
Clinical Investigations

Respiration 2022;101:272–280

Coronavirus Disease 2019: COSeSco –  
A Risk Assessment Score to Predict the Risk of 
Pulmonary Sequelae in COVID-19 Patients

Marina Aiello 

a    Laura Marchi 

a    Luigino Calzetta 

a    Silvia Speroni 

b    

Annalisa Frizzelli 

a    Marianna Ghirardini 

a    Valentina Celiberti 

b    

Nicola Sverzellati 

c    Maria Majori 

d    Pier Anselmo Mori 

d    Silvia Ranzieri 

b    

Roberta Pisi 

a    Giovanna Pelà 

e    Massimo Corradi 

b    Alfredo Chetta 

a

aDepartment of Medicine and Surgery, Respiratory Disease and Lung Function Unit, University of Parma, Parma, 
Italy; bDepartment of Medicine and Surgery, Occupational Medicine Unit, University of Parma, Parma, Italy; 
cDepartment of Medicine and Surgery, Section of Radiology, Unit of Surgical Sciences, University of Parma, Parma, 
Italy; dCardio-Thoracic-Vascular Department, Unit of Pulmonology and Thoracic Endoscopy, University Hospital of 
Parma, Parma, Italy; eDepartment of Medicine and Surgery, and Department of General and Specialistic Medicine, 
University-Hospital of Parma, University of Parma, Parma, Italy

Received: March 24, 2021
Accepted: August 18, 2021
Published online: October 21, 2021

Correspondence to: 
Laura Marchi, laura.marchi @ unipr.it

© 2021 S. Karger AG, Baselkarger@karger.com
www.karger.com/res

DOI: 10.1159/000519385

Keywords
Coronavirus disease 2019 · Lung function · Long COVID · 
Diffusion capacity

Abstract
Background: The presence of interstitial pneumonia in coro-
navirus disease 2019 (COVID-19) patients, as diagnosed 
through laboratory, functional, and radiological data, pro-
vides potential predicting factors of pulmonary sequelae. 
Objectives: The objectives were the creation of a risk assess-
ment score for pulmonary sequelae at high-resolution com-
puted tomography (HRCT) through the assessment of labo-
ratory data, lung function, and radiological changes in pa-
tients after the onset of COVID-19 interstitial pneumonia and 
the identification of predictive factors. Methods: We en-
rolled 121 subjects hospitalized due to COVID-19 pneumo-
nia in our study. Clinical features, Charlson Comorbidity In-
dex (CCI) score, HRCT score, and blood chemistry data at hos-
pital admission, as well as HRCT score, pulmonary function 
testing values, exercise capacity by means of a 6-Minute 

Walk Test (6MWT), and dyspnea perception by the modified 
Medical Research Council (mMRC) at 4-month follow-up, 
were all recorded. The variables were elaborated in order to 
create a predictive model to identify patients at high risk of 
pulmonary sequelae at HRCT. Results: At the time of follow-
up visit, 63% of patients had functional abnormality (diffu-
sion lung capacity and/or total lung capacity <80% of pre-
dicted). Age, BMI, CCI, D-dimer, 6MWT, and mMRC were in-
cluded in the COVID-19 Sequelae Score (COSeSco, ranging 
0–15), which was able to individuate COVID-19 patients with 
radiologic sequelae (HRCT score >10%) at follow-up. The 
most revelatory COSeSco value that was found to intercept 
the highest sensitivity (100%) and specificity (77%) was 2. 
Conclusion: The COSeSco – comprising age, BMI, comorbid-
ities, D-dimer, walking distance, and dyspnea perception – 
makes it possible to identify particularly at-risk COVID-19 pa-
tients who are likely to develop pulmonary sequelae as-
sessed by HRCT. © 2021 S. Karger AG, Basel

Marina Aiello and Laura Marchi contributed equally to this work as 
first authors.
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Introduction

In March 2020, the WHO declared a coronavirus disease 
2019 (COVID-19) pandemic [1], caused by SARS-CoV-2, 
a coronavirus featuring a severe acute respiratory syn-
drome. In its most common presentation, the disease is typ-
ified by interstitial pneumonia with a severity ranging from 
mild to severe, along with the development of acute respira-
tory distress syndrome, ranging from about 15% to 30% [2]. 
Even after the resolution of the acute phase, most patients 
could not be characterized as having recovered [3], nor-
mally understood as complete restitutio ad integrum of the 
lung parenchyma. Zhao et al. [4] demonstrated the pres-
ence of radiological and physiological abnormalities in a 
high percentage of COVID-19 patients 3 months after dis-
charge. Furthermore, these abnormalities could be predict-
ed by high levels of D-dimer upon admission [4].

