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ABSTRACT

Introduction. Discrepancies exist regarding the clinical course and prognostic factors for post-COVID fatigue. Therefore, our aim
was to assess the timely course of fatigue and its possible predictors in patients previously hospitalised due to SARS-CoV-2 infection.

Material and methods. Patients and employees of the University Hospital in Krakow were assessed with the use of a validated
neuropsychological questionnaire. Included were participants aged 18 or more, previously hospitalised due to COVID-19, who completed
questionnaires only once > 3 months after the onset of infection. Individuals were retrospectively asked about the presence of eight
symptoms of chronic fatigue syndrome at four timepoints: before COVID-19, within 0-4 weeks, 4-12 weeks, and > 12 weeks post-infection.

Results. We enrolled 204 patients [40.2% women, median age 58 (46-66) years] evaluated after a median of 187 (156-220) days
from the first positive nasal swab test for SARS-CoV-2. The most common comorbidities were hypertension (44.61%), obesity
(36.27%), smoking (28.43%), and hypercholesterolemia (21.08%); none of the patients required mechanical ventilation during
hospitalisation. Before COVID-19, 43.62% of patients reported at least one symptom of chronic fatigue. Within 4, 4-12, and
> 12 weeks after COVID-19, the prevalence of chronic fatigue was 76.96%, 75.49%, and 66.17%, respectively (all p < 0.001). The
frequency of chronic fatigue symptoms decreased within > 12 weeks following the onset of infection but did not return to
baseline values, except for self-reported lymph node enlargement. In a multivariable linear regression model, the number of
fatigue symptoms was predicted by female sex [ 0.25 (0.12; 0.39), p < 0.001 and 0.26 (0.13; 0.39), p < 0.001 for weeks 0-12 and
> 12, respectively], and age [for < 4 weeks, 3 -0.12 (-0.28;-0.01), p = 0.029].

Conclusions. Most patients previously hospitalised due to COVID-19 suffer from fatigue > 12 weeks after infection onset. The
presence of fatigue is predicted by female sex and - only for the acute phase — age.
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Fatigue represents the most common post-acute sequelae
of Coronavirus Disease 2019 (COVID-19) [1, 2]. Its prevalence
in the acute phase of infection is estimated at more than 60%
[3], even among patients who eventually do not develop long
COVID syndrome [4]. As shown recently, irrespective of
initial improvement, most individuals with a Severe Acute
Respiratory Syndrome coronavirus 2 (SARS-CoV-2) infection
will suffer from fatigue within three months following the
onset of disease [5]. This non-specific group of symptoms is
more often reported by patients with COVID-19 compared to
other viral respiratory infections [6], and its presence signif-
icantly deteriorates the perceived quality of life and impairs
both leisure activities and work performance [7-10]. It is also
noteworthy that post-COVID symptoms, including fatigue, re-
sult in a significant burden of healthcare costs, as was recently
revealed in a detailed analysis of nearly 30,000 people from
the German Nationwide Inpatient Data [11].

Several factors have been shown to predict the presence
of fatigue and other post-COVID symptoms [12]; however,
discrepancies have been observed regarding the role of demo-
graphics, comorbidities and initial severity of infection [13].

For example, a longitudinal observation of 371 patients
from India confirmed that predictors of long COVID, with
fatigue being its most common self-reported symptom, in-
cluded pre-existing medical conditions, vaccination status,
a higher number of acute COVID-19 symptoms, and the
severity of infection, but not sex [14]. In a cross-sectional
study of two urban centres in Spain among 360 hospitalised
patients assessed via telephone interviews two years after the
acute phase of the SARS-CoV-2 infection, it was found that
anumber of comorbidities and dyspnoea were associated with
post-COVID fatigue, but not sex [15]. On the other hand, in
another Spanish cohort of mostly non hospitalised patients,
post-COVID symptoms, including fatigue, were associated
with older age and female sex within six months after the
acute phase of infection [16]. A recent comprehensive review
listed many possible risk factors for the development of fatigue
during long COVID, such as female sex, older age, hospital ad-
mission, comorbidities, including chronic pulmonary diseases
or migraine, and steroid administration among others [17].
However, other researchers have come to different conclusions,
undermining the prognostic role of comorbidities [18] and the
initial severity of COVID-19 [19].

