half of the 

subjects [5] and reduction of TLC, FEV1, FVC, DLCO and small airway function at 3 months in a small 

number of patients were reported [7]. In all studies, a reduction of DLCO was denoted but not in 

DLCO/VA, this finding was related to the reduction of alveolar volume without residual interstitial 

abnormalities or pulmonary vascular abnormalities [14]. 

The proposed pathogenic mechanism assumes an initial damage induced by COVID-19, similar to the 

one induced by SARS, due to a microvascular injury with initial interstitial thickening with clear lungs 

on radiology exams along with a profound hypoxaemia [15, 16], followed by the development of 

alveolar damages inducing a gradual loss of the alveolar spaces [16]. The decreased alveolar volume 

may be explained by temporary changes in mechanical properties of the chest wall and respiratory 

muscles after critical illness and are supposed to encompass a possible long lasting pulmonary 

parenchymal dysfunction post-COVID-19 [17]. 

Our study is, at our knowledge, the first with a large sample on this argument. Our results show a 

reduction of respiratory functions and exercise capacity secondary to SARS-COV-2 pneumonia, 

mostly in patients who developed ARDS during the acute phase. The severity of pneumonia, 

assessed with the development of ARDS, the needing of IMV, the worst SpO2/FiO2 ratio and PSI 

during COVID-19 acuteness, seems to be associated with the reduction of DLCO/VA and secondarily 

with the reduction of SpO2 at rest and during the 6MWT, but also impacting on 6MWT distance, HR 

during 6MWT, MEP, TLC, RV and FVC. Effect on DLCO/VA and 6MWT distance appear to decrease 

over time. Interestingly, patients without pneumonia compared to patients with pneumonia during 

COVID-19 showed a more increased SR and RV, but with comparable RV/TLC, describing a possible 

involvement of lower airway instead of lung parenchyma. Respiratory muscle weakness, as reflected 

by decreased MIP and MEP, could be due to different factors, such as a myopathy caused by the 

virus in respiratory muscles, especially in the diaphragm, or could be a possible effect of limited 

physical activity secondary to the lock down. In IMV patients, the decreased MEP could be explained 

by the combination of curarization, corticosteroids and lack of spontaneous respiratory movements 

for several days. P0.1 and P0.1/MIP were significant decreased in pneumonia patients, describing a 



possible neural drive impairment in these patients. These results appear to be independent from the 

different prevalence of obesity in the two groups. 

The correlation between steroid treatment and dyspnoea scale and some respiratory functional 

values appear to be independent from pneumonia severity and could reflect the contribute of 

steroid to viral myopathy through several mechanisms, such as altered electrical excitability of 

muscle fibres, loss of thick filaments and inhibition of protein synthesis [18–20], even if MIP and 

MEP didn’t prove this relation. 

Evaluating HRQoL, a reduction of physical health was referred instead a normal mental health was 

reported despite the long period of isolation and extreme uncertainty during the COVID-19 could 

have created psychological and mood disturbances. 

In conclusion, the reduction of respiratory functions and exercise capacity observed after COVID 

were more pronounced in patients who developed ARDS or require IMV. In these patients, in order 

to obtain a rapid restoration of normal functional parameters, respiratory rehabilitation and gradual 

physical activity seem to be effective tools, as showed in randomized trial on 6-week respiratory 

rehabilitation, after discharge, that showed improvement in respiratory function (FEV1, TLC, 

FEV1/FVC, 6MWT and DLCO), quality of life and anxiety of older patients [6]. 

According to these results, patients without pneumonia and without symptoms didn’t need any 

evaluation. DLCO, 6MWT and plethysmography could be avoided in patients without pneumonia, 

performing only spirometry with bronchodilator responsiveness testing and recommending early 

resumption of physical activity. On the contrary, in patients who developed ARDS, DLCO, 6MWT and 

complete spirometry could uncover presence of residual pulmonary and functional impairment, with 

the need of respiratory rehabilitation and gradual physical activity. 

There are several limitations to this study. Firstly, the lack of pulmonary function tests before COVID-

19 infection. Secondly, we assessed inspiratory and expiratory muscle strength with mouth pressure, 

but low values might result from technical difficulties. The functional disability appears out of 

proportion to the degree of lung function impairment and may be due to additional factors such as 

muscle deconditioning and steroid myopathy. Lastly, the lack of correlation between pulmonary 

function and radiological signs. 

