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Abstract: Despite recovering from the acute phase of coronavirus disease (COVID-19), many pa-
tients report continuing symptoms that most commonly include fatigue, cough, neurologic prob-
lems, hair loss, headache, and musculoskeletal pain, a condition termed long-COVID syndrome.
Neither its etiopathogenesis, nor its clinical presentation or risk factors are fully understood. There-
fore, the purpose of this study was to retrospectively evaluate the most common symptoms of long-
COVID among patients from the STOP COVID registry of the PoLoCOV study, and to search for
risk factors for development of the syndrome. The registry includes patients who presented to the
medical center for persistent clinical symptoms following severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection. The analysis included data from initial presentation and at three-
month follow-up. Of the 2218 patients, 1569 (70.7%) reported having at least one symptom classified
as long-COVID syndrome three months after recovery from the initial SARS-CoV-2 infection. The
most common symptoms included chronic fatigue (35.6%\), cough (23.0%), and a set of neurologi-
cal symptoms referred to as brain fog (12.1%). Risk factors for developing long-COVID syndrome
included female gender (odds ratio [OR]: 1.48, 95% confidence intervals [CI] [1.19-1.84]), severe
COVID-19 (OR: 1.56, CI: 1.00-2.42), dyspnea (OR: 1.31, CI: 1.02-1.69), and chest pain (OR: 1.48, CI:
1.14-1.92). Long-COVID syndrome represents a significant clinical and social problem. The most
common clinical manifestations are chronic fatigue, cough, and brain fog. Given the still-limited
knowledge of long-COVID syndrome, further research and observation are needed to better under-
stand the mechanisms and risk factors of the disease.
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1. Introduction

The coronavirus disease (COVID-19) pandemic has been ongoing for over two years,
and during this time 531,542,973 cases have been reported worldwide, of which 6,310,705
have been fatal and 502,198,989 have recovered [1]. As it has continued, new reports have
emerged regarding both severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and the diagnostic and therapeutic recommendations of COVID-19 [2,3]. In addition, as a
result of enormous human and financial investment, COVID-19 vaccines were developed
in a matter of months and are now the most rapidly invented and deployed formulations
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[4]. Moreover, in late 2021 and early 2022, the first effective oral antiviral drugs targeting
SARS-CoV-2 became available [5,6]. All of this, along with subsequent mutations of the
virus, has led to a gradually decreasing mortality rate due to COVID-19 [5-7].

Despite this, many patients present with persistent clinical symptoms after the dis-
ease has resolved, and this can affect up to 30% of patients [8]. The reported symptoms
were very diverse and mainly included: fatigue, hair loss, neurological-cognitive disor-
ders (concentration, memory, and speech disorders), referred to as brain fog, cough or
even dyspnea. Patients also complained of chest pains, palpitations, joint pains, head-
aches, olfactory and taste disorders, and gastrointestinal problems. Psychiatric complica-
tions, including anxiety, depression, and even post-traumatic stress disorder have also
been recorded. The severity and duration of these symptoms are not uniform. In some
patients, symptoms resolve spontaneously, while some patients report persistent symp-
toms for up to 12 months after acute COVID-19 [9-13].

The literature on persistent symptoms after COVID-19 is still scarce. Moreover, the
term used to describe this disease is still not clearly established. The literature contains
many terms such as long-COVID, post-COVID-19 syndrome, and post-COVID-19 condi-
tion. According to the World Health Organization (WHO) definition, it is a condition in
which symptoms persist for at least two months after the disease and cannot be explained
by another cause [14]. In contrast, the National Institute for Health and Care Excellence
definition of long-COVID includes new or ongoing symptoms 4 to 12 weeks after the acute
phase of the illness is diagnosed. Additionally, this definition distinguishes between “on-
going COVID,” which is between 4 and 12 weeks, and “post-COVID-19 syndrome” for
symptoms lasting more than 12 weeks [15].

The etiopathogenesis of the disease is also not fully understood. Currently, it is esti-
mated that the cause is complex and consists of persistent inflammation, autoimmunity,
and survival of the virus in the body, which may account for the wide variety of symp-
toms. An important role has also been attributed to the possibility of vascular endothelial
damage during infection [16,17].

Interestingly, risk factors have not been clearly established, which potentially include
the number of symptoms during COVID-19, old age, female gender, or the presence of
chronic conditions such as asthma. However, these factors are not homogeneous for all
symptoms classified as long-COVID syndrome. Moreover, most of the available data con-
cern hospitalized patients [11,13,18-20]. Taken together, this indicates how much is still
unknown and how important it is to delve further into this problem, especially among
outpatients.