When taking into account the course of post-COVID
symptoms, including fatigue, this also varies according
to the study [20]. For example, in a large online survey of
12,609 registered German stem cell donors who under-
went COVID-19, there were no significant differences in
the prevalence of post-COVID fatigue between three and
15 months after the initial infection [21]. On the other
hand, a Norwegian group showed a tendency for fatigue
to improve four months after the onset of COVID-19 [22],
whereas Korean researchers observed an increasing fatigue
rate between one and six months post-infection [23].

Therefore, we aimed to evaluate the timely course of fatigue
and its possible predictors in a sample of patients previously
hospitalised due to COVID-19.

Material and methods

Evaluation of post-COVID fatigue

Post-COVID fatigue was assessed with the use of
a questionnaire called “The NeuroPsychological Complications
of COVID-19” (NP-COVID), created for the purposes of the
current study and further validated, as described previously
[24]. In brief, patients were retrospectively asked about the
presence of the following symptoms: 1) persistent fatigue, not
caused by effort, and persisting after rest, 2) sore throat, 3)
self-reported lymph node enlargement, 4) myalgia, 5) arthral-
gia, 6) headache, 7) non-restorative sleep, and 8) prolonged
post-exercise fatigue [24]. These symptoms were previously
included in a definition of chronic fatigue syndrome (CFS) by
the Centres for Disease Control and Prevention in 1994 [25]
and, since then, they have been widely used even in newer
definitions of the CES [26]. Moreover, as shown recently, CFS
and post-COVID condition share similarities related to fatigue,
exhaustion initiating exercise, post-exertional malaise, muscle
and joint pain [27, 28].

Questionnaires were completed by patients once only,
and the presence of the above-mentioned chronic fatigue
symptoms was assessed over four time periods, i.e. before
COVID-19, and within 0-4, 4-12, and > 12 weeks since the
onset of infection, in accordance with the National Institute
for Health and Care Excellence (NICE) guidelines [29, 30].

Patient enrollment

We enrolled patients who fulfilled the following inclu-
sion criteria that were also described previously [24]: age
18 or more years; more than three months since the onset
of the SARS-CoV-2 infection; diagnosis of COVID-19 con-
firmed by detection of viral RNA by reverse transcription
polymerase chain reaction (RT-PCR) from a nasopharyn-
geal swab; and ability to read and write. Additionally, for
the purpose of the current study, we included only patients
who had previously required hospitalisation due to SARS-
CoV-2 infection.

Patient data was collected from the following sources:
post-COVID ambulatory in the University Hospital in
Krakow, where participants were encouraged to complete
the paper version of the NP-COVID questionnaire, and an
online link posted on Facebook, or sent via group e-mail
to employees of the University Hospital in Krakow, that
encompassed the online version of the questionnaire.
Therefore, between April and August 2021, a total of
660 anonymous NP-COVID questionnaires were received.
We then excluded questionnaires provided by patients with
incomplete data, allowing 204 subjects to be included in
the final analysis.
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Bioethics and patient consent

We conducted this study within the CRACoV-HHS pro-
ject (CRAcow in CoVid pandemics — Home, Hospital and
Staff) and in accordance with the Declaration of Helsinki. The
CRACoV-HHS project received approval of the Jagiellonian
University Bioethics Committee. No additional approval from
the Bioethics Committee was required since NP-COVID
questionnaires were filled out anonymously [24]. Participants
who were recruited in the post-COVID ambulatory in the
University Hospital in Krakow signed written informed con-
sent before the paper version of the NP-COVID questionnaire
was handed to them. In accordance with Polish law, no written
consent needed to be obtained from patients who completed
the online questionnaire anonymously; however, full infor-
mation on the aim of the survey was provided.