Our study will provide another prospective evaluation after 12 months to better understand the 

respiratory long term sequelae of SARS-COV-2 disease. Long term follow-up studies are needed to 

better understand the impact of SARS-COV-2 on human pathophysiology. 

Conclusion 

Patients with a worst lung involvement during SARS-COV-2 infection showed impaired pulmonary 

function test parameters and 6MWT SpO2 values 4 months after the acuteness. Clinical and 

instrumental long-term check on these patients is advisable, enabling a respiratory rehabilitation 

course aimed at respirational recovery. 
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Table 1. Characteristics of patients and difference between patients with pneumonia during COVID and patients without it. 

 All patients Pneumonia 

Total (n=379) 
Not 

pneumonia 
(n=157) 

Pneumonia 
(n=222) 

P 
Not ARDS 
(n=161) 

ARDS 
(n=61) 

P 
Not IMV 
(n=188) 

IMV (n=34) P 

Age (years) 
 

56 (49-63) 52 (39-58) 58 (53-67) <0.001 58 (52-64) 66 (58-73) <0.001 58 (52-66) 60 (57-72) 0.05 

Sex (male) 174 (45.9%) 47 (29.9%) 127 (57.2%) <0.001 79 (47.6%) 54 (83.1%) <0.001 96 (51.1%) 31 (91.2%) <0.001 

BMI (Kg/m2) 

 
25.2 (22.6-

28.7) 
23.9 (21.5-

27.8) 
26.2 (23.4-

29.1) 
<0.001 

25.3 (23.0-
29.3) 

27.1 (24.8-
28.7) 

0.18 
25.9 (23.4-

29.3) 
26.4 (23.8-

28.8) 
0.94 

Comorbidities: 

 Hypertension 

 CVD* 

 DM 

 Neoplasia 

 Asthma 

 Hepatic disease 

 CKD 

 
112 (29.6%) 
44 (11.6%) 
24 (6.3%) 
19 (5.0%) 
32 (8.4%) 
5 (1.3%) 

13 (3.4%) 

 
24 (15.3%) 
10 (6.4%) 
3 (1.9%) 
8 (5.1%) 

12 (7.6%) 
1 (0.6%) 
1 (0.6%) 

 
88 (39.6%) 
34 (15.3%) 
21 (9.5%) 
11 (5.0%) 
20 (9.1%) 
4 (1.8%) 

12 (5.4%) 

 
<0.001 
0.007 
0.003 
0.95 
0.64 
0.33 
0.01 

 
56 (33.7%) 
22 (13.3%) 
12 (7.2%) 
9 (5.4%) 

21 (12.7%) 
2 (1.2%) 

10 (6.0%) 

 
36 (55.4%) 
14 (21.5%) 
9 (13.8%) 
4 (6.2%) 
0 (0.0%) 
2 (3.1%) 
3 (46%) 

 
0.003 
0.12 
0.12 
0.83 

0.003 
0.33 
0.68 

 
68 (36.2%) 
29 (15.4%) 
17 (9.0%) 
9 (4.8%) 

20 (10.6%) 
4 (2.1%) 

10 (5.3%) 

 
20 (58.8%) 
5 (14.7%) 
4 (11.8%) 
2 (5.9%) 
0 (0.0%) 
0 (0.0%) 
2 (5.4%) 

 
0.01 
0.91 
0.62 
0.78 
0.05 
0.39 
0.89 

Obesity 59 (15.6%) 11 (7.0%) 48 (21.6%) <0.001 38 (22.9%) 11 (16.9%) 0.32 42 (22.3%) 6 (17.6%) 0.54 

Smoking history 128 (33.8%) 49 (31.2%) 79 (35.6%) 0.38 49 (29.5%) 36 (55.4%) <0.001 59 (31.4%) 20 (58.8%) 0.002 

Actual smoker 25 (6.6%) 20 (12.7%) 5 (2.3%) <0.001 5 (3.0%) 0 (0.0%) 0.16 5 (2.7%) 0 (0.0%) 0.33 

