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ABSTRACT
Objective: To investigate the impact of impaired pulmonary function on patient-
centered outcomes after hospital discharge due to severe COVID-19 in patients without 
preexisting respiratory disease. Methods: This is an ongoing prospective cohort study 
evaluating patients (> 18 years of age) 2-6 months after hospital discharge due to severe 
COVID-19. Respiratory symptoms, health-related quality of life, lung function, and 
the six-minute walk test were assessed. A restrictive ventilatory defect was defined 
as TLC below the lower limit of normal, as assessed by plethysmography. Chest CT 
scans performed during hospitalization were scored for the presence and extent of 
parenchymal abnormalities. Results: At a mean follow-up of 17.2 ± 5.9 weeks after the 
diagnosis of COVID-19, 120 patients were assessed. Of those, 23 (19.2%) reported 
preexisting chronic respiratory diseases and presented with worse lung function and 
exertional dyspnea at the follow-up visit in comparison with their counterparts. When 
we excluded the 23 patients with preexisting respiratory disease plus another 2 patients 
without lung volume measurements, a restrictive ventilatory defect was observed in 
42/95 patients (44%). This subgroup of patients (52.4% of whom were male; mean age, 
53.9 ± 11.3 years) showed reduced resting gas exchange efficiency (DLCO), increased 
daily-life dyspnea, increased exertional dyspnea and oxygen desaturation, and reduced 
health-related quality of life in comparison with those without reduced TLC (50.9% of 
whom were male; mean age, 58.4 ± 11.3 years). Intensive care need and higher chest CT 
scores were associated with a subsequent restrictive ventilatory defect. Conclusions: 
The presence of a restrictive ventilatory defect approximately 4 months after severe 
COVID-19 in patients without prior respiratory comorbidities implies worse clinical 
outcomes. 

Keywords: Post-acute COVID-19 syndrome; Respiratory function tests; Exercise test; 
Quality of life; Follow-up studies. 
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INTRODUCTION

Long-lasting respiratory symptoms and impaired 
pulmonary function have been increasingly recognized 
as post-COVID-19 sequelae.(1) Although the respiratory 
system is subject to major involvement during SARS, 
a substantial burden of health loss that spans several 
extrapulmonary systems has also been reported.(2) 
Perceived poor health status after COVID-19 was not 
related to respiratory sequelae (persistent chest imaging 
abnormalities) or disease severity in the acute phase 
in one study with a median follow-up of 75 days after 
diagnosis.(2) Conversely, impaired pulmonary function 

parameters have shown significant correlations with 
worse dyspnea, as assessed by the modified Medical 
Research Council (mMRC) dyspnea scale, and worse 
Medical Outcomes Study 36-Item Short-Form Health 
Survey (SF-36) physical functioning domain scores 45 
days after hospital discharge.(3) 

The impact of prior respiratory comorbidities on 
pulmonary function and its relationship with enduring 
respiratory complaints and health-related quality of life 
(HRQoL) was also less explored in previous studies. 
It is conceivable that patients with prior respiratory 
comorbidities should ideally be excluded for an 
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unbiased analysis of the effects that pulmonary 
function sequelae of acute COVID-19 have on clinical 
outcomes.(4) Furthermore, the international standard 
recommendation to define lung function impairment 
(values below the lower limit of normal, i.e., the 5th 
percentile of a healthy population)(5) has not been 
consistently followed(1,6,7) or reported.(8) 

We hypothesized that persistent pulmonary 
dysfunction after severe COVID-19 would further 
impair clinical outcomes in patients recovering from 
the disease. Therefore, our primary objective was to 
assess the impact of resting ventilatory impairment 
(i.e., values below the lower limit of normal) on 
general HRQoL, respiratory symptoms, and exercise 
performance after hospitalization for severe COVID-19 in 
patients without chronic respiratory disease. Secondary 
objectives were to compare these clinical outcomes 
between patients with and without chronic respiratory 
disease, and identify predictors during hospitalization 
on the subsequent presence of ventilatory impairment 
in the latter group of patients. 

