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Background/aim: Symptoms of COVID-19 may persist for months. One of the persistent symptoms of COVID-19 is fatigue, which
reduces functional status. The relationship between fatigue, functional status, and various other factors has received little attention,
which this study aims to address..

Materials and methods: Patients with COVID-19 infection were included in this multicenter cross-sectional study. Age, sex, body
mass index (BMI), marital status, smoking status, presence and duration of chronic disease, comorbidity index, regular exercise habits,
time since COVID-19 diagnosis, hospitalization status, length of hospital stay, intubation status, home oxygen therapy after discharge,
participation in a pulmonary rehabilitation program, presence of dyspnea, presence of cough, presence of sputum, and modified
Medical Research Council, Post-COVID Functional Status (PCFS), Fatigue Severity Scale (FSS), and EQ-5D-5L Questionnaire scores
were recorded.

Results: We enrolled 1095 patients, including 603 (55%) men and 492 (45%) women with a mean age of 50 + 14 years. The most
common chronic lung disease was COPD (11%) and 266 (29%) patients had nonpulmonary disease. The median time elapsed since
COVID-19 diagnosis was 5 months; the hospitalization rate was 47%. The median PCFS grade was 1 (0-4) and the median FSS score
was 4.4 (1-7). The PCFS and FSS were positively correlated (r = 0.49, p < 0.01; OR: 1.88, 95% CI: 1.68-2.10). Both functional status and
fatigue were associated with quality of life, which was lower in older patients, those with higher BMI, those with systemic disease, those
not exercising regularly, and those with more severe COVID-19 infection (defined by dyspnea, pneumonia as indicated by computed
tomography, hospitalization, length of stay, ICU admission, intubation, and the need for home oxygen after discharge).

* Correspondence: ipekcayli@yahoo.com

623

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0002-9877-3516
https://orcid.org/0000-0001-8169-4689
https://orcid.org/0000-0001-7951-2065
https://orcid.org/0000-0002-2707-8196
https://orcid.org/0000-0002-3448-3675
https://orcid.org/0000-0001-9614-5754
https://orcid.org/0000-0001-7099-9647
https://orcid.org/0000-0003-4656-9561
https://orcid.org/0009-0006-3077-8106
https://orcid.org/0000-0001-9445-1598
https://orcid.org/0000-0001-9692-0917
https://orcid.org/0000-0001-8602-0368
https://orcid.org/0000-0003-4596-5095
https://orcid.org/0000-0002-7614-1198
https://orcid.org/0000-0001-8675-1937
https://orcid.org/0000-0002-0192-6740
https://orcid.org/0000-0002-0220-0642
https://orcid.org/0000-0003-3691-9150
https://orcid.org/0000-0001-5323-1943
https://orcid.org/0000-0002-8151-0664
https://orcid.org/0000-0003-0218-140X
https://orcid.org/0000-0001-5215-5125
https://orcid.org/0000-0001-5193-4469
https://orcid.org/0000-0003-4374-3130
https://orcid.org/0000-0003-2478-9985
https://orcid.org/0000-0002-5609-0522
https://orcid.org/0000-0002-6131-157X
https://orcid.org/0000-0001-7194-6352
https://orcid.org/0000-0002-3737-5813
https://orcid.org/0000-0003-4932-2046

CANDEMIR et al. / Turk ] Med Sci

Conclusion: Fatigue may cause poorer functional status regardless of the time since COVID-19 diagnosis. In this study, patients with
FSS scores of >4.78 showed moderate to severe functional limitations. It is important to address modifiable patient risk factors and

reduce the severity of COVID-19 infection.