Dyspnoea  162 (42.7%) 55 (35.0%) 107 (48.2%) 0.01 81 (48.8%) 28 (43.1%) 0.47 88 (46.8%) 19 (55.9%) 0.27 

Weakness 113 (29.8%) 54 (34.4%) 59 (26.6%) 0.11 47 (28.3%) 13 (20.0%) 0.21 54 (28.7%) 5 (14.7%) 0.10 

Joint and muscular 
pain 

52 (13.7%) 16 (10.2%) 36 (16.2%) 0.09 24 (14.5%) 12 (18.5%) 0.43 27 (14.4%) 9 (26.5%) 0.07 

Thoracic pain 45 (11.9%) 22 (14.0%) 23 (10.4%) 0.29 22 (13.3%) 2 (3.1%) 0.02 22 (11.7%) 1 (2.9%) 0.13 

Anosmia and ageusia 39 (10.3%) 17 (10.8%) 22 (9.9%) 0.78 19 (11.4%) 3 (4.6%) 0.11 19 (10.1%) 3 (8.8%) 0.81 

Depression 31 (8.2%) 11 (7.0%) 20 (9.0%) 0.48 17 (10.2%) 3 (4.6%) 0.17 19 (10.1%) 1 (2.9%) 0.18 

Cough 23 (6.1%) 11 (7.0%) 12 (5.4%) 0.53 13 (7.8%) 0 (0.0%) 0.02 12 (6.4%) 0 (0.0%) 0.13 

Heart palpitations 23 (6.1%) 11 (7.0%) 12 (5.4%) 0.53 7 (4.2%) 5 (7.7%) 0.29 7 (3.7%) 5 (14.7%) 0.01 

Headache 20 (5.3%) 11 (7.0%) 9 (4.1%) 0.21 5 (3.0%) 4 (6.2%) 0.27 6 (3.2%) 3 (8.8%) 0.13 

Sleeping disorders 16 (4.2%) 5 (3.2%) 11 (5.0%) 0.39 7 (4.2%) 4 (6.2%) 0.54 7 (3.7%) 4 (11.8%) 0.05 

Hair loss 12 (3.2%) 6 (3.8%) 6 (2.7%) 0.55 5 (3.0%) 1 (1.5%) 0.52 5 (2.7%) 1 (2.9%) 0.93 

Memory disorders 10 (2.6%) 4 (2.5%) 6 (2.7%) 0.92 5 (3.0%) 1 (1.5%) 0.52 5 (2.7%) 1 (2.9%) 0.93 



Dizziness 9 (2.4%) 1 (0.6%) 8 (3.6%) 0.06 6 (3.2%) 2 (3.1%) 0.83 6 (3.2%) 2 (5.9%) 0.44 

Data are expressed as mean ± percentage (%) when not specified. 

Abbreviations: BMI Body Mass Index, IQR InterQuartile Range, CVD Cardio-Vascular Disease, DM Diabetes Mellitus, CKD Chronic Kidney Disease. 

Table 2. Hospitalization data in patients with pneumonia during COVID 

 
Pneumonia 

(n=222) 
Non-ARDS 

(n=161) 
ARDS 

(n=61) 
P 

PE 7 (3.2%) 3 (1.9%) 4 (6.6%) 0.07 

Hospitalization (n, %) 143 (64.4%) 82 (50.9%) 161 (100%) <0.001 

Worst SpO2/FiO2 ratio 303 (200-438) 416 (281-447) 117 (94-188) <0.001 

PSI 70 (50-95) 59 (43-83) 96 (75-113) <0.001 

Steroid therapy (n, %) 42 (18.9%) 28 (17.4%) 14 (23.0%) 0.35 

CRP 94 (35-184) 68 (15-104) 204 (133-267) <0.001 

PCT 0.09 (0.04-0.27) 0.05 (0.03-0.12) 0.39 (0.13-0.86) <0.001 

Ferritin 1062 (272-2930) 393 (155-1558) 2828 (1062-4152) <0.001 

d-dimer 1380 (648-5199) 790 (490-2251) 5517 (1625-18352) <0.001 

Troponin I Hs 5 (2.3-12.9) 3.8 (1.6-7.0) 10.2 (4.3-25.0) <0.001 

N/L ratio 5.0 (3.1-10.7) 3.8 (2.5-7.1) 11.2 (5.7-18.0) <0.001 

LDH 282 (230-413) 238 (204-322) 411 (319-540) <0.001 

Days from positive swab 136 (102-177) 146 (113-180) 127 (97-173) 0.50 

Days between positive and 
negative swab 

45 (34-65) 49 (36-73) 43 (33-61) 0.21 

Data are expressed as median ± interquartile range (IQR) when not specified. 

