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ABSTRACT
Introduction. Previous studies on the prognostic role of sex in post-COVID-associated brain fog have yielded divergent 
results. Moreover, limited evidence exists regarding the evolution of brain fog symptoms over time, especially in ambulatory 
patients and separately for women and men. Therefore, the aim of the current study was to assess brain fog symptoms in non-
hospitalised patients with COVID-19, according to their sex.

Material and methods. We created a neuropsychological questionnaire including eight questions on the presence of brain 
fog symptoms in the following four time periods: before COVID-19, and 0–4, 4–12, and > 12 weeks post-infection. The validity 
and reliability of the questionnaire were assessed. In this cross-sectional study, questionnaires were filled out anonymously and 
retrospectively once only by patients or through a survey link posted online. Included were patients ≥ 18 years, with > 3 months 
since the SARS-CoV-2 infection onset confirmed by RT-PCR from a nasopharyngeal swab.

Results. The study included 303 patients (79.53% women, 47.52% medical personnel). Median time between COVID-19 onset 
and questionnaire completion was 208 (IQR 161–248) days. Women, compared to men, reported a higher prevalence of problems 
with writing, reading, and counting (< 4 weeks, OR 3.05, 95% CI: 1.38–6.72; 4–12 weeks, OR 2.51, 95% CI: 1.02–6.14; > 12 weeks,  
OR 3.74, 95% CI: 1.12–12.56) and thoughts communication (< 4 weeks, OR 2.53, 95% CI: 1.41–4.54; 4–12 weeks, OR 3.74, 95% 
CI: 1.93–7.24; > 12 weeks, OR 2.00, 95% CI: 1.01–3.99). The difference between the two sexes in answering questions in an 
understandable/unambiguous manner was statistically significant between four and 12 weeks after infection (OR 2.63, 95% 
CI: 1.36–5.10), while a sex difference in recalling new information was found below 12 weeks (OR 2.54, 95% CI: 1.44–4.48 and 
OR 2.43, 95% CI: 1.37–4.31 for < 4 and 4–12 weeks, respectively). No sex differences in reporting problems with multitasking, 
remembering information from the past, determining the current date, or field orientation were noted.

Conclusions. Non-hospitalised women and men retrospectively report a different course of COVID-19-associated brain fog.
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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic 
spread worldwide, resulting in 6.7 million deaths as of 21 Jan-
uary, 2023 [1]. A substantial number of patients experienced 
persistent complications after the Severe Acute Respiratory 
Syndrome coronavirus 2 (SARS-CoV-2) infection, affecting 
not only their respiratory system but also other organs [2–4]. 
Neurological manifestations have been observed not only 
throughout the acute phase of illness [5–9] but also during 
the post-infection period [10, 11]. Among these persistent 
symptoms, cognitive, memory and concentration disturbances 
have been reported by approximately one in four patients with 
a previous SARS-CoV-2 infection [12], and their presence 
interfered with daily activities and delayed the chance of 
complete recovery [13, 14].  In the literature, the term ‘brain 
fog’ was coined in order to gather these symptoms and was 
intended to convey the notion of cognitive impairment in-
cluding difficulties with concentration and intellectual clarity, 
mental fatigue, and anxiety [10, 11, 15]. The prevalence of 
post-COVID sequelae appears to be six-fold higher than after 
other viral infections [16].

So far, most studies have concentrated on the prevalence 
of brain fog in individuals previously hospitalised due to  
COVID-19 [17–19], and its association with other factors such 
as age and comorbidities [20]. However, studies concerning the 
prognostic role of sex have yielded divergent results [21–23]. 

For example, a systematic review of 66 studies showed 
that female sex was a risk factor for neuropsychiatric sequelae 
of SARS-CoV-2 infection, apart from disease severity and 
duration of symptoms [24]. On the other hand, a recent me-
ta-analysis of 51 studies revealed that the prevalence of persis-
tent psychiatric and neurological symptoms after COVID-19  
was only weakly correlated with other factors, including 
hospitalisation, severity of infection, and length of follow-up 
[25]. Another study evaluating 23 symptoms of COVID-19, 
including confusion, in 451 Norwegian non-hospitalised pa-
tients, showed that six months after infection the persistence 
of symptoms was associated with their number, and with the 
number of comorbidities, but not with sex [21]. There is also 
limited evidence as to how disturbances perceived as brain 
fog evolve over time, especially in ambulatory patients and 
separately for women and men.

