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Abstract

Purpose The objective of this study was to quantitatively evaluate psychological and quality of life-related complications at
three months following discharge in hospitalized coronavirus disease 2019 (COVID-19) patients during the pandemic in Iran.
Methods In this time-point analysis of prospective cohort study data, adult patients hospitalized with symptoms suggestive of
COVID-19 were enrolled. Patients were stratified in analyses based on severity. The primary outcomes consisted of psycho-
logical problems and pulmonary function tests (PFTs) in the three months following discharge, with Health-related quality of
life (HRQoL) as the secondary outcome. Exploratory predictors were determined for both primary and secondary outcomes.
Results 283 out of 900 (30%) eligible patients were accessible for the follow-up assessment and included in the study. The
mean age was 53.65 + 13.43 years, with 68% experiencing a severe disease course. At the time of the final follow-up, partici-
pants still reported persistent symptoms, among which fatigue, shortness of breath, and cough were the most common. Based
on the regression-adjusted analysis, lower levels of forced expiratory volume in one second (FEV1) to forced vital capacity
(FVC) ratio was associated with higher levels of depression (standardized f=— 0.161 (SE=0.042), P=0.017) and stress
levels (standardized f=— 0.110 (SE=0.047), P =0.015). Furthermore, higher levels of anti-SARS-CoV-2 immunoglobulin-
M (IgM) were associated with significantly lower levels of depression (standardized f=— 0.139 (SE=0.135), P=0.031).
Conclusions There is an association between lung damage during COVID-19 and the reduction of pulmonary function for up
to three months from acute infection in hospitalized patients. Varying degrees of anxiety, depression, stress, and low HRQoL
frequently occur in patients with COVID-19. More severe lung damage and lower COVID-19 antibodies were associated
with lower levels of psychological health.
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Introduction

Coronavirus disease 2019 (COVID-19) patients can present
with varying disease severity and symptoms, ranging from
asymptomatic to severe and fatal, resulting in more than
15% of those infected needing hospital admission [1]. Many
COVID-19 patients admitted to the hospital have respira-
tory failure, and some require intensive care. The analysis
of severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) data recommend that
some infected patients experienced long-term respiratory
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problems. Guidelines suggested structured respiratory fol-
low-up of patients with clinic-radiological confirmation of
COVID-19 pneumonia.

In addition to the high mortality rate, the disease has also
caused severe psychological problems among patients [2].
MERS and SARS survivors have been reported to experi-
ence significant psychological impairments, namely post-
traumatic stress disorder (PTSD), anxiety, depression, and
decreased health-related quality of life (HRQoL) for more
than six months [3]. Similar to previous coronavirus out-
breaks, patients’ HRQoL could be affected during and after
covid-19 infection. Some studies have demonstrated that
the survivors of COVID-19 are at a higher risk for physical
and mental performance decline and that their pulmonary
function remains impaired for months [4]. Nevertheless,
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the investigations conducted on COVID-19 patients could
have been more thorough, leading to a better comprehension
of the disease. Such information can assist in guaranteeing
timely and efficacious management of many health compli-
cations to restore premorbid HRQoL [5]. Iran is among the
countries with a higher COVID-19 prevalence, and half of
the Iranians have been revealed to have restricted health lit-
eracy, which is more common in exposed groups, including
homemakers, the unemployed, and those of older age [6].
As the largest, most populated city in central Iran, Isfahan
was among the three top Iranian cities with the highest num-
ber of COVID-19 cases. Despite the numerous COVID-19
patients being cured and discharged in Iran, the pulmonary
and extra-pulmonary sequela of COVID-19 following recov-
ery from the acute disease still affect the patients. Consider-
ing the magnitude of the problem and the ongoing adverse
effects influencing the vast number of patients, evaluating
such problems and their relationship with acute disease
features in different regions is necessary. The current study
aimed to track the course of clinical outcomes in COVID-19
patients after discharge and identify potential risk factors to
improve post-discharge management. To achieve said goals,
we investigated the participants’ post-discharge health from
various aspects, including lasting symptoms, HRQoL (physi-
cal and mental health), physical functionality/limitations,
presence of pain, general health, vitality, social performance,
and psychological and mental disorders in addition to assess-
ing pulmonary function impairment and performing labora-
tory testing.

