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Abstract 
The aim of this study was to assess clinical findings, radiological data, pulmonary functions and physical capacity change over time 
and to investigate factors associated with radiological abnormalities after coronavirus disease 2019 (COVID-19) in non-comorbid 
patients. This prospective cohort study was conducted between April 2020 and June 2020. A total of 62 symptomatic in non-
comorbid patients with COVID-19 pneumonia were included in the study. At baseline and the 2nd, 5th and 12th months, patients 
were scheduled for follow-up. Males represented 51.6% of the participants and overall mean age was 51.60 ± 12.45 years. The 
percentage of patients with radiological abnormalities at 2 months was significantly higher than at 5 months (P < .001). At 12 
months, dyspnea frequency (P = .008), 6-minute walk test (6MWT) distance (P = .045), BORG-dyspnea (P < .001) and BORG-
fatigue (P < .001) scores was significantly lower, while median SpO2 after 6MWT (P < .001) was significantly higher compared to 
results at 2 months. The presence of radiological abnormalities at 2 months was associated with the following values measured at 
5 months: advanced age (P = .006), lung involvement at baseline (P = .046), low forced expiratory volume in 1 second (P = .018) 
and low forced vital capacity (P = .006). Even in COVID-19 patients without comorbidities, control computed tomography at 2 
months and pulmonary rehabilitation may be beneficial, especially in COVID-19 patients with advanced age and greater baseline 
lung involvement.

Abbreviations: 6MWT = 6-minute walk test, COVID-19 = coronavirus disease 2019, CT = computed tomography, NCP = 
non-comorbid patients.
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1. Introduction
The coronavirus disease 2019 (COVID-19) is still ongoing with 
various variants leading to peaks in patient counts.[1,2] Globally, 
as of 23 September 2022, 611,421,786 confirmed cases of 
COVID-19 and 6,512,438 deaths have been reported by the 
World Health Organization.[3] Although COVID-19 presents 
with a wide variety of clinical findings,[4] pulmonary injury 
remains as the most common cause of morbidity and mortal-
ity associated with the disease.[5,6] Greater severity increases the 
risk of hospitalization in the intensive care unit (ICU) and also 
causes long-term sequelae.[7] Pulmonary sequelae may perma-
nently affect the physical capacity and functions of individu-
als later in life; therefore, identifying risk factors that lead to 

lung injury and taking precautions for these risk factors can 
contribute to the management of COVID-19-related morbidity 
and mortality.[2,8,9] Studies dealing with the longitudinal aspect 
of COVID-19 have mostly investigated dyspnea, radiological 
findings, pulmonary dysfunction and physical capacity impair-
ment.[5,10,11] Although not enough time has passed to enable con-
clusions regarding long-term effects, the adverse impacts on the 
lungs seem to last for months, years, and may perhaps become 
permanent.[5,12]

It is well known that the prognosis of COVID-19 is worse in 
patients with chronic comorbidities, particularly cardiovascu-
lar diseases, diabetes, chronic lung diseases and smoking.[9,13–15] 
However, in most of the studies on the subject, patients with 
and without comorbidities have been evaluated together.[12,16–18] 
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To our knowledge, there are no studies investigating the radio-
logical follow-up of lung injury or the changes in functional and 
pulmonary capacity in only individuals with COVID-19 who 
did not have comorbidities (non-comorbid patients, NCPs). 
Furthermore, in other studies including a variety of patients, 
follow-up periods were often short.[2,5,8]

In this study, we aimed to assess the frequency of dyspnea, radio-
logical findings, pulmonary functions and physical capacity change 
over time among NCPs, and to investigate factors associated with 
the development of post-COVID-19 radiological abnormalities.

2. Methods

2.1. Study design and ethics

This prospective observational study was carried out between 
April 2020 and June 2020 at the Department of Chest Diseases, 
Bezmialem Vakif University Hospital, Istanbul, Turkey, accord-
ing to the ethical standards stated in the Declaration of Helsinki 
and its later amendments. Ethical approval was obtained from 
the Ethics Committee of Bezmialem Vakif University Faculty of 
Medicine (date: May 5, 2020 and no: 54022451-050.05.04). 
Written informed consent forms were obtained from all the 
patients participating in the study.

2.2. Study population

A total of 62 NCPs with symptomatic disease who experi-
enced moderate to critical COVID-19 pneumonia[19] necessitat-
ing hospitalization were included in the study. COVID-19 was 
confirmed via real-time reverse transcription polymerase chain 

reaction (RT-PCR) positivity. The exclusion criteria were deter-
mined as follows: being < 18 or > 80 years old, not undergoing 
thorax computed tomography (CT) or spirometry at admission, 
having COVID-19 imaging reporting and data system (COVID-
RADS) findings showing stage 2a or lower findings,[20] having 
any known comorbidity (including prior abnormality in spirom-
etry, mental illness, and any other infections/diseases that could 
alter radiological or functional results), having mild COVID-
19 disease, smoking, and having suffered pulmonary embolism 
during COVID-19. We also did not include subjects who refused 
to participate in the study, those lost to follow-up, and patients 
who died during planned follow-up. The flowchart of the study 
is shown in Figure 1.