Therefore, the aim of the current study was to assess the 
symptoms of brain fog in previously non-hospitalised patients 
with COVID-19, according to their sex.

Material and methods

Development of neuropsychological 
questionnaire

In a three-step approach, we prepared a short, precise 
questionnaire containing questions allowing the clear descrip-
tion of the most common neuropsychiatric problems after 

COVID-19 divided into three domains, including brain fog, 
chronic fatigue, and emotional disturbances. The impact of 
these symptoms on daily living and occupational activities 
was also investigated. In the current study, we have presented 
only the results related to the first part of the questionnaire 
involving patient-reported brain fog symptoms.

The creation of the Post-COVID Brain Fog (BF-COVID)  
questionnaire was described previously [26]. In brief, as 
a first step, we searched the PubMed database for the spec-
trum of post-COVID symptoms and possible tools to assess 
for their presence [26]. Then, we interviewed 12 neurol-
ogists who had experienced COVID-19 and asked them 
open-ended questions regarding their personal and profes-
sional experience of problems with concentration, memory, 
sleep and speech before and after their infection [26]. All 
interviews were recorded and lasted up to 15 minutes.  
The interviews were then analysed by two research-
ers (Żaneta Chatys-Bogacka and Iwona Mazurkiewicz)  
in order to bring out a specific profile and evaluation of 
the complaints. Based on this information, an anonymous 
BF-COVID questionnaire was created and included questions 
about the symptoms, their severity and impact on everyday 
life and work. In accordance with the guidelines of the Na-
tional Institute for Health and Care Excellence (NICE) [10], 
the BF-COVID questionnaire applied retrospectively to the 
following time periods: before COVID-19, the acute phase 
of infection (i.e. 0–4 weeks since the onset of COVID-19), 
the post-acute phase (i.e. 4–12 weeks post-infection), and 
the chronic phase (i.e. more than 12 weeks post-infection). 
Patients were asked to complete the questionnaire retrospec-
tively only once, and to respond if the symptoms occurred 
during the above-mentioned time periods. The BF-COVID 
questionnaire was administered in Polish, and was translat-
ed into English for the purposes of this paper. In addition, 
through the BF-COVID questionnaire, we collected basic 
epidemiological data, including age, sex, date of the confirmed 
COVID-19 diagnosis, date of the questionnaire completion, 
and date of hospitalisation due to SARS-CoV-2 infection.

Content and face validity
As a second step, the BF-COVID questionnaire was 

validated in a group of 70 people comprising neurologists, 
independent physicians, neuropsychologists, physiotherapists 
and speech therapists, who were asked to complete the drafted 
version. Based on their opinions and expert consensus, the 
design of the questionnaire was optimised. Eight items were 
corrected, i.e. questions regarding the presence of persistent 
fatigue, sore throat, sensation of lymph node enlargement, 
myalgia, arthralgia, headache, non-restorative sleep, and 
prolonged post-exercise fatigue were excluded from the brain 
fog evaluation questionnaire. 

Thus, the final version of the questionnaire was created, 
consisting of eight detailed questions, assessed retrospectively 
by patients in four different time periods (Tab. 1).
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Table 1. Elements of brain fog self-assessed by patients in Post-COVID Brain Fog questionnaire. Patients responded either ‘yes’ or ‘no’ to each question in four 
time periods assessed retrospectively