Methodology
Study design and participants

It is a time-point analysis using data from an open cohort
study of COVID-19. Patients discharged beginning on
March 1, 2020, were included and underwent a three months
long follow-up. All participants were chosen from patients
hospitalized in Khorshid hospital in Isfahan City, Isfahan
Province, Iran. Patients were contacted and interviewed on
the Ist and 4th weeks after discharge by phone and during
the 12th weeks of follow-up after discharge [7] and attended
an outpatient hospital clinic to undergo a clinical evaluation,
laboratory testing, and complete questionnaires. We defined
COVID-19 diagnosis based on the Chinese COVID-19 treat-
ment guidelines, identification, and the WHO provisional
advice [8]. The patients were included based on chest com-
puted high-resolution CT (HRCT) scans compatible with
COVID-19 or positive polymerase chain reaction (PCR).
The final analysis included data on remaining symptoms and
complications, as mentioned earlier, from 283 discharged
patients (Fig. 1).

Collection of baseline information

Baseline characteristics included data concerning patients’
demographic features, medical history, educational status,
chest computed tomographic (CT) scans, underlying chronic
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diseases, and clinical signs and symptoms extracted anony-
mously from electronic medical records.

Symptoms definitions
Imaging protocol

A 64-slice Philips scanner was used with a low dose proto-
col, without contrast, in participants with an oxygen satura-
tion of > 60% and at full inspiration to obtain whole chest CT
images. Two radiologists with significant experience in tho-
rax imaging interpretation evaluated the images. Any disa-
greement was resolved by a senior researcher with more than
a decade of experience in chest CT image interpretation.
The features were documented for each CT scan, includ-
ing the pattern, distribution (transverse and craniocaudal),
and disease severity based on a semi-quantitative scoring
system [9].

Severity definition

Eligible patients were divided into two groups concerning
the severity of the disease. Based on clinical consensus and
previous evidence [10], severe participants were defined
as those meeting the following criteria: respiration rate
(RR) > 30 times/min, oxygen saturation level <88% in the
resting position, and pulse rate > 130/min.

Follow-up explanatory variables
Exclusion criteria

The exclusion criteria included: incomplete information on
comorbidities and unwillingness to participate in the study.
We also did not include patients with a history of significant
co-morbid conditions such as pneumonia, interstitial lung
disease, previous bronchial asthma, pulmonary neoplasm,
sepsis, tuberculosis, and cystic fibrosis diagnosis.

Pulmonary function

Pulmonary function tests (PFTs) were performed 12 weeks
after discharge to assess obstructive and restrictive pul-
monary diseases and diffusion disorders. We measured
forced expiratory volume (FEV1) and forced vital capacity
(FVC) in one second. The Tiffeneau index (Ti) was calcu-
lated by dividing the FEV1 by the FVC to measure airway
obstruction.

Serology test

Provided samples were also tested for anti-SARS-CoV-2
immunoglobulin-M (IgM) using the Pishtaz Teb ELISA kit.
A sandwich ELISA kit detected the subjects’ serum SARS-
CoV-2 antibodies (IgM and IgG). A 100 pL of diluted serum
(1:100) was applied to a 96-well microplate (coated with
N protein) and incubated at 37 °C for 1 h to detect IgM.
After washing, the wells were filled with 100 pL of second-
ary antibodies (against human IgM) labeled with conjugate
and incubated at 37 °C for 30 min. One hundred pL of the
substrate was added to the wells and incubated at 37 °C
for 15 min for the secondary wash cycle. Finally, the reac-
tion was arrested by applying a stop solution to the wells.
Within 30 min, each well’s optical density (OD) was meas-
ured using a microplate reader set to 450 nm. The antibody
concentration was calculated as the ratio of OD to the cut-
off value. The dilution factor was adjusted (1:20), and the
cut-off value was changed (OD of the blank well +0.15) to
detect IgG. Figure 1 presents the study protocol in further
detail.

Follow-up outcomes
HRQol evaluation

We used SF-36 Standard Persian Version [11], which was
translated from the International Quality of Life Assessment
(IQOLA), comprising an individual item of health transition
(HT) and 35 items. They were classified into eight subscales
of physical function (PF), restrictions caused by physical
health problems (RP, role physical), general health (GH),
bodily pain (BP), vitality (VT), limitations caused by emo-
tional health problems (RE, role-emotional), social function-
ing (SF), and mental health. Each domain was given a score
of 0-100, with greater scores revealing a more satisfactory
functional status [12]. A standard scoring algorithm was
made for aggregating scores from the eight SF-36 subscales
in two distinct, higher-order summary scores: Physical Com-
ponent Summary (PCS) and Mental Component Summary
(MCS) [13].