Recent reports suggest that anamnestic (e.g., the pres-
ence of comorbidities), laboratory, and functional data 
may signal interstitial pneumonia during the SARS-
CoV-2 emergency, thus providing useful indicators for 
predicting the different levels of severity of the disease 
and allowing for the assessment of the risk of relevant se-
quelae [5, 6]. Similarly, Huang et al. [7] observed, in se-
vere cases of SARS-CoV-2 infections, a lung diffusion ca-
pacity for carbon monoxide (DLCO) impairment, a more 
total lung capacity (TLC) decrease, and 6MWT decline, 
as far as nonsevere cases were concerned.

The aim of the present study was to record clinical lab 
functional and HRCT data in a large cohort of COVID-19 
patients with documented high-resolution computed to-
mography (HRCT) pneumonia, along with their changes 
at follow-up, and, subsequently, to identify the risk factors 
of the HRCT sequelae. Furthermore, the population data 
were used to determine a predictive score, which we refer 
to as COSeSco (COVID-19 Sequelae Score), which in-
cludes age, BMI, comorbidities, and D-dimer at the time 
of hospitalization, as well as exercise capacity and dyspnea 
at follow-up, which allowed us to account for the risk of 
pulmonary sequelae at HRCT in COVID-19 patients. This 
score could be useful in the clinical management of CO-
VID-19 patients after discharge and at follow-up.

Materials and Methods

Collection of Information
The information for this study was collected from the databases 

of the “Respiratory Disease and Lung Function Unit,” University 
Hospital of Parma (Italy), from May 2020 to February 2021. As a 
consequence of the COVID-19 pandemic, the Parma University 

Hospital established a post-acute COVID-19 outpatient clinic to fol-
low up with patients who had been previously hospitalized because 
of a SARS-CoV-2 infection. Participants in the study were patients 
subsequently referred to a post-acute COVID-19 outpatient clinic 
who met the following inclusion criteria: adults of both sexes (age 
≥18 years) with radiologically and laboratory (nasopharyngeal swabs 
and/or serological assay) documented diagnosis of COVID-19-relat-
ed pneumonia and who had been previously hospitalized and dis-
charged. The exclusion criteria were the following: subjects unable to 
meet the criteria of acceptability and repeatability of functional in-
vestigations or who have not signed the informed consent.

Information concerning patient characteristics, such as age, 
gender, smoking habit, comorbidities via the Charlson Comorbid-
ity Index (CCI) [8], pneumonia with HRCT score (0–100%) [9], 
blood chemistry data, and treatment, was collected at the time of 
hospitalization. In addition, dyspnea with the modified Medical 
Research Council (mMRC) [10], Pulmonary Function Test (PFT), 
exercise capacity by means of the 6MWT [11], and HRCT score 
were collected at a follow-up visit (approximately 4 months after 
hospital admission) (Table 1).

The study population data were used to determine a predictive 
score, which, in turn, allowed us to account for the risk of pulmo-
nary sequelae in COVID-19 patients.