The aim of this study was to evaluate the most common symptoms of long-COVID
among patients of the STOP COVID registry, and to look for risk factors for long-COVID
syndrome, including chronic fatigue and brain fog.

2. Materials and Methods
2.1. Methodology

This was a retrospective study based on analysis of data from 2218 patients obtained
from the STOP COVID registry (PoLoCOV (ClinicalTrials.gov identifier—
NCT05018052)). The STOP COVID registry includes only patients from Poland. This reg-
istry contains medical information of patients presenting to health centers for persistent
clinical symptoms after COVID-19 and subsequent follow-up visits at 3 and 12 months.
The patient registry includes both inpatients and outpatients from 1 September 2020 to 30
September 2021. Data obtained from visit 0 and up to 3 months were used for the purpose
of this review. The program is still ongoing, and future publication of the entire follow-
up results, including the visit after 12 months, is planned.

Inclusion criteria were consistent throughout the study and included:
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(a) diagnosis of COVID-19 (initially by reverse transcription polymerase chain reaction
test only, then also by antigen tests—according to the changes to the rules for COVID-
19 diagnosis in Poland);

(b) age =18 years;

(c) written informed consent to participate in the study.
Exclusions included only:

(a) age<18years
or

(b) No consent to participate in the study.

Before participating in the study, patients were informed about the study objectives
and methodology, after which they gave informed consent to participate in the study.

At individual visits, patients completed health questionnaires regarding persistent
symptoms up to three months after completion of isolation, and were physically exam-
ined. At the first visit, patients provided their sociodemographic data, details of chronic
conditions, clinical symptoms present during COVID-19, sites of isolation, and duration
of clinical symptoms. The most common symptoms of COVID-19 were assessed, includ-
ing, fever, subfebrile state, chills, cough, headache, myalgia, weakness, dyspnea (subjec-
tive), olfactory/taste/hearing disturbances, and chest pain. Subsequently, the patient sub-
jectively rated the feeling of severity of COVID-19 course on a four-point scale. Based on
all of the above data, the severity of COVID-19 course was rated on a four-point scale.

The criteria for each point included:

e 0 points (asymptomatic/mild course)
o asymptomatic course
o paroxysmal symptoms lasting no more than 3 days
e 1 point (mild course)
o home isolation
o subjective assessment by the patient of a score of ‘1" on a scale of 0-3
o duration of symptoms less than 7 days
e 2 points (moderate)
o subjective assessment by the patient of a score of ‘2" or ‘3’ on a scale of 03
o duration of symptoms lasting between 7 and 14 days
o the presence of dyspnea and fever >38 °C
e 3 points (severe course)

one of the following criteria: hospitalization with a diagnosis of pneumonia, respira-
tory failure, intensive care unit (ICU) treatment, respiratory support, or thromboembolic
complications during hospitalization/home isolation

or

in the case of home isolation: symptoms persisting for more than 14 days, tempera-
ture above 38 °C, dyspnea, oxygen saturation <94% persisting for at least 3 days, or pa-
tient’s subjective assessment of “3” on a scale from 0-3 points

Anthropometric measurements, including height and weight, were also taken, and
obese patients with a body mass index 230 were singled out. Influenza vaccination was
also evaluated, and after the introduction of COVID-19 vaccination in Poland, vaccination
status during the course of infection was included. A person was considered vaccinated
if he or she had completed the baseline schedule, regardless of the type of formulation
used.

The following long-COVID symptoms were assessed: cough, dyspnea, chronic fa-
tigue, hair loss, olfactory disturbances, headache, and osteoarticular pain. In addition, the
presence of impaired memory and concentration, difficulty in speaking, inability to focus,
and lowered mental acuity were assessed, all of which were defined as brain fog [10].

According to the WHO definition, long-COVID was diagnosed with the presence of
at least one symptom in a period of 12 weeks from the end of the illness. The condition
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may include either new symptoms that appeared during COVID-19, or those that per-
sisted and/or worsened during this period [14].

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Bioethics Committee of the Wroclaw Medical University, Poland
(approval number 232/2022).

2.2. Statistical Analysis

The variables analyzed were qualitative, quantitative, and ordinal. Basic descriptive
statistics were used to describe the study group and the prevalence of long-COVID.

Logistic regression analysis was used to assess risk factors for the development of
long-COVID syndrome. Univariate models were constructed where the dependent varia-
ble was the prevalence of long-COVID syndrome and the explanatory variables were, re-
spectively, sociodemographic variables (age, gender), influenza and COVID-19 vaccina-
tion status, burden of chronic diseases, and the course of COVID-19 (place of isolation,
symptoms during the disease, number and duration of symptoms, and severity of the dis-
ease course). Identical univariate models were also constructed for explanatory variables
including chronic fatigue and brain fog.