Psychiatric disorders

All patients were invited to fill out self-report screening
questionnaires assessing psychological symptoms. Further-
more, patients were followed up by a clinical psychologist
who evaluated psychological adjustment in a semi-structured
clinical interview during which anxiety, depression, and
post-traumatic stress symptoms were assessed.

In the 12th week after discharge, each patient attended
the hospital to complete the Patient Health Questionnaire-9

@ Springer



2684

Quality of Life Research (2023) 32:2681-2693

(PHQ-9) and the Depression Anxiety Stress Scales (DASS-
21) [14]. We used the self-report PHQ-9 questionnaire to
measure the depression severity, with the total scores cat-
egorized as following: severe depression (15-21), mod-
erate depression (10-14), mild depression (5-9), and no
depression (0—4) [15]. The stress subscale was assessed
using questions one, six, eight, eleven, twelve, fourteen,
and eighteen. The total stress subscale scores were clas-
sified into five groups: extremely severe stress (35— 42),
severe stress (27-34), moderate stress (19-26), mild
stress (11-18), and normal (0-10). The anxiety subscale
was estimated using question numbers two, four, seven,
nine, fifteen, nineteen, and twenty. The anxiety subscale
score was also divided into five groups: extremely severe
anxiety (20—42), severe anxiety (15-19), moderate anxiety
(10-14), mild anxiety (7-9), and normal (0-6).

Reporting and ethics

The hospital’s ethical review board approved the study
protocol (Ethical Committee for COVID-19 related
research at the Isfahan University of medical sciences;
IR.MUIL.RESEARCH.REC.1399.479); research data were
securely stored, according to the General Data Protection
Regulation. The experimental protocol was in concordance
with the Declaration of Helsinki. Besides the oral explana-
tion, all patients admitted to the hospital or a first-degree
family member in those with severe circumstances were
given an official letter asking permission for their data to
be used for research purposes and informing them on opt-
ing out should they see fit. Informed consent with an opt-
out option was obtained from all patients, and none of the
admitted patients declined to participate. The study was
approved (IR.MUIL.MED.REC.1399.517) by the Isfahan
University of Medical Sciences (IUMS) ethics committee.

Variables discrimination

A PHQ-9 total score of >5 was considered as “having
depression,” while a total score of > 10 and > 15 were
defined as “moderate depression” and “severe depression,”
respectively [15]. The cut-offs for mental health consisted
of <44, > 44, indicating weak and medium/good mental
health, and for physical health score <43, >43, indicating
weak and medium/good physical health, respectively [16].
Based on clinical guidelines, the FEV1(%) and FVC (%)
cut-offs were considered 80% to analyze the lung function
parameters. However, in clinical practice, an FEV, / FVC
ratio of less than 0.7 has also been used [17].
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Statistical analysis

The mean =+ standard deviation was used for quantitative
variables, and the frequency (percentage) was used for
qualitative variables. Chi-square and independent t-tests
were used for descriptive statistical analysis of categorical
and quantitative data, respectively. The Mann—Whitney
test was used for quantitative data that did not follow a
normal distribution. Cochran’s Q-test was performed to
compare the incidence of symptoms in patients in four
follow-up stages. Crude and adjusted linear regression
models reporting regression coefficients with a 95% con-
fidence interval (adjusted for potential confounders includ-
ing sex, age, smoking status, education, comorbidities,
NIV and oxygen mask use, and length of stay) were used
to determine the association between different patient’s
characteristics and continuous outcomes (depression,
anxiety, and post-traumatic stress symptoms). Univari-
ates and multivariate binary logistic regression report-
ing odds ratio (%95 CI) were used to determine the fac-
tors associated with quality of life components (PCS and
MCS). The same strategy was used with confounders in
the linear regression models. Cramer’s V and Hedges’ g
were used to estimate the effect size for the independent-
sample t-test and Chi-square tests for comparison between
patients included in the analysis and drop-out patients.
P values < 0.05 were considered significant. All analyses
were done with STATA software version 14.2 (Stata Corp,
College Station, Tex).