2.3. COVID-19 pneumonia management

The hospitalization, treatment, discharge and follow up man-
agement of COVID-19 pneumonia was carried out in accor-
dance with the Turkish COVID-19 guidelines.[21,22] After 
discharge, patients were scheduled for routine follow-up 
appointments (2nd, 5th and 12th months) in the outpatient 
clinic of the Department of Chest Diseases for at least 12 
months.

2.4. Data collection and tools

At baseline, demographic characteristics such as age, sex, 
peripheral oxygen saturation (%) values (measured in ambient 
air), RT-PCR results, CT findings, blood test results, and psy-
chiatric findings of the patients who met the inclusion criteria 
were recorded.

Figure 1.  The flowchart of study. COVID-RADS = coronavirus disease 2019 imaging reporting and data system, CT = computed tomography, RT-PCR = real-
time reverse transcription polymerase chain reaction.
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1.2.4. Laboratory measurements.  At admission, swab samples 
were taken from the nasopharyngeal regions of the patients. 
A commercial test kit (Bio-Speedy SARS-COV2-2019-nCoV-
qPCR Detection Kit; Bioeksen R&D Technologies, Istanbul, 
Turkey) was used for RT-PCR and all tests were performed 
according to the manufacturer’s instructions. Blood samples 
were acquired from the antecubital vein for the measurement 
of the complete blood count, D-dimer, ferritin and C-reactive 
protein. All laboratory measurements were performed via use of 
routine devices at the Clinical Microbiology and Biochemistry 
Laboratories of Bezmialem Vakif University Hospital.

2.2.4. Pulmonary function test.  At baseline and at the 
follow-up assessment 5 months later (n = 55), spirometry was 
performed according to the European Respiratory Society 
(ERS)/American Thoracic Society (ATS) Task Guidelines[23] 
using a portable spirometry device (Spirobank MIR®, Portable 
Spirometer A23, Rome, Italy) by trained spirometry technicians. 
The device was calibrated daily and sterilization was performed 
after each patient. The application was explained to the patients 
before the procedure. Obstruction was defined as FEV1/FVC 
(%) being below 70% and restriction was defined as FVC (%) 
being below 80% of references.[24]

3.2.4. Radiological measurements.  All radiological 
evaluations were performed by an experienced radiologist. At 
admission, a 64-slice thorax CT (Aquilion CX; Toshiba Medical 
Systems, Tokyo, Japan) was performed with standard protocols 
regardless of RT-PCR result in patients with strong suspicion 
for COVID-19 pneumonia. Using the first CT images, COVID-
RADS stage was determined for supporting the initial diagnosis 
and for determining the radiological severity of the disease at 
baseline. In this classification, patients are divided into 5 stages 
according to the level of COVID-19 suspicion (grade 0 and grade 
1 low suspicion, grade 2A and 2B moderate suspicion, grade 3 
high suspicion).[20] Multifocal ground glass opacities (GGO) and 
GGO with superimposed consolidation were classified as grade 
2B and 3. At baseline, moreover, we also assessed the average 
percentage of overall lung involvement according to the volumes 
of affected parenchyma using CT images. We evaluated each of 
the 5 lung lobes and the percentage of involvement in each lobe 
was determined visually. Then, the overall lung involvement 
percentage was calculated by taking the average of affected 
parenchyma volumes in each of the lobes.[6,25]

At the follow-up 2 months later, thorax CT was repeated 
(n = 50) and the patients were evaluated for the presence 
of radiological abnormalities by radiologist experience. 
Radiological abnormality was defined as the presence of at 
least one of the following: nodular opacities, pleural effusion, 
ground-glass opacities, consolidation, air bronchogram, pleural 
thickening, reticular pattern and bronchiectasis.[2]

At the follow-up 5 months later, standard posteroanterior 
and lateral lung X-ray (FCR XU-D1; Fujifilm, Tokyo, Japan) 
studies were performed for each patient using standard proto-
cols. Thorax CT was performed only in patients with suspicious 
findings such as loss of aeration or increased opacity on X-ray 
(n = 9).

4.2.4. Measures of physical capacity.  At the follow-up 2nd 
month (n = 58) and 12th month follow-up studies, the six-
minute walk test (6MWT) was performed as recommended.[26] 
Patients were asked to walk as much as possible for 6 minutes 
on a 30-meter-long straight walking track in an indoor area 
without supplemental oxygen. At the end of this period, the total 
distance walked was measured and recorded together with SpO2 
and heart rate measured by a finger oximeter device.[26] Before 
starting and at the end of the 6MWT, modified BORG scale was 
used for determination of the severity of the exercise-induced 
dyspnea (BORG-D) and fatigue (BORG-F). The modified 
BORG scale is a subjective scale consisting of numbers from 0 

to 10 and verbal expressions that are used to describe increasing 
symptom intensity.[27] Patients were asked to rate both BORG-D 
and BORG-F. The values at the end of the 6MWT were recorded 
and included in the analyses.