Key words: Dyspnea, functional capacity, quality of life

1. Introduction

Coronavirus disease 2019 (COVID-19) emerged in China
in December 2019 and was later declared a pandemic. As
of 2022, more than 500 million people had been infected
with COVID-19 and over 6 million had died.! Symptoms
of COVID-19 may persist for weeks or months. Although
many patients regain their preinfection health status,
10% have ongoing symptoms including dyspnea, exercise
intolerance, fatigue, depression, anxiety, and cardiac,
pulmonary, and renal anomalies [1]. Over 30% of all
patients (including those who are asymptomatic) and
about 80% of those who are hospitalized experience post-
COVID symptoms [2,3]. The natural course of COVID-19
infection, prognosis, and long-term consequences
including poor health and reduced health-related quality
of life have not been elucidated in detail [1,4]. Typically,
multisystemic symptoms reduce functional performance
and compromise the performance of activities of daily
living [5]. Symptom severity varies widely. The Post-
COVID-19 Functional Status (PCFS) scale was established
by Klok et al. [6] for use at the time of hospital discharge
or thereafter [4]. One of the most important and persistent
symptoms of COVID-19 is fatigue, which reduces
functional status through its effects on body composition
and physical fitness. The impact of fatigue also differs by
sex and comorbidities [7,8]. The relationships of fatigue
with functional status and various other factors has
received little attention, which we aim to address in this
study.

2. Materials and methods

2.1. Study population

Patients with a history of COVID-19 infection referred to
us by 13 outpatient clinics and pulmonary rehabilitation
(PR) centers or units were enrolled in this study between
1 April 2021 and 31 December 2021 as shown in Figure 1.

Inclusion criteria included a history of COVID-19
infection confirmed by polymerase chain reaction (PCR),
medical examination, or thoracic computed tomography
(CT) and no acute infection at the time of evaluation
according to medical history, serum C-reactive protein
level, X-ray, or CT.

Exclusion criteria included refusal to participate/sign
the informed consent form, acute myocardial infarction,
unstable angina, uncontrolled arrhythmia, hemodynamic
instability, syncope, active endocarditis, acute myocarditis
or pericarditis, symptomatic and severe aortic stenosis,
uncontrolled heart failure, acute pulmonary embolism
or pulmonary infarction, lower-extremity thrombosis,
dissected aneurysm, any mental disorder, neurological
or rheumatological disorders, acute exacerbation of a
respiratory disease such as chronic obstructive pulmonary
disease (COPD), bronchiectasis, asthma, or an inability to
complete the questionnaires.

2.2. Study design

This multicenter cross-sectional study involved 13 units
in nine university, public, and research hospitals. Written
informed consent was obtained from patients and ethical

''World Health Organization (2022). Coronavirus (COVID-19) [online]. Website https://covid19.who.int [accessed 08 August 2022].

>53 weeks | | <4 weeks
4% 2%

27-52 weeks
34%

5-12 weeks
29%

13-26 weeks
31%

Figure 1. Percentage of patients according to time since COVID-19 diagnosis.
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approval (Giilhane Education and Research Hospital Ethic
Committee, number: 6135, 2021-242) was granted by the
Ministry of Health on 26 February 2021.

2.2.1. Outcome Measures

For primary outcomes, the validated PCFS scale was
used to assess functional status/limitations (grade O:
“No functional limitations”; grade 4: “Severe functional
limitations”; grade 5: “Death”) [9,10]. Fatigue was
evaluated using the validated self-report Fatigue Severity
Scale (FSS), which includes nine items, each scored from
1 to 7 (1: “completely disagree”; 7: “completely agree”)
[10,11].

For secondary outcomes, age, sex, height, body
weight, marital status, employment status, smoking
status and amount, chronic disease status and duration,
regular exercise habits, time since COVID-19 diagnosis,
COVID-19 pneumonia status (as revealed by thoracic
CT), hospitalization, length of hospital and/or intensive
care unit (ICU) stays, intubation status, home oxygen
therapy status, participation in a PR program, dyspnea,
cough, sputum production, and quality of life scores
were recorded. All measurements were performed by
the research coordinator in a well-ventilated room. The
coordinator wore protective personal equipment and
maintained social distancing. Hospital data were used to
determine length of stay.

The EQ-5D-5L quality-of-life scale consists of a
descriptive section and questions answered using a visual
analog scale (VAS). The first section explores mobility,
self-care, engagement in usual activities, pain/discomfort,
and anxiety/depression experiences during the current
day. The answer options are “No problem,” “Mild
problem,” “Moderate problem,” “Severe problem,” and
“Extreme problem” In the second part, with six questions,
participants rate their current health status from 0 and
100, with higher scores indicating better perceived health.
The Turkish version of the scale, translated by the EuroQol
group, were used in some studies.?