Results

Of the 900 patients admitted to the hospital from January 1
to April 30, 2020, 350 who were discharged and accepted
to participate in the follow-up step were recruited in this
study. Of those, 27 were excluded because of chronic res-
piratory disease, and 40 patients (11% of eligible patients)
did not participate in 12th-week follow-up for pulmonary
function tests, quality of life assessments, and measuring
psychiatric outcomes. Data from 283 hospitalized patients
accessible for the 12th follow-up assessment were ana-
lyzed (Fig. 1). No significant difference existed between
participants who remained in the study and those who
dropped out (Online Resource (1). Of the 283 patients,
33 (11%) were admitted to ICU. Table 1 shows a descrip-
tive analysis of discharged patients, while Tables 2 and 3
provide the descriptive analysis at the 12th week of fol-
low-up in the severe and non-severe groups. The major-
ity were male (62.19%), nonsmokers (88.69%), had up to
high-school education (36.04%), and the mean BMI was
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Table 1 Syrpptoms of . Symptoms N (%) P

enrolled patients at the time of

hospitalization, separated into Total (N=283%) Sever (N=195%) Non-sever (N =88%)

severe and non-severe groups
Fever (having a tempera- 215 (75.97) 153 (78.46) 62 (70.45) 0.042

ture over 37.8 °C)

Chills 169 (59.72) 114 (58.46) 55 (62.5) 0.742
Cough 208 (73.5) 146 (74.87) 62 (70.45) 0.443
Shortness of Breath 183 (64.66) 133 (68.21) 50 (56.82) 0.038
Sneeze 25 (8.83) 10 (5.13) 15 (17.05) 0.004
Runny nose 33 (11.66) 19 (9.74) 14 (15.91) 0.339
Nausea 112 (39.58) 80 (41.03) 32 (36.36) 0.295
Vomiting 67 (23.67) 46 (23.59) 21 (23.86) 0.916
Diarrhea 76 (26.86) 48 (24.62) 28 (31.82) 0.213
Body pain 173 (61.13) 116 (59.49) 57 (64.77) 0.463
Stomachache 54 (19.08) 36 (18.46) 18 (20.45) 0.955
Headache 93 (32.86) 62 (31.79) 31(35.23) 0.973
Sore throat 61 (21.55) 37 (18.97) 24 (27.27) 0.500
Chest pain 72 (25.44) 49 (25.13) 23 (26.14) 0.785
Weakness fatigue 173 (61.13) 115 (58.97) 58 (65.91) 0.430
Decreased appetite 150 (53) 103 (52.82) 47 (53.41) 0.626
Loss of smell 39 (13.78) 21 (10.77) 18 (20.45) 0.059
Dizziness 28 (9.89) 24 (12.31) 4 (4.55) 0.981

P at a level of 0.05 is shown in bold

28.33 +4.80. The most common symptoms among patients
at the time of hospitalization were fever (75.97%), cough
(73.5%), and shortness of breath (64.66%). Comparing the
symptom distribution between the two groups of severity
showed significant differences in the case of fever, short-
ness of breath, and sneezing (P < 0.05) (Table 1). Figure 2
shows the distribution of 8 common symptoms at different
follow-up points between patients with severe and non-
severe conditions. The results of Cochran’s Q test show
the decreasing trend of seven symptoms from hospitaliza-
tion to the 12th week, except for the chest pain (P =0.250),
which does not show a significant difference in the four
follow-up points.

Lung function

Mild pulmonary function abnormalities were present in
less than 10% of patients during follow-up, which might be
explained by the persistent cough and shortness of breath
symptoms observed in some patients after discharge (Fig. 2).

The mean age was (53.65 + 13.43) years old, and 195
participants had a severe disease course. Pulmonary func-
tion impairment was seen at rates of 4.24% and 18.73% as
measured by low FEV1/FVC and low FVC, respectively.
There was no significant difference based on the FEV1/
FVC criteria between the discharged survivors with differ-
ent disease severity (P> 0.05), but a significant difference

(P <0.05) concerning other pulmonary function measures
(e.g., FEV1, FVC) was observed.

Furthermore, the results showed a significant difference
in diffusing-capacity measurements between the severe
and non-severe groups. The two severity groups differed in
length of hospitalization (9.07 + 6.24 for the severe patients,
vs. 5.24 +3.47 for the patients with the non-severe condi-
tion, P <0.001), and use of oxygen masks (18.46% in severe
patients vs. 3.41% in non-severe condition) (Table 2).

Mental health

Table 3 presents depressive, anxiety, and post-traumatic
stress symptoms in the sample. Clinically significant levels
of depressive, anxiety, and post-traumatic stress symptoms
were reported by 5.16%, 4.95%, and 7.62% of the sample.

Table 4 presents the results of the linear regression mod-
els of the respiratory functions, serology results, and out-
comes (depression, anxiety, stress, and HRQoL components)
adjusted by probable confounders, including demographic
variables, comorbidities, severity, using NIV or oxygen
mask, and length of hospital stay.

