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Abstract

Objective: It was aimed to evaluate long‐term radiological changes in severe cor-

onavirus disease 2019 (COVID‐19) patients, to investigate pulmonary function,

exercise capacities, and health‐related quality of life results.

Methods: Sixty‐five patients with severe COVID‐19 pneumonia were evaluated in

the sixth month after discharge from the hospital. Spirometry, 6 min walking test

(6MWT), and short form of health‐related quality of life scale (SF‐36) were applied

in the sixth month. Chest computed tomography (CT) was performed and the

findings were grouped according to lung involvement.

Results: Forty‐nine male and 16 female patients were included in the study. Forced

expiratory volume in 1 s (FEV1)% values of 18 patients (30.5%), forced vital capacity

(FVC)% values of 27 patients (45.8%), and 6MWT of 13 patients (23.2%) were found

lower than expected in the sixth month. On the SF‐36 scale, physical function,

energy‐vitality, social functionality, pain, and general health parameters were found

lower than normal. Minimal interstitial changes in chest CT were seen in 26 pa-

tients. Nine patients had lung area involvement between 10% and 50% of the

surface, there was a correlation between FEV1% and FVC% values in this group.

There was severe pulmonary fibrosis in four patients. There was a correlation be-

tween pulmonary function and physical function and general perception of health

from SF‐36 scale subparameters.

Conclusion: Functional and radiological abnormalities were detected in a significant

number of patients in the sixth month after severe COVID‐19 pneumonia. A sys-

tematic monitoring plan must be established to assess and properly manage the

long‐term problems that may arise.
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1 | INTRODUCTION

Coronavirus disease‐19 (COVID‐19) is an infectious disease caused

by severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2).
After the reporting of unexplainable cases of pneumonia in Wuhan,

China in December 2019, a new coronavirus that had not been de-

tected in humans before was identified on January 7, 2020, and was

named SARS‐CoV‐2 due to the similarity of the virus to SARS‐CoV.
Due to the spread and severity of the virus, the World Health Or-

ganization declared COVID‐10 a global pandemic March 11, 2020.1

COVID‐19 may be clinically asymptomatic or may show various

symptoms as a result of the involvement of multiple systems, such as

respiratory, cardiovascular, gastrointestinal, and central nervous

system in the disease.2 Deaths may occur due to complications after

multisystem involvement. As of February 18, 2021, 109,594,835

cases and 2,424,060 deaths were recorded worldwide.3 The re-

spiratory system is the most commonly affected system in patients

diagnosed with COVID‐19. Most of the patients have bilateral sub-

pleural lung involvement. Radiologically, typical COVID‐19 findings

are multilobar involvement in chest‐computed tomography (CT) with

frosted glass opacities and subsegmental consolidation.4 Diffuse

pulmonary parenchymal lesions, intra‐alveolar exudate, and pul-

monary interstitial fibrosis can lead to poor pulmonary function in

patients and affect respiratory capacity and quality of life adversely

in the long term.

Negative long‐term effects on pulmonary function and health‐
related quality of life have been reported after other coronavirus

outbreaks, such as severe acute respiratory syndrome (SARS) in

2003 and the Middle East respiratory syndrome (MERS) in 2012,5–7

whose viral structures are similar to that of SARS‐CoV‐2. Con-

sidering that the COVID‐19 pandemic is still ongoing, it is important

to investigate its effects on the long‐term pulmonary capacity and

functionality with the follow‐up of patients who had the infection

and to assess the morbidity associated with this disease.

The aim of this study is to search the long‐term effects of

COVID‐19 on patients who have had severe COVID‐19 pneumonia

history. We would like to find out the potential long‐term impacts of

COVID‐19 on pulmonary capacity and health‐related quality of life.

2 | METHODS

2.1 | Participants and study design

Patients over 18 years old who were followed up between March 11

and July 30, 2020, in COVID inpatient clinics of our hospital; patients

with SARS‐CoV‐2 PCR (+) and/or SARS‐CoV‐2 IgM/G (+); patients

clinically and radiologically compatible with COVID‐19 diagnosis and

patients whose cases cannot be identified by any other disease ex-

cept for COVID‐19 according to the T.C. Ministry of Health, Public

Health COVID‐19 Field Guide.1 Among these patients, patients with

severe pneumonia according to the Ministry's guide were included in

this study.