METHODS

This is an ongoing single-center prospective cohort 
study including adult patients hospitalized for severe 
COVID-19 pneumonia between March 31, 2020 and 
November 23, 2021. The burden of comorbidities was 
assessed by calculating the Charlson Comorbidity 
Index.(9) All procedures were performed during a 
single study visit, which occurred 2-6 months after 
laboratory confirmation of SARS-CoV-2 infection. 
During the visit, the study participants underwent 
full pulmonary function testing and a six-minute 
walk test (6MWT). Subsequently, they completed 
questionnaires to evaluate HRQoL and respiratory 
symptoms, as well as symptoms of anxiety, depression, 
and posttraumatic stress disorder (PTSD). The main 
outcome measures were obtained from cross-sectional 
analysis of the aforementioned data. The clinical, 
laboratory, and chest imaging data obtained during 
hospitalization were collected from patient medical 
records. A semiquantitative scoring system(10) was 
used in order to assess lung involvement on the first 
chest CT scan performed during hospitalization. Each 
of the five lung lobes was visually scored on a scale of 
0 to 5, with 0 indicating no involvement, 1 indicating 
an involvement of < 5%, 2 indicating an involvement 
of 5-25%, 3 indicating an involvement of 26-49%, 4 
indicating an involvement of 50-75%, and 5 indicating 
an involvement > 75%. The total CT score was the 
sum of the individual lobar scores and ranged from 0 
(no involvement) to 25 (maximum involvement). Two 
thoracic radiologists evaluated the chest CT images in 
a digital database system (IMPAX, version 8.1.2.SP&.1; 
Agfa HealthCare, Mortsel, Belgium), and final scores 
were determined by consensus. 

The study was approved by the local research ethics 
committee (Protocol no. 2020-0169) and was performed 
in accordance with the Declaration of Helsinki. All 

participating patients gave written informed consent. 
The study protocol was registered at ClinicalTrials.gov 
(Identifier: NCT04410107). 

Patients ≥ 18 years of age with laboratory-confirmed 
severe COVID-19 seen in the respiratory department 
just before discharge were invited to participate, 
constituting a convenience sample. Laboratory 
confirmation of SARS-CoV-2 infection was defined as 
a positive RT-PCR result from a nasal swab. Severe 
COVID-19 was defined as fever or suspected lower 
respiratory tract infection plus one of the following 
criteria: 1) respiratory rate > 30 breaths/min; 2) severe 
respiratory distress or SpO2 of ≤ 93% on room air; 
or 3) pulmonary infiltrates > 50% on chest imaging 
within 24-48 h of hospital admission.(11) Patients who 
were clinically unstable 2 months before enrollment, 
those who had active respiratory tract infection, and 
those who had any clinical condition precluding the 
performance of the study procedures were excluded. 

Procedures
Spirometry, body plethysmography, single-breath 

DLCO measurement, and impulse oscillometry were 
performed in accordance with the American Thoracic 
Society/European Respiratory Society standards, with 
the use of an automated system (MasterScreen™ PFT; 
CareFusion, Yorba Linda, CA, USA). The last hemoglobin 
value measured during hospitalization was used for 
DLCO correction. Spirometry, lung volumes, and DLCO 
parameters were expressed as absolute and percent 
predicted values, in accordance with the Global Lung 
Function Initiative reference values.(12-14) Impulse 
oscillometry measurements were also expressed as 
absolute and percent predicted values.(15) Obstructive 
ventilatory defect (a reduction in the FEV1/FVC ratio 
after bronchodilator administration), restrictive 
ventilatory defect (reduced TLC), and reduced DLCO 
were characterized by measurements below the lower 
limit of normal (i.e., below the −1.645 z-score).(5) 

The 6MWT was performed indoors in a flat, 25-m 
corridor, in accordance with the latest European 
Respiratory Society/American Thoracic Society 
technical standards. All 6MWTs were performed at 
least 30 min after the pulmonary function tests. 
Continuous monitoring of SpO2 was performed with 
a pulse oximetry sensor (PureLight® 8000AA; Nonin 
Medical, Inc., Plymouth, MN, USA) connected to an 
oximeter. The six-minute walk distance was expressed 
as a percentage of the predicted value,(16) and values 
below the lower limit of normal defined reduced 
exercise capacity. 

The mMRC dyspnea scale was used in order to grade 
dyspnea during activities of daily living, the levels of 
dyspnea being graded from 0 (absence of dyspnea during 
strenuous exercise) to 4 (too breathless to leave the 
house or breathless while dressing or undressing).(17) 
Cough and sputum production were assessed through 
an adapted translation of the American Thoracic Society 
respiratory symptoms questionnaire.(18) 
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General HRQoL was assessed with the SF-36. The 
SF-36 is a 36-item questionnaire divided into eight 
domains that measure social, physical, and mental 
health aspects. Each domain score ranges from 0 to 
100, with higher scores reflecting better quality of 
life. (19) Reference values for the Brazilian population(20) 
were used for comparison with the values obtained in 
the present study. 