Study Design and Statistical Analysis
We identified the variables that significantly correlated (2-tailed 

Pearson correlation) with the HRCT score at hospital admission, 
and then the 2 variables showing the best correlation outcomes 
were used to characterize the study population in patients with 
normal lung function or with lung function impairment at follow-
up (patient characterization, step I). After that, we identified the 
best functional variable (independent variable) that significantly 
discriminated patients with HRCT sequelae at follow-up. The lev-
el of discrimination threshold of functional pulmonary sequelae 
was then checked for significant variables (dependent variables) 
with the receiver operating characteristic (ROC) curve to identify 
specific cutoff (patient characterization, step II). Last, the variables 
were elaborated to synthesize COSeSco, an easy computable pre-
dictive score, in order to identify the patients at higher risk of pul-
monary sequelae at HRCT due to COVID-19 at follow-up [12]. 
The flowchart reporting the study design is shown in Figure 1. The 
statistical analysis was carried out by using GraphPad Prism 5 soft-
ware (San Diego, CA, USA), and the level of statistical significance 
was p < 0.05.

Results

Study Population Characteristics
The characteristics of the study population at hospital 

admission and at follow-up are reported in Table 1 along 
with the variables analyzed in the study and the therapies 
during hospitalization. All patients underwent a follow-
up visit, which was performed approximately 4 months 
after hospital admission. Seventy-six out of 121 patients 
(63%) had functional abnormality (DLCO and/or TLC 
<80% at follow-up).
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Correlation Analysis
The significant correlation between the investigated 

variables and HRCT score at hospital admission is report-
ed in online supplementary Figures 1–3 (see www. 
karger.com/doi/10.1159/000519385 for all online suppl. 
material). Age, BMI, CCI, forced expiratory volume in 1 

second (FEV1), forced vital capacity (FVC), DLCO, TLC, 
alveolar volume (VA), 6MWT distance (m), peripheral 
oxygen saturation (SpO2) at baseline, and the average 
SpO2 during the 6MWT significantly (p < 0.05) correlated 
with the HRCT score at hospital admission. No further 
variables showed significant correlation with the HRCT 

Table 1. COVID-19 patient characteristics at hospital admission and follow-up

Patients, 
N

Patients with 
DLCO and/
or TLC ≥80% at 
follow-up

Patients with 
DLCO and/
or TLC <80% at 
follow-up

Patients, n (%) 121 (100) 45 (37) 76 (63)***
Age, years (mean ± SD) 60.43±11.65 54.36±10.16 64.03±11.01***
Sex (M/F) 83/48 29/16 44/32
BMI at hospital admission, kg/m2 (mean ± SD) 28.95±5.57 27.33±4.55 29.43±5.29*
Smoking habit, %

Never 51.24 60.00 46.05
Former 39.67 33.33 43.20
Current 9.09 6.67 10.53

CCI at hospital admission (median, minimum, 25–75 percentile, maximum) 2 (0, 1, 4, 9) 1 (0, 0, 3, 5) 3 (0, 2, 5, 9)***
HRCT at hospital admission, score % (mean ± SD) 41.30±23.02 26.21±16.30 49.21±22.15***
Therapy during hospitalization, %

Systemic corticosteroids 32.29 20.69 37.31
Heparin 75.00 74.63 75.86
Antivirals 67.71 65.52 68.66
Antibiotics 92.71 82.76 98.51**
Oxygen only 62.89 72.41 59.70
Noninvasive ventilation 22.68 10.34 28.36*
Invasive mechanical ventilation 7.22 6.90 7.46

D-dimer during hospitalization, ng/mL (mean ± SD) 1,396±1,824 643±304 1,749±1,117*
Time between post-hospital admission and follow-up, days (mean ± SD) 115±43 111±47 117±41
Time between post-discharge and follow-up, days (mean ± SD) 100±43 105±47 97±42
HRCT at follow-up, score % (mean ± SD) 7.74±12.72 3.51±7.35 11.22±15.04**
mMRC at follow-up (median, minimum, 25–75 percentile, maximum) 1 (0, 0, 1, 3) 1 (0, 0, 1, 2) 1 (0, 0, 1, 3)*
Lung function test at follow-up (mean ± SD)

FEV1, % predicted 100.10±19.75 110.77±16.76 93.54±18.64***
FVC, % predicted 103.10±20.11 113.75±17.37 96.62±18.96***
FEV1/FVC 0.79±0.08 0.80±0.05 0.78±0.10
TLC, % predicted 94.87±15.84 103.70±11.95 89.19±15.48***
DLCO, % 76.84±15.34 92.04±9.19 67.46±9.84***
KCO, % 91.45±16.20 96.90±11.31 88.09±17.85**
VA, % 86.77±15.18 98.11±10.60 79.90±13.32***