According to the Ministry's guide, severe pneumonia findings are

shown below:

• Patients who have symptoms, such as fever, muscle/joint pains,

cough, sore throat, and nasal congestion, have tachypnea (≥30/

min) or have SpO2 level less than 90% in room air

• Poor prognostic measurement in the blood tests taken in the

application (number of blood lymphocytes <800/μl or CRP > 40

mg/l or ferritin >500 ng/ml or D‐dimer >1000 ng/ml, etc.)

• Patients with bilateral diffuse pneumonia findings in pulmonary X‐
ray or CT.

Spirometry and 6min walking test (6MWT) requires good phy-

sical function and patient compliance, so among patients covering

severe pneumonia criteria, we selected patients who were able to

perform spirometry and 6MWT. Patients who had neurological dis-

eases, such as advanced dementia, Alzheimer's, SVD, etc; patients

who had a history of orthopedic or other surgical operations, and

consequently, were not able to take the walking test; and patients

over 90 years old were not included. The volunteer consent form was

obtained from the patients who participated in the study. The patient

participation scheme is shown in Figure 1.

Patients were called to the outpatient clinic between the sixth

and seventh month after discharge from the hospital. The patients

were given a pulmonary function test (spirometry), 6MWT. SF‐36
form was filled and chest CT was done for each patient. This study is

a single‐centered, prospective observational case study. Our study

has been approved by the ethics committee (April 2, 2020/1489).

2.2 | Spirometry and 6MWT

The patients were subjected to a pulmonary function test (spiro-

metry) and 6min walking test (6MWT), associated with the daily

activity of people. The tests, respectively, were aimed to evaluate

F IGURE 1 Patient participation scheme
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respiratory functions and musculoskeletal and cardiopulmonary

system functions.

6MWT provides a standardized, objective, and integrated as-

sessment of cardiopulmonary and musculoskeletal function related

to our daily activities.8 The test (6MWT) conducted under the su-

pervision of a physician involved a 6‐min walk along a flat corridor at

a pace as quick as the patient can manage. Before and after the test,

respiratory rate, heart rate per minute, and arterial blood pressure

have been checked, and the walking distances of each patient within

six minutes were recorded. The test was conducted in compliance

with American Thoracic Society (ATS) protocols.9

Spirometry was carried out by a spirometry technician wearing

protective equipment to prevent contamination in our hospital's

Pulmonary Function Testing Laboratory. Spirometry was carried out

in accordance with ATS‐European Respiratory Society guidelines

using MIR Spirolab II (Rome/Italy) device.10–11 The patients were

informed about maneuvers and three spirograms were performed.

The best results that met the criteria for repeatability and accept-

ability were included in the study.

2.3 | Short form 36‐point questionnaire

Health‐related quality of life is defined as the subjective sensation of

the multifaceted effect of disease by patients.12 The short form

36‐point questionnaire (SF‐36) is a popular tool for assessing health‐
related quality of life. In this study, we used the Turkish version of

SF‐36 to evaluate the change in health‐related quality of life of our

COVID‐19 patients in tests conducted after 6 months of their re-

covery, which we will refer to as “sixth‐month controls” in this

article.13 This survey includes eight parameters: physical functioning,

physical role difficulties, pain, general health, emotional role diffi-

culties, energy‐vitality, mental health, and social functionality. The

first four parameters are related to physical health and the others

are related to mental health. Scores for each parameter vary be-

tween 0 and 100 and higher scores show a better quality of life.

Normal values for parameters are different from each other. Using

this scale, we planned to assess health‐related quality of life and

objectively evaluate the physical and mental functionality of the

patients after 6 months of recovery.

2.4 | Radiographic assessment

The radiological lung findings of the patients were evaluated with

lung chest‐CT in the sixth‐month controls. It was aimed to evaluate

the course of lung involvement and the effect of COVID‐19 on the

lung in the long term.