Depression and anxiety symptoms were assessed 
by the Beck Depression Inventory (BDI) and the 
Beck Anxiety Inventory (BAI), respectively. The BDI 
and the BAI consist of 21 sets of statements about 
depression and anxiety symptoms in the last 7 days, 
rated on a 0-to-3 ordinal Likert scale.(21,22) A BDI > 
14 and a BAI > 8 indicate some level of depression(23) 
and anxiety,(22) respectively. 

PTSD was evaluated through the self-report PTSD 
Checklist, Civilian Version,(24) which comprises 17 items 
that assess three symptom groups during the previous 
month, on a scale of 1 to 5 (not at all to very much): 
reexperiences, avoidance behavior/emotional numbness, 
and increased arousal.(23) A score ≥ 3 (average) for any 
of the 17 items is considered clinically significant.(25) 

Statistical analysis
Data were analyzed with the Predictive Analytics 

Software package, version 18.0 (SPSS Inc., Chicago, 
IL, USA). The level of significance was set at p < 0.05. 
Normality was assessed by the Kolmogorov-Smirnov 
test. Continuous data were presented as mean ± SD 
or median (25th-75thpercentiles), depending on the 
data distribution. Categorical variables were reported 
as frequencies and proportions. Comparisons between 
groups were performed with the independent Student’s 
t-test, Pearson’s chi-square test, or Fisher’s exact 
test. Stepwise logistic regression analysis was used 
in order to identify hospitalization variables related 
to abnormal lung function in individuals without prior 
respiratory comorbidities. 

RESULTS

A total of 152 patients were evaluated for inclusion 
in the study. Of those, 120 (88.1%) were enrolled 
within a mean of 17.2 weeks of a positive RT-PCR test 
for SARS-CoV-2 infection (95% CI, 16.1-18.3; Figure 
1). Twenty-three participants (19.2%) reported having 
chronic respiratory disease before COVID-19 (asthma, 
in 11; COPD, in 9; pulmonary tuberculosis, in 2; and 
bronchiectasis, in 1). Other comorbidities, daily-life 
dyspnea before COVID-19, duration of COVID-19 
symptoms before admission, and hospitalization 
characteristics were similar between those with and 
without preexisting respiratory disease (data not shown). 
During the follow-up study visit, however, despite 
similar HRQoL and psychological symptoms, those 
with preexisting respiratory disease presented with 
worse lung function, exertional dyspnea, and oxygen 
saturation. Accordingly, the prevalences of obstructive 
ventilatory defect and abnormally reduced DLCO were 

higher (p < 0.001 and p = 0.10, respectively; Table 
1), as were the prevalences of clinically relevant cough 
(4-6 times a day, ≥ 4 days a week; 31.8% vs. 11.0%; 
p = 0.01) and phlegm from the chest (> twice a day; 
23.8% vs. 8.8%; p = 0.06). 

When we excluded patients with preexisting 
respiratory disease (n = 23) and those without 
lung volume measurements (n = 2), we observed a 
prevalence of 42/95 patients (44.2%) with restrictive 
disorder and a prevalence of 37/95 patients (38.9%) 
with abnormally reduced DLCO. Of the 42 patients 
with restrictive ventilatory impairment, 14 (33.3%) 
did not show reduced DLCO. None was found to have 
an obstructive ventilatory defect (with the use of 
the lower limit of normal or a fixed ratio below 0.7). 
Patients with a restrictive ventilatory defect had a 
shorter duration of symptoms before hospitalization 
and higher proportions of ICU admission and invasive 
mechanical ventilation, as well as longer length of 
hospital stay, longer duration of invasive mechanical 
ventilation, and higher chest CT scores. During the 
follow-up study visit, these patients presented with 
worse daily-life dyspnea and DLCO, as well as higher 
prevalences of reduced exercise capacity, exertional 
dyspnea, and oxygen desaturation (Table 2). General 
HRQoL was worse in almost all domains, the exceptions 
being bodily pain, role-emotional, and mental health 
(Figure 2). Although the prevalence of significant 
dyspnea (i.e., an mMRC dyspnea scale score ≥ 2) was 
higher in those with a restrictive ventilatory defect, 
there were no differences between those with and 
those without a restrictive ventilatory defect in terms 
of clinically relevant cough and sputum production 
(Figure 3). Regarding psychological symptoms, only 
anxiety-related complaints were higher in the former 
group of patients (Table 2). 