Subsequently, multivariate logistic regression models with the best subset selection
were built for the explanatory variables (presence of long-COVID syndrome/brain
fog/chronic fatigue) using the Akaike criterion. In these models, the explanatory variables
were statistically significant variables obtained by univariate analysis—separately for
each explanatory variable.

Results were presented as odds ratio (OR) with 95% confidence intervals (Cl) and p-
value, where p < 0.05 was considered significant. Analysis was performed using Statistica
13.0 software from StatSoft (TIBCO Software, Palo Alto, CA, USA).

3. Results
3.1. Characteristics of the Study Group

A total of 2218 patients were included in the analysis, of which 1410 (63.5%) were
female, with a mean age of 53.8 + 13.5 years. At least one chronic condition was recorded
in 1569 (70.7%) patients, the most common being hypertension (37.2%), obesity (31.2%),
hyperlipidemia (19.8%), and diabetes (10.4%). A detailed description of the study group
is shown in Table 1.

Table 1. Characteristics of the study group.

Variable The w}zlgi: S)/Z(;up N= Female Male p
Female 1410 (63.5) - - -
Sex
Male 808 (36.5) -—- --- -—-
Age (M = SD) 53.8+13.5 53.84 +13.3 53.72+13.7  0.923
Weight [kg] (M £ SD) 79.6+17.2 73.3+15.1 90.69+14.9 <0.001
Height [cm] (M + SD) 169.1 +£9.1 1645+6.2 177.1+7.8 <0.001
BMI (M + SD) 21.3+9.1 204+9.1 227+89  <0.001
Chronic diseases 1569 (70.7) 981 (69.6) 588 (72.7) 0.123
Hypertension 826 (37.2) 476 (33.8) 350 (43.3)  <0.001
BMI > 30 692 (31.2) 388 (28.0) 304 (38.3) <0.001
Chronic Diabetes 230 (10.4) 125(8.9) 105 (13.0) 0.002
diseases Coronary artery disease 134 (6.0) 66 (4.7) 68 (8.4) 0.005
DCM 17 (0.8) 5(0.4) 12 (1.5) 0.007
Heart failure 26 (1.2) 12 (0.9) 14 (1.7) 0.100
Venous thromboembolism 24 (1.1) 16 (1.1) 8 (1.0) 0.917
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Hyperlipidemia 440 (19.8) 269 (19.1) 171 (21.2) 0.258
Asthma 217 (9.8) 155 (10.9) 62 (7.7) 0.014
COPD 51 (2.3) 30 (2.1) 21 (2.6) 0.571
Thyroid disease 374 (18.9) 328 (23.3) 46 (5.7) <0.001
Home 1887 (85.0) 1229 (86.9) 658 (79.5)
Place of Hospital —without pneumonia 33 (1.5) 17 (1.2) 16 (1.9) 0.204
Isolation Hospital —with pneumonia 279 (12.6) 140 (9.9) 139 (17.2)  <0.001
Hospital —ICU 19 (0.9) 11 (0.8) 8 (1.0) 0.781
Flu vaccinations in the previous season 166 (7.5) 110 (7.8) 56 (6.9) 0.505
Vaccination against COVID-19 (n = 697) 494 (70.9) 341 (72.9) 153 (66.81) 0.118
COPD —chronic obstructive pulmonary disease. ICU—intensive care unit M—mean. SD —standard
deviation. DCM —dilated cardiomyopathy
3.2. Long-COVID Disease Picture and Its Risk Factors
The prevalence of long-COVID-19 syndrome in the study group, detailing the most
common clinical manifestations shown in table 2. In univariate analysis, the risk of devel-
oping long-COVID syndrome was shown to be associated with the presence of at least
one chronic condition, with the risk increasing with the number of conditions. An analo-
gous relationship was observed for persistent chronic fatigue.
Table 2. Prevalence of long-COVID-19 syndrome in the study group, detailing the most common
clinical manifestations.
Symptom N (%)
Long-COVID 1444 (65.1)
Chronic fatigue 789 (35.6)
Headache 661 (29.8)
Cought 510 (23.0)
Brain fog 268 (12.1)
Dyspnoea 137 (6.2)
Hair loss 104 (4.7)
Olfactory dysfunction 98 (4.4)
Osteoarticular pain 91 (4.1)
Additionally, it was shown that as the severity of COVID-19 increased, the risk of
developing long-COVID syndrome increased. In symptom-specific analysis, dyspnea,
chest pain, and significant weakness were associated with a higher risk of long-COVID
syndrome and persistent chronic fatigue. In both cases, these risks increased with respect
to both the number of symptoms manifested and their duration. These factors also in-
creased the risk of developing brain fog (Figure 1). A detailed summary is shown in Table
3.
Table 3. Univariate analysis determining the effect of sociodemographic variables, chronic condi-
tions, influenza and COVID-19 vaccination status, and COVID-19 course on the risk of developing
long-COVID syndrome, as well as brain fog symptoms and chronic fatigue.
Long-COVID Brain Fog Chronic Fatigue
Variable Percentage Percentage OR Percentage OR
% O Es%CD ) e5%Ch ’ G e5%C) P
Sex Female 961 (66.6) 1.44 (1.20-1.72) <0.001 178 (12.6) 1.15(0.88-1.51) 0.301 509 (36.1) 1.06 (0.89-1.28) 0.493
Male 483 (59.8) Ref. Ref. 90 (11.1) Ref. Ref. 280 (34.7) Ref. Ref.
Age 1.00 (0.99-1.01) 0.261 -—- 1.00 (0.99-1.01) 0.582 - 1.02 (1.00-1.02) <0.001
Yes 1043 (66.5) 1.23 (1.01-1.48) 0.035 193 (12.3) 1.07 (0.81-1.43) 0.624 603 (38.4) 1.55 (1.27-1.89) <0.001
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906 (65.1) Ref.
149 (64.8) 0.98 (0.74-1.31)
1295 (65.1) Ref.
468 (67.6) 1.16 (0.96-1.41)