Comorbidities were scored using the Charlson
Comorbidity Index (CCI). Scores increase by 1 point every
10 years after the age of 50 years. The following conditions
were assessed (with CCI points given in parentheses):
history of definite or probable myocardial infarction (1);
congestive heart failure (1); peripheral vascular disease
(1); cerebrovascular disease (1); dementia (1), COPD (1);
connective tissue disease (1); peptic ulcer (1); liver disease
(mild, 1; moderate to severe, 3); diabetes mellitus (1);
hemiplegia (2); moderate-to-severe chronic kidney disease
(2); solid tumor (localized, 2; metastasis 6); leukemia

(2); malignant lymphoma (2); and acquired immune
deficiency syndrome (6) [12]. Body mass index (BMI)
was recorded as weight (kg) divided by height squared
(m?). Dyspnea was assessed using the modified Medical
Research Council (mMRC) scale [13]. Regular exercise
was defined as 150-300 min of moderate-intensity activity,
such as walking briskly, each week.?

2.3. Statistical analyses

We used the Shapiro-Wilk test to determine whether the
data were normally distributed. The results are presented
as mean * standard deviation, median (range), or
frequency (percentage). Normally distributed data were
compared using the independent samples t-test or one-
way ANOVA. The Kruskal-Wallis and Mann-Whitney U
tests were used to compare data that were not normally
distributed. Bonferroni multiple-comparisons testing
was used as appropriate. Categorical variables were
compared between groups using the Pearson chi-square
test and Fisher exact test. Correlations between variables
were analyzed by Spearman correlation. We performed
multiple linear and ordinal regression analyses. Values of p
< 0.05 were considered to reflect significance. All analyses
were performed with IBM SPSS Statistics 28 (IBM Corp.,
Armonk, NY, USA).

3. Results

We enrolled 1095 patients, including 603 (55%) men and
492 (45%) women with a mean age of 50 + 14 years. The
most common chronic lung disease was COPD (11%), and
266 (29%) patients had nonpulmonary systemic disease.
The median time elapsed since COVID-19 diagnosis was
5 months; the hospitalization rate was 47% (Tables 1 and
2). The number of patients with a history of COVID-19
infection within the last 4 weeks was 180 (2%), while 269
(29%) had a history of COVID-19 within the last 5-12
weeks, 286 (31%) within the last 13-26 weeks, 321 (34%)
within the last 27-52 weeks, and 39 (4%) within the last
>53 weeks. The percentages of patients according to time
since COVID-19 diagnosis are shown in Figure 1.

3.1. Relationship between PCFS grade and FSS score
The median PCFS grade was 1 (range: 0-4) and the median
ESS score was 4.4 (range: 1-7). The PCFS and FSS were
positively correlated (r = 0.49, p < 0.01; odds ratio [OR]:
1.88,95% confidence interval [CI]: 1.68-2.10). The receiver
operating characteristic (ROC) curve for prediction of the
ESS score based on PCES grade of 3 or 4 is shown in Figure
2. In patients with PCFS grades of 0-2, the mean FSS score
was 3.9 £ 1.6. In patients with PCFS grades of 3 or 4, the
mean FSS score was 5.3 + 1.3 (FSS cutoff score: 4.78; 73.1%
sensitivity).

2 EuroQol Group (2015). EQ-5D-5L User Guide. Basic Information on How to Use the EQ-5D-5L Instrument, Version 2.1 [online]. Website https://
euroqol.org/register/obtain-eq-5d/available-versions/ [accessed: 11 August 2022].

*US Department of Health and Human Services (2018). Physical Activity Guidelines for Americans, 2nd Edition [online]. Website https://health.gov/
sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf [accessed: 08 August 2022].