Stepwise multivariate logistic regression analysis 
including age, sex, and the Charlson Comorbidity Index 
revealed that intensive care need and the magnitude 
of pulmonary involvement (as assessed by chest CT 
scores) predicted the presence of a restrictive ventilatory 
defect at the follow-up visit (Table 3). 

DISCUSSION

Persistent respiratory symptoms and impaired 
pulmonary function have been increasingly recognized 
as post-acute COVID-19 sequelae.(1) The extent to 
which preexisting respiratory conditions and impaired 
lung function after COVID-19 affect clinical outcomes 
is less clearly established. The present study showed 
that prior respiratory disease implied lower lung 
function and worse respiratory symptoms. By excluding 
these patients, we demonstrated that a restrictive 
ventilatory defect was a common finding (in 44%), 
usually associated with impaired gas exchange (↓DLCO) 
a few months (≈ 4 months) after hospitalization for 
severe COVID-19. A restrictive ventilatory defect was 
associated with negative effects on patient-centered 
outcomes, including exertional and daily-life dyspnea 
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(an mMRC dyspnea scale score ≥ 2), as well as exercise 
capacity and general HRQoL. 

Fatigue, dyspnea, and cough are among the most 
common complaints in studies examining symptoms 
after hospitalization or disease onset.(26) Interestingly, 
the aforementioned symptoms are also highly prevalent 
among patients not hospitalized during the acute 
phase. One recent study showed that persistent 
dyspnea after COVID-19 (13% of the sample had 
been hospitalized) was not associated with overt 
cardiopulmonary impairment or exercise intolerance.(27) 
Conversely, persistent dyspnea, fatigue, and exercise 
intolerance have been associated with peripheral 
oxygen delivery/utilization mismatch, respiratory 
limitation, or dysfunctional breathing in samples with 
hospital admission rates ranging from 10% to 96% 
during the acute phase of COVID-19.(28) In a study 
including only noncritically ill patients (27% of whom 
had no hypoxemia and were treated on an outpatient 
basis), those with persistent dyspnea were found to 
have lower FVC, lower DLCO, lower six-minute walk 
distance, and increased exertional desaturation,(29) 
findings that are consistent with ours. However, the 
authors of the aforementioned study(29) did not quantify 
the severity of persistent dyspnea or measure TLC 
in order to diagnose a restrictive ventilatory defect. 
A reduced FVC and/or FEV1 with normal FEV1/FVC 
are suggestive of a restrictive pattern, and lung 
volume measurements are usually needed in order 
to confirm that. Restriction is a potential dysfunction 
following severe lung injury (and related medical care) 

caused by parenchymal abnormalities (interstitial 
lung disease) or extraparenchymal abnormalities 
(respiratory muscle wasting resulting in atrophy and 
weakness). (5) A low DLCO in the presence of reduced 
TLC (and alveolar volume) may result from any one of 
the aforementioned mechanisms. Meanwhile, reduced 
DLCO in patients without restriction (or obstruction) 
indicates impaired gas exchange efficiency, which, in 
the present context, indicates either interstitial lung 
disease (alveolar destruction, alveolar thickening, or 
ventilation/perfusion mismatch) without mechanical 
abnormalities, or it indicates pulmonary vascular 
disease.(30) Finally, the presence of reduced TLC with 
preserved DLCO indicates extraparenchymal restriction. (5) 
The complexity of interpreting DLCO, lung volume (or 
rather, alveolar volume), and the relationship between 
the two, however, makes it difficult to determine the 
underlying abnormality (or abnormalities) on the basis 
of the available data.(31) Respiratory muscle evaluation 
and more specific measures of the alveolar-capillary 
membrane (e.g., combined DLCO and diffusing capacity 
of the lung for nitric oxide measurements or advanced 
chest imaging techniques) might be useful to assess 
the contribution of interstitial lung abnormalities, 
pulmonary vascular injury, and/or extraparenchymal 
abnormalities to reduced DLCO in individual cases.(31) 

The roles that acute disease severity and the extent of 
pneumonia on chest CT scans play in the development 
of impaired lung function and respiratory symptoms are 
also contradictory. A significant relationship between 
disease severity and abnormal lung function has been 

Patients evaluated for inclusion (n = 152)

Included patients with RT-PCR–confirmed 
SARS-CoV-2 infection (n = 120)

Excluded patients (n = 32)
- > 6 months after positive RT-PCR (n = 15)
- did not meet the inclusion criteria (n = 8)
- cognitive impairment (n = 2)
- unavailable hospitalization data (n = 1)
- declined to participate (n = 1)
- lost to follow-up (n = 5)