954 (64.2) Ref.

95 (70.9) 1.32(0.91-1.94)
1349 (64.7) Ref.

9(52.9) 0.61 (0.23-1.57)
1435 (65.2) Ref.

15 (57.7) 0.73 (0.33-1.59)
1429 (65.2) Ref.

17 (70.8) 1.31 (0.54-3.17)
1427 (65.0) Ref.

306 (69.6) 1.28 (1.03-1.61)
1138 (64.0) Ref.
154 (70.5) 1.31 (0.97-1.79)

1291 (64.5) Ref.
33 (64.7) 0.98 (0.55-1.76)
1411 (65.1) Ref.
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1422 (65.1) Ref.

184 (66.0) 1.04 (0.80-1.36)
1260 (65.0) Ref.

14 (73.7) 151 (0.54-4.2)
1430 (65.0) Ref.
198 (63.1) 0.90 (0.70-1.15)
1246 (65.4) Ref.
332 (66.4) 1.08 (0.87-1.32)
1112 (64.7) Ref.
782 (66.4) 1.13 (0.95-1.34)

662 (63.7) Ref.

Ref.

0.982
Ref.
0.914
Ref.
0.122
Ref.
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Ref.
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0.555
Ref.

0.029
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266 (12.1)
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208 (12.1)
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115 (11.1)
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1.04 (0.80-1.35)
Ref.

1.05 (0.69-1.59)
Ref.

0.97 (0.74-1.28)
Ref.

1.64 (1.03-2.61)

Ref.

Ref.

Ref.
0.66 (0.15-2.81)

Ref.

1.48 (1.10-1.98)
Ref.

1.29 (0.87-1.93)
Ref.

0.14 (0.01-1.03)
Ref.

1.18 (0.85-1.64)
Ref.

1.04 (0.97-1.13

0.87 (0.52-1.45)

Ref.
1.42 (0.81-2.52)
Ref.

1.81 (0.64-5.04)

Ref.

1.01 (0.71-1.43)
Ref.
0.72 (0.22-2.39)

Ref.

0.97 (0.66-1.43)
Ref.

0.85 (0.19-3.72)
Ref.
0.87 (0.59-1.27)

Ref.

0.99 (0.73-1.34)
Ref.

1.20 (0.93-1.55)
Ref.

Ref.
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Ref.
0.796
Ref.
0.856
Ref.
0.034

Ref.

0.257

Ref.

0.963
Ref.
0.596

Ref.

0.889
Ref.

0.834
Ref.
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Ref.
0.948
Ref.
0.164
Ref.

186 (28.7)

331 (40.1)
458 (32.9)
88 (38.3)
701 (35.3)
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486 (32.7)
51 (38.1)
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618 (35.9)
449 (38.1)
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Ref.
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Ref.
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Ref.

0.89 (0.62-1.28)

Ref.
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Ref.
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Ref.

1.08 (0.48-2.50)

Ref.

1.31 (1.06-1.63)
Ref.

1.32 (0.99-1.76)
Ref.