6MWT at follow-up (mean ± SD)
Walking distance, m 404.50±77.11 435.70±75.02 387.10±72.88***
Walking distance, % of predicted 103.90±17.10 108.50±23.70 101.10±10.52
SpO2 at baseline, % (mean ± SD) 95.69±1.57 95.93±1.25 95.55±1.73
SpO2 mean, % (mean ± SD) 94.18±2.56 95.11±1.43 93.63±2.91**

6MWT, 6-Minute Walk Test; BMI, body mass index; COVID-19, coronavirus disease 2019; CCI, Charlson Comorbidity Index; DLCO, lung 
diffusion capacity for carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HRCT, high-resolution com-
puted tomography; KCO, DLCO/VA; mMRC, modified Medical Research Council; n, number; m, meters; SD, standard deviation; SpO2, pe-
ripheral oxygen saturation; TLC, total lung capacity; VA, alveolar volume. * p < 0.05, ** p < 0.01, and *** p < 0.001 between patients with 
and without lung function impairment.



Predictive Model to Assess Pulmonary 
Sequelae in COVID-19 Patients

275Respiration 2022;101:272–280
DOI: 10.1159/000519385

score at hospital admission (p > 0.05). Across the signifi-
cant variables, DLCO and TLC were those characterized 
by the best correlation outcomes with the HRCT score at 
hospital admission (Pearson correlation −0.48, 95% CI: 
−0.62 to −0.31; and −0.39, 95% CI: −0.55 to −0.20, respec-
tively; both p < 0.001).

Patient Characterization
Patient Characterization (Step I)
By clustering the study population according to nor-

mal/abnormal values (≥/<80%) of the functional vari-
ables DLCO and/or TLC, we were able to identify 2 dif-
ferent groups of patients characterized by significantly 
different HRCT scores at hospital admission (difference: 
−22.99, 95% CI: −31.68 to −14.31, p < 0.001) and follow-
up (difference: −7.71, 95% CI: −13.10 to −2.32, p < 0.01), 
age (difference: −9.67, 95% CI: −13.66 to −5.68, p < 0.001), 
BMI (difference: −2.10, 95% CI: −4.00 to −0.19, p < 0.05), 
CCI (difference: −1.87, 95% CI: −2,59 to −1.16, p < 0.001), 
6MWT distance (m) (difference: 48.57, 95% CI: 20.83–
76.31, p < 0.001), mMRC (difference: −0.32, 95% CI: 
−0.61 to −0.03, p < 0.05), and D-dimer (difference: −1,105, 
95% CI: −1,993 to −217, p < 0.05) outcomes, as shown in 
Figure 2 and Table 1. Further significant differences were 
found for FEV1 (% pred) (difference: −17.23, 95% CI: 
−24.04 to −10.43, p < 0.001), FVC (% pred) (difference: 
−17.13, 95% CI: −24.10 to −10.17, p < 0.001), KCO (dif-
ference: −8.81, 95% CI: −14.70 to −2.92, p < 0.01), VA 
(difference: −18.21, 95% CI: −23.13 to −13.30, p < 0.001), 
and mean SpO2 during the 6MWT at follow-up (differ-
ence: −1.48, 95% CI: −2.40 to −0.56, p < 0.01) (Table 1).

Discriminating HRCT Sequelae at Follow-Up with 
Functional Variable
Abnormal DLCO value (<80%) was effective in sig-

nificantly (p < 0.05) discriminating the study population 
on the basis of the presence or absence of pulmonary se-
quelae at follow-up as assessed by the HRCT score (>10% 
and ≤10%, respectively; online suppl. Fig. 4a–c). Con-
versely, abnormal TLC values (<80%) were not signifi-
cantly (p > 0.05) effective in discriminating patients with 
and without pulmonary sequelae at follow-up as assessed 
by the HRCT score (online suppl. Fig. 4d–f).