Did you experience problems with:
Before  

COVID-19
0–4 weeks since 
COVID-19 onset

4–12 weeks  
post-infection

More than 12 weeks 
post-infection

1. Writing, reading, and counting? Yes/No Yes/No Yes/No Yes/No

2. Answering questions in an understandable or 
unambiguous manner?

Yes/No Yes/No Yes/No Yes/No

3. Thoughts communicating during a conversation in a way 
that others can understand?

Yes/No Yes/No Yes/No Yes/No

4. Performing several independent tasks simultaneously? Yes/No Yes/No Yes/No Yes/No

5. Recalling new information? Yes/No Yes/No Yes/No Yes/No

6. Remembering information from past, for example, 
recognising people or remembering events?

Yes/No Yes/No Yes/No Yes/No

7. Determining current date and naming days of week? Yes/No Yes/No Yes/No Yes/No

8. Finding right way in a familiar place? Yes/No Yes/No Yes/No Yes/No

As a third step, individuals attending the ambulatory for 
post-COVID patients in the University Hospital in Krakow 
were encouraged to complete the final paper version of  
the BF-COVID questionnaire. An invitation to complete the  
online version with a link was also sent to employees of  
the University Hospital in Krakow via mass e-mail correspond-
ence. A link to the survey with an invitation to participate was 
also posted on Facebook [27].

Psychometric analysis
The validity and reliability of the BF-COVID questionnaire 

were assessed as described previously [26].

Study participants
Inclusion criteria for the study participation were as fol-

lows: age ≥ 18 years, > 3 months since the onset of COVID-19,  
confirmation of diagnosis by detection of viral RNA by reverse 
transcription polymerase chain reaction (RT-PCR) from a na-
sopharyngeal swab, and the ability to write and read.

Data collection began on 22 April, 2021 and finished on 9 Au-
gust, 2021. We received 660 BF-COVID questionnaires. After ex-
clusion of individuals previously hospitalised due to COVID-19 and 
incomplete questionnaires, 303 ambulatory patients with a history 
of SARS-CoV-2 infection were included in the final analysis.

Statistics
Continuous variables were presented as medians (inter-

quartile ranges) and compared by the Mann-Whitney U or 
Kruskal-Wallis test since all distributions were non-normal 
according to the Shapiro-Wilk test. For clarity, the number 
of multiple symptoms of brain fog was presented as mean  
± standard deviation. Categorical variables were demonstrated 
as counts and percentages and analysed using the Chi-square 
test, Fisher’s exact, or McNemar’s test, as appropriate. These 
results were expressed as odds ratio (OR) and 95% confidence 
interval (CI). Bonferroni correction was applied for pairwise 
comparisons, and the p-value was set at < 0.008. For other 

comparisons, the significance level was set at p < 0.05. Data 
was analysed using STATISTICA v13.0 software (Statsoft Inc., 
Tulsa, OK, USA).

Ethics approval and consent to participate
This study was performed as part of the CRACoV-HHS 

project (CRAcow in CoVid pandemics — Home, Hospital and 
Staff) for which Jagiellonian University Bioethics Committee 
approval was received. Due to the fact that the BF-COVID 
survey was anonymous, after consulting a legal opinion it was 
established that data collection in this study did not require 
additional approval from the Bioethics Committee. The study 
was performed in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all participants 
recruited in the ambulatory for post-COVID patients in the Uni-
versity Hospital in Krakow before they filled out a paper version 
of the BF-COVID questionnaire. According to Polish law, when 
online questionnaires are completed anonymously, no written 
consent to obtain is needed from these subjects, although the 
aim of such a survey must be provided. Therefore, data collec-
tion with the use of an online anonymous link in this study was 
performed according to the above-mentioned legal guidelines.

Availability of data and material
The dataset analysed during the current study is not pub-

licly available due to privacy restrictions, but is available from 
the corresponding author upon reasonable request.

Results

Psychometric properties
The results of the psychometric analysis of the BF-COVID 

questionnaire can be found in our previous paper [26].

Patient characteristics
A total of 303 patients, females n = 241 (79.53%), med-

ical personnel n = 144 (47.52%), were included in this 
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Figure 1. Prevalence of multiple brain fog symptoms in four time periods reported retrospectively by women and men. Data is presented as 
a percentage of positive responses to Questions 1–8

cross-sectional study. Median time between COVID-19 onset 
and completion of the BF-COVID questionnaire was 208 days 
(interquartile range 161–248). There were no differences in 
age between females and males [39 (30–49) vs. 35 (31–40) 
years, p = 0.149].