Patients with preexisting 
respiratory disease 

(n = 23)

Patients with a restrictive
ventilatory defect

(n = 42)

Patients without a 
restrictive ventilatory defect 

(n = 53)

Patients without preexisting 
respiratory disease 

(n = 97)

Excluded patients: 
- without lung volume measurements (n = 2)

Figure 1. Flow chart of the patient inclusion process. 
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Table 1. Comparison between patients with and without preexisting respiratory disease in terms of lung function, 
exercise performance, and health-related quality of life at the follow-up visit.a 

Demographic/anthropometric data Patients with preexisting 
respiratory disease 

Patients without preexisting 
respiratory disease 

p

n = 23 n = 97
Age, years 53.9 ± 17.1 56.7 ± 11.6 0.462
Weight, kg 87.4 ± 19.6 87.8 ± 17.4 0.926
Height, m 1.66 ± 0.05 1.66 ± 0.12 0.954
BMI, kg/m2 31.6 ± 6.7 31.7 ± 5.5 0.918
mMRC dyspnea scale score 2 (0-4) 1 (0-3) 0.210

Spirometry n = 23 n = 97
Number of weeks after COVID-19 diagnosis 15.9 ± 8.0 17.2 ± 5.8 0.484
FVC, % predicted 78.9 ± 16.5 87.6 (72.7-98.8) 0.661
FEV1, % predicted 76.7 ± 19.2 93.6 (83.6-106.6) 0.194
FEV1/FVC 0.77 ± 0.11 0.87 ± 0.05* < 0.001
FEV1/FVC < LLN, n (%) 5 (21.7) 0* < 0.001

Plethysmography n = 23 n = 95
TLC, % predicted 85.7 ± 18.4 83.8 (74.5-92.7) 0.959
TLC < LLN, n (%) 11 (47.8) 42 (44.2) 0.754
FRC, % predicted 98.8 (71.2-109.5) 81.7 (69.2-91.6) 0.255
RV, % predicted 126.4 ± 59.9 94.7 (78.7-110.2)* 0.019

Diffusing capacity of the lung n = 23 n = 95
DLCO, % predicted 68.3 ± 22.3 83.3 (67.6-93.9) 0.149
DLCO < LLN, n (%) 13 (59.1) 38 (40.0) 0.104

Impulse oscillometry n = 14 n = 62
Resistance at 5 Hz, % predicted 187.5 ± 60.8 127.5 (105.4-170.1)* < 0.001
Resistance at 20 Hz, % predicted 138.8 ± 43.2 123.2 ± 34.9 0.153
R5-R20, Kpa/L/s 0.24 ± 0.14 0.08 (0.06-0.13) * 0.004
Reactance at 5 Hz, Kpa/L/s −0.25 ± 0.15 −0.11 (−0.15 to −0.08)* 0.008
Resonance frequency, 1/s 22.4 ± 7.0 16.3 ± 4.3* 0.008
Area of resonance, Kpa/L 2.13 ± 1.52 0.53 (0.3-1.0)* 0.011

6MWT n = 23 n = 95
6MWD, m 377.4 ± 117.8 410.0 ± 104.0 0.201
6MWD, % predicted 69.0 ± 20.5 74.7 ± 25.1 0.329
6MWD < LLN, n (%) 14 (60.9) 37 (38.9) 0.057
Resting SpO2, % 94.5 ± 1.9 96 (94-97) 0.568
Final SpO2, % 91.1 ± 4.7 94 (92-96)* 0.033
Final Borg dyspnea scale score 3.0 ± 2.4 0 (0-3.2) 0.071
Final Borg leg fatigue scale score 2 (0-4) 0 (0-3) 0.698
Final Borg dyspnea score/6MWD, n/km 8.1 (0.0-12.6) 0.0 (0.0-0.9)* 0.014

SF-36 n = 16 n = 70
Physical functioning 46.2 ± 27.6 42.5 (30-61) 0.541
Role-physical 12 (0-81) 0 (0-75) 0.637
Bodily pain 56.9 ± 25.3 51.0 (31-74) 0.689
General health 56.6 ± 22.8 62.0 (45-82) 0.411
Vitality 58.7 ± 25.0 55 (43-70) 0.542
Social functioning 53.1 ± 30.7 62 (25-87) 0.489
Role-emotional 66 (0-100) 33.3 (0-75) 0.116
Mental health 68.5 ± 24.4 58.4 ± 24.2 0.139