Statistics

Data was presented as counts and percentages (n, [%]),
mean and standard deviations (SD), and median and inter-
quartile ranges (IQR). Continuous variables were checked for
normality with the Shapiro-Wilk test. Where the distribution
was non-normal, data was compared using the Mann-Whitney
test, Kruskal-Wallis test and Friedman’s ANOVA, as appropri-
ate. Categorical independent variables were tested with the
X2 test and Fisher’s exact test, while categorical dependent
variables were analysed with the Cochran’s Q test and the
McNemar X2 test. We applied Bonferroni correction for pair-
wise comparisons of the questionnaire with a significance
level < 0.008. For other analyses, a p-value below 0.05 was
considered statistically significant. Multivariable linear models
of chronic fatigue symptoms included all variables that showed
an association with the number of symptoms in the univari-
able model (p < 0.10) and did not substantially correlate with
other independent variables (r > 0.5). All of the models were
adjusted for age and sex. Independent predictors were obtained
with the stepwise backward procedure, R was calculated, and
models were checked with the F test. Data was analysed using
STATISTICA 13.0 software (Statsoft Inc, Tulsa, OK, USA).

Results

The dataset confirming the results of this study may be
obtained from the corresponding author upon reasonable
request.

Patient characteristics

A total of 204 patients (40.2% women, median age
58 years) hospitalised due to COVID-19 were enrolled in
our study. The median observation time was 187 (156-220)
days from the first positive nasal swab test for SARS-CoV-2.
At least one comorbidity was found in 84.31% (n = 172) of
patients, and 34.41% (n = 70) had > 3 chronic diseases, the
most common being hypertension, obesity, smoking, and
hypercholesterolemia (Tab. 1). The prevalence of chronic

Table 1. Demographics and characteristics of patients on hospital admission

Demographics All patients (n = 204)

Age (years) 58 (46-66)
Female sex, n (%) 82 (40.20)
Comorbidities

Hypertension, n (%) 91 (44.61)
Hypercholesterolemia, n (%) 43 (21.08)
Obesity, n (%) 74 (36.27)
Smoking, n (%) 58(28.43)
Diabetes mellitus, n (%) 33(16.18)
Ischaemic heart disease, n (%) 21(10.29)
Atrial fibrillation, n (%) 13 (6.34)

Chronic heart failure 8(3.92)
Prior CNS disease, n (%)

Stroke in past 10 (4.90)
Dementia 14 (6.86)
Depression 23(11.27)
Anxiety disorders 10 (4.90)
Asthma/COPD, n (%) 21(10.29)
Neoplasm, n (%)
— active 4(1.96)
— in past 12 (5.88)
Chronic kidney disease stage Ill, n (%) 8(3.92)
Alcohol abuse, n (%) 5(2.45)
Treatment
Anticoagulant, n (%) 16 (7.84)
Beta-adrenolytic, n (%) 38(18.63)
Antidepressant, n (%) 25(12.25)
Neuroleptic, n (%) 6(2.94)
Benzodiazepine, n (%) 4(1.96)
First COVID-19 symptoms
Anosmia n (%) 40(19.61)
Cough, n (%) 172 (84.31)
Dyspnoea, n (%) 138 (67.65)
Fever, n (%) 174 (85.29)
Gastrointestinal, n (%) 68 (33.33)
Hospital admission
Oxygen therapy, n (%)
Not required 26 (12.75)
Nasal cannula 137 (67.16)
Simple face mask 40 (19.61)
Non-invasive ventilation 1(0.49)
MEWS score, n (%)
1 157 (76.97)
2 33(16.18)
3 14 (6.86)
Laboratory parameters

CRP (mg/dL) (first 24 hours)
IL-6 (pg/mL) (first 48 hours)
Procalcitonin (ng/mL) (first 24 hours) 0.09 (0.05-0.17)
WBC (x10°) (first 24 hours) 5.61 (4.10-7.50)

Values are presented as numbers and percentages [n, (%)] and median (interquartile range).