5.2.4. Psychological assessment.  Psychological examination 
of the patients was performed at baseline by an experienced 
psychiatrist and they were evaluated for the presence of any 
psychological problems. In this context, depressive symptoms 
were detected in only 3 patients and these patients were found 
to have been prescribed antidepressants.

2.5. Statistical analysis

All analyses were performed on IBM SPSS Statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, NY). For the nor-
mality check, the Shapiro–Wilk test was used. Data are given 
as mean ± standard deviation or median (1st quartile–3rd quar-
tile) for continuous variables according to normality of distri-
bution and as frequency (percentage) for categorical variables. 
Repeated measurements of continuous variables were analyzed 
with the paired t test or Wilcoxon signed ranks test depending 
on normality of distribution. Repeated measurements of cate-
gorical variables were analyzed with the McNemar test. Between 
groups analysis of continuous variables were performed with 
the independent samples t test or the Mann–Whitney U test 
depending on normality of distribution. Between groups analy-
sis of categorical variables were performed with the chi-square 
test or Fisher’s exact test. Two-tailed P values of less than .05 
were considered statistically significant.

2.6. Ethics statement

The present study protocol was reviewed and approved by 
the Institutional Review Board of Bezmialem Vakıf University 
(approval No. 54022451-050.05.04-). Informed consent was 
submitted by all subjects when they were enrolled.

3. Results
51.6% of the participants were male and the mean age of all 
patients was 51.60 ± 12.45 years. The percentage of patients 
with radiological abnormalities at 2 months was significantly 
higher than at 5 months (P < .001). New-onset obstructive pul-
monary dysfunction was detected in 5 (8%) patients. In 6 (9.6%) 
patients, new-onset restrictive-type respiratory dysfunction was 
detected. Data for all variables are summarized in Table 1.

The percentage of patients with dyspnea at 12 months was 
significantly reduced compared to 2 months (P = .008). The 
median SpO2 value after 6MWT was significantly higher at 
12 months compared to that at 2 months (P < .001, Fig.  2); 
however, median walking distance was significantly shorter 
(P = .045). Median BORG-D (P < .001) and BORG-F (P < .001) 
scores after 6MWT at 12 months were significantly lower than 
at 2 months (Table 2).

According to univariate analyses, there was a significant cor-
relation between the presence of radiological abnormalities at 
2 months and advanced age (P = .006), low FEV1 (P = .018, 
Fig. 3) and low FVC (P = .006) levels at 5 months. Also, when 
patients were compared according to the presence/absence of 
radiological abnormalities at 2 months, we found that pulmo-
nary involvement at baseline was significantly greater among 
those with radiological abnormalities at 2 months (P = .046, 
Fig. 4; Table 3).

4. Discussion
The risk of persistent radiological abnormalities, pulmonary 
dysfunction and decreased physical capacity due to COVID-19 
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are especially higher in those with comorbid disease, thus most 
studies included patient groups with comorbidities.[12,16,17] We 
investigated these risks in COVID-19 patients without comor-
bidities. As a result, we found that a significant proportion of 
the patients with radiological abnormalities in the 2nd month 
recovered by the 5th month. We observed that, at the 12th 
month, the number of patients with dyspnea, mean 6MWT dis-
tance, median BORG-D and BORG-F scores after 6MWT were 
significantly lower and median SpO2 at the end of 6MWT was 
significantly higher compared to the 2nd month. Moreover, a 
significant positive relationship was found between radiologi-
cal abnormalities at 2 months and advanced age, and decreased 
FEV1 and FVC at 5 months.

Although most patients contracting COVID-19 survive, 
survivors are at risk of long-term sequelae involving multi-
ple systems, particularly the respiratory system.[12] Persistent 
inflammatory response is considered to be a key mediator in 
the formation of long-term sequelae.[8,28] In this study, 44.0% 
of patients had radiological abnormalities at 2 months, which 
decreased to 6.5% at 5 months. In a prospective study, the base-
line median CT severity score was significantly higher than that 
at 12 months, supporting radiological improvement.[10] Another 