Complex symptomatology of brain fog 
The mean number of brain fog symptoms was 0.79 ± 1.32, 

3.01 ± 2.35, 2.57 ± 2.31 and 1.91 ± 2.17 for the pre-COVID, 
< 4 weeks, 4–12 weeks, and > 12 weeks intervals, respectively 
(p < 0.001).

Regarding the pre-COVID-19 period, 38.61% of patients 
responded positively to at least one questionnaire question, 
including 28.05%, 7.59%, 1.65% and 0.66% for multiple posi-
tive responses to 1–2, 3–4, 5–6, and 7–8 questions respectively. 
When retrospective analysis of the four weeks since a positive 

PCR test was made, 78.22% of patients declared at least one 
positive response, with a growing prevalence of multiple 
positive responses (20.79%, 27.72%, 21.12%, 8.25% for 1–2, 
3–4, 5–6 and 7–8 symptoms, respectively). When reporting 
symptoms after 12 weeks, 61.39% of patients declared at 
least one symptom, and the prevalence of multiple positive 
responses remained high at 26.73%, 13.53%, 14.52%, and 
3.30%, respectively.

Women, compared to men, had a higher prevalence of 
any, and of multiple, reported brain fog symptoms within four 
and 12 weeks since the onset of COVID-19 (3.20 ± 2.39 vs. 
2.28 ± 2.03, p = 0.007 and 2.76 ± 2.35 vs. 1.85 ± 2.00, p = 
0.008, respectively). There was no difference in the number of 
self-declared brain fog symptoms between the groups before 
COVID-19 (p = 0.728) and after more than 12 weeks post-in-
fection (p = 0.259) (Fig. 1).

Women 
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Burden of elements of brain fog in four time 
periods reported retrospectively by patients

Women
The prevalence of all symptoms increased during the first 

four weeks of infection (Questions 1–8, Suppl. Fig. 1, Tab. 2).  
After more than 12 weeks since the COVID-19 onset, self-re-
ported problems with writing, reading and counting, answer-
ing questions in an understandable/unambiguous manner, 
communication of thoughts, multitasking and memory 
(Questions 1–6) partially, but not completely, diminished. 
A normalisation was observed for determining the current 
date and field orientation (Questions 7–8, Suppl. Fig. 1, Tab. 2).

Men
Within the first four weeks of infection, an increase in 

problems with writing, reading and counting, answering ques-
tions in an understandable/unambiguous manner, thoughts 
communication, multitasking, and fresh memory impairment 
was reported (Questions 1–5, Suppl. Fig. 1, Tab. 2). There was an 
increase in the number of patients with a self-declared long-term 
memory impairment, problems determining the date, and field 
orientation (Questions 6–8), which was statistically insignificant.

Regarding symptoms resolution, the frequency of per-
ceived writing, reading and counting problems normalised 
within 4–12 weeks; multitasking problems did so in more 
than 12 weeks. The remaining symptoms (i.e. precise response, 
communication of thoughts, and partial impairment of fresh 
memory, covered in Questions 2, 3 and 5) decreased after more 
than 12 weeks since the COVID-19 onset (Suppl. Fig.1, Tab. 2).