Psychological symptoms n = 16 n = 70
Beck Anxiety Inventory 18.3 ± 16.6 11.5 (4-24.2) 0.584
Beck Depression Inventory 8.5 (6.5-15.5) 9.0 (5.2-17.4) 0.934
PCL-C 25.0 (23-31) 28.0 (22.5-40) 0.328
mMRC: modified Medical Research Council; LLN: lower limit of normal (i.e., below the 5th percentile); FRC: 
functional residual capacity; R5-R20: resistance at 5 Hz-resistance at 20 Hz; 6MWT: six-minute walk test; 6MWD: 
six-minute walk distance; SF-36: Medical Outcomes Study 36-Item Short-Form Health Survey; and PCL-C: 
Posttraumatic Stress Disorder Checklist, Civilian Version. aData presented as mean ± SD, median (IQR), or n (%). 
*Values of p < 0.05. 

J Bras Pneumol. 2023;49(3):e20220452 5/10



Impact of impaired pulmonary function on clinical outcomes in survivors  
of severe COVID-19 without pre-existing respiratory disease

Table 2. Comparison between patients without preexisting respiratory disease presenting with a restrictive ventilatory 
defect at the follow-up visit and those not presenting with a restrictive ventilatory defect at the follow-up visit.a

Variable RVD No RVD p
n = 42 n = 53

Age, years 53.9 ± 11.3 58.4 ± 11.3 0.061
Male sex, n (%) 22 (52.4) 27 (50.9) 0.527
Weight, kg 93.6 ± 17.9 84.0 ± 15.7* 0.007
Height, m 1.68 ± 0.1 1.64 ± 0.1 0.084
BMI, kg/m2 33.0 ± 5.8 30.9 ± 5.0 0.067
Current or former smoker, n (%) 10 (24.4) 24 (45.3)* 0.037
Comorbidities
  Hypertension 24 (57.1) 24 (45.3) 0.251
  Diabetes 13 (31) 12 (22.6) 0.361
  Obesity 24 (57.1)   17 (32.1)* 0.014
  Cardiovascular disease 4 (9.5) 3 (5.7) 0.371
  Cerebrovascular disease 3 (7.1) 2 (3.8) 0.390
  Chronic liver disease 0 (0.0) 1 (1.9) 0.558
  Chronic kidney disease 2 (4.8) 1 (1.9) 0.413
  Cancer 3 (7.1) 3 (5.7) 0.545
  Charlson Comorbidity Index 1 (0-3) 2 (1-3) 0.784
mMRC dyspnea scale score before COVID-19 0 (0-1) 0 (0-0) 0.070
Symptoms before admission, days 6 (4-10) 8 (6-10)* 0.028
Data during hospitalization
Length of stay, days 24 (15-45)   10 (9-15)* < 0.001
ICU admission, n (%) 31 (73.8)   17 (32.1)* < 0.001
NIV, n (%) 11 (26.2) 19 (35.8) 0.315
IMV, n (%) 19 (45.2) 4 (7.5)* < 0.001
Duration of IMV, days 0 (0-20) 0 (0-0)* 0.002
Chest CT score 21 (16-24) 13 (11-18)* < 0.001
Follow-up study visit
Number of weeks after COVID-19 diagnosis 17.7 ± 5.9 16.8 ± 5.6 0.489
mMRC dyspnea scale score 2 (0-3) 1 (0-2)* 0.008
mMRC dyspnea scale score ≥ 2, n (%) 24 (57.1) 13 (24.5)* 0.001
Spirometry
FVC, % predicted 72.3 ± 15.9 100.9 ± 60.0* 0.006
FEV1, % predicted 80.0 ± 17.7 103.4 (93.2-111.5)* 0.007
FEV1/FVC 0.87 ± 0.00 0.85 ± 0.00 0.061
FEV1/FVC, % predicted 110.2 ± 7.2 107.5 (104-11.5) 0.569
FEV1/FVC < LLN, n (%) 0 0
Plethysmography
TLC, % predicted 72.7 (61.6-77.6) 91.7 (87.8-96.1)* < 0.001
FRC, % predicted 71.41 ± 13.10 88.7 (80.7-99.8) 0.071
RV, % predicted 84.4 ± 18.9 101.6 (92.2-119.1)* 0.009
Diffusing capacity of the lung n = 40 n = 53
DLCO, % predicted 70.73 ± 18.40 90.6 (79.2-98.4)* 0.001
DLCO < LLN, n (%) 28 (66.7) 9 (17.3)* < 0.001
Impulse oscillometry n = 24 n = 38
Resistance at 5 Hz, % predicted 140.8 ± 41.7 134.9 ± 41.2 0.587
Resistance at 20 Hz, % predicted 110.5 (94.2-143.2) 125 ± 35.6 0.601
R5-R20, Kpa/L/s 0.12 ± 0.00 0.07 (0.0-0.1)* 0.027
Reactance at 5 Hz, Kpa/L/s −0.13 ± 0.00 −0.10 (−0.10 to 0.00) 0.116
Resonance frequency, 1/s 17.4 ± 4.4 15.6 ± 4.2 0.108
Area of resonance, Kpa/L 0.67 (0.4-1.6) 0.48 (0.2-0.8) 0.124
6MWT n = 38 n = 52
6MWD, m 385.7 ± 94.6 430.2 ± 109.1 0.051
6MWD, % predicted 72.2 ± 15.7 77.9 ± 28.5 0.275
6MWD < LLN, n (%) 20 (52.6) 15 (28.8)* 0.020
Resting SpO2, % 95 (2) 96 (3)* 0.030
Final SpO2, % 93 (6) 95 (3)* 0006
Final Borg dyspnea scale score 2 (0-5) 0 (0-2)* 0.014
Final Borg leg fatigue scale score 2 (0-4) 0 (0-2) 0.164
Final Borg dyspnea score/6MWD, n/km 6.06 (0-13) 0 (0-5.3)* 0.011
Psychological symptoms n = 29 n = 40
Beck Anxiety Inventory 22.0 ± 17.4 8 (3-21)* 0.008
Beck Depression Inventory 11 (6-17) 8 (3-16) 0.128
PCL-C 29 (23-42) 28 (22-39) 0.952
RVD: restrictive ventilatory defect; mMRC: modified Medical Research Council; NIV: noninvasive ventilation; IMV: 
invasive mechanical ventilation; LLN: lower limit of normal (i.e., below the 5th percentile); FRC: functional residual 
capacity; R5-R20: resistance at 5 Hz-resistance at 20 Hz; 6MWT: six-minute walk test; 6MWD: six-minute walk 
distance; and PCL-C: Posttraumatic Stress Disorder Checklist, Civilian Version. aData presented as mean ± SD, 
median (IQR), or n (%). *p < 0.05. 
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Table 3. Multivariate logistic regression model to predict a restrictive ventilatory defect at the follow-up visit in patients 
without preexisting chronic respiratory comorbidities.a 