The diagnostic effectiveness of DLCO in detecting pa-
tients with HRCT score >10%, as well as the significant (p 
< 0.05) superiority of DLCO over TLC, was confirmed by 
the ROC analysis (DLCO area under the curve [AUC]: 
0.68, 95% CI: 0.60–0.75, p < 0.001; TLC AUC: 0.52, 95% 
CI: 0.44–0.60, p > 0.05) (Fig. 3a). As expected, the linear 
analysis of DLCO over the HRCT score at hospital admis-

sion and follow-up also reported significant AUC (0.89, 
95% CI: 0.85–0.94, and 0.98, 95% CI: 0.97–0.99, respec-
tively, both p < 0.001) (Fig. 3b). Moreover, DLCO <80% 
and ≥80% was used as a functional independent variable 
to discriminate COVID-19 patients with HRCT sequelae 
(HRCT score >10%) approximately 4 months after hos-
pital admission.

Patient Characterization (Step II)
The ROC curve analysis shown in Figure 3c–i allows for 

the identification of the specific characteristics of CO-
VID-19 patients who were still affected, approximately 4 
months after hospital admission, by functional sequelae, 
such as DLCO <80% (independent variable) and, accord-
ingly, by radiologic sequelae (HRCT score >10%) as demon-
strated above. After considering the specific cutoff of each 
dependent variable assessed in the ROC analysis (Fig. 3c–i), 
it was found that these patients were ≥65 years old and char-

COVID-19 patients

Correlation of variables
with HRTC at admission

Identification of functional variables characterized 
by the best HRCT correlation at admission

Patients 
characterization

Normal lung function at 
follow-up

Lung function impairment 
at follow-up

ROC curve for significant variables (dependent variables) 
according with functional pulmonary sequelae at follow-up

Identification of the best functional variable (independent 
variable) discriminating patients with HRCT sequelae at follow-up

Patients 
characterization
Step I

Cut off identification for
each significant variable

Patients 
characterization
Step II

Identification of the predictive model to assess the risk of 
pulmonary sequelae in COVID-19 patients (COSeSco)

Fig. 1. Flowchart reporting the study design. COSeSco, COVID-19 
Sequelae Score; COVID-19, coronavirus disease 2019; HRCT, 
high-resolution computed tomography; ROC, receiver operating 
characteristic.
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acterized by at least BMI ≥25, or CCI ≥4, or 6MWT (% pred) 
<100%, or mMRC ≥2, or D-dimer ≥500 ng/mL. At this step 
of the patient characterization, the outcome 6MWT dis-
tance was reported as % of predicted, rather than distance in 
meters, to make it suitable to identify the specific cutoff for 
the predictive model described below. The presence of rest-
ing dyspnea at follow-up visit was not a prognostic symptom 
for COVID-19 sequelae after discharge.

Predictive Model
Data resulting from the ROC analysis of the dependent 

variables characterizing the patients with functional se-

quelae are reported in online supplementary Table 1, and 
specific scores were assigned to each cutoff according  
to the level of sensitivity and specificity as follows: age 
(<65 years = score 0, ≥65 and <70 years = score 1, and ≥70 
years = score 2), BMI (<25 = score 0, ≥25 and <30 = score 
1, ≥30 and <35 = score 2, and ≥35 = score 3), CCI (<4 = 
score 0, 4 = score 1, 5 = score 2, and ≥6 = score 3), 6MWT 
(% pred) (≥100% = score 0, ≥90% and <100% = score 1, 
≥80% and <90% = score 2, ≥70% and <80% = score 3, and 
<70% = score 4), mMRC (≤1 = score 0, 2 = score 1, and 
≥3 = score 2), and D-dimer (<500 ng/mL = score 0 and 
≥500 ng/mL = score 1).
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Fig. 2. COVID-19 patients characterized (step I) according to the 
functional variables DLCO and/or TLC for values ≥/< 80%. Data 
are reported as median, interquartile range, minimum and maxi-
mum (a–g, i), and % of patients (h). Statistical analysis was per-
formed via unpaired Student’s t test (a–g, i) and χ2 (h). Median, 
interquartile, and range, the + symbol indicates the mean. *p < 