Abbreviations: PE Pulmonary Embolism, SpO2 partial Oxygen Saturation, FiO2 Fraction of Inspired Oxygen, PSI Pneumonia Severity Index, CRP C-reactive 

protein, PCT Procalcitonin, N/L neutrophils/leucocytes ratio, LDH lactate dehydrogenase. 

 

 

 

 



Table 3. Vital parameters, 6MWT and pulmonary function and difference between patients with pneumonia during COVID and patients without it. 

 
Total 

(n=379) 
Not pneumonia 

(n=157) 
Pneumonia 

(n=222) 
P 

Not ARDS 
(n=161) 

ARDS 
(n=61) 

P 
Not IMV 
(n=188) 

IMV 
(n=34) 

P 

SpO2 97 (96-98) 97 (96-98) 96 (95-97) <0.001 96 (95-97) 96 (95-97) 0.39 96 (95-97) 96 (95-97) 0.38 

RR 17 (14-20) 17 (14-20) 18 (14-20) 0.23 17 (14-21) 18 (14-20) 0.84 17 (14-20) 18 (14-21) 0.39 

HR 73 (65-81) 74 (65-82) 72 (65-80) 0.15 72 (65-81) 71 (65-82) 0.81 72 (65-80) 81 (70-87) 0.08 

SBP 135 (120-146) 128 (118-142) 137 (123-149) 0.002 135 (123-147) 139 (126-157) 0.05 136 (123-148) 138 (126-153) 0.98 

DBP 85 (76-92) 82 (75-90) 86 (78-94) 0.002 85 (77-92) 88 (80-98) 0.02 85 (77-93) 88 (80-98) 0.34 

CR10 at rest 0.3 (0.0-1.0) 0.0 (0.0-0.5) 0.3 (0.0-2.0) 0.006 0.3 (0.0-2.0) 0.3 (0.0-2.0) 0.88 0.3 (0.0-2.0) 0.3 (0.0-2.0) 0.50 

RPE at rest 11 (6-12) 9 (6-12) 11 (8-12) 0.19 11 (7-12) 10 (8-11) 0.77 11 (8-12) 8 (7-12) 0.35 

MMRc 2 (1-2) 1 (1-2) 2 (1-2) 0.003 2 (1-2) 2 (1-2) 0.98 2 (1-2) 1 (1-2) 0.18 

MMRc 0-1 (n. %) 319 (84.2%) 143 (91.1%) 176 (79.3%) 0.01 128 (79.5%) 49 (80.3%) 0.97 132 (70.2%) 31 (91.2%) 0.31 

MMRc ≥2 (n. %) 60 (15.8%) 14 (8.9%) 46 (20.7%) 0.01 33 (20.5%) 12 (19.7%) 0.97 56 (29.8%) 3 (8.8%) 0.31 

6MWT distance 520 (420-560) 520 (460-580) 500 (400-560) 0.006 500 (400-560) 500 (390-540) 0.34 500 (400-560) 400 (320-520) 0.04 

6MWT distance % 88 (77-99) 88 (75-100) 87 (77-98) 0.86 87 (77-97) 87 (73-100) 0.85 88 (78-98) 70 (57-87) 0.006 

CR10 after 6MWT 1.0 (0.5-3.0) 1.0 (0.2-2.5) 2.0 (0.5-3.0) 0.04 1.5 (0.5-3.0) 2.0 (0.5-3.0) 0.94 2.0 (0.5-3.0) 2.0 (0.5-4.0) 0.60 

RP10 after 6MWT 11 (8-12) 9 (8-11) 11 (8-13) 0.13 11 (8-13) 10 (8-13) 0.58 11 (8-13) 9 (8-13) 0.62 