625


https://euroqol.org/register/obtain-eq-5d/available-versions/
https://euroqol.org/register/obtain-eq-5d/available-versions/

CANDEMIR et al. / Turk ] Med Sci

Table 1. Demographic features and chronic disorders.

Age, years

50 + 14

Sex, M/E n (%)

603 (55%)/492 (45%)

BMI, kg/m?

28.1 £5.1

Marital status, n (%)

Single: 162 (14.8%); Married: 933 (74.2%)

Employment status, n (%)

Unemployed: 294 (27%); Employed: 532 (49%); Retired: 269 (24%)

Smoking status, n (%)

Never: 616 (56%); Active: 161 (15%); Former: 318 (29%)

Amount of smoking, pack years

4 (1-120)

Chronic respiratory diseases, n (%)

None: 853 (77.9%); COPD: 125 (11.4 %); Asthma: 89 (8.1%); ILD: 8 (0.7%); Sleep
disorders: 5 (0.5%); Bronchiectasis: 9 (0.8%); Lung cancer: 5 (0.5%); Others: 1
(0.1%)

Duration of respiratory disease, years 7 (0.5-30)
Presence of nonrespiratory systemic disease, n (%) |266 (29%)
CCI score 0 (0-6)

BMI: Body mass index; COPD: chronic obstructive pulmonary disease; ILD: interstitial lung disease; CCI: Charlson Comorbidity Index.

100

80

60

Sensitivity

40

20

FsS

AUC =0.754
p<0.001

O W TN T M N T T T N T T N T SO |

0 20 40 60 80
100-Specificity

Figure 2. Receiver operating characteristic curve for

prediction of FSS based on PCFS grade of 3 or 4.

100

3.2. Relationships between PCFS grade and other
parameters

PCFS grades were significantly higher among patients who
were married, had systemic or respiratory disease, had
positive CT findings, or had been hospitalized, intubated,
treated in the ICU, or required home oxygen (p < 0.01 for
all). They were also higher among those with dyspnea (p <
0.01), cough (p = 0.006), and sputum (p = 0.048) and those

626

who did not exercise regularly before COVID-19 infection
(p = 0.001). PCFS grades were significantly reduced in
active smokers compared to former smokers and never-
smokers (p < 0.05). PCFS grades did not vary by sex (p =
0.20), employment status (p =0.15), or PR status (p =0.78).
We found significant correlations between PCFS grade
and age (r = 0.354, p < 0.01), BMI (r = 0.146, p < 0.01),
mMRC scale score (r = 0.631, p < 0.01), length of hospital
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stay (r = 0.386, p < 0.01), length of ICU stay (r = 0.212,
p < 0.01), CCI score (r = 0.192, p < 0.01), scores on all
domains of the EQ-5D-5L (p < 0.01), and EQ-5D-5L VAS
scores (r = -0.525, p < 0.01). PCFS grade did not correlate
with the duration of respiratory disease (p = 0.11), amount
of smoking (r = 0.025, p = 0.45), or time since COVID-19
diagnosis (p = 0.78). Ordinal regression analyses showed
that current smoking, COVID-19 pneumonia evident
on CT scans, mMRC score, and EQ-5D-5L scores for
the domains of mobility, self-care, performance of usual
activities, and anxiety/depression and EQ-5D-5L VAS
scores were associated with PCFS grade. These results are
shown in Table 3.

3.3. Relationships between FSS score and other
parameters

The FSS score was significantly elevated in women (p <
0.01), patients who were married (p = 0.001), unemployed
patients (p < 0.01), patients with respiratory or systemic
disease (p = 0.001), patients with positive CT findings
(p < 0.01), patients who were hospitalized (p < 0.01) or
admitted to an ICU (p < 0.01), patients who required
home oxygen (p < 0.01), patients with dyspnea (p < 0.01),
patients with cough (p = 0.005), patients with sputum (p =
0.017), and patients who did not exercise regularly before
COVID-19 infection (p < 0.01). ESS scores did not differ
by smoking status (p = 0.52), intubation status (p = 0.34),
or PR status (p = 0.68). FSS scores correlated with age (r =
0.135, p < 0.01), BMI (r = 0.092, p = 0.002), mMRC scale
score (r = 0.357, p < 0.01), duration of respiratory disease