In the sixth‐month controls, 60 patients had nonenhanced chest‐
CT. The patients were assigned to the protocol, with 100 kV (peak)

(kV[p]) and 20 effective milli ampere‐second (eff mA‐s) during single

breathold. Axial images of 2mm slice thickness were obtained using

an image matrix of 512 × 512 pixels. We used a mediatenum window

setting (width, 400 HU; level, 100 HU) and a lung window setting

(width, 1500 HU; level, –500 HU) for this analysis.

Nearly all studies about radiological findings of COVID‐19 show

and identify the distribution of lesions while active COVID‐19 in-

fection is present. There is no scoring that shows interstitial changes,

fibrosis intensity, and distribution of lesions in patients who re-

covered from COVID‐19. All physicians who participated in the study

have consensus on collecting CT results in five groups by prioritizing

tomography findings, interstitial changes, and/or the percentage of

distribution of fibrosis. The images were evaluated by two radi-

ologists, both blind to clinical information. CT scans were taken on

the same day as the spirometry, 6MWT, and SF‐36.
CT findings were grouped as shown below:

Group 1: Normal,

Group 2: Medium‐lower lobe dominant, ≤10% surface area,

Group 3: Medium‐lower lobe dominant, reticulation + traction,

10%–50% surface area,

Group 4: All lobes, reticulation + traction, >50% surface area,

Group 5: All lobes, diffuse reticulation+ traction + honeycomb,

>50% surface area.

2.5 | Analysis of data

Statistical analysis of the data was conducted in IBM SSPS Statics

Version 22 program. Pearson χ2 and Fisher's exact test was used for

the comparison of categorical data between groups. However, as

the continuous data did not show normal distribution

(Kolmogorov–Smirnov, p < 0.05), Mann–Whitney U statistical ana-

lyses were used to compare continuous variables between two

groups. p < 0.05 was considered statistically significant.

3 | RESULTS

Of the 65 patients who participated in the study, 49 (75.4%) were

male and 16 (24.6%) were female. The average hospitalization time

for the group was 11.7 days (min 4–max 42 days). The demographic

data of patients are shown in Table 1. The most common symptoms

of patients were weakness‐malaise seen in 51 of the patients

(78.5%), fever in 41 of the patients (63.1%), widespread muscle pains

in 38 of the patients (58.5%), cough in 37 of the patients (56.9%), and

shortness of breath in 33 of the patients (50.8%).

3.1 | Spirometry and 6MWD

In the sixth‐month controls, spirometry was applied to 59 patients.

Eighteen of the patients (30.5%) were found to have a low FEV1%

value, 27 of the patients (45.8%) had lower FVC% values. 6MWD

was also measured as low in 13 of the patients (23.2%), (p < 0.001).

Four of our patients were known to have a history of obstructive

lung disease (chronic obstructive pulmonary disease/asthma), but
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none of them had respiratory distress at the time of the tests and

FEV1/FVC ratio measurements were greater than 70%.

3.2 | SF‐36

SF‐36 was applied to all 65 patients. This test could be separated into

eight parameters. Of the 55 patients (84.6%), the parameter of physical

function was lower than expected, energy‐vitality parameter in 46 pa-

tients (70.8%), social functionality parameter in 53 patients (81.5%), pain

parameter in 50 patients (76.9%), and general health perception para-

meter in 60 patients (92.3%) were found to be lower than expected.

Changes in these parameters are statistically significant (p<0.05).

Comparison of SF‐36 scores of participants with those of the

Turkish population is also shown in Figure 2.

3.3 | Chest‐CT

Sixty patients were given chest‐CT in the sixth‐month controls. In

this study, while chest CT was normal in 21 patients (35%), 39 of

the patient (65%) had chest CT findings with a spectrum from

minimal changes to advanced changes including honeycombs. CT

changes were minimal in 26 of the 39 patients with abnormal CT

findings. Considerable fibrotic changes were seen in four pa-

tients. The distribution of the sixth‐month controls of CT findings

is shown in Table 2. As a result of the sixth‐month controls, in

chest‐CT findings of the 60 patients revealed a statistically

significant difference in terms of observed and expected va-

lues (p < 0.05).