SpO2 min 93 (91-95) 94 (92-96) 92 (90-94) <0.001 93 (91-94) 91 (89-94) 0.004 93 (91-94) 91 (90-93) 0.002 

HR max 107 (99-119) 109 (100-122) 107 (99-116) 0.17 107 (100-117) 104 (97-113) 0.08 107 (100-116) 104 (96-115) 0.45 

MVV % 102 (89-118) 103 (92-119) 100 (8-118) 0.12 98 (87-117) 106 (83-119) 0.69 101 (89-119) 116 (105-125) 0.11 

MIP % 58 (41-79) 52 (37-76) 64 (43-82) 0.02 61 (42-79) 67 (49-85) 0.18 60 (41-79) 68 (54-80) 0.26 

MEP % 79 (61-101) 82 (65-102) 75 (57-100) 0.16 76 (58-104) 73 (56-94) 0.23 76 (58-101) 64 (54-84) 0.08 

P0.1 % 85 (58-116) 89 (65-125) 80 (56-112) 0.02 83 (57-112) 73 (54-105) 0.41 80 (57-114) 95 (84-172) 0.20 

P0.1/MIP ratio 1.5 (0.9-2.6) 1.8 (1.0-3.2) 1.4 (0.8-2.3) 0.005 1.5 (0.8-2.4) 1.1 (0.8-2.0) 0.11 1.4 (0.8-2.6) 0.9 (0.8-1.7) 0.12 

DLCO/VA % 101 (89-112) 101 (91-113) 101 (86-111) 0.10 101 (89-111) 102 (80-114) 0.85 101 (88-111) 90 (71-107) 0.05 

SR % 140 (117-173) 147 (120-177) 136 (114-168) 0.03 143 (121-137) 122 (102-147) <0.001 142 (120-182) 117 (92-147) 0.007 

RV % 123 (105-140) 133 (117-151) 116 (97-133) <0.001 121 (108-137) 99 (88-113) <0.001 122 (107-135) 92 (77-109) <0.001 

TLC % 109 (98-117) 111 (103-121) 106 (95-114) <0.001 110 (101-116) 97 (84-107) <0.001 109 (98-116) 85 (82-101) <0.001 

RV/TLC % 39 (35-45) 39 (36-44) 39 (35-45) 0.80 40 (35-45) 37 (34-43) 0.05 40 (36-46) 38 (32-44) 0.05 

FEV1 % 107 (96-117) 107 (96-116) 106 (96-117) 0.93 107 (98-117) 105 (89-117) 0.29 107 (97-117) 96 (81-116) 0.07 

FVC % 106 (95-117) 107 (97-116) 105 (94-116) 0.24 108 (97-116) 97 (86-112) 0.004 106 (96-116) 91 (80-111) 0.004 

FEV1/FVC % 82 (80-86) 82 (79-86) 82 (78-86) 0.77 82 (79-86) 83 (78-88) 0.45 82 (78-87) 86 (81-88) 0.07 

PEF % 105 (93-118) 102 (90-114) 108 (94-123) 0.009 107 (93-121) 109 (97-125) 0.23 105 (93-119) 113 (96-126) 0.30 



MEF75 % 109 (94-125) 106 (94-118) 112 (95-129) 0.02 111 (94-125) 116 (103-131) 0.07 109 (91-123) 124 (107-135) 0.05 

MEF50 % 94 (76-116) 94 (75-115) 95 (76-120) 0.72 94 (75-116) 101 (77-128) 0.12 93 (75-115) 110 (87-127) 0.04 

MEF25 % 65 (48-91) 65 (50-93) 65 (46-86) 0.36 66 (47-86) 61 (44-94) 0.60 65 (47-89) 72 (53-104) 0.31 

FENO 13 (8-22) 15 (10-22) 12 (7-24) 0.63 15 (7-27) 11 (6-22) 0.68 12 (7-27) 9 (7-14) 0.72 

Data are expressed as median ± interquartile range (IQR) when not specified. 