(r=0.092, p =0.007), length of hospital stay (r = 0.185, p <
0.01), length of ICU stay (r = 0.105, p = 0.001), CCI score
(r=0.193, p < 0.01), scores on all EQ-5D-5L domains (p <
0.01 for all domains, r = 0.496 for mobility /r = 0.441 for
self-care / r = 0.505 for usual activities / r = 0.380 for pain-
discomfort/ r = 0.424 for anxiety- depression) and EQ-5D-
5L VAS scores (r = -0.471, p < 0.01), but not with amount
of smoking (p = 0.50) or time since COVID-19 diagnosis
(p = 0.25). Linear regression analyses showed that female
sex, COPD, EQ-5D-5L domain scores (mobility, usual
activities, and anxiety/depression), and EQ-5D-5L VAS
scores were associated with FSS scores. These results are
shown in Table 4.

4. Discussion

We found that even moderate functional status was
associated with fatigue regardless of the time since
COVID-19 diagnosis. A one-point increase in FSS score
increased the likelihood of a one-grade increase on the
PCFS scale by 1.882-fold. The cutoff FSS score for patients
with moderate-to-severe functional capacity limitations
was 4.78 and the mean FSS score was 5.3 = 1.3. Both
functional status and fatigue were associated with quality
of life, which was lower in older patients, those with higher
BMI, those with respiratory or systemic disease, those
with comorbidities, those not exercising regularly, and
those with more severe COVID-19 infection (defined by
dyspnea, pneumonia as indicated by CT, hospitalization,
length of stay, ICU stay, intubation, and the need for home
oxygen after discharge).

Table 3. Parameters associated with PCFS grade according to regression analyses.

Parameters P OR 95% CI

Current smoking 0.034 2.767 1.080-7.088
CT findings 0.001 0.443 0.277-0.706
mMRC score of 0 0.005 0.097 0.019-0.486
mMRC score of 1 <0.01 0.078 0.031-0.199
mMRC score of 2 <0.01 0.222 0.095-0.516
mMRC score of 3 <0.01 0.353 0.153 -0.816
EQ-5D-5L Mobility <0.01 1.999 1.403-2.850
EQ-5D-5L Self-care 0.021 1.539 1.066-2.222
EQ-5D-5L Usual activities 0.005 1.750 1.188-2.577
EQ-5D-5L Anxiety/Depression <0.01 1.708 1.284-2.272
VAS 0.026 0.982 0.966-0.998

PCEFS: Post-COVID Functional Status; CT: computed tomography; mMRC: modified Medical Research Council; VAS: visual analog

scale.
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Table 4. Parameters associated with FSS score according to regression analyses.

Parameters Standardized beta coefficient p

Sex: male -0.121 <0.01
Chronic respiratory disease: COPD 0.064 0.029
EQ-5D-5L Mobility 0.156 0.001
EQ-5D-5L Usual activities 0.114 0.019
EQ-5D-5L Anxiety/Depression 0.095 0.009
VAS -0.223 <0.01

ESS: Fatigue Severity Score; COPD: chronic obstructive pulmonary disease; VAS: visual analog scale.