Differences in brain fog symptoms between 
women and men

Women, compared to men, reported a higher prevalence 
of problems with writing, reading, and counting [Question 1; 
for < 4 weeks, odds ratio (OR) 3.05, 95% confidence interval 
(CI): 1.38–6.72; for 4–12 weeks, OR 2.51, 95% CI: 1.02–6.14; 
for >12 weeks, OR 3.74, 95% CI: 1.12–12.56) and communica-
tion of thoughts (Question 3; for < 4 weeks, OR; 2.53, 95% CI: 
1.41–4.54; for 4–12 weeks, OR; 3.74, 95% CI: 1.93–7.24; for > 
12 weeks OR 2.00, 95% CI: 1.01–3.99) (Fig. 2, Suppl. Fig. 1).  
A difference in the self-declared ‘answering questions in an 
understandable/unambiguous manner’ (Question 2) was 
statistically significant between 4–12 weeks post-infection  
(OR 2.63, 95% CI: 1.36–5.10), while impairment of re-
calling new information (Question 5) was observed below 
12 weeks (OR 2.54, 95% CI: 1.44-4.48 and OR 2.43, 95% CI: 
1.37–4.31 for < 4 weeks and 4–12 weeks, respectively) (Fig. 2). 
There was a trend towards persistence of both symptoms for 
12 weeks (Question 2, p = 0.065 and Question 5, p = 0.073). 
We observed no sex differences in reporting problems with 
multitasking (Question 4), remembering information from the 
past (Question 6), determining the current date (Question 7), 
or field orientation (Question 8).
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Figure 2. Sex-related risk of brain fog symptoms during four time periods assessed retrospectively by patients. OR — odds ratio

Discussion

To the best of our knowledge, this is one of the first studies 
to reveal that the retrospectively self-reported course of brain 
fog after COVID-19 in women compared to men differs in 
relation both to the quality and the quantity of symptoms. 
Women more often reported problems with writing, read-
ing, counting and communication of thoughts. They also 
more often declared difficulties with answering questions 
in an understandable/unambiguous manner between four 
and 12 weeks after the onset of COVID-19, and in recalling 
new information up to 12 weeks after infection. To date, 
one retrospective study has investigated the quality of brain 
fog symptoms in 50 individuals from the UK, the majority 
of whom were not hospitalised due to COVID-19 [28]. In 
this group, mostly females (n = 42) contacted by e-mail 
4–6 months after illness, it was shown that difficulties in 
memory, language, attention and executive function reported 
by patients lasted from weeks to months after the acute phase 
of the SARS-CoV-2 infection, and then gradually improved 
over months [28]. Due to the small sample size, the authors, 
however, were unable to search for sex differences. 

In a large study comprising nearly 1,600 patients from five 
hospitals in Spain, and followed during two visits — at mean 
8.5 and 13.2 months after hospital discharge — it was shown 

that the prevalence of brain fog, concentration and memory 
loss decreased between the first and the second follow-up visit, 
although between 2.4% and 6.3% of patients developed these 
symptoms only during the second visit [29]. No sex differences 
were noted between patients who reported new-onset cogni-
tive symptoms during the first and the second follow-up visit; 
however, this studied group was older (mean age 61.5 years) 
than the patients participating in our research [29]. A previous 
study of 303 non-hospitalised patients from the USA who com-
pleted an online survey showed that the prevalence of brain 
fog at 30 and at more than 60 days after SARS-CoV-2 infection 
onset was similar, being 30.8% and 33.1% respectively [30]. 
The number of persistent COVID-19 symptoms did not change 
during the follow-up period; no significant sex differences were 
found, although women more often suffered from post-COVID 
sequelae, including brain fog, fatigue, and stress or anxiety 
[30]. A recent Iranian study on a large sample of nearly 
2,700 hospitalised patients based on telephone interviews 
showed that female sex was a risk factor for reporting brain 
fog three months after SARS-CoV-2 infection, although only 
one question concerning the ability to concentrate compared 
to their pre-COVID ability was asked [31]. A large meta-anal-
ysis of 20 studies on more than 13,000 hospitalised patients 
showed that female sex increased the risk of any new or per-
sistent mental health symptom 1.67-fold after COVID-19 [23]. 
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A higher prevalence of neurological long COVID symptoms 
in women was also confirmed in a recent retrospective study 
of 213 subjects attending outpatient service [32]. In a mixed 
cohort of 217 hospitalised and non-hospitalised patients 
from Spain, it was shown that during follow-up visits two 
and six months after the onset of COVID-19, symptoms such 
as fatigue, emotional affectation, and cognitive deficits were 
more prominent in women than in men [33]. The exception 
here was depression, more often found in men two months, 
but not six months, after SARS-CoV-2 infection [33]. Another 
study of Italian patients with COVID-19, half of whom were 
hospitalised, revealed that female sex increased the risk of 
psychological distress more than 5-fold [34]. A large multicen-
tre UK study of 1,077 patients showed that female sex, apart 
from middle age (between 40 and 59 years), a higher number 
of comorbidities (two or more), and a greater severity of the 
acute phase of illness, increased the risk of the lack of recovery 
six months after hospital discharge due to COVID-19 [35]. 
However, cognitive impairment remained independent from 
the recovery cluster [35]. Finally, a retrospective analysis of 
electronic records of more than 270,000 COVID-19 survivors 
showed that the risk of long COVID was slightly higher in 
females [36]. Recent studies have revealed that post-COVID 
sequelae are more common in middle-aged women [37] and 
in those aged 20 or older [38], suggesting the potential role 
of an interaction between age and sex. 