1.17 (0.66-2.07)
Ref.

1.12 (0.89-1.41)
Ref.

1.12 (1.06-1.18)

1.12 (0.81-1.55)

Ref.
1.44 (1.02-2.04)
Ref.

1.85 (0.98-3.46)

Ref.

0.84 (0.67-1.07)
Ref.
0.67 (0.31-1.46)

Ref.

1.27 (0.98-1.64)
Ref.

1.31 (0.53-3.30)
Ref.
0.85 (0.66-1.10)

Ref.
0.93(0.75-1.14)
Ref.

1.27 (1.06-1.51)
Ref.

Ref.
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Ref.
0.368
Ref.
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Ref.
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Ref.
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Cough Yes 927 (65.6) 1.06 (0.88-1.27) 0.551 182 (12.9) 1.23 (0.94-1.62) 0.131 512 (36.2) 1.08 (0.90-1.29) 0.407
No 517 (64.3) Ref. Ref. 86 (110.7) Ref. Ref. 277 (34.5) Ref. Ref.
Dveonoea  YeS 767 (744) 187 (1.56-2.24) <0.001 153 (14.5) 1.53 (1.18-1.98) 0.001 457 (43.2) 1.89 (1.59-2.26) <0.001
ysp No 677 (58.4) Ref. Ref. 115 (9.9) Ref. Ref. 332(28.7) Ref. Ref.
Isolated Yes 126 (58.6) 0.74 (0.55-0.98) 0.035  21(9.8) 0.77(0.48-1.23) 0.274 71(33.0) 0.88(0.65-1.19) 0.411
olfactory
dysfunctio No 1318 (65.8) Ref. Ref. 247 (12.3) Ref. Ref. 718 (35.9) Ref. Ref.
n
Isolated Yes 100 (71.4) 1.36 (0.94-1.99) 0.105 21 (15.0) 1.31(0.81-2.12) 0.275 53(37.9) 1.12(0.78-1.58) 0.559
taste
dysfunctio ~ No 1344 (64.7) Ref. Ref. 247 (11.9) Ref. Ref. 736 (35.4) Ref. Ref.
n
Taste and Yes 684 (68.8) 1.35(1.13-1.61) <0.001 127 (12.8) 1.13 (0.87-1.45) 0.366 349 (35.1) 0.96 (0.81-1.15) 0.682
olfactory
dysfunctio ~ No 760 (62.1) Ref. Ref. 141 (11.5) Ref. Ref. 440 (36.0) Ref. Ref.
n
Taste Yes 717 (68.6) 1.34 (1.12-1.59) 0.001 144 (13.8) 1.35(1.04-1.74) 0.022 374 (35.8) 1.02 (0.86-1.20) 0.865
and/or
olfactory 5 727 (62.0) Ref. Ref. 124 (10.6) Ref. Ref. 415 (354) Ref. Ref.
dysfunctio
n
Weakness Yes 1107 (68.2) 1.63 (1.35-1.98) <0.001 211 (13.0) 1.41 (1.03-1.92) 0.030 628 (38.7) 1.70 (1.38-2.09) <0.001
No  337(56.7) Ref. Ref.  57(9.6) Ref. Ref. 161 (27.1) Ref. Ref.
Chest pain Yes 708 (73.1) 1.90 (1.59-2.28) <0.001 138 (14.3) 1.43 (1.11-1.85) 0.005 409 (42.3) 1.68 (1.41-2.00) <0.001
No 736 (58.9) Ref. Ref. 130 (10.4) Ref. Ref. 380 (30.4) Ref. Ref.
Back pain Yes 795 (68.2) 1.38 (1.13-1.59) 0.001 153 (13.1) 1.23(0.95-1.60) 0.111 455 (39.1) 1.38 (1.16-1.64) <0.001
No 649 (61.6) Ref. Ref. 115 (10.9) Ref. Ref. 334 (31.7) Ref. Ref.
Leg pain Yes 670 (70.2) 1.48 (1.24-1.78) <0.001 139 (14.5) 1.47 (1.14-1.90) 0.003 394 (41.3) 1.54 (1.30-1.84) <0.001
No 774 (61.3) Ref. Ref. 130 (10.3) Ref. Ref. 395 (31.3) Ref. Ref.
Headache Yes 837 (68.3) 1.37 (1.15-1.64) <0.001 175 (14.3) 1.61 (1.24-2.11) <0.001 471 (38.5) 1.33 (1.11-1.58) 0.002
No 607 (61.1) Ref. Ref. 93 (9.4) Ref. Ref. 318 (32.0) Ref. Ref.
Arthralgia Yes 651 (72.3) 1.72 (1.43-2.06) <0.001 133 (14.8) 1.52 (1.12-1.95) 0.001 384 (42.6) 1.67 (1.40-2.00) <0.001
No 793 (60.2) Ref. Ref. 135 (10.3) Ref. Ref. 405 (30.8) Ref. Ref.
Diarrhoea Yes 302 (70.2) 1.33 (1.06-1.68) 0.013 67 (15.6) 1.46(1.09-1.96) 0.014 169 (39.3) 1.22 (0.98-1.51) 0.072
No 1142 (63.9) Ref. Ref. 201 (11.2) Ref. Ref. 620 (34.7) Ref. Ref.
Vomits Yes 111 (74.0) 1.57(108-2.29) 0.015 28 (18.7) 1.75(1.13-2.69) 0.011 60 (40.0) 1.22(0.87-1.72) 0.241
No 1333 (64.5) Ref. Ref. 240 (11.6) Ref. Ref. 729 (35.3) Ref. Ref.
Chille Yes 559 (70.1) 1.43 (1.18-1.72) <0.001 113 (14.2) 1.35(1.04-1.75) 0.024 323 (40.5) 1.40 (1.17-1.67) <0.001
No 885 (62.3) Ref. Ref. 155 (10.9) Ref. Ref. 466 (32.8) Ref. Ref.