After COVID-19 infection, functional status may
deteriorate. The PCFS scale measures all functional
limitations. It should be administered at discharge, at 4 and
8 weeks to monitor recovery, and at 6 months to evaluate
functional sequelae [6]. More of our patients had negligible
(grade 1) than mild (grade 2) limitations, perhaps reflecting
the long intervals since COVID-19 diagnosis (>4 weeks
and >6 months for 98% and 36% of patients, respectively).
In our study, the examination of patient groups using
the PCFS scale revealed substantial associations with
demographic, clinical, and lifestyle factors. Higher PCFS
grades, indicative of a more compromised functional
status, were notably linked to marital status, underlying
systemic or respiratory diseases, positive CT findings, and
severe clinical manifestations necessitating hospitalization,
intubation, or ICU admission. Additionally, the presence
of symptoms such as dyspnea, cough, and sputum coupled
with a lack of regular exercise before COVID-19 infection
correlated with elevated PCFS grades. Similarly, the
analysis of patient groups based on FSS scores revealed
significant associations with various demographic and
clinical factors, providing valuable insights into post-
COVID-19 fatigue levels. Elevated FSS scores, indicative
of heightened fatigue, were notably associated with female
sex, marital status, unemployment, and the presence of
respiratory or systemic diseases. Furthermore, positive
CT findings, hospitalization, admission to the ICU, the
need for home oxygen, and the existence of symptoms
such as dyspnea, cough, or sputum were all linked to
increased FSS scores. Importantly, FSS scores exhibited no
significant differences based on smoking status, intubation
status, or participation in PR programs. These findings
collectively contribute to our understanding of the
diverse determinants influencing post-COVID-19 fatigue
and functional outcomes. Additionally, the findings
underscore the importance of considering diverse factors
in assessing and managing the long-term functional status
of individuals recovering from COVID-19.
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Limited functional capacity can be caused by persistent
symptoms, the most common of which is fatigue (50%-
65%) [5]. The association between functional status and
fatigue is multifactorial; body composition, physical fitness,
comorbidities, and sex are all important [8,9]. Fatigue and
functional impairment are highly associated; both are
influenced by pain and by demographic and clinical factors
in patients with cancer. Although it has proven difficult to
distinguish fatigue from factors such as depression and
sleep disorders and to assess how comorbidities contribute
to fatigue, post-COVID-19 fatigue is defined as a decrease
in physical and/or mental performance caused by changes
in central, psychological, or “peripheral” factors [14]. The
relationship between fatigue (and related factors) and
functional status in COVID-19 survivors has not been
properly explored.

COVID-19 survivors with moderate-to-severe
limitations in functional capacity exhibited moderate-
to-severe fatigue in a study on stroke patients in whom
fatigue was categorized as absent (FSS score of <4),
moderate (4-4.9), or severe (=5) [15]. We found that poor
quality of life was the strongest risk factor for limited
functional status and fatigue. Poor functional status and
fatigue were associated with poor mobility, an inability
to perform usual activities, and anxiety/depression. One
study found that the PCFS grade was related to fatigue,
quality of life, and functional performance [16]. In another
study, the score for the “usual activities” domain of the EQ-
5D-5L questionnaire was the domain score most strongly
associated with PCFS grade [10]. We found that mobility
was most strongly associated with FSS score and exhibited
the second-strongest association after smoking with PCFS
grade. Smoking causes inflammation and respiratory and
systemic diseases, complicating disease management. One
study found that subjects with PCFS grade of 0 were older
than those with higher grades. Additionally, the grade 4
group had lower BMI values than the other groups [10].
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In a previous study, decreased functional status was
associated with living alone and comorbidities [10]. Risk
factors for fatigue were older age, female sex, and more
symptoms [17]. We found that older age, being married,
higher BMI, and respiratory and systemic diseases were
associated with poorer functional status and more fatigue.
The two primary characteristics that increased the risk
factors for fatigue were COPD and female sex. Being
married was probably a risk factor because married
people tended to be older. No regular exercise before
COVID-19 infection increased fatigue and reduced
functional status; a healthy lifestyle and regular exercise
are important. Another study found that obesity, older age,
and comorbidities were risk factors for severe COVID-19
disease [18], as indicated by hospitalization [19], ICU
admission [20], the duration of hospital stay, viral shedding
[21], and dyspnea during hospitalization [19,21]. All of
these factors were associated with fatigue during follow-
up, but the length of hospital stay was the only predictor of
poorer functional status at the time of hospital discharge
[16]. We found that dyspnea, COVID-19 pneumonia as
indicated by CT, hospitalization, length of hospital stay,
ICU admission, intubation, and the need for home oxygen
after discharge were related to poor functional status and
fatigue, whereas PR was not; this may have been because
PR was rarely performed.

The limitations of this study included patient
heterogeneity and a lack of vaccination data. Additionally,
we did not perform functional capacity or exercise tests.
The multicenter design and large number of patients
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