Therefore, the results of our research are consistent with 
previous studies showing that female sex increases the risk of 
post-COVID brain fog symptoms. Our study additionally has 
revealed that self-declared neurocognitive symptoms of brain 
fog, affecting memory, language, and attention, are especially 
more common in women after the SARS-CoV-2 infection.

Our study, although of a retrospective design, is among the 
first to have shed more light on the course of brain fog symptoms 
during and after COVID-19. In a previous Brazilian study of 
236 patients, of whom 86.3% were non-hospitalised, and who 
were at a similar median age as our group, the authors com-
pared symptoms during the acute phase of COVID-19 and long 
COVID, i.e. 5-8 months after the infection [39]. They found that 
fatigue was present in 33.9% of patients in the acute phase and 
persisted in 21.2% of individuals [39]. Memory problems were 
reported by 39.8% of patients only during long COVID, and were 
then associated with sleep complaints and depressive mood [39]. 

In our study on the contrary, memory problems were most 
commonly reported retrospectively by patients during the first 
four weeks of disease. Sarabadani et al. [40] studied the change 
of COVID-19 symptoms over time in social media, based on 
nearly 23,000 Reddit posts, with the use of machine learning 
tools. The authors were able to show that symptoms perceived 
as brain fog, such as mental discomfort, distress, and confu-
sion, were prominent after recovery from the acute phase of 
illness and remained longer, even for as long as 38 to 50 days, 
compared to other symptoms [40]. However, the number of 
COVID-19 symptoms was smaller after the acute phase of the 

disease [40]. On the other hand, in an Italian study of 465 pa-
tients, it was shown than any of the COVID-19 symptoms, 
including fatigue, had decreased at 9-month follow-up com-
pared to the onset of infection [34]. Similar conclusions came 
from a study of Ecuadorian patients with mild COVID-19, 
in whom improvement in cognitive performance measured 
by Montreal Cognitive Assessment (MoCA) score was noted 
within 18 months after infection [41]. 

Thus, it seems that brain fog symptoms tend to decrease over 
the next few months after the onset of the SARS-CoV-2 infection.

With the increasing prevalence of post-COVID brain 
fog symptoms worldwide, the need for an easily obtained yet 
sensitive assessment tool still exists. The authors of previous 
studies used different ways to evaluate post-COVID symptoms, 
both prospectively and retrospectively. For example, one ques-
tion regarding concentration ability was asked by telephone 
interview three months after hospital discharge [31], where-
as other researchers used a list of 25 possible post-COVID  
symptoms that was shown to patients every three months 
during an online survey [30]. There have also been studies that 
have used more specific neuropsychological testing, such as 
MoCA [42], the 10-item Kessler Psychological Distress Scale 
questionnaire [34], or even a battery of standardised neuro-
cognitive instruments [43]. Similarly to our study, researchers 
from Wuhan first interviewed 30 patients who recovered from 
COVID-19, and on the basis of these interviews, as well as 
medical expert opinion, developed a follow-up questionnaire 
regarding post-COVID symptoms [44]. 