prospective study examined changes from baseline CT abnor-
malities after 2, 3, 6, and 12 months. The percentage of any 
abnormality at these time points were determined to be 76%, 
63%, 67%, and 54%, respectively. The rate of recovery from 
chest CT abnormalities in the entire cohort was slower between 
the 1-year and 6-month follow-up studies compared to between 
2 and 3 months.[19] In the prospective cohort of Manolescu et 
al, according to the comparison of high-resolution CT (HRCT) 
imaging findings stratified by time intervals within 120 days 
after the first positive COVID-19 test, there was a significant 
increase in the percentage of patients with complete remission 
and a significant decrease in the percentage of patients with 
ground-glass opacities, trabeculation and other findings.[2] Most 
post-COVID-19 radiological abnormalities resolve over time, 
but fibrotic changes can create permanent abnormalities.[9] In 
this study, we found that the incidence of radiological abnor-
malities detected in the follow-ups of NCPs was lower than the 
incidences reported in other studies.[2,19] This may be a predict-
able outcome, but it should be emphasized that even in NCP, the 
incidence of radiological abnormalities does not fall to zero. The 
lack of pre-COVID-19 radiological images of the patients may 
limit definitive interpretations, so more comprehensive studies 
are required for this patient group.

Dyspnea and associated loss of functional capacity are 
among the symptoms that worsen quality of life after COVID-
19.[29] The risk for dyspnea can be expected to be higher in those 
with chronic lung disease. In the present study, it was observed 
that dyspnea, post-exercise SpO2 level and fatigue complaints 
improved significantly among NCPs at 12 months compared 
to 2 months. But interestingly, the 6MWT distance decreased 
significantly at 12 months. In one study which collected data at 
admission and 6 weeks later, dyspnea was found to be present 
in 48% and 33% of patients, respectively.[17] Other similar stud-
ies support that the percentage of patients reporting dyspnea 
demonstrate a decrease over time.[11,30] Bellan et al compared 
data at baseline and at 4 and 12 months after disease. Although 
the percentage of patients complaining of dyspnea and fatigue 
decreased compared to baseline, they did not find a significant 
difference between the 4th and 12th months.[10] Most studies 
have found that after SARS-CoV-2 infection, the 6MWT dis-
tance increases 3 to 6 months after the onset of infection.[31,32] 
However, there are also studies reporting that the 6MWT values 
are similar at the 3rd and 24th months after COVID-19.[33,34] 
It has been established that, compared to controls, patients 
with severe COVID-19 have worse 6MWT distance, SpO2 
after 6MWT, BORG-F and BORG-D scores after discharge.[35] 
According to the results of the present study, it can be said that 
there is a significant improvement in dyspnea and overall phys-
ical performance at the 12th month. However, although most 
NCPs recover completely, it should be kept in mind that there 
may be patients whose dyspnea complaints can continue for 
12 months, and therefore, pulmonary rehabilitation might be 
needed even in this patient group.[12]

Investigating the factors associated with radiological abnor-
malities was another aim of this study. In this context, we com-
pared patients with and without radiological abnormalities 
at the 2nd month follow-up. This analysis showed significant 
relationships with age and baseline lung involvement; however, 
other characteristics were similar. Additionally, since the num-
ber of patients with radiological abnormalities at 5 months was 
very small, statistical evaluations were not performed. In a ret-
rospective study, it was shown that patients with fibrotic lesions 
in CT at follow-up (average 41.5 days) had significantly older 
age, greater CT severity score at baseline, higher ferritin, CRP, 
D-dimer levels, longer hospital stay, higher percentage of ICU 
requirement and higher percentage of steroid use than non-fi-
brotic patients.[36] Multivariable analysis of a prospective study 
showed that age older than 60 years, initial critical COVID-19 
severity and male sex were associated with persistent CT abnor-
malities at 1 year.[19] In another prospective cohort with a large 

Table 1

Summary of variables.

Age 51.60 ± 12.45 
Sex
 � Male 32 (51.6%)
 � Female 30 (48.4%)
Oxygen saturation, baseline (%)
 � <90 29 (46.8%)
 � ≥90 33 (53.2%)
RT-PCR, baseline
 � Positive 52 (83.9%)
 � Negative 10 (16.1%)
COVID-RADS, baseline
 � Grade 3 62 (100.0%)
 � Grade 2B 0 (0.0%)
Lung involvement percentage, baseline
 � 0–10% 31 (50.0%)
 � 11–25% 18 (29.0%)
 � 26–50% 11 (17.7%)
 � 51–75% 2 (3.2%)
 � 76–100% 0 (0.0%)
Neutrophil to lymphocyte ratio, baseline 3.0 (2.1–4.2)
D-dimer, baseline (µg/mL) 268 (140–378)
Ferritin, baseline (µg/L) 242 (120–498)
C-reactive protein, baseline (mg/L) 30.5 (13–67)
Psychological problem, baseline
 � Absent 59 (95.2%)
 � Present 3 (4.8%)
Radiological abnormality, 2nd month*,†
 � Present 22 (44.0%)
 � Absent 28 (56.0%)
Radiological abnormality, 5th month*,‡
 � Present 4 (6.5%)
 � Absent 58 (93.5%)
FEV1, 5th month§ 3.05 (2.40–3.64)
FVC, 5th month§ 3.55 ± 0.93
FEV1/FVC (%), 5th month§ 88 (83–90)