Labile Yes 234 (71.6) 1.41(1.09-1.83) 0.008 36 (11.0) 0.89 (0.61-1.28) 0.519 134 (41.0) 1.31 (1.03-1.67) 0.027
blood
pressure No 1210 (64.0) Ref. Ref. 232(12.3) Ref. Ref. 655 (34.6) Ref. Ref.
values
Hearing Yes 153 (69.6) 1.25(0.93-1.69) 0.146 37 (16.8) 1.55(1.06-2.26) 0.024 89 (40.5) 1.26 (0.94-1.67) 0.111
dysfunctio

n No 1291 (64.6) Ref. Ref. 231 (11.6) Ref. Ref. 700 (35.0) Ref. Ref.
Severity of 3 567 (72.9) 1.80(1.27-2.55) <0.001 117 (15.1) 1.65(0.97-2.87) 0.075 333 (42.9) 1.67 (1.17-2.40) 0.004
th(;fy 2 416 (68.8) 1.47 (1.03-2.10) 0.011 86 (14.2) 1.54(0.88-2.71) 0.131 224 (37.0) 1.31(0.91-1.90) 0.146
COVID-19 1 348 (53.5) 0.76 (0.54-1.08) <0.001 47 (7.2) 0.72(0.39-1.31) 0.288 174 (26.7) 0.82(0.56-1.18) 0.284
0 99 (60.0) Ref. Ref. 16 (9.7) Ref. Ref. 51 (30.9) Ref. Ref.

Duration of
symptoms
Number of symptoms -—-- 1.09 (10.7-1.12) <0.001 - 1.08 (1.05-1.13) <0.001 - 1.08 (1.06-1.11) <0.001
OR—odds ratio; CI—confidence interval; Ref. —reference; COPD —chronic obstructive pulmonary
disease. ICU—intensive care unit; DCM—dilated cardiomyopathy statistically; significant values
are in bold with the significance level set at p < 0.05.

- 1.05(1.03-1.07) <0.001 - 1.02 (1.00-1.04) 0.037 o 1.03 (1.01-1.05) <0.001
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Figure 1. Univariate analysis of risk factors for developing long-COVID syndrome, chronic fatigue,
and brain fog.

Multivariate models showed that female gender and severe COVID-19 predisposed
to the development of long-COVID syndrome. Among clinical symptoms, dyspnea, chest
pain, and joint pain were associated with a higher risk of long-COVID. For brain fog, only
the number of symptoms with which the risk of the disease increased proved to be statis-
tically significant. In contrast, chest pain, significant weakness, and a history of obesity
appeared to be risk factors for developing chronic fatigue (Figure 2). A detailed summary
of the multivariate analysis is shown in Table 4.

Table 4. Multivariate analysis based on a model incorporating statistically significant predictors
from univariate analysis on the risk of developing long-COVID syndrome, brain fog, and chronic
fatigue.