Nevertheless, there is still no consensus regarding the type 
of tool preferred to assess post-COVID symptoms, although 
NICE guidelines underline that patients after the acute phase of 
infection should be specifically asked about possible symptoms 
such as fatigue, brain fog, concentration or memory loss, and 
sleep disturbances [10].

Currently, there are several hypotheses for the patho-
physiology of neuropsychiatric symptoms after COVID-19, 
including brain fog. An Italian study of 67 patients after mild 
SARS-CoV-2 infection revealed that COVID-19 survivors 
compared to healthy controls more often experienced cogni-
tive difficulties that were confirmed during neuropsycholog-
ical testing showing impairments in attention and executive 
functions [45]. The presence of these deficits was associated 
with reduced primary motor cortex excitability and several 
other parameters in transcranial magnetic stimulation studies, 
suggesting alterations of cholinergic and GABA-ergic neuro-
transmission [45]. It also seems that metabolic dysfunction, 
with insulin resistance and obesity, together with chronic 
inflammation, may predispose to the post-acute sequelae of 
COVID-19 [46]. Persistent neuropsychiatric symptoms may 
develop due to neuroinflammation [47], leading to a dysfunc-
tion of microglia and mitochondria [48] and the aggregation 
of tau protein and subsequent neurodegeneration [49]. 

The higher incidence and longer duration of self-declared 
cognitive symptoms in women could be explained by their 
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stronger immune responses and chronic inflammatory cascade 
induced by the SARS-CoV-2 viral fragments hidden in the 
brain or other reservoirs [50]. The complex interplay between 
genetic and hormonal factors could also contribute to the sex 
differences in the course of COVID-19-associated brain fog 
[51]. Oestrogen can exert a pro-inflammatory activity, and 
genes of immune regulation are encoded on X chromosomes 
[52]. Previous studies also showed that in many neurological 
and psychiatric illnesses, sex-associated differences in response 
to stress stimuli might affect brain health, and thus cognitive 
symptoms and their recovery [53]. This has also been shown 
in depression and anxiety disorders, and their influence 
on the higher prevalence of brain fog symptoms in women 
could have been amplified during the COVID-19 pandemic 
[54]. Additionally, anxiety, depression, and stress may share 
similar proinflammatory pathophysiological pathways that in 
the case of COVID-19 were found to be altered by a patients’s 
biological sex [55]. 

Therefore, the results of our study could be perceived as 
hypothesis-generating.

Our study has important limitations. Firstly, the research had 
a cross-sectional design and was based on symptoms report-
ed retrospectively by patients a few months after COVID-19  
onset, with questionnaires filled out only once. Moreover, as 
the questionnaires were filled out anonymously, it was not 
possible to confirm the validity of responses. Secondly, in 
the literature there are different definitions regarding what 
is perceived to be brain fog, although we used the meaning 
proposed by NICE and the Centers for Disease Control 
and Prevention [10, 15]. Thirdly, there was an uneven 
distribution of sex in our sample, with nearly 80% of our 
patients being female. However, when performing a post hoc 
power calculation, this is satisfactory. Fourthly, there was 
a potential bias in response to the online survey between 
sexes because females tend to participate more often in such 
surveys, a phenomenon observed in previous studies [56]. 
Fifthly, there was no data regarding education, ethnicity 
and comorbidities, even though an influence of the latter 
on the prognosis in long COVID-19 has been previously 
documented [57]. There was also no information on the 
presence of neurological and psychiatric conditions that 
could have influenced the act of filling out the questionnaire, 
as well as no data on the results of additional diagnostic 
tests [58]. Finally, some patients were vaccinated against 
COVID-19 before filling out the questionnaire, although 
this applied only to 19% of cases.

In conclusion, our present study suggests that brain 
fog symptoms in non-hospitalised patients with the SARS-
CoV-2 infection differ between women and men. Our study is 
also among the first to present details on the timeline of brain 
fog symptoms during and after COVID-19. Future studies 
will deliver new data on this topic, and — hopefully — also 
treatment options in women and men [59].
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