On a linear, fully-adjusted regression model, lower levels
of FEV1/FVC were associated with higher levels of depres-
sion (standardized f=— 0.161 (SE=0.042), P=0.017)
and stress level (standardized f=— 0.110 (SE=0.047),
P =0.015), respectively. Furthermore, a higher level of IgM
was associated with significantly lower levels of depression
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Table 2 Characteristics of enrolled patients among categorical variables at the 12th week of follow-up

N (%) P
Total (N=283) Severe (N=195) Non severe (N = 88)
Sex
Male 176 (62.19%) 123 (63.08%) 53 (60.23%) 0.647
Education 0.024
None 35 (12.37%) 25 (12.82%) 10 (11.36%)
School 102 (36.04%) 53 (27.18%) 49 (55.68%)
High school diploma 64 (22.61%) 41 (21.03%) 23 (26.14%)
Post-secondary 82 (28.98%) 39 (20%) 43 (48.86%)
Smoking Status 0.899
None 251 (88.69%) 178 (91.29%) 73 (82.95%)
Active 24 (8.48%) 12 (6.15%) 12 (13.64%)
Passive smoker 8 (2.83%) 5(2.56%) 3(3.41%)
Comorbidities
Hypertension 106 (37.46%) 82 (42.05%) 24 (27.27%) 0.017
Heart failure 5(1.77%) 3 (1.54%) 2(2.27%) 0.664
Cardiovascular diseases 49 (17.31%) 33 (16.92%) 16 (18.18%) 0.998
Diabetes 87 (30.74%) 69 (35.38%) 18 (20.45%) 0.012
Immunocompromised 10 (3.53%) 7 (3.59%) 3(3.41%) 0.939
Cancer 6 (2.12%) 3 (1.54%) 3 (3.41%) 0.312
Chronic kidney disease 15 (5.3%) 8 (4.1%) 7 (7.95%) 0.181
Renal replacement therapies 4 (1.41%) 1(0.51%) 3(3.41%) 0.056
Organ transplant 3 (1.06%) 0 (0%) 3(3.41%) 0.010
Chemotherapy 2 (0.71%) 1 (0.51%) 1 (1.14%) 0.562
Hyperlipidemia 75 (26.5%) 59 (30.26%) 16 (18.18%) 0.126
End stage renal disease 3 (1.06%) 1(0.51%) 2 (2.27%) 0.181
Length of hospitalization 7.88+5.8 9.07+6.24 5.24,+£3.47 <0.001
Spirometers test (12th week of follow-up)
P-FEV1<80% 46 (16.25%) 37 (18.97%) 9 (10.23%) 0.037
P-FVC < 80% 53 (18.73%) 43 (22.05%) 10 (11.36%) 0.023
FEV1/FVC Ratio <70% 2 (4.24%) 10 (5.13%) 2 (2.27%) 0.270
Non-invasive ventilation 6 (2.12%) 6 (3.08%) 0 0.156
Oxygen mask 39 (13.78%) 36 (18.46%) 3 (3.41%) <0.001

P at a level of 0.05 is shown in bold

(standardized f=— 0.139 (SE=0.135), P=0.031) similar to
the level of depression and IgM in the crude model (stand-
ardized f=— 0.153 (SE=0.141), P=0.021). The crude
regression model (Table 4) also shows that it significantly
reduces the amount of FEV1 and leads to higher levels of
depression, anxiety, and stress at the level of 0.01 in patients,
but in the adjusted model, there is no significant difference
(P>0.05). However, oxygen consumption at home had not
affected the patient’s level of anxiety, depression, and stress.
The presence of comorbidity was strongly associated with
the incidence of depression (P <0.05).

@ Springer

Health-related quality of life (HRQoL)

The mean scores of the PCS and MCS domains were
35.70+8.29 and 46.23 + 16.64 for severe, respectively, and
39.64 +17.42 and 48.83 +22.71 for non-sever conditions,
respectively.