COPD — chronic obstructive pulmonary disease; CRP — C-reactive protein; CNS — central nervous
system; IL-6 — interleukin-6; MEWS — Modified Early Warning Score; WBC — white blood cell
count

69.3(31.7-110.0)
33.3(13.1-56.2)
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Table 2. Prevalence of chronic fatigue symptoms prior to COVID-19 and within different time intervals since onset of infection

Prior 0-4 weeks 4-12 weeks > 12 weeks
to COVID-19 (acute phase) (post-acute phase) (chronic phase)
n (%) n (%) p-value n (%) p-value n (%) p-value
vs. baseline vs. baseline vs. baseline
1.1 Persistent fatigue, not 31(15.20) 123 <0.001 111 (54.41) <0.001 86 (42.16) <0.001
caused by effort, persisting (60.29)
after rest
1.2 Sore throat 10 (4.90) 39(19.12) <0.001 26(12.75) 0.001 26(12.75) <0.001
1.3 Self-reported lymph 2(0.98) 16 (7.84) <0.001 8(3.92) 0.034 9(4.41) 0.020
node enlargement
1.4 Myalgia 31(15.20) 101 <0.001 79 (38.73) <0.001 62 (30.39) < 0.001
(49.51)
1.5 Arthralgia 12 (5.88) 31(15.20) <0.001 29(14.21) <0.001 31(15.19) <0.001
1.6 Headache 28(13.72) 79 (38.73) <0.001 61(29.90) <0.001 45 (22.06) 0.004
1.7 Non-restorative sleep 41(20.10) 97 (47.55) <0.001 89 (43.63) <0.001 74 (36.28) <0.001
1.8 Prolonged post-exercise 41 (20.10) 128 <0.001 118 (57.84) <0.001 99 (48.52) <0.001
fatigue (62.75)
Data is presented as numbers (n) and percentages (%) and compared with Cochran Q test for dependent variable. Bonferroni correction was applied for multiple pairwise comparisons, and significance level
was < 0.008
A
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Figure 1. Pattern of chronic fatigue symptoms in acute (< 4 weeks), subacute (4-12 weeks), and chronic (> 12 weeks) phases of SARS-

-CoV-2 infection

heart failure, stroke, stage III chronic kidney disease, and
active neoplasm was below 5%. Almost one in seven patients
(14.71%, n = 30) had depression or anxiety disorders, and
16.17% (n = 33) were being treated with antidepressants,
benzodiazepines, and neuroleptics.

The first symptoms of COVID-19 that were the most
frequent were fever, cough and dyspnoea. On admission, lab-
oratory tests showed a marked increase in C-reactive protein
(CRP) and interleukin-6 (IL-6). During hospitalisation, 5.88%
(n = 12) of patients were admitted to the Intensive Care Unit,
87.25% (n = 178) required oxygen therapy, mainly with a nasal
cannula or simple oxygen mask, and none were mechanically
ventilated (Tab. 1).

104

Chronic fatigue symptoms before
and after COVID-19

Before COVID-19, 43.62% (n = 89) of patients reported at
least one symptom of chronic fatigue (Tab. 2, Fig. 1). Within
4, 4-12, and > 12 weeks after COVID-19, the prevalence
of chronic fatigue increased to 76.96% (n = 157), 75.49%
(n =154), and 66.17% (n = 135) of patients, respectively (all
p <0.001). The mean (+ standard deviation) number of symp-
toms was 0.96 + 1.41 prior to the SARS-CoV-2 infection, but
increased to 3.01 + 2.31, 2.55 + 2.07 and 2.11 + 2.04 for 4,
4-12,and > 12 weeks post-COVID, respectively (p < 0.05 with
post-hoc Friedman ANOVA).
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Table 3. Predictors of numerous symptoms of post-COVID-19 chronic fatigue in acute (< 4 weeks), subacute (4-12 weeks), and chronic (> 12 weeks) phases

of infection, assessed retrospectively

< 4 weeks after onset of COVID-19

Univariable analysis

Multivariable analysis

B (95% CI)
-0.12 (~0.25;0.02)
0.23(0.10;0.37)

-0.11 (-0.26; 0.02)
0.08 (-0.06; 0.21)

Age (per year)
Female sex

Neoplasm in past
Stroke in past

p-value B (95% Cl) p-value
0.097 -0.12 (~0.28; -0.01) 0.029
<0.001 0.25(0.12; 0.39) <0.001
0.091 - -
0.268 = =
R=0.30,F =6.56