3.4 | Comparison of parameters

Compared to the cases with and without deterioration in chest‐
CT in the sixth‐month controls, FEV1% and FVC% values of the

cases with deterioration in chest‐CT were significantly lower

(p < 0.05). Group 3 (Middle‐lower lobe dominant, reticulation +

traction, 10%–50% surface area) FVC% and FEV1% values were

found to be low (p < 0.05). There was no statistically significant

difference between the groups in terms of other variables

(p > 0.05) (Table 3).

When spirometry and 6MWD correlation with SF‐36 scores

were examined in the sixth‐month control; a positive and sta-

tistically significant correlation was found between sixth‐month

6MWD values and SF‐36 physical function, physical role diffi-

culties, vitality, pain, overall health, and health change size scores

(p < 0.05). Statistically, a significant correlation was found be-

tween FVC% values and SF‐36 physical function and overall

health perception size scores (p < 0.05). Statistically, a significant

correlation was also found between the sixth month FEV1% va-

lues and SF‐36 physical function, physical role difficulties, vital-

ity, social functionality, and general health perception

parameters (p < 0.05) (Table 4). When the average distribution of

SF‐36 parameters was examined, according to the chest‐CT
finding in cases, there was no statistically significant difference

between the groups (p > 0.05)

TABLE 1 Demographic findings of patients

N %

Gender Male 49 75·4

Woman 16 24·6

Profession Working 39 60·0

Unemployed 26 40·0

BMI Normal 8 12·3

Overweight 28 43·1

Obese 29 44·6

ICU hospitalization story Yes 8 12·3

No 57 87·7

Comorbid diseases Asthma/chronic obstructive

pulmonary

disease (COPD)

4 6·2

Heart diseases 9 13·8

Hypertension 30 46·2

Metabolic diseases 16 24·6

Chronic renal failure/chronic

liver disease

3 4·6

Cigarette Smoker 5 7·7

Ex‐smoker 25 38·5

Nonsmoker 35 53·8

Patient with COVID‐19
in the family

Yes 29 44·6

No 36 55·4

Abbreviations: BMI, body mass index; COVID‐19, coronavirus disease

2019; ICU, intensive care unit.
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F IGURE 2 Comparison of SF‐36 scores of COVID‐19 patients
with Turkish population. The vertical axis represents mean (SD) SF‐
36 domain scores from 0 to 100. The horizontal axis shows SF‐36
subparameters. BP, pain; COVID‐19, coronavirus disease 2019; GH,
general health perception; MH, mental health; PF, physical function;
RE, emotional role difficulties; RP, physical role difficulties; SF, social
functionality; VT, energy vitality
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4 | DISCUSSION

Etiological and clinical features of COVID‐19 are similar to SARS and

MERS,14 so the course and long‐term effects of COVID‐19 can be

expected to be similar to those of SARS and MERS. The follow‐up
data from recovered SARS patients showed radiological and func-

tional changes including pulmonary interstitial fibrosis.5 Although

many studies have been carried out about early findings of COVID‐
19, the potential problems that patients with severe clinics may face

in the future are not clearly known. There are few studies showing

the medium and long‐term consequences of the disease. In this

study, patients who recovered from COVID‐19 severe pneumonia

were evaluated 6 months after discharge from the hospital. When we

examined the chest CT of patients, from minimal changes to ad-

vanced changes including honeycombs were observed. Deterioration

in respiratory function of patients and statistically significant dete-

rioration in health‐related quality of life were detected.

COVID‐19 primarily affects the lungs and respiratory tract and

can cause respiratory failure.15 It was observed that 6MWT mea-

surements were low in the long‐term follow‐up of patients with se-

vere SARS and MERS infections and in the examinations of patients

who survived ARDS 5 years after the illness.16,17 Guler et al. and

Anastasio et al. have worked with patients with COVID‐19 in the

fourth month of their discharge. They found 6MWD lower in groups

TABLE 2 Sixth‐month chest‐CT findings distribution of patients

Sixth‐month chest‐CT Observed N Expected N Residual χ2 p

Normal 21 12.0 9.0 40.667 <0.001

Medium‐lower lobe dominant, ≤10% surface area 26 12.0 14.0

Medium‐lower lobe dominant, reticulation + traction, 10%–‐50% surface area 9 12.0 −3.0

All lobes, reticulation + traction, more than 50% surface area 3 12.0 −9.0

Common in all lobes, reticulation + traction + honeycomb more than 50% surface area 1 12.0 −11.0

Abbreviation: CT, computed tomography.