0.05, **p < 0.01, and ***p < 0.001. 6MWT, 6-Minute Walk Test; 
BMI, body mass index; COVID-19, coronavirus disease 2019; CCI, 
Charlson Comorbidity Index; DLCO, lung diffusion capacity for 
carbon monoxide; HRCT, high-resolution computed tomogra-
phy; mMRC, modified Medical Research Council; TLC, total lung 
capacity.
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Fig. 3. Discriminating HRCT sequelae at follow-up via functional 
variables (DLCO and TLC) (a), linear analysis of DLCO over the 
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COVID-19, coronavirus disease 2019; CCI, Charlson Comorbid-
ity Index; DLCO, lung diffusion capacity for carbon monoxide; 
HRCT, high-resolution computed tomography; mMRC, modified 
Medical Research Council; ROC, receiver operating characteristic; 
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Next, the scores were further analyzed and pooled in 
order to synthesize the COSeSco model according to the 
following equation: COSeSco = age (score) + BMI (score) 
+ CCI (score) + 6MWT (% pred) (score) + mMRC (score) 
+ D-dimer (score). The sum of the scores assigned the 
cutoff of each dependent variable and resulted in COSeS-
co values ranging from 0 to 15. The ROC analysis indi-
cated that COSeSco was significantly (p < 0.001) effective 
in discriminating COVID-19 patients with radiologic se-
quelae (HRCT score >10%) at follow-up. The best model 
for discerning the greatest overall sensitivity and specific-
ity is that for COSeSco values of 2 (sensitivity: 100%, 95% 
CI: 67.54%–86.44%; specificity 76.86, 95% CI: 68.32%–
84.04%).

Discussion

In this study, we analyzed clinical, functional, and ra-
diological data from 121 patients with a confirmed diag-
nosis of COVID-19-related pneumonia. Seventy-six of 
them (63%) at the follow-up visit, performed about 4 
months after hospital admission, showed radiological 
and lung function impairment in terms of diffusing lung 
capacity and lung volumes with an average HRCT score 
of 11.22%. Moreover, by clustering the study population 
according to the normal/abnormal values of DLCO 
(≥/<80%), we found that patients with lung functional 
impairment after discharge had certain specific features, 
and after considering a specific cutoff of such variables, 
we were able to conclude that these patients were ≥65 
years old and characterized by at least BMI ≥25, or CCI 
≥4, or 6MWT (% pred) <100%, or mMRC ≥2, or D-dimer 
≥500 ng/mL. These variables were further analyzed and 
pooled in order to calculate the COSeSco, ranging from 0 
to 15, which was able to significantly discriminate CO-
VID-19 patients with radiologic sequelae (HRCT score 
>10%) at follow-up. The best COSeSco model for discern-
ing the highest sensitivity (100%) and specificity (77%) 
was 2.

Available data from previous outbreaks sustained by 
other coronaviruses provide remarkable information 
about the prevalence of respiratory sequelae. Between 
20% and 60% of SARS and MERS survivors reported per-
sistent functional alterations and radiological abnormali-
ties consistent with pulmonary fibrosis [13–15]. Based on 
these previous reports, it is conceivable that respiratory 
complications may represent an important consequence 
of COVID-19 [16, 17]. Furthermore, post-acute CO-
VID-19, the so-called long COVID, seems to be a multi-

system disease, one which may occur after even a mild 
acute illness [18].

A recently published study evaluated long-term health 
consequences 6 months after symptom onset [19]. This 
study reported that the percentage of patients with abnor-
mal DLCO or TLC values (<80% of predicted) during fol-
low-up was high (22–56% and 11%–35%, respectively, 
across different severity scales of disease at the acute 
phase). Patients with impairment in lung diffusion capac-
ity presented a higher CT score at follow-up. The results 
of our study are in line with these previous findings.