4-12 weeks after onset of COVID-19

Age (per year) -
0.24(0.07;0.37)
0.12(-0.01; 0.26)
-0.11(-0.25; 0.02)

Female sex
Antidepressants
MEWS score > 1

0.745 = =
<0.001 0.25(0.12; 0.39) <0.001
0.077 = =
0.092 = =
R=0.24,F=1234

> 12 weeks after onset of COVID-19

Age (per year) -
Female sex 0.26 (0.13; 0.40)
Asthma/COPD 0.12 (-0.01; 0.26)
MEWS score > 1 =

In the first four weeks after infection, more than half of
patients reported persistent fatigue not caused by effort, and
post-exercise fatigue. The least frequent symptoms were lymph
node enlargement, arthralgia, and sore throat (all < 20%). The
frequency of symptoms decreased over the following weeks,
but did not return to baseline values, except for self-reported
lymph node enlargement. Furthermore, four out of 10 con-
valescents reported persistent fatigue not caused by effort, as
well as post-exercise fatigue.

Determinants of chronic fatigue

Patients in the highest quartile of chronic fatigue symp-
toms were more frequently women compared to the first
quartile (Suppl. Tab. 1). Interestingly, we did not observe an
association between symptoms of chronic fatigue and numer-
ous variables such as demographics, comorbidities, the first
symptoms of COVID-19, severity score at admission, oxygen
therapy, or pharmacological treatment, except for the higher
prevalence of stroke in the past for analysis in the 4-week
interval. In the multivariable linear regression model, the
number of fatigue symptoms was predicted by female sex (all
intervals) and age (< 4 weeks) (Tab. 3).

Discussion

Our study revealed that female sex was the only independ-
ent predictor of fatigue in a cohort of previously hospitalised
patients, both in the acute phase of COVID-19 and also four
and 12 weeks since the onset of infection. Our results accord

0.526 = =
<0.001 0.26 (0.13; 0.39) <0.001
0.072 = =
0.275 = =
R=0.26,F=14.78

with a recent Italian study of 247 patients that also confirmed
the prognostic role of female sex in the persistence of neuro-
logical and psychiatric symptoms, including fatigue, seven
weeks after the initial SARS-CoV-2 infection [31]. However,
researchers also pointed to older age and the presence of co-
morbidities, especially depression, as additional risk factors for
residual post-COVID symptoms, but that cohort comprised
individuals approximately one decade younger than ours,
with only less than half of them requiring hospitalisation
due to COVID-19 [31]. Another recent study revealed that
among 400 Brazilian patients previously hospitalised due to
COVID-19, female sex, hypercholesterolemia, obesity and
prone position in the acute phase of disease increased the
risk of post-COVID syndrome, with fatigue prevalent in 42%
and 27% of cases within three and six months after discharge,
respectively [32]. These patients were at similar median age as
in our study, but were more affected by comorbid conditions
including hypertension and diabetes mellitus [32]. Another
study of 504 previously hospitalised patients from Saudi Arabia
followed-up three months after the onset of infection showed
that the presence of post-COVID syndrome, with fatigue con-
stituting its most common presentation, was associated with
female sex, three or more comorbidities, steroid treatment, and
symptoms of nasal congestion and depression during the acute
phase of disease [33]. Female predominance among subjects
with persistent post-COVID symptoms, with the most com-
mon being fatigue, sleep disturbances, and myalgia, was also
confirmed in a cohort of 312 patients with cancer observed
up to 14 months post-infection [34]. In a large cohort of more
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than 12,000 adult patients from Sweden who were hospitalised
due to COVID-19, it was found that post-COVID symptoms,
with the prevalence of fatigue being 22%, were more common
in women of middle age, and association with asthma and
mental health disorders was less prominent compared to
non-hospitalised individuals [35]. Interestingly, data from
German health insurance organisations showed that CFS was
more common in adults with COVID-19 than in the control
group, whereas in children and adolescents there were no
statistically significant differences between those infected with
SARS-CoV-2 and unaffected individuals [36].