Exp (β) 95% CI p
Lower Upper

Intensive care (reference: no) 5.522 1.997 15.273 0.001
Chest CT score 1.135 1.033 1.247 0.008
aOther variables included in the first step of the backward stepwise logistic regression model were age, sex, and 
the Charlson Comorbidity Index. 

Figure 2. Comparison of general health-related quality of life (as assessed by Medical Outcomes Study 36-Item Short-
Form Health Survey [SF-36] domain scores) between patients with and without a restrictive ventilatory defect (RVD) 
at the follow-up visit, after exclusion of those with prior respiratory comorbidities. The red dotted lines represent the 
mean reference values for each SF-36 domain, derived from randomly selected Brazilian men and women who were 
in the same age bracket as were the patients included in the present study (i.e., the 55- to 64-year age bracket).(20) 

Figure 3. Comparison of respiratory symptoms between patients without prior respiratory comorbidities presenting 
with a restrictive ventilatory defect (RVD) at the follow-up visit and those not presenting with an RVD at the follow-up 
visit. mMRC: modified Medical Research Council. 

reported in some studies,(6,29) but not in others.(32) In 
agreement with the findings of a study assessing risk 
factors for post-COVID-19 pulmonary fibrosis,(33) our 
findings show that the need for intensive care and a 
greater extent of acute pulmonary inflammation (i.e., 
a higher chest CT score) independently predicted 
restrictive lung disease at the follow-up visit. 

Psychological stress is highly prevalent after COVID-
19.(34) It is associated with breathlessness and poorer 
functional status in the general population.(35) In the 

present study, self-report questionnaires were used in 
order to assess the modulation of PTSD, depression, 
and anxiety symptoms in the relationship between 
impaired respiratory function and worse clinical 
outcomes. Mean BDI scores indicated mild to no 
depression. Although PTSD symptoms were clinically 
significant, there were no differences between patients 
with and without a restrictive ventilatory defect. Anxiety 
symptoms were significantly higher in the former group 
of patients, raising the question of the contribution 
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of anxiety symptoms to worsening clinical outcomes. 
Regardless of the direction of this relationship (cause or 
consequence), it seems valuable to assess and manage 
anxiety symptoms, and further research is needed in 
order to explore the impact of anxiety management 
on post-COVID-19 symptom relief. 