It is of note that previous studies have not allowed re-
searchers to establish with certainty if gender, age, and 
comorbidities significantly affect the risk of developing 
long-term consequences in COVID-19 patients [20], al-
though these variables are correlated with the degree of 
severity of the disease [21]. Zhao et al. [4] found that lung 
function changes after 3 months after discharge were 
more common among patients with high markers of in-
flammation or impaired coagulation at admission, con-
sisting in high values of D-dimer. Moreover, patients with 
an abnormal CT score at follow-up were significantly old-
er in comparison with patients with normal CT. How-
ever, patients with normal lung function did not differ in 
age with respect to patients with abnormal lung function. 
Conversely, Huang et al. [19] showed that age was posi-
tively associated with lung diffusion impairment and neg-
atively associated with the percentage of CT score change. 
In the present study, we further confirmed the significant 
relationship between age and lung diffusion capacity and 
HRCT score.

The presence of abnormal lung function (mainly due 
to a decrease in the DLCO values) after discharge is re-
ported in most follow-up studies [22, 23]. A recent study 
reported a greater 6MWT decline in terms of walking 
distance (meters and predicted values) during the follow-
up visits in severe patients compared with nonsevere 
ones [7]. The severe group also showed a higher inci-
dence of DLCO impairment [7], thus confirming the 
close relationship between DLCO and 6MWT. In the 
present study, we provided the evidence that patients 
with a DLCO of <80% of predicted at a follow-up visit 
had a high likelihood of having a walking distance <100% 
of predicted. In addition, we found that this group of pa-
tients had a significant reduction in the KCO value, a 
finding which suggests an injury of the alveolar-capillary 
barrier. Interestingly, in this study, unlike DLCO, TLC 
values were not significantly effective in discriminating 
patients with and without pulmonary sequelae at follow-
up as assessed by the HRCT score. It is reasonable to as-
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sume that pneumonia induced by SARS-CoV-2 infec-
tion, rather than by a restrictive dysfunctional defect, 
generally leads to an impairment of gas exchanges and a 
tendency toward ventilatory inhomogeneity, represent-
ed by a reduction in VA.

In this study, we developed a risk score to predict the 
development of functional and radiological sequelae 
among hospitalized COVID-19-infected patients. The 
performance of this risk score was satisfactory with an ac-
curacy based on AUC of 0.94. The 6 dependent variables, 
characterizing the patients with the functional sequelae 
required for the calculation of the risk of developing crit-
ical illness, are readily available. To our knowledge, CO-
SeSco is the first scoring rubric for predicting long-term 
radiologic sequelae among COVID-19 patients. Some 
risk factors identified in the present study were also ap-
plied in prediction models for severity of disease [24] or 
for mortality of COVID-19 patients [25].

There are some limitations in this study. First, the lack 
of baseline data of pulmonary function and 6MWT 
makes it difficult to attribute the impaired pulmonary 
function to COVID-19 with certainty, in that the base-
line lung function of the study group may not have been 
normal due to concomitant chronic respiratory diseases. 
Second, the absence of a control cohort makes it neces-
sary to validate COSeSco on an external population be-
fore putting it into common use. Moreover, due to the 
intrinsic nature of the study and sample size, it was not 
possible to adequately stratify the risk of predicted se-
quelae according to low, intermediate, and high levels of 
risk. In any case, results reported in Figure 3 and online 
supplementary Table 1 clearly show a ranking of risk be-
tween specific variables (i.e., age, BMI, CCI, 6MWT, and 
mMRC) and predicted sequelae according to ROC anal-
ysis that, along with data on D-dimer, made it possible to 
develop the COSeSco. Another limitation of the present 
study is that it involves a single center, and, therefore, 
further multicenter studies are required to confirm our 
results.

Conclusion

This study demonstrated that functional abnormal-
ity may occur in a high proportion of COVID-19 pa-
tients approximately 4 months after hospital admission 
due to interstitial pneumonia. The COSeSco, including 
age, BMI, comorbidities, D-dimer, walking distance, 
and dyspnea perception, makes it possible to identify 
particularly at-risk COVID-19 patients who are likely 

to develop pulmonary sequelae assessed by HRCT at 
the 4-month follow-up. The COSeSco has the potential 
to provide individualized health care strategies by offer-
ing the best possible care to patients. However, further 
investigation will be required to evaluate long-term 
pulmonary sequelae.
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