Data are given as mean ± standard deviation or median (1st quartile–3rd quartile) for continuous 
variables according to normality of distribution and as frequency (percentage) for categorical 
variables.
COVID-RADS = coronavirus disease 2019 imaging reporting and data system, FEV1 = forced 
expiratory volume in one second, FVC = forced vital capacity, RT-PCR = real-time reverse 
transcription polymerase chain reaction.
*Presence of radiological abnormality at 2nd vs 5th month P < .001.
†There are 12 missing data points.
‡Computed tomography was required in 9 of the patients, radiological abnormalities were found in 
4 of them.
§There are 7 missing data points.
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study group, the complete remission of lung CT abnormalities 
was found to be associated with a significantly higher average 
follow-up period and a significantly lower patient age.[2] The pos-
itive results obtained in this study are in line with the literature. 
Higher lung CT severity scores in the acute phase was associated 
with worse disease severity.[4,9] Therefore, it is highly likely that 
it is related to radiological abnormalities on follow-up. Already, 
the association of advanced age with post-COVID-19 radiologi-
cal abnormalities has been shown in many studies.[2,36,37] Elderly 

patients face a more serious COVID-19 disease and a higher risk 
of complications.[38] However, this age-related finding of our 
study was unassociated with comorbidities, which is a notable 
finding of the present study. However, many other parameters 
investigated in this study were not associated with abnormal-
ities on follow-up imaging. This may also be associated with 
the fact that the subjects of this study consisted of NCPs. More 
extensive studies are needed to confirm our findings.

Another important finding of the current study is that patients 
with radiological abnormalities at 2 months had significantly 
lower median FEV1 and FVC levels measured at 5 months. 
Klapholz et al[8] reported a significant correlation between CT 
abnormalities and spirometry parameters measured 6 months 
later. In another study, patients with severe COVID-19 pneu-
monia had lower lung diffusing capacity for carbon monoxide/
alveolar ventilation (DLCO)/VA), total lung capacity (TLC) 
and FVC at 4 months compared to those with mild pneumo-
nia. Thus, they showed that the degree of lung injury during 
COVID-19 was associated with decreased respiratory function 
4 months after acute infection.[5] On the other hand, in another 
study, no significant correlation was found between lung total 
severity score and FEV1, FVC and FEV1/FVC values at 1 month 
after disease. However, of note, patients included in the latter 
study received pulmonary rehabilitation in the post-COVID-19 
period.[6] Impaired pulmonary function results may be due to 
severe inflammation in the acute phase and fibrous tissue in the 
later period.[35] We show that not only the initial degree of lung 
damage, but the presence of lung damage 2 months after the 
acute phase can be associated with lung function in the later 
stages of recovery (month 5 in this study). Therefore, pulmo-
nary rehabilitation programs may be considered in all patients, 
regardless of comorbidities or disease severity at baseline, 
in the post-COVID period. However, comprehensive studies 
with longer follow-up concerning pulmonary functions should 
be performed to determine the optimum time or duration of 
rehabilitation.

The most important feature that makes this study different 
from other similar studies is that the patient population consisted 
of only NCPs. In addition, it has a relatively longer follow-up 
period and evaluated radiological, clinical and functional results 

Figure 2.  At the end of 2 and 12 months of 6MWT distance. 6MWT = 6-minute walk test.

Table 2

Summary of dyspnea, 6-minute walk test (6MWT) ad BORG 
scale scores.

  P 

Presence of dyspnea
 � 2nd month 10 (16.1%) .008
 � 12th month 2 (3.2%)
6MWT, SpO

2
 at final (%)

 � 2nd month* 96 (94–97) <.001
 � 12th month 97 (96–98)
6MWT, Heart rate at final (bpm)
 � 2nd month* 96 (90–110) .356
 � 12th month 96 (90–102)
6MWT, Distance (m)
 � 2nd month* 378.70 ± 82.90 .045
 � 12th month 366.29 ± 72.97
BORG-D score
 � 2nd month* 3 (2–4) <.001
 � 12th month 1 (1–2)
BORG-F score
 � 2nd month* 3 (2–4) <.001
 � 12th month 1 (1–2)

Data are given as mean ± standard deviation or median (1st quartile–3rd quartile) for continuous 
variables according to normality of distribution and as frequency (percentage) for categorical 
variables.
6MWT = 6-minute walk test, SpO

2
 = oxygen saturation.