The results for two components of HRQoL showed that the
mental component summary was significantly negatively asso-
ciated with a higher level of IGG (OR=0.27 P=0.001) and
FEV (%) (OR=0.40 P <0.001) according to the fully-adjusted
model. Moreover, the normal FEV1/FVC ratio was associated
with a good physical component level (OR=2.42 P<0.001).
Moreover, the PCS score after controlling the covariates was
positively associated with higher levels of both FEV (%)
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Table 3 Characteristics of enrolled patients among continuous variables at the 12th week of follow up
Mean (+SD) P
Total (N=283) Sever (N=195) Non sever (N =88)
Age 53.65 (+13.43) 57.42 (+=13.80) 49.88 (£ 13.06) <0.001
Body Mass Index (BMI) 28.33 (+4.80) 28.65 (+5.00) 27.62 (+4.26) 0.131
1gG 9.63 (+6.38) 10.24 (+6.09) 7.879 (+£6.862) 0.012
IgM 0.95 (+2.43) 1.01 (£2.26) 0.750 (+2.248) 0.451
FVC (Liters) 3.41 (+1.04) 3.28 (x1.09) 3.698 (+0.916) 0.007
FVC (% predicted) 93.15 (+19.33) 90.78 (+18.92) 99.252 (+19.048) 0.005
FEV1 (Liters) 2.80 (x+0.83) 2.68 (+£0.82) 3.057 (+0.781) 0.002
FEV1 (% predicted) 94.64 (+19.66) 92.46 (+£19.77) 99.052 (+19.631) 0.016
FEV1/FVC Ratio 83.27 (+8.01) 83.10 (£ 8.38) 83.097 (+6.874) 0.782
Quality of life components
Physical component summary (PCS) 40.96 (12.46) 35.70 (£8.29) 46.23 (+16.64) 0.128
Physical functioning 47.51 (=18.31) 46.39 (£ 18.56) 49.520 (+17.355) 0.300
Role physical 50.75 (+40.89) 47.45 (£41.68) 57.881 (+37.864) 0.063
Bodily pain 68.95 (+29.03) 67.04 (+£29.59) 74.074 (+£27.550) 0.121
General health 61.68 (+23.16) 61.46 (+£23.29) 62911 (+22.991) 0.518
Mental component summary (MCS) 43.73 (+20.61) 39.64 (+17.42) 254.2048.23 (£ 16.64) 0.091
Vitality 60.71 (+24.6) 60.37 (+£24.43) 61.217 (+23.879) 0.997
Social functioning 69.53 (+30.7) 69.22 (+31.77) 69.687(+29.057) 0.822
Role emotional 53.68 (+40.16) 51.59 (+£41.20) 58.883 (+37.169) 0.185
Mental health 67.69 (+22.68) 68.88 (+£22.90) 65.294 (+22.644) 0.159
Psychiatric disorders
Stress 7.62 (£5.69) 7.93 (£5.58) 747 (£5.75) 0.544
Depression 5.16 (£5.15) 522 (+£5.2) 5.07 (£5.06) 0.831
Anxiety 4.95 (+4.60) 5.12 (£4.68) 4.88 (+4.58) 0.698

P at a level of 0.05 is shown in bold

(OR=2.95 P=0.003) and FVC (%) (OR=3.50 P<0.01),
respectively (Table 5).

Discussion

The COVID-19 pandemic has led to a growing population
recovering from severe acute respiratory syndrome infec-
tion. The sequela of COVID-19 in those recovering from
acute infection is uncertain. However, limited observational
studies suggest that these patients may experience a broad
range of symptoms after recovery from the acute phase of
the novel coronavirus [18-22]. The current study describes
the prevalence of symptoms, pulmonary function, quality of
life, and psychological disorders in severe and non-severe
patients with COVID-19 three months following hospital
discharge.

Persistent symptoms

We found that at 12 weeks after hospital discharge, fatigue,
cough, shortness of breath, and chest pain were the main

symptoms of patients who had recovered from COVID-19.
In addition, our study showed that most patients with severe
COVID-19 had more residual symptoms than non-severe
individuals. Our results are comparable to recent stud-
ies: a study by Arnold et al., which evaluated 110 patients
with COVID-19, found that the most common symptoms
remaining in patients at 12 weeks were fatigue, shortness
of breath, and cough [23]. Nevertheless, the causality and
pathogenesis of fatigue after COVID-19 are unclear [24].
According to previous evaluations of SARS, pulmonary
dysfunction, myositis, immune-mediated inflammation,
and treatment complications could impact the condition’s
progress [25-29].