The prevalences of asthma and COPD before COVID-
19 have been reported to range from 5% to 15% 
and from 1% to 9%, respectively.(26) Of the patients 
in our sample, 19% reported baseline respiratory 
comorbidities and were excluded from later analyses. 
Significant dyspnea (an mMRC dyspnea scale score ≥ 
2) was more common in patients with restrictive lung 
disease than in those without it (57% vs. 24%). The 
overall proportion of patients presenting with clinically 
significant cough and sputum production was not 
negligible for patients without preexisting respiratory 
conditions (i.e., 8-12%). However, this rate was not 
worse in the presence of a restrictive ventilatory defect. 
Cough and expectoration are typical symptoms of 
airway inflammation secondary to tracheobronchitis 
or pneumonia. Viral respiratory tract infections can 
be associated with acute bronchiolitis in adults, and 
constrictive bronchiolitis can be seen as a late sequela of 
viral lower respiratory tract infections.(36) The prevalence 
of an obstructive ventilatory pattern after COVID-19 
was reported to be 7% in a previous systematic 
review. (1) However, differences across studies regarding 
the criteria to define obstruction and the presence 
of prior chronic respiratory disease justify caution in 
considering persistent expiratory airflow obstruction 
to be a late sequela of COVID-19. For example, of the 
studies included in the aforementioned systematic 
review,(1) only one(32) used the recommended lower 
limit of normal to define obstruction, and none of the 
patients in that study had an obstructive ventilatory 
pattern. In another study using impulse oscillometry 
measurements, mean values of the respiratory system 
resistance at an oscillation frequency of 5 Hz and of 20 
Hz were reported to be normal 30 days after hospital 
discharge (127 ± 29% of predicted and 133 ± 31% of 
predicted, respectively).(37) As expected, the prevalence 
of obstructive lung disease was higher in our patients 
with preexisting respiratory disease (i.e., 21.7%), and 
they had worse impulse oscillometry measurements 
than did those without preexisting respiratory disease. 
Although mean values of respiratory system resistance 
at an oscillation frequency of 5 Hz and of 20 Hz were 
within the normal range in our patients without 
preexisting respiratory disease, the mean resonance 
frequency and area of resonance were altered. These 
findings suggest the involvement of peripheral lung 
parenchyma without airway disease.(38) 

From a clinical perspective, we demonstrated that 
persistent lung function impairment implies worse 

dyspnea and physical functioning after COVID-19, 
mainly represented by a restrictive ventilatory defect 
associated with abnormal gas exchange. Therefore, 
pulmonary function testing might be useful to uncover 
factors contributing to such complaints; to monitor 
changes over time; and to guide future studies aimed 
at evaluating potential interventions for their relief. 

One of the limitations of the present study is the 
lack of assessment of other potential mechanisms 
for respiratory symptoms and impaired HRQoL after 
COVID-19. Cardiac dysfunction, musculoskeletal 
dysfunction, immune response to SARS-CoV-2,(34) and 
impaired oxidative metabolism(39) have been suggested 
to explain dyspnea, fatigue, and exercise intolerance 
beyond alterations in pulmonary function. Another 
limitation is the relatively short-term follow-up. Although 
data from long-term follow-up of previous coronavirus 
outbreaks(40) and 12-month follow-up of the current 
COVID-19 pandemic(6) suggest that some patients will 
have long-term respiratory complications, improvement 
in pulmonary function is commonly observed over 
time. (6) Nevertheless, this is an ongoing prospective 
cohort study that will provide long-term (> 12-month) 
follow-up of pulmonary function, exercise capacity, 
HRQoL, and their interplay. Finally, we do not know 
whether our findings apply to cases of milder disease, 
because only patients hospitalized for severe COVID-19 
pneumonia were included in the present study. 

In this prospective cohort of patients followed for 
approximately 4 months after a confirmed diagnosis 
of severe COVID-19, those with preexisting chronic 
respiratory comorbidities showed worse lung function 
and respiratory symptoms. When those patients were 
excluded, poor resting gas exchange (reduced DLCO), 
increased dyspnea, reduced HRQoL, and reduced 
exercise performance were observed in those with a 
restrictive ventilatory defect. Intensive care need and 
a greater extent of pulmonary involvement during the 
acute phase were associated with the presence of a 
restrictive ventilatory defect at the follow-up visit. 
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