Abbreviations: SpO2 partial Oxygen Saturation, RR Respiratory Rate, HR Heart Rate, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, CR10 Borg 
Category-Ratio scale, RPE Rate of Perceived Exertion, mMRC modified Medical Research Council, 6MWT 6-Minute Walking Test, MVV Maximal Ventilatory 
Ventilation, MIP Maximal Inspiratory Pressure, MEP Maximal Expiratory Pressure, P0.1 airway occlusion Pressure after 0.1s, DLCO Lung Capacity for Carbon 
Monoxide, VA Alveolar volume, SR Specific airway Resistance, RV Residual Volume, TLC Total Lung Capacity, FEV1 Forced Expiratory Volume in the first second, 
FVC Forced Vital Capacity, PEF Peak Expiratory Flow, MEF Maximum Expiratory Flows at different lung volume levels (75-50-25), FENO Fractioned exhaled Nitric 
Oxide. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Pearson’s correlations with SpO2/FiO2 ratio and PSI during COVID 

 SpO2/FiO2 ratio PSI 

Pneumonia 
(n=222) 

Non-ARDS 
(n=161) 

ARDS (n=61) 
Pneumonia 

(n=222) 
Non-ARDS 

(n=161) 
ARDS (n=61) 

SpO2 at rest 0.341** 0.426** 0.302* -0.376** -0.351** -0.205 

HR at rest -0.063 0.102 -0.159 -0.104 -0.187 -0.135 

RR 0.020 -0.064 0.021 -0.011 -0.009 0.114 

SBP -0.104 -0.070 0.270 0.245* 0.314** 0.113 

DBP -0.113 0.094 0.027 0.084 0.065 0.030 

MMRc 0.010 -0.025 0.344* -0.026 -0.071 0.046 

SpO2 during 6MWT 0.345** 0.422** 0.329 -0.373** -0.363** -0.150 

HR during 6MWT 0.140 0.148 0.178 -0.368** -0.371** -0.416* 

6MWT distance (%) 0.104 -0.014 0.396* 0.032 0.099 -0.043 

MVV -0.023 0.084 -0.353* -0.041 -0.136 -0.065 

MIP (%) 0.012 0.108 0.096 0.157 0.228* -0.195 

MEP (%) 0.208* 0.156 0.135 -0.144 0.029 -0.389* 

P0.1 (%) 0.130 0.035 0.235 0.012 0.119 0.001 

P0.1/MIP 0.091 -0.009 0.321* -0.125 -0.044 0.070 

DLCO/VA 0.112 -0.055 0.352* 0.016 0.119 -0.021 

SR (%) 0.115 0.038 0.104 -0.141 -0.204 0.056 

RV (%) 0.394** 0.193* 0.093 -0.376* -0.248* -0.077 

TLC (%) 0.376** 0.199* 0.271 -0.276* -0.092 -0.225 

RV/TLC 0.125 -0.031 0.049 0.044 0.100 0.333 

FEV1 (%) 0.083 0.080 0.193 -0.034 0.077 -0.087 

FVC (%) 0.238** 0.198* 0.266 -0.198* -0.060 -0.143 

FEV1/FVC -0.119 -0.116 -0.032 -0.058 -0.020 -0.410* 

PEF (%) -0.061 0.103 0.041 0.047 0.092 -0.179 

* p<0.05 

** p<0.01 

Abbreviations: SpO2 partial Oxygen Saturation, RR Respiratory Rate, HR Heart Rate, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, mMRC modified 

Medical Research Council, 6MWT 6-Minute Walking Test, MVV Maximal Ventilatory Ventilation, MIP Maximal Inspiratory Pressure, MEP Maximal Expiratory 



Pressure, P0.1 airway occlusion Pressure after 0.1s, DLCO Lung Capacity for Carbon Monoxide, VA Alveolar volume, SR Specific airway Resistance, RV Residual 

Volume, TLC Total Lung Capacity, FEV1 Forced Expiratory Volume in the first second, FVC Forced Vital Capacity, PEF Peak Expiratory Flow.



Figure 1. Scatter-plot showing significant correlation between SpO2/FiO2 ratio during SARS-COV-2 disease 

and pulmonary function and 6MWT parameters. 



Figure 2. Scatter-plot showing significant correlation between time from diagnosis and DLCO/VA and 6MWT 

distance. 