On the other hand, among more than 600 children and
adolescents previously hospitalised due to COVID-19 in
Argentina, risk factors for long COVID, with headache, cough,
and fatigue comprising the most common symptoms, included
older age apart from symptomatic infection and comorbidities,
including diabetes [37]. In an Italian cohort of 428 patients,
assessed 4-12 weeks after hospital discharge, it was found that
female sex and severe SARS-CoV-2 infection were the main
risk factors for post-COVID manifestations, among which
chronic dyspnoea and fatigue were the most common [38].
Finally, a recent Czech study examining healthcare workers
at least 12 weeks after the onset of SARS-CoV-2 infection,
revealed that female sex and increasing age were the only
significant predictors of post-COVID syndrome, with almost
half of those patients reporting fatigue interfering with their
daily life [39].

Therefore, it seems that female sex is the only consistent
risk factor for residual post-COVID fatigue, both in younger
[40] and older populations [41]. Notably, our cohort consisted
mainly of patients in a relatively good clinical condition prior
to the SARS-CoV-2 infection, as the prevalence of diseases
known to increase COVID-associated mortality, such as
stroke, dementia and neoplasm, was below 10% [3, 42-44].

Our study also showed that, despite a tendency to improve
most patients still suffered from symptoms of fatigue within
12 weeks since the onset of the SARS-CoV-2 infection. Our
results were similar to the conclusions coming from a longi-
tudinal observation of nearly 2,000 Spanish patients, where
fatigue only slightly improved between 8.4 and 13.2 months
after hospital discharge, with more than half of individuals
reporting this residual symptom [45]. Slow recovery from fa-
tigue was also observed in a Danish post-COVID clinic where
among 447 previously generally healthy individuals, of whom
only 12% needed hospitalisation, as many as 33% and 62%
of them reported moderate and severe fatigue, respectively,
within six months of the onset of infection [46]. An obser-
vation of more than 9,000 Dutch patients, most of whom did
not require hospitalisation, showed that three months after the
SARS-CoV-2 infection, fatigue was significantly more often
reported compared to the control group, with nearly half of
the patients suffering from at least one residual post-COVID
symptom. Interestingly, previous vaccination was not protec-
tive against fatigue, muscle and joint pain at three months [47].

On the other hand, in a group of 1,638 COVID-19 sur-
vivors, Egyptian researchers found that those fully vaccinat-
ed against SARS-CoV-2 exhibited significantly less severe
post-COVID fatigue, and the presence of residual symptoms
after SARS-CoV-2 infection was predicted only by its initial
severity and a lack of previous vaccination [48]. A recent
review of 33 studies revealed that the most common per-
sistent post-COVID symptoms included not only chronic
fatigue but also other elements of the CFS such as arthralgia,
myalgia and intolerance to exertion [49]. Similarly, another
systematic review of 24 articles showed that long COVID
patients very commonly not only suffered from fatigue, but
also reported myalgia and arthralgia [50]. Moreover, a pro-
spective multicentre study in non-hospitalised subjects with
COVID-19 showed that, despite improvement, patients still
reported the persistence not only of fatigue but also of myalgia
and headache within 12 weeks since the onset of infection
[51]. Additionally, an international survey in a group of
nearly 14,000 patients from 16 countries revealed that, apart
from fatigue, insomnia and excessive daytime sleepiness,
also perceived as important elements of the CFS, were the
most commonly reported symptoms after hospitalisation
due to COVID-19 [52]. A prospective Silesian registry of
200 COVID-19 patients, assessed ¢.100 days since the onset
of infection, revealed that most individuals, both outpatients
and hospitalised, suffered from insomnia [53]. Another review
including 194 studies with around 735,000 participants showed
that 45% of COVID-19 survivors experienced at least one
post-COVID symptom, regardless of hospitalisation status,
with the most common being fatigue [54]. However, a recent
tele-assessment of COVID-19 survivors 1-6 months after their
positive RT-PCR test showed that their score in a 30-second
Chair Stand Test, used previously to assess fatigue effect [55],
was significantly higher in outpatients compared to those
requiring hospitalisation [56].