*There are 4 missing data points.
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together. However, it has some limitations. It is a single-center 
study with a small number of patients. CT was requested from 
all patients in the 2nd month, but only from patients whose 
chest X-ray was suspicious at the 5th month. This may have 
caused an overestimation of patients with radiological recov-
ery at 5 months. Since we did not have pre-COVID-19 radio-
logical data of the majority of patients, we could not make a 
precise distinction between old and new lesions. In addition, 
no separate evaluation was made according to the severity of 
the disease, the need for mechanical ventilation or ICU, and the 

variety of radiological abnormalities. Finally, other tests such as 
DLCO[17] and plethysmography,[5] which would provide infor-
mation about pulmonary fibrosis, were not performed.

To conclude, the frequency of radiological abnormali-
ties decreased significantly from the 2nd to the 5th month 
among NCPs who had suffered from COVID-19 pneumonia. 
Compared to the 2nd month follow-up findings, we found that 
dyspnea, post-exercise fatigue, dyspnea severity, and 6MWT 
distance decreased, while SpO2 level after exercise increased 
at 12 months. Radiological abnormalities seen at 2 months 

Figure 3.  Radiological and FEV1 abnormalities at 2 and 5 months. FEV1 = forced expiratory volume in one second.

Figure 4.  Presence/absence of radiological abnormalities at 2 months. CT = computed tomography.
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were associated with advanced age and the percentage of lung 
involvement at baseline. In addition, patients with radiological 
abnormalities in the 2nd month had lower FEV1 and FVC lev-
els in the 5th month. Even if there is no comorbid disease, it 
may be valuable to recommend control CT at 2 months after 
COVID-19 pneumonia and to administer pulmonary rehabil-
itation, especially in patients with advanced age and greater 
lung involvement at baseline. More comprehensive studies with 
longer-term outcomes of post-COVID-19 are needed for more 
appropriate management of recovering NCPs with COVID-19.

Author contributions
Conceptualization: Hamza Ogun, Yasemin Akkoyunlu, 
Fatmanur Okyaltırık.
Data curation: Merve Gül, Esat Hayat, Nuran Gökbulut, 

Handan Başel Karaçöp.

Formal analysis: Hamza Ogun, Abdullah Kansu.
Methodology: Hamza Ogun, Bilge Sümbül, İsmail Yurtsever.
Software: Aysegul Yabacı.
Writing – original draft: Hamza Ogun.
Writing – review & editing: Hamza Ogun, Fatmanur Okyaltırık.

References
	 [1]	 Colombi D, Bodini FC, Petrini M, et al. Well-aerated lung on admit-

ting chest CT to predict adverse outcome in COVID-19 pneumonia. 
Radiology. 2020;296:E86–96.

	 [2]	 Manolescu D, Timar B, Bratosin F, et al. Predictors for COVID-19 com-
plete remission with HRCT pattern evolution: a monocentric, prospec-
tive study. Diagnostics (Basel). 2022;12.

	 [3]	 World Health Organization. Coronavirus (COVID-19) dashboard. 
Available at: https://covid19.who.int/ [access date September 24, 2022].

	 [4]	 Leonardi A, Scipione R, Alfieri G, et al. Role of computed tomography 
in predicting critical disease in patients with covid-19 pneumonia: a 

Table 3

Summary of variables with regard to radiological abnormalities at the 2nd month.

 

Radiological abnormality, 2nd month

P Present (n = 22) Absent (n = 28) 

Age 56.95 ± 13.69 47.29 ± 9.85 .006
Sex
 � Male 12 (54.5%) 15 (53.6%) 1.000
 � Female 10 (45.5%) 13 (46.4%)
Oxygen saturation, baseline (%)
 � <90 11 (50.0%) 13 (46.4%) 1.000
 � ≥90 11 (50.0%) 15 (53.6%)
RT-PCR, baseline
 � Positive 19 (86.4%) 23 (82.1%) 1.000
 � Negative 3 (13.6%) 5 (17.9%)
Lung involvement (CT) percentage, baseline
 � 0–10% 7 (31.8%) 19 (67.9%) .046
 � 11–25% 7 (31.8%) 6 (21.4%)
 � 26–50% 6 (27.3%) 3 (10.7%)
 � 51–75% 2 (9.1%) 0 (0.0%)
 � 76–100% 0 (0.0%) 0 (0.0%)
Neutrophil to lymphocyte ratio, baseline 3.1 (2.3–3.9) 3.7 (2.05–4.95) .457
D-dimer, baseline (µg/mL) 310.5 (163–548) 255 (140–336.5) .177
Ferritin, baseline (µg/L) 302.5 (159–526) 167.5 (92.5–351) .125
C-reactive protein, baseline (mg/L) 48 (23–82) 20 (12–69.5) .190
Psychological problem, baseline
 � Absent 21 (95.5%) 26 (92.9%) 1.000
 � Present 1 (4.5%) 2 (7.1%)
FEV1, 5th month 2.61 (2.34–3.46) 3.46 (3.11–3.82) .018
FVC, 5th month 3.27 ± 0.85 3.99 ± 0.82 .006
FEV1/FVC (%), 5th month 89 (83–90.5) 87 (83–90) .492
Presence of dyspnea
 � 2nd month 2 (9.1%) 5 (17.9%) .444
 � 12th month 1 (4.5%) 0 (0.0%) .440
6MWT, SpO