TABLE 3 Average distribution of
6MWD, FVC%, and FEV% values in the
sixth month according to chest‐CT
findings in patients

Yes No
Z pMedian (25–75) Median (25–75)

Group 1: Normal, n: 21

Sixth month 6MWD m 490 (421–573) 492 (395–554) −0.465 0.642

Sixth month FVC% 89 (78–99) 78.5 (75–86) −2.323 0.020

Sixth month FEV1% 91 (80‐100) 82 (77–90) −2.201 0.028

Group 2: Medium‐lower lobe dominant, reticulation 10% surface area, n: 26

Sixth month 6MWD m 527.5 (–575) 472.5 (391–557) −0.637 0.524

Sixth month FVC% 83 (77–87) 80 (73–91) −0.069 0.945

Sixth month FEV1% 86 (81–91) 88 (77–95) −0.176 0.860

Group 3: Medium‐lower lobe dominant, reticulation + traction 10%–50% surface area, n: 9

Sixth month 6MWD m 443 (380.5–495.5) 502 (410–575) −1.522 0.128

Sixth month FVC% 75 (72–76) 84 (75–91) −2.449 0.014

Sixth month FEV1% 79 (77–80) 86.5 (79–95) −1.979 0.048

Group 4: All lobes, reticulation + traction more than 50% surface area n: 3

Sixth month 6MWD m 461 (413–558) 492 (403–561) −0.036 0.971

Sixth month FVC% 64 (64–77.5) 83 (75–90.5) −1.210 0.226

Sixth month FEV1% 77 (67.5–84) 86 (78.5–95) −1.161 0.246

Abbreviations:6MWD, 6min walk distance; CT, computed tomography; FEV1, forced expiratory

volume in 1 s; FVC, forced vital capacity.
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that suffered the disease more severely.18,19 In the other study, in

which 6‐month results in China were published, researchers grouped

patients and found lower 6MWD in groups receiving oxygen support

and/or respiratory support.20 We measured 6MWD in the sixth‐
month controls of our patients. Our results were similar to other

study results.

The number of studies assessing the respiratory function of

patients with COVID‐19 is increasing. In the studies carried out by

Van der Sar‐van der Brugge et al.,21 You et al.,22 and Fumagalli

et al.23 spirometric values were found lower than expected. These

three studies were carried out 6 weeks after acute infection. Al-

though the 6‐week results are valuable for the follow‐up of patients,

we think 6 weeks is not enough to show the long‐term consequences

of COVID‐19. In the third‐month study of Zhao et al.,24 which in-

cluded 55 patients, respiratory function abnormalities in 24,45% of

the patients were detected. The medium‐term study of Anastasio

et al.19 revealed lower spirometry results in patients who suffered

the disease severity. This study had 379 patients. In our study,

spirometry was applied in the sixth‐month controls and 18 of the 59

patients (30.5%) had lower FEV1% values and 27 of the 59 patients

(45.8%) had lower FVC % values.

The uncertainty about the disease, the possibility of being re‐
infected at any time, the fear of spreading the virus around, and pro-

longed isolations made it necessary for us to use health‐related quality of

life scales in COVID‐19 patients. Chen et al.25 evaluated 361 patients

with the SF‐36 test in the first month of discharge. physical role diffi-

culties (RP), SF, and RE values in patients were lower than those of the

normal population and these values were lower in women than in men.

Sar et al. used the SF‐36 test in their studies and found physical function

(PF), energy vitality (VT), and RP parameters low.21 Truffaut et al.26

performed SF‐36 tests at the end of the third month of the patients'

recovery after treatment in the intensive care unit and recorded that

scores were lower than expected. They also stated that the longer the

patients' time in intensive care is, the lower the SF‐36 scores are. A

recently published study showed that there is no deterioration in mental

health parameters in patients recovering from COVID‐19 but in para-

meters associated with physical health, there is regression.19 We used

the SF‐36 scale in our study. PF, VT, SF, pain, and general health per-

ception parameters were found lower. These results show us that despite

long‐term isolation, there is no significant deterioration in the mental

health of patients although decreased physical health is at the forefront

of our study. The SF‐36 parameters of our patients, exercise capacity,

and spirometric measurements were studied to see if there was a cor-

relation between the scores. Physical health parameters were also found

lower in those with low 6MWD and low spirometry measurements.