Thus, our study confirmed that a substantial proportion of
patients still suffered from the symptoms of CFS within three
months since the onset of SARS-CoV-2 infection.

Currently, many pathophysiological explanations for
post-COVID fatigue are merely hypothesised. It has been
postulated for example that SARS-CoV-2 infection may act
as a trigger activating a complex network of neuropsychiatric
symptoms, including fatigue, anxiety, depression, sleep and
cognitive disturbances [57]. Fatigue, apart from anxiety and
depression, could, in turn, significantly affect cognitive abilities
even months after the initial infection [58, 59]. It has also been
found that individuals with post-COVID symptoms assessed
six months after hospital discharge expressed higher levels
of interleukin-8 (IL-8), vascular endothelial growth factor
(VEGF), and monocyte chemoattractant protein-1 (MCP-1)
compared to people without post-COVID sequelae [60, 61].
Lately, changes in retinal microcirculation visualised using
optical coherence tomography angiography have been shown
to be a possible marker for chronic fatigue in patients after
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COVID-19 [62], and high anti-SARS-CoV-2 immunoglob-
ulin E levels have been found to correlate with a deteriora-
tion of physical function in patients after the acute phase
of SARS-CoV-2 infection [63].

It has also been suggested that post-COVID fatigue
syndrome might be due to damage to the sensory olfactory
neurons leading to a reduction in cerebrospinal fluid flow
through the cribriform plate and, consequently, reduced
removal of brain waste [64]. Inflammation associated with
COVID-19 [65-67] may also impair GABAergic transmission
within the brain [68], as was shown during neurophysiological
studies in a small cohort of 12 patients who recovered from
the SARS-CoV-2 infection [69]. Disruption of transforming
growth factor beta signalling, similar to that observed in
myalgic encephalomyelitis/CFS, has also been proposed, and
this is something which influences circadian rhythm [70].
Incomplete recovery of the immune system, together with
initial lung or liver damage, and coagulation disturbances,
have also been suggested in the pathophysiology of long
COVID [71]. Interestingly, a recent review of 108 patients in
the post-COVID ambulatory at the Mayo Clinic in the US
showed that women more often exhibited the post-COVID
phenotype with predominant fatigue, while dyspnoea was
the leading clinical feature in men [72]. The authors were
able to show that sex-related differences in the post-COVID
phenotype could be attributed to various pathophysiology as
the prevalence of fatigue was associated with an elevation of
IL-6 levels that was more common than an increase in CRP
or erythrocyte sedimentation rate [72].

This observation could at least partially explain the prog-
nostic role of sex in post-COVID fatigue, as has been shown
in previous studies, and confirmed in our research.

Our study has important limitations. Firstly, the study
sample was rather small and consisted of individuals with a rel-
atively good pre-COVID clinical status. However, we gathered
detailed data regarding demographics, comorbidities, treat-
ment, and laboratory tests. Secondly, the results were based
on responses given retrospectively by patients a few months
after the initial SARS-CoV-2 infection, which could have
resulted in potential bias or underestimation of symptoms.
Nevertheless, most patients reported residual fatigue, which
aligned with findings from previous studies [73]. Thirdly, the
NP-COVID questionnaire was created for the purposes of
this study; however, it was validated as described before [24].
Fourthly, our study focused on patients with wild-type or
Alpha variant SARS-CoV-2; therefore, the presented results
might not be applicable to other variants, especially given that
individuals infected with Omicron have been shown to be less
likely to exhibit long-COVID [74]. Fifthly, we did not collect
data on neuroimaging, both in the acute and chronic phase of
the SARS-CoV-2 infection; however, its role in evaluating fa-
tigue may become increasingly important, as has been recently
shown for conditions other than COVID-19 [75].

In conclusion, most patients previously hospitalised due to
COVID-19 suffer from fatigue symptoms within 12 weeks after
the onset of the infection. The presence of fatigue is predicted
by female sex and — though only for the acute phase — by
age. Future studies on larger patient populations are needed
to seek other potential risk factors for post-COVID fatigue
and — hopefully — to deliver treatment options [76, 77].
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