Furthermore, the remaining symptoms appear to last
longer. Huang et al. showed that in approximately 50%
of individuals, at least one of the symptoms lasts up to
12 months in the long-term follow-up of COVID-19 patients
[24]. These results provide practical information for physi-
cians caring for those recovering from COVID-19 disease.
Moreover, rehabilitation and proper recommendations for
managing such patients should be considered.
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Fig.2 distribution of eight common symptoms in a different point of follow-up between discharged patients along with the P values of the
Cochran’s Q test at the level of 0.05. S: patients with a severe condition, NS: patients with a non-severe condition

Table 4 Estimated f (+ SE) by linear regression to show the association between exposures and outcomes such as depression, anxiety, and stress
between discharged patients

predictors Depression Anxiety Stress
Crude Model Adjusted Model Crude Model Adjusted Model Crude Model Adjusted Model

IGG —0.07 (0.05) —0.04 (0.05) —0.08 (0.04) —0.05 (0.04) —0.08 (0.05) —0.06 (0.05)"
IGM —0.15(0.14)" —0.14 (0.13)" —0.14 (0.12)" —0.12(0.11) —0.14 (0.15)" —0.13(0.14)
FVC (Liters) —0.15 (0.30)" —0.01 (0.41) —0.22 (027" —0.11 (0.36) —0.79 (0.34)" —0.04 (0.46)
FVC (% predicted) —0.08 (0.02) —0.08 (0.02) —0.09 (0.01) —0.02 (0.01) —0.10 (0.02) —0.03 (0.02)
FEV (Liters) —0.18 (0.39)™ —0.05 (0.57) —0.24 (0.34)™ —0.16 (0.50) —0.16 (0.44)" —0.02 (0.64)
FEV (% predicted) —0.01 (0.17) —0.03 (0.02) —0.06 (0.01) —0.02 (0.01) —0.05 (0.02) —0.07 (0.02)
FEV1/FVC Ratio —0.13 (0.04) —0.16 (0.04)" —0.08 (0.04) —0.04 (0.03) —0.07 (0.05) —0.11 (0.05)*

Adjusted model: the pure model was adjusted by sex, age, smoking status, education, comorbidities, NIV and oxygen mask use, and length of

stay

“P at a level of 0.05
“P at a level of 0.01
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Table 5 Estimated OR (%95 CI) by logistic regression to show the association between exposures and outcomes such as health-related quality of
life (HRQoL) total score, PCS, and MCS scores between discharged patients

Predictors PCS

MCS

Crude Model

Adjusted Model

Crude Model Adjusted Model

1gG (Low IgG as the reference level) 2.17 (1.83,2.67)*
0.87 (0.37, 2.06)

2.50 (1.93, 3.02)**

IgM (Low IgM as the reference level)

FVC (% predicted) (Low FVC as the
reference level)

FEV (% predicted) (Low FEV as the
reference level)

FEV1/FVC Ratio) (Abnormal measure

(<70% or>80% as the reference
level)

1.86 (0.86, 4.02)

0.61 (0.17,2.18)

2.90 (1.46, 5.79)*
0.66 (0.26, 1.68)
3.50 (1.85, 5.93)**

2.95(1.63, 5, 66)*

2.42 (1.26, 4.64)*

0.76 (0.26, 2.11)
0.90 (0.40, 2.55)
2.15 (1.72, 2.87)*

0.27 (0.16, 0.48)**
0.76 (0.32, 1.83)
1.73 (0.99, 3.02)
1.92 (1.69,2.28)*  0.40 (0.23, 0.69)*

1.91 (1.62,2.25)* 1.61 (0.61, 4.23)

Adjusted model: the pure model was adjusted by sex, age, smoking status, education, comorbidities, NIV and oxygen mask use, and length of
stay. PCS Physical Component Summary, MCS Mental Component summary

P at a level of 0.05
P at a level of 0.01

Pulmonary function

The optimal timing to obtain PFTs in patients recover-
ing from severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection is uncertain. Data on pulmonary
function following the COVID-19 pandemic are expanding,
and the studies suggest that pulmonary function abnormali-
ties may persist, particularly among those with severe ill-
ness [24, 30]. In a prospective cohort study including 103
patients, approximately half of all participants had persistent
dyspnea, and one in four had reduced DLCO detected three
months after hospital admission due to COVID-19. In addi-
tion, they showed a significant reduction in the FEV1 /FVC
ratio in patients admitted to the ICU [31]. In this 3-month
follow-up, we recorded lower lung volumes in patients
recovering from COVID-19. At the follow-up, a restric-
tive pattern (FVC < 80%) was observed in 22% and 11% of
patients with severe and non-severe conditions, respectively,
which is comparable to the results of previous studies [31,
32].