2
 at final (%)

 � 2nd month 95 (93–97) 96 (95–97) .172
 � 12th month 97 (96–98) 97 (97–98) .204
6MWT, heart rate at final (bpm)
 � 2nd month 93.5 (90–98) 97 (90–110) .328
 � 12th month 94 (90–100) 96 (84.5–104.5) .702
6MWT, distance (m)
 � 2nd month 361.25 ± 68.61 390.00 ± 87.56 .233
 � 12th month 346.82 ± 56.01 386.07 ± 83.67 .053
BORG-D score
 � 2nd month 3 (2–4) 3 (2–4) .783
 � 12th month 1.5 (1–3) 1 (1–2) .670
BORG-F score
 � 2nd month 3 (2–4) 3 (2–4) .356
 � 12th month 1.5 (1–3) 1 (0–2) .147

Data are given as mean ± standard deviation or median (1st quartile–3rd quartile) for continuous variables according to normality of distribution and as frequency (percentage) for categorical variables
6MWT = 6-minute walk test, CT = computed tomography, FEV1 = forced expiratory volume in one second, FVC = forced vital capacity, RT-PCR = real-time reverse transcription polymerase chain reaction, 
SpO

2
 = oxygen saturation.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
d-journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 06/19/2023

https://covid19.who.int/


8

Ogun et al.  •  Medicine (2023) 102:22� Medicine

retrospective study using a semiautomatic quantitative method. Eur J 
Radiol. 2020;130:109202.

	 [5]	 Anastasio F, Barbuto S, Scarnecchia E, et al. Medium-term impact of 
COVID-19 on pulmonary function, functional capacity and quality of 
life. Eur Respir J. 2021;58:2004015.

	 [6]	 Huang Y, Tan C, Wu J, et al. Impact of coronavirus disease 2019 
on pulmonary function in early convalescence phase. Respir Res. 
2020;21:163.

	 [7]	 Fumagalli A, Misuraca C, Bianchi A, et al. Long-term changes in pul-
monary function among patients surviving to COVID-19 pneumonia. 
Infection. 2022;50:1019–22.

	 [8]	 Klapholz J, Heyman B, Sunseri M, et al. Predictors of functional and 
radiographic abnormalities 6 months post COVID-19 illness. C38 rare 
and common ILDS: epidemiology, diagnosis, and management. Am 
Thorac Soc. 2022:A4043.

	 [9]	 Solomon JJ, Heyman B, Ko JP, et al. CT of postacute lung complica-
tions of COVID-19. Radiology. 2021.

	[10]	 Bellan M, Baricich A, Patrucco F, et al. Long-term sequelae are highly 
prevalent one year after hospitalization for severe COVID-19. Sci Rep. 
2021;11:22666.

	[11]	 Fernández-de-Las-Peñas C, Ryan-Murua P, Rodríguez-Jiménez J, et 
al. Serological biomarkers at hospital admission are not related to 
long-term post-COVID fatigue and dyspnea in COVID-19 survivors. 
Respiration. 2022;101:658–65.

	[12]	 Nopp S, Moik F, Klok FA, et al. Outpatient pulmonary rehabil-
itation in patients with long COVID improves exercise capacity, 
functional status, dyspnea, fatigue, and quality of life. Respiration. 
2022;101:593–601.

	[13]	 Anjorin AA, Abioye AI, Asowata OE, et al. Comorbidities and the 
COVID-19 pandemic dynamics in Africa. Trop Med Int Health. 
2021;26:2–13.

	[14]	 Gasmi A, Peana M, Pivina L, et al. Interrelations between COVID-19 
and other disorders. Clin Immunol. 2021;224:108651.

	[15]	 Ji W, Huh K, Kang M, et al. Effect of underlying comorbidities on the 
infection and severity of COVID-19 in Korea: a nationwide case-con-
trol study. J Korean Med Sci. 2020;35:e237.

	[16]	 Huang L, Han R, Ai T, et al. Serial quantitative chest CT assessment of 
COVID-19: a deep learning approach. Radiol Cardiothorac Imaging. 
2020;2:e200075.

	[17]	 Daher A, Balfanz P, Cornelissen C, et al. Follow up of patients with 
severe coronavirus disease 2019 (COVID-19): pulmonary and extrapul-
monary disease sequelae. Respir Med. 2020;174:106197.

	[18]	 Zhao YM, Shang YM, Song WB, et al. Follow-up study of the pul-
monary function and related physiological characteristics of COVID-
19 survivors three months after recovery. EClinicalMedicine. 
2020;25:100463.