Long-COVID Brain Fog Chronic Fatigue
Variable o OR OR
ORGSWCD P sy P s%ch P
Sex, Female 1.48 (1.19-1.84) <0.001 - - - -
Severity of the
COVID-19 1.56 (1.00-2.42) 0.045 --- --- - -
Dyspnoea 1.31 (1.02-1.69) 0.035 - - - -
Tasteandforolfactory ) o1 1 55 1 90) <0001 -
dysfunction

Chest pain 1.48 (1.14-1.92) 0.003 - 178(1.22-2.61) 0.002




Viruses 2022, 14, 1755

9 of 13

Arthralgia 1.39 (1.07-1.83) 0.015 - - - -
Duration of symptoms 1.02 (1.00-1.04) 0.049 - --- 1.04 (1.01-1.08) 0.015
1.09 (1.04- <0.0
Number of symptoms - - 1.14) 01 - -
Obesity - - - — 1.62(1.08-2.43) 0.019
Weakness - - - --- 2.02(1.21-3.35) 0.007

Brain fog Chronic fatigue Long COVID

Sex, female -

Severity of the COVID-19 (3) - '

Taste and/or olfactory dysfunction -

Predictor

Number of symptoms - -H

Chestpa\n-i }—*—{

Arthralgia - '

}_._{
. i}
}_,_{
}_._{

Duration of symptoms - - ‘H H

Obesity = ! : }—{

Weakness‘i ‘ |

10 15 20 25 30 1.0 1.5 20 25 30 1.0 1.5 20 25 30

OR

Figure 2. Predictors of the risk of developing long-COVID, brain fog, and chronic fatigue in multi-
variate models.

4. Discussion

The purpose of this study was to determine the prevalence of long-COVID syndrome
and the main symptoms, among patients affiliated with the STOP-COVID registry, that
represent the most common clinical manifestations of long-COVID syndrome. Addition-
ally, a search for the risk factors for developing long-COVID syndrome was undertaken.
The registry includes both inpatients and post-hospitalization patients. More than half of
the post-COVID-19 patients—1440 (65%)—included in the registry reported the persis-
tence of symptoms up to three months after disease resolution. The most common symp-
toms were chronic fatigue, cough, headache, and a set of neurological symptoms referred
to as brain fog.

Our results appear to be consistent with worldwide reports, where these symptoms
are the most common manifestations of long-COVID syndrome. In a large analysis con-
ducted among 21,359 patients, as many as 42.3% of them declared the presence of symp-
toms 30 days after the end of the disease, and 24.1% after 90 days. The main symptoms
included problems with concentration, memory, olfactory and/or taste disorders, fatigue,
and cough [13]. However, in a study among patients after hospitalization, as many as 75%
declared the occurrence of at least one symptom within three months after discharge, of
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which the most common were dyspnea, cough, fatigue, and difficulty sleeping [20]. In a
Canadian study, this percentage was similar, involving 76% of patients [21]. Interestingly,
in studies including only patients who had been treated in the ICU, the most common
complaints were cough, dyspnea, and fatigue. The authors pointed to persistent respira-
tory dysfunction after COVID-19 as the reason for this [22].

In our study, hospitalization was not shown to be a risk factor for disease progres-
sion. Interestingly, ICU treatment also did not increase the risk of developing long-COVID
syndrome, which has also been confirmed in previous studies [23]. In contrast, in both
univariate and multivariate analysis, disease severity significantly increased the risk of
developing long-COVID, as did female gender, duration of COVID-19 symptoms, and
olfactory and/or taste disturbances, arthralgia, and chest pain. Furthermore, univariate
analysis indicated that as the number of symptoms in the acute phase of the disease in-
creased, the likelihood of developing long-COVID syndrome increased. Similar observa-
tions were made in a database analysis from the “COVID Symptom Study”, where the
presence of at least five symptoms increased the “risk” of long-COVID 3.5-fold [9].

Several studies to date have confirmed that females are more likely to develop long-
COVID syndrome, similar to chronic fatigue syndrome (ME/CEFS). This syndrome is de-
fined as severe fatigue that does not subside after rest, accompanied by malaise, cognitive
impairment, pain, and autonomic dysfunction. According to researchers, these conditions
are intertwined and mitochondrial dysfunction and metabolic changes are suspected as
the cause [18,23-26]. It should also be considered that females are far more likely to be
predisposed to report symptoms, which may also influence the outcome [26].

Another important aspect worth discussing is the effect of vaccination on the risk of
long-COVID. However, the impact is unclear, and the data do not provide a clear answer.
Nonetheless, early data indicated that the full vaccination schedule reduces the risk of
persistent symptoms beyond 28 days, and data from the United Kingdom even indicated
a 41.1% reduction in risk [9,27]. Recent data are consistent with our observations and in-
dicate that vaccination is not effective in the prevention of long-COVID syndrome [28].
However, a significant limitation of our observation is the small population of vaccinated
individuals and the lack of knowledge about the type of preparation used, so the result
should not be generalized. Undoubtedly, further research in this area is necessary.