Furthermore, long-term follow-up has shown improve-
ment in PFTs and pulmonary volumes at 6 and 12 months
[24, 30]. In addition, we observed a significant decrease
in lung volumes (FEV1 and FVC) in patients with severe
conditions compared to non-severe individuals, as shown
in previous studies [33, 34]. The similar FEV1/FVC ratio
in severe and non-severe patients suggests a tendency for
a restrictive pattern. It is of note that underlying conditions
can be risk factors in lung function reduction. In a study that
included 219 patients who survived COVID-19, A history
of underlying diseases such as CKD and diabetes was asso-
ciated with pulmonary function impairment [35]. We also
observed that the prevalence of hypertension and diabetes

is significantly higher in patients with severe COVID-19.
Therefore, we recommend that post-COVID-19 patients with
underlying diseases be followed up more carefully.

Health-related quality of life (HRQoL)

Like many other aspects, it seems that the patients’ HRQoL
is affected during and post-COVID-19 infection. Assess-
ing the quality of life of those affected by COVID-19 and
examining the factors that cause it are crucial in determining
the disease burden in each region. Whereas the long-term
impacts of COVID-19 are not well understood, the substan-
tial impact of COVID-19 on the physical and mental dimen-
sions of HRQoL has been shown [4, 36]. A limited number
of studies have demonstrated that patients recovering from
acute COVID-19 are at increased risk for psychiatric dis-
orders [22]. For example, in the study by Xie et al., 153
848 patients who recovered from acute COVID-19 showed
an increased risk of incident anxiety disorders, depressive
disorders, and stress [37].

Furthermore, based on previous evidence in SARS and
MERS, it has been demonstrated that the effect of COVID-
19 on depression can be similar [38]. Overall, we know
COVID-19 is associated with an increased risk of neuro-
logical and psychiatric outcomes. However, the mechanisms
of the increased risks are not entirely clear [39]. It is of note
that suggested mechanisms for this association include viral
invasion of CNS, dysregulated immune response on CNS,
and hypercoagulable states [40—42]. In addition, indirect
mechanisms, including loss of employment, financial prob-
lems, and loneliness, could also affect mental health [43].
Studies conducted before the COVID-19 pandemic showed
that obstructive and restrictive lung function is associated
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with significantly increased mental health problems [44] and
that patients with bronchiectasis may experience elevated
levels of anxiety and depression [45]. Therefore, in this
study, we investigated the effect of PFTs on psychological
disorders and found lower levels of FEV1/FVC ratio to be
associated with higher levels of depression and stress in
COVID-19 patients. These results are based on linear fully-
adjusted regression analysis. However, the mechanism of
the association between PFTs and psychological problems
is not known.

Additionally, it was found that pulmonary function can
independently affect physical and mental aspects of qual-
ity of life (PCS and MCS) and that patients with better
pulmonary function (based on FEV1%, FVC%, and FEV1/
FVC ratio) had a higher HRQoL score.

Furthermore, it has been demonstrated that antibody
response is much greater in severe COVID-19 patients
than in mild patients [46]. We also showed that the serum
SARS-CoV-2 antibodies (IgG) level in patients with severe
conditions is significantly higher at 3-month follow-up. It
is worth mentioning that antibodies may also be as dan-
gerous as they are helpful, as, despite the importance of
antibody response, they can also cause tissue damage in
patients [47]. However, whether this tissue damage can
cause pulmonary dysfunction has yet to be determined.
Nevertheless, we have found higher levels of IgM to be
associated with significantly lower levels of depression.
However, the mechanism of the association between
SARS-CoV-2 IgM and psychological problems is still not
known. In addition, it was found that immune response
and higher IgG serum levels can be associated with higher
HRQoL scores (both PCS and MCS). In COVID-19, sev-
eral connections between physical and mental conditions
could affect the quality of life and should be considered
when dealing with patients.

While we provide evidence of the significant impact
of COVID-19 on pulmonary function, quality of life, and
mental health, this study has limitations. Firstly, our study
is a single institution study. Furthermore, only critically
ill patients admitted to hospitals were included. Thus, the
results may not reflect the experience and results of critically
ill COVID-19 survivors of other hospitals in other regions.
Additionally, at the time of the study, the COVID-19 alpha
variant was dominant among patients, and the impact of
other variants of COVID-19, such as delta and omicron,
could be different. Another limitation is the lack of a pre-
COVID-19 assessment before hospitalization.

@ Springer

Conclusions

The severity of COVID-19 has a long-term effect on the
reduction of pulmonary function, and the severity of the
initial disease has many effects on the quality of life and
mental health, directly or indirectly. Therefore, it is recom-
mended that in the follow-up of the patients hospitalized due
to COVID-19, people with the more severe disease be evalu-
ated in terms of pulmonary function and that all patients be
assessed in terms of quality of life and mental health.
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