	[19]	 Luger AK, Sonnweber T, Gruber L, et al. Chest CT of lung injury 1 
year after COVID-19 pneumonia: the CovILD study. Radiology. 
2022;304:462–70.

	[20]	 Salehi S, Abedi A, Balakrishnan S, et al. Coronavirus disease 2019 
(COVID-19) imaging reporting and data system (COVID-RADS) and 
common lexicon: a proposal based on the imaging data of 37 studies. 
Eur Radiol. 2020;30:4930–42.

	[21]	 Infection guideline for COVID19/SARS COV2 (Turkish ministry of 
Health-2020). Available at: https://COVID19bilgi.saglik.gov.tr/depo/
rehberler/COVID-19_Rehberi.pdf [access date December 3, 2020].

	[22]	 Kilic AU, Kara F, Alp E, et al. New threat: 2019 novel Coronavirus 
infection and infection control perspective in Turkey. North Clin 
Istanb. 2020;7:95–8.

	[23]	 Graham BL, Steenbruggen I, Miller MR, et al. Standardization of 
Spirometry 2019 Update. an official American thoracic society and 
european respiratory society technical statement. Am J Respir Crit Care 
Med. 2019;200:e70–88.

	[24]	 Wheatley JR. Spirometry: key to the diagnosis of respiratory disorders. 
Med J Aust. 2017;207:422–3.

	[25]	 Tabatabaei SMH, Talari H, Moghaddas F, et al. CT features and short-
term prognosis of COVID-19 pneumonia: a single-center study from 
Kashan, Iran. Radiol Cardiothorac Imaging. 2020;2:e200130.

	[26]	 Holland AE, Spruit MA, Troosters T, et al. An official European respira-
tory society/American thoracic society technical standard: field walking 
tests in chronic respiratory disease. Eur Respir J. 2014;44:1428–46.

	[27]	 Mador MJ, Rodis A, Magalang UJ. Reproducibility of Borg scale mea-
surements of dyspnea during exercise in patients with COPD. Chest. 
1995;107:1590–7.

	[28]	 Maltezou HC, Pavli A, Tsakris A. Post-COVID syndrome: an insight on 
its pathogenesis. Vaccines. 2021;9:497.

	[29]	 Cortés-Telles A, López-Romero S, Figueroa-Hurtado E, et al. 
Pulmonary function and functional capacity in COVID-19 survivors 
with persistent dyspnoea. Respir Physiol Neurobiol. 2021;288:103644.

	[30]	 Pavli A, Theodoridou M, Maltezou HC. Post-COVID syndrome: inci-
dence, clinical spectrum, and challenges for primary healthcare profes-
sionals. Arch Med Res. 2021;52:575–81.

	[31]	 Li TS, Gomersall CD, Joynt GM, et al. Long-term outcome of acute 
respiratory distress syndrome caused by severe acute respiratory syn-
drome (SARS): an observational study. Crit Care Resusc. 2006;8:302–8.

	[32]	 Hui DS, Wong KT, Ko FW, et al. The 1-year impact of severe acute 
respiratory syndrome on pulmonary function, exercise capacity, and 
quality of life in a cohort of survivors. Chest. 2005;128:2247–61.

	[33]	 Ngai JC, Ko FW, Ng SS, et al. The long-term impact of severe acute 
respiratory syndrome on pulmonary function, exercise capacity and 
health status. Respirology. 2010;15:543–50.

	[34]	 Hui DS, Joynt GM, Wong KT, et al. Impact of severe acute respira-
tory syndrome (SARS) on pulmonary function, functional capacity and 
quality of life in a cohort of survivors. Thorax. 2005;60:401–9.

	[35]	 Sirayder U, Inal-Ince D, Kepenek-Varol B, et al. Long-term characteris-
tics of severe COVID-19: respiratory function, functional capacity, and 
quality of life. Int J Environ Res Public Health. 2022;19:6304.

	[36]	 Yasin R, Gomaa AAK, Ghazy T, et al. Predicting lung fibrosis in post-
COVID-19 patients after discharge with follow-up chest CT findings. 
Egypt J Radiol Nucl Med. 2021;52:1–13.

	[37]	 Huang W, Wu Q, Chen Z, et al. The potential indicators for pulmonary 
fibrosis in survivors of severe COVID-19. J Infect. 2021;82:e5–7.

	[38]	 Dai SP, Zhao X, Wu JH. Effects of comorbidities on the elderly 
patients with COVID-19: clinical characteristics of elderly patients 
infected with COVID-19 from Sichuan, China. J Nutr Health Aging. 
2021;25:18–24.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
d-journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 06/19/2023

https://COVID19bilgi.saglik.gov.tr/depo/rehberler/COVID-19_Rehberi.pdf
https://COVID19bilgi.saglik.gov.tr/depo/rehberler/COVID-19_Rehberi.pdf