Fatigue is described as the most common, or second most common, manifestation of
long-COVID syndrome [21-23]. Its frequency is also variable, with some authors report-
ing it in up to 80% of patients, with a higher prevalence in hospitalized patients [11,13]. In
univariate analysis, we found that elderly patients, those with comorbidities, and those
who had severe COVID-19 were significantly more likely to suffer from persistent fatigue,
with an influence of both duration and the number of symptoms. Among individual
symptoms, our observations confirm previous reports of a direct effect of severe fatigue
during COVID-19 on the risk of its prolongation. Chest pain was also associated with an
increased risk. One potential cause may be a history of myocarditis, which may have gone
undiagnosed during COVID-19 and resulted in decreased physical performance [29].

The characteristic symptom of long-COVID syndrome is brain fog, which includes a
set of neurological symptoms that are a consequence of COVID-19. According to the liter-
ature, up to one in seven patients may be affected by this condition [30,31]. Despite obser-
vations, its mechanisms are still unknown, though one hypothesis is that damage to the
nervous system in response to ongoing inflammation alters brain function, particularly in
areas related to cognitive function [32,33]. It would seem that univariate analysis, where
headache, olfactory and/or taste disorders, and hearing disorders were associated with a
higher risk of developing brain fog, could support the present theses. However, in multi-
variate analysis, only the number of symptoms significantly increased the risk of brain
fog. Undoubtedly, this disease symptomatology requires further research and follow-up.

The authors are aware of the limitations of this work, in particular the selection of the
study group. The group included patients who had self-referred to the health center due
to persistent symptoms after COVID-19 recover and not all patients presented after
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COVID-19. Therefore, this group is not representative of COVID-19 survivors. Conse-
quently, the results should not be translated to the entire population of COVID-19 survi-
vors. Furthermore, the methodology of the study is also a limitation, as the retrospective
nature of data collection carries the risk of memory error, which may affect the reliability
of estimating the frequency of individual symptoms. Moreover, collection of information
on all complaints, within a specific time frame, may contribute to both underestimation
and overestimation of the frequency of individual symptoms. In addition, in estimating
risk factors, the authors did not take into account the impact of chronic medications, or
medications used during and after infection, which can undoubtedly have a significant
impact on the nature and duration of long-COVID syndrome.

On the other hand, the strength of this study is the fact that, to the best of the authors’
knowledge, it is the first such description of patients from Poland. Moreover, it is one of
the largest described patient registries with such a high proportion of patients after out-
patient COVID-19 treatment, whereas the literature is rich in post-hospitalization obser-
vations. This allowed us to assess the impact of the site of isolation on the risk of develop-
ing long-COVID as a whole and its individual clinical manifestations. This is very im-
portant given that the vast majority of patients with COVID-19 are treated at home.

Despite the limitations of the present study, it represents an important contribution
to the knowledge of long-COVID syndrome. Our observations are largely consistent with
existing data indicating that long-COVID is a significant problem that affects millions of
people worldwide. Indeed, despite ongoing studies and observations, we are still uncer-
tain about its pathogenesis, risk factors, and therapeutic options. Therefore, it should be
one of the health priorities in the near future, particularly as some patients report symp-
toms even 12 months after the disease. Moreover, its clinical course is highly variable, and
both our results and worldwide reports show that different risk factors may predispose
to particular symptoms, e.g., fatigue, brain fog, or olfactory and/or taste disturbances.

The diversity of risk factors for individual symptoms indicates to us that, for effective
prevention and treatment, the syndrome should be considered not only as a whole clinical
picture, but also in the context of individual symptoms. These observations may contrib-
ute to the identification of risk groups for long-COVID syndrome, fatigue, and brain fog,
and may be used to target early diagnostic and clinical interventions to mitigate the se-
quelae of COVID-19 and enable early recovery. It is important to remember that a pro-
longed condition leads to absenteeism from work, impaired daily functioning, and thus
quality of life. Looking at the number of people who have contracted or will contract
COVID-19, this problem poses a tremendous challenge not only to the individual, but also
to society and the economy.

5. Conclusions

During the three months following the acute phase of COVID-19, persistent clinical
symptoms were common. The most common clinical manifestations were chronic fatigue,
headache, cough, and brain fog. Severe disease course, duration of COVID-19 symptoms,
and female gender, increased the risk of long-COVID syndrome. Obesity is an independ-
ent risk factor for persistent chronic fatigue, as is significant fatigue during the acute phase
of COVID-19. Given the still-limited knowledge of long-COVID syndrome, further re-
search and observations are needed to better understand the mechanisms and risk factors
of the disease.
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