As a result of our past and present experiences with coronavirus

infections, pulmonary fibrosis findings of different shapes and propor-

tions can be expected in chest CT after COVID‐19.We performed Chest‐
CT in the sixth‐month control. Han et al.,27 showed the development of

pulmonary fibrosis‐like changes in the chest CT of approximately one‐
third of severe COVID‐19 patients after 6 months of their discharge.

Guler et al. identified lesions of different proportions from weak mosaic

patterns to honeycombs in their study in which they included 113 people.

They rarely observed pulmonary fibrosis and stated that lesions were

more pronounced in those who suffered the disease more severely.18

Zhao et al.24 and Truffaut et al.26 studied patients 3 months after dis-

charge. Both studies showed some distortions in CT findings and the

researchers recommended long‐term follow‐up. In our study, while chest

CT was normal in 21 patients (35%), 39 of the patients (65%) had chest

CT findings with a spectrum from minimal changes to advanced changes

including honeycombs. CT changes were minimal in 26 of the 39 patients

with abnormal CT findings (Group 1). In Group 2 patients (nine out of 39

patients), interstitial changes were predominant in the middle and lower

lobes and involvement was in the range of 10%–50% of the total lung

area. Three patients with more than 50% surface involvement and one

patient with honeycomb were detected. Considerable fibrotic changes

were seen in Groups 3 and 4 patients (in four patients). When the CT

findings of the patients were correlated with spirometry and 6MWD

findings, and FVC% and FEV1% values of Groups 3 and 4 were found

lower than expected.

5 | LIMITATIONS

This study has some limitations. Firstly, spirometric measurements,

predisease data of the 6MWD, and SF‐36 scales of patients included

in the study were not available. Since the basal data results are

TABLE 4 Correlating SF‐36 scores with spirometry and 6MWD
in sixth month

6th

month

6MWD m

6th month

FVC %

6th

month

FEV1%

Physical function r 0.688 0.397 0.474

p <0.001 0.002 <0.001

Physical role

difficulties

r 0.291 0.197 0.291

p 0.030 0.134 0.026

Emotional role

difficulties

r 0.229 0.150 0.208

p 0.090 0.256 0.115

Energy–vitality r 0.526 0.242 0.290

p <0.001 0.064 0.026

Mental health r 0.153 0.083 0.127

p 0.261 0.532 0.339

Social functionality r 0.186 0.227 0.285

p 0.169 0.084 0.029

Pain r 0.338 0.172 0.155

p 0.011 0.194 0.241

General health

perception

r 0.651 0.308 0.397

p <0.001 0.017 0.002

Abbreviations: 6MWD, 6min walk distance; FEV1, forced expiratory

volume in 1 s; FVC, forced vital capacity; SF‐36, short form of health‐
related quality of life scale.
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unknown, the lower results detected may not be directly attributed

to COVID‐19. Previously undiagnosed pulmonary and other system

diseases may affect our results. The other limitation is that this study

could not cover all the severe COVID‐19 pneumonia cases we fol-

lowed. Due to the continuing pandemic, some of the patients refused

to come to health facilities due to the risk of transmission and iso-

lation rules. A group of patients also had temporarily migrated to

rural areas from Istanbul, the country's most crowded city.

6 | CONCLUSION

The results of our sixth‐month controls obtained from spirometric

measurements, 6MWD, SF‐36, and radiological evaluations of patients

recovering from severe COVID‐19 are in accordance with the studies

that have assessed medium‐term effects of COVID‐19. A decrease in

spirometric measurements of participants in the sixth month was de-

tected and these measurements were correlated with physical health

parameters of SF‐36. Although radiological changes were detected in 39

of the patients, the lesions found in 13 of them are more prominent.

Considerable fibrotic changes were detected in 4 of the patients while 26

of the patients had minimal changes. It is yet unknown whether or not

the changes detected in the spirometry and observed in chest CT can be

fully recovered. Because of that, we need to continue to work with the

first‐year controls and continue to search for answers to these questions.
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